GENE CODI. NG FOR ACETOLACTATE SYNTHASE FI ELD OF THE | NVENTI ON The present
invention relates to a gene coding for acetolactate synthase which is a
rate-limting enzyne in the branched-chain anm no acid biosynthetic

pat hway. BACKGROUND OF THE | NVENTI ON Acet ol actate synt hase (hereinafter
referred to as "ALS") is arate-limting enzynme in the biosynthetic

pat hway of branched chain am no acids, such as |eucine, valine and

i sol euci ne, and is known as an essential enzynme for the growth of plants.

ALS is also known te PCRSENG HOR A MEFOIVRETRTY OFNEBDSE plants. In

addition, ALS is found in various m croorgani snms, such as yeast
(Saccharomyce s cerevisiae), Escherichia coli, and Sal nonella typhimurium
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enzyme, which conprises a catalytic subunit and a regulatory subunit, as
is the case in bacteria (Pang et al., Biochem stry, 38, 5222-5231, 1999).
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leucine, valine and isoleucine, and is known as an essential enzyme for the
growth of plants. ALS is also known to be present in a wide variety of higher
plants. In addition, ALS is found in various microorganisms, such as yeast
(Saccharomyces cerevisiae), Escherichia coli, and Salmonella typhimurium.

Three types of isoenzymes of ALS are known to be present in Escherichia
coli and Salmonella typhimurium. Each of these isoenzymes is a hetero
oligomer consisting of catalytic subunits with a large molecular weight that
govern catalytic activity of the enzyme and regulatory subunits with a small
molecular weight that function as feedback inhibitors by binding of
branched-chain amino acids (Chipman et al., Biochim. Biophys. Acta. 1385,
401-419, 1998). Catalytic subunits are located at Ilv IH; Ilv GM and Jlv BN
operons, respectively. On the other hand, ALS in yeast is a single enzyme,
which comprises a catalytic subunit and a regulatory subunit, as is the case in
bacteria (Pang et al., Biochemistry, 38, 5222-5231, 1999). The catalytic protein
subunit is located at the locus ILV2.

In plants, ALS is known to consist catalytic subunit(s) and regulatory
subunit(s) as, is the case in the above microorganisms (Hershey et al., Plant
Molecular Biology. 40, 795-806, 1999). For example, the catalytic subunit of
ALS in tobacco (dicotyledon) is coded by two gene loci, SuRA and SuRB (Lee



et al., EMBO J. 7, 1241-1248, 1988); and that in nmaize is coded by two gene
loci, als | and als 2 (Burr et al., Trends in Cenetics 7, 55-61, 1991;
Lawrence et al., Plant Mol. Biol. 18, 1185-1187, 1992). The nucl eoti de
sequences of genes coding for a catalytic subunit have been conpletely
determ ned for dicotyl edonous plants including tobacco, Arabidopsis,
rapeseed, cotton, Xanthiurn, Amaranthus and Kochia (see Chi pman et al.,

Bi ochim Bi ophys. Acta. 1385, 401-419, 1998 and donestic re-publication of
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Abstracts, p101, 2001) are the only monocotyledonous plants whose nucleotide
sequences have been completely determined.

Meanwhile, herbicides, for example, sulfonylurea herbicides,
imidazolinon herbicides, triazolopyrimidine herbicides and pyrimidinyl carboxy
herbicides (hereinafter referred to as “PC herbicides™), are known to suppress
the growth of a plant by inhibiting ALS (Ray, Plant Physiol. 75, 827-831, 1984;

Shaner et al., Plant Physiol.76, 545-546, 1984; Subramanian et al., Plant
Physiol. 96, 310-313, 1991; Shimizu et al., J. Pestic. Sci.19, 59-67, 1994).

As shown in Tables 1 and 2, known plants having resistance to these

herbicides contain a gene coding for ALS that includes substitution of one or

two nucleotides which induces substitution of one or two amino acids in a

region conserved among different species.



tested Corresponding rice ALS amno acid Z ea mays Al a9O0Thr | mAl a96Thr Ar

abi dopsis t hahanaAl al 2ZVal Al a%/al Xont ium strumariu mAl ul OOThr | mAl a96Thr
Beta vulgari sAlall3ThrJWSUAl a96Thr Arabi dops is thalla

noMet | 24G uMet 983 u Arabi dop sis thalianaMetl Z411eMet 9811 e Arab! -dopsis .
tha |ianaMet 124H sMet %4 s Lac tuca serri ola Pro --~, H s5 UProl 7l H s Koc
hin sco pari aProl 89Thr SUProl7l Thr Koch ia scop a riaProl89Ser SUProVi Ser

Kochia scoparia Prol89Arg SUProl 71 Arg Kochi o scaparia Prol 89Leu
SUProl?ILeq»E%ppia scoparia Prol89d n SUProl7ldn Kochia  scoparia
Prol . 89Al a § rol71 Ala Brassica nopus Prol73Ser Prol71Ser Nicotina taba

cunPr ol 96G myvigbRLALGHAt N SOhtd infrRPAGYSIsRIREH oMl hpatin a
t abac unPr ol 96Ser SIU rol71Ser Ar ab]i l%opsi S _St hal i gﬁlall%g %@%@Wﬁ% Ser
sis thalian aProl 97del etibsrbi¥ide (ifel etion Beta vul garis

Ar abi dop
Prol 88Ser |IW5UProl71Ser Sisynbr iumorie ntalePr o ---* 11 eProl73Jle
Brassica t ournefortii Pro --->Al aProl 71 Ala Scirpus juncoides

Pro---),Leu SUProl 7 Leu Sclrpus juncoides. Prol79Ala SUProl 71 Al a Sci rpus

juncoi des Prol793 nSUProl71Ad@ n Sc irpus. juncoi desProl7%rSUPro 171-1j er

_ . Herbici ’
Plant species Mutation test:iimde Corresponding rice ALS amino acid

- Zea mays Ala99Thr IM AlaS6Thr
Arabidopsis thaliana Alal22Val Ala%6Val
Xontium strumarium Alal@@Thr M Ala96Thr
Beta wilgaris Ala113Thr I sy Ala92Thr
Arabidopsis thaliana Met124G1lu Met98Glu
Arabidopsis thaliana Metl1Z4I1le Met98TIie
Arabidopsis thaliana Meti24His Met98His
Lactuca serriola Pro—His suU Prol71His
Kochia scoparia Prol89Thr sy Prol71Thr
Kochia scoparia Prol89Ser SuU Prol71Ser
Kochia scoparia Pro189Arg suU Prol7iArg
Kochia scoparia Prol89 eu su Prol71leu
Kochia scoparia Prol89Gln sy Proi7iGin
Kochia scoparia Prol82Ailao suU Prol71Ala
Brassica napus Prol73Ser Prol71Ser
Nicotina tabacum Proi9eGln sSu Prol71G1n
Nicotina tabacum Prol96Ala su Prol71Ala
Nicotina tabacum Prol96Ser su Prol71Ser
Arabidopsis thaliana Prol97Ser su Proi7iSer
Argbidopsis thaliana Proil97deletion Prol7ldeletion
Beta wulgaris Prol88Ser IM/su Prol7ilSer
Sisymbrium orientale Pro—Ile Prol71I1le
Brassica tournefortii Pro—Ala Prol71Ala
Scirpus juncoides Pro—Leu Su Prol71l eu

. Scirpus juncoides Prol79Ala sU Prol7iAla
Scirpus juncoides Prol79G1n Su Prol7iGln
Scirpus juncoides Prol79Ser su Prol/iSer
Scirpus juncoides Proi79lys sU Prol7llys
Lindernia micrantha Pro—Gln su Prol7iGin
Lindernia procumbens  Pro—Ser suU Prol7iSer
Lindernia dubia subsp. Pro—Ser Su Prol71Ser
Lindernia dubia Pro—Ala Su Prol7i1Ala
Arabidopsis thaliona  Argl199Ala Argi73Ala
Arabidopsis thaliona  Argl99Glu Argl73Giu
Xantium strumarium Alal83Val Alal7%Wal
Arabidopsis thaliana  Phe2@06Arg Phel80Arg

- 3 -




Sci rpus juncoi desProl79Lys~SUProl7lLys Lindern ia mcranth aP ro--->d
NSUProl71A@ n Li nderni a procum bensPro--->Ser SUPr o171 Ser Linderni a
dubia s ubspPro--->Ser SUProl71Ser Lindernia d ubia Pro --M
aSUProl71Al G Arabi dopsi s thallana Argl 99Ala Argl73Al a Arabi dopsis

thaliana Argl99G@ u Argl733 u Xantium strunarium Al al 83Val Al al79Val

Ar abi dopi 5 thaliana Phe206ArgPhel Mg 3 Table 2 Mutation in plant ALS which
i mparts resistance to ALS-inhibiting type herbicide (2) Plant

speci esMut aajz-%}%gfl—ier bi ci deCorresponding rice ALS am no acid tested Kochia
scopari aAsp y SUAsp242Gly Kochi a 5copari aTrp487Arg SUTry465Arg Kochi a
scopari cAs n561%@ﬁtaﬁ%ﬁﬁ%ﬁ%m(%hbl@iﬁﬁ%@&é@iéﬁ@%ﬁ%ﬁ!ﬂﬁﬂﬁh@ﬂ?@sSypl um
hi rsutum L. Tr p563Cys SU ?Try548Cys Gossypi um hirsutum L.. Trp563Sér SU
?Try548Ser Srassica napusTrp557Leu TheybibBde(l)Zea mays

L. Tr p552Leul MIry548Leu Ni coti na tabacum L. Trp537Leu SUTry548Leu Ar abi dopsi s
t hal i anaTrp ' ' hali

Ar abi dopsi s thaht speaibs P57 4delNghia@on T ﬁ#‘dhg%‘?eet(DMes&anﬂingrﬂce ALS amino acid

st runari unTrp552Leul- Miry548Leu teste

Kochia scoparia Asp260Gly Su Asp242Gly
Kochia scoparia Trp487Arg su Try465Arg
Kochia scoparia Asn561Ser su Asn5395er
Kochia scoparia Trp570Leu Trp548Leu
Gossypium hirsutum L. Trp563Cys SU 7?7 Try548Cys
Gossypium hirsutum L., Trp563Ser sU 7 Try548Ser
Brassica napus TrpS57Leu Try548Leu
Zea mays L. Trp552Leu M Try548Leu
Nicotina tabacum L. Trp537Leu su - TryS548ieu
Arabidopsis thaliona  TrpS574Leu Try548Leu
Arabidopsis thaliena  Trp5745er Try548Ser
Arabidopsis thaliena  Trp5h74deletion Try548deletion
Xantium strumarium TrpS52Leu M Try548leu
Oryza sativa. Trp548Leu PC Try548Leu
Amaranthus sp. Trp56SLeu Jry548leu
Amaransus rudis Trp5698Leu M - Try548Leu
Sisymbrium orientale Trp~2Leu Try548Leu
Zea mays Ser62iAsp M Serg27Asp
Zea mays Ser621Asn M Ser627Asn
Arabidopsis thalicna  Ser653Asn M Ser627Asn
Arabidopsis thaliona  5er&53Thr Ser627Thr
Arabidopsis thaliana  Ser&53Phe Ser627Phe
Arabidopsis thaliona  Ser653delition Serb627deletion
Oryza sativa Ser6Z7Ile PC Serg27Ile
Kaochia scoparia . Valz276G1lu Su

Examples of such a gene include a gene coding for ALS having
resistance specific to sulfonylurea herbicides (see Kathleen et al., EMBO J. 7,
1241-1248, 1988; Mourad et al., Planta, 188, 491-497, 1992; Guttieri et al.,
Weed Sci. 43, 175-178, 1995;- Bernasconi et al., J. Biol. Chem. 270,
17381-17385, 1995; and JP Patent Publication (Unexamined Application) No.
63-71184); a gene coding for ALS having resistance specific to imidazolinon
herbicides (see Mourad et al., Planta, 188, 491-497, 1992; Lee et al., FEBS Leit.
452, 341-345, 1999; and JP Patent Publication (Unexamined Application) No.
5-227964); a gene coding for ALS having resistance to both sulfonylurea and

imidazolinon herbicides (see Kathleen et al., EMBO J. 7, 1241-1248, 1988;



Oryza sativa. Trp548LeuPCTry548Leu Amar ant hus sp. Tr p569Leu. Try548Leu

Amar ansus rudi sTrp569Leul M Try548Leu 5i synbrium ori ental eTrp-Leu Try548Leu
Zea maysSer 621Asp | Mser 627Asp Zea naysSer 621Asn | MSer 627Asn Ar abi dopsi s

t hal i anaSer 653Asn | MSer 627Asn Ar abi dopsi s t hal i anaSer 653Thr Ser 627Thr

Ar abi dopsi s thal i anaSer 653Phe Ser 627Phe Arabi dopsis thalianaSer653delitio
nSer 627del eti on oryza sativaSer6Z7] 1le PCoer 62721e Kochi a scopari aVal 276GLu
SU Exanpl es of such a gene include a gene coding for ALS having resistance
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her bi ci des (see Mourad et al., Planta, 188, 491-497, 1992; Lee et al., FEBS
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codi ng for. ALS havi n resi stance to
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and . Ber naﬁgglmsul?otny?lllre’a alrJlg 1??121g.?[](}lln%gshseﬁglzzldelsgl?a7s)been attempted by crossing a
plant having ALS showing resistance specific to sulfonylurea herbicides with a
plant having ALS showing resistance specific to imidazolinon herbicides
(Mourad et al., Mol. Gen. Genet, 243, 178-184, 1994). Furthermore, artificial
alteration of a gene coding for ALS into a herbicide resistance gene has been
attempted (see Ott et al, J. Mol. Biol. 263, 359-368, 1996, JP Patent
Publication (Unexamined Application) No. 63-71184, JP Patent Publication
(Unexamined Application) No. 5-227964, JP Patent Publication (PCT
Translation) No. 11-504213), such that it has been found that a single amino
acid deletion causes ALS to show resistance to both sulfonylurea and
imidazolinon herbicides (see JP Patent Publication (Unexamined Application)
No. 5-227964).
As described above, ALSs having resistance to herbicides, and genes
coding for ALS have been aggressively studied. However, only a few cases
have been reported concerning a mutant ALS gene having resistance specific to
a PC herbicide using resistance to PC herbicides as an indicator. Moreover,

there have been also only a few cases reported concerning the study of the

resistance to PC herbicides and other herbicides.

SUMMARY OF THE INVENTION

The purpose of the present invention is to provide a gene coding for an
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and a gene coding for ALS having a high level of resistance to PC

herbi cides (Kaku et al., the 26th Conference of Pesticide Science Society
of Japan, Lecture Abstracts, pl0l1l, 2001). The production of a plant body
showi ng resistance to both sulfonylurea and im dazolinon herbicides has
been attenpted by crossing a plant having ALS show ng resistance specific
to sul fonylurea herbicides with a plant having ALS show ng resi stance
specific to i mdazolinon herbicides (Murad et al., MI. Gen. Genet, 243,

Ao 188 P profiih LNBLIY xirBhbh AEhAkycnbl RAULAN B pe GEREiGOMLIR | O
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of the present invention is to provide a gene coding for an 5 ALS Br otein
showi ng eXYPerbly Withre ceiap snieapit shews extpmalsriyekigaistancet @ PC
sul fonyl urea . herbicides, an ALS protein coded by the gene, a reconbi nant
vector havthy“tH& gene, a transforman t having the reconbi nant vector, a
pl ant having the gene, a nethod for rearing the plant, and a nethod for
selecting a

(1) Specifically, the present invention is a gene which codes for the following

protein (a) or (b):

(a) a protein consisting of an amino acid sequence of any one of SEQ ID
NOS: 2, 4, 6 and §;

(b)  a protein consisting of an amino acid sequence derived from the amino
acid sequence of any one of SEQ ID NOS: 2, 4, 6 and 8 by substitution,
deletion or addition of at least one or more amino acids, which has
resistance to PC herbicides and has acetolactate synthase activity.

(2) Further, the present invention is an acetolactate synthase protein, which is

caded by the gene of (1).

(3) Furthermore, the present invention is a recombinant vector, which has the

gene of (1).

(4) Further, the present invention is a transformant, which has the recombinant

vector of (3).

(5) Moreover, the present invention is a plant, which has the gene of (1) and has

resistance to PC herbicides.

(6) Further, the present invention is a method for cultivating the plant of (5)

which comprises cultivating the plant in the presence of a PC herbicide.



transformant cell using the gene as a selection marker. As a result of

t horough studies to achieve the above purpose, we have conpleted the
present invention by finding that a nutant ALS which is derived fromthe
wild type ALS by substituting a certain amno acid residue of the wild
type ALS with a certain amno acid shows extrenely high resistance to PC
her bi cides. (1) Specifically, the present invention is a gene which codes
for the followi]rlg protein (a) or (b): (a) a protein consisting of an
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addition of at |east one or nmore am no acids, which has resistance to PC
her bi ci des and has acetol actate synthase activity. (2) Further, the
present invention is an acetolactate synthase protein, which is coded by
the gene of (1jereupyerus teremgetailedhexplpoaion erllﬁé’ﬁt Boien; of gheeprasdittnant
vector, which has the gene of (1). (4) Further, the present invention is a
t r ansf or n¥MYeBU%Rhi ch has the reconmbi nant vector of (3). (5) Moreover, the

present | nventiQn deic Ao or WY SPeldRibyABIRC e () bR AR ot ance

to PC herbi ci des. resent 1rnvention 1sa net

cul tivati pgereiafith aife@td (2) as WihGiin€ OBDKI §68eQULbEADNGhrl NRefIadthtei N t he
presence of a PC herbicide. 6 (7) Still further, the present invention is a

met hod f osysthkec tproigima (heraimsfter maferredctal bs Havitagt A gerteird) Kabling whi ch
uses this gene as_a selection marker. Hereunder, a nore detailed
expl anat i 8AINP |3oiesegnenrss Hratigediffeaednirom that of a wild type acetolactate

synthase protein (hereinafter, referred to as “wild type ALS protein™). The
mutant ALS protein can be obtained by mutating a certain site in a wild type
ALS protein expressed in a rice plant. The mutant ALS protein of the present
invention consists of the amino acid sequence of any one of SEQ ID NOS: 2, 4,
6, and 8.

The amino acid sequence of SEQ ID NO: 2 is derived from the amino
acid sequence of the wild type ALS protein by substitution of proline 171 with
histidine and substitution of arginine 172 with serine. A mutant ALS protein
containing the amino acid sequence of SEQ ID NO: 2 is referred to as
“P171H/R172S mutant ALS protein,” or “P171H/R172S mutant.”

The amino acid sequence of SEQ ID NO: 4 is derived from the amino
acid sequence of the wild type ALS protein by substitution of proline 171 with
histidine and substitution of tryptophan 548 with leucine. A mutant ALS
protein containing the amino acid sequence of SEQ ID NO: 4 is referred to as
“P171H/W548L mutant ALS protein,” or “P171H/W548L mutant.”

The amino acid sequence of SEQ ID NO: 6 is derived from the amino
acid sequence of the wild type ALS protein by substitution of proline 171 with
histidine, and substitution of serine 627 with isoleucine. A mutant ALS
protein containing the amino acid sequence of SEQ ID NO: 6 is referred to as

“P171H/S6271 mutant ALS protein,” or “P171H/S6271 mutant.”



i nvention. The gene coding for the acetol actate synthase of the present
invention (hereinafter referred to as "nutant ALS gene") codes for an
acetol actate synthase protein (hereinafter referred to as "nutant ALS
protein”) having an am no acid sequence that is different fromthat of a
wild type acetol actate synthase protein (hereinafter, referred to as "wld
type ALS protein”). The nmnutant ALS protein can be obtained by nutating a
certain site in a wld type ALS protein expressed in a rice plant. The

mut ant ALS protein .of. - I, i t4 ORS| . i no.. aci d
sequence of any%kﬁé%%ngﬁéfﬁgﬁﬁﬁﬁ?‘gﬁygﬁ H%?u%ng%gik ﬁgﬁéhgﬁJ%ggﬁgngequence
of SEQ | DN@ seukScdsi theedillirgpe tAies apdlm baGhbsedansep@fiinthey Wyi@ type
ALS pr ot e?ér?@bsf%lgsﬁst ?f ution ot?m[:)rol I %e 171 svl th hist ii;r“?%e and substitution
of ar gi ni RistiliTze, Wubbtitiioh . tryptoplians4 PuStiplencaien and Gobetinition dihsriae no
acid sequence of SEQID NO 2 is referred to as "P 171 HR 172 S nut ant
ALS prot ebA7" woth 'isolerdingy R A7mugimuddat . profhe eertadlingi thes@gqusncecidf SEQ

ID NO 4 is deri i id t ildt ALS
protel n byeasmet iF S GBI p SoR TRETERtoeS, TP LY sl SaAdt stisett ALSion o
t t oph 43 wi t h } S tei t ai ni th i .
2c 6 sbquBrlamsr obgel FHINEF st R | B 0e® Mo 0T W VBgsL mutant ALS
protein,” or "Ppi/l 1 WMPMBhdWiRO tesultiNT @mhpRiRek dod@pancemalo &EQ | D NO

6 is derived fromthe am no acid sequence of the wild type ALS protein by
substi t ut bequenkepoditiene 41¥pesof mutdnitsA LS ipneteiranahdthesdminet acd seduaeei ne 627
with isoleucine. A nutant ALS protein containing the am no acid sequence
of SEQ | Dofithe ovild type ekk@proteins FupherniingFigsp AIA andaRe the Sminet &gif, " or
"P 171 H'S 6271 nutan

dorived | FONEPRE ARRG ™ K A°RERURRCe O 4 REALE B BE AL B JEify

substi t ut E&jﬁ)e?lfceH%O{H@Q“dlza‘wv‘@éﬂ?esents P171H/R172S mutant ALS protein, the
amino acid sequence in the 3" row represents P171H/W548L mutant ALS
protein, the amino acid sequence in the 4™ row represents P171H/S627] mutant
ALS protein, and the amino acid sequence in the 5" row represents
P171H/W548L/836271 mutant ALS protein.

Compared to the wild type ALS protein, these mutant ALS proteins
possess good resistance not oﬁly to PC herbicides, but also to sulfonylurea and
imidazolinon herbicides. This can be determined by subcloning a gene coding
for the mutant ALS protein into pGEX 2T, transforming E. coli or the like with
the pGEX 2T, and then examining the sensitivity of the expressed mutant ALS

protein to herbicides.



hi stidine, substitution of tryptophan 548 with |eucine, and substitution of
serine 627 with isoleucine. A nutant ALS protein containing the am no acid
sequence of SEQID NO 8 is referred to as " P171H Wh48L/ S6271 nmutant ALS
protein,” or "P 171H W48L/ S6271 nmutant."” Figs. 1 A and B show the results
of conparisons anong the am no acid sequences of these 4 types of nutant
ALS proteins and the am no acid sequence of the wild type ALS protein.
Further, in Figs. J]A and B, the amino acid sequence in the 1St row

represents the Wéﬁr}a@;&@ Al Prot ep®, HRELIRMNO ARighHe sgghfgﬁpﬁsa&-goamﬂnd

row represents P 171 RI 72S mut ant ALS protein, the 0 aci d sequence

in the 3rd g@whictRtasdnins Ml hhMbdbhac, MItaiesdi&d byr Geelollovwing d@hAgalaci d
sequence in the 4th row represents P171H S6271 nutant ALS protein, and
the am no dordukefjuence in the 5th row represents Pl 71H Ws48L/ S6271

mut ant ALS protein. Conpared to the wild type ALS protein, these nmutant ALS
proteins possess_g%o FEsj st ance not only to PC herbicides,odu also to

sul fonylurea and fm dazolinon herbicides.” This can be detdrm ned by
subcl oni ng a gg¢he kodifhg for the fut ant ALS protein i X 2T,
transform ng_g coli ‘the |ike rCOONe p 2T, and thlen exam ning the
sensitivity of\the expP&&ted nut ALS pretern to her bj cgod - Erﬁ@es

de 1 ncl

edi

bi spyrike adifum 3 pyrithi oba di um,
ented by the foll owng/chemical fo e

OCH3 bi spyri bag pyri thi obac-sodiu OCHs3 N—

OCH3

bisp}’ribac;sodium pyrithiobac-sodivm . pyriminabac

An example of a sulfonylurea herbicide is chlorsulfuron, as represented

by the following chemical formula 2.

Cl Ha
. SOaNH-C - NM
-

OCH3

chiorsulfuron

An example of an imidazolinon herbicide is imazaquin, as represented by

the following chemical formula 3.

-COOH
.
N_Z‘(
H o
" imazaquin

In particular, P171H/R172S mutant ALS protein shows resistance to a



pyrirni nabac OCH3 An exanple of a sul fonylurea herbicide is chlorsulfuron,
as represented by the following chemcal formula 2. 0 11 % SO2NHC -NH
--/~ OCH3 cbl otsul furon An exanpl e of an i m dazolinon herbicide is

I mazaquin, as represented by the following chemcal forrmula 3. inmazaquin
In particular, P171H R 72S nutant ALS protein shows resistance to a 9
certain herbicide at a |l evel not only better than that of a nutant ALS
protein independently having P171H or R172S, but also superior to the

conbi ned sesistapgeid £k GERY Adr Ry MRuB AR (AkSoPh heIAS a&ﬂ@ﬁﬁe&% ntly
having Pl17IH or R172S. Further, the mutant ALS protein I ndependently

havi ng R17%38epalRatlynRhviahoM 7SI Git RS duanylsbeslegiodes, thdajopiigined t he
R172S nutation is a silent nutation. In other words, in Pl 71H R172S

mut ant AL Sepistanee prediRlied2Bomnht atutent AT piotéins andipesdenthmbatringnP i H t sel f
| nproves the resistance of  P171H nutant ALS c;j:)rotei n. Further, P171H Wh48L
mut ant pr offeRh/Showkuithes, hepadantALS paptein mdenspprriydanmeaRi &% 1dopdt only

\?\EZtBEr }3Bﬁpoé}szlg%bgezsésg?nnc}éhigatx}yh esrggn{ig%%ietgereif&%e&ee%ﬁgé %mqgt\{(i)rrll % El s?]jéwt or
mutation. In other words, in PI171H/R172S mutant ALS protein, R172S
mutation, which is a silent mutation by itself, improves the resistance of P171H
mutant ALS protein.

Further, P171H/W548L mutant protein shows resistance to a certain
herbicide at a level not only better than that of a mutant ALS protein
independently having P171H or W548L, but also better than the combined
resistance predicted from the mutant ALS proteins independently having P171H
or W548L. In other words, P171H/W548L mutant protein shows resistance
which is far greater than the synergistic effect predicted from the resistances of
both P171H mutant protein and W548L mutant protein.

Further, in particular, P171H/S6271 mutant protein shows resistance to
a certain herbicide at a level not only better than that of a mutant ALS protein
independently having P171H or S627I, but also better than the combined
resistance predicted from the mutant ALS proteins independently having P171H
or S6271. In other words, P171H/S6271 mutant protein shows resistance which
is far greater than the synergistic effect predicted from the resistances of both
P171H mutant protein and S6271 mutant protein.

Still further, in particular, P171H/W548L/S627] mutant protein shows
resistance to a certain herbicide better than that of a mutant ALS protein
independently having P171H, W548L or S6271.

Moreover, the mutant ALS protein of the present invention may consist
of any amino acid sequence derived from the amino acid sequence of any one of
SEQ ID NOS: 2, 4, 6 and 8 by substitution, deletion or addition of at least one

or more amino acids, as long as the sequence has resistance to a PC herbicide
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resi stance predicted fromthe nutant ALS proteins independently having P
171 H or Ws48L. In other words, P171H Wb48L nutant protein shows
resistance which is far greater than the synergistic effect predicted from
the resistances of both P 171 H nutant protein and Wb48L nut ant protein.
Further, in particular, P 171 H S6271 nmutant protein shows resistance to a
certain herbicide at a |l evel not only better than that of a nutant ALS
protein independently having P171H or S6271, but al so better than the

combi ned ﬁﬁﬁilﬁgag&‘;%]%ﬂ%@é Csé/‘ﬁ sk OXBthARy. ”“1-71| i S“ét% | RE LR 0S,;hiifenendent | y

havi ng P1 er words, mut ant prote| n shows

resi st anceyeidsably tefFedsato grt@@toeﬁmiﬂa;amcxabem@y@gfeqeﬁdwy 1e{d eotanphedicedLd from
t he resistances of both P 171 H nutant protein and S6271 mut ant prote| n.

Still furtdmetmorappdetabtul ao,l 0RLYIbbVAMEEL/ S6271 nutant protein shows
resi stance to a certain herbicide better than that of a nutant ALS protein
i ndependent | y haRarhiguiiis i thsargincopcideegrencmmied@rD Nk Tnitaddeashose

t f th t ipyenti
et ved DromPoRL sinn ek e Tty SRAL e Bif Bl RT3 "6  ane
8 by substy ﬁ*ﬂ 'aﬂﬁn? gs d@t'?ﬂt]‘i’éarﬂ% 54i8%cQhie e é@@ébg@‘ﬁer% ‘E?ﬁ@asﬁ‘ghan 4 has

acids, as ong as € sequence has resistance to bi’cide -

acet ol act adremosdy RENAS %mc@mdrlfllﬁr&’ferd‘ﬂﬂ? fan) @fAEn®acids@her &HNNtheatT BS5and
preferably refers to 1 to 30 amno acids, nore preferably | to 20 am no

aci ds, arﬁ:ﬂ&%axa:rp:r echés abeythe ammboacadnsn@umlecta? SEQrID D@ &1, 1“pf 1dast bhe am no

aci d sequence of 2, east one nmore am no aci ds”
pr ef er abl yOr(BRY® am% aatﬂsdsarema%ﬁerﬁhmr{atlhémm 'aﬁldén‘ﬁhellﬂ?ﬂ'ﬂlea}ﬁ a%fé. ds

In the am Baci d segyenc am no
aci ds” ar &% ef Bf %%?3 fanf ear%l aC| cli\lge eélrcet énﬁ(?ﬁié) %%s g‘%sgﬂ

am no aci dg. mbft sfighAReine” %'ﬁeﬁi@ﬁl&{?qﬁﬁ) %uﬁEQ:alomr tRan tl?etl'l’?a%t279£‘e or
more amino aci ds" are preferably (an) am no acids other than thé 171* and

and 548" amino acids.

The mutant ALS gene of the present invention is not specifically
limited, as long as it has a nucleotide sequence coding for the above-described
mutant ALS protein. Examples of the nucleotide sequence include the
nucleotide sequence of any one of SEQ ID NOS: 1, 3, 5 and 7. The nucleotide
sequence of SEQ ID NO: 1 codes for the amino acid sequence of SEQ ID NO: 2,
the nucleotide sequence of SEQ ID NO: 3 codes for the amino acid sequence of
SEQ ID NO: 4, the nucleotide sequence of SEQ ID NO: 5 codes for the amino
acid sequence of SEQ 1D NO: 6, and the nucleotide sequence of SEQ ID NO: 7
codes for the amino acid sequence of SEQ ID NO: 8. The mutant ALS gene
may have a nucleotide sequence derived from the nucleotide sequence of any
one of SEQ ID NOS: I, 3, 5 and 7 by substitution of a codon coding for a
certain amino acid with a degenerate codon.

Figs. 2A, B, C and D show the results of comparisons among the
nucleotide sequences coding for these 4 types of mutant ALS proteins and the
nucleotide sequence coding for a wild type ALS protein. In Figs. 2A, B, C and
D, the nuclectide sequence in the 1% row represents the wild type ALS protein,

the nucleotide sequence in the 2™ row represents P171H/R172S mutant ALS
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627 1h amino acids. In the amno acid sequence of SEQID NO 8, "at |east
one or nore amno acids" are preferably (an) am no acids other than the
171", 627' hp and 5481h am no acids. The mutant ALS gene of the present
invention is not specifically limted, as long as it has a nucl eotide
sequence codi ng for the above-described nmutant ALS protein. Exanples of

t he nucl eoti de sequence include the nucleotide sequence of any one of SEQ
ID NOS: 15 3, 5 and 7. The nucl eotide sequence of SEQ ID NGO | codes for

the am no ggS!fe‘i'n,stﬁgql%'&Fe%tf&fe sehiicl iNthe 3¢ roW%eé%@{eIB?% ?’IZHP\%HQE%P&BE SEQ 1D

NGO 3 cod or' the amno acrd sequence of t he nucleoti de

sequence o1 S5Qotd Nie Aublestse fsequdite BNMINO4"awvd repevanrser of1 i@ YP NO

6, and the nucl eoti de sequence of "SEQ ID NO 7 codes for the am no acid
sequence @hut3EQALS N@otdn, Ehé thauterieotMdsS sggmacenhy thaid’ aowuedgosdnte
sequence derived fromthe nucl eoti de sequence of any one of SEQ ID NOS: 1,

3, 5 and 7 Ioy HYWELY 867 Grimptanh Adgupipteiddi ng for a certain amno acid with
a degenerate codgn. Figs, 2A, B, ]gand [())Jspowthe results of congiari ons
anong the nucl PTeﬂ’é{egéEﬁM%‘g% Qi SR erUriiE RESENS INFRLONIPAYGPANEt M S
roteins an . 1.d o [ | t . of el n.
lIon Fi Igs. %‘A,S{UHE%Edgﬁff‘Jq%%f‘éet ﬁgﬁ%:ﬁ% gotﬁ ?'gggiszggﬂéﬁ%egﬁr#éteﬂg Cl)é,l?lt(a 1% lrP(gapar elsent S

the wild tyRRoNde Robsédcomplignditghers e nseQuans aehileddeCol aky '@W of _
represents P171H R172S nutant ALS - 11 protein, the nucleotide sequence in

the 3rd r QEQ dhr e8@8t &, 3P17 2kl VH481d wudemtffor Ab Supmot ec¢id, sequenoeidiagitg de
sequence in the 4"" row represents Pl 71 H S627| _nutant ALS protein, and
the nucl ederi@dadaiguareidass acHrIty ' “SAHNEeYr &8Bfitionsd refarsiangumdiigesy 1

U A SR A A S oAy B PSR IRAEM B
ggggleh icgng?}rgﬁ% Ogg&%@&fsi Sie sSEUBNEEE CORISHEN FMudd oRBitNE el
DNAs having high homology to each other (for example, DNAs having 50% or
more homology to each other) hybridize and DNAs having low homology to
each other do not hybridize. Specific examples of the stringent conditions,
under which hybridization is possible, include conditions for washing in the
normal Southern hybridization of 60°C, and a salt concentration corresponding
to 1xSSC, 0.1% SDS, or preferably, 0.1xSSC, 0.1% SDS.
Genes coding for these mutant ALS proteins can be obtained by
introducing a mutation as described above into a gene coding for a wild type
ALS protein which is present in the genomic DNA of japonica type rice variety,
Kinmaze. To introduce mutations, any known techniques can be employed.
For example, site-directed mutagenesis can be used. Site-directed mutagenesis
can be performed using a commercial kit, e.g., Mutan-K (Takara Shuzo), Gene
Editor (Promega) or ExSite (Stratagene).
In addition, a gene coding for the mutant ALS protein can be obtained by
culturing wild type culture cells sensitive to a PC herbicide in the presence of
the PC herbicide and then obtaining the gene from mutant culture cells that

appear and show resistance to the PC herbicide. Then, a gene coding for ALS

protein having a new combination of mutations can be synthesized based on the
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SEQID NOCS: 1, 3, 5 and 7, and codes for an am no acid sequence having
acetol actate synthase activity. "Stringent conditions" refers to conditions
wherein a so-called specific hybrid is forned and a non-specific hybrid is
not formed. Exanples of such stringent conditions include conditions
whereby DNAs having hi gh honol ogy to each other (for exanple, DNAs having
50% or nore honol ogy to each other) hybridize and DNAs havi ng | ow honol ogy
to each other do not hybridize. Specific exanples of the stringent

conditi onsuys SR MR NPTt Lol HESEOR! Go S LUE SRgLb e o

concent rah{aﬂogggqug%gpﬁgg_g to 1xSSC, 0.1% SDS, or preferably, O |xSSC,
0.1% SDS. Genes coding for these nmutant ALS proteins can be obtai ned by
i ntroduci ng a $pecafically, asirdesmiRiNesl atzoysepared &opensmwcast nglthes el | d
type ALS protein which is present in the genom c DNA of japonica type rice
variety, redisipavie a’Pe limbmgmc@h{ﬂﬁ@tre @m’t,healﬁyd,kmmmemhfai\ghétbrmamfbe

enpl oyed. ., For exanple, site-directed agenesi s can be used. . .
Site-dire&séélr@ﬁg@é%@?%mcyéﬂn b f'ﬁerﬂrlg]fl YUSiSREFeRcE GHithe & Paplei acide g,

Mut an- K ( r Ltars. . Qr S ratagene). In
addi tion, Eg%geeg%rﬁg%ﬁ%a aﬁgcge% Eglr:’mc;a g%ééa X{rgﬁ%%’f@itﬁj%}éa‘%igeé r§&i”&'i nggxgy

cul turi ngipiy fifkettYDRIAC BE KhE Besoffih® po SRSt d1¥Re ti@s@bﬁ&g@ﬁl?tb%ﬂlﬁleb%thﬁ
presence of the PC herbicide and then obtaining the gene Trom ant

cul ture c8KHs tbhixtterndppelx nacldotiieweqesicet afoe N Aheseids hiestdissiedeenThen, a
gene coding for ALS protein having a new conbination of nutations can be
synt hesi zé&aowade daygp mytations; Fragmenis cpp@ingibamuyagonyre Rentherzadbliod and

R Y e P T I
e e SRAAL o URER, BB il N 5 1ol Gt ohaoe
Meanwhile, genomic DNAs are prepared from PC-herbicide-resistant rice
culture cells, and various primers are designed based on rice ALS genes. Then,
primer walking is performed, so that the sequences of ALS genes present in the
prepared genomic DNAs are determined, and mutations sites are found. When
mutations are found, fragments containing the mutations are synthesized by the
PCR and SPR methods. Fragments containing mutations synthesized from
mutant ALS cDNA cloned into pBluescript II SK+ (including the fragments
containing these mutations) are subcloned into pGEX 2T, and then E. coli is
transformed using the vector.
Clones having the insert DNAs coding for the amino acid sequences
represented by SEQ ID NOS: 2, 4, 6 or 8 are then selected, so that genes coding
for mutant ALS proteins can be obtained. In addition, the thus obtained
plasmid in which a gene coding for a mutant ALS protein containing the amino
acid sequence represented by SEQ ID NO: 2 had been incorporated in pGEX 2T
was deposited as Rice Mutant ALS ¢cDNA 1 (FERM BP-7944), the plasmid
in which a gene coding for a mutant ALS protein containing the amino acid

sequence represented by SEQ ID NO: 4 had been incorporated in pGEX 2T was
deposited as Rice Mutant ALS ¢cDNA 2 (FERM BP-7945), the plasmid in which
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probe containing part of a gene coding for the wild type ALS protein. Next,
the insert DNA of the resulting positive clone is subcloned into

pBl uescript Il SK+, to determ ne the nucleotide sequence. For cDNA inserts
t hat have been shown to have nutations, fragnents containing the nutation
are synthesized by the PCR and SPR net hods using as a tenplate pBl uescript
Il SK+ retaining the insert DNA and priners designed based on the wild
type rice ALS gene. Meanwhil e, genom c DNAs are prepared from

PC- her bi ci,d éex{ e§6§ihgcnfé)r;{‘gﬁgtaﬁuhﬂ$r rdt€inl §0nt§ﬂﬁn§§?1ﬁ?a‘r1:13inﬁr éaﬁr%ggﬁlg%e so

desi gned Ba onr enes. Then, prinmer Wa i's per

that the sgoesares b9fSFHIDIR0ES M@E@ﬂﬁnb@rﬁoﬁ'@tedﬂh%_ﬁ@"@%@fﬂe?osiws are
determ ned,” and nutations sites are found. VWhen nmutations are found,

f ragment s ag Ghicai Mintent t AES eI AnFERM BYrtHeg| zed thy plhenidPGR vandh SPR .
met hods. Fragnments containing nutations synthesized from nutant ALS cDNA
cl oned i ngenpBlodiEE dppta MutaR+ AL Pref§ith §oBHENPEa Hife ANENO Aasid s5eANARES hese

tati | i nt 2T, .and th E. [ t d

T 1 00 P S 1B AT R B ok Pt 0,
E ; , R®_ t t.ed,

seauences st AEALg b SSDIANS(rRRIE 582058 {1 pbaELgR <o

the thus ghbataedreeplCruErd Nationdl Qhstaugené Sadimngd biduwtrialt 86ienfe Sndr ot ei n
containing the amno acid sequence represented by SEQ ID NO 2 had been

i ncor por affechnologGERhRT-6, Wak- 1¢ EHgashi cbsukabmishie, Tatakint JARANG DONAVIar (hFERM
BP-7944), the plasmd in which a gene coding for a nutant ALS protein
cont ai ni ng0PRamdes s BredapessBigdbhce represented by SEQ ID NO 4 had been

o por e 10 R e i FRSARGAE PSR 0 LA

BP-7945), the pla: _ a gene co of  a
cont ai ni gyt i AGEAP A0S PrSHRAHUENE BnpAeREASRAALE T RYriSECHERiN@es bsfradisbeen

incorporated in pGEX 2T was deposited as R ce Miutant ALS cDNA 3 ( FERM
BP- 7946) , Pandhdrbiifdsasta dihien pMuitch @ny known technique can be used for
transformation of a plant. For example, a foreign gene can be introduced into
a target plant cell using Agrobacterium tumefaciens.

More specifically, a gene coding for the mutant ALS protein is inserted
into a binary vector containing T-DNA sequence of a Ti plasmid of
Agrobacterium. The Ti plasmid is transformed into E. coli and the like.
Then, the binary vectors retaining the gene coding for the mutant ALS protein
replicated by, e.g., E. coli are transformed into Agrobacteria which contain
helper plasmids. Target plants are infected with the Agrobacteria, and then the
transformed plants are identified. When the identified transformed plant is a
culture cell, the plant cell can be regenerated into a complete plant by any
known technique.

To transform a target plant with a gene coding for the mutant ALS protein,
the gene can be directly introduced using known standard techniques.
Examples of a method which transforms an expression vector containing a gene
coding for the mutant ALS protein include the polyethylene glycol method,

electroporation, and the particle gun method.

A gene coding for the mutant ALS protein may be transformed into any
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gene coding for a mutant ALS protein containing the am no acid sequence
represented by SEQ I D NO 8 had been incorporated in pGEX 2T was deposited
as Rice Mutant ALS cDNA 4 (FERM BP-7947) with the Patent and Bi o- Resource
Center, National Institute of Advanced Industrial Science and Technol ogy
(Chuo-6, 1-1-1, Higashi, Tsukuba-shi, Ibaraki, JAPAN) on March 8, 2002
under the Budapest Treaty. On the other hand, transformation of a target

pl ant using a gene coding for the nmutant ALS protein can inpart resistance

pl ant en nt _
Lechn que e BLeegac] &F Py REeu IR R FEor ok BT bIg™

foreign gene eapeberomtinadusigehi nt@eneacddngeforpPiznimashd AISS NWotein is
Agrobacterium turnefaciens . Mre specifically, a gene coding for the

mut ant AlLBamsfotmeed inshideseiceednaizet whaati bangy, ventbeanc anttainnirageste A
sequence of a Ti plasmd of Agrobacterium The Ti plasmd is transforned
into E.  48aF befd b tphageo. Iphadditione t9rih grassy degesr and ethgi Hkageamhdegene

di for t t. AL t e |icated by, e.g. E. .col i
7 ansFor e RTBOAG) IBAETETTE A4TheiFoChiA Sine ROt BBl ADSRIGIUE: Target pl ants
infected w,th,t '
R e A T e RN S R R S

pl ant cel forape migafcgeSesadtdd danlitpariceeiRtAice tBIFMheMicidey, sti¥hugchni que
To transforma target plant with a gene coding for the nmutant ALS protein,

t he gene loabhididesdiand gtligagotinoncheckdidesitnghk pban. st andard t echni ques.
Exanpl es of a_nethod which transforns an expressi on vector containing a

gene codi ng PAPTEONEN A A COAIRE FrdtemripRtAlaaPToRan s8R \eshe 8ped & §col
e AGRLORRIE S Sk LD B SALA BT Plnf B SRRSO,
as nMonocOolyhRRIBaHS prRdt el AlsiiLHANYes cPh@ SectbX MERas a gene coding

for the mutant ALS protein and a target gene is introduced into the plant cell,

followed by culturing of the plant cell under the presence of a PC herbicide or

the like. If a plant cell survives in the presence of the herbicide, it indicates

that the plant cell contains a gene coding for the mutant ALS protein and the

gene of interest introduced therein. Further, whether a target gene and a gene

coding for the mutant ALS protein are incorporated into the chromosome of a

plant cell can be confirmed by observing the phenotype of the plant and then

examining the presence of these genes on the genome, by genome southern

hybridization or PCR.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A shows an amino acid sequence comparison between the
mutant ALS proteins and the wild type ALS protein.

Figure 1B is a continuation from Fig. 1A, and shows an amino acid
sequence comparison between the mutant ALS proteins and the wild type ALS
protein.

Figure 2A shows a nucleotide sequence comparison between the mutant

ALS genes and the wild type ALS gene.
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of a target crop into which a gene coding for the nutant ALS protein is
transforned include rice, naize, wheat, barley, soybean, cotton, rapeseeds,
sugar beet and tobacco. In addition, turf grass, trees and the |ike can be
.transformed by introducing a gene coding for the nutant ALS protein. In
any of the above cases, transformation of a plant using a gene coding for
the mutant ALS protein can inpart resistance to PC herbicides,

sul fonyl -urea herbicides, and i m dazolinon herbicides to the plant.

Mor eover, a geneg; j f:or : t otejn n_.,al so _be -us as a
sel ection mar ke?lgﬁpéan%eﬁgear }crgrgtr]\%gd} tffrbggtﬁsfir rr%tki gﬁao?l%a‘fv SplaaHPCféﬁﬁae

exanpl e, shquéﬁ@namﬁm@orpIb@mee@]eme HUKAR ALAEERS BRNehe BTy HE AYg ch has
a gene coding for the nutant ALS protein and a target gene Is”1ntroduced
into the @eant cell, followed by culturing of the plant cell under the
presence of a PC herbicide or the like. If_a plant cell survives in the
presence of the Higptsi @Cdeés 4 contimpaiipmedrom hBig. t3, phdnthovel b nocieaiids a
gene codi ng for the nutant ALS r?t ein and tLge gene of interest introduced
therein. FERYHEE CHRBEHEGN Retwigetheginteningls geits anbdhmyvitdbityrndlaut ant
ALS pr ot eig%ngre incorporated into the chronosone of a plant cell can be
confirmed Yy observing the phenotype of the plant and then exam ning the
presence of theggeERNeH 98 o BEnGENATR, i IEROMEC SQME Nelbs Q.yml@b&@é' on or
PCR. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure | A'shows an am no aci
sequence ceqgpartescompatiswehetwren thet motanALSLEr gérelsnendansk WHRI Wi Aye ALS
protein. Figure JBis a continuation fromFig. IA and shows an am no acid
sequence @&SRpari son between the nutant ALS proteins and the wild type ALS
protein. Figure 2A shows a nucl eotide_sequence.conpar.i.son between the
Mutant | ALS gendaBuRast Rl PTG A iETEb Who ik Sensitivity of RE e’ o

bispyribac-sodium.

Figure 4 is a characteristic figure showing sensitivity of Sr line to
bispyribac-sodium.

Figure 5 is a characteristic figure showing sensitivity of Ga line to
bispyribac-sodium.

Figure 6 is a characteristic figure showing sensitivity of Vg line to
bispyribac-sodium.

Figure 7 is a characteristic figure showing sensitivity of the wild type to
bispyribac-sodium.

Figure 8 is a characteristic figure showing sensitivity of the wild type to
chlorsulfuron.

Figure 9 is a characteristic figure showing sensitivity of Rb line to
chlorsulfuron.

Figure 10 is a characteristic figure showing sensitivity of Sr line to
chlorsulfuron.

Figure 11 is a characteristic figure showing sensitivity of Ga line to
chlorsulfuron.

Figure 12 is a characteristic figure showing sensitivity of Vg line to

chlorsulfuron.
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Figure 2B is a continuation fromFig. 2A, and shows a nucl eotide sequence
conpari son between the nutant ALS genes and the wld type ALS gene. Figure
2Cis a continuation fromFig. 2B, and shows a nucl eotide sequence

conpari son between the nutant ALS genes and the wild type ALS gene. Figure
2D is a continuation fromFi g. 2C, and shows a nucl eotide sequence

conpari son between the nutant ALS genes and the wld type ALS gene. Figure
3 is a characteristic figure showi ng sensitivity of Ro line to

bi spyri bac- sodi Erpurclazllguls a ¢ch ?ac?eﬁlg_ tu? sﬁéwm%:ﬁlgéjéglta m‘?n?t%we]cpgﬁl tivity

of Sr line to |°spyr|bac Sodrms

showi ng sglsidd b a;?ai Aok O ahle al%l @p)vrslz@aﬁm %f'a%n Féﬁ\g fed dofurfin

characteristic figure showng sensitivity of Vg [ine to yrlbac sodi um

Figure 7 dlgomathatphy peifetmed fogeepapovd ofsarnsing tid KL pioignvéfitdet ype to
bi spyri bac-sodium Figure chlorsulfuron. Figure chl orsul‘?uron. Fi gure

chl or sul fagswstant nFatgnt.e  chl orsul furon. Figure

Figure 14 is a characteristic figure showing the relation between the
fraction number and absorbance at OD 525 nm in anion exchange column
chromatography performed for the purpose of separating the wild type ALS
protein.

Figure 15 is a characteristic figure showing sensitivity of the wild type
ALS protein and the mutant ALS protein to bispyribac-sodium.

Figure 16 is a characteristic figure showing sensitivity of the wild type
ALS protein and the mutant ALS protein to chlorsulfuron.

Figure 17 is a characteristic figure showing sensitivity of the wild type
ALS protein and the mutant ALS protein to imazaquin.

Figure 18A shows a nucleotide sequence comparison between
Nippon-bare EST and maize ALS gene.

Figure 18B is a continvation from Fig. 18A and shows a nucleotide
sequence comparison between Nippon-bare EST and maize ALS gene.

Figure 19A is a nucleotide sequence comparison between the full-length
cDNA derived from Sr line and wild type cDNA 1.

Figure 19B is a continuation from Fig. 19A, and shows a nucleotide
sequence comparison between the full-length cDNA derived from Sr line and
wild type ¢cDNA 1.

Figure 19C is a continuation from Fig. 19B, and shows a nucleotide
sequence comparison between the full-length ¢cDNA derived from Sr line and
wild type cDNA 1.

Figure 20 shows processes for synthesizing ALS ¢cDNAs independently
having G1643T (W548L) mutation or G1880T (S6271) muiation, and for
constructing pGEX 2T retaining the ALS ¢cDNA. Arrows denote primers, and
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chlorsul furon. 8 is a characteristic figure showng sensitivity of the wild
type to 9 is a characteristic figure show ng sensitivity of Ro line to 10
is a characteristic figure showing sensitivity of Sr lineto 11 is a
characteristic figure showing sensitivity of Ga line to 12 is a
characteristic figure showing sensitivity of Vg line to -16 Figure 13 is a
characteristic figure showing the relation between the fraction nunber and
absorbance at OD 525 nmin ani on exchange colum chronmat ography perforned

for the purpos f parat i the ALS protein of the resistant nutant.
Fi gure 14aF§1Eﬁéﬁ§P§é%€§ﬁ¥$4E%”%gbure showi ng the rel ati on between the

fraction nunber mpgaPF 9hHINGEHREe NP Jte PaRiA C%ﬁ'z%n(lﬁﬁﬂ}w&%tﬁmm
chromat ography perforned for t’he purpose of separating the wld type ALS

protein. Frapumientldnd S5MARIALERhiBaniCDNIAGBagnBhoOW AgrdaNseidty iprimat, t he

wld type ALS protein and the nmutant ALS protein to bispyribac-sodi um

Fi gure 16and astestsks aleheleimpiated pgmte showi ng sensitivity of the wild type

ALS protein and the nmutant ALS protein to ch)orsylfuron, Figure 17 is a
characteristic TGl HRWhEraEstss iy isyyiherizne AL aPNAvmdgpendsibei n and

comar | soR*BECeR A oo Dar Bt B kA ARG8T e whlE AP e

conti nuat i.ghsd QM HBER 8Ar 38QiSIREMHeAANMC LBRIA d€ A SRS QNSNS o8O TRFRERON
bet ween Ni ppon-bare EST and nmai ze ALS gene. Figure 19A Is a nucleotide

sequence ¢offgtari son between the full-length cDNA derived fromSr |ine and
wld type cDNA 1. Figure 19B is a continuation fromFig. 19A, and shows a
nucl eot i de Figure 23 shows a process for preparing a DNA fragment having

C512A(P171H)/C514A(R1728). Arrows denote primers, and asterisks denote
mutated points.

Figure 24 shows processes for synthesizing P171H/W548L mutant ALS
cDNA and P171H/S6271 mutant ALS ¢cDNA and for constructing pGEX 2T
retaining the ALS ¢cDNA. Asterisks denote mutated points.

Figure 25 shows processes for synthesizing P171H/W548L/S6271
mutant ALS ¢cDNA and for constructing pGEX 2T retaining the ALS cDNA.
Asterisks denote mutated points.

Figure 26 shows a comparison of sensitivity to bispyribac-sodium
between the mutant ALS protein coded by 1-point mutant ALS gene and the
wild type ALS protein.

Figure 27 shows a comparison of sensitivity to bispyribac-sodium
among the mutant ALS proteins coded by 2-point and 3-point mutant ALS

genes and the wild type.

BEST MODE FOR CARRYING OUT THE INVENTION
Now, the present invention will be further described by the following
examples, but the technical scope of the invention is not limited by these

examples.
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sequence conpari son between the full-length cDNA derived fromSr |ine and
wldtype cDNA 1. Figure 19Cis a continuation fromFig. 19B, and shows a
nucl eoti de sequence conparison between the full-1ength cDNA derived from
Sr line and wld type cDNA 1. Figure 20 shows processes for synthesizing
ALS cDNAs independently having GL643T (Wh48L) mutation or G1880T (S6271)
mut ati on, and for constructing pGEX 2T retaining the ALS cDNA. Arrows
denote priners, and -17 asterisks denote nutated points. Figure 21 shows a
process f [ epar,i A 171 n A
(R1729 PR aREROA ProghRdas St il e, (1P ERRanf 0, S8 o o
mut at ed pRLfdisideFl gure 22 shows processes for synthesizing ALS cDNAs

i ndependently having C512A (P171H) nutation or C514A (R172S) nutation, and
for constructCRgTpiXreddovert &ioni nget eedABard EINA KiAaiaze] skientdooiandrut at ed
points. Figure 23 shows a process for preparing a DNA fragnent having
C512A( P17 Chy2Coating RET.2Bjnmazg)r dle shedetwensr immessedayd 78%: ethaskl faedot e

mut at ed poi.nts. Figure .24 sho rocesses for synthesizin P171H \W648L

mut ant ALBIDESREThEIEp DmeTEpdap paoNA g éﬁflprgnfemg%dﬂw%: felbpwed ﬁgt i ng
pCEX 2T retaining the ALS . erl n e al.nts.. Figure 25
shows pro@'@g & fgg\‘ergcﬁ[ %%Ss&%gSt%fﬁbﬁfg&%%g?wh%t gl‘rlﬁo S&E?c‘fﬁ& and

for const Lkl A REEEn 2TmEELA Wil a&ﬁ?&aﬁoﬁ%hpwﬁ%erdbws. denote nutated
points. Figure 26 shows a conparison of sensitivity to bispyribac-sodium

bet ween the nmutant ALS protein coded by 1-point nmutant ALS gene and the

Table 3

Inorganic salt (mixed saline for 1 pack
Murashige-Skoog medium)

Thiamin-HCI (0.1 g/) 1 mi
Nicotinic acid (0.5 g/1) 1 ml
Pyridoxine-HCI (0.5 g/I) 1 ml
Glycine (2 g/1) 1 ml
myo-inositol (50 g/1) 2 ml
2,4-D (200 ppm) 10 ml
Sucrose 30 g
Gelrite 3g
Prepare the medium to 1000 ml with

distilled water, and adjust pH to 5.7.

In the above medium composition, 2,4-D is synthesized auxin. To
prepare the medium, first, a medium with the above composition was placed in
a 1] beaker, and distilled water was added to the beaker to 1000 ml. Next, the
solution was adjusted to pH 5.7, and supplemented with 3 g of Gelrite. The
Gelrite was dissolved well by heating with a microwave oven, and then the
mixture was added 30 ml at a time to culture flasks using a pipetter. Next,
three sheets of aluminum foil were laid over the culture flask, followed by
heating for sterilization in an autoclave at 121°C for 15 to 20 minutes. Finally
the solution was cooled to room temperature so that the media for static culture

of the above seeds were prepared.
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wild type ALS protein. Figure 27 shows a conparison of sensitivity to

bi spyri bac-sodi um anong the nmutant ALS proteins coded by 2-point and
3-point nutant ALS genes and the wild type. BEST MODE FOR CARRYI NG OQUT THE
| NVENTI ON Now, the present invention will be further described by the

foll owi ng exanples, but the technical scope of the invention is not
limted by these exanples. [Exanple 1] Production of rice (Kinnaze)
culture cells resistant to a PC herbicide Chaff was renoved fromrice

seeds (vari etyjyeki né%@gg@f??ﬁﬁ&{si ﬁlfeg%?%hovg Yéfn SRS icéﬁ%l%glﬁ]dudéhn@ﬁ? . The

seeds were i mersed |1 n anol m nutes, an I rmer'sed in

about 5% apédiha,dnd theh Bcaltmet REs pEabhAYEd BYen VBERIoTdNSE @bediabd LhNES W th
sterile distilled water. Then, the seeds were static-cultured on a nedi um

with a conpassub-onlterseds oatris, culfiabd esudcesInele oBcd per ganiwedal ity £ hiquet
saline for |_ pack Mirashige-Skoog nmediunm) ThiamnHA (0.1 g/1)1 ni
Ni coti ni c mediany @ths epmepesifpn Agr ihgosamede) in thatsshyvin ipd Taglg cl.neut poy/ 1) 1

m - nyo-i nos%}nfn]oelme Sth %1%]2 2Geq1rite%’ s4u-p%1e 26(:)19‘[6 \%9[11”1 p%ﬂcgi(gg)?ﬁgacgs%lnrni t(oense g
type of PC herbicides). Two to 6 weeks later the culture cells started to wither.
About 2 months later, a plurality of non-discolored cell masses that were
thought to be conducting cell division were obtained from among culture cell
populations most of which had died and became discolored brown. These cell
masses were isolated and cultured, so that a plurality of cell lines that can
proliferate in the presence of 2 pM bispyribac-sodium were obtained. The
obtained cell lines were named Rb line, Sr line, Ga line and Vg line,
respectively.

Subsequently, the resulting plurality of cell lines were cultured while
elevating the concentration of bispyribac-sodium in an orderly manner. As a
result, cell lines that can proliferate in the presence of 100 pM
bispyribac-sodium were obtained. T_he bispyribac-sodium resistant culture
cells (hereinafter referred to as “resistant mutant”) were sub-cultured on
MS-2,4-D solid media supplemented with 1 to 10 uM bispyribac-sodium. Part
of the sub-cultured resistant mutant was sampled, added into MS-2,4-D liquid
media not supplemented with bispyribac-sodium, and then subjected to
suspended cell culture at a cycle of 8 to 10 days.

Approximately 1.5 g (wet weight) of the resistant mutant was
transplanted into a 200 ml Erlenmeyer flask supplemented with 50 ml of a
MS-2,4-D liquid medium and bispyribac-sodium. at a certain concentration,
followed by culturing at approximately 27°C for a certain period. The wet
weight of the callus was measured periodically. The relative amount of
increase was determined based on the wet weight of the transplanted resistant

mutant. In addition, the experiment was performed three times with different
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Prepare the nediumto 1000 mM with distilled water, and adjust pHto 5.7.
In the above nedi um conposition, 2,4-D is synthesized auxin. To prepare
the nedium first, a nediumw th the above conposition was placed in a 11
beaker, and distilled water was added to the beaker to 1000 ml. Next, the
solution was adjusted to pH 5.7, and supplenented with 3 g of nd then the
m xture was added 30 nl at a tinme to culture flasks using a pipetter. Next,
three sheets of aluminumfoil were laid over the culture flask, followed by
heating fqr Ll Lon. i auf ogl ave, at for 13 1.0 l:pt es.
Finally ? h%’%&aﬁtsf)gﬂ}%go%%gﬁ%ggt{% %ggmﬁfgn%éﬁéz{rgr 5915% t aét C% gﬁgr?%gi a for
static cultdlies 9f id e AROYansepdsiNerfetReeRatRihged 9in NEXSy i BAIQRREHM
portions were renoved fromthe callus induced onthe nedi'um and then
subcul t ur eonestpgichosmedhe Télarive pagiphobntdey 8bdrai hed thalrdekistamsmutant.
sub-cultured, that is, cultured successively once per two weeks in a liquid
medi um (t e xowmpodi isdmilas expraimentevassconiucirt ughg ke wWaldTapE €K3nmpza). not
suppl emented with Gelrite) fu | enent ed mﬁpr J N%bispﬁrLbac:sodiu, (one
type of PEIGHPL shafes fhe maylt Q) mequeing haretattomed TNl SR 12 -qdiied t o
wi ther. About .2 nont r | ural ity af - disgol or cell masses

t hat vvereco?%%l&baﬁltont%]. rgha?%%d\ﬁ%%hﬁa}i'éig#ﬁ | i@lelsvlplgﬂt er@agglaglg%gd from anong
culture cell RoRYbFh ﬁnFigm’}S,ttthgrl iehrhad \ﬁ'i'lt%%ﬁé‘%éé%&”ﬁlh%i%@h@%ed

brown. These cell nmasses were isolated and cultured, so that a plurality
of cell | prep sumiemantedprioh ilf Eyvidiiepyribdchsodinms ént evasfinlZibMed in a group
bi spyri bac-sodi um were obtai ned. The obtained cell |ines were nanmed Rb

line, Sr Feprdementad withahdnlg orimere bispwplaa-pedingp. Sopdbegahan hand e

o R 3h ik b 5 B TP 5 ST s BB R
line, Sr line, Ga line, and Vg line)} other than Vg line was affected even in a
group supplemented with 10 pM bispyribac-sodium. Even in Vg line, it was
shown that the effect of bispyribac-sodium on the growth was smaller than that
in the wild type.

Also in the case of using chlorsulfuron instead of bispyribac-sodium, the
growth rates of the wild type and the resistant mutants were measured as
described above. Figure 8 shows the relation between changes in
chlorsulfuron concentration and relative weight on day 9 in the wild type.
Further, Figs. 9 to 12 show the relation between changes in chlorsulfuron
concentration and relative weight on day 8 or 10 in the resistant mutants, that is,
Rb line, Sr line, Ga line and Vg line.

As shown in Fig. 8, the growth of the wild type was inhibited by addition
of 1 nM chlorsulfuron, showing that the wild type has higher sensitivity to
chlorsulfuron than to bispyribac-sodium. However, as shown in Figs. 9 to 12,
Rb line, Sr line, Ga line and Vg line differed in sensitivity, but the growth was
not inhibited so much by addition of chlorsulfuron, showing their resistance to
chlorsulfuron. Sensitivity to bispyribac-sodium and chlorsulfuron remained
almost unchanged in both the wild type and the resistant mutants, even with

longer culture duration. The growth rate was almost the same in the wild type
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result, cell lines that can proliferate in the presence of 100 M

bi spyri bac-sodi um were obtai ned. The bi spyri bac-sodi umresistant culture
cells (hereinafter referred to as "resistant nutant”) were sub-cultured on
M5-2,4-D solid nmedia supplenented with Ito 10 M bi spyri bac-sodium Part of
t he sub-cultured resistant nutant was sanpled, added into M5-2,4-D liquid
medi a not suppl enmented with bispyribac-sodium and then subjected to
suspended cell culture at a cycle of 8 to 10 days. Approximately 1.5 g (wet
wei ght) of ant was transplanted into a 200 nl Erlenneyer
fl ask supppéﬁ%fe%ggtﬂﬁﬂh of a M>-2,4-D liquid medi um and

bi spyri bac- sodyjdRe 8bulds fé%!«il%ﬂ naaﬁqne%eélgﬁht btantt %ggeg@qh %Wré%}ﬂt&ﬁ’(fe' fag at
approximately 27C for a certain period. The wet Wweight the cal l us was
neasured papyeidacablijum TheMogoatt, veheamresistanof mutaits ease wAsweeteridveed
based on the wet weight of the transpl anted resistant nutant. In addition,
t he exper impravederssigtanice terebllorsirlBaronicenpaned Fo tief Wdddyipe.. 20

bi spyri bac-sodi um concentrations, and the standard error was cal cul at ed.
Figures 3 to 6 show the rel ati on between changes in bispyribac-sodi um
concentratkon a t| ve d o h | St

mut ant . TR SN iﬁfer[’mm AT Slw%ﬁ%r‘g%esn tgm Barjréukt%& lﬁg(lﬁ %SOIP
type (Ki npaz8int mE{gﬂre 7 shows the result of rreasurl ng the reI ation
bet ween bi spyri bac-sodium concentration and relative weight on day 8 in
the wild type loKthiseeedmplés naltenin AUS Firgtein, whhq:agmﬂw pueifidddromn | et ype
was not inhibited in a group supplenented with nM bi spyri bac- SOdI um but
was i nhi brqseﬁamnmszt@ﬁwbtazaﬁm Exempla | WiRbHing $ﬂ\A1@‘P ap®r\ég line, with G

pone”of 1 s gPisiiaed)y o ks Bertlfae @i SO0 MY Uy fbfaed |’PH‘§}“G§£ |
and Vg i Bfﬁ)tgﬂlt Nk bRARING. | iR WARaR 103 GoRiF WA drtiGl P YR HHRPla @ﬁent ed

with 10 .7 I spyri bac-sodium Even in Vg Il ne, t he
ef fect of fdi@pyri bac-sodi umon the grow h was smal | er than that

vmld

First, 200 g or more of resistant mutant was prepared by a liquid culture
method (no supplementation with bispyribac-sodium), using a composition as
shown in Table 3 excluding Gelrite. Then, about 150 g of the resistant mutant
was homogenized using Hiscotron in a volume of buffer-1 [100 mM potassium
phosphate buffer (pH 7.5) containing 20% (v/v) glycerol, 0.5 mM thiamin
pyrophosphate (TPP), 10 uM flavin adenine dinucleotide (FAD), 0.5 mM MgCl,,
and a volume of polyvinyl polypyrrolidone one-tenth that of tissue vo]mlne]
3-fold greater than tissue volume. The homogenate was filtered through nylon
gauze, and then centrifuged at 15000 x g for 20 minutes. Ammonium sulfate
was added to the centrifuged supernatant to 50 % saturation, and then allowed
to stand in ice for approximately 1 hour. The mixture was again centrifuged at
15000 x g for 20 minutes, and then the precipitated fraction was dissolved in
approximately 30 ml of buffer-2 [10 mM Tris hydrochloric acid buffer (pH 7.5)
containing 20 % (v/v) glycerol, 0.5 mM TPP and 0.5 mM MgCl,]. The
mixture was again centrifuged at 15000 x g for 20 minutes, and then the
supernatant fraction was applied to a Sephadex G-25 (Amersham Bioscience).

About 40 ml of the fraction that had passed through the column was collected as
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inthe wild type. Also in the case of using chlorsul furon instead of

bi spyri bac-sodium the growh rates of the wild type and the resistant

mut ants were neasured as described above. Figure 8 shows the rel ation

bet ween changes in chlorsul furon concentration and relative wei ght on day
9inthe wild type. Further, Figs. 9 to 12 show the rel ation between
changes in chlorsul furon concentration and relative weight on day 8 or 10
in the resistant nutants that is, Roline, Sr line, Ga line and Vg |ine.

As shown in qﬁ% ]ﬂromﬁh of the wild type was inhibited by addition
of I nM cHt &Y IW?’BWS% B ng that the W|Id type has higher sensitivity to

chlorsul furon 2‘@&? URe b@@%ﬂll Q@ﬁc%ﬂ%ﬁ 2 ne erfludéls e by Swa% to

12, Rb line, I ne an feredln sen5|t|V|ty, ut the
growt h wasmesdtred fB;'SH mbtmdﬁﬁdrﬁuefholaya@dmmgqe 10t il 9fl Bio-RAd PybeM Ng
their resistance to chlorsulfuron. Sensitivity to bispyribac-sodi um and
chl or sul f ubssayr efllenadde ahmpse soheivangesl than Heted: theovgh d Whpenant!tehe
resistant mutants, even with Ilonger culture duration. The growth rate was
al nost t hel Wehaianam), and @iepdthey seude engriet FFélUF@Bl%’téﬁt amto@ﬁltage PTRiEdR

| t | ed t t ant
b spyr | bac eaHTuA0 ol auDr e IR & AemaE A e R e R Tl e
d I t t I
2] Hor bi ci G AR I SR ) P P TR gemeé%??%q‘?ﬂ‘%“f%?nm{%@?a”p )

resi stant AfitAproteth tbinposudnplag,adebittadt usthS HIT0aLIQ, wasdsodlbdd &lakitopsri fied
fromthe resistant nutants obtained in Exanple | (Rb line, Sr line and Vg

line, wthw@zs whihed @axtcisingda)iferahdavingr nelbiecs ﬁ@szehbgtqawrttbamtha hied
obt ai ned nut ant AL pr ot ei.n 5 exani ned. The nutan rotei n_was
partially ‘fﬂh“’l'nler eJ eq, th%@fiéwga protein component was e ute u g an eluate

having a volume 10 fold greater than the bed volume (150 ml). Here, the
eluate was prepared by dissolving KC1 with a linear concentration gradient (0 to
0.4 M) into buffer-2. The eluate containing the eluted protein component was
apportioned, 5 ml each, into a plurality of test tubes for apportioning. Further,
to stabilize ALS protein contained in the eluted protein component, 0.5 m! of
buffer-2 containing 20 mM sodium pyruvate had been previously added to each
test tube for apportioning.

ALS activity resulting from the mutant ALS protein contained in the
eluted fractions apportioned into each test tube for apportioning was measured
as follows. A reaction solution to be used in a measurement reaction was
prepared by mixing an eluted fraction to be measured with a solution
comprising 20 mM sodium pyruvate, 0.5 mM TPP, 0.5 mM MgCl,, 10 uM FAD
and 20 mM potassiom phosphate buffer (pH 7.5). One ml of this reaction
solution was used. After the eluted fraction to be measured was added, the
measurement reaction was performed at 30°C for 40 to 60 minutes. Then, the
reaction was stopped by addition of 0.1 ml of 6N sulfuric acid (or 0.25 N
sodium hydroxide).

After the reaction was stopped, the reaction solution was incubated at

60°C for 10 minutes, thereby converting acetolactate contained in the reaction
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First, 200 g or nore of resistant nutant was prepared by a liquid culture
nmet hod (no suppl enmentation with bispyribac-sodiun), using a conposition as
shown in Table 3 excluding Gelrite. Then, about 150 g of the resistant

mut ant was honogeni zed using Hiscotron in a volune of buffer- 1 [100 nM
pot assi um phosphate buffer (pH 7.5) containing 20% (v/v) glycerol, 0.5 mM
thiam n pyrophosphate (TPP), 10 pLM flavin adenine dinucleotide (FAD),
0.5 MM MgC12, and a volune of polyvinyl polypyrrolidone one-tenth that
of tissue vx%lurrel]0 3- foI d greater than tissue volune. The hornogenate was
filtered SHMSRSH " gauze, and then centrifuged at 15000 x L, for 20

i nutes. Amongiy %H' ey YAttt 0a I ERALEb) YORM SURSHNGE pAtyt 0 5O %

sat urati on, to stand in |ce or approxi iate hour. The

mxture W@@/@Qé’a’eﬁhﬁ@%‘&l' f ugedsrat % 5 OO0 axnpHies] Edsdlvedtiasy. SaNdsdcf"ﬁ’Iﬂ the
precipitated fraction was dissolved in approximately 30 m of buffer-2

110 mM Tr hgdrdyidie oedsl added tacthd rfeaétien sohition, Ipllowedttsi cayal6n %t (37 C)
glycerol, 0.5 MM TPP and 0.5 nM MClj. The nixture was again centrifuged
at 15000 foxg 11001m129teﬁ1 nlftfééomaﬂ’éstﬂ]i'éﬂ E‘F@“fﬁﬁpé’b’néﬁ’]&hthlﬂﬁ@tﬁi% Qﬁaféleappl i ed

to a Sepha

G2 Bi 40 f
fraction £ %‘bB’é %ﬁggéd”?)h?@@ﬁﬁe gosiﬁﬂ Hﬁf”}ﬂ Q@Sﬁ% o‘Tt"ia(]-J't‘:attii{EI ‘ﬁl“% aféwétycr ude
enzyme SO&Htédﬂﬂmd\‘%h the rﬁé& ﬁ?i ﬁe&'j Q@e@na %nc?t]f‘gm%ﬁlﬂfl%femlﬁ‘fﬁ

sol Ution was . measured by t radt or according to the manual of

Bi o- Rad Ph ?I@ame, rfa&adn tifhled ﬁzﬁydgecﬁﬁliyéﬁﬁr@lm ution was then filtered through
a Whatman' filter (Watnman), and then the crude enzyne solution in an

appropri ate pr#és @imsulamhmtbmm@ at @52 vhin was aappdli esl approxhmetely 7 per
vertically-connected H Trap Q. colu Anmer sham Bj osci ence) using a FPLC

devi ce (A Rk BF}&éF‘éfﬁ’(?é‘) soluioper HPYEX WBAHIRENEDWES TARASBFBR® P tusi ng
TP O g R LLASHP R AL IRRICG, Lt DML IPUDS 2
conmponent t(y\’ﬁé‘u@iltjﬂ'tcﬂﬁieﬂﬁﬂaﬂ%]@@ a@liVal 8vas examined, nearly 80 % of the apparent
ALS activity resulted from direct acetoin generation activity which was not due
to activity of the mutant ALS protein. Accordingly, the mutant ALS protein
. and the other proteins were separated for acetoin generation activity by FPLC
using anion exchange resin. Figure 13 shows the result in the case of using Sr
line as a resistant mutant. As a result, three activity peaks were detected as
shown in Fig. 13.
To determine which one of the three activity peaks corresponded to the
mutant ALS protein, acetoin generation activity was examined for each peak.
Thus it was found that a fraction shown by the peak of initial elution
corresponded to the mutant ALS protein.
Using the enzyme solution containing the mutant ALS protein, sensitivity
of the mutant ALS protein to bispyribac-sodium, chlorsulfuron and imazaquin
was examined. Sensitivity to each of these herbicides was evaluated by
measuring ALS activity in the same manner as in the above measurement
reaction, except that a herbicide was added to a certain concentration before
addition of the enzyme solution. For comparison, the wild type ALS protein

was separated and purified (Fig. 14) in the same manner and used for the
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having a volune 10 fold greater than the bed volune (150 m). Here, the

el uate was prepared by dissolving KCI with a |linear concentration gradient
(Oto 0.4 M into buffer-2. The eluate containing the eluted protein
conponent was apportioned, 5 m each, into a plurality of test tubes for
apportioning. Further, to stabilize ALS protein contained in the eluted
protein conponent, 0.5 m of buffer-2 containing 20 mM sodi um pyruvate had
been previously added to each test tube for apportioning. ALS activity

Iting f the mitant..ALS pr.otei tained in the ~eluted fracti
ppor | OREEPPALS Eack  BUPlod TN SOE T On S WERPELSE G *GLEAUS | Ovs.

A T eacti 0goROlui 08 ifelBIiRATahd iAaRASH AR Pref SRATIOIL MBS, BISRALET bY

m xing an eluted fraction t e nmeasu ol ution coems)r|5| ng 20 nM

sodi um py Théatghl OnderMuR of £bePorBMnMEErdactidh MMtEADNagN®420 MM pot assi um
phosphate buffer (pH 7.5). One ml of this reaction solution was used.

After the el utBgufe dét slows thdeelatas iredvwewasA Il cedivittyhmhibie@suraaeemid
reaction was perfornmed at 30C for 40 to 60 m nutes. Then, the reaction was
st opped bYispysibersadom gopcenitatym. sNFigurer e ishowsi the (islatpmbetweesofiLEm

hydr oxi de) . .Af t th ti d, th tl. [

hcubat eabai it Gebiion A ik oo e uPBR Foust B Fg HEBIONACHAPS Bnt ai ned
i ncub i it B8, THHEP ey oCErHA Btof dctar

cont ai ned T RUPRLSFIPRES TR, BRR R ol B GBI O IRER "dny |

of 5 % (wnesearigaphs he!1 iz dottye®dinendobeNiodi MMypay ALSXpdgeinas adgded to
the reaction solution, followed by incubation at g?c for" 10 m nutes.

Acet oi n wdssheldedowhlartoitted and denateo rSrconp af ithomuetfant LS girseimanceliat 525
nm of the reaction_sqlution, thereb val uating ALS activity. In

addi ti on, I8F (fE@0t95eR P duec Plofes Bt JALS Ghotehetitae dpg Kashestdetted Lisedi um

pyruvate, 3L cact Wtifd BBul MBfnY98% porEnt rol -
A herbicide concentration which inhibits 50 % of ALS activity (I50) was
found from calculation according to probit analysis, thereby calculating the
ratio of 150 for the mutant ALS protein vs. 150 for .the wild type ALS protein.

Table 4 shows the results.

Table 4
Herbicide lso (M)

Wild type Vg St Rb
Bispyribac-sodium 5.63 97.2 421 247000
Chlorsulfuron 17.3 495 92.8 32000
Imazaquin 1480 44100 16700 609000

Further, based on the results in Table 4, 150 of the resistant mutant
against each herbicide was divided by I50 of the wild type to work out

RS. The results are shown in Table 5.
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As a result, absorbance at OD525 nmwas as high as approximately 7 per
0.2 m of the reaction solution. However, when the above neasurenent
reaction was ceased w th sodi um hydroxi de, and acetoin generation activity
due to activity other than ALS activity was exam ned, nearly 80 % of the
apparent ALS activity resulted fromdirect acetoin generation activity
whi ch was not due to activity of the nmutant ALS protein. Accordingly, the
mut ant ALS protein and the other proteins were separated for acetoin
generat i 0%9&“ vity by FPLC wusing anion exchange resin. Figure 13 shows
the result™in fhe case of using Sr line as a resistant nmutant. As a
result, three activity peaks were drikagtied as shown in Fig. 13. To

det er m neHebehdoone of thethree—activity peaks——corresponded to the nutant
ALS protein, acetoin generatioNgactivit$ was examied for each peak. Thus
it was fo§nd thai "a fraction zl? wn by the peak %gg@itial el ution
cor r espon&tPHFEERE M ant AL gr ot ei A4-8Usi ng t he”énzyme sol ution

cont ai ni ngHiMGuE@Nt ALS propgien, segsjdivity oBs5¢he nutant ALS protein
to bispyribac-sodium chlorsul furon and i mazaquin__was examni ned.

Sensi ti vi ipazaqwach of these R8bicides.awas eval udlkd by neasuring ALS
activity 1n the sane manner as in the above neasurenent reaction, except
that a herbicide was added to a certain concentration before addition of
the enzyne sol yti Far I, 6N k| e t @i ;
separated and ‘g%rsf}?wgd%(%ﬁg'@%ﬁ%?na?ﬁgﬁg%%m@ﬁ%%%é}ﬁ%ﬁgﬂ %Igte‘gh? o‘?%?‘ﬁg .24
exper i menghowad adgdlbtiedly Kigh pALBbagivegdewsn washepeagned odstharheabivhdd)s
solution, and chlorsul furon and i mazaquin were prepared as acetone

sol ut i ons wheRheothparatl togheemild dypodld} paeimaneln particalarcthet matanti AL&re was
| % Figure 15 shows fhe re|lation between ALS activity inhibition rate and
bi spyri baEi%tSH’iSuﬂ‘PréYﬁﬁ]chﬂ %t; N "F]dggf mf6w§ﬁ%\ﬁgo‘fvﬂet°r BRYE FETBRENLEN ALS

act Ivity LRt QBahih Al web! QESHCEHAQ) LufePRs ot Laldi@hiel! @Ubhet 7 SOWS

herbicides. That is, Rb and Sr lines possess good resistance to

bispyribac-sodium in particular.

[Example 3] Cloning of wild type and mutant ALS genes

In this example, a gene (wild type ALS gene) coding for the wild type
ALS protein was cloned from the wild type, while a gene (mutant ALS gene)
coding for the mutant ALS protein was cloned from the resistant mutant.

Probes used for cloning the wild type ALS gene and the mutant ALS
gene were prepared as follows. The partial ¢cDNA derived from rice
(Nippon-bare) showing high homology with the ALS gene of maize was used as
a probe in this example.

(1) Determination of the nucleotide sequence of a partial cDNA derived from
rice (Nippon-bare) showing high homology with the ALS gene of maize

As a part of the Rice Genome Project conducted by the Society for
Techno-innovation of Agriculture, Forestry and Fisheries, and the National
Institute of Agrobiological Sciences, partial nucleotide sequences of ¢cDNAs of

rice (Nippon-bare) had been determined and a partial nucleotide sequence
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rel ati on between ALS activity inhibition rate and i mazaqui n concentrati on.
In these Figs. 15 to 17, a dotted line denotes the wild type ALS protein,
a long dashed double-dotted Iine denotes Sr |ine of the nmutant ALS

protein,

a solid Iline denotes Rb Iine of the nmutant ALS protein, and

a

| ong dashed dotted Iine denotes Vg line of the nutant ALS protein. A
her bi ci de concentration which inhibits 50 %of ALS activity (150) was
found from cal cul ati on according to probit analysis, thereby cal cul at

the rati
pr ot ei n.

ag%]fbag’égf cﬁNAF%aM] qm’%&én s?%bql qSOA( g’%}\fzﬁ) é:l(g (,%”cclzeésjmt }ép

€ 4°shows the reés

t ypeVgsr RNOQ'C@‘@@%WI’Q@?ISSB%M@S @3Nt Stk glggﬁce of gJGproxnnate]y 3[§|er

Chl orsul furonl?. 34

592. 832000 | nazaqui n14804410016700609000 Furt

on the resphtagnddninl @ik alafabaidb@hotvet Heigh dsinstlagy touthanAL Saga&id st nALd)
her bi ci de was divided by 150 of the wild type to work out RS. The re
are shownTha Alablgens of maize had been completely sequenced.

This ¢DNA clone (Accession No. C72411) was obtained from the
National Institute of Agrobiological Sciences, and the nucleotide sequence was
determined as follows. Here, the ¢cDNA clone comprised an ALS homolog
gene inserted within pBluescript II SK+, and it was capable of autonomous
replication in E. coli.

First, an ALS homolog-retaining plasmid vector was transformed into E.
coli (DH5a). White colonies obtained from a plate were cultured in liquid,
and then plasmids were extracted from the cells by standard techniques. Since
the insert DNA had been inserted between Sal I and Nor 1 (restriction enzymes
of multi-cloning sites in the plasmid vector), the vector was digested with the
two enzymes. The insert was confirmed by agarose electrophoresis. Then,
the obtained ALS homolog-retaining plasmid vector was purified by standard
techniques using, e¢.g., RNaseA, PEG and LiCl, followed by sequencing reaction
using primers and an ABI BigDyeTerminator Cycle Sequencing Kit.
Conditions for PCR reaction followed the manufacturer’s protocols. Primers
used herein were M13 primers and synthesized primers designed from the
determined nucleotide sequence. The resulting PCR product was purified by
ethanol precipitation, and then the nucleotide sequence thereof was determined
by an ABI PRISM 310 sequencer.

The ALS homolog-retaining plasmid vector is known to contain an insert
DNA with a length of 1.6 kb. The obtained ALS homolog-retaining plasmid
vector was digested with restriction enzymes Sal 1 and Not 1, and then subjected
to electrophoresis. As a result, a band of approximately 3 kbp corresponding
to pBluescript IT SK+ and a band of approximately 1.6 kbp corresponding to the

insert DNA fragment were detected (data not shown). The entire nucleotide
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Table 5 bi RSratio id e Her VgSrRo ¢ Bi spyribac-sodi unl7. 374. 843900

Chl or sul furon28. 65. 361850 | nazaqui n29. 811. 3411 As shown in Figs. 15 to 17
and Tables 4 and 5, the nmutant ALS protein showed a relatively high ALS
activity even in the presence of the herbicide, when conpared to the wild
type ALS protein. In particular, the nutant ALS proteins derived fromRb
line and Sr |ine were shown to have sensitivity to bispyribac-sodi um which
was significantly superior to sensitivities to other herbicides. That is,

Rb and Sr | i _ iodt " . \ ' : \
hor o1 cut arteoPESe il 2565 EPORNE HoP i s, SeugPAARY, W8S RPIA 1o the ¢
exanpl e, Lfb%kﬁi&%éc&e?xggﬁgéggiz\?me\?@ sEReh&W T QL dhbemMi #idd/PERA Alng Brotein

was cl one romthe , l e a gene (nutant ALS gene) coding for
t he nut antgsAl S, pogibgy was fohadedSicerthe el $ dvhstlagtwasldatiminPd abés aised
for cloning the wild type ALS gene and the nmutant ALS gene were prepared
as fol | owspariihkecPhirk palthe ADSAgeher oide arohhi praebareNilgposeidp A exiogchg hi gh
honol ogy with the ALS gene of mmize_was us&d as % probe in. this e>§anpl e.
(1) Det er raftrardigestiom WHE JRid) avt Vak! 288 1eRE @S G P 0Sar EPEReE BRI e li®Ped from

and B, the first row is a nucleotide sequence of the cDNA of the ALS gene of

the var. Nippon-bare; the second row is that of the ALS gene of maize.

(2) Preparation of mRNA from resistant mutant and wild type

First, the resistant mutant frozen with liquid nitrogen was crushed with a
mortar and pestle, and then finely crushed with a mixer for 30 seconds. The
crushed powder was suspended in an extraction buffer [(100 mM Tris-HCl pH
0.0, 100 mM NacCl, 1 weight% SDS, 5 mM EDTA) : (B-mercaptoethanol) : (Tris
saturated phenol) = 15:3:20], and then stirred thoroughly.  This solution was
centrifuged at 12000 x g for 15 minutes, and then the supernatant was collected.
Two hundred ml of PCI [(Tris saturated phenol) : (chloroform)
(isoamylalcohol) = 25:24:1] was added to the supernatant, shaken at 4°C for 10
minutes, centrifuged at 12000 x g for 15 minutes, and then the supernatant was
collected. The procedure was repeated twice. A 1/20 volume of 5 M NaCl
and a 2.2-fold volume of ethanol were added to the obtained supernatant, and
then the mixture was allowed to stand at -80°C for 30 minutes. The precipitate
was collected by centrifugation at 12000 x g for 5 minutes. The precipitate
was washed with 70% ethanol, dried, and then dissolved in 10 mM
B-mercaptoethanol solution. Next, the solution was centrifuged at 27000 x g
for 10 minutes to remove insoluble fraction. A 1/4 volume of 10 M LiCl was
added to the solution, which was then allowed to stand on ice for 1 hour.
Further, the solution was centrifuged at 27000 x g for 10 minutes to collect
precipitate, dissolved in 4 ml of H,0O, and then absorbance at 260 nm was

measured to find the concentration of RNA. A 1/20 volume of 5 M NaCl and a
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rice (N ppon-bare) show ng high honology with the ALS gene of nmaize As a
part of the R ce Genone Project conducted by the Society for

Techno-i nnovation of Agriculture, Forestry and Fisheries, and the Nati onal
Institute of Agrobiological Sciences, partial nucleotide sequences of cDNAs
of rice (N ppon-bare) had been determ ned and a partial nucl eotide
sequence _26. database of cDNAs had al ready been established. A cDNA cl one
(Accession No. 072411) which is known as a nucl eoti de sequence of

O s et Yo faithe SPRBEAR el ad diaitoBE AAARL ROV ORI 10

the ALS g I'Z€. gene of nal ze been conp

sequenced., Thig ﬁ%@!&g{'g%?ﬁﬁﬁﬁ%?i @ L uehf94hd ko MR ORE AL BRI fhs QM he

Nat i onal Institute of ol ogi cal Sciences, and the nucl eoti de sequence
was det enrfippedk asfol Al AiButesies @plletietheDiAciHinng fodlopredsied veashAlSwithnol og
gene inserted within pBluescript Il SK+, and it was capabl e of autononous
replicati 09 YoretBandohnd diiingt Tharespli@thpresiushwee didsal vey ipl asapriopyaist or was
transforned into E.. coli (DHsa). Wi col.oni es gftai ned froma plate were
cul tured emqugurld H2Chde efiam Bi toteh BdNAesAUEQRr abless FRURPEIAEMSS by

st andard tecpn}i{rlgﬁsa?mﬁi nce the insert DNA had been inserted between Sal |
and Not | PEH&S oh" enzymes of nulti-cloning sites in the plasmd

vector), the vpehox Was &?9&%@%&5@ blritiB® frbMOIRBZYIRA: by el PSIRIWingas
confirmed by agarose el ectrophoresis. Then, the obtained ALS

- honol 0g- r efi@hod.Nng ApLadinding datffer (@BsmPLTTiE180A] byl St Snddr ohM tRIdTHA] ¢uds
using, e.g., RNaseA, PEG and LiCl , followed by sequencing reaction using
prinmers amtaGl inBi VB\@Wéq@WﬁieﬁéﬁQﬁh@yI@f thesexjisied mgfakiRNA nden Wass f or
POR eactn, (oL Loved, e, TRAURS! rchs ProLanel SpyBE LTS dsgdyere
or aci pi t et or AR (AESFRET R DR PSR el ST AP bt BirePndcd
then the total RNA solution was applied to the column. After the column was
washed with a 1x binding buffer, an elution buffer (10 mM Tris-HCI (pH 7.5), 5
mM EDTA) was applied, and the eluate collected 0.5 ml at a time. Fractions
that had passed through the column were applied to another oligo dT cellulose
(Amersham Bioscience) column, and treated in the same manner. After the
concentration of eluted mRNA was calculated based on the absorbance of each
fraction, a 1/10 volume of 10 M LiCl and a 2.5-fold volume of ethanol were
added to the products, and then the mixtures were allowed to stand at -80°C for
30 minutes. Next, the mixtures were centrifuged and the precipitated fractions
were dried, and disselved in 100 ul of HoO. The thus obtained mRNA was
subjected to size fractionation by sucrose density gradient centrifugation.
The separated and purified mRNA was applied to a centrifuge tube with
density gradient given by a 25 % sucrose solution and 5 % sucrose solution, and
then ultracentrifuged at 27000 rpm for 15 hours at 4°C using a swing rotor.
After centrifugation, 0.5 ml of each fraction was collected in order of density
gradient. Absorbance of each fraction was measured, the concentration of the

collected mRNA was calculated, and the presence of ALS mRNA was

confirmed by hybridization using an ECL kit (ECL direct nucleic acid labeling
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by an ABI PRI SM 310 sequencer. The ALS honol og-retaining plasmd vector is
known to contain an insert DNA with a length of 1.6 kb. The obtained ALS
honol og-retaining plasmd vector was digested with restriction enzynes Sal
| and Not I, and then subjected to electrophoresis. As a result, a band of
approximately 3 kbp corresponding to pBluescript Il SK+ and a band of
approximately 1.6 kbp corresponding to the insert DNA fragnent were
detected (data not shown). The entire nucleotide -27 sequence of the insert

of mai ze 189 CsF RN BT BISTGR oo B R hE R TOC
found. Siny ﬁﬁﬁ%x&r}épﬁpmﬁg (1?/2509@%@@@@%191@&5@ RAEL hﬁbl-i&%m the

ALS gene o e“var. N ppon- ba the insert DNA excised after digestion
with Sal hyaRthd\Net 42°@dsr BSRtnass avasl erfornfadr tviiee using-iagsrimaBAwaahchgB, the
first rowis a nucleotide sequence of the cDNA of the ALS gene of the var.
Ni ppon- bameffer hprosetednwvithothd &itg reand tfent washing glerdd °of farab zwim(tey was
Preparation of nmRNA fromresistant mutant and wild.type First, the

resi stant PREFCAMEAfANSS IF1RE £Hr ﬁﬁ&uwuwﬁf@w gd gfflai?r@a WaPRed Wiy 2t ar  and
pestle, and then finel. ush w th. a mxer. f . The r.ushed
powder mélaga.g%rgﬂg@gasi‘uﬁ f;ﬁn Zﬁﬁ?eéegt 1|t01r1]1‘? Bur grm[ %ﬁ&g‘gﬁﬁﬁ?ﬁg%ﬁﬁ lﬁﬁg& 100
m Nadl, 'rﬁﬁugﬁ' SRR kib M BB AkposedRo anRIeaRIm. et hanol ) = (Tris

sat urat ed " phenol) = 15:3:20], and IE)hen stirred thoroughly. This solution
was centrifugetheat STLAAOOvas gseldods fie rasistdresmutand, dpywoxithatebupsrmptafnt was

collected. Two hundred m of PCl f(Tris_saturated phenol) : é%hl oroform
(i soany! alteteh®&NA andogppraximattlynhsna@dcaRNe eanldshperhattantby tiarboveat 4' C

for 10 mnutes, centrifuged at 12000 x g for 15 minutes, and t.hen the

super nat aRfOsREY e o] | £d¥g%?’ THe BP‘ér(?éﬁur%r’\ﬁg¥ r%rﬁgéﬁngd Cte\ﬂitréﬁ".ga 0%y 28 vol une

of 5 M Nagdy,; it Shot aiBuRll 61 HEARL WRLBeALd ] vk G dsfiRy oDt al ned

super nat a%i Png%tﬁ){lfzf%oﬁmﬁﬁée%ﬁ xt‘%ﬁgums a??%melg tosgtang M EEbéJO' Cef or 30

m nutes. The pwagnpiheaiwdd type was used, approximately 95 mg of total RNA was
extracted in addition to approximately 7 mg of mRNA. When mRNA was
extracted from the wild type, the above method was applied except that the wild

type was used instead of the resistant mutant.

(3) Construction of ¢cDNA libraries derived from resistant mutant and wild type

Using 2 pg of mRNA purified in (2) above and a ¢cDNA synthesis kit
(Amersham Bioscience), cDNA was synthesized, so that a ¢cDNA library
derived from the resistant mutant was constructed.

First, RTase provided with the kit was used for a reverse transcription
reaction; and T4 DNA polymerase provided with the kit was used for a
subsequent complementary chain elongation reaction. At the time of
complementary chain elongation reaction, 32p_dCTP was added to calculate the
yield of ¢cDNA synthesis. After an adaptor was added, the synthesized cDNA
was incorporated into A phage by in vitro packaging method.

The adaptor added to cDNA was an Eco RI-Not I-Bam HI adaptor (Takara
Shuzo). Adapters with a molar concentration 50-fold greater than that of

cDNA were added to a solution containing cDNA. Then, T4 DNA Ligase
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was collected by centrifugation at 12000 x g for 5 mnutes. The precipitate
was washed with 70% et hanol, dried, and then dissolved in 10 nM

P- nmer capt oet hano | solution. Next, the solution was centrifuged at 27000 x
g for 10 mnutes to renove insoluble fraction. A 1/4 volune of 10 MLiC
was added to the solution, which was then allowed to stand on ice for |
hour. Further, the solution was centrifuged at 27000 x g for 10 mnutes to
collect precipitate, dissolved in 4 in] of H20, and then absorbance at 260

nm s ”?ﬁg%%gcléf%eisgg%éq 1 %'% %gﬁgﬁltei ﬁﬂ]oqiletﬁ - 1iRatth R Ged Ol 1%ec® M

NaCl and ol 'une © anol “were adde@ to the sol ution, which

was then %de%gﬂt. tPLS ARG odlsc1B9G Rk 23P1iel NUtIESLCSHIsLaHeAtdNPAN &S

solution was centrifuged at 27000 x g for 10 mnutes to collect the

preci pi t ata,0 édatimawerkahy Cheslicaldnididtty CoQ 1%de)l, alhowed dgdnomiyorigg of tiee

resul ting product was dissolved in an appropriate anount of H20O to obtain
a total Rniuatel withomltraxdelst regatati augavelengsiiaef et fropned gt ch@te ifA was
separated and_ purified_fromtotal nmet hod

by the_fol l.ow. .
bi ndi ng bJfagionatssl wke 70 ifeacters @6@%3)%0%%1%0%3%%133 Wi INS?ﬁL)fe‘?A H*’Zlﬁl vol une

equi val ent_ to that of the e 1 I-]Fy?- i Ve d t he
extracted e}{;?raeln Wg%{e “}néi?(é E(?Aﬁggﬁdcﬁlr?ﬁgﬁ”f e 1%9“?11&3?\?89 otnegﬁqgo ﬁgﬁr

cel lul ose A@Fﬁ RSSARRGELoNamenaGaNEd Mhdthorawhy dHodphag14ed fiking and

t hen the t%ta lghl\l%\na',::ig%}%tsi oa(r? vvaso applei ed to the co?NurmFmoA ttgr@ t he conlgurm was
washed wi t1y gollyndeiledidegkinabé €Takan Shuta)panbufhkerigtl 01 nBioT RIsatdCl wipH
7.5), 5 nMEDTA) was applied, and the eluate collected 0.5 m at a tine.
Fract i ons addndttohpetfqras diggtionr oGgeeRiask eeldibd (Réradagems) iveas eddedhin s ol i go

O Ce L OSg RE Pois SHSShnctb o Baf i SPLB° G g 7
sheor b Syl SoRr KA gl byl o Bl g Sl 0
al | oned t gggkand thé readdionfsolution, thereby preparing a phage solution. This phage
solution was diluted 10-fold. One pl of the diluted solution was infected with
E. coli (Y-1088), to which 0.7 % top agar was added, and then the solution was
inoculated over an LB plate. The number of plaques that had appeared on the
plate 4 to 8 hours later was counted, thereby measuring the titer.
Synthesis of approximately 74 ng of cDNA derived from Sr line was
confirmed by the result of DE 81 paper and Cerenkov counting. The result of
Cerenkov counting after ligation of a vector with an adaptor added thereto
revealed that approximately 22 ng of ADNA contained the insert was obtained
for Sr line. The ADNA was packaged into the phage, thereby preparing a
cDNA library derived from the cells of the resistant mutant. The titer of the
library solution was 16600 pfu/ul.
When a cDNA library was constructed using mRNA extracted from the
wild type according to the above-described method, it was shown that
approximately 38 ng of cDNA derived from the wild type had been synthesized.
Further, approximately 5 ng of ADNA contained the insert was obtained for the

wild type. Furthermore, the titer of the cDNA library solution derived from the

wild type was 18160 pfu/pl.
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30 mnutes. Next, the mxtures were centrifuged and the precipitated
fractions were dried, and dissolved in 100 111 of H20. The thus obtained
MRNA was subjected to size fractionation by sucrose density gradi ent
centrifugation. The separated and purified nRNA was applied to a centrifuge
tube with density gradient given by a 25 % sucrose solution and 5 %
sucrose solution, and then ultracentrifuged at 27000 rpm for 15 hours at
4C using a swing rotor. After centrifugation, 0.5 m of each fraction was
collected in order of density gradient. Absorbance of each fraction was
measured, the concentration of the collected nRNA was cal cul ated, and the

presence C(fc% Ak éﬁﬁ%i"%ﬁ{\!}&cé’&itbﬁﬁﬁg peyAmgb%éngl zation using an ECL kit (ECL
I'c acl

di rect nucl -29 an detection system Amersham

Bi osci ence). HSI‘brﬂodmZa’:Hdu@llOVm peghes bBGlates) NE AbRAPREINIEPBF rddnn{ 1)
above at 42C for 16 hours. After hybridi zati on, washing at 42C fo

m nut es wd3) pbperwasddilviiedeandithep @hpgwrdmvachﬁmmghe bl d eypqalandrltﬁest Wt h
the kit, and then washing at 42C for 5 m nytes was é)erformad once using 2
x SSC sol derioiRd e RhdHEdWEre AERRatehr dpprtatidt v 10 mlasparespecivelsti c

fil Kk d hed. h th
i1, and CHER < pEeed D b IonEy B AT AENCERE, rRaa Beflade g " 1
resi st ant g@ge PROFORA tB%@I%S%E %o 049t h)R'\lﬁl@n@xeaBﬁ’tfr(‘?&%lmseel y 4 ng

of nRNA co extracte by t ove proce ures urther, 1n sucrose

density gmasthBrinecesy inithegal ina, deraturyidon sbladbhd0-PIENDIR ISP NwH) f ound
for a fraction expected to be positive. VWen the wild type was used,
appr oxi mataadythes ing néuiradizatiorNAlwesn (bRtMadeel .4 Mdﬂns-llﬂﬁﬂ (g1 7.5), 1

apbr o TRl YEf B of, [ENA Wheh AP sen exirsclod am e wigvee,
e e Syl oAt it sl SRR I UL STMBRIEAT, |,
a CDNA synmdigBianekivis baked at 80°C for 2 hours. Here, the baking step was omitted
when Hybond-N+ (Amersham Biotech) was used instead of a nitrocellulose
membrane, and immobilization was performed with 0.4 M NaOH for 20
minutes.

The insert DNA prepared in (1) above was labeled by two types of
method, RI and non-RI, and then used as a probe DNA. Labeling with RI and
hybridization were performed by the following method. First, approximately
200 to 500 ng of probe DNA was thermally denatured, and then labeled using a
BcaBEST DNA labeling kit (Takara Shuzo). At the time of this labeling
reaction, a huffer, random primers and 32p_4CTP provided with the kit were
added. Next, BcaBEST was added, followed by incubation at 65°C for 30
minutes. Subsequently, EDTA was added to stop the reaction. The reaction
solution was applied to nitrocellulose membranes, so that 8§ of the membranes
contained approximately 100 ng of probes. Hybridization was performed at
42°C overnight with weak shaking. After hybridization, the membranes were
washed three times with 2 x SSC, 0.1 % SDS solution, followed by exposure for
about 1 hour to an imaging plate of a BAS 2000 imaging analyzer (Fuji Photo

Film). Following exposure, positive clones were detected using the imaging
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(Amer sham Bi osci ence), cDNA was synthesized, so that a cDNA |ibrary
derived fromthe resistant nutant was constructed. First, RTase provided
with the kit was used for a reverse transcription reaction; and T4 DNA
pol ynerase provided with the kit was used for a subsequent conplenentary
chain elongation reaction. At the tinme of conplenentary chain el ongation
reaction, 32P-dCTP was added to calculate the yield of cDNA synthesis.
After an adaptor was added, the synthesized cDNA was incorporated into k
phage by ianE ro packagi ng nethod. The adaptor added to cDNA was an Eco
Rl - Not |- Baf %fl adaptor (Takara Shuzo). Adapters with a nol ar

concentration pOsdid @i@atRm-Rhanakhgler@ime@DVy Walee RUASHANEO rRethOA UL ON
contai ning cDNA. Then, T4 DNA Ligase -30 (Pharmacia) was added to the

m xture f dolllewddg iyerhia) alenamiraiga@ac bf appaxirt&tel 260 o gI0. ngrbé piretse DN,
solution was applied to HPLC using an Asahi Pak GS 710 columm (Asahi
Cheni cal [DW4stabglics. reagent. fperevidpssiednd gl woraldehidegwhicl eereeprpaidedni t h

| t i ol et, t ) f 260, h | uat ti ted
o0 et ot g gL SU D A0 T8 LS SR, JAseiheg
Ce Kk t. d 3.t i W i t . | gct ed.
Corenkov, SOMRL ey 0 i, ADPSICDD b Tun e e ol o

phosphor yl at&6q y&wDﬁA WA YPNGERS heteodel NASR IntalRhesSRYZMA sagdiHehen
a.gt 11 Eco Rl armwas added to performligation. G gaPack Gold |11

( St r at agengdmbasieadcedainedt hpproxahatieiyon] 0tandg tdfenhé | pheledn prebet DOA was
performed at roomtenperature for 2 hours. After reaction, 200 Al of an SM
buf f er andiridisstiohveasopeifaimaed et sfde @verighe Widhoveakn skafingi oiftarher eby

Dr PR 10, BSR4 I B B BB g L Sl ST b
00 0 AT Scom B ERRRLIRS ki sk sttbed e dnob plate
was count egmpéfatiebformeasminutgs.t h&ht i fembrane was immersed in a luminous
solution provided with the ECL kit, and then exposed to an X-ray film for 30
minutes to 3 hours.
Positive phages obtained by hybridization (primary screening) were
scraped off together with top agar using a sterile toothpick, and then suspended
in 200 pl of SM buffer, thereby obtaining a phage solution. Phage solutions of
each clone were appropriately diluted, infected with E. coli strain Y-1088, and
then inoculated over LB plates. Using these newly prepared plates,
hybridization (secondary screening) was performed similarly. Positive phages
were suspended in 200 pl of a SM buffer, thereby obtaining single phages. If
no single phage was isolated by secondary screening, another dilution was
performed, followed by inoculation over LB plates. Subsequently,
hybridization (the third screening) was performed, so that single phages were
obtained.
Next, ADNA was prepared from the single phages by the following
methods. A phages collected with a bamboo brochette or a toothpick from

plagques of positive clones were inoculated in 200 pl of a 2xYT medium

(containing 10 mM MgCl; and 0.2% maltose) containing 5 pl of a suspension of
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Synt hesis of approximately 74 ng of cDNA derived from Sr |ine was

confirmed by the result of DE 81 paper and Cerenkov counting. The result of
Cerenkov counting after ligation of a vector with an adaptor added thereto
reveal ed that approximately 22 ng of ?,.DNA contained the insert was
obtained for Sr line. The ,DNA was packaged into the phage, thereby
preparing a cDNA library derived fromthe cells of the resistant mutant.
The titer of the library solution was 16600 pfu/1. When a cDNA |ibrary was

const ruct ' Lact e ] e .di-ng .t he
above- desgfelsggg)%?rg??%, (G?(IEOS{?ZS gh%&/ﬁﬁ'{?gt%v asggiﬁ)%%ﬁ/%a%tgq@%ag lﬁgUboa?e s
derived froert fgertidid. {yBenat RRBMRS YMIBR AR ed agh'ﬂlt heR. maRprPxkigtely S
ng of ,DNA containéed the insert was obtained for the V\nldntype.

Fur t her nomgsditie (dontining 10haM NChi b 0)y2% ohualtbe) earthvess Dsom bhe wild
type was 18160 pfu/Frl. -31 $_4) Screeni ng of cDNA containing the ALS gene
To form asespenzmm00d hosthduasliohY ph&Deendtthen |shpkencpltyrddiovomightethesed i n

(3) above was diluted, and Lthe,n phages deﬁived f%@m tCQe i | d tlyooe and t hose
derived fFERSSFONPIE e Y Hé?i”&tHPge%sProc atReg-Gvigye Gom%ﬂneé, to 50
respectivehy. Pl S r ferred to.a nityocell ulose rane
SSPeCt VSl s ShAHERO B AR AT PR b atpR g AR AR B

ni trocel | yoge r Meshraes3\ass RS edrtieh, anSenald %@%h%&lf%d ap 4%285 M
NaOH, 1.5 M Nad'), and then'in a neutrafization solution (1.5 M , 0.5
M Tri s- HCovépitikhit Bjith telatidliEDA)ngf shialdpgyr oniilmatdidity? Ongeassid sfteElgRss wat er
was renoved from the nitrocellul ose nmenbrane using a filter paper, and

then the difteroudiuringssd phefshionefonmsanshik ddmatofgd M MrClowhrieddedsiand, t he
Dok 10 1 G OB ARSI, Ao BL o i g g 0ot e
NaOH for 20,quBt WdsC&entrifuged at 27000 x g for 10 minutes, and then the supernatant

was newly transferred to a centrifugation tube. Five ml of 50 % PEG was

added to the supernatant, and then incubated on ice for 1 hour or more. The

product was centrifuged at 27000 x g for 10 minutes, and then the supernatant

was discarded. Next, another centrifugation was performed at 27000 x g, and

then the liquid portion was discarded. The precipitated fraction was suspended

in 300 pl of a 30 mM Tris hydrochloric acid buffer (pH 7.5) containing 4 pg of

DNase I, 20 pg of RNase A and 10 mM MgCl,. The suspension was

transferred to a 1.5 ml tube. After incubation of the suspension at 37°C for 30

minutes, 7.5 pl of 20 % SDS, 3pul of proteinase K (10 mg/ml), and 12 pl of 0.5

M EDTA were added to the suspension, followed by further incubation at 55°C

for 15 minutes. Subsequently, 150 pl of phenol was added to the product, and

then stirred vigorously. Then the mixture was centrifuged at 15000 rpm for 3

minutes using a TOMY Microcentrifuge MR-150 (TOMY DIGITAL BIOLOGY),

and an aqueous layer was collected. 800 pl of ethyl ether (to which distilled

water had been added to remove peroxide) was added to the collected aqueous

layer. The mixture was stirred vigorously, and then centrifuged at 15000 rpm

for 10 seconds and the ether layer was discarded. After the ether extraction

step was repeated, ether remaining in the aqueous layer was removed with
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The insert DNA prepared in (1) above was | abeled by two types of nethod,

Rl and non-RI, and then used as a probe DNA. Labeling with RI and

hybri di zati on were performed by the foll owi ng nethod. First, approxinmately

200 to 500 ng of probe DNA was thermally denatured, and then |abel ed using

a BcaBEST DNA | abeling kit (Takara Shuzo). At the tine of this |abeling

reaction, a buffer, random priners and 32P-dCTP provided with the kit were

added. Next, BcaBEST was added, followed by incubation at 65C for 30

m nut es. Subsequent | y_ .EDT. t tion. e reaction
L&go%egxpg?sé d Tl(l)lllzt i 1@1 yps 1@%?@1 £0d 398 Iectsfetégﬁlflhggx%a%@eq Loeﬁle

sol uti on "4 rocel’I"ul oSe nenbr dn

menbr anes ;4 ﬁé’dlaszi%p@ﬂ sBRRAOKBRSBtM ﬂﬁ@wgvagfraﬁfot/gg%uewm i di]%aédlfe@teﬁaﬁ

per f or med gt overni ght wth weak shaking. ter hybridization, the
menbr anes AN L waasheddtWitkeapprosmantliyh] 2nk oB3Q 90 .eth2woBDinm @ aheth idvied
foll owed by exposure for about 1 hour to an inmaging plate of a BAS 2000
i magi ng anatigzeeducEdjprefhog for Fpregimatelyl bwhingtepewhyaenposng iettmnol.ones
were detected using the inmaging -32 anal zgr. L bel}ng wi.t h _non-Rl was
por f or med 115 RIUFOPRO TG Vst Hodl) FEGPI i i S B efo i b1 BRIy
approxi matel y 200 ﬁ@?‘ﬁ&o ng: of probe DNA, DNA | abeling reagent

(per oxi daBEW NG 4 Pd&Yde which were provided with an ECL direct

DNA/RNA | abel i n %a%%gﬁ&éyghﬁme {RBRTSNAM: e QEE4iRB8 ADNRN Ge,added,
foll owed by incubation at 37C. In"this case, the |abeled probe DNA was

appl i ed t gesfotmed eyl thleofpdlonmend matksd. STht bdtaiBed NN solesidy dhgd) east ai ned
approxi mately 100 ng of the | abel ed probe DNA__ Hybridi zation was perforned
at 42C ovéigestst witht Woidako siiatiei erepiseatthe insenty BIN4i z dilicopomppgitieendl ane was

hed three ti i i hing.. buffer at 1 ture f
10" m nut cESackin TREHORALE dlrfFes s i abuestin B ofioer Aiiris T8 a0 nut es.

I o g AR B R, MBS S0Pt
hours, the insert size was confirmed by electrophoresis using 1 % agarose gel.
ADNA (10 ul to 20 pl) containing the insert DNA was digested with Noz 1, so as
to excise the insert DNA. The insert DNA was separated using agarose gel for
apportioning, the corresponding band was cleaved from the gel, and then the
insert DNA was purified by standard techniques. The insert DNA was mixed
with a vector following BAP treatment (dephosphorylation using alkaline
phosphatase derived from a shrimp) at molar ratio of 1:1, followed by ligation
reaction with T4 DNA ligase at 16°C for 2 hours or more. Here, since the
msert DNA cleaved with Nor I was used as material, BAP treatment was
performed for vectors cleaved with Nor 1. Following ligatioﬁ, part of the
solution was mixed with competent cells (DH5a), and then allowed to stand on
ice for 30 minutes. Next, the mixture was subjected to heat shock at 42°C for
30 seconds, and then allowed to stand on ice again for 2 minutes. Then, SOC
was added to the mixture, incubated at 37°C for 1 hour, inoculated over a LB
medium plate on which a mixture of 100 pl of 2xYT (containing 50 ug/ml
ampicillin), 30 pl of 3 % X-Gal and 3 pl of 1 M IPTG had been previously

added uniformly, and then cultured at 37°C for 10 hours or more. The

transformed white colonies were each inoculated on 2 m! of an LB medium
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mnutes to 3 hours. Positive phages obtained by hybridization (primry
screening) were scraped off together with top agar using a sterile

t oot hpi ck, and then suspended in 200 pl of SM buffer, thereby obtaining a
phage sol ution. Phage solutions of each clone were appropriately diluted,
infected with E. coli strain Y-1088, and then inocul ated over LB plates.
Usi ng these newy prepared plates, hybridization (secondary screening) was
performed simlarly. Positive phages wer e suspended in 200 pl of a SM

buffer, ther ebéHg %%%)191'111 d| | fpdaegi?ﬁn 1f1d ﬂ?efnséﬂgjdgd f%?%@)ec"}%%bﬁlﬁﬂ at ed by

secondaryc%]&tl‘ill ano I'on” was oll
i nocul ati ?{blﬁvtﬁé dﬂﬁul?é §5ﬁﬁlon8?ﬁ%ﬁﬁﬂ§mély preﬁé{@ﬂllﬂﬂ #ahiga (ercﬁﬁl(?h@h dd

screeni ng) was perforned hat singl e phages were obtai ne XDNA
was prepatrdolvednint HeOsi MileeDpiragescintrdtivm tlodrbofvvay quaetifieds .and. thphages

collected with a banboo brochette or a toothpick from plaques of positive
cl ones wethe pheoudatvestei wbpated T@fP(%RZ)?WIWE(fPUﬁﬁQ‘(%m&l P &§ 1@cHAaM Myd 2

and 0. 2% nmal t ose) contai nin I suspens -33 fresh host E. coli
(Y1088) . IPESHIBAGHE ek I%W&BW@Q 1Womﬂ d%ﬁﬁ”t’ﬁgﬁlb%‘feed at  42C overni ght.
Then, the med Sdade%\% Q)?(f é%ﬁ?\g ﬂnleﬁ]t Jt]én?AlISg Tcﬁl\?'ég’-lth %dlnlémn1g)?8nt ai ni ng

10 MM MyCJ2 ose ZR | suspensi on Rost E.

col i (Yloﬁe%gth apqpﬁﬂaﬁﬁmﬁwgacyﬂ, Wﬁ@%t!ﬁ\ﬁ@d F@htthé EIRSR cesrse&seacharmﬂae a
pre-cul tur process). The pre-cultured solution (10 to 50 1) wa

i nocul at ec}/permﬂdZSr ﬂnjheof S2acéTamSabiauinsico mtaai pyesegpt b anpo Hy&h apprtduﬂlaﬁelym of
E. coli Y1088 suspension. Then, _incubation was perforned at 42C aqverni ght

with rel a25bpyremitbag’ siteiatige DA p et Biodecwas pirepaisdd Hie Bllomjag s,
hen i nouBEih BRMBEFPRN fed et TGOt P Br PE0AR T APAEA Wt o R HERT TG he
length of approximately 2.2 kbp derived from the wild type was amplified with
host E. coli JM109, and then plasmids were extracted using an automated
isolation system (KURABO PI1-100). The plasmid was directly digested with
Sma 1. The generated fragment of approximately 250 bp was separated and
purified by 1 % agarose electrophoresis, and then the concentration was
calculated, thereby preparing a probe. Using the probe, the library was
screened again by the above method employing the above RI. ADNA was
prepared from the thus obtained single phages, the ADNA solution (1 pl) was
digested with Eco RJ, and then size was confirmed by eiectrophoresis, followed
by immobilization onto a nitrocellulose membrane. Following electrophoresis,
the gel was immersed in 0.5 M NaOH solution containing 1.5 M NaCl, and then
shaken lightly for 15 minutes. The gel was then washed with water, immersed
in 0.5 M Tris-HCI (pH 7.5) containing 3 M NaCl, and then neutralized while
shaking for approximately 15 minutes. Approximately 5 thick, industrial filter
papers were piled up to make a base. The base was placed in 20xSSC spread
over a stainless bat. Subsequently, the neutralized gel, a nitrocellulose
membrane (which had been cut into a certain size, immersed in distilled water
and then immersed in 20xSSC for another 10 minutes), and two-ply filter papers

were placed in order on the base, on which a paper towel with a thickness of 3
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product was centrifuged at 27000 x g for 10 m nutes, and then the
supernatant was newy transferred to a centrifugation tube. Five m of 50
% PEG was added to the supernatant, and then incubated on ice for 1 hour
or nore. The product was centrifuged at 27000 x g for 10 m nutes, and then
t he supernatant was di scarded. Next, another centrifugation was perforned
at 27000 x g, and then the liquid portion was di scarded. The precipitated
fraction was suspended in 3001 of a 30 nM Tris hydrochloric acid buffer

H7.5 i ping .4 |, 2 R A mM MyCl2. Th
ggspensi)o(r:\(:%\r}]v& IEItCPngrY‘éq‘sg?ﬁg](ft[})%? I rﬁqa%ugféﬁ © %ﬁ? gtrhe}]ﬁa(r:]ﬁl%é? i“éeﬂg% ihe ° |
suspensi on1ate S 7y fu?e’ o;erdu&] TY118%ed /by lﬁo%tgge df%P ppPoimatklyOfs Riphfisnase K

(10 mg/ M), and 12 0.5 M EDTA were a t o ‘the suspension, foll owed

by furt herafiee ubatir@inatthsi5Go bebblds wimRueesaprRdbbesuant klys gkpOankd @kie phenol
was added to the product, and then stirred vigorously. Then the m xture

was cent rirhembrarg blGtog wanptdonged fbnapproximatedy d OToiMYts.cr GoBowing uge
MR- 150 (TOW DI G TAL BI.OLOGY), and an aﬂueous | ayer, was col | ected. 800 Al
of ethyl AHARIME the Rifrehrans ¥tas spBLEctstatel Yhigawear widh adrans-rlmpipator,

per oxi de) s,,add to t | | ect ed .aqueo l.ayer .. The m xture S

e Pred ViR B0E: bokagogt PiR Tob APPRbTBA S aB® i oF SPobt e bt and
t he et her i : t EFack] S

Fepeat od. o B e s T S,

ni trogen gas Debhiafltsy soldmodpedmMONGL] S08ndofiibmidd) whs eidhfuraledwerigy @igded to

the aqueous layer, so that precipitated, XDNA was rapidly collected. The
col | ect ed abxERASRabp protreBNG tabadep vt mdt elRadiaton offthg ydsidizesnand and

A A TR I ML L %
D of bRy Bl R oty PO St On g
f ol I owi ng warthedparbdeinobirgd gedntdPNAng ahst isab-dlbned intovweBluescript 11 SK+
that had been digested with Eco RI and then treated with BAP by the above
method. The product was transformed into E. coli (JM 105). The obtained
transformants were subjected to liquid culture, and then plasmids were prepared
by standard techniques. Thus, the nucleotide sequence was determined by the
above methods.

As a result, the full-length ALS cDNA gene could be obtained from the
culture cells of each wild type and Sr line. The results of homology
comparisons between the wild type and the mutant ALS genes are shown in Figs.
19A, B and C.  As shown in Figs. 19A, B, and C, compared to the wild type,
E-ﬁoint mutations were observed in Sr line at 2 points, the 1643rd and 1880",
from the first base A as the starting point of the transcription initiation codon
ATG. In Srline, the 1643rd G in the wild type was mutated to T (denoted as
G1643T), and the 1880th G in the wild type was mutated to T (denoted as
G1880T). When converted into amino acids, these mutations indicated that the
mutant ALS protein of Sr line had an amino acid sequence wherein the 548th

tryptophan in the wild type ALS protein was mutated to leucine (that is,

“W548L mutation™), and the 627th serine in the wild type ALS protein was
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digested with Not | so as to excise the insert DNA. The conposition of a
reaction solution (for cleavage reaction) followed the procedure in the
manual attached to the restriction enzyne. After reaction at 37'C for
approximately 2 hours, the insert size was confirmed by el ectrophoresis
using I % agarose gel. XDNA (10 ~LI to 20 [d) containing the insert DNA
was digested with Not 1, so as to excise the insert DNA. The insert DNA
was separat ed using agarose gel for apportioning, t he correspondi ng band

was cl eaved from t.h ;t DNA was purified by standard
t echni queél?m‘f‘f‘? "lorfé‘gllﬁg ]ﬁﬁ&aﬁgé 83““‘”%% ' ector fol | owing BAP treat ment

(dephosphoryl ati on using al kaline phosphatase derived froma shrinp) at
nolar ratio of 1:1, followed by ligation reaction with T4 DNA | igase at

16' C for 25heubslofing®f e Witd ¢ypsalSecDNG clonsérihtdPBheseayel! IKEintot |
was used as material, BAP treatnent was perfornmed for vectors cleaved with

Not |. FolpGHXreg |i gatl 0-n, part of the soI ut| on vvas m xed w th conpetent
cells (DH50L ), and then al | oped t for 30 mnutes, Next, the
m xture was subjpefé‘%le@etIéB]b‘éé‘i“E’-th%KétPIQQB@ %16’}”“83@'35@&]0](?&@11 vl brren

T xture, | ISR stemeadhrCh 'Pog POtk ERed 1R T GERReRERR felol at e
on whi ch n R ﬁz«;&gg%alﬁg&sme wgp tP,géYTLé Abak s BEcidy. ~Igﬁ&} th@ranc}qjél lin)

30 ~tl M PT had been previou

uni f or m YWﬁnﬁcbﬂﬁﬁa&dhhw 8do A1 site 6f PGEX-QT bomessham BﬁJdeﬁmen'H&@ which
transforined white colonies were each inoculated on 2 M of an LB nedillm

- 35 cont ainiangE.aopi cxiprdsaionr VEEtor- x Hﬁrem@cﬂmnﬁn APTI/ER vedtouheding tI®7C
overnight. _Fromthe cul tur tion, sm ds wer epar e ndard
t echni quedUBrlemet; ‘§§6It¥%edA|L§ FQSUA *ﬂ'ﬁé’r e@o‘ﬁ’é‘éﬁl?? ggf’gﬁ {J EB%)E\R;%%
quanti fi ed %g%nte en,, t gg plﬁ) VEIE LiBj-ect eg(f}or & Lga&{ Hgd war

sequenci ng reac 9 oA equenCI ng re pe by ne _
descri Ibed tFREFRmelSin ELgulit (M 100E aboMe;@xpehinanty tiaRefodnatioPNfersl t h an
i nconpl ete

liquid-cultured, plasmids were extracted, and then the insertion direction of

insert DNA was confirmed by sequencing. Thus, E. coli (JM109) transformed

with pGEX-2T(ALS-wild) was prepared.

[Example 4] Elucidation of mutation sites in ALS gene of PC herbicide resistant
rice culture cell

(1) Extraction of genomic DNA from resistant mutant (strains of Sr, Rb, Vg,
and Ga lines)

Using a plant DNA extraction kit ISOPLANT II (Nippon Gene),
genomic DNA was extracted from 0.1 g of cultured cells of each of Sr, Rb, Vg
and Ga lines according to the protocols attached to the kit. After genomic
DNA was extracted using the above kit, RNA was denatured and removed using
RNase A. Then, agarose gel electrophoresis was performed, thereby
confirming the genomic DNA.

(2) PCR of ALS gene using genomic DNA as template
PCR was performed using each genomic DNA as a template, and a

primer “ALS-Rsp3” and a primer “4-83-3,” as shown below. PCR was
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| ength of approximately 2.2 kb was obtained fromthe culture cells of each
wld type and Sr line. Since an Snza | site was present at a position
approximately 250 bp fromthe 5 side of the DNA, a new probe was prepared
by the following nethod. pBluescript 11 SK+ retaining the ALS cDNA with an
inconplete length of approximately 2.2 kbp derived fromthe wld type was
anplified wwth host E. coli JML09, and then plasm ds were extracted using
an automated isolation syst em ( KURABO PI-100). The plasmd was directly

i gest ed Wkl Shiute K8, R0ELALEH DA A0, ARPEALIBLE] X 25haP e

separ at ed % agarose e oresis hen

concent r at ), Wags 2%agi>ul ‘ﬂl@dreaEﬁ&'i epys F}j’e?ﬂﬁ*ﬁieﬂgf& mbobfcleysbaaq tdye1enr obe,

t he I|brary was screened again by the above nethod oyi'ng the above RI.

?. DNA was coRiRRa ednsiseny tdfeah Nugiablendreditionnglep ph@gee: féthé ThibNas,
sol ution (1 1) was digested with Eco RI, and then size was confir med by
el ect r ophdoBewsd biyod Hemwdration jteprebPH TG £o7 3A ssaeredsn annf:almsile@l gse°C

menbrane. Fol | owi ng el ectrophgresis S .inmers H
sol ution &entl amﬂlmj g elengpEen St%d‘tt?’?ei(g?o%ﬁa%ﬁ“ﬁeﬁgh? ‘%6?0116%@ nut es.

The gel shed,,w Tr-1 HCI (pH 7.5)
cont ai ni nﬁf%’ %ﬂﬁm%ap Ththe tlﬁéar‘ cﬁgﬁt‘fy ﬁl%@d”ﬁ?d]d fi% A?ZCQE]? ll\énan ]gtre appr oxi mat el y
15 mi nutes. App";\@esatn%@lmﬁ ;el%ﬁlﬂn ddMHEN 'wad Subldc@dd tBapey HighRSe gell ed up
to make a base. The base was placed in 20xSSC spread over a stainless bat.
Subsequenteleetrdpherexéu{ TEIV, ZeX FBIE baffei)t r ot lcohtseingn2@Rr mndutishwere had
been cut into a certain size, imersed in distilled water  and then

i mrersed iencizost,S80 fhen E‘em@@ﬂ@lelsl‘@elfﬁ thlé@ Smé]rltérﬁt%éﬁ—"my The oktaipedeels  were
pl aced in order on the, base t gwe t hi ékness of 3

e o § & peEA v iR rice i tice, PnlP i, S8l o Brthinbed PERE: ohe
| t t f
were p a%gﬁ ar 3 e&’ﬂQ%ﬁ e éh%ln b0 buﬁﬁ"f RLotidda fHid W gﬁe@&g %ﬁe el

m nut es. con I rm ng t es were ent rappe
and the @edEBNARL Wl &béatsgtlms theed orTing, tios PEPppduoatelly tOelnidduines .
Fol I owi ng

water.

Next, PCR was performed again using the eluate in which the PCR
product had been dissolved. Specifically, this PCR was performed at a final
volume of 100 pul using the PCR product contained in the solution as a template,
and the same primer set or nested primers. After reaction, the reaction
solution was subjected to agarose gel electrophoresis (1%) for apportioning.
Gels containing target bands were excised, and then purified using a GFX PCR
DNA & Gel Band Purification Kit (Amersham Bioscience). Finally, the PCR
product was eluted using 75 ul of sterile deionized water.

(3) Sequencing

Sequence reaction was performed using the DNA fragment amplified by
PCR as a template and ABI PRISM BigDye ver.2 (Applied Biosystem). For
sequence reaction, 11 pl of the template DNA, 1 ul of the primer (3.2 pmol/ul)
and 8 ul of pre-mix was mixed, therefore the total volume was 20 pl.  The
sequence reaction was performed for 40 cycles, each cycle condition consisting
of an initial denaturation step at 96°C for 5 minutes, followed by a denaturation

step at 96°C for 5 seconds, annealing step at 50°C for 5 seconds, and elongation
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blotting, the nenbrane was subjected to UV treatnent with a
trans-illumnator, and then baked at 80C for approxinmately 15 mnutes to
30 mnutes. After baking, hybridization (hybridization buffer conposition:
5XSSPE, 0.5% SDS, 5x Denharlts, solum sperm DNA, 50% formam de) was
performed with the above 250 bp probe DNA | abeled with 32P. Radi ation of
the hybridized band was transferred to an inaging plate, and the result
was anal yzed with BAS-2000. Anong inserts positive in hybridization, those

ZEEY“;P?mia%%Laé%%ﬁ# ﬁ%ﬂsﬁﬁrﬁ%tu?%%egﬂa%rd%#;ftﬁ%&%%%iohf‘é%ﬁtoét‘l%v@#él%ﬂ B ;Qﬁz
t t o :
en reaéxﬁg pglﬁfﬂbrigégﬁa%ehegabgvlﬁglm@g. oﬂftei%qﬁémugacmgi tehRRsdeh e

into E c obt al ne transformants were subjected to |iquid
cul ture, andldotdas pinasie deavwsre ph@par ederebyerabasdlayd dee clilttaiitgs .usihipus, the
nucl eoti de sequence was determ ned by the above nethods. As a result, the
full -1 engtAntabey MR gelmeic 6ahngriienoBtiateshy f foem tthe nuslgatideeseplensesnf each
wild type and Sr_line. The results_of honol ogy conpari sons between the
wild type Vg8 reabusiie B! RREMeHEEDRA seHsmeefn Figs. 19A, B and C. As

shown in Fi 19A.- B, and. .C._conpar o .th Ll d.type, 2-point

mut ati ons (%\gfrgllbeﬁsogf\?iéjaeﬁsﬁ rlgrﬂulc er?él §t5%gu%%cleﬁtu§?g\?lﬁgm 643rd and 1880"' 1',
fromthe first hx?a%ﬁesen%%woffa‘ae%gﬁéﬂc@g_aa@tme 19fe Bf‘?rik‘[ﬁ@@%@édm'@ﬁab&lé' ation
codon ATG In Sr line, the 1643rd Gin the wild type was nutated to T
(denot ed asd oBkB#Rds usedns thehflkSA0E lextiniphest dre lidtédid Ygdewwas nutated to T
(denoted as @G 880T) . When converted into am no acids, these nutations
indicated that the nutant ALS protein of Sr line had an am no acid
sequence wherein the 548th tryptophan in the wild type ALS protein was
nutated to leucine (that is, "W48L nutation"), and the 627th serine in
the wild type ALS protein was -37 nutated to isoleucine (that is, "S6271
mutation"). (5) Subcloning of the wild type ALS cDNA cloned into

pBl uescript Il SK+ into
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pCEX 2T After the pBluescript 11 SK+ plasmd having the full-length wld
type ALS cDNA obtained in (4) above incorporated therein was digested with
Eco RI, cDNA containing the wild type ALS gene was exci sed. Then, the cDNA
was incorporated into Eco Rl site of pGEX-2T (Anersham Bi osci ence), which
is an E. coli expression vector- Hereinafter, an expression vector having
the full-length wild type ALS cDNA incorporated into the Eco Rl site of
pCGEX-2T is referred to as "pGEX-2T(ALS-wi I d)." pGEX-2T(ALS-w | d) was
transf or ned intorage oli (JM 109). Col oni es obtained by transformation were
| i qui d-cul tured, ia mds were extracted, and then the insertion direction
of insert DNA was confirnmed by sequencing. Thus, E_ coli Qoile@@}ing Number

t ransf or ned Namet h pGEX- 2T( ANGelestidd)sequascepr epar ed.  [IBixanph e 4JLSHiteci dditbres
of nmutation sites in ALS gene of PC herbicide resistant rice culture cell
(1) ExtralioRspf 50eONCTGORACANINGAGICHGNE’ Nut ant  {eate ai 9921252, RbmeNg,
and Ga lines) Using a plant DNA extraction kit |SUPLANT Il (N ppon
(3-ene), AgeNRip G NATEBSGECATANCTATCORNGE’L g of antibdnge ed 906111926 of 2 lemeh
of Sr, Rb, Vg and Ga lines according to the protocols attached to the kit.
After genqrigiRsNA° WasG 6&MCAUEICGISTOAATIE above KitsenfNA wagodenat uregeand
renoved using RNase A Then, agarose gel electrophoresis was perforned,

t her eby f,amn‘-ié%u ¥9-cd AgCaanad £GEBIB A ATDCAPARA QC-AL Sngsdite USiZHY-836n0r I8 mePNA

as tenplate PCR was perfornmed using each genonmic DNA as a tenplate, and a
primer "AhFREPRS 5 AWrGAQCARECACERSFB3* as shown behew. PGR7wWag - 3B mer

performed using Ready to Go PCR Beads (Anersham Bi oscience) at a final
vol une of 3% RspThe A £eTEGoATAET ABTEAGTEE-§0r 40 aytibese €386-90%Cl €21 mer

ALS-RspA 5’-TGTGCTTGGTGATGGA-3’ antisense  571-586 16 mer
ALS-RspB 5°-TCAAGGACATGATCCTGGATGG-3° sense 1913-1944 16 mer
ALS-RspC 5’-CAGCGACGTGTTCGCCTA-3’ sense 258-275 16 mer
ALS-RspD 5’-CCACCGACATAGAGAATC-3’ antisense  828-845 18 mer
ALS-RspF 5°-ACACGGACTGCAGGAATA-3’ antisense 1749-1766 18 mer
ALS-RspE 5’-TTACAAGGCGAATAGGGC-3’ sense 1656-1673 18 mer
3-1-1 5'-GCATCTTCTTGATGGCG-3" antisense 1791-1807 17 mer
3-1-2 5-ATGCATGGCACGGTGTAC-3° sense 973-990 18 mer
3-1-3 5'-GATTGCCTCACCTTTCG-3" antisense 1346-1362 17 mer
3-1-4 5'-AGGTGTCACAGTTGTTG-3’ sense 1506-1522 17 mer
4-83-1 5'-AGAGGTGGTTGGTGATG-3’ antisense  327-343 17 mer
4-83-3 5’-GCTTTGCCAACATACAG-3° antisense 1944-1960 17 mer
4-83-10 5°-CAGCCCAAATCCCATTG-3’ antisense 1457-1473 17 mer
4-83-15 5°-ATGTACCCTGGTAGATTC-3’ antisense  735-752 18 mer
ALS-DG7 5-GTITT(CT)GCITA(CT)CCIGG(ACGT)GG-3"  sense 265-284 20 mer

In Table 6, the corresponding ALS site is the number of a

corresponding base when a transcription initiation codon (ATG) is the starting
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condition consisting of an initial denaturation step at 94C for 5 m nutes,
foll owed by a denaturation step at 94C for 30 seconds, annealing step at
55C for 1 mnute, and elongation step at 72C for 2 mnutes. In addition,
the elongation step in the final cycle was perforned at 72C for 9 m nutes.
Next, the PCR reaction solution was subjected to 2% agar ose gel

el ectrophoresis (100v, | X TBE buffer). Gels containing PCR products were
exci sed, and then excised gels were cut into snmal | fragnents The obt ai ned

el fra msnt Ver e fihhse rt anged
\?vat er, g addtlté?n’ltmlncl)lr‘\:?e&@ﬁasr?gﬁgl W g?iv\g/gls{tsgdd gﬁ ndmfg%ﬁ Iﬁ] eegl ng
and di SS(N@I @gtl‘{@ﬁleél‘él?ﬁéé gg%me%eq)ftAng%pﬁhgsshowﬁ@@qomohu@t 1Qoyh& be

eluted in wafer s perforned again using the eluate in which

the PCR prefiidenadubeanofiadshReps is ShewnfincSEQYID NDs 1 PCRenasclpeidor ned
at a final volume of 100 j1 using the PCR product contai ned in the

sol uti on asgeenceny] ALE:Rspnis shieevnsisnBEQY ) Osbl the miﬁ(étﬁepirﬂqwen@ ofpAf t er
reaction, the reaction solution was SU'HJ ec %to agar ose

el ect r ophdtle3iRspeishewn 1B HFR {PAPH 3 HiesSAVRBCS 936’&3 -B&RESS wer e

d, dth nd, P. f t Ki t
CArer sham BPBEOTCREG) 0 Rt iy 0% fucte ?X;ﬁkdese%%ﬂmegf‘«fgﬁéaﬁf%% k™ o1 of
sterile d%ﬂ' Igﬁ@hdvaﬁ 8 thel %cl%ﬂ&@@@ﬁ%c@%‘ﬁi@REquy WP R

qpred
usi ng the ragnent” anplified by "PCR as a tenplate and ABI PRI SM Bi gDye

ver.2 (Appdi ed, thBi IQ&}’@itBiE)schaﬁce sfalSARepC éachdwn,in BEQ IDFNOhd 7t €l at e
DNA, 1 | of t he primer (3.2 pnolll) and 8 | of pre-mx was m xed,
t her ef or e nukteotisleaiequenaemel M@ -BepDd . is ThewnsiaqeRcld NQci §.othewarlgmrdeor med

Step at SBETNH A RTRI Roteoticth ) Caiol(it 9 abe el g Ssat68e flor 5
seconds, a0neq J9;SLERvAln 30 B N0 S90S nuefRdtak WGRLAY 0139141 s
shown in SEQ ID NO: 21, the nucleotide sequence of 3-1-2 is shown in SEQ ID
NO: 22, the nucleotide sequence of 3-1-3 is shown in SEQ ID NO: 23, the
nucleotide sequence of 3-1-4 is shown in SEQ ID NO: 24, the nucleotide
sequence of 4-83-1 is shown in SEQ ID NO: 25, the nucleotide sequence of
4-83-3 is shown in SEQ ID NO: 26, the nucleotide sequence of 4-83-10 is
shown in SEQ ID NO: 27, the nucleotide sequence of 4-83-15 is shown in SEQ
ID NO: 28, and the nucleotide sequence of ALS-DG7 is shown in SEQ ID NO:
29.
(5) Mutations in each line revealed as a result of sequencing
As a result of analysis of nucleotide sequences determined in {3) above,
mutations in Rb, Vg, Ga, and Sr lines were revealed. The mutated points of

each line are listed in Table 7.



step at 60C for 4 mnutes. In addition, the elongation step of the final
cycle was perforned at 60C for 9 mnutes. After sequence reaction,
fluorescent nucleotides in the reaction solution were renoved by gel
filtration using AutoSeq G 50 colum (Anmersham Biotech). Then the

nucl eoti de sequences were read using ABI PRI SM 310 DNA sequencer. (4)
Names of priners and nucl eoti de sequences used herein Nanmes, nucleotide
sequences and the like of primers used in (2) above and of prinmers used in
the foll O)g/i rlggexarrpl es are listed in Table 6. Table 6 Correspondi ng Nunber
NaneNucl e ?l? sequenceDi recti onALS siteof bases ALS-Rsp

| 5' - GCCTCT GGt AAGAAGCACAE Sl 2 5ensell04pR2]1 mer QNGERSP2 G18R0T

5' -AGTCCT% oo CCAG 3" anti sense, 1906-192621 rn er ALS-Rsp3

5' - CTGGEA

56271
5'_CAA AAACCACCCS, CGFCAC A 386 R oA

5' -CATCACCAA@@AI@E’CTT 3 s%lﬁg?é@z? 34418 nier ALS- R§pl7~°~ter0
5' - AACTGGGATAROAGT CAGCTC- 3' ant i sense. 886- 90621 ner W8 RspA
5 - TGTGCTTGGIGATGGA- 3" ant i senseb71-586160r ner ALS- ﬁzg

tREHC

5' - TCAAGCACAFBATECT CHTGH03 hie s © 1kao b 4dik§o mer

5: CAGCG-“/E,I\ESF ﬁi‘:l,’if SENSez58- 27516 Mer ALS RSP etero o hetero
5' - CCA AGRGARATC-3-antsense828=84518ner —ALS RspF
5' -ACACGGACTGCAGGAATA—B antiserl Sel749-176618 nmer ALS- RspE

5' - TTACAAGGOGAATAGGEGC- 3! 5 656- 167318 ner . .
3- 1- 15' - GCATCTTCT FéRYacad f@%??m‘%éﬁ%é@?&f’”%gosfﬂ‘?ew of RD line strain, the

g‘ %‘ :29,2 g@%ﬁ%@% gé ,g%rgd ?geoégﬂrj’g?’lyas mutated to T (hetero).

3-1- 45" - AGEECHAGAGhACRT Ghd' ﬁﬁnﬁ@laﬁ@@ [£98R 1theM871% proline and the 548"
4-83-15' - AGAGGTGGITGGTGATG 3' anti sense327- 34317 ner
tryptophan (W) were mutated to histidine (H) and leucine (L), respectively. In
the nucleotide sequence of Vg line strain, the 1643 G was mutated to T
(hetero), suggesting that at the amino acid level, the 548"™ tryptophan (W) was
mutated to leucine (L). In the nucleotide sequence of Ga line strain, the 512"
and 514" C were mutated to A (homo or hetero) (these types differed depending
on the PCR product obtained), and the 1643 G was mutated to T (hetero).
This means that at the amino acid level, the 171% proline (P), 172" arginine (R)
and 548" tryptophan (W) were mutated to histidine (H), serine (S) and leucine
(L), respectively.  Further, in the nucleotide sequence of Sr line strain, the
1643 and 1880™ G were mutated to T (hetero).
When ALS genes were screened and isolated from the cDNA library of
Sr line strain by the above method, not only a 2-point mutant gene, but also a
gene of the wild type was isolated. Thus, it was assumed that at the genomic
DNA level, heterologous mutation had occurred, and the results obtained by
genome PCR also supported this assumption.
As described above, in all the resistant mutants, the 548" tryptophan

(W) was mutated to leucine (L) (hetero), and Vg line had this mutation only.

As described above, Vg line strain showed sensitivity up to 10 pM
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4-83- 35' - GCTTTGCCAACATACAG 3' anti sensel1944- 196017 ner

4- 83- 105" - CAGCCCAAATCCCATTG 3" ant i sensel457-147317 rner

4-83- 155" - ATGTACCCTGGTAGATTC- 3' anti sense735-75218 ner ALS- DG/

5'-GTI TT(CT) GClI TA(CT) CCl G ACGT) GG 3' sense265- 28420 ner In Table 6, the
corresponding ALS site is the nunber of a correspondi ng base when a
transcription initiation codon (ATG is the starting -41 point. In
addi tion, the nucleotide sequence of ALS-Rspl is shown in SEQID NO 9,

th l eqtid L D,
gggtgc:)gleg fll é’ghbgﬁgsg%ncrgﬁéigs%gls%%s ﬁl&;\é\{q%‘lﬁ% SI%E%& th?gsal?%elpnucueogledgf
ALg- Rsp6 i?ls ?h%m }P‘ﬁ: éSOEh I D%d&iéﬁg#h?t nug s’el‘(?)gil %eas@gﬁgﬁég%bﬂgsiﬁgﬁm is

shown in $Eﬁ>sﬂa@cé\laartbé,frdﬂiefgluﬁh eat ildendrduatncethef 1iAkSaR8 piutatedsBOWE i N
SEQ I D NO 15, the nucl eotide sequence of ALS-RspB is shown in SEQ I D NO
16, the nunlessity df thespletivm plespursimepasdds shown in SEQ ID NO 17, the .
nucl eoti de sequence of ALS-RspD is shown in SEQ ID NO 18, the nucleotide
sequence of ALS-RspF is shown in SEQ ID NGO 19, the nucleotide sequence of

Chown ' SETPRINS Byihesco o PN bR ReRR G ng RSO F& Shlad SE0 10
NG 22, 't he,aHeh &t G@'@s %Qﬁﬁenﬁftan?mﬂ- c%nlsﬁu@ﬁ@ff%ﬂ ﬁGﬁﬁQz*FDrelt\Qur?g:gthet he

nucl eot i dé sequence of 3-1-4 i's shown in SEQ ID NO™ 24, the nucleotid

sequence GfLgcBIMAs, lasmdsi‘msfbrurmtﬁlﬁ@flﬂ ND ughg théeeotoe| eoti de sequence of
4-83-3 is shown in SEQ ID NO. 26, the nucleotide sequence of 4-83-10 is
shown in SEQ | DRuGL SynthesifeofddieeDits sisnerdwnthr havigg GE643XT(FMaAHL)i n SEQ

0 N0 28 a0 VELERdn seausnce o ALDel. Lo, oo L SO o
result of ;anah%sisnfs &ggkg&gg&euaggwgcm determ ned in (3) above,
PCR was performed at a final reaction volume of 100 ul using 1 pul (585

ng/pl and 554 ng/ul, respectively) of pBluescript II SK+(ALS-2 point mutant)
or pBluescript II SK+(ALS-wild) as a template, and 1 pl of LA Tag DNA
polymerase (Takara). The reaction was performed for 25 cycles, each cycle
condition consisting of 95°C for 30 seconds, 55°C for 30 seconds and 72°C for
2 minutes. Further, pBluescript II SK+(ALS-2 point mutant) contained 2-point
mutant ALS gene, G1643T(W548L) and G1880T(S6271). pBluescript II
'SK+(ALS-wi]d) contained the wild type ALS gene having no mutation. For
the PCR, a combination of ALS-Rsp6 and ALS-RspF primers and a combination
of ALS-RspE and M13R primers were used. Names of fragments amplified
using ALS genes as a template and the given combination of primers are listed
in Table 8. In addition, primer M13R is an antisense primer in the vicinity of
T3 promoter of pBluescript II SK+. Further, the nucleotide sequence of M13R
is 5°-GGAAACAGCTATGACCATG-3" (SEQ ID NO: 30).
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mutations in Rb, Vg, Ga, and Sr lines were reveal ed. The nutated points of
each line are listed in Table 7. -42 Table 7 Mutant base C512A C514A
G1643T GL880T Mutant ami no P171H R172S Wh48L S6271 acid Rb |ineohonoo
hetero Vg lineo hetero Ga [ineO O O hetero honmo or heterohonmo or hetero Sr
| ineo heteroo hetero As shown in Table 7, in the nucl eotide sequence of Rb
line strain, the 512r8 C was nutated to A (honp), and the 1643d G was
nutated to T (hetero). This neans that at the amno acid |level, the 171s’
proline arﬁb}ehg 548th tryptophan (W were nutated to histidine (H and
| eucine (L),_respectively. ln the nucleotide sequence of Vg |ine strain,
the 1643°|d G was nut/epBlieserift I Slet@¥loy-2 suggRleesagpttlhat [at the amino acid
| evel , the 548t h tryptophgwifihus) nut aj eSKt-AL8uwilde (L). In the
nucl eoti desIsequpdce [of Ga line strain, the 512d and 514th C were mutated
to A (hormos-rhgker g hesePfRpés differpd dep&feidng op the PCR product
obt ai ned);~and—the—1 Gwas—utated—tor T hetero)
ﬁ%g@g PCR-2 PCR-4

[9°21%

) (t
643d

PCR-1, PCR-2, PCR-3 and PCR-4 obtained by PCR were respectively
subjected to agarose gel electrophoresis for separation, and then the products
were collected in a manner similar to the above method from the agarose gel,
and then the products were eluted with 50 pl of sterilized water.

Next, a set of PCR-1 and PCR-4, and a set of PCR-2 and PCR-3 were
subjected to SPR (self polymerase reaction). SPR was performed by adding
23.5 pl of the set of PCR-1 and PCR-4, or the set of PCR-2 and PCR-3 and 1 pl
of LA Taq DNA polymerase to a final volume of 75 pl, and by performing 25
times a cycle consisting of a denaturation step at 95°C for 1 minute, annealing
step at 55°C for 30 seconds, and elongation step at 72°C for 2 minutes. DNA
fragments obtained by SPR using the set of PCR-1 and PCR-4 was regarded as
SPR-1, and DNA fragments obtained by SPR using the set of PCR-2 and PCR-3
as SPR-2.

Further, in this example, to secure a sufficient amount of SPR-1 and of
SPR-2, PCR was respectively performed at a final reaction volume of 100 pl
using purified SPR-1 or SPR-2 as a template, ALS-Rsp6 and M13R, and LA
Taq DNA polymerase again. PCR in this case was performed by repeating 25
times a cycle consisting of a denaturation step at 95°C for 30 seconds,
annealing step at 55°C for 30 seconds and elongation step at 72°C for 2 minutes.
After PCR, the reaction solution was subjected to agarose gel electrophoresis.
An approximately 2 kbp single band (PCR product) was collected from agarose
gel, and then eluted with 100 pl of sterilized water.

Next, SPR-1 and SPR-2 amplified by PCR were respectively digested
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This means that at the amno acid level, the 171St proline (P), 172"d
arginine (R and 548th tryptophan (W were nutated to histidine (H),
serine (S) and leucine (L), respectively. Further, in the nucleotide
sequence of Sr line strain, the 1643rd and 1880th G were nutated to T
(hetero). Wien ALS genes were screened and isolated fromthe cDNA library
of Sr line strain by the above nethod, not only a 2-point nutant gene, but
also a gene of the wild type was isolated. Thus, it was assuned that at

obt ot ned B iorke e Kb UERRN B EHE assﬂngﬁggﬁf@ﬁg e T

above, in I pt tated
to | euci ngaa ’3‘4’]??%‘?‘2??% QQAéEr{ifﬂlrblt d%%%téﬁﬁrggﬁﬁ] tio ca(lw gswe@e(g@(‘:lri bed
above, Vgﬂid BRridizeai wateh eyes t$Qﬂ9tb1taﬂ)Vb6MaﬂﬁngQ°GI@ F%@Lh(&ﬂﬁﬁéo@ﬁéd glodbym and
Sr, Rb and Ga line strains showed the sane up 00 M bi spyri bac-sodi um

Accor di ngas mixedawiguggelsved cchlafl2 é.Llacondi i;luh oh Fob RI €52 at/phicim Hteart ed
fromVg |ine and branched intg other |ines and mutated, as the intensity

of the sePESsEremoplessl Buffacilakarn), follvuemh Py 1ngubjiontssi Bnef volumecTiNas

const ruct PBIGR JHEEXoST hba AT PR U 0 DIRRmE A BAGHER SBINGR of £

col i usigg.t Ql\ﬁ% avi ng
GL643T( V\B%L)S%Jrre&?&a% %%é%ég(ﬁ%lg%%t@iﬁﬁﬁg’n%}i&on, A cons? %%: I?{%]FW{ of

PGEX 2T r eta3i dvirgted HenALSGIDNAC Raaddesic Pukiédatish lKit.Fl The 2011ebfed W3S
performed at a final reaction volunme of 100 }al using 1 pl (585 ng/p.l and
554 ng/ |, kbpsiyegmexe was glfutthIVuéh;cSrq pd qfls@mhzed(wa@a,z spothat amstlmih  or

Bl uescr t 11 SK+ and of LA Taq DNA

Bol ;rr:r als om(”ifﬁﬂﬁréﬁ%ﬁT ifggf’llgh Wﬁte@e TREMGBH ‘l“er aiplpen é’§nt3é‘é.‘élﬁ cycl e
dit f 30 d d 72C f

S nut e SPRLZ (ke DA REA FEAGEP A prfarcl” B oEY Contal ned

2- poi nt Meanwhile, 150 pl of a protein expression vector having the wild type

ALS gene incorporated therein, pGEX-2T(ALS-wild) plasmid (concentration of
approximately 50 ng/ul), was mixed with 1 ul of Acc I (12 u/pl, Takara) in the
presence of 10 X M buffer, followed by incubation at 37°C for 2 hours. After
reaction, a linear 7.2 kbp band was confirmed by 1% agarose gel

- electrophoresis. According to the protocols of GFX PCR and Gel Purification
Kit, DNA corresponding to the 7.2 kbp band was collected from the agarose gel,
and then the product was eluted with 180 ul of sterilized water. 89 pul of the
eluted product was mixed with 10 pl of 10 x H buffer (Takara) and 1 pl of Eco
RI (12 u/pl), and then allowed to react at 37°C for 1 minute, thereby partially
digesting the thus collected DNA with Eco RI. After reaction, 10 x loading
buffer was added, and then 1.5% agarose gel electrophoresis was performed.
4.9 kbp, 5.7 kbp, and 6.5 kbp bands, and a 7.2 kbp band that was not cleaved at
all appeared separately, and then the target 5.7 kbp band was excised from the
gel. An approximately 5.7 kbp DNA fragment contained in the excised gel
was collected using GFX PCR and Gel Purification Kit, and then the product
was eluted with 50 pl of sterilized water.

-

Subsequently, 3 ul of fragments digested with Acc I and partially
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mut ant ALS gene, Gl643T(Wb48L) and G1880T(S6271). pBluescript I
SK+(ALS-wi | d) contained the wild type ALS gene having no nutation. For the
PCR, a conbination of ALS-Rsp6 and ALS-RspF prinmers and a conbination of
ALS- RspE and ML3R pruners were used. Nanes of fragnents anplified using
ALS genes as a tenplate and the given conbination of prinmers are listed in
Table 8. In addition, prinmer MIBR is an antisense priner in the vicinity of
T3 pronoter of pBluescript Il SK+. Further, the nucl eotide sequence of ML3R

Sk ALS- 2 R REL AP PE00 Rhotnt it o a G PTA RSB AT 87 ek 3
ALS-RSDF AR PR POREAF IR igMAR OBk POR 8pRECRAcaNE POR: 4igBhal ned by

PCR were respectively subjected to agarose gel el ectrophoresis

separ at i Ofragaiéht} haste tragpatiodliChBowee e reatd BCbed bN TakdraM@ditic Bhifes to

t he above nethod fromthe agarose gel, and then the products were el uted
with 50 | (eér.3tsetutidr Edatwet®€roveraight. a set of PCR-1 and PCR-4, and a set of
PCR-2 and PCR-3 _were subjected to SPR (self polynerase reaction). SPR was
performed by addibég. thesregciiopolufienguas genpepned ang bar/ycompetenbealls  of

PCR- 2 d  PCR- 1.}d f LA.T I final I f 75
|, andagy (%*é?’f‘gﬂ\i? ﬂ%’ Eékar?f%%orgln%tgﬁﬁcgﬁg%@ﬁ%% t%ES]%’gda%beéIﬁ%? ur Oei gaﬁs? ep at
95C for we're%%guﬁ@&ﬁ%i 08 pH@Rnatomamih®r 5B Gpaf G@NEpi @i, &l RNadd on

step at 72C for m nut es. DNA

incubated at 37°C overnight. As a result, several of the colonies that appeared
were selected. PCR was directly performed using the colonies as a template,
and the set of ALS-RspE described in Table 6 and PGEX-3
(5’-CCGGGAGCTGCATGTGTCAGAGG-3’: SEQ ID NO: 31), the set of
PGEX-5 (5’-GGGCTGGCAAGCCACGTTTGGTG-3": SEQ ID NO: 32) and
PGEX-3, and the set of PGEX-5 and ALS-RspA described in Table 6. In
addition, PGEX-3 had a sequence the same as a part of an antisense strand
located on the 3° side of pGEX-2T used as a vector. PGEX-5 had a sequence
the same as a part of a sense strand located on the 5° side of pGEX-2T used as a
vector. As the reaction condition for the ALS-RspE/PGEX-3 set, each 1 u M
primer and 1 PCR bead were dissolved in a total volume of 25 u 1, and reaction
was performed by repeating 40 times a cycle consisting of a denaturation step at
95°C for 30 seconds, annealing step at 55°C for 1 minute, and elongation step at
72°C for 2 minutes. In the case of the PGEX-5/PGEX-3 set and
PGEX-5/ALS-RspA set, DMSO with a final concentration of 5% was further
added to the above solution, because of the presence, at an upstream portion, of
a region having approximately 75% of GC content. As a result of this PCR,
insertion of a desired insert was confirmed.

A colony for which the imsertion of a desired insert had been confirmed
was picked up, and then shake-cultured in LB liquid mediwm (3 ml each, 10
medias) containing 50 ppm of ampicillin at 37°C for 12 hours. After culturing,

plasmids were extracted (400 to 500 pl) from the media using a plasmid
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fragnents obtai ned by SPR using the set of PCRI and PCR-4 was regarded as
SPR-1, and DNA fragnents obtained by SPR using the set of PCR-2 and PCR-3
as SPR-2. Further, in this exanple, to secure a sufficient anount of SPR-1
and of SPR-2, PCR was respectively performed at a final reaction vol une of
100 I using purified SPR-I or SPR-2 as a tenplate, ALS-Rsp6 and ML3R, and
LA Taq DNA polynerase again. PCR in this case was perforned by repeating
25 times a cycle consisting of a denaturation step at 95C for 30 seconds,

i es SRRy hasiept dTOMY ﬁ?’%@a o BB Aede € o PprEEEir Ak
el ec”OthPGSLPb tﬁ?ﬁ%&ﬂiﬂn. af%%hﬁb rﬁ:'e €et ﬁ\%%o%ﬁﬁg%pa{lﬂfjld%%glte\@s

coll ected Trom agar os en e ute sterill zed

wat er . NexkingSRFEL 20K Sd?ﬁi-%@Wbliﬁic@dobymamfﬂneheﬁiﬁ@ltyl eeht¥d divgidst ed
-45 with Acc I and Eco RI, thereby obtaining SPR-1 (Acc Il Eco RI-digested

fragnment) appﬂ)xﬁﬁﬂttﬂy(lAﬁQLlloletmﬂﬁieddwgtest ed fragnent). Specifically, 50 .tl
of the sterilized water (100 jd in_total) .contajnin PCR I;))roduct di ssol ved
therein was ni XEAUGRACHFEACLigN “@F pesformedysing ABLRRI E‘éb’eRl for2 u/ 1)

el vol S iSsraisy So fndf 1B nhflest ﬁ%‘ﬁs&u‘%meemfdgselm'ﬂ?%ﬁ g ke of
the react bx%ty%&i.‘“ Egﬁsﬁ‘iﬁﬁcév@dcﬁ%};e%é Pea%ﬂ%%%ﬁn&ﬁl wab §¢ g&;@@@% %3béa and

then a targe agment wa$ collected using a

Purifi cat tsnl Kbfumd h;cf xoll egtatkidg 1 kbpffteagrmetDMAs Ehltod@thrivath (H0 | of
sterilized water, so that a solution containing SPR-1 (Acc |/Eco
Rl - di gest pmoﬂhxlgraladtg rand preswbut | She convaiasi regctisPRvas paderrheddor 40

Rl - digested fragment) were prepared. I\/ba whlle, 1 of a oteln
expr essi oRY$A&&t n?‘h‘él(/‘ilﬁﬁoflﬁg“\ﬁ FRRsSTiRg © I?S bl T?WE‘FTBBP’étSé #hébetn,

ﬁ]G)'?e( dZIM( . hs E“nll?%ne%é?%gh jagte ﬁ%ﬂé?adr g‘fo‘}fs tsﬁcgﬂ{dg,xhﬁ@éa‘? ing R0 W/shbe VRS
for 5 seconds, and elongatmn step at 60°C for 4 minutes, and the elongation
step of the final cycle was performed at 60° for 9 minutes. After sequence
reaction, fluorescent nucleotides in the reaction solution were removed by gel
filtration using AutoSeq G-50 column, and then the nucleotide sequence was
determined using ABI PRISM 310 DNA sequencer.

In addition, for sequence reaction, of the primers described in Table 6,
PGEX-5, ALS-RspC, ALS-Rsp3, ALS-Rspl, 3-1-4 and ALS-RspB were .us.ed as
sense primers, and 4-83-3, PGEX-3, ALSRsp2, 4-83-10 and ALS-Rsp7 were
used as antisense primers.

As a result of analysis, it was confirmed that pGEX 2T wvector
comprising the mutant ALS gene with W548L mutation (described as “pGEX
2T(ALS-W548L mutant)” in Fig. 20) and pGEX 2T vector comprising the
mutant ALS gene with 86271 mutation (described as “pGEX 2T(ALS-S6271

mutant)” in Fig. 20) were obtained. Subsequently, E. coli was transformed

with these pGEX 2T(ALS-W548L mutant) and pGEX 2T(ALS-S6271 mutant).

[Example 6] Synthesis of ALS ¢cDNAs independently having C512A (P171H)
mutation found by genome PCR for Rb line or C514A (R172S) mutation found
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presence of 10 X M buffer, followed by incubation at 37C for 2 hours. After
reaction, a linear 7.2 kbp band was confirned by 1% agarose gel

el ectrophoresis. According to the protocols of G-X PCR and CGel Purification
Kit, DNA corresponding to the 7.2 kbp band was collected fromthe agarose
gel, and then the product was eluted with 180 i.l of sterilized water. 89
| of the eluted product was mxed with 10 .t1 of 10 x H buffer (Takara)
and 1 .tl of Eco R (12 u/l), and then allowed to react at 37Cfor 1

ni nut er eac? g@}’orggrﬁ(b? G(H' ﬁét' Qﬁ’st}mlotng? oﬁ@gﬁgﬁﬁﬁgﬁw’% 8Gaf g@ 5

After Se gel

el ectrophepgpi$ a‘f@strﬂﬁs&‘&%ﬂﬁﬁl of #- &zk%h #ivkhe: and 6.5 kbp bands, and a
7.2 kbp band that was not cleaved at all appeared separately, and then the

target 5.7 kbp Basd wes @xdiesd dfr ams hﬂ)Ngel ind¥peaperntdxi RatiggyC517Akbp DNA
fragnment contained in the excised gel was collected using G-FX PCR and Gel
Puri fi cat (W I} mugatibn h@d}QSHéAp(rledﬁ’@t) myjgsion] an@gonstrictBm of pGEst 8l | i zed

Sub ly, d Acc | d |
36" gostaaine ekas SaDURs e IR IR E B p S UALS i | d) and 3 | of
SPR-1 (Acc I/ E 2 Rl - di d
fragmeﬁlt ;:Cwere(:&(g,sp(-%%:i %z#f‘gzﬁ) gggn%%taﬁ%gﬁaﬁﬁa%n i Fbgf &F&Pa fPog}%lsétagtl on

buffer (ugh %hesg%eﬁqh@@m oqtRbl%e%earfymme éﬂae@pnmﬁ sre?%?tAIP{LI&ngU“ on
was transforrred into E. coli conpetent cel (strain JMLO9, Takar
accor di ngatd Al®-Rupdt @asohsecannmwst hé}petﬁicaﬂlyePCﬂ hoga s p\ﬂfc&maabﬁsihgt ed on

LB nedi um contai nin pmof anpicillin, and then incubated at 37C

over ni ght Ready %o rC@sgCR Bg@ﬁebsaaddmgtﬁml @‘Btltmieé@mmge@ppedmé awet gul
celectod Povesdlseiiu By o usine, thascyl onies a5.g, Lomplate.  end
Eg :%wgﬁmﬁﬁur%é&%% eﬁ@?%l}'or snﬁm‘?&%s qgllo&%ysa

cycle (repeated 40 times) of a denaturation step at 95°C for 30 seconds,

annealing step at 55°C for 1 minute, and elongation step at 72°C for 2 minutes.

In addition, the elongation step of the final cycle was performed at 72°C for 9

minutes.

After PCR reaction, the reaction solution was subjected to 2% agarose
gel electrophoresis, a band of the PCR product (described as “PCR-5” in Fig.
21) was excised from agarose gel, and then purified using GFX PCR DNA &
Gel Band Purification Kit. Next, the purified PCR-5 was incorporated into
pT7Blue T-vector (Novagen), the vector (TA cloning vector) for cloning PCR
product. Specifically, 1 ul of the purified PCR product was mixed with 1 pl of
pT7 Blue T-vector (50 ng/pl), 3 pl of sterile deionized water and 5 pl of
ligation buffer (ver 2, solution I, Takara Shuzo), and then allowed to react
overnight at 16°C.

After reaction, the total volume of the reaction solution was
transformed into E. coli (strain JIM109) according to standard methods. After
culturing of E. coli on LB solid medium containing 50 ppm of ampicillin, the
colonies having a target sequence was selected from the single colonies that

appeared on the medium in a manner similar to Example 5. The selected
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PCEX-3, and the set of PGEX-5 and ALS-RspA described in Table 6. In
addition, PGEX-3 had a sequence the sane as a part of an antisense strand

| ocated on the 3' side of pGEX-2T used as a vector. PGEX-5 had a sequence
the sane as a part of a sense strand |located on the 5 side of pCGEX-2T used
as a vector. As the reaction condition for the ALS-RspE/ PGEX-3 set, each |
A M prinmer and 1 PCR bead were dissolved in a total volune of 25 ,u 1, and
reaction was perforned by repeating 40 tines a cycle consisting of a

mnato. - aHels sabrRte, Rt b ¥he SR T 1P INHE LI it dd B 00
PGEX- 5/ PGRXad:) %’hteﬁﬁglg ﬁ%ﬁnﬁﬁ J%%m% aesvoch@qb Bﬂsa A3l caapsgNtration

of 5% was further added ove sol ution ecause o the pres&nce, at

an upstr eplaspodd vidte Oftracted Q-gﬂ)@)ﬁo h$00 NQ) aRRIOX4I PREBEY 63{510&%3511%5%'[ ent.
As a result of this PCR, insertion of a desired 1nsert was confirned. A

col ony fO(rTQM%hDPF@G)nsé"ﬂmlpinsmdeaWE@coecbntmgi tto regpghrdvaieratelgn? 00 r]néd was
pi cked up, and then shake-cultured in LB liq medium (3 m_ each, 10
medi as) CHREAIHUERISD Pidied 2adpicsalied uging GﬁéPde% apd Hel Pyrifisption

culturin m d tract.ed, (4 romthe nmedi a using a
praslr%ld glﬁlit gﬁ&?‘é ?Q]Bﬁe %tﬁx télb%%délogfssq h%?‘% YitConcent r:at eg Itog

i mat el f fied
and desalted ﬁﬂﬁ’g&&%ff‘ﬁe&‘%ﬂﬁd‘”%‘%ﬁ. DA AT e N R

el uted wSha la@r oAilnid ehy pidenge offl 0s Lboif |1I0ZEAT Waifedr. alﬁemuan@f OQ%U on
was perfornmed using ABI PRI SM Bi gDye ver. 2 for these plasmds, so that
t he nucl eBtidie @e@ﬂ;mw@éot@f volveng nE&pQ ;ul,naltché:eplths mi il twra svasaimahi ated at For

seduence [EaCtLon LG, eaald on 2oLl LoD NS B ORE, Lo, have ot
S AL TS SO R AT 2
96C DNA fragment was collected according to the protocols of GFX PCR and Gel
Purification Kit. Thus, C512A (P171H) mutant DNA fragment having Sma I
site and Acc I site on its termini was obtained.

On the other hand, since C514A and C512A mutations are close to each
other, a DNA fragment having C514A (R172S) mutation only cannot be
obtained by PCR using the genomic DNA extracted from Gb line as a template.
Thus, as shown in Fig. 21, a DNA fragment having C514A (R1728) mutation
only was prepared using a pair of primers to which mutated points had been
previously introduced. That is, PCR was respectively performed using as
primers having mutated points introduced therein  ALS-M1
(5°-CCCCAGCCGCATGATCGGCACCGACGCCTT-3": SEQ ID NO: 33,
underlined A is a mutated point) and ALS-M2
(5’-CGGTGCCGATCATGCGGCTGGGGACCT-3": SEQ ID NO: 34, underlined
T 1s a mutated point) and as a template pBluescript II SK+ having the wild type
ALS cDNA incorporated therein; and using a primer set of ALS-Rsp6 and
ALS-M2; and using a primer set of ALS-MI and ALS-Rsp4. In addition,

complementary portions are the nucleotide sequence (1% to 23" nucleotides) of

ALS-M1 and that (I* to 23" nucleotides) of ALS-M2. When the primer set of

.50..



for 5 mnutes, denaturation step at 96C for 5 seconds, annealing step at
50C for 5 seconds, and elongation step at 60C for 4 mnutes, and the

el ongation step of the final cycle was performed at 60 for 9 m nutes.
After sequence reaction, fluorescent nucleotides in the reaction solution
were renoved by gel filtration using AutoSeq G 50 columm, and then the
nucl eoti de sequence was determ ned using ABI PRI SM 310 DNA sequencer. In
addition, for sequence reaction, of the priners described in Table 6,

PCEX-5, A g@ sged. a

sense pri %gsf&% dﬁhds %%@t?éﬁé%m%@é ﬁa@ﬂggﬁkgs R%%ﬁAis_ﬁ%g é vver e
used as arﬁlgsgn%smmmﬁgd AN WhES I bum‘er%eﬁbymss M1 aB@H GO rz:f@&'sthat
pGEX 2T vec conprising the nmutant ALS gene with Ws48L nut atrp

(descri bedisad, 4 PGEX fraghfoht Sesdbdl antRERI) ™ inl FigFR 9 wad®mplitleGEX 2T vect or

conprising the nutant ALS i;ene W th S6271 mutation (described as "pGEX
2T( ALS- S627I mﬁlme)acnmm spiuglon2eys pesnrarehehtliretme E@aubmdhgsoh&ngdol i

t f th GEX T AL t ant d
3’??;\&22239%&% PERavpieses, oy iHis A oA RAS Biluad Hdapbrhudiers y
1o CTAN T TS 00 N ABRTE, o PER A a b, oL
2T t t
st EE“?%??%Q?PO?@W““@D%&QT'%Si’;en Dot D Pl Sk s ?E»%%%)VGC >
nut ation and HiséAse BLARSY (25itpanoldnl, rasmbctonlsf rioci itonl ablpEE 200 Let ai ni ng

the ALS cDNAs are described using Figs. 21 and 22. To obtain C512A (P171H)
mut ant DNADEr BRARERD, WEOREHRESUSAr 1) FARRAINGS 2P JiMAS 3gémiﬁ1 eorphgiingf ofRien| i ne as

2 TPl 2L BoRL IR 320 1 TSRS 000 Ao B eser b el ¢
of the t e@@'s@E@n&?@ﬂﬁbﬁlﬂ\ﬁe§@95§°¢ for 1 minute, and elongation step at 72°C for

2 minutes, and the elongation step in the final cycle was performed at 72°C for

9 minutes.

After reaction, the reaction solution was subjected to 1.5% agarose gel
electrophoresis for apportioning, target 213 bp (PCR-6) and 377 bp (PCR-7)
bands were excised and purified using GFX PCR DNA & Gel Band Purification
Kit, and then the thus generated DNA fragments were respectively eluted with
100 pl of sterile deionized water.

Next, SPR was performed using the thus obtained PCR-6 and PCR-7.
At the time of SPR, a reaction solution was prepared to a total volume of 100 pl
by mixing 30 pl of the thus obtained eluate with 1 pl of LA Tag DNA
polymerase (5 units/ul), 10 pul of 10 X LA buffer, 10 pl of 25 mM MgCl,, and
16 ul of dNTPs (consisting of 25 mM of dATP, dGTP, dCTP and dTTP,
respectively). SPR was performed by repeating 40 times a cycle consisting of
an initial denaturation step at 95°C for 5 minutes, a denaturation step at 95°C
for 30 seconds, annealing step at 55°C for 1 minute, and elongation step at 72°C
for 2 minutes, and the elongation step in the final cycle was performed at 72°C
for 9 minutes.

After reaction, the reaction solution was subjected to agarose gel
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of each primer (25 pnol/1) to a final volume of 25 1. The reaction
condition consisted of an initial denaturation step at 95C for 5 m nutes,
followed by a cycle (repeated 40 tinmes) of a denaturation step at 95C for
30 seconds, annealing step at 55C for 1 m nute, and el ongation step at 72C
for 2 mnutes- In addition, the elongation step of the final cycle was
performed at 72C for 9 mnutes. After PCR reaction, the reaction solution
was subjected to 2% agarose gel el ectrophoresis, a band of the PCR product

- (describeq;ag, ' ' XCI f ng. t hen
purified u ?%) t%@g%ﬁié gor éﬂjbﬁy%]]%ugl %?%étlsg(%nkﬁg%l?ﬁ&gg?& & g%rl fied

PCR-5 was «gpqanporafgd 2 nt &as RkéBedeantt P@ﬁ‘ﬁ@ﬁ 1910y aGER) PC!Rh@N/ﬁC&OGeI TA

cloning vector) for c “oni ng PCR produc Specifically, 1 of the purified

PCR pr odu@aniaPumifiedioni Klit, laml thef the EénBtaied '@Méctfmgn(aﬂ (8FR-B) Bad of
sterile deionized water and 5 pl of ligation buffer (ver 2, solution I,
Takar a Shigdeled b 110ﬁetnl of stemkecddaienized pfateloy diri Blapnex smvatai taftheebeeact i on,
the total vo he. reacti on sol uti on S. into tol |
ot aTh 2 O a5 ehte, HRaSiand el r rae g pRIBIGE, T fied i S B0 e
on LB sol i Qalﬁ?&wéﬁ BRI INENPRBP B, ATRE S kB orfPlRR S gy no, @

target sequence was sel ected om’t he "si onies t’ eared on the

medi Um i N & tARTHIEH1aSid vatls di BedrPimiled &e IEhs SRk e%@%bﬁ&otﬁiﬂaﬂé @sq%om es
were shake-cultured in LB liquid culture solution (3 nm', 10 nedia)

cont ai ni ng(RBO'ZBiommﬁntaBchfﬂagmmnahawﬁﬁgswmI gize hodidsc | Afteart isuktmining,
pl asm ds were extracted (400 to 500 pl) using_a Bl asm d extraction system
(TOWY, DP-480). Meanphideni d& werdliconé8rtipat etMd 9}apprt’d5¥1lsﬁﬁﬁﬂt‘3|dy 200th by

i1, and el T T S PSR B e, W b AT o6 bl )"
of the el YRLRiNBSydE XREkMEiRurkdl tn QiBAﬁﬁm]d (édivhP! dondididg |500fTppm of
ampicillin (2 m! x 15 media) overnight at 37°C. After the plasmid was
extracted wusing a plasmid extraction system (DP-480), the extract
(approximately 750 pl) was concentrated to approximately 200 pl using a
vacuum centrifugation concentrator. Then, the concentrate was desalted using
GFX PCR DNA & Gel Band Purification Kit, and then the plasmid was finally
eluted with 200 ul of sterile deionized water.
Next, fhe thus obtained plasmid, pGEX-2T(ALS-wild), was digested
with Acc 1.  Specifically, 75 pl of the eluate was mixed with 9 ul of 10 X M
buffer, 3ul of Acc 1 (12u/ul), and 3 pl of sterile deionized water, and then the
mixture was allowed to react at 37°C for 3 hours. After reaction, the reaction
solution was subjected to 1.5% agarose gel electrophoresis for apportioning, the
target band was excised and collected, and then purified using GFX PCR DNA
& Gel Band Purification Kit, and then a DNA fragment was finally eluted with
100 pl of sterile deionized water.
Subsequently, pGEX-2T(ALS-wild) digested with Acc 1 was partially
digested with Sma 1. Specifically, 79 pl of the eluate was mixed with 10 pl of
10 X T buffer, 10 ul of 0.1% BSA, and 1 pl of Sma 1 (10u/pl) to a total volume

of 100 pl, and then the mixture was incubated at 30°C for 1 minute. In
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Sma 1 (10 u/pl) in the presence of 10 | of 10 X T buffer and 10 .il of 0.1%
BSA to bring to a total volunme of 100 I, and then the m xture was i ncubated
at 37C for 2 hours. After reaction, the reaction solution was subjected to
agarose gel electrophoresis, a target band was excised and col |l ected, and
then a DNA fragnment was coll ected according to the protocols of G-X PCR
and Gel Purification Kit. Thus, C512A (PI71H) nutant DNA fragnent having
Siam|l site and Acc | site on its termni was obtained. On the other hand,

since C51 i C : msnt
havi ng CS%@E\?I %%ﬁﬁﬁﬁTﬁﬂ%ﬁﬁﬁﬁ@aﬁﬁg&feﬂ 'ﬁﬁég? ar néﬁ“tﬁ)@n g@gﬁg%

genom ¢ Dhfe enditidfonsly §1i0BUfdRehi RETRDnbih MR ALE sneUi‘iﬁ}EKSQZSW adu F' g.

21, a DNA fragnent having 14A (R172S) nmutation only was prepared using a
pai r of pra3BEr sequenebs off AiliSatgenle)piuoated hadhbee posiioaei sapatateiyntpaadulced.
That is, PCR was respectively perforned using as priners having nutated
poi nt s i ntdigeiiivadwangeriopmad S ¥ shofbtimecCENbBCEBAToATTEREACTEAGCITPT: 3' :

SEQ I D NO 33, der | d A dALS-
(5-Q COGTGHEAT w&%&éne o em o Pﬁgﬁ%ngslzﬁ uﬁa@rm%iemg Ttoj they

t at ed e Id t
S o oM b IR, %%6* TS PO Tl

ALS- M2;  amndesdipBstad Avadrekcised af éwmﬁsclbéd aenﬂj ﬁLe% ﬂﬁedlﬁblﬁg%ﬁk
conpl enentary pértions are the nucleoti dé sequence (15 3d nucleotldes)

of ALS- MDIdAd&t Gek Badd Putidic28dn Kic ke otmdes pnfmékhd WoteWWhenFinatlyptliener set
of 5a ALS-Rsp6 and ALS-M2 were used, a DNA frggment descri bed as "PCR-6"
in Fig. 2erifies prsivct ived, elatnd m@ 5@hé of PieEde dlsionizedavaton difds M8 - Rsp4

The r oact FERECHISTan VK BB <SE ab OBRE 2L HHL ¥ Pe S PN CoR0RRb |
gL f fL/;r Ta @M B YEBASENt @H@r&gﬁnén”t‘]hawﬂ_ﬁ‘w} sitelfhd bt 1%telOn HsLA
termini obtained by the above method, and C514A(R172S) mutant DNA
fragment were ligated by a standard method. In Fig. 22, a plasmid containing
a mutant ALS gene independently having only C512A(P171H) mutation
obtained by the method is described as “pGEX-2T(ALS P171H mutant),” and a
plasmid containing a mutant ALS gene independently having only
C514A(R1728) mutation is described as “pGEX-2T(ALS R1728 mutant).”
After that, E. coli (strain JM 109) was transformed using a total volume
of the reaction solution. Single colonies that appeared on LB media containing
ampicillin were screened by PCR in a manner similar to the above method, so
that E. coli transformed with pGEX-2T(ALS PI171H mutant) and E. coli
transformed with pGEX-2T(ALS R172S mutant) were selected.

[Example 7] Synthesis of 2-point mutant (C512A(P171H)/C514A(R1728))ALS
cDNA, construction of pGEX-2T retaining the ALS ¢DNA, and transformation
of E. céli using this vector

Synthesis of 2-point mutant (C512A(P171H)/C514A(R1728))ALS
cDNA, and construction of pGEX-2T retaining the ALS c¢cDNA are described
using Fig. 23.
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10 il of 25 mM MCl 2 , 16 ~tl of dNTPs (consisting of 25 mM of dATP,

dGIrP, dCTP and dTTP , respectively), | ~fl of tenplate DNA, and 4 ~i| each
of sense and antisense prinmers (25 prol/~il, respectively) to a total
volunme of 100 PI. The reaction was performed by repeating 25 tinmes a cycle

consisting of an initial denaturation step at 95 C for 5 mnutes, a
denaturation step at 950C for 30 seconds, annealing step at 55*C for |
m nute, and elongation step at 72'C for 2 mnutes, and the el ongation step

in the final cy S r gAf eggld on,
the reaction sofju ?1*0{5@ V\Ig‘g{agﬂbqggt] e%(lz%’]%jé/gjygg@ogg)zgf‘ F ‘%og‘%\%rem S
for appor tsyflicdfred! By @ER 233 bqqs a tBER A tE@%eﬁ&?néJDNAP&ﬁ'aaed BpdGner e
exci sed and purified using X PCR & Cel Band Purification Kit, and
then the tlines agpensiiage Di¥Anferlagindetaivel én roopedti ¢ elbpve) ulS@dca\ﬁchhy, 100

~fl of sterile deionized water. Next, SPR was perfornmed -using the thus
obt ai ned PGR evasperfoparl psing/&s & fiemplate the csprmic PNAsutiasteds dlom Con was

prepared to a tqtal .volune of of the th obt ai ned
D et wi diper ania Brimen S af ANAR s gl SR Sherkby aPenl fff'mgle Aot 10 X
LA buffer 25 P 16 & of 25

nv of dATElﬁ]gqndecljltlige(géng%iTgvl %ﬁ%ﬂ: &drzgspggtefl%]]e Wﬁéﬁé@‘\g% p 17Pormed by
repeat i ng v} hijdres ifoCyCIBlue aNSe&tbi, rmu@fwedadg/ ﬂ%‘e&ﬂ:é’ﬂ wignaks ahiemeiep at

95" C for 5 mnutes, a denaturation step at 95 for 30 seconds, annealing
step at 55h&ebpr olbta"mmgt eCSH(PAI7TO QAT oA (St 1si2 Sat nigent DdiA megnmhes and

the elongation step in the final cycle was_perfornmed at 72*C for
m nutes. N¢r R2ashP®R, PhdiBead?i odcolludiperiedidyras ubj é’étt&i]}t‘él%@ﬁosecel

C t7~ - org s for appord band
(descri beé’%aé% %ﬁf%?menggg A seggi%‘gg%{ﬁlﬁﬁgg?%éﬁgpf X PCR
DNA & Gel mutant DNA were ligated by a standard method. Thus, pGEX-2T(ALS P171H,

R172S mutant) was constructed. Further, similar to Example 6, E. coli

transformed with pGEX-2T(ALS P171H, R172S mutant) was prepared.

[Example 8] Synthesis of 2-point mutant (C512A(P171H)/G1643T(W548L) and
C512A(P171H)/G1880T(S627I))ALS c¢DNA, construction of pGEX-2T
retaining the ALS ¢cDNA, and transformation of E. coli with this vector

Synthesis of 2-point mutant (C512A(P171H)/G1643T(W548L) and
C512A(P171H)/G1880T(S6271))ALS cDNA, and construction of pGEX-2T
retaining the ALS cDNA are described using Fig. 24.

First, pGEX 2T(ALS-W548L mutant) obtained in Example 5 was
digested with 4cc 1 and then partially digested with Sma 1 according to the
method of Example 6, so as to cause deletion of a portion from the 430" Sma 1
recognition sequence to Acc 1 recognition sequence of ALS gene. Next, this
product and CS512A(P171H) mutant fragment prepared in Example 6 were
ligated, so that a plasmid (described as pGEX-2T(ALS-P171H, W548L mutant)
in Fig. 24), containing 2-point mutant (C512A(P171H)/G1643T(W548L)) ALS
cDNA was constructed.

Meanwhile, using pGEX 2T(ALS-S627] mutant) obtained in Example 5,
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Band Purification Kit, and then the generated DNA fragnent (SPR-3) was
eluted with 100 | of sterile deionized water. In a manner simlar to the
above nethod, the eluted fragnent was incorporated into pT7Blue T-vector
and then transformed into E. coli (JM 09). The E. coli was cultured, and
then the thus extracted plasmd was digested with Acc | and Snza I,

t hereby obtaining C514A (R172S) nmutant DNA fragnent having Sma | site and
Acc | site at its termni. Meanwhile, E. coli (strain JMLO9) transforned

h pGEX= S- |
:Mnf:orgor at%ggé%hg\rﬁel n, %@s@%%g?% 1gtaBBLB ||fgag%‘p 2?%# nﬁt a*ni ng 50
ppm of a""BGEXJZ'TVEA(L% m7m1§6@ﬂdhﬁ}alﬁyehﬂﬂ3%t2®t ccﬁﬁ&‘muﬁ; t2e]%?_lﬁlh?m%ﬁtsm d

was extracted using a plasmd extraction system ( e extract

(appr oxi ngCall SATBD7 1H)/Gas 8 eDisse i) A ksl cmmmmswdn@ﬁbedeﬂ staﬂainUSI ng a
vacuum centrifugation concentrator. Then, the concentrate was desalted
using GFX PCR her,Gal 2 BavaePsinilanta onmiithod afExampictthef.ptelsmat was
finally eIut with 200 pl of s oni.zed water. Next, the thus

obt ai ned %raiedpeéwanwege AR ST Bad 8 NERL Acofant) © and
Specifica e mxed with 91 of 10 X M buffer, 3l
of Acc | %@DI(%% L%fpy]]?ﬂ éé?#lel%le F dei oni zed water, and then the

m xture was allowed to react at 37Cfor 3 hours. After reaction, the
reaction solution was subjected to 1.5% agarose gel electrophoresis for
apporti onIEgamphae tar @t band Swathesisci sed afd col | epeigit and t hparpuri fi ed
using GFX P Band Purification Kit, and then a DNA fragnent was

finally e(@éb%AmHIi)é@I@&T(&’S%&@/Gﬂ&SQPéGSéa?Bédk%tcaN&m@@w@npnpf

Speci 11 caP A7 re‘*s% habeIbED A@ﬁé AR erRar of 2 sToRdiver - 10

| of 0.1%,834, and | of Snza | Qu/~d) to a t ot al voI urre of 100 I,
and then the m xture vvas i ncubat ed at 30C for | mnute. In .52
Synthesis of 3-point mutant

(C512A(P171H)/G1643T(W548L)/G1880T(S6271)) ALS cDNA, and
construction of pGEX-2T retaining this cDNA are described using Fig. 25.

First, after pGEX 2T(ALS-S6271 mutant) obtained in Example 5 was
digested with Xho I, BAP treatment was performed according to a standard
method. Next, according to the above method, a target gene fragment (on the
vectar side) was separated and purified from agarose gel. Further, pGEX
2T(ALS-W348L mutant) obtained in Example 5 was digested with Xho 1, and
then a fragment containing the mutation was separated and purified from
agarose gel according to the above method.

Next, to construct “pGEX-2T(ALS-W548L, S6271 mutant)” having
2-point mutation, G1880T(S627I) and G1643T(W548L), the obtained DNA
fragments were respectively subjected to ligatien reaction. After reaction, the
total volume of the reaction solution was transformed into E. coli (strain
JM109). Single colonies that appeared on LB media containing ampicillin
were screened by PCR according to the above method, and then E. coli having a
target plasmid (pGEX-2T(ALS-W548L, S6271 mutant)) was selected.

After culturing the selected E. coli, pGEX-QT(ALS-WSKiSL, 56271
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addi tion, since pGEX-2T(ALS -wild) contained Sma | recognition sequences
(on the multicloning site adjacent to Thronbin cl eavage site of pGEX-2T,
276th and 430th sequences of ALS gene) |ocated at three positions
separately, partial digestion was perfornmed in a short tine. After
reaction, the reaction solution was subjected to agarose gel

el ectrophoresis, a band corresponding to the plasmd wherein only the
430th Sma | recognition sequence of ALS gene had been digested was excised

and col'l eghgdyand Jdien P%Hsjnfdc?éh S 1aB00: yﬁg R0 DNhe& Cabofiand Fufibh! cat o

Kit to renbve enzyne and protein. Fin ,_the purifi product was’ el uted

with 50 | mEXtﬂGAEsdﬂsm,zg@zwtxﬁﬁmnﬁhivﬁasAar%es{eddi\ﬁ%t@&/ IMarld then
partial | y-di gest ed pGEX-2T-wi | d type ALS cDNA fragnent, C512A(P171H)

mut ant DNAafrtialdyredigedtad i wgh SSmal 1 stierelyntostruttisg tgGBR-2TEAL S SWSH 8L,

obt ai ned by the above method, and C514A( Rl?%S%{ mut ant DNA fragnment were

| i gated byb&R7dtand@atldwherchod. parhorifgpm 2he 430p] amsanildeeognisioni ssguencenint ant
ALS gene i ndependently having only C512A(,P17 ation bt ai ned by the
ot | s AR L TeGGE Sn SHaERbon (AT ALS BT Mk bab ety Sobp e

cont ai ni ng; tapt.; AL i V] n 12S

mut ati on iql escr%?btgg ggﬁgg‘xgg‘?ﬁf?&gﬂ%@ hn{l}?%lﬁt kr}égm%%gﬁg?%g?,)%. col i
(strain JMER1eV@syds' ferdraidie dhsiebf kohsirabfhe VOpIRARId WontBiLaGlion
solution. Single colonies that appeared on LB nedia containing anpicillin
wer e screemgdnby PCRIZA(RE TTaDA@t oA TOW 248 1)0GT 8RO BSG2E] et oHS socDWAat E.
coli transfornmed w tQ@pGEX 2T(ALS. P .17 ) and E. coli transfornmed

1 H
St h b aobsd f P AT AN PhETE: BE48s S6271 b dn B hoal o of
2- i nt t t 12ALP171H) / 14A( R172S).) AL \ i f
pGE?(I- gT rrnét ginni rfé’?ﬁ‘ﬁ&/)&@“ Wanﬁﬁémfera %%%rpﬁﬁlﬁ%%ﬁgﬁifaﬁfﬁbg 8 this

vector Syredestaht) %ﬁ Q;(!hmne%hﬁﬂﬁr todhd %@étﬁﬁé HEXamiA&6R172S) ) ALS  CDNA,

and construction of "pGEX-2T retaining the ALS cDNA are described using
Fig..23.

[Example 10] Expression of mutant ALS protein

E. coli transformed with pGEX-2T(ALS-wild) constructed in Example
3(5), E. coli transformed with pGEX-2T(ALS-W548L mutant) constructed in
Example 5, E. coli transformed with pGEX-2T(ALS-S6271 mutant) constructed
in Example 5, E. coli transformed with pGEX-2T(ALS PI171H mutant)
constructed in Example 6, E. coli transformed with pGEX-2T(ALS R172S
mutant) constructéd in Example 6, E. coli transformed with pGEX-2T(ALS
P171H, R172S mutant) constructed in Example 7, E. coli transformed with
pGEX-2T(ALS-P171H, W548L mutant) constructed in Example 8, E coli
transformed with pGEX-2T(ALS-P171H, S6271 mutant) constructed in Example
8, and E. coli transformed with pGEX-2T(ALS-P171H, W548L, S6271 mutant)
constructed in Example 9 were respectively shake-cultured (pre-culture) at 27°C
in 2 ml of LB liquid medium containing ampicillin. These types of E. coli
were respectively cultured in 250 ml of LB liquid medium containing ampicillin
using 1 ml of the pre-culture solution. After culturing overnight, 1 mM IPTG
was added to the media, and then culturing was performed for a further 3 to 4

hours, so that the expression of GST fusion protein was induced. In addition,
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.53 2-point nutant (C512A(P171H)/ C514A(R172S))ALS cDNA was synthesized by

PCR using as a tenplate the genom c DNA extracted fromGa |ine, according
to the method described in Exanple 6 above. Specifically, PCR was
performed using as a tenplate the genomic DNA extracted from&G line, and

a primer set of ALS-Rsp6 and ALS-Rsp4, thereby anplifying a DNA fragnent
described as "PCR-8" in Fig. 23. Then, the anplified DNA fragnent was
ligated into pT7Blue T-vector, followed by digestion with Acc I and Sma I,

t her eby Og?ﬁkggq’egﬁaﬁﬁ%%bﬁé%ﬁa%é? ) mutant DNA fragnent. Next, as

shown in Ace geste rtially-digested pGEX-2T-wld

type ALS cDNA fﬂ’@%ﬁﬁmﬁ RBed pehERAGH 6F AL CBrbANERESES) r re
| igated by a standard ?rlet hog. Tlhus, pGEX- 2T( ALS P171H?rerplgl%%e%a%) was

const r uct éalloWwing methodsi ity titeopdieanyfltbe branEforannt E tcpangbmdngd goPCh
pCEX- 2T(ALS P171H, R172S_ mutant) was prepared. [Exanple 8] Synthesis of
2- poi nt nittagruspendsdoin AL P ¢¥tractimasniimaGorassinm mggqtplbmﬁe)r/(@{ 7.5)

1880T(S6271)) ALS , t] f -2T tainj t he, ALS cDNA,

and 1 1 ansFOVLTRE BP0V SR it b3t Y DEETS | SRreHaES. o Bopefibemut ant
C512A(P1 4 P17 / 62741).) ALS., cDNA,

gand cogst rgll]'j?%f %@%ﬁ a%%(ﬁ%)‘lpéfr%gto gﬁﬁ%%ﬁgﬁ? #eg(b;@ occ;fl [Sklg%gléq(é%d%oslg?}%ﬁ'ed]ﬁgi ng

Fig. 24. RidpehsioaCE¥a? TEMAEWBA8b uMHaRdat Rt A(ENEA 19Y AP G A S
digested with Ace | and then partially digested with "Smmma | according to
the neth8dnohtEXMRLERSmisw abip, @utpuiseomdsdled,i onenfal af pyiproHima4telgnl t he
430'x'"  Sma |  recognition sequence to ACC | recognjtion sequence of ALS
gene. Nex#econds EwWigsrdfuerongrgcaship appsebiecred i camrifreaiiprent | Jilbaged in
Exanpl e 6 r Lgat e sQ .t hat | asmi.d describhed as pGEX-2T(ALS-P 171
e L e tore 70 SRy ek cBifaRR M shBSTA A cRde eime

(C512A( Pl dhidib@1643T(Wh48L)) ALS cDNA was construct ed.

Thus, 9 types of crude enzyme solutions containing any one of GST
fusion wild type ALS protein, GST fusion W548L mutant ALS protein, GST
fusion S6271 mutant ALS protein, GST fusion P171H mutant ALS protein, GST
fusion R1728 mutant ALS protein, GST fusion P171H/R172S mutant ALS
protein, GST fusion P171H/W548L mutant ALS protein, GST fusion P171H/S
6271 mutant ALS protein and GST fusion PI171H/W548L/S6271 mutant ALS

protein were prepared.

[Example 11] Herbicide sensitivity of mutant ALS protein

Herbicide sensitivity of the wild type ALS protein and that of mutant
ALS protein were examined using the 9 types of crude enzyme solutions
obtained in Example 10. Herbicide sensitivity test was performed according to
procedures almost the same as those in Example 2. However, in this example,
reaction temperature was 37°C, reaction time was 30 minutes, and 10 mM
valine was added to the reaction sojution to inhibit ALS activity derived from E.
coli. Further, three types of herbicides, bispyribac-sodium,
pyrithiobac-sodium, and pyriminobac, were used as PC herbicides;

chlorsulfuron was used as a sulfonylurea herbicide; and imazaquin was used as
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Meanwhi | e, using pGEX 2T(ALS-S6271 nutant) obtained in Exanple 5, . 54 .

I nstead of pGEX 2T(ALS -Wh48L nutant), a plasm d (described as

"pCEX- 2T(ALS-PI 71H, S6271 nmutant)" in Fig. 24) containing 2-point nutant
(C51 2A(P171H)/ A 880T(S6271)) ALS cDNA was constructed simlarly. Further,
in a manner simlar to the nethod of Exanple 6, E. coli was transforned
using these pGEX-2 T(ALS-P17IH, Wh48L nutant) and pGEX-2T(ALS-PI71H S6271
nmutant). [ Exanple 9] Synthesis of 3-point nutant

(ol 2 PLIA AEARHOOABLILE, SSTKSOTAL)agic® GONRYa ORBST BRELAN B

pCEX- 2T retaining t transtormation o coI

vect or Syndonessss @f el Herbivideanta ueous solutions for bispyribac-sodium and
(C512A(P171H)/ G 643T(Ws48L) / GL880 ( 6271)) ALS cDNA, and construction of

PGEX- 2T r ghyaithietgctdvidsuro DidAd aacetalees solubied s ulirngthier dierBiidds) rat a @ffag pGEX
2T(ALS-S6271 mutant) obtained in Exanple 5 was digested wwth Xho |, BAP

t r eat ment m@epféa%m meede #dded dmﬁgthtedeacts@raﬁthrtwns{reﬂm@dinaheomceammm| ng to
t he above get gene fragnment (on the vector side) was

separ at ed g‘ﬁ’rel‘?’?% %rom agar ose gel . Further, pGEX 2T(ALS W648L

nutant) obt ai neded,nfX AR S opas ik 085 H@%%@&S@g > iy L0 fy agment

contai ning the nmutation separ ated rom agarose

accordi ng Hlélp)trblﬁhcamq@rnnﬁtsfh@dﬁn iNeFilgs. 26 an@st ra%etTab@@EXnaﬁﬁmo% é{éﬁﬁ% S6271
nmutant)" having 2-point mutation, G1880T( 86271) and G1643T(Wb48L) t he

obt ai ned DiYApy1fithagbaensadiwerie sﬂlewmemtTabéé yt Os ildjibtteedadtiovity ‘qyatpyﬂmmebm i on.
After reaction, the total_ volune of the reaction solution was transforned

into E. cdfishewprig; Feblg Mogbhlblgloﬁgqcéw%l%P@@Wﬂ&tmapﬁéh@‘éﬂ isnabl: dRdi a

cont i i g AR Ae VS Sy L8050 1PXER 85uRI 10 to the above nethod,

In Tables 9 to 13, inhibition activity by each herbicide is represented by
a herbicide concentration (I50) which causes 50% inhibition, when 50%
inhibition is obtained at a concentration tested, and is represented by
inhibition % at the highest concentration among the concentrations tested, when
50% inhibition could not be obtained. Further, in Tables 9 to 13, predicted RS
ratio refers to the RS ratio of a mutant ALS protein having multiple mutations,
which is a combined RS ratio normally predicted from each RS ratio of mutant
ALS proteihs independently having a mutation. That is, the predicted RS ratio
refers to a synergistic effect normally predicted from a combined RS ratio of
mutant ALS proteins independently having a mutation. Specifically, the
predicted RS ratio of a mutant ALS protein having multiple mutations was
calculated by selecting RS ratios (for all the mutations corresponding to the
multiple mutations of this protein) of mutant ALS proteins respectively having
only one of the mutations, and then multiplying the selected RS ratios. When
an actual RS ratio exceeds the predicted RS ratio of a mutant ALS protein
having multiple mutations, this protein has resistance exceeding the synergistic
effect (resistance) predicted from a combined resistance of mutant ALS proteins

independently having a mutation.
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target plasmd (pGEX-2T(ALS- Wh48L, S6271 nutant)) was sel ected. After
culturing the selected E. coli, pGEX-2T (ALS-Wh48L, S6271 .55 nutant) was
constructed according to the above nmethod. pGEX-2T(ALS-Ws48L, S6271

mut ant) was digested with Acc I, and then partially digested with Sma I,
t hereby constructing pGEX- 2T(ALS-Wh48L, S6271 nutant) wherein a portion
fromthe 430°i' Sena | recognition sequence to Acc | recognition sequence
in ALS gene had been del eted. Subsequently, ligation of this pCGEX-2T and
Co512A( P17 X, e rgut ant fragment prepared in Exanple 6 was perforned, thereby
constructi ng nlasm d _containi ng 3- nm nt mut ant

(C512A( P171H) /Pda%@aqtewsu@rz) / GL88OIF0IEDN) ) ) RALgtioDNRredidtedc Rbeaticpredicted
"pGEX- 2T(ALS-P171H, Wh48L, 56271 nutant”" in Fig. 2RSS réiw t R ratlo. coli was
transf or madildsypeg pCGEX-2 T(ALS- P17LBD63INBA8L,  S6271 nutant) in a manner

simlar t@lb@ﬁ]%{e{ﬁ?d of Exanple 64 dsbxanpl e 46] Expression of mutant ALS
ransformed with p -

pr ot ei n E T( AL I d) constructed in Exanple
3(5), a}cﬁst‘?"é & ormed with p ( ALS- %B%L mut ant) constructed in

Exanpl e ' 5 WH48lgotutant ansf or med vvith3-|SGEX-2 T(30s- S6271 nutant) constructed
i n Exanpl 863271 E,utglﬁli t ransf or rer Wi ]E)GEX gll(f\hs P171;Tzrxtgnt)

construct : co i Lramsfornme

nmut ant) c%ci ﬁﬁ%@hﬁlt%}t EO"%?:O“ tran\sg':c orng th pGEXR%H%giLS
P171H, Rl%é%lﬁﬁ AT IBlﬂfﬁ'@fruct é@ﬁ%ﬁnéﬁgﬁb’ie 12080 ¢014500r ansf or med-3ni

pGEX- 2T(AP$7PHTSL627I B8t nutant) c@hstruct ed70® Exanpt@ 8, E. coil

t ransf or med 79y W sREES FIALS- P 11144 5n Hooph? 73 18D0@NT ) 1 9post r uct ed gl gg4Exanpl e
8, and E. gLt transformed with pGEX-2T(ALS- P171H, We48L, 56271 nut ant)

constructed T Exanpte § were TespectTvely stake-cuttured—{pre-cut-turey—at
27C i n 2 mM of LB Iliquid nediumcontaining anpicillin. These types of E.

coi | ﬁ Blesrl)SCt' vely cultured in 250 m of LB liquid nmedium contai ning
anpicilli
ALS protein type I50 (pM) RS ratio  Predicted RS ratio/predicted
RS ratio RS ratio

Wild type 0.011

P171H mutant 0.037 3.4

R1728 mutant 0.011 1

W548L mutant 41% in 100pM  >9100

56271 mutant 2.2 200

P171H/R172S8 mutant 0.14 13 3.4 3.8

P171H/W548L mutant  20% in 100uM  >9100 >31000

P171H/S627]1 mutant 9.4 850 680 1.3
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using 1 m of the pre-culture solution. After culturing overnight, 1 nM

| PTG was added to the nedia, and then culturing was perfornmed for a
further 3 to 4 hours, so that the expression of GST fusion protein was

i nduced. In addition, -56 the cells were stored at -80C after washi ng.
Preparation and purification of ALS fromE. coli were perforned by the
following nethod. First, the pellet of the transformant E. coli stored at
-80C  was suspended in ALS extraction buffer (potassium phosphate buffer
(pH 7.5) Teemn aining 30 % gl ycerol and 0.5 mM MgC12) . Specifically, 2.5 nl

of the buJ—LeJ—vas—addad—t-@—t—heﬁal—Lat—abt—aLued from S50 m of the culture
sol ution. TheLSskiofdRdyem was $¥blebed t RYUFEHasoritediciesh R¥ezatio/predicted
Systens-U trasonics. Sonicator W225R,_ nicro chip, RSuapat &dhtatml 8,

i nterval dVildppsoxi mately 1 sedo@® tw ce (40 seconds each)), and

subj ect edpthlgam][dnftugati on at 15@@10 X g, 4€ for 20 m nutes, thereby

obt ai ni ngIg S)’fiﬁfar Lpatant as a ﬁl’ld) 8 enzyne Iut| on. Thus, 9 types of
crude enz gslg I'ons cont ai ni n ny one fusion wild type ALS
protein, SFEAMNB48L nut ant S pr ot el GST fusion S6271 nutant ALS
protein, G827 usitert P171H nutant 8.S prot ei2800GST fusi on RL72S nutant ALS
protein, GFFIHURIDES Riutddd R172 9.0dlt ant ALSS5.protein, ST fusiong.gs

P171H V\54&I;7qut/w3t43ﬁLr§u@§.,@t el oy, ions H'S mut ant protein
and GST f u 7 ﬁ{}%ﬁ? lgﬁ-ﬁoftj.tlﬁt %1@01)19 %%re prepa%_

[ Exanpl e 1 2) a : Herhi ciT
sensitivity of the vmld type- ALS prote| n and that of mut ant ALS prote| n
were exam ned using the 9 types of crude enzyne solutions obtained in
Exanpl e 10ableedBicide sensitivity test was perforned according to

procedur eSTal R Hfdi6in PE_as TNoRRy arrpkgrét %H%tedlﬂstlll s—exanpt e,
reaction terrperatﬁre was” 37C, reactlg'nwrxne was WR@JIta%% %n%/predmd

RS ratio

Wild type 0.013
P171H mutant 1.1 85
R1728 mutant 0.011 0.85
W548L mutant 9.9 760
56271 mutant 0.031 2.4
P171H/R172S mutant 5.5 420 72 5.8
P171H/W5481 mutant 16% in 100pM  >7700 65000 >0.18
P171H/S6271 mutant 9.9 760 200 3.8
P171H/W548L/56271 30% in 500pM  >38000 160000 >0.24
mutant

- 60 -



valine was added to the reaction solution to inhibit ALS activity derived
fromE coli. Further, three types of herbicides, bispyribac-sodi um
pyrithi obac-sodi um and pyri m nobac, were used as PC herbi ci des;

chl orsul furon was used as a sul fonylurea herbicide; and i nazaqui n was used
as 57 an irnidazolinon herbicide. Before the addition of nmutant ALS
protein, the solutions of these herbicides (aqueous sol utions for

bi spyri bac-sodi um and pyrithiobac-sodi um and acetone solutions for other
her bi ci desp,@d 1@ certain concentration were added into the reaction

sol uti ons—The final concentration of acetone was 1 % Far the 9 types of
crude enzyme SSLBPFYSE tYiPRhi biti odS@EkM)i ty By rabiospyre¢diatedsdtB um i s shown
in Figs. 26 and 27, and Table 9, inhibition activity RByatyr irbthé/pbaiietzadi um
is shown in Table 10, inhibition activity by pyrimnobac iRShsn in

Tabl e ll,vvnbh?péion activity by chlppsulfuron 1s shown I'n Tabl'e ITZ, and
inhibitioqng Hﬁ#%ﬂby i mazaqui n i3;§homn in F%ble 13. In Tables 9 to 13,
inhibition activity by each herbicidé is represénted by a herbicide
concent r at o S(MBEPt whi ch causes 50%3 nhi bition, when 50% inhibition is
obt ai ned W348komgentt r ati on t est 6%, inal@0M représented by inhibition % at

t he hi ghesis2gonagadtr ati on anong t he gpncentratg@ns tested, when 50%

inhibitio bt ai ned. Furgher, in Tgbles 9.to 13, predi.cted RS
ratio ref%?ggﬁgﬂ % q?gtio of a nﬁ%%nt ALS pk tein héﬁfng nultigﬁ%
mut at i ons X' 170RY ¥ HE BUEBhbI ned1#¥ watdWMor mel4y predPé8ed from each RS

rati o of MIfahyS6XSnptant ei ns i ndepeldent |y ha¥2ng a mittati on. That2 is, the
predi ct ed PR31HasagIredens to a1§%r§%rgj0§lq\hc efsfggct norgglgl y predicted from
a conbi negy\Re atio of nutant ALS proteins independently having a
mut at i on. —Specificalty, the predicted RS Tati o of a nutant—ALS—protetrn—
having multiple nmutations was cal culated by selecting RS ratios (for all

e el LonS e PR bl TH LIPAGCRBLA RIS s bl S Protern) of

mut ant ALS prot el'ns
First, data of inhibition activity by bispyribac-sodium (Table 9)

revealed the following:

Among mutant ALS protein coded by the 1-point mutant genes (P171H, R172S,
W548L and S6271), W548L mutant ALS protein showed the highest resistance
to bispyribac-sodium (RS ratio: 520). 86271 mutant ALS protein or P171H
mutant ALS protein also showed high resistance (RS ratio: 41 and 8.7,
respectively), but R172S mutant ALS protein showed resistance only equivalent
to that of wild type ALS protein (RS ratio: 0.98). These results revealed that
P171H mutation, W548L mutation and $627] mutation in ALS protein are
mutations effective in enhancing resistance to bispyribac-sodium. Further,
R1728 mutation in ALS protein was shown to be a silent mutation.

On the other hand, among mutant ALS proteins coded by the 2-point
mutant genes, P171H/W548L mutant ALS protein showed the strongest
resistance to bispyribac-sodium (5.5% inhibition in 100 uM, and RS ratio:
>15000). P171H/S6271 mutant ALS protein also showed strong resistance to
bispyribac-sodium (RS ratio: 3700). The degree of resistance of P171H/R172S

mutant ALS protein was approximately the same as P171H mutant ALS protein.
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only one of the nutations, and then nultiplying the selected RS rati os.
When an actual RS ratio exceeds the predicted RS ratio of a nmutant ALS
protein having nultiple nutations, this protein has resistance exceedi ng
the synergistic effect (resistance) predicted froma conbined resistance
of mutant ALS proteins independently having a nutation. Table 9 ALS
protein typel50 (VM RS ratioPredicted RS ratio/predicted RS ratio RS ratio
WIld type0.0063 P171H nutant 0. 0558. 7 R172S nut ant 0. 00620. 98 Ws48L

3.3 2 2S. : .68, 50,
T g e e G R e P

mut ant 233709360k0 RAFai¥dBa4Bhs SERTstanck. tdl b%g iBacObdMnn 1699DIR000050. 084
nmut ant Tabl e 10 ALS protein typel5 0 (FtM ratio Predicted RS

rati o/ predvbered OREM, atnidoRBSatiat Sd 50000 tippabiitad, RitddHresultarndfOhé8i%3dd R172S
mutant 0, 0111 Wh48L nutant41%in | 00~LM >91 00 S6271 nutant 2. 2200

P171H Rl 7 X9SCrRGERHISE Opgvhigh4hese results were based are shown in Figs. 26 and 27.

For the 2-point and 3-point mutations, the predicted RS ratios and
actual RS ratios were compared. RS ratios of P171H/W548L mutant ALS
protein and P171H/86271 mutant ALS protein were significantly higher than the
predicted RS ratios (the ratio of the RS ratio to the predicted RS ratio was
remarkably larger than 1). These results revealed that these two 2-point
mutant genes (the gene coding for P171H/W548L mutant ALS protein, and the
gene coding for P171H/S6271 mutant ALS protein) impart resistance against
bispyribac-sodium to ALS protein which is stronger than an additive effect
predicted from the degree of each resistance of the 1-point mutant gené.

Next, inhibition activity by pyrithiobac-sodium (Table 10) revealed the

following:
Among mutant ALS proteins (P171H, R1728, W548L and $627I) coded by
I-point mutant genes, W548L mutant ALS protein showed the strongest
resistance to pyrithiobac-sodium (41% in 100 pM, and RS ratio: >9100).
56271 mutant ALS protein also showed resistance (RS ratio: 200), but the
degree of the resistance of P171H mutant ALS protein was low (RS ratio: 3.4).
R172S mutant ALS protein showed resistance only equivalent to that of the
wild type ALS protein (RS ratio: 0.85). These results revealed that P171H
mutation, W548L mutation and S627I mutation in ALS proteins are effective
mutations in enhancing resistance to pyrithiobac-sodium. Further, R1728
mutation in ALS protein was shown to be a silent mutation.

On the other hand, among the mutant ALS proteins coded by 2-point
mutant genes, P171H/W548L mutant ALS protein imparted the strongest
resistance (20% inhibition in 100 pM, and RS ratio: >9100), followed by
P171H/S6271 mutant ALS protein (RS ratio: 850). Unlike the data of
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P171H W48 L nutant 20% in.] OOVLM >9100>31 000 P171H S6271

mut ant 9. 4850680 Table Il ALS protein typel50 (MRS ratioPredicted RS

ratio/ predicted RS ratioRS ratio WIld type0.008 P 171 H nutant0. 045 R172S
mut ant 0. 00921. 2 Wh48L nut ant 364500 S6271 nut ant 222800 P171H R172S

mut ant 0. 0415. 160.85 P 171 H Ws48L nutant 11%in 100M>1300023000>0.57 P 171
H'S 6271 nutant21% i n 100M>1300014000>0. 93 Table 12 Predicted RS ALS
protein typel50 (pMRS rati oRS ratiorati o/ predicted RS ratio WIld type0.013

7o oM S T SIS, B R T
100M>77ooqg@ﬁﬁaﬂ>aa&oeuﬁﬂ,lphh%@ﬂﬁzgr%%h?-@i@%%@é’an slmwav\%g}efesé?-?'
resistance higher than that of P171H mutant ALS protein (RS ratio: 13). Thus,
it was clarified that R172S mutation, which is a silent mutation by itself,
enhances the degree of resistance of P171H mutant ALS protein.

Further, for 2-point mutant ALS proteins, when a combined RS ratio
predicted from each RS ratio of 1-point mutant ALS proteins and the actual RS
ratio were compared, it was found that the RS ratio of P171H/R172S mutant
ALS protein was significantly higher than that of the predicted RS ratio (the
ratio of the actual RS ratio to the predicted RS ratio was remarkably larger than
1). These results revealed that P171H/R172S mutant ALS protein showed
resistance to pyrithiobac-sodium stronger than that predicted from the degrees
of resistances of the I-point mutant genes.

Next, inhibition activity by pyriminobac (Table 11) revealed the

following:
Among mutant ALS proteins coded by 1-point mutant genes (P171H, R1728,
W548L and S6271), W548L mutant ALS protein showed the strongest resistance
to pyriminobac (RS ratio: 4500). 86271 mutant ALS protein also imparted
strong resistance (RS ratio: 2800}, but the degree of resistance of P171H mutant
ALS protein was low (RS ratio: 5). R1728 mutant ALS protein showed
resistance only equivalent to that of the wild type ALS protein (RS ratio: 1.2).
These results revealed that P171H mutation, W548L mutation and S627I
mutation in ALS proteins are mutations effective in enhancing resistance to
pyriminobac. Further, R1728 mutation in ALS protein was shown to be a
silent mutation.

Among the mutant ALS proteins coded by the 2-point mutant genes,
P171H/W548L mutant ALS protein imparted the strongest resistance (11%
inhibition in 100 uM, and RS ratio: >13000), followed by P171H/S6271 mutant
ALS protein (21% inhibition when 100 uM, and RS ratio: >13000). For these
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30% i n 500M>38000160000>0. 24 nutant Table 13 Predicted RS ALS protein
typel50 (MRS ratioRS ratioratio/predicted RS ratio Wld type2.2 P 171 H
mut ant 3. 41.5 R172S nutant 2. 31 Ws48L nutant 16% in 100M>45 S6271 nut ant 156. 8
P171H R172S nutant 3. 91. 81. 51. 2 P171 H We48L nutant 13%in 100M>45>68 P 171
H'S 6271 nutant7132103.2 PI 71H Ws48L/ S6271 15% i n 100M>45>460 nut ant Dat a
of the above Tables 9 to 13 are described below in order. First, data of
inhibition activity by bispyribac-sodium (Table 9) revealed the foll ow ng:

Among nmut gty t t n P171H,. R172S,
Wb48L and@QGZ%?ﬁv%4gﬁLﬂ?rﬁ€ %%t% %XLdSHDg?é{]%%n&@hmm%ﬁté\Iégﬁ%}% em% rgéllcsf nce

to bispyrifsicrasiodi ad GBSl AR xatidg O)ereS6Srhparddl Ao Wbt @huid Q{otpgrng

mut ant ALS protein al so showed high resistance (RS ratio: 41 and 8.7,
respect i vellgnfiebuvh®Rbep Sesistaant stloSgpr ohan rthe hesistarrces pididied Hohy the

equi valent. to that of wild type ALS protein (RS ratio: 0.98). These
results réi\?éaqeécpftlﬁﬁﬁtanpisiﬁ-le?ﬁlﬂt kPP mytBaBeenfsatiosm. and S6271 nutation in

ALS protein areNext, mhibition activity by chlorsulfuron (Table 12) revealed the

following:
Among the mutant ALS-proteins coded by 1-point mutant genes (P171H, R1728S,
W548L and S6271), W548L mutant ALS protein showed the strongest resistance
to chlorsulfuron (RS..ratio: 520). P171H mutant ALS protein showed
- relatively strong resistance (RS ratio: 85), but the degree of resistance of S6271
mutant ALS protein was low (RS ratio: 2.4). RI172S mutant ALS protein
showed resistance only equivalent to that of the wild type ALS protein (RS
ratio: 0.85). These results revealed that P171H mutation and W5481 mutation
in ALS protein are mutations effective in enhancing resistance to chlorsulfuron.
Further, R172S mutation in ALS protein was shown to be a silent mutation.
Among the mutant ALS proteins coded by 2-point mutant genes,
P171H/W548L mutant ALS protein imparted the strongest resistance (16%
inhibition in 100 pM, and RS ratio: >77A00), followed by P171H/S6271 mutant
ALS protein (RS ratio: 760). Unlike the data of inhibition activity by
bispyribac-sodium shown in Table 9, in the case of chlorsulfuron, P171H/R1728
mutant ALS protein showed a degree of resistance (RS ratio: 420) higher than
that of P171H mutant ALS protein. Thus, it was clarified that R172S mutation,
which 1s a silent mutation by itself, enhances the degree of resistance of P171H
mutant ALS protein. Further, P171H/W548L/S6271 mutant ALS protein also
imparted strong resistance (30% inhibition in 500 uM, and RS ratio: >3800).
For P171H/R172S mutant ALS and P171H/S6271 mutant ALS proteins,
predicted RS ratios and actual RS ratios were compared.  For both proteins, the
actual RS ratios were significantly higher than the predicted RS ratios. These

results revealed that P171H/R172S mutant ALS protein and P171H/S627]
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mut ati ons effective in enhancing resistance to bispyribac-sodium Further,
R172S mutation in ALS protein was shown to be a silent nutation. On the
ot her hand, anong nutant ALS proteins coded by the 2-point nutant genes,
P171H Wh48L nutant ALS protein showed the strongest resistance to

bi spyri bac-sodi um (5. 5% inhibition in 100 M and RS ratio: >15000).
P171H S6271 nutant ALS protein also showed strong resistance to

bi spyri bac-sodi um (RS ratio: 3700). The degree of resistance of

P171H RI 72 t PO H gut ant
ALS protei lﬁm%ﬁglﬁgﬁr ?h(eﬁrem %qug{ivlgl?mv\%}l&/ Sé:'Z);(IIJ na{rlngj%%]ﬁlp& sﬁ{@&%zu ﬁjﬂ a& by

the 3- poi niredlstahfrongtiredaprsa dimRsistedes bf 0fdh 1 99ist A0t kene
bi spyribac-sodium (1. 1% inhibition when 100piM and RS rati o >15000). In

addi tion, actualNestsdlatas obfntibithincadevityd byelmazsgoins €Taiie W) alvedled ghe esul t s
were based_are .shown in Fi gs. 26 and 27. For the 2-point and 3-point
mut ati ons foﬂ‘?@‘”bgedl cted RS ratios and actual RS ratios were conpared. RS

brot o n wermOEE g rdtam RS Sod he P Cartit eones B1THL Rl at o
of the RS yaukp alngaffé'ﬁglﬂl\gtgh fﬁ%tgxﬁ Ai; Pro¥én slﬁ%@gr‘cﬁépﬁé{né& ?% sttagﬁn 1).

These results reve ese two pol nt mut an ene

codi ng f ortoRinkkhtdiNE4 8L imﬂ@@ﬁ_tMLﬁlchgtﬁh& >38yl t@@zn%nean@q@,@%r&efn P 17l
H/86271 mutant ALS protein) inpart resistance against bispyribac-sodium

to ALS prcilgd showed hesistages ORGertiohah), amtakidi tH weutedf A&LS ppotedi shaded rom

the degree_of each resi stag&g of . the 5 poi nt _mutant gene. Next, inhi b|t| on
activity B85t inohiohEenSodREnTAIRbE €)10)R Fdde BrEant H‘ELS fRIPIGRI Shpweshp

mut ant gensa g, tdbren & ffriorall Wtk A1 RES BrhsTR RS Ao Frs
pyri t hi obamesedbstNs(1448alem t1AOWB4M, m@AHoRAnt &d291 nﬁ%ﬁQﬂ ) in AT filotBt ant

ALS protein al so showed resistance (RS rati o: 200) but e
are mutations effective in enhancing resistance to imazaquin. Further, P171H

mutation and R1728 mutation in ALS protein were shown to be silent mutations
against imazaquin.

Among the 2-point mutant genes, P171H/W548L mutant ALS protein
mmparted the strongest resistance (13% inhibition in 100 uM, and RS ratio: >45),
followed by P171H/S6271 mutant ALS protein (RS ratio: 32). The degree of
resistance of P171H/R172S mutant ALS protein was almost the same as that of
pl71H 1-point mutant gene. Further, P171H/W548L/S6271 mutant ALS
protein also imparted strong resistance (15% inhibition in 100 pM, and RS
ratio: >45).

For these 2-point ALS mutant proteins and 3-point ALS mutant protein,
predicted RS ratios and actual RS ratios were compared. The RS ratio of
P171H/S6271 mutant ALS protein was significantly higher than the predicted
RS ratio (the ratio of the actual RS ratio to the predicted RS ratio was clearly
larger than 1). These results revealed that P171H/S6271 mutant ALS protein
showed resistance to imazaquin stronger than that predicted from the degrees of
resistances of each 1-point mutant gene.

Industrial Applicability
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degree of the resistance of P17lH nutant ALS protein was |low (RS rati o:
3.4). R172S nutant ALS protein showed resistance only equivalent to that
of the wld type ALS protein (RS ratio: 0.85). These results reveal ed that
P 171 H nutation, Wh48L nutation and S6271 nutation in ALS proteins are
effective nmutations in enhancing resistance to pyrithiobac-sodi um
Further, R172S nutation in ALS protein was shown to be a silent nutation.
On the other hand, anong the nutant ALS proteins coded by 2-point nutant

Pl 71H Wb : t
(20% | nhi bi 11 on Tro 08 ant ol R0V %, MR Vi ERRER by Bl 67

mut ant  ALSopit firmaceRFactatel @ntl%@)shouﬁh%_ﬁgoﬂ hesidhnae % vaﬁ%uh 'mﬂﬂhfdegn
activity by bispyribac-sodiumshown in Table 9, in the case of

pyri t hi obav-zsethlastateRyntiMsRPTSImTuedst bAUS gemr, @i recsibivenht ¥edegteei

resi stance hi gher than that of P171H nutant ALS protein (RS ratio: 13).
Thus, it tRE@EcRS: &F@n%&rmﬁﬁtiaﬁm@eﬁm%bmm \Wt@n 4 plaat Saviegtthmgeaei on by

itself enhanc t he de res stan ?1H nmut ant ALS protein.
Furthor . FapeBeb i RabdiEe xide F34 & 8 1655 AdtIRE ANt ol

predlcted r f |nt nutant ALS proteins and the actua
RS ratlou3£%gh§%%ggﬁgaEéf?ﬁaggn%ggﬁd that the RS ratio of P17IH R 72S
mutant ALS protein was significantly higher than that of the predicted RS
ratio (the ratio of the actual RS ratio to the predicted RS ratio was
remar kabl peliaengerlisting Frdg Texthese resul ts reveal ed that P17I H R172S nut ant

ALS protei i.stance to pyrithiobac-sodi um stronger than that
predicted82¥%ﬂ$%ﬁﬁsdé égéep%ﬁemé§F§P§nces of the | -point nutant genes.

Next , inh'T%%lS%ﬁ??EQlt {eg%sré%psag c(Ta(gorlti 11) reveal ed the

follomnng i Ais "coded poi nt nutant genes (P171H,
R172S, Wh48L and S6271) , VB48L mut ant ALS proteln showed t he strongest
resi stance
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to pyrimnobac (RS ratio: 4500). S6271 nutant ALS protein also inparted
strong resistance (RS ratio: 2800), but the degree of resistance of P171H
mutant ALS protein was low (RS ratio: 5). R172S nutant ALS protein showed
resi stance only equivalent to that of the wild type ALS protein (RS rati o:
1.2). These results revealed that P171H nmutation, W48L nutati on and 56271
mutation in ALS proteins are nutations effective in enhancing resistance to
pyrim nobac. Further, R172S nutation in ALS protein was shown to be a
silent MUt P cIARED; s he nutant ALS proteins coded by the 2-point nutant
genes, P171H Ws48L mutant ALS protein inparted the strongest resistance
(11% inhibition in 100 M and RS ratio: >13000), followed by P17l H S627I
mutant ALS protein (21% i nhibition when 100 }LM and RS ratio: >13000).

For these L.@BgPng1whiciBodes fartthntfolldwSimmbteiREL Y G6R271 nut ant ALS

pr ot ei ns, gedi cted RS ratios and actual RS ratios were conpared. However,
it could be? PEIIE FORSIStiiePhén #BHICs peifcteqdienemgéranyhame tlfSE@SiBt ance
predi ct ed fromtag, dgggeesd @f resi stances of each | -point nmutant gene is
shown. Next, inhUbieton@ ity by chlorsul furon (Table 12) reveal ed the

fol | ow ng: AN - AL S . pr.ot-ej : - ROi.Ng._nut.ant _genes
(P171H, R1(173§S, rhg@\%ﬂ%f%’%%é@?% aﬂ\?@ﬁ@h%ﬁ%&&% ‘Jperrfc)}’teéii ﬁO%ﬁweam?fwe
strongest resi scieequenoe ohkay DuefoafrSHQIBSNOS: MY &, 288®) by Rubsifrhribh Mut ant
ALS protein showed Trelatively strong resistance (RS rati o 853" Ot t he
degree of resi gted¢tton of adsBiion of ptileast old Br provt @iminvasidsohvaf RSistahédio 2. 4) .
R172S nmut ant ALS prtot gi showed resistance only equivalent to that of the
‘wild type ALS g ré'ﬂﬁ%ﬁscaf XY Berbeeigds, andhassacei@laglatessyihesy adivtityat P171H
mut ati on and Wb48L mutation in ALS protein are nutations effective in
enhancing resi stance to chlorsulfuron. Further, R172S nmutation in ALS

protei n was AshadiolabtabesyhtBddeqitbtethll WhicBs coded by the gene of claim 1.
3. A recombinant vector, which has the gene of claim 1.
4. A transformant, which has the recombinant vector of claim 3.

5. A plant, which has the gene of claim 1 and has resistance to a pyrimidinyl

carboxy herbicide.

6. A method for cultivating the plant of claim 5, which comprises cultivating

the plant in the presence of a pyrimidiny! carboxy herbicide.

7. A method for selecting a transformant cell having the gene of claim 1, which

uses the gene as a selection marker.
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Anong the nutant "ALS proteins coded by 2-point nutant genes, P171H W48L
mut ant ALS protein inparted the strongest resistance (16% inhibition in
100 M and RS ratio: >7700), followed by P171 H S6271 nutant ALS protein
(RS ratio: 760). Unlike the data of inhibition activity by

bi spyri bac-sodi um shown in Table 9, in the case of chlorsulfuron,

P171H R172S nutant ALS protein shobEENCHegrsddN6f resi stance (RS ratio:
420) higher than that of P 171 H nutant ALS protein. Thus, it was
clarified that R 172S nutation, which is a silent nutation by itself,
enhances the degree of resistance of P171H nutant ALS protein. Further,
Pl?lFVVﬁZSQPSﬁﬁﬁﬁlnﬁﬁﬂmﬂmhLQﬂﬁﬁaﬂﬁiﬁlalé@D i mparted strong resistance (30%
i nhibition in 500 and RS ratio: >38Q0). For  PI71H R172S nutant ALS and
P171H S6271 miatdenahliesiibuee s, AspeliglegierRSCigns®ds and actual RS ratios
were conpared. For both proteins, the actual RS ratios were significantly
hi gher than the predicted RS ratios. These results reveal ed that

P171H R tant ALS protein and Pl 71H S627 -64 nmutant ALS protein
showed r%épgtguﬁ@ et6°(Jc_lmgoif§{llaf°t?ﬁ8ﬁg%cttta&ﬁ§§¥t 1974R%t hat predicted fromthe
degrees of resistances of each |-point nutant gene. Next, data of
inhibition activity by Imazaquin (Table 13) revealed the follow ng: Anong
t he nut &f coded by I-point nmutant genes (Pl7lH, RI72S,

Wb48L aﬁg%g§§§kﬁ?9%@%§f mut ant ALS protein showed the strongest resistance
to imazaquin (14%in 100 M and RS ratio: >45). S6271 nutant ALS protein

al so showed resistance (RS ratio: 41), but P 171 H nutant ALS protein
showed <abkopsip roopeg@tiance (RS ratio: 1.5). R172S nutant ALS protein
showed resistance only equivalent to that of the wild type ALS protein (RS
ratio: (198).200Phese23 esults reveal ed that Wh48L nutation and S627I
mutation in ALS protein are nutations effective in enhancing resistance to
i mzaquin. Further, P 171 H nutation and RI 72S nutation in ALS protein

were shown to be silent nutations
{160> 34

<170> PatentIn Ver. 2.0

210> 1
<211> 2301
<212> DNA

213> Oryza sativa var. kinmaze

220>
221> CDS
222> (48).. (1979)

<400> 1
cccaaaccca gaaaccctcg ccgecgecge cgecgecacce acccace atg get acg 56
Met Ala Thr

1
1/56



agai nst imazaquin. Anrong the 2-point nutant genes, Pl 71 H Wh48L nutant ALS
protein inparted the strongest resistance (13% inhibition in 100 M and RS
ratio: >45), followed by P171H S6271 mnutant ALS protein (RS ratio: 32).
The degree of resistance of P171H R172S nutant ALS protein was al nost the
sane as that of p 171 HI -point nutant gene. Further, P 171 H Wh48L/ S627I
mut ant ALS protein also inparted strong resistance (15%inhibition in 100
M and RS ratio: >45). For these 2-point ALS nutant proteins and 3-point
ALS nut ant guootgegngee predged @dcRx g attigoscangtcagttadcgRecE agd0saper €104
conpared. The RS ratio of P171H S6271 nutant ALS protein was significantly
hi gher Thamlahdlprild dledAlRB8lratio Leuh8er dtliaoAbd AlleeThrtAld LRS ratio to
the predicted RS ratio was clearly larger than 1). These results reveal ed
that P17IH S6271 nutant ALS pdBtein showed resi%tance to inmazaquin
stronger than that predicted fromthe degrees of resistances of each |

-poi nt nmutant gene. Industrial Applicability .65 As described in detail

above, the present invention can provide a gene coding for acetol actate
synt hasBCSHfi R8T R 2PEsFAL SABECED CRar FRUSE Ref bl GCGe8Ct &7 486t ollaet ate

synt has rotein coded by, th ene, reconpi,nant vector havi t he gene,
a trans?%f t AR& 'Ynsgﬂtsﬂeﬂlrsegégrﬁ?%ﬁﬁsvgﬁ %,1 e‘blpé"ﬁthﬁ%\\ﬂrﬁg(;?%e gene, a
met hod f% rearing the pl an , and a net hod f3gr selecting a trgglsformant
cell usthg the gene as a Sel ection marker. “Sequence Listing ee Text SEQ

ID NOS: 9 to 34 represent priners. The 15th n in SEQ ID NO 29 represents
a, ¢, gor t. Wat is clained is: 1. A gene, which codes for the foll ow ng

protei ngf@)otQ obPlgcg gee gcg gtc agg tge teg geg gtg tee ceg gte ace 200
Arg Val Gly Ala Ala Ala Val Arg Cys Ser Ala Val Ser Pro Val Thr
40 45 50

ccg ccg tce ccg geg ccg ccg gec acg ccg cte cgg ccg tgg ggg ceg 248
Pro Pro Ser Pro Ala Pro Pro Ala Thr Pro Leu Arg Pro Trp Gly Pro
55 60 65

gce gag ccc cgc aag ggc geg gac atc cte gtg gag geg ctg gag cgg 296
Ala Glu Pro Arg Lys Gly Ala Asp Ile Leu Val Glu Ala Leu Glu Arg
70 75 80

tge gge gtc age gac gtg tte gee tac ccg gge gge geg tece atg gag 344
Cys Gly Val Ser Asp Val Phe Ala Tyr Pro Gly Gly Ala Ser Met Glu
85 a0 95

atc cac cag gcg ctg acg cge tece ccg gte ate acce aac cac cte tic 392
Ile His Gln Ala Leu Thr Arg Ser Pro Val Ile Thr Asn His Leu Phe
100 105 110 115
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(a) a protein consisting of an ami no acid sequence of any one of SEQ ID
NOS: 2, 4, 6, and 8; (b) a protein consisting of an am no acid sequence
derived fromthe amno acid sequence of any one of SEQ ID NOS: 2, 4, 6,
and 8 by substitution, deletion or addition of at |east one or nore am no
acids, has resistance to a pyrimdinyl carboxy herbicide, and has

acet ol aciat easpakhase caet by tatg Ztc Altgagel ol *Ckak ety bhase: i@t ei4yo whi ch
is coded by the gene of claim1. 3. A reconbinant vector, which has the

gene of Agkaliis LludGlA Gliya@sd orlaahhe AlMai dha s Ghe Twacalbi mantalvect or of
claim3. 5. A plant, which has the .gene of claim1l and has resistance to a
pyri mdinyl carboxy Hefbicide. 6. A neflBdd for cultivatinthe plant of
claimb5,. which conprises cultivating the plant in the presence of a
pyri m di nyl carboxy herbicide. 7. A nethod for selecting a transformnt
cell having the gene of claim1, which uses the gene as a selection
mar ker . tccegec SEQUENCEEZE| ST NGC<g19EckURF AT CCHERS QMIC ERDUSERYCCO. ,488TD
National Institute of Agrobjological Sciences <120> A gene coding for
acet o- | 86F at - dyenbaladdy Yakdyspiph Ad3- Bor Sers6iy FPrzwoégw’slﬁzihr
<151>2002- 03- 29 <1§?>34 <170> Patentlg Ver. 2. 0 <212> 1 <211> 2301
<212> DNA 5 14 145

aac ctc gtg tcec geg ctc gee gac geg ctg cte gac tee gte cecg atg 536
Asn Leu Val Ser Ala Leu Ala Asp Ala Leu Leu Asp Ser Val Pro Met
150 155 160

gtc gece atc acg gge cag gtc cac age cgc atg atc ggc acc gac gcc 584
Val Ala Ile Thr Gly Gln Val His Ser Arg Met Ile Gly Thr Asp Ala
165 170 175

ttc cag gag acg ccc ata gtc gag gic acc cge tee ate acc aag cac 632
Phe GIn Glu Thr Pro Ile Val Glu Val Thr Arg Ser Ile Thr Lys His
180 185 190 195

aat tac ctt gtc ctt gat gtg gag gac atc ccc cge gte ata cag gaa 680
Asn Tyr Leu Val Leu Asp Val Glu Asp Ile Pro Arg Val Ile Gln Glu
200 205 210

gece ttec tte cte geg tcec teg gge cgt cet gge ceg gtg ctg gte gac 728
Ala Phe Phe Leu Ala Ser Ser Gly Arg Pro Gly Pro Val Leu Val Asp
215 220 225

atc ccc aag gac atc cag cag cag atg gcc gtg ccg gte tgg gac ace 776
3/56



<213> Oryza sativa var. kinmaze <220> <221> CDS <222> (48).. (1979) <400>
1 cccaaaccca gaaaccctcg ccgccgeccgec cgccgccacc acccacc atg get acg 56 Met
Ala Thr 1 1/56 acc gcc gcg gcc gcg gcc gcc gcc ctg tee gecc gecc gcg acg gcec
aag 104 Thr Ala Ala Ala Ala Ala Ala Ala Leu Ser Ala Ala Ala Thr Ala Lys 5
10 15 acc ggc cgt aag aac cac cag cga cac cac gtc ctt ccc get cga ggc 152
Thr Gy IAegPty S vASAsHiIde@Em Alg 6l MdtsAValvdleBrfPri;mlATap Agp Ghy 20 25 30 35
Cgg gtg ggg gcg gcg gcg gtc agg tge tcg gecg gtg tcec ccg gtc acc 200 Arg Val
Gy Ala Ala Al @3%al Arg Cys Ser 28@ Val Ser Pro Va40Thr 40 45 50 ccg ccg

tcc ccg gcg ccg ccg gcc acg ccg etc egg ccg tgg ggg ccg 248 Pro Pro Ser Pro
Ala Pro Pro Ala Thr Pro Leu Arg Pro Trp Ay Pro 55 60 65 gcc gag ccc cgc
aag ggc gcg gac ate etc gtg gag gcg ctg gag egg 296 Ala Gu Pro Arg Lys Ay
Al a AsptrieatewaVattadcgabge tea G smegegO ctB BOc aag cca cecc geg 824

Ser Met Asn Leu Pro Gly Tyr Ile Ala Arg Leu Pro Lys Pro Pro Ala

245 250 255

aca gaa ttg ctt gag cag gtc ttg cgt ctg gtt gge gag tca cgg cge 372
Thr Glu Leu Leu Glu Gln Val Leu Arg Leu Val Gly Glu Ser Arg Arg
260 265 270 275

ccg att cte tat gtc ggt ggt gge tge tet gea tet ggt gac gaa tig 920
Pro Ile Leu Tyr Val Gly Gly Gly Cys Ser Ala Ser Gly Asp Glu Leu
280 285 290

_cge tgg ttt gtt gag ctg act ggt atc cca gtt aca acc act ctg atg 968
Arg Trp Phe Val Glu Leu Thr Gly Ile Pro Val Thr Thr Thr Leu Met
295 300 3056

gge cte ggc aat ttc ccc agt gac gac ccg ttg tec ctg cge atg ctt 1016
Gly Leu Gly Asn Phe Pro Ser Asp Asp Pro Leu Ser Leu Arg Met Leu
310 315 320

ggg atg cat ggc acg gtg tac gca aat tat gecc gtg gat aag get gac 1064
Gly Met His Gly Thr Val Tyr Ala Asn Tyr Ala Val Asp Lys Ala Asp
325 330 335

ctg ttg ctt gcg ttt ggt gtg cgg ttt gat gat cgt gtg aca ggg aaa 1112

Leu Leu Leu Ala Phe Gly Val Arg Phe Asp Asp Arg Val Thr Gly Lys
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tgc
Val
cag
Al a
cgc
Hi s
ggc
Val
tcc
Leu
cag
H s
gag
Val
gag

ggc gtc
Ser Asp
gcg ctg
Leu Thr
cac gag
d u 3@hn
cgc gtc
Gy Val
gcg etc

Al a aAspedd ®citetitt agafzpe Sag

age
Val

acg
Arg
cag
Ay
ggg
Cys

gcc

gac
Phe
cgc
Ser
ggc
Au
gtc
Val

gac

gtg
Al a
t ee
Pro
gag
Al a
tgc
Al a
gcg

gtc cac age cgc at

Ser TAggGhetAlp| Bheghja
gtc ace cgc tee ate ace aag
Thr Arg Ser Ile TREOLys His
gac ate ccc cgc gtc ata cag

cca gca gag att

Pro

gat

Asp

aca

Thr

cag
Gln
420

atc

Ile

gag
Glu

Thr

Pro

Ala

gtt

Val

Glu

aag

Lys

Ile

gEga
Gly

375

390

aca

405

cag

Gln

cca

gca

Ala

aag

Lys

aag

Lys

cCg

Pro

atc

Ile

ctt

Leu

aca

Thr

ageg

Arg

caa

Gln

ate

Tle

gct
Ala

agt

Ser

gag
Glu

tat
Tyr
440

get
Ala

455

ttc gcc
Tyr Pro
ccg gtc
Val Ile
geg ttc
PR4s Al a
gtc gcc
Thr Ser
ctg etc

ate ggc
Ther Ags

aag aac

Lys Asn

tta cag

Leu Gln

tet gat

Ser Asp

410

ttt cct

Phe Pro

425

gee att

Ala Ile

act ggt

Thr Gly

t ac
Ay
ate
Thr
gcg
Al a
ace

gcg tee atg gag 344 Cys dy
Met Gu 85 90 95 ate cac
aac cac etc ttc 392 Ile Hs dn
H s Leu Phe 100 105 110 115 2/56
tcc ggg tac gcg cgc gcg 440 Arg
d y3syr Ala Arg Ala B26 125 130

ggc ccc ggg gca acc 488 Ser vy

Gy Pro Ay Ala Thr 135 140 145 aac etc

gac tcc gtc ccg atg 536 Asn Leu Val Ser

Ya¢ frgoabbtgtBb0ad55tt1@Bcgettt ged atkEtdcg

ace gac _gee 584 Val Ala Ile Thr Gy dn

Ala 1365119 0/ai7His (HlecAgoghle dsp cce ata
cac 632 Phe Gdn du Thr Pro Ile Val Qu
180 1853490 195 aat tac c?t0 gtc ctt gat gtg
gaa 680

ccg
Ay
ace
Asn
gcg
Ser
tee

ggc ggc
Al a Ser

t ee
Arg

agtg
Al a

ggc
Val

gtc

aag caa cca cat gtg tca att tgc gca 1208

Lys Gln Pro His Val Ser Ile Cys Ala

380 385

gege ttg aat gect cta caa 1256

Gly

cag agc

Leu Asn Ala Leu Leu Gln Gin Ser

395 400

ttt agt gca tgg cac aat gag ttg 1304

Glu

gac

Phe Ser Ala Trp His Asn Leu Asp

415

ctg ggg tac aaa act ttt ggt 13562

Gly

gaa gag

Leu Tyr Lys Thr Phe Gly Glu Glu

430 435

cag gtg ctg gat ctg aaa ggt 1400

Yal

gag
Glu

acg

Gln Leu Asp Leu Thr Lys Gly

445 450

gtt ggg cag cac atg tgg 1448

Gly

cag gcg gea

Val Gln His Gln Met Trp Ala Ala

460
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Tyr Leu Val

ttc ttc
Leu Al a
gac atc
Asp lle
eta cca

Ay Tyr

etc
Ser
cag
An

gg9
Ile

Leu Asp

gcg
Ser
cag
An
tac
Al a

tcc
Ay
cag
Gn
atc
Arg

Val

tcg
Arg
atg
Met

gca
Leu

du
ggc
Pro
gee
Al a
cgc
Pro

cagcghCtdt Ggaeghcctigeghis GuR
Val Leu Arg Leu Val
ggt Gdgt Tggdvtrg€hat dyrgkws thaty
Gy Cys Ser Ala Ser Gy

Ile Pro Val

ctg

Leu

get
Ala
500

ctc

Leu

gtg
Yal

tgg

Trp

aac

Asn

BEC
Gly
485

aac

Asn

atg

Met

aag

Lys

gag

Glu

ceg
Pro

565

Ay

Thr Thr Thr
gac ccg ttg tec ctg cgc atg

geca

Ala

cca

Pro

aac

Asn

gtg
Val

gat
Asp
550

gaa

Glu

atg

Met

ggt
Gly

att

Ile

atg
Met

535

agg

Arg

tgt

Cys

gga
Gly

gte
Yal

cag
Gln
520

gtg
Val

ttt

Phe

gag

Glu

tit

Phe

aca
Thr
505

gag
Glu

ttg

Leu

tac

Tyr

age

Ser

Au
Asp

Leu

BEE
Gly
490

gtt

Val

ctg

Leu

aac

Asn

aag

Lys

gag
Glu
570

Asp
cgt

Ay
gtg
Val

ctg
Lys

ctg

Leu

gtt

Val

gca

Ala

aac

Asn

BCE
Ala
555

ata

Ile

Ile
cct

Pro
ccg
Pro
ccc
Pro

cct

Pro

gat

Asp

ttg

Leu

caa
Gln
540

aat

Asn

tat

Tyr

6/56

Pro Arg
ggc ccg

Val

Leu

gtc.tgg

Val

Trp

aag cca
Pro Al a
geg degacegooet7ct the G geeu Lewsd u

Ser Arg Arg 260 265 270 275 ccg att etc tat
Bod AgacGhadirpt §e®2:rPlerlAkm IGAy Tyr Val dy
G u Leu 280 285 290 cgc tgg ttt gtt gag ctg
ggt ate. cddlgtt aca acc act4étg atg 968 Arg ®§) Phe Val G u Leu Thr

Met 295 300 305 ggc etc ggc aat ttc ccc agt
ctt 1016

get
Ala

att

Iie

atc
Ile
525

cat

His

agg

Arg

cCa

Pro

Val

gtg
Val

gac
Asp
ccc
245

I'le
ctg
Asp
ace
Thr
gcg
250

gea get ggt get

Ala Ala

495

gat gsgg
Asp Gly

010

cge att

Arg Ile

ttg ggt
Leu Gly

gcg cat

Ala His

gat ttt

Asp Phe

Gly Ala

gat ggt

Asp Gly

gag aac

Glu Asn

atg gtg
Met Val

04b

aca tac

Thr Tyr

560

57b

Val

gtg act

Thr

Gn Gu 200 205 210
gtc gac 728 Al a Phe
215 220 225 ate ccc
776 3/56 Ile Pro

230 235 240 tcg atg
824 Ser Met Asn Leu
255 aca gaa ttg ctt

tct gtg 1544
Ser Val

age tte 1592
Ser Phe
515

cte cct 1640
Len Pro

530

gtg caa 1688

Val Gln

ttg gge 1736

Leu Gly

att get 1784
Ile Ala



999
Met

ttg
Leu
355
Ile
cca
Al a
gtt
Lys
aag
Thr

agg

Leu Ay Asn Phe Pro Ser Asp
atg cat ggc acg gtg tao gca
Hs Gy Thr Val Tyr Ala Asn

ctt gcg ttt ggt gtg cgg ttt
Ala Phe Ay Val Arg Phe Asp

att ;gagegetttlet haQGA taget agG
Gu Ala Phe Ala Ser Arg Ala

gca lgagGhf tPhggAsmad caBeo g
Gu lle Ay Lys Asn Lys Gn
aag 580t get tta cag gf8bttg
Leu Ala Leu A n Ay Leu Asn
aca agt tct gat ttt agt gca
Ser Ser Asp Phe Ser Ala Trp
gag CBftt SeTECEt LYy FGst ARt A&

Arg Ala Ala Ile Lys Lys Met
600

gat atc atc gtc ccg cac cag
Asp Ile Ile Val Pro His Gln
615

ggg gge gea ttc aag gac atg
Gly Gly Ala Phe Lys Asp Met
630

Asp Pro Leu Ser Leu Arg Met Leu 310 315 320
aat tat gcc gtg gat aag get gac 1064 Gy
Tyr Ala Val Asp Lys Ala Asp 325 330 335 ctg
gat gat cgt gtg aca ggg aaa 1112 Leu Leu
Asp Arg Val Thr Gy Lys 4/56 340 345 350

gc€e aage8hladi dagagafldztyasa alt gatg3bl60
Lys Ile Val His Ile Asp Ile Asp 360 365 370

abh fgavVeatTigt gykclyatSert @tu 9zd 1208 Pro
Pro Hs Val Ser Ile Cys Ala 375 380 385 gat
aat get ctpHta caa cag age EI56 Asp Val
Ala Leu Leu Gn Gn Ser 390 395 400 aca aca
tgg cac aat gag ttg gac 1304 Thr Thr Lys
H's Asn Qu Leu Asp 405 410 415 cag cag aag
at¢ aart aghtcGagegaeral3se tte ttg

Leu Glu Thr Pro Gly Pro Tyr Leu Leu
605 610

gag cat gtg ctg cct atg atec cca agt 1928
Glu His Val Leu Pro Met Ile Pro Ser
620 625

atc ctg gat ggt gat gge agg act gtg 1976
Ile Leu Asp Gly Asp Gly Arg Thr Val
635 640

tat taatctataa tctgtatgtt ggcaaagcac cagcccggee tatgtttgac 2029

Tyr

ctgaatgacc cataaagagt ggtatgccta tgatgtttgt atgtgeteta tcaataacta 2089

aggtgtcaac tatgaaccat atgctcttct gttttacttg tttgatgtge ttggeatggt 2149

aatcctaatt agcttcctge tgtctaggtt tgtagtgtgt tgttttctgt aggcatatge 2209

atcacaagat atcatgtaag tttcttgtcc tacatatcaa taataagaga ataaagtact 2269

tctatgcaaa aaaaaaaaaa aaaaaaaaaa aa 2301

7/56



Gn
435
Ile
gag
Al a

Adn
ate
Pro
gca
Ile

Lys Arg Gu Phe Pro Leu Ay Tyr

Lys Thr Phe

cca ccg caa tat gcc att cag gtg ctg gat gag
Pro @n Tyr Ala lle dn Val
ate ate get act ggt gtt ggg cag cac cag atg

Ile Ala Thr Ay Val

5/56 caa tat tac
G n Tyr Tyr Thr Tyr

480
Leu
get

Asn
etc
Met
aag
Val

ctg<@gorgra atg gga ttt ggg ctg
Gy Ala Mt dy Phe Ay Leu Pro

Gy @n Hs

Leu Asp G u Leu

Gn Met Trp

Gy Gu Gu 420 425 430
ctg acg aaa ggt 1400
Thr Lys Ay 440 445 450
tgg gcg gca 1448 Qu
Ala Ala 455 460 465

acc tac aag egg cca egg cag tgg ctg tct tcg get ggt 1496

aac <G¢a>g@t4 gtc aca gtt gtt gat

Pro Ay Val
at g <@aé> HiRT cag gag ctg gca ttg
Asn Ile dn Gu Leu Ala Leu Ile

Thr Val

Val

Asp Ile

gt g @8> Jinyzet gakie Zar- ddameat

Met Val

Leu Asn Asn A n H s Leu

<400> 2

Met

1

Thr

Ala

Pro

Trp

65

Leu

Ser

His

Ala

Ala

Arg

Val

50

Gly

Glu

Met

Leu

Thr

Lys

Gly
35

Thr P

Pro

Arg

Glu

Phe

Thr

Thr
20

Arg

Ala

Ile
100

Arg

Ala

Gly

Val

Pro

Glu

Gly

85

His

His

Ala Ala

Arg Lys

Gly Ala

Ser Pro

55

Pro Arg

70

Yal Ser

Gln Ala

Glu Gln

Ala

Asn

Ala

40

Ala

Lys

Asp

Leu

Gly

Ala Al a
att gat
Asp Ay
atc cgc
Arg lle

ttg ggt
Ay Mt

Ala Ala
10

His Gln
25

Ala Val

Pro Pro

Gly Ala

Val Phe
a0

Thr Arg
105

Glu Ala
8/56

Lys Arg Pro Arg G n Trp Leu Ser Ser Ala Ay 470 475
cct get

gca get ggt get tct gtg 1544

Ala Gy Ala Ser Val 485 490 495

ggg gat ggt age ttc 1592 Ala

Ala

Asp Gy Ser Phe 500 505 510 515
att gag aac etc cct 1640 Leu
G u Asn Leu Pro 520 525 530 gtg
atg gtg gtg caa 1688 Val Lys
Val Val

A n 535 540

Leu Ser Ala Ala Ala

15

Arg His His Val Leu Pro

Arg

Ala

Asp

75

Ala

Ser

FPhe

30

Cys Ser Ala Val Ser

45

Thr Pro Leu Arg Pro

60

Ile Leu Val Glu Ala

80

Tyr Pro Gly Gly Ala

Pro Val

Ala Ala

95

Ile Thr Asn
110

Ser Gly Tyr



545 tgg gag gat agg ttt tac aag gcg aat agg gcg cat aca tac ttg ggc 1736
Trp Gu Asp Arg Phe Tyr Lys Ala Asn Arg Ala H's Thr Tyr Leu Gy 550 555 560
aac ccg gaa tgt gag agc gag ata tat cca gat ttt gtg act att get 1784 Asn
Pro Qu Cys Qu Ser Au Ile Tyr Pro Asp Phe Val Thr Ile Ala 565 570 575

6/ 56 aag ggg ttc aat att cct gca gtc cgt gta aca aag aag agt gaa gtc 1832
Lys Gy Phe Asnmisle Pro Ala Val Apg Val Thr Lys LysgzsSser A u Val 580 585 590
595 cgt gcc gcc ate aag aag atg ctc gag act cca ggg cca tac ttg ttg 1880
Arg Ala Ala Ile Lys Lys Met Leu Gu Thr Pro Gy Pro Tyr Leu Leu 600 605 610
gat ate ate gtc ccg cac cag gag cat gtg ctg cct atg ate cca agt 1928 Asp
Ile IleMNal APg ot lldl Sed(lyGhvg Hed ¥ay WduChsovaletdlhl BhPSerSery 1% 620 625 ggg
ggc gca ttc aag gac atg ate ctg gat ggt gat ggc agg act gtg 1976 Ay Ay

Al a Phe Lysl3gp Met Ile Leu A Ay Asp Ay Ardg4Thr Val 630 635 640 tat
taatctataa tctgtatgtt ggcaaagcac cagcccggcc tatgtttgac 2029 Tyr ctgaatgacc
cat aaagagt ggtatgccta tgatgtttgt atgtgctcta tcaataacta 2089

Gly Ala Thr Asn Leu Val Ser Ala Leu Ala Asp Ala Leu Leu Asp Ser
145 150 155 160

Val Pro Met Val Ala Ile Thr Gly Gln Val His Ser Arg Met Ile Gly
165 170 ' 175

Thr Asp Ala Phe GIn Glu Thr Pro Ile Val Glu Val Thr Arg Ser Ile
180 185 190

Thr Lys His Asn Tyr Leu Val Leu Asp Val Glu Asp Ile Pro Arg Val
195 200 205

Ile Gln Glu Ala Phe Phe Leu Ala Ser Ser Gly Arg Pro Gly Pro Val
210 215 220

Leu Val Asp Ile Pro Lys Asp Ile Gln Gin Gln Met Ala Val Pro Val
225 230 235 240

Trp Asp Thr Ser Met Asn Leu Pro Gly Tyr Ile Ala Arg Leu Pro Lys
245 250 255

Pro Pro Ala Thr Glu Leu Leu Glu GIn Val Leu Arg Leu Val Gly Glu
260 265 270

9/56



aggt gt caac tatgaaccat atgctcttct gttttacttg tttgatgtgc ttggcatggt 2149
agcttcctge tgtctaggtt tgtagtgtgt tgttttctgt aggcatatgc 2209
atcatgtaag tttcttgtcc tacatatcaa taataagaga ataaagtact 2269

aatcctaatt
at cacaagat
t ct at gcaaa

aaaaaaaaaa aaaaaaaaaa as 2301 7/56 <210> 2

<213> Oryza sativa var.

G@n Arg His Hs Val

Val Arg Cys Ser274l a Val
Pro Leu Arg Pro 50 55 60 Trp Ay Pro Ala Qu Pro Arg Lys Gy

Pro Ala Thr

Ala Asp Ile Leu Val
Pro Ay Gy Ala 85 90 95 Ser

Phe Ala Tyr

<211> 644

<212> PRT

ki nmaze <400> 2 Met Ala Thr Thr Ala Ala Ala Ala Al a
Al a Al agbeupsersmdl prlBeALau Hr5vaD ciy Gy Gﬁﬂyacwss&ihm@ YerAYyLYs Asn His

Thr

Pray Pro Ser

GQu Ala 65 70 75 80 Leu Gu Arg Cys Ay Val
Mt Qu lle H's An Ala Leu Thr

Arg Ser ABpoGMalleul 8rgHirpABme Md3d G05 Leu Thr Gly Ile Pro Val Thr Thr

Thr
305

Arg

Lys

Thr

Asp

Ile
385

Gln

Glu

290

Leu

Met

Ala

Gly

Ile

370

Cys

Gln

Leu

Met

Leu

Asp

Lys

355

Asp

Ala

Ser

Asp

Gly

Gly

Leu

340

Ile

Pro

Asp

Thr

Gln
420

Leu

Met

325

Leu

Glu

Ala

Val

Thr
405

Gln

Gly

310

His

Leu

Ala

Glu

Lys

390

Lvs

Lys

295

Asn

Gly

Ala

Phe

Ile

375

Leu

Thr

Arg

Phe

Thr

Phe

Ala

360

Gly

Ala

Ser

Glu

Pro

Val

Gly

345

Ser

Lys

Leu

Ser

Phe

425
10/56

Ser

Tyr

330

Val

Arg

Asn

Gln

Asp
410

Pro

Asp
315

Ala

Arg

Ala

Lys

Gly

395

Phe

Leu

300

Asp Pro

Asn Tyr

Phe Asp

Lys Ile

365

Gln Pro

380

Leu Asn

Ser Ala

Gly Tyr

Leu

Ala

Asp

350

YVal

His

Ala

Trp

Lys
430

Ser Leu

320

Val Asp
335

Arg Val

His Ile

Val Ser

Leu Leu

400

His Asn

415

Thr Phe

Leu Pro 20 25 30 Ala Arg Ay Arg Val Gy AIa Ala Al a

Ser 35 4@08d5 Pro Val Pro Ala Pro

Ser Asp Val



110
115
130
145
Ay
I'le
Val

Val

Val

Pro
Ay

H s
120
135
150
165
180
195

Leu
125
140
155
170
185
200

Phe
Al a
Ay
160
175
190
205

Val

Thr

Arg Hs Qu dn
Arg Al a Ser
Ala Thr Asn Leu
Pro Met Val
Thr Asp Al a Phe
Lys Hi s Asn
Ile An Au A a

Ay

210G235GRR2@1hell &v@lro ARy IG1e
225 230 235 240 Trp Asp Thr

Lys 245 25@3255 Pro Pro Al a

Au

Thr

Trp

465

Ser

Ala

Gly

Asn

Val
545

Tyr

Thr

Lys

450

Ala

Ala

Ser

Ser

Leu

530

Val

Leu

Ile

Gly

Ala

Gly

Val

Phe

015

Pro

Gln

Gly

Ala

Glu

Gln

Leu

Ala
500

Leu

Val

Trp

Asn

Lys

Ala

Tyr

Gly

485

Asn

Met

Lys

Glu

Pro

565

Gly

Ile

Tyr

470

Ala

Pro

Asn 1

Val

Asp

550

Glu

Phe

Ile

455

Thr

Met

Gly

Met

535

Arg

Cys

Asn

Ay
Arg
Val

dn
Tyr
Phe

Ser

Ala

Tyr

Gly

Val

Gin

520

Val

Phe

Glu

d u Al a Phe
Ay Vval
Ser Ala Leu
Ala lle Thr Gy
du Thr
Leu Val
Phe Leu Al a
Prio AlysI Ps 5 1hl BalEIeuGiep Gl

Val

Pro
Leu

Al a
Cys
Al a
Gn
e
Asp
Ser Ser Ay

Ala Ser Ay

Val
Asp
Val
Val
Val

Al a
Al a
Hi s
du
Au

Met Asn Leu Pro Ay Tyr
4y d u Leu Leu d445d n Val

Thr Gly Val Gly Gln His Gln

Lvs

Phe

Thr

505

Glu

Leu

Tyr

Ser

Arg

Glv

490

Val

Leu

Asn

Lys

Glu
570

Ile Pro Ala

11/56

Pro

475

Leu

Val

Ala

Asn

Ala
555

Tle

Val

460

Arg Gln Trp

Pro

Asp

Leu

Gln

540

Asn

Tyr

Arg

Ala

Ile

His

Arg

Pro

Val

Ala

Asp
510

Arg 1

Leu

Ala

Asp

Thr

Leu

Ala
485

Gly

Gly

His

Phe
575

Lys

Thr
Leu
Ser
Val

Asp
Arg
Vet
Ile
Leu

Met

Ser

480

Gly

Asp

Glu

Met

Thr
560

Val

Lys

Tyr
Ser
Leu
Arg
Thr
I'le
Pro
Al a
Al a
Arg

8/ 56

Ay
Asp
Met

Arg
Pro
Gy
Val

Arg
Leu

Pro
Ser
Ile
Ser
Arg
Pro
Pro
Leu
Val



260 265 270 9/56 Ser Arg Arg Pro Ile Leu Tyr Val Ay Gy @y Cys Ser Ala
Ser Ay 275 280 285 Asp GQu Leu Arg Trp Phe Val GQu Leu Thr Gy Ile Pro Va
Thr Thr 290 295 300 Thr Leu Met Ay Leu Gy Asn Phe Pro Ser Asp Asp Pro Leu
Ser Leu 305 310 315 320 Arg Met Leu Ay Met Hs Ay Thr val Tyr Ala Asn Tyr
Ala Val Asp 325 330 335 Lys Ala Asp Leu Leu Leu Ala Phe Gy Val Arg Phe Asp
Asp Arg Val 340 3458850 Thr Ay Lys ddse A u Al a Phe AlzagSex Arg Ala Lys Ile
Val Hs Ile 355 360 365 Asp Ile Asp Pro Ala u Ile Ay Lys Asn Lys G n Pro
H's Val Ser 370 375 380 Ile Cys Ala Asp Val Lys Leu Ala Leu A n Ay Leu Asn
Ala Leu Leu 385 390 395 400 A n d@n Ser Thr Thr Lys Thr Ser Ser Asp Phe Ser
Ala Trp SdrsGAsVa40brd M1 a4Aba Ile Lys Lys Met Leu Glu Thr Pro Gly Pro
595 600 605
Tyr Leu Leu Asp Ile Ile Val Pro His Gln Glu His Val Leu Pro Met
610 615 620

Ile Pro Ser Gly Gly Ala Phe Lys Asp Met Ile Leu Asp Gly Asp Gly

625 630 635 640

Arg Thr Val Tyr

<210> 3

211> 2300

212> DNA

<213> Orvyza sativa var. kinmaze

220>

221> CDS

<222> (48)..(1979)

<400> 3

cccaaaccca gaaaccctcg ccgeecgecge cgecgecace acccacce atg get acg 56

Met Ala Thr
1

12/56



Gu Leu Asp A n dn Lys Arg Qu Phe Pro Leu Gy Tyr
10/56 Ay Au Qu lle Pro Pro Gn Tyr Ala lle G n Val
Ile Ala Thr Ay Val

440
455
470
485
500
515
530
545
Val

445 Thr

505 510 Ay Ser

Lys Ay Gu Ala lle
460 Trp Ala Ala A n Tyr Tyr
475 480 Ser Ala Gy Leu Gy

490 495¢ A gcpekedalcgAac AR

Phe Leu Met

520 Th25ABsalkenl PradaVala Lyls

535 540 Val
550 555 560 Tyr

Val

565 570 575

acc
Thr
20

Cgg

Arg

cCg

Pro

gee

Ala

tgc

Cys

ate
Ile
100

cge

EgC
Gly

gtg
Val

ccg

Pro

gag
Glu

ggce
Gly
85

cac

His

cac

cgt

Arg

g8
Gly

tcc

Ser

cee
Pro

70

gte
Val

cag

Gln

gag

aag

Lys

ECE

Ala

cecg
Pro

55

CgcC

Arg

age

Ser

gcg
Ala

cag

aac

Asn

gcg
Ala
40

gcg
Ala

aag

Lys

gac

Asp

ctg

Leu

gec

cac
His
25

gcg
Ala

ceg

Pro

ggc
Gly

gtg
Val

acg
Thr
105

gag

Gn Trp Au
Leu Ay AIR

cag

Gln

gtc

Yal

ceg

Pro

gCg
Ala

tte
Phe
90

CgC

Arg

gCg

Thr

Ala Mt Ay Phe Gy Leu Pro Ala
PE© dgy t¥Wal gcthigc¥agcgVakb s Asdy: lalag

Tyr

Lys Thr

Phe 420 425 430
Leu Asp G u Leu 435

Gy @n Hs

Lys Arg Pro Arg G n Trp

Asn Ile Gn Qu Leu Ala Leu
Voi [Met SyalAllaey]AsAlA9hr Giin Hys

Asp Arg Phe Tyr
Pro Au Cys dulSer

CEa

Arg

agg

Arg

gce

Ala

gac
Asp
75

gCC

Ala

tce

Ser

cac

His

tge

acg
Thr
60

ate

Ile

tac

Tyr

ceg

Pro

cac

His

tecg
Ser

45

ccg

Pro

ctc

Leu

CCEg

Pro

gte
Yal

tte gecg gcg

13/56

gte
Val
30

gcg

Ala

ctc

Leu

gtg
Val

g8C

Gly

atc
Ile
110

tce

ctt

Leu

gtg
Val

Cgg

Arg

gag
Glu

ggc
Gly
95

acc

Thr

gEgg

cce

Pro

tee

Ser

ceg

Pro

gcg
Ala
80

ECE
Ala

aac

Asn

tac

gct
Ala

cceg

Pro

tgg
Trp
65

ctg

Leu

tce

Ser

cac

His

gCg

cga

Arg

gtc
Val
b0

EEE
Gly

gag

Glu

atg

Met

cte

Leu

CgcC

Ile

Lys Ala Asn Arg
GQu lle Tyr

ggc
Gly
35

acce

Thr

ceg

Pro

CEE

Arg

gag
Glu

ttc
Phe
115

ECE

An Mt
Leu Ser
Ala Al a

Aspd 'y
Arg lle

Leu Gy
Ala His
Pro Asp

162

200

248

296

344

392

440

450
465
Ay
Asp
du
Met

Thr

Phe



Thr Ile Ala Lys Gy Phe Asn Ile Pro Ala Val Arg Vval Thr Lys Lys 11/56 580
585 590 Ser u Val Arg Ala Ala Ile Lys Lys Met Leu Qu Thr Pro Gy Pro 595
600 605 Tyr Leu Leu Asp Ile Ile Val Pro Hs @n GQu H's Val Leu Pro Met 610
615 620 Ile Pro Ser Ay Gy Ala Phe Lys Asp Met Ile Leu Asp Ay Asp Gy 625
630 635 640 Arg Thr Val Tyr <210> 3 <211> 2300 <212> DNA <213> Oryza

sativa varg Hké riiaz 6152207 61522 PED 12 222 $48)c1y 1979k AAPOM a3 cccaaaccca
gaaaccct cg ccgccgecge cgccgccacc acccacc atg get acg 56 Met Ala Thr 1

12/ 56 acc gcc gcg gcc Mg gcc gecc gec ctightee gee gee gcglagg gcc aag 104
Thr Ala Ala Ala Ala Ala Ala Ala Leu Ser Ala Ala Ala Thr Ala Lys 5 10

tce gge cge gte ggg gte tge gtc gec acc tec gge cecec ggg gea acce 488

Ser Gly Arg Val.Gly Val Cys Val Ala Thr Ser Gly Pro Gly Ala Thr

135 140 145

aac ctc gtg tcc geg ctc gee gac geg ctg cte gac tec gte ceg atg 536
Asn Leu Val Ser Ala Leu Ala Asp Ala Leu Leu Asp Ser Val Pro Met
150 155 160

gtc gece atc acg gge cag gtc cac cge cge atg atc gge acc gac gee 584
Val Ala Ile Thr Gly Gln Val His Arg Arg Met Ile Gly Thr Asp Ala
165 170 175

ttc cag gag acg ccc ata gtc gag gtc acc cge tee atc ace aag cac 632
Phe Gln Glu Thr Pro Ile Val Glu Val Thr Arg Ser Ile Thr Lys His
180 185 190 195

aat tac ctt gtc ctt gat gtg gag gac atc ccc cge gte ata cag gaa 680
Asn Tyr Leu Val Leu Asp Val Glu Asp Ile Pro Arg Val Ile Gln Glu
200 205 210

gee ttc ttec ctc geg tec teg gge cgt cect gge ceg gtg ctg gte gac 728
Ala Phe Phe Leu Ala Ser Ser Gly Arg Pro Gly Pro Val Leu Val Asp
215 220 225

atc ccc aag gac atc cag cag cag atg gecc gtg ccg gte tgg gac ace 776

Ile Pro Lys Asp Ile Gln Gln Gln Met Ala Val Pro Val Trp Asp Thr
14/56



15 ace ggc cgt aag aac cac cag cga cac cac gtc ctt ccc get cga ggc 152 Thr
Asn Hs dn
gcg gcg gtc
Arg Cys
ccg gcc acg

Ay
agtg
Al a
ccg
Pro
ggc
Asp
gcc
Pro
gtc
Ile
gcg
Al a

Arg
agg
Al a
gcg
Pro
gcg
Ile
tac

Lys
gcg

Al a Val

ccg

Al a

gac
Leu
ccg

ThrogBro Leu

ate etc gtg
Au A a

ggc ggc gcg
Ay tceyatd aaSectdvizicaGge 8ac90tOFcat egcactgcage grag ctg @oyg gege t&% ccg

Val

Arg
agg
Sex
ccg
Arg
gag
Leu
t ee

Hi s
tgc
Al a
etc
Pro
gcg
du
atg

ate ace aac cac etc ttc 392

tcc ggg tac gcg cgc gcg 440

Ser dy24%y

aca
Thr
260

ceg

Pro

cge

Arg

ggC
Gly

BEE
Gly

ctg
Leu

340

gaa

Glu

att

Iie

tgg

Trp

cte

Leu

atg
Met

325

ttg

Leu

ttg

Leu

cte

Leu

ttt

Phe

ggc
Gly
310

cat

His

ctt

Leu

ctt

Leu

tat

Tyr

gtt
Val
285

aat

Asn

ggc

Gly

gcg
Ala

gag
Glu

gte
Yal
280

gag
Glu

ttc

Phe

acg

Thr

ttt

Phe

cag
Gln
265

ggt
Gly

ctg

Leu

ccc

Pro

gtg
Val

ggt
Gly

345

r Ala Arg Ala £20

gtc
Val

get
Gly

act

Thr

agt

Ser

tac
Tyr
330

gtg
Val

Hi s
tcg
Val
Ccgg
18P
ctg
Arg
gag

Val Leu Pro Ala Arg Ay 20 25 30 35 cgg
gcg gtg tcc ccg gtc acc 200 Arg Val Gy
Ser Pro Val Thr 40 45 50 ccg ccg tcc
ccg tgg ggg ccg 248 Pro Pro Ser Pro Ala
Ay Pro 55 60 B gcc gag ccc cge aag
gag egg 296 Ala Qu Pro Arg Lys Ay Ala
70 75 80 tgc ggc gtc age gac gtg ttc
344 Cys Ay Val Ser Asp Val Phe Ala Tyr

Ile Hs Gn Ala Leu Thr Arg Ser Pro Va
Thr SAsnMéd SisbeliePPeo16ly 105 119 AlsSArgd.ecabrgdg scByogie ddg gcg ttc geg
zg%u Gn Ay Qu Ala Phe Al a

13/56 Arg H's

125

ttg

Leu

BEC
Gly

ggt
Gly

gac
Asp
315

gca

Ala

CEE

Arg

130

cgt ctg

Arg Leu

tge tct
Cys Ser
285

atc cca
Ile Pro
300

gac ccg

Asp Pro

aat tat

Asn Tyr

ttt gat

Phe Asp

15/56

gtt
Val
270

gca

Ala

gtt

Val

ttg

Leu

gee

Ala

gat
Asp
350

EgC
Gly

tct

Ser

aca

Thr

tce

Ser

gtg
Val
335

cgt

Arg

gag
Glu

get
Gly

acce

Thr

ctg
Leu

320

gat

Asp

gtg
Val

tca

Ser

gac

Asp

act
Thr
305

cge

Arg

aag

Lys

aca

Thr

Cgg

Arg

gaa
Glu
290

ctg

Leu

atg

Met

gct

Ala

EEE
Gly

CEC
Arg
275

ttg

Leu

atg
Met

ctt

Leu

gac

Asp

aaa
Lys
355

872

920

9638

1016

1064

1112



tee

ggc
Val

tcc
Leu
cag
Hi s
gag

cgc gtc
Ay Vval
gcg etc
Al a Asp
gtc cac
Arg Arg
gte acc cg

gag
Cys
gcc
Al a
cgc
Met

gtc
Val
gac
Leu
cgc
I'le
c tee

tgc
Al a
gcg
Leu
atg
Ay
ate

gtc
Thr
ctg
Asp
atc
Thr
ace

Val athrgdy gcbettd lgeaThdc lags

gag gac ate ccc cgc gtc ata

|| eIPeoGAr dl1¥aPhd [AdaGher Girg
cct ggc ccg gtg ctg gtc gac

Pro Val

Leu Val

ASH0215 220

gcc
Ser
etc
Ser
gge
Asp
aag

acc
Ay
gac
Val

ace
Al a

cac

tcc
Pro
tee
Pro
gac
165

ggc ccc ggg
Ay Ala Thr

gtc ccg atg
Met 150
gec 584 Vval
170 175 ttc
632 Phe Gn Au Thr

155

gca
135
536
160
Al a
cag

acc
140
Asn
gtc
I'le
gag

Pro Il e Val

488 Ser
145 aac
Leu Val
gee ate
Thr Gy
acg ccc

Ay
ctc
Ser
acg
Gn
at a

fts ab80a18%1490ad Wrtaghe tax ght gtigeott gat
cag gaa 680 Asn Tyr
R0 12651 P4 VadeHi4 tld et Aep elle: gep tee tcg
728 Ala Phe Phe Leu Ala Ser Ser Ay Arg
225 ate3@xc aag gac ate c¥H@ cag cag atg

Leu

Val

ccg gtc tgg gac ace 776 Ile Pro Lys Asp Ile dn dn dn
Trp Asp Thr

cca gca gag att

Pro Ala

gat gtt

Asp Val

aca aca
Thr Thr
4056

cag cag
Gln Gln
4290

atc cca

Ile Pro

gag gca

Glu Ala

Glu

aag
Lys
390

aag.

Lys

aag

Lys

cog

Pro

atc

Ile

Ile
375

ctt

Leu

aca

Thr

agg

Arg

caa

Gln

atc
Ile
455

14156 230 235 240

gga aag aac aag caa cca cai gtg tca att

Gly

gct
Ala

Ser

gag
Glu

tat
Tyr
440

get
Ala

Lys

tta

Leu

tect

Ser

ttt
Phe
425

gce

Ala

act

Thr

Asn

cag

Gln

gat
Asp
410

cct

Pro

att

Ile

ggt
Gly

Lys

ggce
Gly
395

ttt

Phe

ctg

Leu

cag

Gln

gtt

Val

Gln
380

ttg

Leu

agt

Ser

EEE
Gly

glg
Val

EEE
Gly
460

16/56

Pro

aat

Asn

gea

Ala

tac

Tyr

ctg
Leu

445

cag

Gln

His

get
Ala

tgg

Trp

aaa
Lys

430

gat

Asp

cac

His

Yal Ser

ctg cta
Leu Leu

400

cac aat
His Asn

415

act ttt

Thr Phe

gag ctg
Glu Leu

cag atg

Gln Met

Tle
385

caa

Gln

gag
Glu

get
Gly

acg

Thr

tgg
Trp
465

tge

Cys

cag

Gln

tig

Leu

gaa

Glu

aaa
Lvs
450

gCEB
Ala

Leu

Met

gca

Ala

age

Ser

gac

Asp

gag
Glu
435

ggt
Gly

gea

Ala

Asp Val

Al a Val

1208

1256

1304

1352

1400

1448

du
ggc
Pro
gee
Pro



tcg
Asn
ttg
Leu
etc
Val

gag
Thr
agt

gca
Asn
ttt

Asp
agg

atg aat cta cca ggg

Leu Pro Ay Tyr

ctt gag cag gtc ttg
Leu Arg

tat gtc ggt ggt ggc

Au dn Val

tac

cgt
Leu
tgc

atc

lle Ala Arg

ctg
Val
tct

ctg act ggt ate cca gtt aca

G y GlheTH¥ ayYalhd yr Thys By Pedl Avet GROFr300e30%10Gereila @3¢ aat ttc ccc
gac gac ccg ttg tcc ctg

Asp Pro Lew78er

Leu Arg

aat tat gcc gtg gat aag
Asp Lys Al a
gat gat cgt gtg aca ggg
Asp cAggeatalzcThatadagal st
Ige cac att

Tyr Al a Val

gcc _aag att gt

Leu Gly Ala

get
Ala
500

ctc

Leu

gteg
Val

ttg

Leu

aac

Asn

aag

485

aac

Asn

atg

Met

aag

Lys

gag

Glu

ceg
Pro

565

B8E

cca

Pro

aac

Asn

gtg
Val

gat
Asp
550

gaa

Glu

tte

t

get
Gly

att

Ile

atg
Met

535

agg

Arg

tgt

Cys

aat

Gly P

gtc
Val

cag
GIn
520

gtg
Val

ttt

Phe

gag
Glu

att

aca
Thr
505

gag
Glu

tig

Leu

tac

Tyr

agc

Ser

cct

cgc
Met
get
Asp
aaa
346

gca cgc ctg ccc aag
Leu Pro Lys Pro Pro
gtt ggc gag tca cgg
Gy GQu Ser Arg Arg
gca tct ggt gac gaa

Ay c@hYtsd haCyscStacrdy 9 Gy AFPchE Udedt 2812825200

cgc
260
ttg

cca ccc gcg 824 Ser Met
Al a 245 250 255 aca gaa
872 Thr

A u Leu

265 270 275 ccqg att
920 Pro Ile Leu Tyr

¢ tomdat gtt

ace act ctg atg 968 Arg Trp

atg

gac 1064 Gy Met Hs Ay Thr Val

ctt 1016 Gy
Len 310 315 320 gotplatg cat ggc acg gtg tac

he Val

A u Leu

Leu Ay Asn Phe Pro Ser

Tyr Al a

325 330 335 ctg ttg ctt gcg ttt ggt gtg egg

1112

Leu Leu Leu Ala Phe Gy Val

Arg Phe

845 cB3088bEcalBEbazett gcyatrtgetst t tlofda age
at 1160

c att

ly
490

gtt

Yal

ctg

Leu

aac

Asn

aag

Lys

gag
Glu
570

gea

Leu

gtt

Val

gea

Ala

aac

Asn

BCEg
Ala
555

ata

Ile

ro Ala Ala Ala Gly Ala Ser Val

gat

Asp

ttg

Leu

caa
Gln
540

aat

Asn

tat

Tyr

att

Ile

atc
Ile
525

cat

His

ags

Arg

cca

Pro

gtc cgt gta

17/56

gat
Asp
510

cge

Arg

tig

Leu

ECg

Ala

gat

aca

495

ggg
Gly

att

Ile

ggt
Gly

cat

His

tit
Phe
575

aag

gat

Asp

gag
Glu

atg

Met

aca
Thr
560

gtg
Val

aag

ggt
Gly

aac

Asn

gtg
Val
545

tac

Tyr

act

Thr

agt

age

Ser

cte

Leu

530

gtg
Val

ttg

Leu

att

Ile

gaa

ttc
Phe
515

cet

Pro

caa

Gln

ggc
Gly

get
Ala

gte

1592

1640

1688

1736

1784

1832



Ile
cca
Al a
gtt
Lys
aag.
Thr
agg
du
caa
Tyr
get
Thr
ace

Gu Ala Phe Ala Ser Arg Ala
gca gag att gga aag aac aag
GQu lle Ay Lys Asn Lys @n
aag ctt get tta cag ggc ttg
Leu Ala Leu A n Ay Leu Asn
acayadtly Phe9fén Mk PAS A0GAVADRArEaPaRaAthIRYs tlye §as dBD4alhr Thr Lys
Ser Ser Asp Phe Ser Ala Trp
gags8pt cct ctg ggg tags aaa
Phe Pro Leu Ay Tyr Lys Thr
tat gee att cag gtg ctg gat
Ala lle An Val Leu Asp Qu

act cggt gcgi tgcgg@ta:aggca@g @dg

dy Vval An Hs @n Mt
tac AaagAkagélecblecégscla@ Mg

600

gat atc atc gtc ccg cac cag

Asp Ile Ile Val Pro His Gln

615

ggg ggc gea tte aag gac atg

Gly Gly Ala Phe Lys Asp Met

630

Lys Ile Val His Ile Asp Ile Asp 360 365 370
caa cca cat gtg tca att tgc gca 1208 Pro
Pro Hs Val Ser Ile Cys Ala 375 380 385 gat
aat get ctg cta caa cag agc 1256 Asp Val
Ala Leu Leu A n @n Ser 390 395 400 aca aca

H's Asn G u Leu Asp 405 410 415 cag cag aag
act ttt ggtsggaa gag 1352 dmo& n Lys Arg
Phe Gy GQu Gu 420 425 430 435 atc cca ccg
gag ctg acg aaa ggt 1400 Ile Pro Pro @n
Leu Thr Lys Gy 440 445 450 gag gca atc atc
atcg gaggageragcagd 4t Gho Mg thke 11880Al a
Trp Ala Ala 455 460 465 16/ 56 caa tat tac
bewy Glot Thiodrgetlydire1496 Leu Leu

605 610

gag cat gtg ctg cct atg atc cca agt 1928
Glu His Val Leu Pro Met Ile Pro Ser
620 625

atc ctg gat ggt gat gge agg act gtg 1976
Ile Leu Asp Gly Asp Gly Arg Thr Val
635 640

tat taatctataa tctgtatgtt ggcaaagcac cagccecggec tatgtttgac 2029

Tyr

ctgaatgacc cataaagagt

aggtgtcaac tatgaaccat

aatcctaatt agcttcctge

getatgeeta tgatgtttgt atgtgcteta tcaataacta 2089

atgctettcet gttttacttg tttgatgtge ttggcatggt 2149

tgtctaggtt tgtagtgtgt tgttttctgt aggcatatge 2209

atcacaagat atcatgtaag tttcttgicc tacatatcaa taataagaga ataaagtact 2269

tctatgcaaa aaaaaaaaaa

aaaaaaaaaa a 2300

18/56



Adn
480
Leu
get
Asn
etc
Met
aag
Val
gat
Arg
t gt
du

Tyr Tyr Thr Tyr
ctg ggc gca atg
Gy Ala Met Gy
aac cca ggt gtc
Pro dy Val Thr

atg @3agrait cag
Asn Ile An Qu

gtg<aug>otaLttg
Met Val Leu Asn
agg e tRKT aag
Phe Tyr Lys Al a

Lys Arg
gga ttt
Phe Gy
aca gtt
Val Val
gag ctg
Leu Al a
aac aac
Asn A n
gcg aat
Asn Arg

gag @48> day zat aat mta cen.

Ser Au lle Tyr

Pro Asp

att cct gca gtc cgt gta aca

<400> 4

Pro
ggg
Leu
gtt
Asp
gca
Leu
caa
Hi s
agg
Al a

Arg Gn Tarp Leu Ser Ser Ala Ay 470 475

ctg cct get

gca

Pro Ala Ala Al a

gat att gat

999

Ile Asp Gy Asp
ttg ate cgc att
Ile Arg Ile Gu

cat ttg ggt
Leu Gy Met

atg
Val

gcg cat aca tac
Hi s Thr Tyr Leu

dammegé gtg act
Val Thr Ile Al a
aag agt gaa gtc

Phe
aag

att

get ggt
Ay Aa
gat ggt
Gy Ser
gag aac
Asn Leu
gtg gtg
Val dn

ttg ggc
Ay 550

get tot gtg 1544
Ser Val 485 490 495
age ttc 1592 Ala
Phe 500 505 510 515
etc cot 1640 Leu
Pro 520 525 530 gtg
caa 1688 Val Lys
535 540 545 ttg gag
1736 Leu G u Asp
555 560 aac cog gaa

got 1784 Asn Pro G u Cys

565 570

575 aag ggg ttc aat

1832 17/56

Met Ala Thr Thr Ala Ala Ala Ala Ala Ala Ala Leu Ser Ala Ala Ala

1

5

Thr Ala Lys Thr Gly Arg

20

Ala Arg Gly Arg Val Gly

35

Pro Val Thr Pro Pro Ser

50

Trp Gly Pro Ala Glu Pro

65

70

Leu Glu Arg Cys Gly Val

85

Ser Met Glu Ile His Gln

100

His Leu Phe Arg His Glu

115

Lys

Ala

Pro

55

Arg

Ser

Ala

Gln

10

Asn His Gln Arg His His Val

25

Ala Ala Val
40

Ala Pre Pro

Lys Gly Ala

Asp Val Phe
90

Leu Thr Arg
105

Gly Glu Ala

120
19/56

Arg C

Ala T

Asp I

75

Ala T

30

yvs Ser Ala

45

hr Pro Leu

60

le Leu Val

yr Pro Gly

Ser Pro Val Ile

Phe A

110

la Ala Ser
125

15

Leu Pro

Val Ser

Arg Pro

Glu Ala
80

Gly Ala
95

Thr Asn

Gly Tyr



Lys
595
Arg
gat
Ile

ggc
Al a

Ay
cgt
Al a
ate
Ile
gca
Phe

Phe Asn
gcc gcc
Ala lle
ate gtc
Pro
ttc aag
Lys Asp

Val

Ile
ate
Lys
ccg
H s
gac
Met

Pro
aag
Lys
cac
Gn
atg
Ile

Al a
aag
Met
cag
du
ate
Leu

Val
atg
Leu
gag
H s
ctg
Asp

Arg
ctc
Au
cat

Val

gat
Ay

Val

gag
Thr
gtg
Leu
ggt

Asp

Thr
act
Pro
ctg
Pro
gat
Ay

<211> 644

Lys
CCa
Ay
cct
Met

ggc
Arg

Lys
999
Pro
atg
e
agg
Thr Val 630 635 640 tat
t aat ct apda At glateit GlgcaendadccbagadcOge Vatlahps tTigace20Y Pyo
cat aaagagt ggtatgccta tgatgtttgt atgtgctcta tcaataacta 2089
t at gaaccat Hi(gctcttct gttttadBbg tttgatgtgc ttgyeat ggt 2149
agcttcctgc tgtctaggtt tgtagtgtgt tgttttctgt aggcatatgc 2209
atcatgtaag tttcttgtcc tacatatcaa taataagaga ataaagtact 2269
aaaaaaaaaa aaaaaaaaaa a 2300 18/56 <210> 4

Ser A u Val 580 585 590
cca tac ttg ttg 1880
Tyr Leu Leu 600 605 610
ate cca agt 1928 Asp
Pro Ser 615 620 625 ggg
act gtg 1976 Ay Ay

ct gaat gacc
aggt gt caac
aatcctaatt

at cacaagat

t ct at gcaaa
<212> ART <213>

Oryza séivvihla/dhr AsmieieVadaGes Mlavbeupble Fise fhe Laualah AsN §eAla Ala Al a
Al a Leulggr Ala Ala Al a

Val

Thr

Thr

Ile

Leu

225

Trp

Pro

Ser

Pro

Asp

Lys

Gin

210

Yal

Asp

Pro

Arg

Met

Ala

His

196

Glu

Asp

Thr

Ala

Arg

Val

Phe

180

Asn

Ala

Iie

Ser

Thr
260

Pro

Ala

165

Gln

Tyr

Pro

Met

245

Glu

Iie

150

Ile

Glu

Leu

Fhe

Lys

230

Asn

Leu

Leu

Thr

Thr

Val

Leu

215

Asp

Leu

Leu

Tvr

Gly

Pro

Leu

200

Ala

Ile

Pro

Glu

Gln

Ile

185

Asp

Ser

Gln

Gly

Gln
265

VYal
170

Yal

Val

Ser

Gln

Tyr

250

Val

Val Gly Gly

20/56

155

His

Glu

Glu

Gly

Gln

235

Ile

Leu

Gly

160

Arg Arg Met Ile Gly

Val

Asp

Arg

220

Met

Ala

Arg

Cys

175

Thr Arg Ser Ile

190

Ile Pro Arg Val

205

Pro

Gly Pro Val

Ala Val Pro Val

240

Arg Leu Pro Lys

255

Leu Val Gly Glu

270

Ser Ala Ser Gly



1510 15 Thr Ala Lys Thr Ay Arg Lys Asn Hs Gdn Arg H's H's Val Leu Pro

20 25 30 Ala Arg Ay Arg Val Ay Ala Ala Ala Val Arg Cys Ser Ala Vval Ser 35
40 45 Pro Val Thr Pro Pro Ser Pro Ala Pro Pro Ala Thr Pro Leu Arg Pro 50 55
60 Trp Ay Pro Ala Qu Pro Arg Lys Gy Ala Asp Ile Leu Val Gu Ala 65 70 75
80 Leu Gu Arg Cys Ay Val Ser Asp Val Phe Ala Tyr Pro Gy Ay Ala 85 90 95
Ser Mt Qu lle2His An Ala Leu P Arg Ser Pro Vabgtle Thr Asn 100 105 110
H's Leu Phe Arg HHs Qu @@n Gy GQu Ala Phe Ala Ala Ser Ay Tyr 115 120 125
19/56 Ala Arg Ala Ser Ay Arg Val dy Val Cys Val Ala Thr Ser Ay Pro 130

135 140 Gy Ala Thr Asn Leu Val Ser Ala Leu Ala Asp Ala Leu Leu Asp Ser 145
150 155 AG0GVal L&y aryeTrpv@he V4l [Glle Ty TGryGLy rilV¥aPriliwlATar ATy Met 1le Gy

290 295 300

Thr Leu Met Gly Leu Gly Asn Phe Pro Ser Asp Asp Pro Leu Ser Leu
305 310 3156 320

Arg Met Leu Gly Met His Gly Thr Val Tyr Ala Asn Tyr Ala Val Asp
325 330 335

Lys Ala Asp Leu Leu Leu Ala Phe Gly Val Arg Phe Asp Asp Arg Val
340 345 350

Thr Gly Lys Ile Glu Ala Phe Ala Ser Arg Ala Lys Jle Val His Ile
355 360 365

Asp Ile Asp Pro Ala Glu Ile Gly Lys Asn Lys Gln Pro His Val Ser
370 375 380

Ile Cys Ala Asp Val Lys Leu Ala Leu Gln Gly Leu Asn Ala Leu Leu
385 390 395 400

Gln Gln Ser Thr Thr Lys Thr Ser Ser Asp Phe Ser Ala Trp His Asn
405 410 415

Glu Leu Asp Gln Gln Lys Arg Glu Phe Pro Leu Gly Tyr Lys Thr Phe
420 425 430

21/56



165
180
195
210
225
Lys
Au
Ay
Val

Leu

170 175 Thr Asp Ala Phe @n Gu Thr Pro Ile Val GQu Val Thr Arg
185 190 Thr Lys His Asn Tyr Leu Val Leu Asp Val Qu Asp Ile Pro
200 205 Ile Gn Qu Ala Phe Phe Leu Ala Ser Ser Gy Arg Pro Ay
215 220 Leu Val Asp Ile Pro Lys Asp Ile Gn Gn dn Mt Ala Val
230 235 240 Trp Asp Thr Ser Met Asn Leu Pro Gy Tyr Ile Ala Arg

245 25062651 01ErmrcAPas Thrn Gyd AU ILeUGIH Wad DeVallspl6lu Aregr Leu
260 265 270 Ser Arg Arg Pro Ile Leu Tyr Val Ay Ay Ay Cys Ser

Ser
Arg
Pro
Pro
Leu
Val
Al a

Ile
Val
Val
Val
Pro
Ay
Ser

20/ 56 275 £80 285 Asp G u LddGArg Trp Phe Val 4@ u Leu Thr Ay Ile Pro
Thr Thr 290 295 300 Thr Leu Met Ay Leu Gy Asn Phe Pro Ser Asp Asp Pro

Ser Leu 305 310 315 320
Thr Lys Gly Glu Ala Ile Ile Ala Thr Gly Val Gly Gln His Gln Met
450 ' 455 460

Trp Ala Ala Gln Tyr Tyr Thr Tyr Lys Arg Pro Arg Gln Trp Leu Ser
465 470 475 480

Ser Ala Gly Leu Gly Ala Met Gly Phe Gly Leu Pro Ala Ala Ala Gly
485 490 495

Ala Ser Val Ala Asn Pro Gly Val Thr Val Val Asp Ile Asp Gly Asp
500 505 510

Gly Ser Phe Leu Met Asn Ile Gln Glu Leu Ala Leu Ile Arg Ile Glu
515 520 525

Asn Leu Pro Val Lys Val Met Val Leu Asn Asn Gln His Leu Gly Met
530 535 540

Val Val Gln Leu Glu Asp Arg Phe Tyr Lys Ala Asn Arg Ala His Thr
545 550 555 560

Tyr Leu Gly Asn Pro Glu Cys Glu Ser Glu Ile Tyr Pro Asp Phe Val
565 570 575

Thr Ile Ala Lys Gly Phe Asn Ile Pro Ala Val Arg Val Thr Lys Lys

080 585 590
22/56



Arg
Lys
Thr
Asp
Ile
400
410
425
Leu
Met
Ser

Met Leu
Al a Asp
Ay Lys
Ile Asp
Cys Al a
Gn @n
415 G u

430524/E6 Y AHguaG wilkl 818r1esPLYs Bat LENIGIA ghkl Brddcip

435 440 445 Thr Lys Ay u Alalle Ile Ala Thr dy Val

Ay
Leu
Ile
Pro
Asp
Ser
Leu

Met His
Leu Leu
Au Al a
Ala Qu
Val Lys
Thr Thr
Asp G n

dy
Al a
Phe
Ile
Leu
Lys
Adn

Thr Val
Phe Ay
Al a Ser
Gy Lys
Al a Leu
Thr Ser
Lys Arg

Tyr
Val

Arg
Asn
dn
Ser
Au

Al a
Arg
Al a
Lys
Ay
Asp
Phe

Asn
Phe
Lys
dn
Leu
Phe
Pro

450 455 46099rp Ala Ala A né6yr Tyr Thr Tyr

Tyr Leu Leu Asp Ile Ile Val Pro His GIln Glu His Val Leu Pro

610

Ile Pro Ser Gly Gly Ala Phe Lys Asp Met Ile Leu Asp Gly Asp

625

Arg Thr Val Tyr

210>
211>
212>
213>

<2202

221>

222>

<400>

5

2294

DNA

630

Oryza sativa var.

CDS

(48).. (1979)

5

615

kinmaze

Tyr Al a
Asp Asp
Il e Val
Pro H s
Asn Al a
Ser Al a
Leu Gy

LBO5Ar g

620

635

Val Asp
Arg Val
Hs Ile
Val Ser
Leu Leu
Trp H's
Tyr Lys
Mo
dy

Pro Arg

Met

Gly
640

cccaaaccca gaaacccetcg ccgecgecge cgecgecace acccace atg get acg

Met Ala Thr

1

acc gecc geg gec geg gee gee gee ctg tee gee gee geg acg gee aag
23/56

325
340
355
370
385
Asn.
Thr
Leu
Gn
Adn

56

104

330 335
345 350
360 365
375 380
390 395
405

Phe 420
Asp G u
Hs Gn
Trp Leu



465
dy

Ile
Leu
Al a
Pro
Val
Leu
Au
Ile

470 475 480 Ser Ala Gy Leu Ay Ala Met Gy Phe Ay Leu Pro Ala Ala Ala
Asp Ile Asp Ay

485 490 495 Ala Ser Val
500 505 510 Gly Ser Phe Leu
G u 515 520 525 Asn Leu Pro
Gy Met 530 535 540 Vval Val
Asp Phe Val 565 570 575 Thr
Thr
G u Thr
H s Val
Leu Asp Gy Asp Ay

acc ggc cgt aag aac cac cag
Thr Gly Arg Lys Asn His Gln

20 25

EEg gte

Gly

Egcg
Ala

ECE
Ala

ECg
Ala

gtg
Val

CEgE

Arg Val

40

¢ccg ceg tee ceg geg

Ala

ccg ceg

Pro Pro Ser Pro Pro Pro

55

gce cce gcg

Ala

gag
Glu

Cgc aag gge

Ala Pro Arg Lys Gly

70

gte gtg tte

Val

tgc ggc age gac

Cys Gly Val Ser Asp Phe

85 90

atc cac cag geg ctg acg cge

Iie His Gln Ala Leu Thr Arg

100 105

cge cac gag

Glu

cag ggc gag

Glu

gcg

Arg His Gln Gly Ala

Al a Asn

Met
Val

Adn

Lys Lys 580 585 590 22/56 Ser du Val
Pro Gy Pro 595 600 605 Tyr
Leu Pro Met 610 615 620 Ile Pro Ser

cga

Arg

agg

Arg

gee

Ala

gac
Asp

75

gee

Ala

tce

Ser

ttc

Phe

Pro dy Val Thr Vval Val
Asn Ile An du Leu Ala Leu Ile Arg
Lys Val Met Val Leu Asn Asn G n

Leu Gu Asp Arg Phe Tyr

cac cac gtc ctt ccec get cga

His His Val Leu Pro Ala Arg

30

tge tcg gtg tce gtc

Val

ECg cCcg

Ser Ala Ser Pro Val

45 50

acg ccg cte cgg ccg tegg ggg

Thr Pro Leu Arg Pro Trp Gly

60 65

atc ctc gtg ctg

Val

gag gCg

Glu

gag

Leu Ala Leu Giu

Ile
80

tac cecg gge tee atg

Gly

gcg
Ala

Egc

Tyr Pro Gly Ser Met

95

ceg gte ate acc aac cac ctce

Pro Val Ile Thr Asn His Leu

110

tcc tac

BCE

Ala Ala
24/56

ECE EEE

Gly

gCE
Ala

cge

Ser Tyr Arg

_ Lys Ala Asn Arg
H s THRr ab4 2112501299 25802 Al hes IQw s @168 M OMsrGth 3§ G u e Tyr
Ile Ala Lys Gy Phe Asn Ile Pro Ala Val
Asg Ala Ala Ile Lys Lys Met
Leu Leu Asp Ile Ile Val Pro Hs Gn

Gy Ay Ala Phe Lys Asp Met

gEC
Gly
35

acc

Thr

ceg

Pro

cgg

Arg

gag
Glu

tte
Phe
115

ECE
Ala

152

200

248

296

344

392

440



625 630 635 640 Arg Thr Val

sativa var

gcc
Al a
cgt
Lys
gcg
Al a
ccg
Al a

aac ctc

Asn Leu

gtc gce
Val Ala
165

ttc cag
Phe Gln
180

aat tac

Asn Tyr

gee tte

Ala Phe

atc ccc

Ile Pro

gtg
Val
150

ate

Ile

gag
Glu

ctt

Leu

ttc

Phe

aag
Lys
230

135

tce

Ser

acg

Thr

acg

Thr

gtc

Val

cte
Leu

215

gac

Asp

ki nmaze <220>

BECE

Ala

gge
Gly

cccC

Pro

ctt

Leu

200

ECg

Ala

ate

Ile

Tyr

<21

0> 5 <211> 2294 <212> DNA <213> Oyza

<221> CDS <222> (48)..(1979) <400> 5 cccaaaccca
gaaaccct cg ccgcecgecge cgccgccacc acccacc atg get acg 56 Met Ala Thr 1 ace
gcg gcc gcg gcc gcc gec ctg
Ala Ala Ala Ala Ala Ala Leu
aag aac cac cag cga&gcac cac
Asn Hs An Arg Hs His Va
gcg gcg gtc agg tgc tcg gecg
Val Arg Cys Ser Al a Val
ccgtgecceargeccgtctgpgegy: deg
Thr Pro Leu Arg Pro Trp

Ser Gly Arg Val Gly Val Cys

cte

Leu

cag

Gln

ata
Ile
185

gat

Asp

tcc

Ser

cag

Gln

Ser

Ay

gee

Ala

gte
Val
170

gtc

Val

gtg
Val

tcg

Ser

cag

Gln

tcc
Ser
gtc
Leu

gtg
Pro

£Yyy
Pro
Val

gac
Asp
155

cdac

His

gag
Glu

gag
Glu

ggc
Gly

cag
Gin
235

gcc gcc gcg acg gcc aag 104 23/56 Thr
Ala Ala Ala Thr Ala Lys 5 10 15 acc ggc
cttigec get cga ggc 163 Thr Gy Arg
Pro Ala Arg Ay 20 25 30 35 cgg gtg ggg
tee ccg gtc acc 200 Arg Val Ay Ala Ala
Val Thr 40 45 50 ccg ccg tcc ccg gcg
ggggaccot248gPrazcPegeg Sera Rco Al4B8Pro Pro
55 60

Ala Thr Ser Gly Pro Gly Ala Thr

140 145

gcg ctg cte gac tece gtec ccg atg 536
Ala Leu Leu Asp Ser VYal Pro Met
160

cge cge atg atec gge acc gac gee 584
Arg Arg Met Ile Gly Thr Asp Ala
175

gtc acc cgc tcc atc acc aag cac 632
Val Thr Arg Ser Ile Thr Lys His
190 195

gac atc ccc cge gtc ata cag gaa 680
Asp Ile Pro Arg Val Ile Gln Glu
205 210

cgt cct gge cecg gtg ctg gte gac 728
Arg Pro Gly Pro Val Leu Val Asp
220 225

atg gce gtg ccg gte tgg gac acc 776
Met Ala Val Pro Val Trp Asp Thr

240
25/56



65 gcc gag ccc cgc aag ggc gcg gac ate ctc gtg gag gcg ctg gag cgg 296 Al a

du

ggc
Ser
gcg
Leu
cag
Au
gtc
Ay
gcg
Al a
gtc
Arg

Pro Arg Lys
gtc age gac

Asp Val

ctg acg cgc
Thr Arg Ser
ggc gag gcg

Phe Al a Tyr

Ay Ala Asp
gtg ttc gee

Pro

tcc ccg gtc
Pro Val

ttc gcg gcg

Il e

I'le
t ac
Ay
ate
Thr
t ee

Al atPpeatyd aahl atBaercaGyg Ty
ggg gtc tgc gtc gec
Val SeysMafaldsAl beiTroSety Gyy
etc gcc gac gcg ctg etc gac
Asp Al a24feu Leu Asp Ser VaD
cac cgc cgc atg ate ggc ace
Ile Ay Thr Asp Al a

Arg Met

aca
Thr
260

ccg

Pro

Cgc

Arg

ggc
Gly

gge
Gly

ctg
Leu

340

gaa ttg ctt

Glu

att

Ile

tgg

Trp

ctc

Leu

atg
Met

325

ttg

Leu

Leu

cte

Leu

ttt

Phe

ggc
Gly
310

cat

His

ctt

Leu

Leu

tat

Tyr

gtt
Yal
295

aat

Asn

ggc
Gly

gCg
Ala

gag cag gilc

Glu

gte
Val
280

gag
Glu

ttc

Phe

acg

Thr

ttt

Phe

Gln
265

ggt
Gly

ctg

Leu

CCcC

Pro

gtg
Val

ggt
Gly
345

Val

ggt
Gly

act

Thr

agt

Ser

tac
Tyr
330

gtg
Val

Leu
ccg
Ay
acc
Asn

gg9g

Val du Ala Leu
ggc ggc
Al a Ser
aac cac
H s Leu
tac gcg

gcg tcc
Met GQu
ctc ttc
Phe 100

cgc gcg

392

Gu Arg 70 75 80 tgc
atg gag 344 Cys dy Val
85 90 95 ate cac cag
Ile Hs An Al a
105 110 115 cgc cac gag
440 Arg HHs Gu @ n dy

Ma gdagcht atg241b6ad2@cd2bcA 3 gt cc8Pge cgce
acc tcc ggc ccc ggg gca ace 488 Ser Ay Arg Val
Pto Aday Arg d eThPrd 35 s1 #0015 dde etc gtg tee
tee gtc ccg atg 536 Asn Leu Val Ser Ala Leu
Pro Met 150 1585360 gtc gee

gac gcc 584 Vval

165 170

titg cgt ctg gtt ggc gag

Leu

Bgc

Gly

ggt
Gly

gac
Asp
315

gea

Ala

CEg

Arg

Arg Leu

tge tet
Cys Ser
285

ate cca

Ile Pro

300

gac ccg

Asp Pro

aat tat

Asn Tyr

ttt gat

Phe Asp

26/56

Val
270

gea

Ala

gtt

Yal

tig

Leu

gcc

Ala

gat
Asp
350

Gly

tet

Ser

aca

Thr

tce

Ser

gtg
Val
335

cgt

Arg

Glu

ggt
Gly

acec

Thr

ctg
Leu

320

gat

Asp

gteg
Val

Ala Ile Thr

tca cgg

Ser Arg

gac gaa
Asp Glu
290

act ctg
Thr Leu
305

cgc atg

Arg Met

aag gct

Lys Ala

aca ggg
Thr Gly

ate acg ggc cag
Ay dn Val Hs

cgc 872
Arg
275

ttg 920

Leu

atg 968

Met

ctt 1016

Leu

gac 1064

Asp

aaa 1112
Lys
355



175
Phe
195
Tyr
ttc
Leu
gac
Adn
cta
Ay
cag
Val

ggt

ttc cag gag acg
A n Gu Thr
aat tac ett gtc
Leu Asp
ttc ctc gcg tcc

Leu Val

Pro

Val

ccc ata gtc
Il e Val
ctt gat gtg
G u Asp
tcg ggc cgt

du

ate cag cag cag atg gcc gtg
A n IGnGcMetAlAl Bha/dllaPser Vale Atd IA&DII&IFVaZ_BH12351624@})251@5\st9 atg aat
cca ggg tac ate gca cgc ctg
Tyr Ile Ala Arg Lé&60Pro Lys

gtc ttg cgt ctg gtt ggc gag

Leu Arg Leu Val

Gy GQu Ser

ggt ggc tgc tct gca tct ggt
Cys cSersod #agert Gggareds @ag

Pro Ala Glu Ile Gly Lys Asn Lys

gat

Asp

aca

Thr

cag
Gln
420

atc

Ile

gag

Glu

cda

gtt

Val

aca
Thr
405

cag

Gln

cca

Pro

gca

Ala

tat

aag
Lys
390

aag

Lys

aag

Lys

CCE

Pro

atc

Ile

tac

375

ctt

Leu

aca

Thr

agg

Arg

caa

Gln

atc
Ile
455

acc

gct
Ala

agt

Ser

gag

Glu

tat
Tyr
440

get
Ala

tac

tta

Leu

tct

Ser

ttt
Phe
425

gce

Ala

act

Thr

aag

cag

Gln

gat
Asp
410

cct

Pro

att

Tle

get
Gly

CBE

gag gtc

Val

Thr

gag gac

Ile Pro

cct

ccc aag cca ccc gcg 824 Ser

ggc

ace cgc tee ate ace
Arg Ser
ate ccc cgc gtc ata
lle An Ju
ccg gtg ctg gtc gac
Al a a%er gfergcd Yt Ag@aPagc Agg Pe® adal ateUgt\éalcaAS@ttZJgéc:Zth
ccg gtc tgg gac ace 776

Arg Val

Ile Thr

aag cac 632

Lys Hi s 180 185 190

cag gaa 680 Asn
200 205 210 gcc
728 Al a Phe Phe

% atggpcc aag
ro Lys Asp Ile

Met Asn Leu Pro

Pro Pro3dba 245 250 255 ag#@) gaa ttg ctt gag
tca cgg cgc 872 Thr GQu Leu Leu u Gn

Arg Arg 260 265 270 275 ccg att etc tat gtc
gac gaa ttg 920 Pro Ile Leu Tyr Val Ay Gy
e cag80cod3at9o@tg tca att tge gea

Gln Pro His Val Ser Ile Cys Ala

ggcC
Gly
395

ttt

Phe

ctg

Leu

cag

Gln

gtt

Val

380

ttg

Leu

agt

Ser

EEE
Gly

gtg
Val

EEE
Gly
460

aat gct

Asn Ala

gca tgg

Ala Trp

tac aaa
Tyr Lys
430

ctg gat
Leu Asp
445

cag cac

Gln His

cca cgg cag tgg

27/56

ctg

Leu

cac
His

415

act

Thr

gag

Glu

cag

Gln

ctg

cta
Leu

400

aat

Asn

Tttt

FPhe

ctg

Leu

atg

Met

tct

385

caa

Gln

gag
Glu

ggt
Gly

acg

Thr

tgg
Trp
465

tcg

cag age

Gln Ser

ttg gac

Leu Asp

gaa gag
Glu Glu
435

aaa ggt

Lys Gly

450

gCcg gca

Ala Ala

get ggt

1208

1256

1304

1352

1400

1448

1496



cgc
Phe

ggc
Asn
ggc
Thr
ttt

get
Phe
att

get
Leu

tgg ttt gtt gag ctg act ggt

Val du Leu Thr

Ay Ille Pro

aat ttc ccc agt gac gac ccg
Phe Pro Ser Asp Asp Pro Leu
acg gtg tac gca aat tat gcc

Val GOyir TA- arvAs Mhd YryrALas Viedg

ggt gtg cgg ttt gat gat cgt
Val Arg Phet78sp Asp Arg Val
ttt gca agc agg gcc aag att
Ala Ser Arg Ala Lys Ile Val
gga aag aac aag caa cca cat

Lys cAgngtysc@ atPragaHi st \dgg

tta cag
d n leny

get
Ala
500

cte

Leu

gtg
Val

tgg

Trp

aac

Asn

aag

Lys

6le

485

aac

Asn

atg

Met

aag

Lys

gag
Glu

ccg
Pro

565

ggg
Gly

c tt

cca

Pro

aac

Asn

gtg
Yal

gat
Asp
250

gaa

Glu

ttc

Phe

aat get ctg
Wlasken @ yLBhe IBy Eewn

ggt
Gly

att

Ile

atg
Met

935

agg

Arg

aat

Asn

gte
Val

cag
Gln
520

gtg

Val

ttt

Phe

gag

Glu

att

Ile

aca
Thr
505

gag
Glu

ttg

Leu

tac

Tyr

agc

Ser

cct

Pro

490

gtt

Yal

ctg

Leu

aac

Asn

aag

Lys

gag
Glu
570

gca

Ala

ate
Val

ttg
Ser

gtg

cca
Thr
tcc
Leu
gat

gtt aca ace act ctg atg 968 Arg Trp
Thr Thr Leu Met 295 300 305 ggc etc
ctg cgc atg ctt 1016 Ay Leu Gy
Arg Met Leu 310 315 320 ggg atg cat
aag get gac 1064 dy Met Hs Gy

PP Ays cAhaTASRe328: 833802 Cf1g ttg ctt gcg

gtg
Ihe
g_t g
H s
gtg
Ség
cta

gtt
Val

gca

Ala

aac

Asn

gcg
Ala
bbb

ata

Ile

gtc

aca
Ay
cac
I'le
tca
ddte
caa

Rgon

gat

Asp

ttg

Leu

caa
Gln
540

aat

Asn

tat

Tyr

cgt

ggg aaa 1112 Leu Leu Leu Al a Phe
Lys 340 3453@50 355 26/ 56 att gag
att gac att gat 1160 Ile Qu Al a
Asp Ile Asp 360 365 370 cca gca gag
att tgc gca 1208 Pro Ala Qu lle
gCysed acB7hg38@t386t grtg gtib4lag ctt
cag age 1256 Asp Val Lys Leu Al a
ASerAlz0d1896lwu@da Ser Val

495

att gat ggg gat ggt age tte 1592
Ile Asp Gly Asp Gly Ser Phe
510 515

atc cgc att gag aac ctc cct 1640
Ile Arg Ile Glu Asn Leu Pro
525 530

cat ttg ggt atg gtg gtg caa 1688

His Leu Gly Met Val Val Gln

agg gcg cat aca tac ttg gge 1736
Arg Ala His Thr Tyr Leu Gly
560

cca gat ttt gtg act att get 1784
Pro Asp Phe Val Thr Ile Ala

o975

gta aca aag aag agt gaa gtc 1832

Val Arg Val Thr Lys Lys Ser Glu Val

28/56



aca
Thr
cag
Lys
cca
Pro
atc
Ile
ace
Thr
gca
Met
ggt
Val
att

aca aag aca agt tet gat ttt
Lys Thr Ser Ser Asp Phe Ser
aag agg gag ttt cct ctg ggg
Arg Gu Phe Pro Leu Ay Tyr
ccg caa tat gcc att cag gtg
Gnshyr Ala lle G n Vgksleu
ate get act ggt gtt ggg cag
Ala Thr Gly Val Gy @n His
tac aag egg cca egg cag tgg

agt gca tgg cac aat gag ttg gac 1304 Thr
Ala Trp Hs Asn Qu Leu Asp 405 410 415 cag
tac aaa act ttt ggt gaa gag 1352 dAn dn
Lys Thr Phe Ay GQu G u 420 425 430 435 ate
ctg gat gag ctg acg aaa ggt 1400 Ile Pro
Asp G u Leugdhr Lys Gy 440 445 450 gag gca
cac cag atg tgg gcg gca 1448 Qu Ala lle
Gn Met Trp Ala Ala 455 460 465 caa tat tac
ctg tct tcg get ggt 1496 27/56 G n Tyr Tyr

Tyr d.gy,Sg&E ggdar@té\ragagGaag alrgd ckeugaeacbescalgagCya 448 4¥H 480 cigBM@AC

atg gga ttt ggg ctg cct get
Ay ArigeAtd YA llae Ul £rloy sALas Alest
gtc aca gtt gtt gat att gat
Thr Val Val Asp |I@&0Asp Ay
cag gag ctg gca ttg ate cgc

gat atc atec gtc ccg cac cag

Asp Ile Ile Val Pro His Gln
615

ggg gge gea tte aag gac atg
Gly Gly Ala Phe Lys Asp Met
630

gca get ggt get tet gtg 1544 Leu Ay A a
Aba @Qw TAkaPRelGlYaPrA85r4Déu 4% get aac cca
ggg gat ggt age tte 1592 Ala Asn Pro Gy
Asp d y68er Phe 500 505 5810515 ctc atg aac
att gag aac ctc cct 1640

gag cat gtg ctg cct atg ate cca att 1928

Glu His Val Leu Pro Met Ile Pro Ile

620 625

atc ctg gat ggt gat gge agg act gtg 1976
Ile Leu Asp Gly Asp Gly Arg Thr Val
635 640

tat taatctataa tctgtatgtt ggcaaagcac cagecccggece tatgtttgac 2029

Tyr

ctgaatgacc cataaagagt ggtaigccta tgatgtitgt atgtgctceta tcaataacta 2089

aggtgtcaac tatgaaccat atgctettcet gttttacttg tttgatgtge ttggeatggt 2149

aatcctaatt agettcctge tgtctaggtt tgtagtgtgt tgttttetgt aggecatatge 2209

atcacaagat atcatgtaag tttcttgtcc tacatatcaa taataagaga ataaagtact 2269

tctatgtaaa aaaaaaaaaa aaaaa

<210> 6

2294

29/56



Leu
gtg
Lys
gag

gaa
Cys
aat
Ile
gcc
Al a
ate
Val
ttc

Met Asn Ile A n
aag gtg atg gtg
Val Met Val
gat agg ttt tac
Arg Phe Tyr
t gt <gag> agR gag
Au Ser Au lle

att <geg> dguda gtc
Pro Al a Val

Leu

Lys

Arg

du
ttg
Asn
aag
Al a
at a
Tyr
cgt
Val

gcc <al &> dayzaagatatvg
Ile Lys Lys Met Leu

gtc ccg cac cag gag
Pro Hs G n GQu H's
aag<g8e> &t g ate ctg

Met Ala Thr Thr Ala Ala Ala

1

Thr Ala

Ala Arg

Pro Val

50

Trp Gly

65

Leu Glu

Ser Met

His Leu

Lys

Gly

35

Thr

Pro

Arg

Glu

Phe
115

5

Leu Al a
aac aac
Asn @n
gcg aat
Asn Arg
tat cca
Pro Asp
gta aca
Thr Lys

Leu
caa
H s
agg
Al a
gat
Phe
aag
Lys

edr. dagmacd

A u Thr
cat gtg
Val Leu
gat ggt

Thr Gly Arg Lys

20

Arg

Pro

Ala

Cys

Tle
100

Arg

Val

Pro

Glu

Gly

85

His

His

Gly Ala

Ser Pro

55

Pro Arg

70

Val Ser

Gln Ala

Glu Gln

Pro
ctg
Pro

Ile
cat
Leu
gcg
H s
ttt
Val
aag
Ser
cca
Ay
cct
Met

Arg
ttg
Ay
cat
Thr
gtg
Thr
agt
du
ggg
Pro
atg
Ile

gat ggc agg
Ala Ala Ala Ala Leu Ser Ala Ala Ala

Asn

Ala

40

Ala

Lys

Asp

Leu

Gly
120

10

Ile
ggt
Met
aca
Tyr
act
Ile
gaa
Val
cca
Tyr
ate
Pro
act

A u Asn Leu Pro 520 525 530
atg gtg gtg caa 1688 Val
Val Val G n 535 540 545 tgg
tao ttg ggc 1736 Trp Gu

Leu Gy 550 555 560 aac ccg

att get 1784 Asn Pro Qu
Al a 565 570 575 aag ggg ttc
gtc 1832 Lys Gy Phe Asn
28/ 56 580 585 590 595 cgt
tac ttg ttg 1880 Arg Al a
Leu Leu 600 605 610 gat ate
cca att 1928 Asp lle Ile
Ile 615 620 625 ggg gge gca
gtg 1976

15

His GIn Arg His His Val Leu Pro

25

Ala Val Arg

Pro Pro Ala

Gly Ala Asp

Yal Phe Ala

Thr Arg Ser

105

Glu Ala Phe

30/56

90

30

Cys Ser Ala Val Ser

45

Thr Pro Leu Arg Pro

60

75

Iie Leu Val Glu Ala

80

Tyr Pro Gly Gly Ala

95

Pro Val Ile Thr Asn

110

Ala Ala Ser Gly Tyr

125



Gy Gy Ala Phe Lys Asp Met Ile Leu Asp Ay Asp Gy Arg Thr Vval 630 635 640
tat taatctataa tctgtatgtt ggcaaagcac cagcccggcc tatgtttgac 2029 Tyr

ctgaat gacc cataaagagt ggtatgccta tgatgtttgt.atgtgctcta tcaataacta 2089

aggt gt caac tatgaaccat atgctcttct gttttacttg tttgatgtgc ttggcatggt 2149
aatcctaatt agcttcctgc tgtctaggtt tgtagtgtgt tgttttctgt aggcatatgc 2209

at cacaagah piLalgtaagciytetd gutccladalalead/daal aalagd8eAt@Edagtact 2269
t ct at gt aaa aaaaaaaaaa aaaaa 2294 <210> 6 29156 <211> 644 <212> PRT <213>

Oryza sativgouar. kinmaze <4Q85 6 Met Ala Thr The Ala Ala Ala Ala Ala Ala
Ala Leu Ser Ala Ala Ala 1 5 10 15 Thr Ala Lys Thr Gy Arg Lys Asn Hs Gn
Arg H's Hs Val Leu Pro 20 25 30 Ala Arg Ay Arg Val Ay Ala Ala Al a Vval
Arg Cys Ser Ala Val Ser 35 . 40 45 Pro Val Thr Pro Pro Ser Pro Ala Pro Pro
Al a Thr GPy A llze GhAr gsrPLeu5a155eB80A IR pe@ §lPriepAbda BHenw Peo AapgSeys Ay Al a

Asp Ile Leu Val Qu Al a
145 150 155 160

Val Pro Met Val Ala Ile Thr Gly Gln Val His Arg Arg Met 1le Gly
165 170 175

Thr Asp Ala Phe Gln Glu Thr Pro Ile Val Glu Val Thr Arg Ser Ile
180 185 190

Thr Lys His Asn Tyr Leu Val Leu Asp Val Glu Asp Ile Pro Arg Val
195 200 205

Ile Gln Glu Ala Phe Phe Leu Ala Ser Ser Gly Arg Pro Gly Pro Val
210 2ib 220

Leu Val Asp Ile Pro Lys Asp Ile Gln Gln Gln Met Ala Val Pro Val
225 230 235 240

Trp Asp Thr Ser Met Asn Leu Pro Gly Tyr Ile Ala Arg Leu Pro Lys
245 250 255

Pro Pro Ala Thr Glu Leu Leu Glu Gln Val Leu Arg Leu Val Gly Glu
260 265 270

Ser Arg Arg Pro Ile Leu Tyr Val Gly Gly Gly Cys Ser Ala Ser Gly

275 280 285
31/56



65 70 75 80 Leu Au Arg Cys Ay Val Ser Asp Val Phe Ala Tyr Pro Gy Ay Al a
85 90 95 Ser Met Qu Ile Hs An Ala Leu Thr Arg Ser Pro Val Ile Thr Asn

100
115
ady
Asp
Met
Arg
Pro
Ay

105 110 His Leu Phe Arg Hs Gu G n Ay GQu Ala Phe Ala Ala Ser Ay Tyr
120 125 30/56 Ala Arg Ala Ser Gy Arg Val Ay Val Cys Val Ala Thr Ser

Pro 130 135 140 Ay Ala Thr Asn Leu Val Ser Ala Leu Ala Asp Ala Leu Leu
Ser 145 150 155 160 Val Pro Met Val Ala Ile Thr Ay An Val Hs Arg Arg
lle Ay 165 170 175 Thr Asp Ala Phe G n GQu Thr Pro Ile Val du Val Thr

Ser pAbp 61080l 85l I0p e Nyd GHivs LASNTHY IGlell &/dlroLal Agr Valf A u Asp Ile
Arg Val 195 200 205 Ile dn AQu Ala Phe Phe Leu Ala Ser Ser Gly Arg Pro
Pro Val2@0 215 220 295 300

Thr Leu Met Gly Leu Gly Asn Phe Pro Ser Asp Asp Pro Leu Ser Leu
305 310 315 320

Arg Met Leu Gly Met His Gly Thr Val Tyr Ala Asn Tyr Ala Val Asp
325 330 335

Lys Ala Asp Leu Leu Leu Ala Phe Gly Val Arg Phe Asp Asp Arg Val
340 345 350

Thr Gly Lys Ile Glu Ala Phe Ala Ser Arg Ala Lys Ile Val His Ile
3556 360 365

Asp Ile Asp Pro Ala Glu ile Gly Lys Asn Lys GIln Pro His Val Ser

370 375 380

Ile Cys Ala Asp Val Lys Leu Ala Leu Gln Gly Leu Asn Ala Leu Leu
385 390 395 400

Gln Gln Ser Thr Thr Lys Thr Ser Ser Asp Phe Ser Ala Trp His Asn
405 410 415

Glu Leu Asp Gln Gln Lys Arg Glu Phe Pro Leu Gly Tyr Lys Thr Phe
420 425 430

Gly Glu Glu Ile Pro Pro Gln Tyr Ala Ile Gln Val Leu Asp Glu Leu
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Leu
240
255
270
285
290
305
Asp
Val

I'le
Ser

Val Asp Ile Pro Lys Asp Ile Gn Gn A@n Mt Ala Val Pro Val 225 230 235
Trp Asp Thr Ser Met Asn Leu Pro Gly Tyr Ile Ala Arg Leu Pro Lys 245 250
Pro Pro Ala Thr Qu Leu Leu Gu A@n Val Leu Arg Leu Val Ay du 260 265
Ser Arg Arg Pro Ile Leu Tyr Val Ay Ay Ay Cys Ser Ala Ser Ay 275 280
31/56 Asp G u Leu Arg Trp Phe Val Qu Leu Thr Ay Ile Pro Val Thr Thr
295 300 Thragseu Met Ay Leu @y Asn Phe Pro Sefq4sAsp Asp Pro Leu Ser Leu
310 315 320 Arg Met Leu Ay Met Hs Ay Thr Val Tyr Ala Asn Tyr Al a Val
325 330 335 Lys Ala Asp Leu Leu Leu Ala Phe Gy Val Arg Phe Asp Asp Arg
340 345 350 Thr Gy Lys Ile Au Ala Phe Ala Ser Arg Ala Lys Ile Val H's
355 TR6OLBE T 14sPl 18 aASe Arle Ala THrUGLY &/ ¢l y&ElnABhs Lyl @em Pro Hi s Val
370 375
450 455 460

Trp Ala Ala Gln Tyr Tyr Thr Tyr Lys Arg Pro Arg Gln Trp Leu Ser
465 . 470 475 480

Ser Ala Gly Leu Gly Ala Met Gly Phe Gly Leu Pro Ala Ala Ala Gly
485 490 495

Ala Ser Val Ala Asn Pro Gly Val Thr Val Val Asp Ile Asp Gly Asp
500 505 510

Gly Ser Phe Leu Met Asn Ile Gln Glu Leu Ala Leu Ile Arg Ile Glu
515 520 525

Asn Leu Pro Val Lys Val Met Val Leu Asn Asn GIn His Leu Gly Met
530 535 540

Val Val Gln Trp Glu Asp Arg Phe Tyr Lys Ala Asn Arg Ala His Thr
545 550 555 560

Tyr Leu Gly Asn Pro Glu Cys Glu Ser Glu Ile Tyr Pro Asp Phe Val
565 570 575

Thr Ile Ala Lys Gly Phe Asn Ile Pro Ala Val Arg Val Thr Lys Lys
580 585 590
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380 Ile Cys Ala Asp Val Lys Leu Ala Leu G n Gy Leu Asn Ala Leu Leu 385 390
395 400 A n An Ser Thr Thr Lys Thr Ser Ser Asp Phe Ser Ala Trp H s Asn 405
410 415 A u Leu Asp A n dn Lys Arg Gu Phe Pro Leu Ay Tyr Lys Thr Phe 420
425 430 Ay Gu GQu lle Pro Pro dn Tyr Ala lle @n Val Leu Asp Gu Leu
32/ 56 435 440 445 Thr Lys Ay Qu Ala lle lle Ala Thr Ay Val Ay Gn H's

A n Met s4906HeS468rd ' oAl e AllR %@ LR MY rLelhG1dYThl Peo/6 Ty Pr@ Arg G n Trp
Leu Ser 465 470 475 480 Ser Ala Ay Leu Ay Ala Met Gy Phe Ay Leu Pro Ala

Ala Ala Ay 4859490 495 Ala Ser ¥abh Ala Asn Pro dgpsval Thr Val Val Asp Ile
Asp Ay Asp 500 505 510 Ay Ser Phe Leu Met Asn Ile An Gu Leu Ala Leu Ile
Arg Ile Qu 515 520 525 Asn Leu Pro Val Lys Val Met Val Leu Asn Asn A n His
Leu Ay Met 530 535

Tyr Leu Leu Asp Ile Ile Val Pro His Gln Glu His Val Leu Pro Met

610 615 620

Ile Pro Ile Gly Gly Ala Phe Lys Asp Met Ile Leu Asp Gly Asp Gly
625 630 635 640

Arg Thr Val Tyr

210> 7
211> 2294
<212> DNA

{213> Oryza sativa var. kinmaze

220>
<221> CDS
<222> (48)..(1979)

400> 7
cccaaaccea gaaaccctcg cecgecgeege cgeegecace acccace atg get acg 56
Met Ala Thr
1

acc gcc gog gec geg gee gec gee ctg tec gee gec gog acg gec aag 104

Thr Ala Ala Ala Ala Ala Ala Ala Leu Ser Ala Ala Ala Thr Ala Lys
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540
555
570
585
Pro
Pro
Asp

Val Val Gn Trp Gu Asp Arg Phe Tyr Lys Ala Asn Arg Ala H's Thr 545 550
560 Tyr Leu Ay Asn Pro Qu Cys QQu Ser Qu Ile Tyr Pro Asp Phe Val 565
575 Thr Ile Ala Lys Gy Phe Asn Ile Pro Ala Val Arg Val Thr Lys Lys 580
590 33/56 Ser Qu Val Arg Ala Ala Ile Lys Lys Met Leu Qu Thr Pro Ay
595 600 605 Tyr Leu Leu Asp Ile Ile Val Pro Hs Gn GQu H's Val Leu
Met 610 645 620 Ile Pro Il Gy Ay Ala Phejbys Asp Met Ile Leu Asp Gy
dy 625 630 635 640 Arg Thr Val Tyr <210> 7 <211> 2294 <212> DNA

<213> Oryza sativa var. kinmaze <220> <221> CDS <222> (48)..(1979) <400> 7
cccaaaccca gaaaccctcg ccgccgccgc cgccgccacc acccacc atg get acg 56

acc gge cgt aag aac cac cag cga cac cac gtc ctt ccc get cga ggc 152
Thr Gly Arg Lys Asn His Gln Arg His His Val Leu Pro Ala Arg Gly
20 25 30 35

cgg gtg ggg geg geg geg gte agg tge tcg geg gtg tee ceg gte ace 200
Arg Val Gly Ala Ala Ala Val Arg Cys Ser Ala Val Ser Pro Val Thr
40 45 50

ccg cecg tce ccg geg cecg ccg gee acg ccg ctec cgg ccg tgg geg ceg 248
Pro Pro Ser Pro Ala Pro Pro Ala Thr Pro Leu Arg Pro Trp Gly Pro
bb 60 65

gce gag ccc cge aag ggc gecg gac atc ctc gtg gag geg ctg gag cgg 296

Ala Glu Pro Arg Lys Gly Ala Asp Ile Leu Val Glu Ala Leu Glu Arg

tgc gge gte age gac gtg ttc gee tac ccg gge gge geg tee atg gag 344
Cys Gly Val Ser Asp Val Phe Ala Tyr Pro Gly Gly Ala Ser Met Glu
85 : 90 95

atc cac cag gcg ctg acg cge tce ceg gte atc acc aac cac cte ttc 392
Ile His Gln Ala Leu Thr Arg Ser Pro Val Ile Thr Asn His Leu Phe
100 106 110 115

cge cac gag cag gge gag-geg ttc gecg geg tec ggg tac geg cge geg 440
Arg His Glu Gln Gly Glu Ala Phe Ala Ala Ser Gly Tyr Ala Arg Ala

120 125 130
35/56



Met Ala Thr | ace gcc gcg gcc gcg gcc gcc gcc ctg tcc gecc gecc gcg acg gcc
aag 104 Thr Ala Ala Ala Ala Ala Ala Ala Leu Ser Ala Ala Ala Thr Ala Lys
34/56 5 10 15 acc ggc cgt aag aac cac cag cga cac cac gtc ctt ccc get cga
ggc 152 Thr Ay Arg Lys Asn HHs G n Arg Hs His Val Leu Pro Ala Arg Ay 20

25 30 35 cgg gtg ggg gcg gcg gcg gtc agg tgec tcg gcg gtg tee ccg gtc acc
200 Arg Val Gy Ala Ala Ala Val Arg Cys Ser Ala Val Ser Pro Val Thr 40 45

50 ccg ccg tee ccg gcg ceg ccg gcc acg ccg etc egg ccg tgg ggg ccg 248 Pro
Pro Ser tRcoghtacdy @tPr@zgAlcac e Bro ¢l abegtdy @glr pcHgegProa 260 688 gcc
gag ccc cgc aag ggc gcg gac ate etc gtg gag gcg ctg gag cgg 296 Ala Qu Pro
Arg Lys SeryGAy aAvasial |& yL&al Vats Gab Alea TheuSdd Glar Brd G1F5A8H Thgc ggc gtc
age gac gtg ttc gee tac ccg ggc ggc gcg tee atg gag 344 Cys Ay Val Ser Asp
Val Phe Ala Tyr Prd3&ly Ay Ala Ser Mt G u 85 90 95 d#é cac cag gcg ctg
acg cgc tee ccg gtc ate ace aac cac etc ttc 392 Ile Hs G n Ala Leu Thr
Arg Ser Pro Val Ile Thr Asn H s Leu Phe

aac ctc gtg tec geg cte gec gac geg ctg cte gac tee gtec ceg atg 536
Asn Leu Val Ser Ala Leu Ala Asp Ala Leu Leu Asp Ser Val Pro Met
150 155 160

gte gece ate acg ggc cag gtc cac cge cge atg atc gge ace gac gcc h84
Val Ala Ile Thr Gly Gln Val His Arg Arg Met Ile Gly Thr Asp Ala
165 170 175

ttc cag gag acg ccc ata gtec gag gtc acc cge tec ate acc aag cac 632
Phe Gln Glu Thr Pro Ile Val Glu Val Thr Arg Ser Ile Thr Lys His
180 185 190 195

aat tac ctt gtc ctt gat gtg gag gac atc ccc cge gtec ata cag gaa 680
Asn Tyr Leu Val Leu Asp Val Glu Asp Ile Pro Arg Val Ile Gln Glu
200 205 210

gee tte tte cte geg tce teg gge cgt cet gge ccg gtg ctg gte gac 728
Ala Phe Phe Leu Ala Ser Ser Gly Arg Pro Gly Pro Val Leu Val Asp
215 220 225

atc ccc aag gac atc cag cag cag atg gce gtg ccg gtec tgg gac acc 776
Ile Pro Lys Asp Ile Gln Gln Gln Met Ala Val Pro Val Trp Asp Thr
230 235 240
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100
gcg
125
gca
Thr
atg
155
Val
ttc
Adn
aat
Leu
ttc
Al a

105 110 115 cgc cac gag cag ggc gag gcg ttc gcg gcg tee ggg tac gcg cgc
440 Arg Hs Au @n Ay GQu Ala Phe Ala Ala Ser Ay Tyr Ala Arg Ala 120
130 35/56 tcc ggc cgc gtc ggg gtc tgec gtc gcc acc tcc ggc ccc ggg
acc 488 Ser Ay Arg Val Ay Val Cys Val Ala Thr Ser Ay Pro Ay Al a
135 140 145 aac ctc gtg tee gcg ctc gcc gac gcg ctg ctc gac tcc gtc cog

536 tgNatehalaktPedcalbpg Lot M@ AP chtaclLuckesad\sRaSesc \Rlg Pregdvet 150
160 gtc goo atc acg ggc cag gtc cac cgc cgc atg atc ggc acc gac gcc 584
Al a JelreMdhrasal Ye@ RroValy Hiys Alg Mrag AbgtLdd @rd hysTiRroABm Ala 165 170 175
cag gag acg ccc ata gtc gag gtc acc cgc tcc atc acc aag cac 632 Phe
GQu Thr2& o0 He Val Qu Va&LH0Thr Arg Ser 1l e2%hr Lys His 180 185 190 195
tac ctt gtc ctt gat gtg gag gac atc ccc cgc gte ata cag gaa 680 Asn Tyr
Val Leu Asp Val GQu Asp Ile Pro Arg Val Ile @n @u 200 205 210 gcc ttc
ctc gcg tcc tcg ggec cgt cot ggc cog gtg ctg gtc gac 728 Ala Phe Phe Leu
Ser a8er & \ttAr gt Prepectys Bt Ve dsducValstisgeol1se20a20me cge 872

Thr Glu Leu Leu Glu Gln Val Leu Arg Leu Val Gly Glu Ser Arg Arg
260 265 270 275

ccg att cte tat gtec ggt ggt gge tge tet gea tet ggt gac gaa ttg 920
Pro Ile Leu Tyr Val Gly Gly Gly Cys Ser Ala Ser Gly Asp Glu Leu
280 285 290

cge tgg ttt gtt gag ctg act ggt atc cca gtt aca acc act ctg atg 968
Arg Trp Phe Val Glu Leu Thr Gly Ile Pro Val Thr Thr Thr Leu Met
295 300 305

gge ctc gge aat tic ccc agt gac gac ccg ttg tce ctg cge atg ctt 1016
Gly Leu Gly Asn Phe Pro Ser Asp Asp Pro Leu Ser Leu Arg Met Leu
310 315 320

ggg atg cat ggc acg gtg tac gca aat tat gec gtg gat aag gct gac 1064
Gly Met His Gly Thr Val Tyr Ala Asn Tyr Ala Val Asp Lys Ala Asp
32b 330 335

ctg ttg ctt geg ttt ggt gtg cgg ttt gat gat cgt gtg aca ggg aaa 1112
Leu Leu Leu Ala Phe Gly Val Arg Phe Asp Asp Arg Val Thr Gly Lys
340 345 350 355

att gag gect tit gca age agg gcc aag att gtg cac att gac att gat 11560
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atc
Lys
tcg
Asn
ttg
Leu
att
Tyr
ttt
Au
ttc
Pro
gtg
Tyr

Co0 aag gac atc cag
Asp Ile dn dn @n
atg aat cta cca ggg
Leu Pro Ay Tyr
ctt gag cag gtc ttg

I'le

Pro Val

cag cag atg gcc.gtg ccg
Met Al a Val
tac atc gca cgc ctg ccc
Ala Arg Leu Pro Lys Pro

cgt ctg gtt ggc gag tca

Trp

Asp Thr
aag cca ccc gcg 824 Ser Met
Pro Ala 245 250 255 aca gaa

gtc tgg gac acc 776 Ile Pro

230 235 240 36/56

cgg cgc 872 Thr du Leu

G u GenGliyalld @He A1k Ker Mal AGhYLE U1SeVaAHE sAL D 269 265 &
ctc tat gtc ggt ggt ggc tgc tct gca tct ggt gac gaa ttg 92
Val Ay dy Ay G& Ser Ala Ser dgebsp Au Leu 280 28%» 290 cgc tgg

aca acc act ctg atg 968 Arg Trp Phe Val

gtt gag ctg act ggt atc cca gtt
Gy Ile Pro Val

Leu Thr

gat

Asp

aca

Thr

gtt

Yal

aca

Thr

405

cag
Gln

420

atc

Ile

gag

Glu

caa

Gln

cag

Gln

cca

Pro

gea

Ala

tat

Tyr

aag
Lys
350

aag

Lys

aag

Lys

ceg

Pro

atc

Ile

tac

Tyr

375

ctt

Leu

aca

Thr

ageg

Arg

caa

Glin

ate
Ile
455

acce

Thr

get
Ala

agt

Ser

gag

Glu

tat
Tyr
440

gct

Ala

tac

Tyr

tta

Leu

tct

Ser

ttt
Phe
425

gee

Ala

act

Thr

aag

Lys

cag

Gln

gat
Asp
410

cect

Pro

att

Ile

get
Gly

Cgg

Arg

Thr Thr
ccc agt gac gac ccg ttg tcc ctg
Ser ddgpefeeddr etleggaSens Llans Aag

tac gca aat tat gcc gtg gat aag
Al a FaenATy Gl dlwdilyAbps 1Ase AVa

gEC
Gly
395

ttt
Phe

ctg

Leu

cag

Gln

gtt

Val

cca

Thr
éﬁ;;
380

ttg

Leu

Ser

EEE

Gly T

gtg
Val

gEE
Gly
460

Cgg

275 ccg

Pro Ile Leu

Leu Met 295 300 305 ggc ctc ggc aat
cgc atg ctt 1016 Ay Leu Ay Asn Phe
et cheuc@1@t8leca8B82@tgyge ajeg cat2dfgc acg
gac 1064 Gy Met Hs Ay Thr Val

PgoHR3Fal3%er Ile Cys Ala

aat

Asn

gea

Ala

tac

ctg
Leu

445

cag

Gln

cag

Pro Arg Gln

38/56

gct
Ala

tgg

Trp

aaa
Lys
430

gat

Asp

cac

His

tgg

Trp

ctg

Leu

cac
His

415

act

Thr

gag
Glu

cag

Gln

ctg

Leu

cta

Leu

400

aat

Asn

ttt

Phe

ctg

Leu

atg

Met

tet

Ser

389

caa

Gln

gag
Glu

acg

Thr

tgg
Trp
465

tcg

Ser

cag

Gln

ttg

Leu

gaa

Glu

aaa
Lys
450

gcg
Ala

get
Ala

age

Ser

gac

Asp

gag
Glu
435

ggt
Gly

gca

Ala

ggt
Gly

1256

1304

1352

1400

1448

1496



ctg ttg ctt gcg ttt ggt gtg cgg ttt gat gat cgt gtg aca ggg aaa 1112 Leu
Leu Leu Ala Phe Ay Val Arg Phe Asp Asp Arg Val Thr Ay Lys 340 345 350 355
att gag get ttt gca agc agg gcc aag att gtg cac att gac att gat 1160
37/56 Ile Au Ala Phe Ala Ser Arg Ala Lys Ile Val His Ile Asp Ile Asp 360
365 370 cca gca gag att gga aag aac aag caa cca cat gtg tca att tgc gca
1208 Pro Ala Gayglle Gy Lys Asngtys Gn Pro H's Vigdg Ser Ile Cys Ala 375
380 385 gat gtt aag ctt get tta cag ggc ttg aat get ctg cta caa cag age
1256 Asp Val Lys Leu Ala Leu A n Gy Leu Asn Ala Leu Leu Gn Gn Ser 390
395 400 aca aca aag aca agt tct gat ttt agt gca tgg cac aat gag ttg gac

1304 Thretghged weaThts S8 Set ddgpcbheclegcAlgealgpt Higt Ast At gtgu AA4405
410 415 cag cag aag agg gag ttt cct ctg ggg tac aaa act ttt ggt gaa gag
1352 GlruGihy ya Beg CEByuPRheIRr bel AroGiya Ala Bys Ghr APheS&d Wwall u G u 420
425 430 435 ate cca ccg caa tat gcc att cag gtg ctg gat gag ctg acg aaa ggt
1400 Ille P48 Pro A n Tyr Ala%le Gn Val Leu A8p G u Leu Thr Lys Gy 440
445 450 gag gca ate ate get act ggt gtt ggg cag cac cag atg tgg gcg gea
1448

gct aac cca ggt gtc aca gtt gtt gat att gat ggg gat ggt age ttic 1592
Ala Asn Pro Gly Val Thr Val Val Asp Ile Asp Gly Asp Gly Ser Phe
500 505 510 515

ctc atg aac att cag gag ctg gca ttg atc cge att gag aac ctec cet 1640
Leu Met Asn Ile Gln Glu Leu Ala Leu Ile Arg Ile Glu Asn Leu Pro
520 525 530

gtg aag gtg atg gtg ttg aac aac caa cat ttg ggt atg gtg gtg caa 1688
Val Lys Val Met Val Leu Asn Asn Gln His Leu Gly Met Val Val Gln
535 540 545

ttg gag gat agg ttt tac aag gcg aat agg geg cat aca tac ttg gge 1736
Leu Glu Asp Arg Phe Tyr Lys Ala Asn Arg Ala His Thr Tyr Leu Gly
550 555 560

aac ccg gaa tgt gag agc gag ata tat cca gat ttt gtg act att get 1784
Asn Pro Glu Cys Glu Ser Glu Ile Tyr Pro Asp Phe Val Thr Ile Ala
565 570 575

aag ggg ttc aat att cct gca gtc cgt gta aca aag aag agt gaa gic 1832
Lys Gly Phe Asn Ile Pro Ala Val Arg Val Thr Lys Lys Ser Glu Val

580 585 590 595
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Gu Alallelle Ala Thr Gy Val
caa tat tac ace tac aag egg cca
Tyr Tyr Thr Tyr Lys Arg Pro Arg
480 ctg ggc gca atg gga ttt ggg
Leu Gy Ala Met dy Phe Ay Leu
get aac cca ggt gtc aca gtt gtt
Asn Pro Ay Val Thr Val Val Asp

etc atg gacgad tgeeagtgagaChifls GRa
Met Asn Ile An Qu Leu Ala Leu

aag gt g AakgADd illat §l @dgsabges dea
Val Met Val Leu Asn Asn G n His
gat agg ttt tac aag gd&gdaat agg
Arg Phe Tyr Lys Ala Asn Arg Ala
tgt gag age gag ata tat cca gat

gat atc atc gtc ccg cac cag
Asp Tle Ile Val Pro His Gln
615

ggg gge gea tic aag gac atg
Gly Gly Ala Phe Lys Asp Met
630

Ay An Hs Gn Mt Trp Ala Ala 455 460 465
egg cag tgg ctg tct tcg get ggt 1496 Gn
Gn Trp Leu Ser Ser Ala Gy 38/56 470 475
ctg cct get gca get ggt get tct gtg 1544
Pro Ala Ala Ala Ay Ala Ser Val 485 490 495
gat att gat ggg gat ggt agc ttc 1592 Ala
Ile Asp Ay Asp Ay Ser Phe 500 505 510 515
tt@ slgeacPcat tggagzaaecetiy acy 16M8B0Leu
Ile Arg Ile Gu Asn Leu Pro 520 525 530 gtg
tat lugThgtPrat §lgtRyogfigr claau 1688 Val Lys
Leu Gy Met Val Val A n 535 540 545 ttg gag
gcg cat6@Ta tac ttg ggc 186 Leu A u Asp
H's Thr Tyr Leu Ay 550 555 560 aac ccg gaa
ttt gtg act att get 1784

gag cat gtg ctg cct atg atc cca att 1928
Glu His Val Leu Pro Met Ile Pro Ile
620 625

atc ctg gat ggt gat gge agg act gtg 1976
Ile Leu Asp Gly Asp Gly Arg Thr Val
636 640

tat taatctataa tctgtatgtt ggcaaagcac cagcccggec tatgtttgac 2029

Tyr

ctgaatgacc cataaagagt ggtatgecta tgatgttigt atgtgetcta tcaataacta 2089

aggtgtcaac tatgaaccat atgctcttct gttttacttg ttigatgtge ttggecatggt 2149

aatcctaatt agettcetge tgtctaggtt tgtagtgtgt tgttttetgt aggcatatge 2209

atcacaagat atcatgtaag tttcttgtce tacatatcaa taataagaga ataaagtact 2269

tctatgtaaa aaaaaaaaaa aaaaa

{210> 8
211> 644

2294
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Asn Pro Qu Cys Gu Ser Au Ile Tyr Pro Asp Phe Val Thr Ile Ala 565 570
575 aag ggg ttc aat att cct gca gtc cgt gta aca aag aag agt gaa gtc 1832
Lys Ay Phe Asn Ile Pro Ala Val Arg Val Thr Lys Lys Ser G u Val 580 585 590
595 39/56 cgt gcc gcc ate aag aag atg ctc gag act cca ggg cca tac ttg ttg
1880 Arg Ala Ala Ile Lys Lys Met Leu Au Thr Pro Gy Pro Tyr Leu Leu 600
605 610«¢gap> atpgr ate gtc ccg cac cag gag cat gtg ctg cct atg atc cca att
1928 Asp lle lle vVal Pro Hs G@n GQu H's Val Leu Pro Met Ile Pro Ile 615

620 625<Quy> qugzgegativa aag gdematd ate ctg gat ggt gat ggc agg act gtg
1976 Gy Gy Ala Phe Lys Asp Met Ile Leu Asp Ay Asp Gy Arg Thr Vval 630

635 640 tat taatctataa tctgtatgtt ggcaaagcac cagcccggcc tatgtttgac 2029 Tyr
ctgaat gacc cataaagagt ggtatgccta tgatgtttgt atgtgctcta tcaataacta 2089
aggt gt c&d400* & gaaccat atgctcttct gttttacttg tttgatgtgc ttggcatggt 2149
aatcctaatt agcttcctgc tgtctag%tt tgtagtgtgt tgttttctgt agpg];:tatgc 2209
at cacaadfat Atadhyt Hag Alet 41z dilecAladdrabbad leahewagagilatblgadiact 2269

tctatgt aa?. aaaaaaaaaa a%aaa 2294 <210> 810<211> 644 5

Thr Ala Lys Thr Gly Arg Lys Asn His GIn Arg His His Val Leu Pro
20 25 30

Ala Arg Gly Arg Val Gly Ala Ala Ala Val Arg Cys Ser Ala Val Ser
35 40 45

Pro Yal Thr Pro Pro Ser Pro Ala Pro Pro Ala Thr Pro Leu Arg Pro
50 55 60

Trp Gly Pro Ala Glu Pro Arg Lys Gly Ala Asp Ile Leu Val Glu Ala

65 70 ' 75 80

Leu Glu Arg Cys Gly Val Ser Asp Val Phe Ala Tyr Pro Gly Gly Ala
85 90 95

Ser Met Glu Ile His Gln Ala Leu Thr Arg Ser Pro Val Ile Thr Asn
100 106 110

His Leu Phe Arg His Glu Gln Gly Glu Ala Phe Ala Ala Ser Gly Tyr
115 120 125

Ala Arg Ala Ser Gly Arg Val Gly Val Cys Val Ala Thr Ser Gly Pro
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40/ 56 <212> PRT <213> Oryza

Al a
Arg
Ay
Ser
Pro
Val
Adn
du
Arg

sativa var.

Ala Ala Ala Ala Ala Leu Ser Ala Al a

Lys Asn Hs Gn Arg Hs His
Ala Ala Ala Val Arg Cys Ser
Pro Ala Pro Pro Ala Thr Pro

Arg Lysisay Ala Asp Ile Lag
Ser Asp Val Phe Ala Tyr Pro
Ala Leu Thr Arg Ser Pro Val
Adn dy Qu Ala Phe Ala Al a

Val GByyAMalThey ssvdleuAVal Hetr
145 150

Val Pro Met Val Ala Ile Thr
165

Thr Asp Ala Phe Gln Glu Thr
180

Thr Lys His Asn Tyr Leu Val
195

Ile Gln Glu Ala Phe Phe Leu
210 215

Leu Val Asp Ile Pro Lys Asp
225 230

Trp Asp Thr Ser Met Asn Leu
245

Pro Pro Ala Thr Glu Leu Leu
260

Ser Arg Arg Pro Ile Leu Tyr
275

Val

Leu

Al a Val
Leu Arg

Val

du

Ay Gy
Il e Thr

Ser

Ay

ki nnaze <400> 8 Met Ala Thr Thr Al a

Al a
Pro
Ser
Pro
Al a
Al a
Asn
Tyr

1510 15 Thr Ala Lys Thr Ay
20 25 30 Ala Arg Ay Arg Val
35 40 45 Pro Val Thr Pro Pro
50 55 60 Trp Gy Pro Ala Qu
65140 75 80 Leu Au Arg Cys Ay
85 90 95 Ser Met Qu lle H's
100 105 110 His Leu Phe Arg H's
115 120 125 Ala Arg Ala Ser Gy

bea [E@uyAPs disp4Al®G.eu Leu Asp Ser

Gly

Pro

Leu

200

Ala

1le

Pro

Glu

Val
280

Gln

Ile
185

Asp

Ser

Gln

Gly

Gln
265

Gly

42/56

155 160

Val His Arg Arg Met Ile Gly

170

175

Valr Glu Val Thr Arg Ser Ile

190

Val Glu Asp Ile Pro Arg Val

205

Ser Gly Arg Pro Gly Pro Val

220

Gln Gln Met Ala Val Pro Val

235 240

Tyr Ile Ala Arg Leu Pro Lys

250

255

Val Leu Arg Leu Val Gly Glu

270

Gly Gly Cys Ser Ala Ser Gly

285



130
145

Ile
Val
Val
Val
Pro
Gly
Ser

135 140 Gy Ala Thr Asn Leu
150 155 160 Vval Pro Met Val
165 170 175 Thr Asp Al a Phe
180 185 190 Thr Lys His Asn
195 200 205 Ile dn GQu A a

210 5156220 Ur YalrpAPRe |V
225 230 235 240 Trp Asp Thr

Lys 2452860 255 Pro Pro A%
A u 260 265 270 Ser Arg Arg
Ay 275 280 285 42156

Thr Leu Met Gly Leu Gly Asn

305 310

Arg Met Leu Gly Met His Gly
325

Lys Ala Asp Leu Leu Leu Ala
340

Thr Gly Lys Ile Glu Ala Phe
355

Asp Ile Asp Pro Ala Glu Ile
370 375

Ile Cys Ala Asp Val Lys Leu
385 390

Gln Gln Ser Thr Thr Lys Thr
4056

Glu Leu Asp Gln Gln Lys Arg
420

Gly Glu Glu Ile Pro Pro Gln
435

Val Ser Ala Leu Ala Asp Ala Leu
Ala lle Thr Ay G@n Val H's Arg
Gn du Thr Pro Ile Val @u Val
Tyr Leu Val Leu Asp Val du Asp
Phe Phe Leu Ala Ser Ser Ay Arg

BlLe lats TASPG1Y €16 Prd3VvalCrir Metr
Ser Met Asn Leu Pro Gly Tyr lle

Thr Qu Leu Le@0Glu A n Val Leu
Prolle Leu Tyr Val Ay Ay Gy
Phe Pro Ser Asp Asp Pro Leu Ser Leu

315 320

Thr Val Tyr Ala Asn Tyr Ala Val Asp
330 335

Phe Gly Val Arg Phe Asp Asp Arg Val
345 350

Ala Ser Arg Ala Lys Ile Val His Ile
360 365

Gly Lys Asn Lys Gln Pro His Val Ser
380

Ala Leu Gln Gly Leu Asn Ala Leu Leu
395 400

Ser Ser Asp Phe Ser Ala Trp His Asn

410 415

Glu Phe Pro Leu Gly Tyr Lys Thr Phe
425 430

Tyr Ala Ile Gin Val Leu Asp Glu Leu

440 445
43/56

Leu
Arg
Thr
Ile
Pro
Al a
Al a
Arg
Cys

Asp
Met
Arg
Pro

Ay.

Val

Arg
Leu
Ser

Ser
I'le
Ser
Arg
Pro
Pro
Leu
Val
Al a



Asp
Thr
320
335
350
365
380
395
410
425
440

Gu Leu Arg
Leu Met Gy
Arg Met Leu
Lys Ala Asp
Thr Gy Lys
Asp Il e Asp
Ile Cys Ala

Trp
Leu
Ay
Leu
Ile
Pro
Asp

Phe Val
Ay Asn
Met His
Leu Leu
Au Al a
Ala u
Val

Lys

400 TR NLyd B1peGlullana Thlre
415 A u Leu Asp G n dn
430 Gy48du Qu lle Pro

445

Trp

465

Ser

Ala

Gly

Asn

Val

545

Tyr

Thr

Ser

Ala

Ala

Ser

Ser

Leu

530

Val

Leu

Ile

Glu

Ala

Gly

Val

Phe

515

Pro

Gln

Gly

Ala

Val

Gln

Leu

Ala

500

Leu

Val

Leu

Asn

Lys

580

Arg

Tyr

Gly

485

Asn

Met

Lys

Glu

Pro

565

Gly

Ala

Tyr

470

Ala

Pro

Asn

Val

Asp

550

Glu

Phe

Ala

du
Phe
dy
Al a
Phe
I'le
Leu

Iys
Lys
R656

Thr

Met

Gly

Ile

Met

535

Arg

Cys

Asn

Ile

Leu Thr
Pro Ser
Thr Val
Phe Gy
Al a Ser
Ay Lys
Al a Leu

Gy lle Pro
Asp Asp Pro
Tyr Ala Asn
Val

Arg Phe

Arg Ala Lys
Asn Lys dn
Gn Ay Leu
Ahr Ther G BevaAspl Pid nSei s Alla

Val

Leu
Tyr
Asp
Ile
Pro
Asn

Thr
Ser
Al a
Asp
Val
Hi s
Al a

Arg Gu Phe Pro Leu Ay Tyr
Gn Tyr Ala |146@E n Val

Tyr

Gly

Val

Gln

520

Val

Phe

Glu

Ile

Lys

Lys Arg

Phe Gly

490

Thr Val
5056

Glu Leu

Leu Asn

Tyr Lys

Ser Glu
570

Pro Ala
585

Lys Met
44/56

Pro

475

Leu

Val

Ala

Asn

Ala

655

Ile

Val

Leu

Arg Gln Trp Leu

Pro Ala

Asp Ile

Leu Ile

025

Gln His

540

Asn Arg

Tyr Pro

Arg Val

Glu Thr

Ala

Asp

910

Arg

Leu

Ala

Asp

Thr
590

Pro

Leu

Ala

495

Gly

Ile

Gly

His

Phe
575

Lys

Gly

Thr
Leu
Val
Arg
H s
Val
Leu

Wep
Lys
Asp

Ser

480

Gly

Asp

Glu

Met

Thr

560

Val

Lys

Pro

290
305
Asp
Val
Ile
Ser
Leu
Hi s
Thr
Au

295
310
325
340
355
370
385
Asn
Phe
Leu

300
315
330
345
360
375
390
405
420
435



43/ 56 Thr

455
470
485
500
515
530
545
Val

Lys
Pro

460
475
490
505
520
535
550
565

Trp
480
495
510
525
540
555
570

580 1985L&90.ebeAsgd U eVal e Alagd

44/ 56

Ala Ala Gn
Sex Ala Ay
Al a Ser Val
Gy Ser Phe
Asmggeu Pro
Val Val Gn
560 Tyr Leu
575 Thr Ile

Tyr
Leu
Al a
Leu
Val
Leu
dy
Al a

610

Ile Pro Ile Gly Gly Ala Phe

625

630

Arg Thr Val Tyr

<210> 9

<211> 21

<212> DNA

Tyr
Ay
Asn
Met
Lys
Au
Asn
Lys

615

<213> Artificial Sequence

<220>

Thr Tyr
Al a Met
Pro Gy
Asn |le
¥ab Met
Asp Arg
Pro Qu
Gy Phe

Lys
Ay
Val

Gn
Val

Phe
Cys
Asn

Lys Ay GQu Ala lle lle Ala Thr Ay Val

Arg
Phe
Thr
du
Leu
Tyr
Au
Ile

Pro Arg @n Trp
Gy Leu Pro Ala

Val Val Asp lle
Leu Ala Leu Ile
AsgpsAsn A n Hi s

Lys Ala Asn Arg
Ser Qu lle Tyr
Pro Ala Val Arg

Bt @ HAlsaGlh 66 1luy Hi & y¥sa IMbku LBt @ets
620

Lys Asp Met Ile Leu Asp Gly Asp Gly

635

640

223> Description of Artificial Sequenceiprimer

<400> 9

gctctgetac aacagagcac a

<210> 10

211> 21

<212> DNA

<213> Artificial Sequence

45/56

Leu
Al a
Asp
Arg
Leu
Al a
Pro
Val
Thr

21

Ser
Al a
Ay
Ile
Ay
H s
Asp
Thr
Pro

Gy Gn Hs dn Mt 450

465
Ay
Asp
du
Met
Thr
Phe
Lys
Ay



595 600 605 Tyr Leu Leu Asp Ile Ile Val Pro Hs GAdn Gu Hs Val Leu Pro
Met 610 615 620 Ile Prolle Ay Gy Ala Phe Lys Asp Met Ile Leu Asp Ay Asp
Ay 625 630 635 640 Arg Thr Val Tyr <210> 9 <211> 21 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:priner
<400> 9 gctctgctac aacagagcac a 21 <210> 10 <211> 21 <212> DNA <213>
ArtificikahosSequence 45/56 <220> <223> Description of Artificial

Sequence: prinmer <400> 10 agtcctgcca tcaccatcca g 21 <210> 11 <211> 19
<212> DNA23> Description of Artificial Sequence:primer

<400> 10

agtcctgeca tcaccatcca g - 21

210> 11
211> 19
<212> DNA

213> Artificial Sequence

220>

223> Description of Artificial Sequence:primer

<400> 11

ctgggacacc tcgatgaat 19

<210> 12
211> 25
<212> DNA

<{213> Artificial Sequence

220>

223> Description of Artificial Sequence:primer

<400> 12

caacaaacca gcgcaattcg tcace 25
46/56



<213> Artificial Sequence <220> <223> Description of Artificial

Sequence: prinmer <400> 11 ctgggacacc tcgatgaat 19 <210> 12 <211> 25 <212>
DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: primer <400> 12 caacaaacca gcgcaattcg tcacc 25 46/56 <210> 13
<211> 18 <212> DNA <213> Artificial Sequence <220> <223> Descri ption of
Artificial Sequence:priner <400> 13 catcaccaac cacctctt 18 <210> 14 <211>
21 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: primner

<210> 13
<211> 18
<212> DNA

213> Artificial Sequence

220>

<223> Description of Artificial Sequence:primer

<400> 13

catcaccaac cacctctt 18

<210> 14
211> 21
<212> DNA

<213> Artificial Sequence

<2207

<223> Description of Artificial Sequence:primer

<400> 14

aactgggata ccagtcaget ¢ 21

<210> 15
211> 16

<212> DNA
47/56



<400> 14 aactgggata ccagtcagct c 21 <210> 15 <211> 16

<212> DNA 47/ 56

<213> Artificial Sequence <220> <223> Description of Artificial

Sequence: prinmer <400> 15 tgtgcttggt gatgga 16 <210> 16

<211> 22 <212> DNA

<213> Artificial Sequence <220> <223> Description of Artificial
Sequence: prinmer <400> 16 tcaaggacat gatcctggat gg 22 <210> 17 <211> 18
<212> DNR18213»t it fl deuePeguence <220> <223> Description of Artificia

Sequence: prinmer 48/ 56 <400> 17 cagcgacgtg ttcgccta 18

<2200

<223> Description of Artificial Sequence:primer

<400> 15

tgtgcttggt gatgga

<210> 16
<211> 22
<212> DNA

<213> Artificial Sequence

220>

223> Description of Artificial Sequence:primer

<400> 16

tcaaggacat gatcctggat gg

<2105 17
<211> 18
<212> DNA

<213> Artificial Sequence

220>

<223> Description of Artificial Sequence:primer

48/56

16

22



<210> 18 <211> 18 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:prinmer <400> 18 ccaccgacat agagaatc 18
<210> 19 <211> 18 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:prinmer <400> 19 acacggactg caggaata 18
<210> 20 49/56 <211> 18 <212> DNA <213> Artificial Sequence <220> <223>
Descri pt44gn>0f7 Artificial Sequence:prinmer <400> 20 ttacaaggcg aatagggc 18
<210> 21 <211> 17 <212> DNA

cagcgacgtg ttegecta 18

<210> 18
211> 18
<212> DNA

<213> Artificial Sequence

<2202

<223> Description of Artificial Sequence:primer

<400> 18

ccaccgacat agagaate 18

<210> 19
<211> 18
<212> DNA

<213> Artificial Sequence

<2207

223> Description of Artificial Sequence:primer

<400> 19

acacggactg caggaata 18

210> 20
49/56



<213> Artificial Sequence <220> <223> Description of Artificial

Sequence: prinmer <400> 21 gcatcttctt gatggcg 17 <210> 22 <211> 18 <212>
DNA <213> Artificial Sequence <220> 50/56 <223> Description of Artificial
Sequence: pri mer <400> 22 atgcatggca cggtgtac 18 <210) 23 <211> 17 <212>
DNA <213> Artificial Sequence <220> <223> Description of Artificial
SequencezZptd nE <400> 23 gattgcctca cctttcg 17 <210> 24 <211> 17 <212>
DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequenc&2pfP A

<213> Artificial Sequence

220>

<223> Description of Artificial Sequence:primer

<400> 20

ttacaaggcg aataggge 18

210> 21
211> 17
<212> DNA

<213> Artificial Sequence

220>

223> Description of Artificial Sequence:primer

<400> 21

gcatettett gatggee 17

210> 22
211> 18
<212> DNA

213> Artificial Sequence

<220>
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<400> 24 aggtgtcaca gttgttg 17 51/56 <210> 25 <211> 17 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:priner
<400> 25 agaggtggtt ggtgatg 17 <210> 26 <211> 17 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:prinmner
<400> 26 gctttgccaa catacag 17 <210> 27 <211> 17 <212> DNA <213>

Artifici<23Seipmrcet bl B A2 c$22Feqesesiptimen of Artificial
Sequence: primer <400> 27 cagcccaaat cccattg 17

<400> 22

atgcatggea cggtgtac 18

<210> 23
211> 17
<212> DNA

<213> Artificial Sequence

220>

223> Description of Artificial Sequence:primer

<400> 23

" gattgectca cetticg 17

210> 24
211> 17
<212> DNA

<213> Artificial Sequence

<220>

223> Description of Artificial Sequence:primer

<400> 24

aggtgtcaca gttgttg 17

51/56



<210> 28 <211> 18 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:prinmer <400> 28 atgtaccctg gtagattc 18
<210> 29 <211> 17 (212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:prinmer <220> 53/56 <221> variation
<222> 15 <223> n represents a, ¢, g or t <400> 29 gtttygctay ccggngg 17
<210> 30 <211> 19 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:prinmer <400> 30

210> 25

211> 17

<212> DNA

{213> Artificial Sequence

220>

223> Description of Artificial Sequence:primer

<400> 25

agaggtggtt ggtgatg 17

<210> 26
211> 17
{212> DNA

<213> Artificial Sequence

220>

<223> Description of Artificial Sequence:primer

<400> 26

getttgecaa catacag 17

210> 27
211> 17
<212> DNA

213> Artificial Sequence
52/56



ggaaacagct atgaccatg 19 <210> 31 <211> 23 <212> DNA <213> Artifici al
Sequence <220> <223> Description of Artificial Sequence:primer <400> 31
54/ 56 ccgggagctg catgtgtcag agg 23 <210> 32 <211> 23 <212> DNA <213>

Artificial Sequence

<400> 32 gggctggcaa

Artificial Sequence

<400> 33 ccccagccgc
220>

<220> <223> Description of Artificial Sequence:priner
gccacgtttg gtg 23 <210> 33 <211> 30 <212> DNA (213>
<220> <223> Description of Artificial Sequence-priner
at gat cggca ccgacgcctt 30 <210> 34 <211> 27

223> Description of Artificial Sequence:primer

<400> 27

cagcccaaat cccattg 17

210> 28
211> 18
<212> DNA

<213> Artificial Sequence

<220>

223> Description of Artificial Sequence:primer

<{400> 28

atgtaccctg gtagattce 18

210> 29
211> 17
(212> DNA

<213> Artificial Sequence

<2202

223> Description of Artificial Sequence:primer

{220

53/56



55156 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence:priner <400> 34 cggtgccgat catgcggctg gggacct 27 56156

<221> variation
222> 15

<223> n represents a, ¢, g or t

<400> 29

gtttygetay ccggngg 17

<210> 30
<211> 19
<212> DNA

213> Artificial Sequence

220>

<223> Description of Artificial Sequence:primer

<400> 30

ggaaacagct atgaccatg 19

<210> 31

211> 23

<212> DNA

213> Artificial Sequence

220>

223> Description of Artificial Sequence:primer

<400> 31
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ccgggagetg catgtgtcag agg 23

<210> 32
211> 23
<212> DNA

213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:primer

<400> 32

gggctggecaa gecacgtttg gtg 23

<210> 33
211> 30
<212> DNA

<213> Artificial Sequence

220>

<223> Description of Artificial Sequence:primer

<400> 33

ccccageege atgateggea ccgacgeett 30

<210> 34

211> 27
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<212> DNA

(213> Artificial Sequence

<2202

(223> Description of Artificial Sequence:primer

<400> 34

cggtgeegat catgeggetg gggacet

56/56

27



