29 Septenber 2006 GENE CODI NG FOR ACETOLACTATE SYNTHASE FI ELD OF THE

| NVENTI ON The present invention relates to a gene coding for acetol actate
synthase which is a rate-limting enzyne in the branchezb Sdpambes2fidfo aci d
~ biosynthetic pathway. BACKGROUND OF THE | NVENTI ON . Acetol actate synthase.
(hereinafter referred to as "ALS") is arate-limting enzyme in the

bi osynt heti ¢ pat hway of branched chain am no acids, such as | eucine,

val i ne and isol eucine, and is known as an essential enzyne for. the growth

of plants. ALS i?%ﬁ"}ﬁ%@ﬁ%@%@%gﬁgﬁ%ﬁwﬁ%mxgg ety of higher

plants. In additi M vari ous m croorganisnms, such as yeast
(Saccharomyces cerevisiae), Escherichia coli, and Sal nonella typhi murium
Three types of isoenzynes of ALS are known to be present in Escherichia

colt ardeEPa eHERINYBNTION um Each of these isoenzynes is a hetero
ol i gomer consisting of catalytic subunits with a I arge nol ecul ar wei ght

that gover Whe girasent iinvetidnvrealgtepfto tdh gemnzpdingafad acstolbatatsy yysibbsmi ts wit h
a small _ nolecul ar wei ght that function as, feedback inhihitors by binding
of br avkisbds eneaterlimiing ezyms incherancigd-ghain asigonigid %W}c Act a.
1385, 401-419, 1998). Catal ytic subunits are located at INI1II, liv GV and
|1 v BNP2EpEPBns, respectively. On the other hand, ALS in yeast is a single
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).

The capAgKIGROUNRIOF THIDINMVENTdNcat ed at the locus JLV2. In plants, ALS
‘is known to consist catalytic subunit(s) and regulatory subunit(s) as, is
‘the case i nAchiwladiatesyntiese dheyaiiadies refaereshioyasetARP”) 1sH mie-limBingcul ar
Bi ol Og)éhz?r%’e i71195i1_e88?dsy%t%%%2:' pa'iﬁ&aﬁ XO- J‘a%’c‘:httaé] ech%ﬁ} %Q{}ui) Cac? s?us%ich a%f
leucine, valine and irsoleﬁcine, and is known as an essential enzyme _for,th’e‘
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 typhimuriuﬁ. Each of these isoehzynaes 1s a hetero
oligomer conpsisting of catalytic subunits with ‘a large molecular weight that
govern catalytic activity of the enzymc and regulatory subunits with a small
" molecular weight ‘that fuﬁctidn as _feedb_éck 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, Tlv GM and Tlv BN
o operons, respectively. On the other hand, ALS in yeast is a single enzyme,
which coh_lprises a catalytic subunit gnd a regulatory suybunit, as is the case in
bacteria (Pang et al., Biochemistry, 38, 5222-5231, 1999). The catalytic protein
subunit is located at the l'ocus']LV2'. ’ | |
In plants, ALS is known to consist catalytic subunit(s) and regulatory
subunit(s) as, is the case in the above microorganisiné-‘ (Hershey et al., Plant
Mole,cul.a'r Biology. 40, 795-806, 1999). For ekanlple,_.tlle catalytic subunit of
ALS in tobac_co (-dicotyiedbrn) is coded by two gene loci, SuRA and 'SuRB':(Lee"
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ALS in tobacco (dicotyledon) is.coded by two gene |loci, SuRA and SURE (Lee
-1 29 Septenber 2006 et al., EMBOJ. 7, 1241-1248, 1988); and that in

mai ze is coded by two gene loci, als 1 and als 2 (Burr 2 September20efids i n
CGenetics 7, 55-61, 1991; Lawence 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

t obacco, Arabidopsis, rapeseed, cotton, Xanthium Aniaranthus and Kochi a

ééﬁlisﬁ%‘e %l“ﬁ%aﬁb@leaﬁ DA E o TORRD i, (G 3n mayZe s eféﬁ%@%?e\w%%%?sﬁi‘d
orest £ 4 Vhdp m3 _ .
ooP oy Epti2 At 1ARd B iy HNEUGEAd B G8nBNG 7 686 KIGH Phylnce 4 1¢ 25 )

2001) ayepidn 1981 YBiBPMAE aligked@OU99P) anthe WILRSHIAUGLEREALE ofSRgKENCes have
been conpletely determ ned. Meanwhil e, herbicides, for exanple,

sul f ongbdimga fwer bi cetaelytic | subdaziol haenhbedn cealapletdlyi adapbopiednifdi ne
her bi ci des and pyrinidinyl carboxy herbicides (hereinafter referred to as
" PC heditatyledonpus aplantnoimsludinguppbasss, wrabigopsish vipeaced.anotion,

i nhi bit] ng ALS (Ray, Pl ant. Physi ol . , 827-831, _1984; _Shaner et al.,
b ot Slaphiain, Aargngis 7d ot (s CRintan st ok Bjochiy Biobheh e o6,

310- 31 991, b m t. al . - i Co11SGEk19, 5 h [
Tabl es %?8 %ﬁ d@ﬁlﬂ%’glv\ln?é |§ Ie aar?t%s ‘L"é’@/?sﬁg’e flteeéﬁgglflg%(ltzlg illt OOft %’é@g u#g?]ﬁ%ﬁ&n@gs > c g\rll\? a: 2

a genepGBftatgod ¥br ?h@n& halplicRG b aB ODTNFEIATYL | PR vRiveRNBiaPie ahWOriddiC| eoti des

whi ch 1 nduces substitution of one or two amno acids in a region conserved

anong . Kekerent., dpat’b€onfae?®: SEPesidide S2006e Skaidty df Japan, Lecture
- Abstracts, p101, 2001) are the only monocotyledonous plants whose nucleotide
sequences have been completély detérmined.

Meanwhile, herbicides, for example, sulfonylurea herbicides,
fmidazolinon-.herbilc'id.es, triazelopyrimidine herbicides and pyrimidinyl carbml(y
herbicides (hereinafter referred to as “PC herbicidés"), are known to suppress
the growth of a piant by inhibiting ALS (Ray, Plant Physiol. 75, 827-831, 1984;
Shaner et al., Plant Physiol.76, 545-546, 1984; Subramanian et al., f’l’ant _
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 thes_e
herbicides contain a gene .coding for ALS that includes substitution of one or
two nucleotideswhich induces substifution of one or two amino acids in a
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- region conserved among different species.




Mutation in. plant ALS which inparts resistance against ALS-inhibiting type
herbicide (1) Plant sHerbicide Miutation tested Corresponding rice ALS am no
acid Zea mays Al a90Thr | M Al a96Thr Arabi dopsi s t hal i ana298«pt2ByaH006A 096Val
Xahtium strumari um Al a100Thr' | M A1ld96Thr' Beta vulgaris Al all3Thr | WU

Al a96Thr  Arabi dopsis thaliana Met 124Glu Met 98G u  Arabi dopsi s thaliana

Met 12411e Met 981l e Arabidopsis thaliana Met124Hi s Met98Hi s Lactuca
serriola Pro--->H s SU Prol 71H s Kochi a scoparia Prol89Thr SU Prol7l Thr
Kochi a COR ria Prol89Ser SU Prol 71Ser Kochia scoparia Prol SOArg SU
Pro171Ar8°"®Kochi a scoparia Prol89Leu SU Prol7lLeu- Kochia scoparia
Prol89GL Pral7 1d.a - ri.a: ] rol7LAl 0. Brassica
napus. Pr QY THESPIRAGALSRCA bRl Rt AR A SR v,

Ni cotina tabacum Prol 96Ala SU Prgd hiAda (1N cotine tabacum Prol96Ser SU
Prol 71 Ser Arabi dopsis thaliana Prol97Ser” SU Prol7l Ser Arabi dopsis

t haliana Prol 97del eti on Prol 7] del eti on
Si synbriumorientate Pro--Me Prol7llle

Prol7l Ser
Pro->Ala Prol71Ala

Beta vulgaris Prol88Ser _
Brassi catournefortii

| WBU

* Plant species Mutation IéeSI;E;CJde Corresponding rice ALS amino acid
- Zea mays Ala9Thr M Ala96Thr
Arabidopsis thaliana Alal22Val Ala%Vval
Xahtium ‘strimarium Alal1@@Thr: M Ala96Thr
Beta wligaris Alal13Thr IM/SO Ala96Thr
Arabidopsis thaliana Met124G1lu Met98Glu
-Arabidopsis thaliana Meti124Ile Met981le
Arabidopsis thaliona Metl124His Met98His
Lactuca seririola Pro—His su Prol71His
Kochia scoparia Prol89Thr su Prol7iThr
Kochia scoparia Prol89Ser sy Prel7iSer
Kochia scoparia Prol89Arg Su Prol7iArg
Kochia scoparia Prol89leu’ su Prol71teu
Kochia scoparia Pro189Gln sU Proil71Gln
Kochia scoparia Proi8ogala su Prol7iAta
Brassica napus Prol73Ser Proi7iSer
Nicotina tabacum Prol966in sU Prol71G1ln
Nicotina tabacum Pro196Ala Su Proi71Ala
Nicotina tabacum Prol96Ser su Prol71Ser
Arabidopsis thaliana  Prol97Ser Su Prol7iSer _
Arabidopsis thaliana  Proi97deletion Proi7ldeletion
Beta vulgaris Pro188Ser WS Prol?71Ser '
Sisymbrium orientale Pro—Tle Prel7ille
Brassica tournefortii Pro—Ala _ Proi7i1Ala
_ Scirpus juncoides Pro—leu - SU Prol7il eu
.-Scirpus juncoides Prol79Ala sy Proi7iAla
. ‘Scirpus juncoides Proi79G1in Su Prol7161n s
Scirpus juncoides Prel79Ser SU Prol7iSer
Scirpus juncoides Prol79Lys su Prol7lilys
Lindernia micrantha Pro—GLn 'su Prol71G1n
Lindernia procumbens  Pro—Ser - su Prol71Ser
‘Lindernia dubia subsp. Pro—Ser su Prol71Ser
Lindernia dubia Pro—*Ala su Prol71Ala
Argbidopsis thaliana  Argl99Ala "Argl73Ala
Arabidopsis thaliona. Argl99Glu Argl73Glu
Xantium strunarium Alal83Val Alal79vel
Phe206Arg Phel8@Arg

Arabidopsis thaliana




Scirpus juncoides Pro-'Leu SU Prol7lLeu S cirpus juncoides Prol79Ala SU
Prol71Alo S cirpus juncoides Prol79Gln SU Prol7l 3@ n Scirpus juncoides
Prol79Ser SU Prol 71Ser Scirpus juncoi des Prol79Lys SU Ped$eptempsr 2006 nder ni a
m crantha Pro->@ n SU Prol71GlLn Lindernia procunbens Pro->Ser SU Prol 71Ser:
Li nderni a dubi a subsp. Pro->Ser SU Prol71Ser Lindernia dubia Pro-'Ala SU
Prol71A16 Arabidopsis thaliana Argl99Ala Argl73Alo Arabidopsis thaliana

Argl99Glu Argl73Glu Xontium strunarium Al al83Vval Alal 79Val Arabi dopsi s
.3 29 Septenber 2006 Table 2 Mutation in

~thali anaggglﬁe?@GArg Phel 8CAr g
iIth-inparts resi stance to ALS-inhibiti ng type herbicide (2)

pl ant AL _
oo o Beopg MBS AR PR O AT R |

Try465Arg Kochi a scoporia AsnS6l gabichik fgNnS395er  Kochi a scopori a
Trp570Leu Trp548Leu Gossypium hirsutum L-- Trp563Cys 51) ? Try548Cys

- Gossypi uM-hirsutum | Trph63Ser SU 2 Trybh48ber Brassica.napus Trp557Leu
Try548Leu plant species Mutation Ities?;:flde Corresponding rice ALS amino acid

Kochia scoparia Asp2606ly su Asp242Gly
Kochia scoparia Trp487Arg su Try465Arg
Kochia scoparia Asn56lSer sv Asnb39%Ser
Kochia scoparia Trp570teu TrpS48Leu
Gossypium hirsutum L. Trp563Cys sy 7 TryS548Cys
‘Gossypium hirsutum L. Trp563Ser TS0 7. TryS48Ser
Brassica napus Trp557Leu Try548Leu

" Zea mays L. Trp552Leu ™ TryS48Leu
Nicotina tabocum L. Trp537Leu su - Try543Leu
Arabidopsis thaliana TrpS74Leu TryS48Leu
Arabidopsis thaliana Trp574Ser Try548Ser
Arabidopsis thaliana TrpS74deletion Try548deletion
Xantium strumarium Trp552Leu M Try548Leu
Oryza sativa. Trp548Leu PC Try548Leu
Amaranthus sp. Trp569Lleu - JryS48Leu
Amaransus rudis Trp569Leu IMI ~ TryS48Leu
Sisymbrium orientale Trp-slLeu Trys548leu

Zea mays Ser621Asp it} Ser627Asp

Zea mays Ser621Asn M Ser627Asn
Arabidopsis thaliana  Ser653Asn M Ser627Asn
Arabidopsis tholiagna  Ser653Thr Serez27Thr
Arabidopsis thaliana  Ser653Phe Serb627Phe
Arcbidopsis thaliana  Ser653delition Serb27deletion
Oryza sativa Ser627Ile PC Ser627lle
Kochia scoparia Valz276Glu su '

| Examples of such a gene include a gene coding for ALS having
' .‘ resistance specific to sulfonylurea herbicideé (see Kathleen et al., EMBO q‘J--. 7,
Planta, 188, 491-497, 1992; Guttieri et al.,
J. Biol. Chem. 270,

1241-1248, 1988; Mourad et al.,
‘Weed Sci. 43, 175-178, 1995; Bernasconi
17381-17385, 1995; and JP Patent Publication (Unexamined Application) No.

et al.,

63-71184); a gene coding for ALS haﬁng resistance specific to imidazolinon

herbicides (see Mourad et al., Planta, 188, 491-497, 1992; Lee et al., FEBS Lett.
452, 341-345, 1999; .'and JP Patent Publication (Unexamined Appiication) No.
5;22_7964); a gene coding for ALS Ihavi-ng resisténc_e to both sulfonylurea and

imidazolinon herbicides (see¢ Kathleen et al., EMBO J. 7, 1241-12’48,7 1988;




Zen mays L. Trp552Leu IM Try548Leu N cotina tabacumL. Trp537Leu 51)
TryS48Leu Arabi dopsis thaliana Trp574Leu Try548Leu Arabi dopsis thaliana
Trp574Ser Try5485er Arabi dopsis thaliana Trp574del eti omolsepbABeacdoos i on
Xontium strumarium Trp552Leu | M Try548Leu Oryzasativa- Trp548Leu PC
Try548Leu Amar ant hus sp. Trp569Leu . Try54BLeu Amaransus rudis Trp569Leu
IM Try548Leu Sisynbriumorientate Trp->Leu Try548Leu Zea nays Ser 62l Asp
| M Ser6Z7Asp Zea mays Ser6Zl Asn | M Ser627Asn Arabi dopsi s thaliana

Ser 6S3BsmashbiGee 67 ASNBidA Ghietho (2505 17A3SI1 HIES SSer985 3 HuttoBee 627 T Mol.

Ar abi dopsi s thaliana Ser653Phe Ser627Phe Arabi dopsis thaliana

Ser 653dehi fiepat. %@ﬂ@e‘ﬂ%‘inkﬂ% &lison shal.yBlaps Mrviolel Be B85%62PP6e  Kochi a

V 12764 d f ALS
' ﬁéﬁf’ﬁgﬁ%g SPancb peBiTiooto Lltx ot (76a IHIPDIR datchia EUOKERHPRen o
497
1992 Wieiamifed, Af fhl Ca]t%ﬁ‘ﬁe% §|§ T34, ?%5?&'??{ PO, (iamitiea 207
Bi ol . LBfiitaiddi) Nol 1381139385 BO9Gscaider) A PaePitcRiBb 417 orgg(vtynexam ned
Appl i cation) No 63-71184y; a gene coding for ALS having résistance
speci fdml kqene cating ifopm L dabing aldsgl deeciMilUraaiktaicealo. PCPhabicdesl 88,

491-497, 1992; Lee et al., FEBS Lett. 452 341-345, 1999; and JP Patent
Publ i o&alanet f(JUrréxazﬁ nﬁgnm@uqe@ii’w;md@ Sm@sgﬁor%n)of Japamehectarsdi ng f or

ALS havi)stgacrtg SII) Isélarb %150 ?Jé ?m? ?on a P an{I gody showing resistance to

‘both sulfonylurea and 1m1dazolmon herbicides has been attempted by crossmg a
plant having ALS showing resistance specific to sulfonylurea herbicides with a
plant having ALS showing resistance specilic to imidazolinon herbicides

' (Mourad et al., Mol. Gen. Genet, 243, 178-184, 1994). Fuﬁhermore, artiﬁciai

~ 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 Pa;ent
‘Publication (Unexamined Application) No.-63‘-71184, JP Patent Publication |
(Unexamined Application) No. 5—2.27964, 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
Vimidazolinon herbicides (see JP Patent Publication (Unexamined Api)lication)
No. 5-227964). | | |

| As described above, ALSs having resistance to herbicides, and genes

A -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 u‘sing reéistance 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
Disclosed herein is a gene coding for an

.’5-




i m dazol i non herbicides (see Kathleen et al., EMBO J. 7, 1241-1248, 1988
.4 29 Septenber 2006 Bernasconi et al., J. Biol. Chem 270, 17381-17385,
1995; Hattori et al., Ml. Gen. Genet. 246, 419-425, 198epldbaoet al .,
Pl ant Physiol. 111, 1353, 1996; Rajasekarau et al., Plant Sci. 119,
115-124, 1996; JP Patent Publication (Unexam ned Application) No.

63-71184; JP Patent Publication (Unexam ned Application) No. 4-311392; and

Ber nasconi, et .al . . US Pg 34 ' f,gr ALS
navi ng AL e Pahe e PERkep REAT sk 87 RaioteBRE 8 KRB 6] T e
‘Conf er €] SfdBf CALENCES SPet@hYctded) Bpathe keféUnerechhilifants, plol,
2001). #ﬂg"’ﬁ’?%’gﬁcﬁ‘?’gﬁag?éaﬁgl ant S@%d&?hshovw ngpr esi gt ance to. both ‘

sul f ony}asteahavidgithe gRae) anemshiemntiideinhaise bemmbinbhethpeedr,by ptamsssi ng a

- plant having ALS show ng resistance specific to sulfonylurea herbicides
with a heoplinptthhgenega mahed dor mepnings e plans apd @i methadofarnsededtig Aon

her bi cides (Murad et al., Mol. Ger]. (enet,. 243, 178-184, 1994).

Fur t hertrensformanticeflysing the geneAs H5EleFHoR PR coding for ALS into a

her bi ci de resi st an e ha n t - al : Mol .

Biol. 263, $%92 5%%“ﬁ?f83§?r°.u‘g§bsqgg “ esntt% 5%‘3%# ffeglé' %gﬁvﬁf&\’éﬁgsr% ey BBli cati on)
No. 63-7 P RS PihdiddUDAX ARt ADS veisikh 99 Hef¥0ed 5- 227964,
00 pos ottt e i %%’%% iRRdby B, 5h) No. 11-504213), such that it has
been f @l thbakilditygiendLs Bniutstitatingla detteln amimaasidsegidBetaf thhovild esi st ance
. to both sul fonylurea. and im_dazotinon herbicides (see JP Pat en&)

" Publ i cayporAl itk sextaisp pisieatdcish shows extreppelyelaigh pesidencs fodE above,
ALSs having.resistance to herbicides, and genes coding for ALS have beén
aggr esJ1eGRICiAeSt udi ed. However, onl y a few cases have been reported
-concerning a nutant ALS gene having resistance specific to a PC herbi.cide
usi ng rdsi dcapukingly, PGiseatpect déshapraani iiendow prowdesa\gene, which

codes for the following protein (a) or (b):

(a) a protein consisting of an ami'noracid 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, has resistance to a
bispyribac sodium herbicide, a pyrithiobac sodium herbicide, and a

pyriminobac herbicide, and has acetolactate synthase activity.
Disclosed herein 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 8;

- (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.




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

resi stance to PC herbicides and ot her herbicides. SUMVARY OF THE | NVENTI ON

Di scl osed herein is a gene coding for an -5 29 Septenbesy $BRAbLerANSH Protein

showi ng extrenely high | evel of resistance to PC herbicides or to

sul fonyl urea herbicides, an ALS protein coded by the gene, a reconbi nant

vector having the gene, a transformant having the reconbi nant vector, a

pl ant having the gene, a nmethod for rearing the plant, and a nethod for

sel ect i ng2yFuithanaf eromdasgeet preavddesgan kectgboatasyahas poteionwhiohkisr . As a

result of d{EHg?r oggh stuﬁdi S)Z -to achi eve the above purpose, we have

conpl et e yghegens of flkntion by finding that a mutant ALS which is

derived fromthe wild type ALS by substituting a certajn am no acid

resi due &) FHehgimare, 2 %@D apschprekidgs e seqombinanti westoacWhichHBsdhes®fenel v,

hi gh res(';fst nce to PC herbicides. (1) Accordingly, a first aspect of the

present -1 nvéntion provides a gene, which codes for the followi ng protein

(a) or (@) Frier2a REQKR B &R PrbwlENY tPnsAHmAHE, OhRG! hs SREYEHRbIRAANY ONe

of SEQ | NOS: 2, 4, 6, and '8; (b) a protein consisting of an amno acid

sequence devectagdff(Bbm the anmino 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 bispyribac sodium herbicide, a

pyri t hi olb®c Merdoven hdii aiptet pravitiea a pyni, hichdas hier berd di(1)amd fss

. acetol actate synthase activity. Digclgosed herein is.a gene which, codes for

the fol Irg%sﬁaél c%ggtael f?p(%?acosr(’#%’} .Ble 2514 appﬂ?ti‘iql?aﬁé‘ﬂ@iug’t F?fgl‘:% 4Rd &ni'no "aci d
sequencepyefmiabyacoh@biridéSEQ | D ) ’

Disclosed herein is a plant, which has the gene of (1) and has

resistance to OC herbicide.

(6) Further, a sixth aspect provides a method for cultivating the plant of (5),
which comprises cultivating the plant in the presence of at least one or more
herbicides selected from the group consisting of a bispyribac sodium herbicide, a

‘pyrithiobac sodium herbicide, and a pyriminobac herbicide. _
Disclosed herein is method for cultivating the plant of (5), which can comprise

 cultivating the plant in the presence of PC herbicide.
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NOS: 2, 4, 6, and 8; (b) a protein consisting of an am no acid sequence
derived fromthe am no acid sequence of any one of SEQ ID NOS: 2, 4, 6,
and 8 by substitution, deletion or addition of at |east29@eptedber®00€ am no
acids, which has resistance to PC herbicides and has acetol actate synthase
activity. 6 29 Septenber 2006 (2) Further, a second aspect provides an
acetol actate synthase protein, which is coded by the gene of (1). (3)

Fur L her 9] Sguift chilhis AR08 Rh RGN ci5eials HSFAIBY MBALXARECS watliobatias | he

gene aspect provides a transtormant, which
has the deHdmnbigrmatgene/ef:(IQJwhich(u%&s th@ﬁgeri%xsemeéﬂfctloa marketh aspect provi des.

a, plant h has .t f d h
Lot B o 5 AP SR e BB AR Al PRV D
her bi ci gginoRi3E Heehi%rv?i'neh h%eﬁn@&ﬁfgs potihE R SimetahBoGERE6DT of 4)wikhd has

resi stance to OC herbicide. (6) Further a sixth aspect provides a nethod
Iﬁr cul typeattce ragetblaetats symthasd, 1§ Rplacew cﬁole@émpr anslaxhigly Fl‘hlgléft Tefigtaneetopl ant in
e pres

f l
consi st Bn Q;fn 3¢ gqtoglﬁ.@? ﬁ%:ébgcr:l g% ﬁx‘ﬁr}ilglp c géxﬁhd %@rb%c%%e ﬁén?g a]; %@E?ﬂa&r oup

helrbl ci H&blci’dtﬂ a loyrl m nobac her bi ci de. D scl osed herein is method for
cultivating the plant of (5), which can_conprise .cult ing the plant in
the preédndet SirtRe, aoih @sprst pravidese method Apreulixstipe aelrjla’sﬁt"f'% a$‘?ﬁ‘Ff her, a .

seventh ag RS %ettﬁgc%ftje Q%hgsen%{lﬂ Q:O&Bﬁse?s%u‘?ﬂahﬂg tle ﬁlﬁﬁtrlﬁftﬁhr Pidence of a
" " pyrithiobac sodium herbicide and/or a pyriminobac herbicide, wherein the acetolactate
synthase has an amino acid sequence in which a serine corresponding to serine at position

627 of a wild type rice acetolactate synthase, is replaced by isoleucine.

(10) Still further, a tenth aspect providesd a method for selecting a transformant cell -
having a gene coding acetolactate synthase as a selection mar_ker; which comprises
cultivating the cell in the ﬁresence of pyrithiobac sodium herbicide and/or a pyriminobac
herbicide, wherein the acetolactate synthase has an amino acid sequence in which a serine

corresponding to serine at position 627 of a wild type rice acetolactate synthase, is

replaced by isoleucine.

Hereunder, a more detailed explanation will be given of the present

mventlon
The gene coding for the acetolactate synthase as disclosed (hereinafter referred

to as “mutant ALS gene”) can code for an acetolactate

synthase protem (herelnafter referred to as “mutant ALS protem") havihg an

- amino amd sequence that is dlfferent from that of a wild type acetol.actate

synthase protem (heremafter referred to as “wﬂd type ALS protein™). The

© mutant ALS protem can be obtained by mutating a certain site in a wild type

ALS protein expressed in a rice plant. The mutant ALS protein as disciosed consists

of the amino acid sequence of any one of SEQ ID NOS: 2, 4, 6, and 8.




cell having the gene of (1), which uses this gene as a sel ection marker.

(8) Further, an eighth aspect provides a gene, which codes for a protein,
whi ch has an ami no acid sequence in which a serine corr@sfptetbadid® serine
at position 627 of a wild type rice acetol actate synthase, is replaced by
i sol euci ne, and which exhibits resistance to a bispyribac sodi um
her bi ci de, a pyrithiobac sodi um herbicide, and a pyri m nobac herbicide.

(9) Yet further, a ninth aspect prquid 3 et hod for cultiyating a plant
havi ng a genkhe é%?%&c%é?@P%a‘gégé%ﬁﬁa@Q% gﬁ”é’% FP8eRcM%at i ng
the plant.Jdn the. pr rb itk P RICuPOGidiidn HEPRIIGIE7 RQ&hor a

S pyrim nS%léfcsﬁ'?télﬁﬁfééngl,%n&ﬂgﬁgpgﬁ %ﬁar%%![ugl gct ate s;l/lnt hgse ﬁas an am no acid
sequencg;difliNdiaah sabsRGiiBR FVApRERONIRNGithGkesivkl NG atutans AliSprotéia7 of a

. wldtype rice acetolactate synthase, is replaced by isoleucine. (10) Still
~ furt her contaiming hthes pedho preddi skepgnge neft 16 f 10} NEOX: et isngekerredap@ fasr nant

cell having a gene coding aceto| agtate.s as a selection marker, _ |
whi ch cfﬁﬁﬂ)’?%ﬁé& Zumtans ¥ lny PYME T e OF §ﬁi’ﬂé{]@§§s@ﬁ&mof pyrit hi obac sodi um
her bi ci de and/9Qr. a pyrimnobac .h =\ ; r-ei , t Ql e
 synthase has af 4" aé:'ngli 58%-‘26 t?gn(gagilaﬁ 1\Cli\z?inl\{: ) g lgedr‘%lﬁt'r‘l)(‘e%8 %gﬁlrglgg%% ing to
serine ggigpggziu%wo@% W1daypt LALE YR61eld 69 sabsiRkidat &t Srolinet TAS@ithi S

repl ace y 1sol euci ne. Heréunder, a nore detailed explanation will be

gi ven ofistitend raagenibstitutiantdfotryplidpbagefids owidh nigutime. t he motand| AEBat e
“synthase as disclosed (hereinafter referred to as "nmutant ALS gene") can
code f opratrimcettoinang tecamymy heidesqnuenes 61 GFQ EPnbiCt et 15 sefeped doas as

tnat o “BTARAVESHE rmrop LS bt gy RIde PO OB na er, referred
o3 T d Upe AR LS) Shiloher SR EMITNO AT, BEAVEL GRS e B
DLt 498 gl O Bt PSP sSBARLR oo 7 ot

' histidine, and substitution of serine 627 with isoleucine. A mut_ant ALS
protein containing the amino acid sequence of SEQ ID NO: 6 is referred to as

“P171H/S6271 mutant ALS protein,” or “P171 H/.SG?.?I mutant.”
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7 29 Septenber 2006 The am no acid sequence of SEQID NO 2 is derived
fromthe am no acid sequence of the wild type ALS protein by substitution
of proline 171 with histidine and substitution of. argi2¥SwtehBa 2806 h
serine. A nutant ALS protein containing the amno acid sequence of SEQ ID
NO 2 is referred to as "P171H R172S nmutant ALS protein,"” or "P171H R172S
mutant." The am no acid sequence of SEQID NO 4 is derived fromthe am no
acid sequence of the wild type ALS protein by substitution of proline 171

wth histidipe and substitution r han 8 wi.th | euci ne. A nutant
ALS prot e nTRGARIIA ARG PIEaE s SEQHP AR08 e ettt ipol

referr R : t (oY =Y Wa Py o P mut ant . "
The ama%g%gg I Cge(g%s}é%%l@?%g%%ﬁf\%%b?sﬁg%@ygg%fr%ﬁ%t?#e-y %% aci d
sequengsidinet BEbstithGor BPEryPopHINOS 48 Wvilly leiehitel iahBlsubsiQkiodr &f detihel71 Wi th

hi stidine, and substitution of serine 627 with isoleucine. A nmutant ALS

pr ot eig27comithi isohapcitee  amWi moutat dALSqERten ofoBEQRIND MO atine meiflerred to
as "P171 H S627] mutant ALS protein,"” or "P171 H S6271 nutant." -7a 29
Sept erssarengos! SEQIR N Kol atrefeseduernse Tok7 1IEEW 143106281 prteapedr AL8d from t he

am no aci.d,seq t 1 1.d t  ALS protein by substitution of .
prol i MEOEHR:"\ Gt #ﬁgﬁmwsﬁsﬁsgzﬁb’?’ﬁﬁtl on of tryptophan 548 with | eucine,
and substit ut:i,ong @f i 7.\ fs&J ; i i nrot ein
cont ai ni ng t%gga%ngnag% Z%i %wslg%ulg\rélgtetpg Sgwgaﬁ&an@@f@e neﬂr(-}%ﬂg%ia?o as

o Pl71|§é§§é8de/s$ﬁ&ﬁéserwtﬂfﬁs oAlsSutapt {IeS Protedts ardlihkHnYHb8id: $62 dentut ant . "
Figs. I'A and show the resul'ts of- conpari sons anong the am no acid"

- sequendetheoildhtge ALS/pestenl. niinriher, AnSFigsotléi nadaid théenmsimonercidci d
: Sequeggguence in the 1% row represents the wild type ALS protein, the amino acid
A'sequencej in the 2™ row represents P171H/R17QS mutant ALS .prot'ein, the-
amino acid sequence in the 3™ row represents P171H/W548L mutant ALS
protein, the amino acid sequence in the 4" row represents P171H/S6271 mutant
ALS protein, and the amino acid sequence in the 5™ row represents
. P171H/W548L/S6271 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 cod-ingr ,
-for the mutant ALS 'proteiﬁ 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.




of the wild type ALS protein. Further, in Figs. A and B, the am no acid
sequence in the 1st row represents the wld type ALS protein, the am no
acid sequence in the 2a row represents P171H R172S nut azd Sepletmbpr200@i n, the

- amno acid sequence in the 3d row represents P171H Wb48L nutant ALS.

protein, the amno acid sequence in the 0' row represents P171H S627I

mut ant ALS protein;, and the am no acid sequence in the 5" row represents
P 171 H Wb48L/S6271 nutant ALS protein. Conpared to the wild type ALS
protein, thes nt AL pr.ot S ess g esi st ance. nat n y to PC
her bi ci des, ng % ul ?onﬁjQr eél%gbzé dse %izj% i noﬁlsﬁg?lga% Sags”m"l'hl S can
be -det er; b gene Ed Hhe MRARLAI N into
PGEX - 2T lrelgi%g?orsﬁlﬂﬁ% %ﬂ rc}%'rﬁmor tﬁegﬁdkﬂge\sm th ?ﬁeqﬂx é@l‘g Y gﬂ ‘ﬂ

exam ni ggrhiig sensitivity of the expressed nmutant ALS protein to

her bi ci des. -8 29 Septenber 2006 Exanples of a PC herbicide include

bi spyri bac- sodi um ©id t hi obac- sodi um and pyr| m nobac resented by
the foll ow ng cal formula 1. CHa OCHa @ékﬁ%ﬁ N CHa COOH

OCH3 COONapcviy, S M ~(JV N O{Q OCHs: N NG:HE GIH-B
, : N : _~COON:
OCH; [ écoon&

4 e T . ocr;
) OCHz ’ . .
bispyribac-sodivm pyrithiobac-sodium . pyniminabac

OCH,

An example of a sulfonylurea herbicide is chlorsulfuron, as represented

-by the following chemical formula 2. -

CC g <
*SONHG- NH’<\'
OCHa3
chlorsulfuron :
An example of an imidazolinon herbicide-is imazaquin, as represented by -

the following chemical formula 3.

- -Ih._particu}a_r,'P-l71HIR17ZS mutant ALS protein shows resistance to'a

-9-




bi spyri bac-sodi um pyrit hi obac-sodi um pyri mi nabac An exanple of a _

sul fonylurea herbicide is chlorsul furon, as represented by the follow ng
chem cal fornula 2. CF Ha aC SO2NH C-NH N CCH3 chl ot sudd Sepembéipoesanpl e
of an imdazolinon herbicide is inmazaquin, as represented by the follow ng
chemcal fornula 3. q (/ | COONH'O imazaquin In particular, P37IH R172S
~-mutant ALSprotein shows resistance to a .9. 29 Septenmber 2006 certain
herbicide at a | evel not only better than that of a nutant ALS protein

rosi ot angen practBi B8 o Ve RhoThAR b et ofid i 7% miupih iy ot mo

resi stance pre

P171H ﬁfdeﬁén&%%y il frf2e P 74 18 o Uk P S A’btcl‘t RIS ?e ehpﬂe!Be %er%{]ﬁ)éhav;gg

R172S does’ not sShow résistance to any herbi ci ere ore

nut at i oresissarecespriedivited fioui did Mtank M IOS Hes ey ﬁﬂepbmfﬁﬁlﬂmg %ﬁ?'ﬂ!{t ant ALS
protein, R172S nutation, which is a silent nutation by itse | mproves

the res?sRA#2S. ofurthen Hhe mutant ANSSpmteineindependently having R1728 does
not show resistance to any herbicides, therefore the R172S mutation is a silent
-mutation. In other words, in P171H/R172S8 mutant ALS protein, R1728
mutation, which is a silent mutation by itself, improves the resistance of P171H
mutant ALS protein. J | -
Further, P171H/W548L mutant protein shows res:stance to a certain
herblclde at a ]cvel 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:
‘Wthh 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 thah that of a mutant ALS protein -
indcpendently' 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 resis,tance‘wh_ich
C is far greater than the synergistic effect predicted from the resistances of bc:fh_
' I;.171H mutant protein and 86271 mutaht protein. |
Stil} further, in particular, P171H/W548L/S6271 mutant protein shows
resistance to a certain herbicide better thaﬁ that of a mutant ALS protein
independently having P171H, W548L or $6271. o | '
Moreover, the mutant ALS protein of the present invention may consist
‘of any amino acid seqﬁeﬁce derived from the amino acid sequence of any one of
SEQ ID NOS: 2, 4, 6 and § by substitution, deletion or addition of at léast oﬁe'

... or more amino acids, as long as the sequence has resistance to a PC herbicide”

-10-




Further, P171H Wh48L nutant protein shows resistance to a certain
herbicide at a | evel not only better than that of a nutant ALS protein
i ndependently having P171H or Wh48L, but al so better thaw Sepembarshicied
resistance predicted fromthe nutant ALS proteins independently having
P171H or Wh48L. In other words, P171H Wh48L nutant protein shows
resistance. which is far greater than the synergistic effect predicted
fromthe resistances of both P171H mutant protein and Ws48L nut ant

protein. rther, in particular, P171H $S6271 putant protein shows,
resi staﬂ%‘g 3§ a%\etei?rcl“‘"SFns)H\éﬁ CcAERVYY- a T¥Fel A6t Obrlf'-)‘?reoé"t“?’é‘fo 2REs” t hat of

Fhan  Rer<oRB BfEHy i 1 PCRERRTR it PR iRt Jh et B ™'
i ndepengﬁﬂgﬂ&e ?Mﬁ%l?]‘%ﬁ? %ﬁirﬁf’gfyi@ls. In other words, P171H S6271 nutant
S i C

protein ows fesistance Is far greater than the synergistic effect

predi cted fropattildresiistthaassnehchibidyuenbd 6EISBQIDINOPRYtat leadnénd6271
mutant protein. Still further, in particular, P171 H Ws48L/ S6271 nut ant

pr ot ei nosiens anrieei avidsicaretpreferebt Gin) dreintoi a¢ide okttt entthenl THatndf a

mutant ALS,protein, indepﬁnderjtly havi ng Pl?}H 48@ or §6271. MNbreover,
the nuthft APEngasids: n Igfthe gripe askhiequrhen O ﬁéﬁ? Bnér st 136t 89K anmi no
aci d sequence .derived, f.romt ) cj.d. se f Y, of EQ ID
N 2 O REE afiihg e H e A0 Gl iR RN S AR " aa one

Or IO €5 4™ R AC WERls. An KSR bR %ﬂ%ﬁ&?@f B&E) 196! 868 [QsPorieC
herbi ci de’ -10 29 Septenber 2006 and has acetol actate synthase activity.

Here, "@nmode amine aeidsToaraqirdfrablyr @idraahing aclepshdrothintthe 3T 1&mmb aci ds,
nmore preferably 1 to 20 amno_ acids, and nore preferably 1 to 10 am no

aci ds. ¢%F | roinapeids. | fp threaminhacidsequseepiehSEQDID O BD Mdeagt oneat | east
one or more amino acids™ are preferably (an) amino acids other than the 171%, 627,
and 548" amino acids. |
Thé 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 inclu_de the
nucleotide sequence of any one of SEQ D NOS: 1,3, 5and 7. The nucleotide
| ‘sequence of SEQ ID NO: 1 codes for the aniino 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 ID'NO: 6, and the nucleotide sequence of SEQ ID'NO: 7
| codes for the amino acid Sequenéel of SEQ ID NO: 8. The mutant ALS g;ng'
may have a nucleotide sequence derived from the nucleotide sequence of any
one of SEQ :ID NOS: 1, 3,°5 and 7 by substitution of a codon coding for a
c.:erta_in amino acid with a degenerate codon. |
Figs. 24, 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 .seque_ncé coding for a wild type ALS protein. In Figs. 2A, B, C.and
D, the fmcleotide sequence in'the 1% row represents the wild type ALS protein,

‘the nu_cleb_tide sequence in 1heﬁ_2_“-d'rAdw represents P171H/R1728 nutant .AL_S

-11-




or nore am no acids" are preferably (an) am no acids other than the 1715
and 172nd amino acids. In the am no acid sequence of SEQ ID NO 4, "at

| east one or nore amino acids" are preferably (an) am ny SWpiedda@BERr t han
the 17151 and 548th amino acids. In the amino acid sequence of SEQ ID NO
6, "at. least one or nore am no acids" are preferably (an) am no acids

ot her than the 17151 and 627th amno acids. In the amno acid sequence of
SEQ ID NO 8, "at least one or nore amno acids" are preferably (an) am no

id ther. t t 1715', 627th d 548t h i i T t t ALS
e of brtikiny ML atdICoada Redusier & s 32w epresent ) AR5 eE G NEng as 11
h | i dj . -d i bed S
e o AT R, BRI BRI OROL h B APOUSW SRS PIRILIRE AL S
sequenc@u@intaAY.S0pPeotefn, Fld i N@_@le&ide?’aeqﬁxeﬁ@éj iA- th@ggnig\{‘lg&hg&%yée?ﬁgnce

of SEQID NO 1 codes for the am no acid sequence of SE

. nhucl eotP tiE1 HAN 8L 6A71 Shifahtt ANS prataindes for the am no acid sequence of
SEQ ID NO 4, the nucl eotide sequence of SEQ ID NO 5 codes for the amino
aci d sequenceMsire®rED 1hp atang Alahgenhef cpresentdiavergoemay ofns$EQ@fl D NO 7

-codes for the I no acid s ence of SEQID NO 8. The nutant ALS gene nmay
‘have a andmcg‘fﬁtf‘{?esg‘b‘iﬁ%ﬁc‘é’ﬁ F%d’fh’ﬁﬁ?‘i H@dﬁﬁcﬂtEBE?%CQE@M@Wéet%ﬁ any one

of SEQ N - 1\ td don ding for. a .
cert ai nﬂlgzrln no ea%?cﬁ'év?/ic?hc{agﬂ)déﬁlgﬁtg?g? é lj(1:% odr? ) éh’—[?%es?e@%?gﬁ,o% ng,"e Bfshow t he
resul t SQ HOMMOS: SO, SNHAI7! BAd Uik oRk | HF afBAYSRSE Se GO RInh ANt hese 4

- types of mutant ALS proteins and the nucleotide sequence codi ng %or‘ awld
t ype AlsSepolat@ia.syhthabe gactivdty. B 'S@Girgredt donditiensTuctfens i e ceadisemse in the
" row represents the wild type ALS protein, "a the nucleotide sequence in
the .2 Whechbgriosesiied sperifip hybod wﬁmﬁdmsl a npg-specific hybrid is not

formed. Examples of such stringent conditions include conditions whereby
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
: 'éach other do not hybridize. Specific examples of the stringent conditions,.
.under which hybridization is possible, inclﬁde 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
- inﬁ'oducing a mutation as described above into a gene coding for a wild type
i '-‘ALS protein which is present in the genomic DNA of japonica type rice variety,
| Kinmaze; To introeduce mutations, any kaown technigues can be emplo_ye.gd.;
For example, site-directed mutagenesis can be used. Site-directed mutagenesis
can be performed using a commercial kit, e.g., Mutan-K (Takara Shuzd), Gene
Editor (Prdmeg’é) or ExSite (Stratagene). |
In addition, a gene coding for the mutant ALS protein can be obtainéd 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 ~

-12..




29 Septenber 2006 protein, the nucleotide sequence in the 3°d row
represents P171 H Wb48L nutant ALS protein, the nucleotide sequence in the
4" h row represents P1711-1/56271 nutant ALS protein, anz Sdembuacieetide
sequence in the Stn row represents P171H Wb48L/ S6271 mnutant ALS protein.
Moreover, the mutant ALS gene of the present invention may consist of a
nucl eoti de sequence which can hybridi ze under stringent conditions to a
nucl eoti de sequence conplenentary to the nucl eoti de sequence of any one of
SEQ ID NCS: 1, 3, 5 and 7, and codes for an_am no_ acid sequence having -
acet ol Husafansymukaiansaky ithe PR nsthpd gask SBBnthetf palymerasefeactiongondi ti ons
~ wherei-n %é) called specific hybrid is forned and a non-specific hybrid is
not fB}‘"ﬁ]é 1 UBPEETC8f such stringent conditions include conditions

- wher eby Ay | i gh g 0 , t X : havi ng

50% or nor %gﬁ% l[}gy%{%’ eg‘gﬁ%ghéﬁ %r;%gg&g?zfg&%néﬁ%ﬂg ﬁg\%rﬁgc ow honol ogy
to eaghiahhelo SPCRELINEE, DRAs 2RGhilGiRNATRE §RePh ANCASIBaREEBR -
conditions, under which hybridization is poSsible, include conditions for
washi nggt 11 tphage A9 eomdtrudoed. heThed) the ilibiraat {sostreénedd0tsing pdmicl &gl deid
concentration corresponding to 1xSSC, 0;1% SDS, or preferably, O 1xSSC,
© 0. 1% SpR:beCeondsindngiparf $0a geneswdimg fon thy il txns Ad-Scpretpie. oB¥edtned by
introdycing a ation as descri bed ahove .i nt ne_coding f.or wild
Lype - Hesmed BN ok B FruTGRE pamivercoHE 1§ HBR ISR PEMRBHPEAT Y pe r ce
varf ety , L NMBagnd Gl BLERHGE SIHHAIION o AN IR LaRBhENEBGRN e

L or e e, site-dir mut agenesr s can ed :

- enpl oye xarrg cte e used.

. Site- dijdgh o6 HAVE F0RBAGHS fraRRedS BT FRGeUsLRGion SeYRIRsHed by . €. 0. ,

" Mutan-K (Takara Shuzo), Gene Editor (Promega) or ExSite (Stratagene). In
addi t i the, PERgarkSEBdnagiofls msigeasra ttamplate Biuerceipn 1T 8K bectaivimg ted by
cul-turing wild type culture cells sensitive to.a PC herbicide in the
pr esentBeHf DNA, "and primers designed based on the wild type nice ALS gene.
' Meanwhile; genomic DNAs are prepared from PC-herbicide-resistant rice
culture cells, and various primers are designed based on rice ALS genés. 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,.mlu-tations- synthesized from
mutant ALS cDNA cloned into pBlﬁescr_ipt 11 SK+ (including the fragments
_ eontairiing these mutations) are subcloned intoﬂ-pGEX 2T,7and 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, thc-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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the PC herbicide and then obtaining the gene fromnutant culture cells that
appear and show resistance to the PC herbicide. Then, a gene coding for ALS
protein having a new conbi nation of nutations can be syntd®spicader as5ed on
the -12 29 Septenber 2006 thus found nutations by the PCR nethod and SPR
(sel f polynerase reaction) nethod using enzynes. Specifically, first,
MRNAs are prepared fromnutant culture cells resistant to a PC herbicide,
cDNAs are synthesized, and then a cDNA library of. Xgt 11 phage is

reened .usi ng a _nucleic,acid r obe

nst ted. Then, .the lib i
cont ai fi BPHEPTING FoT L amuepb Al T BIER (O TAPIRIS She SRIED ALd SERUeNE et he

I nsert ' AARVIE | ' -gascript |1
Sk, PRl B SEQAE MR PRR) bEYE ke RBEd R B P A Aol heen
shown {9 I@ﬁ;\éel\dﬁﬁk'ézﬁ-tAEBSeDNfﬁﬁgnﬁ"ERM(BF-E?B%?lgaﬁ&%émla%‘iﬂi_ﬁnilﬁwi&Y At hesi zed

by the PCR and SPR nethods using as a tenplate pBluescript Il SK+

r et ai nigage tdveling Meera nididAnt AN grromenscadsirgngdhbasethooncidhaeyiditet ype rice
" ALS gene. Meanwhile; genonmic DNAs are prepared from PC herbi ci de-resi stant
rice cmnewﬁeé@msﬁ,@dﬂ)dN@ar& bad been maosperatediespghdd2bavetdepesiiede ALS

S e
ites, MERUE, Ve, MARLPIR AL, BTN e

‘mut at | gREhFNBEREChas®, it P, Hipha! TANGEDNA, thaard TAMAN PEh Meschigt 11 SK+
(including the fragnents containing these nutations) are subcloned into
pGEX 2TI002maddenhthe Budapelki Tresty.t r ansf ormed using the vector d ones having

the insert DNAs coding for the amino acid sequences. represented by SEQ ID
NOS: 2, 4, 60y thg othel hardh tsansdermaetion of priarecdaiet wing sgzene coding

for the mutai;t ALS protein can impart resistance to various herbicides, such as
PC. herbicides, to the plant.  Any 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 seé_;uence of a Ti plasmid of
Agrobacteriwin. . 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 plésmids.i Target plants are infected with the Agrobacteria, and then the
" .fransformed plants are identified. When the identified transformed plant -isg a.
' culture.celL the Iﬁlant cell can be regenerated into a complete plant by any
known technique.
_T,o. trﬁnsfdfm a target plant with a gene coding for the mutant ALS protein,
the gene can be direétly introduced using known standard techniques.
- Examples of a method which transfoxms an expression vector containing a gene
coding foi' the mutant ALS protein include the polyethylene glycol method,
| eig‘ctroparation, and the particle gun method. | '

A genc_c()ding_ for the mutant-ALS protein may be transformed into any

.14.




for mutant ALS proteins can be obtained. In addition, the thus obtained
plasnmid in which a gene coding for a nmutant ALS protein containing the
- amno acid sequence represented by SEQ ID NO 2 had beer $spaaba®@es ed in

- pCEX 2T was deposited as Rice Mutant ALS cDNA 1 (FERM BP-7944), the
plasmd in which a gene coding for a nutant ALS protein containing the

am no 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
plasmd in which -13 29 Septenber 2006  .a gfne coding for_a rrui ant ALS

pr ot ei WPeGHtRiAM: Aach AR ARGt Eeder s Jadritieotyiedoneue Mads by Expewled NO 6 had

been incorporated in 2T was deposite s Rice tant ALS cDNA 3 (FERM
BP- 794%) 2 g‘ﬁae"t FEIH | &%W TR QOCﬁBgngnc i HB'%?BMLRIQ t? APS protein
cont ai nj ] aci n e n (D ad been
ncor poritaliif hReOtel, FAEThenl ATt heR, Sobs eBRES Feru

BP- 79400020 $dbtt it Rab&ito. and adBitkmRasel pegssCandddr andladhieOliRk ¢aisbeet ut e of
Advanced | ndustrial Science and Technology (Chuo-6, 1-1-1, Hi gashi,
Tsukuhgamsdformed by dhirodUARAN) game dddingdh @, the 2002nuAdS priokeinBudapest Treaty. -

~On the other hand, transformation of a target plant using a gene coding
for the nuinmnymighsrahaiecasan Fraprdprmatian af aqdank vsipgrg sene FRHBECi des,

such C herbicides, .t.o the plant.. An nqya, t echni que,can,be used for
C 1 ans 10K ¢ PERAD ALSHraNen ool amBeRiseistte A B iRt SR ite Sducea
ntO  ifrbRiGE! andifdBlaHtrlon tRhBRIqANORAC pRRLLM LuMTEf aci ens. More
"specifically, ’a gene coding f'or the nutaht  ALS protein. is inserted 'into a

bi nary vecihsreo9t ai ginkGobindNforsbgwenant Al.Saprbieiplcaanilsb bé usépsobact eri um
- The Ti plasmd is transforned into E. coli and the like, Then, the binary
. vect orsleation markprtihengerperouentfgr tmnsfamationanfta plagtpr oeiepample,

- to transform a plant cell using a target gene, a vector which has a gene coding
for the mutant ALS protein and a target gene is introduced into the plant cell,
followed by cﬁ}turing of the plant cell under the presence of a PC herbicide or
the like. ‘I'f a plant cell survives in the'presence of the herbicide, it indicates

that the plant cell contains a gene coding for the mutani 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 pl'ant 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 corﬂpérison between the.
mutant ALS protéins and the wild type ALS protein.
Figure 1B is a 60ntinuation froni Fig. 1A, and shows an amino acid
. sequence comparison between the mutant ALS proteins and the wild type ALS
" protéin. |
Figh_re 2A shows a nucleotide sequence -cémpa;ison between the mutant

ALS genes and the wild type ALS gene.
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replicated by, e.g., E. coli are transfornmed into Agrobacteria which
contain helper plasmds. Target plants are infected with the Agrobacteria,
and then the transformed plants are identified. Wen th® Sgeaibefioos
transforned plant is a. culture cell, the plant cell can be regenerated
into a conplete plant by any known technique. To transforma target :plant
with a gene coding for the nutant ALS protein, the gene can be directly

i ntroduced usi ng known standard techni ques. Exanples of a method which

transforns anﬁexg%ﬁi.on vect.or containing a_gene _coding for the nutant
ALS protein i'iéY HE HSOPEPIRHUhdTYRy &8 déehind shewsce rypdecitdon, and

the parti ¢l 1. A geng codi.ng for.the mutant ALS prot ei y be
transf o ﬁg%ﬁ?eﬁ? gmﬁsﬂ&?lbfhﬁge etg}%@'% gepﬁf)émgftthﬁl‘é’ ,tyﬂﬁcﬁ‘w
nmonocotgehedonous and dicotyl edonous plants. Exanples of a target crop into
whi ch a gene coding for the nutant ALS protein is transfornmed include

rice, nuize, Kigasd 2(ds|exontayiiean. fremt FoR, 2BANEIEEHSws SUARIeRRI and,
tobacco. In addition, turf grass, trees and the |ike can be transforned by
i ntr odwelinenes gempaysdi hgtwesn theemmizainAlA gepeotei nhel wildnypef ALBe above
cases, transformation of a plant using a gene coding for. the nutant ALS
pr-ot ei #°B&n inpart resistance to PC herbicides, sulfonylurea herbicides,

o0 22O R0 55l PR i B0, mipELRe O,

nutant ALS profein‘can al so xperiment

for tr aagi@idmisaPasbor bRy tEOREATRIS gché bAATAE ofM ypl ARt scel |

using a target gene, ‘a vector which has a gene coding ant ALS
proteigeaad 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 piFagere dels| a sihapaoiesistion fighge prhoswing esepbitivity ofickbilinaldo it
A ndi ?ali:?sSIJyribac-sodium. ‘
| Figure 4 is a characteristic ﬁgur’e 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
chIorsulfuron. o
Figure 12 is-a characteristic figure showing sensitivity of Vg line to

chlorsulfuron.
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that the plant cell contains a gene coding for the nutant ALS protein and
the gene of interest introduced therein. Further, whether a target gene and
a gene coding for the nutant ALS protein are incorpor atBiSdpttibert 086
chronosone of a plant cell can be confirmed by observing the phenotype of.
the plant and then exam ning the presence of these genes on the genone, by
genone southern hybridization or PCR BRI EF DESCRI PTI ON OF THE DRAW NGS .
Figure I A shows an am no acid sequence conpari son between the. nutant ALS
proteins and the wild type ALS protein. Figure 113 is_ a continuation from

Fig. |A andFighond3ais arfhamcaerisfic Jugae fhevivgphe irekatiarebaBwsen e nut ant
ALS tei the wild ALS tein. .Fi 2A sh | eoti d
e quarERC U P AR RATAP e A OThOLSARS By BNOR e RBEt, P P pe ALS
. 415 29 S ' ' Louation. fromFihg. 2A and
oo yprogEPhe PR uARR for Bl PeRl o Sr ARt VAL SRIGADELE, 24 oo,

wld tr%?%tﬁk%‘mtgﬁﬂe- Fi gure 2Cis a continuation fromFig. 2B, and shows a
nucl eot1 de sequence conpari son between the nutant ALS genes and the wild
type ALS geRigurdilguisea DRatteriain fignwatshowing ehe relptionaChetawednsthews a
nucl eoti de sequence conpari son between the nutant ALS genes and the wld
type Artiqremambergand absordance dr @8 SZdspine i japive Sivbanag edwontivity of
: Ro I n¢ rglgnafobgireslgg)g ip%? 0}1%%9 if’(l_)rln the purpese 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 continuétion frem Fig. 18A .and shows a nucl'egti'de
sequence comparison between Nippon-.b'are_ EST and maize ALS gene.
Figure 19A isa nﬁcleotidfe sequence comparison between the full-length
¢DNA derived from Sr line and wild type cDNA 1. | i
| Figure 198 -:s_ a ¢ontinuation from Fig. 19A, and sh‘oWs a ni.z_'cleotide.
sequence comparison between the full-length ¢DNA derived from Sr line and-
© wild type cDNA 1. |
Figure 19C is a continuation from Fig. 19B, and shovﬁs 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) mufation or G1880T (S627I) mutation, and for
constructing pGEX 2T retaining thé'ALS cDNA. Arrows denote pl."imers_,‘a.nd '
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Figure 4 is a characteristic figure showing sensitivity of Sr line to
_bispyribac-sodium Figure 5 is a characteristic figure show ng sensitivity
of Galine to bispyribac-sodium Figure 6 is a charact €19 Sehicmbéri2g0g €
showi ng sensitivity of Vg line to bispyribac-sodium Figure 7 is a
.characteristic figure showi ng sensitivity of the wild type to

bi spyri bac-sodium Figure 8 is a characteristic figure show ng sensitivity
of .the wild type to chlorsulfuron. Figure 9 is a characteristic figure
showi ng sensitj vi of R‘g line to chlorsulfuron. Figure 10 is a

char act®E TS PR PRURIRPHY S sensi tivity of Sr line to chlorsul furon

Floure L1 1S ReBRASIShSNSL brodebgtoepRhanhRtEPRe bh iy iliafEIN Qe O

chl orsul furon. are arac ure's sensitivity of

Vg i nepd@mesthdR €8hiAr @728 BSane PEATRIgn?QR6 AT OWE Qlehdte Srifers,

characteristic figure showng the relation between the fraction nunber and

- absor baimdeassdriskendbe muatad poims. exchange col uim  chr omat ogr aphy per f or ned
for the purpose of arating the ALS protein of the resistant mutant.

Figure 14 16 BiEumaPachewsupeesses e RkARHEE kS IR GRdtRendesdY t ho
chr o BaRHR NG ShoAT S ALY GROEHET Ainded B CLHEARN, TAGAORG: W FYpe ALS
constructing pGEX 2T retaining the ALS ¢DNA. Asterisks denote mutated
points. | S
Figure 23 slﬁows 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/W3548L mutant ALS.
- ¢cDNA and P1711/S6271 mutant ALS cDNA and for constructing pGEX 2T
" retaining the ALS cDNA. Asterisks denote mutated points.
Figure 25 'sh'ows processes for synthesizing P171H/W54‘8L/S627I
mutant ALS ¢cDNA and for constructing pGEX 2T retaining the ALS cDNA.
Asterisks denote mutated points.
_ Figure 26 shows a' comparison of sensitivity to bispyribacfsoldium
- 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 bispyribaﬂ;-scdilzm_

among the mutant ALS proteins coded by 2-point and 3-point mutant ALS

genes and the wild type.

 BEST MODE FOR CARRY.ING OUT THE INVENTION
| Now, the prcseht 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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protein. Figure 15 is a characteristic figure show ng sensitivity of the
wld type ALS protein and the nutant ALS protein to bispyribac-sodi um
Figure 16 is a characteristic figure show ng sensiti Vit yodeptehBergobsl type
ALS protein and the nutant ALS protein to chlorsulfuron. Figure 17 is a
characteristic figure showing sensitivity of the wwld type ALS protein and
the nmutant ALS protein to i mazaquin. Figure 18A shows a nucl eotide sequence
conpari son between N ppon-bare EST and nmai ze ALS gene. Figure 18B is a
continuation fromFig. 18A and shows a nucleotide sequence conparison

bet wedExninmponl bdredwgiommd nae ZESinpRzge neaulfpigued]s gasitany ‘fﬁuérg‘é‘—t i de -
sequence_ conpari son between the full-length cDNA derived from Sr |ine and
wild t%h‘%w 1. Figure 19B is a continuation fromFig. 19A, and shows a
nucl eoti de yence co rison -he. f - |_engi:h. G Jved from
S line an$ha | TSR, BRgRor e %ﬁ%@?ig’ﬂt‘%@ a{acl?g’n‘itz?hg%‘??%ﬁwﬁ?ag‘%’Fi g. 19B,
and shows 2, el ¢ol | BmSRJUTAE SRR SRRMBRLIERN 70 e eftiahbt lfenat h- cDNA
derive romSr litne and W ld type cDNA 1. Figure 20 shows processes for
synt hggikited) shdShePWAm drietepestban Sty antifivinnig 6t 803 MinuiE:] Selowad &lyi on or
G1880T (S6271) mutation, and for constructing pGEX 2T retaining the ALS
cDNA. vashing stowotletiprasnevith sterile displlzd Sepeenbhepotis sgederwaRs denote

- mutated points. Figure 21 shg a process fo re i C512A (P171H) :
mut antStasgrcuitpessheme upsy ﬁsa(%‘gwt‘ﬂﬁtaéﬁi‘o%&dgﬁaﬁg‘%éht. Arrows denote
. priners, ‘ _7 ' o _

Table 3
[Inorganic salt (mixed saline for 1 pack
| Murashige-Skoog medium) '
| Thiamin-HCl1 (0.1 g/l) 1 ml
Nicotinic acid (0.5 g/l) ' Iml
| Pyridoxine-HCI (0.5 g/1) e I ml
| Glycine (2 g/). L 1 ml
myo-inositol {5¢ g/} 2 ml
2,4-D (200 ppm) . 10 ml
| Sucrose ' I - 30¢g
Gelrite _ 3g
| Prepare the medivm 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 mediﬁm with the above composition was placed,in

) "a 11 beaker, and distiiled water w‘las' added to the beaker to 1000 mi. Next, the-
| _solu-ti'on-'was adjusted to pH 5.7, ‘and\supplémented 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 sterili-zation in an autoclave at 121°C for 15 to 20 minutes. - Finally

the solution was cooled to room temperaturc so that the h_ledia for static culfure

~ of the above seeds were prepared.
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and asterisks denote nutated points. Figure 22 shows processes for

synt hesi zi ng ALS cDNAs i ndependently having C512A. (Pl 71H) nutation or
C514A (R172S) mutation, and for constructing pGEX 2T r etoeScpich@ertdoes ALS
.CDNA. Asterisks denote nutated points. Figure 23 shows a process for
preparing a DNA fragnent having C512A(P171H)/C514A(R172S). Arrows denote
~prinmers, and asterisks denote nutated points. Figure 24 shows processes
for synthesizing P171H We48L nutant ALS c¢DNA and P171H S6271 mutant ALS
cDNA and for constructing pGEX 2T retai n| ng the ALS cDNA. Asterl sks denote
mut at ed poi NEst; qridgapfénwogtmwsr%@@%% fmmébﬁtqaggﬁzp%ce onthe

P171H Wb48L/ S627I d f
the  ALTERRE: anAdheR PREIHNRVE RATTEAS pol P, PRI G Be A ERgheall * M "
COMPar Ty Bl SBNSL! ik iy, Enba RIELARRAP dhilioc ep%wgeﬁm Hian ALS

protein c ene an wld type ALS protein.

Fi guren?ealﬁxmogmeac&ﬁﬁmﬁbﬁq@ Qe 54181 sl il tlatl Shd$ Mr Takle- S,08uUAbL anong
. the nutant ALS proteins coded by 2-point and 3-point nutant ALS -genes and

- the w bapplyprentdESAtHVO PR UpARRNENS] Guilth THELV NS B-bodwnt fengr esent
~invention will be further described bi%the fol | ow nﬁ exanpl es, but the
t echni te ecBpdesbicidps).i nﬁ!ﬁttp(ﬁwi%kﬁ tey ﬂmttl%@rwe netasteddo thes . 18 29

Sept engﬁ:toufoim E,glzixafg%er p"lur it non- scolore% Q:QInrrL%ésegs (f\lyaltt\lfv%ree ceI =

resist
_thought to be conducting cel‘l‘.di_visic':n 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 presénce of 2 pM bispyribac-sodium were obtained. The
- obtained cell lines were named Rb ]in‘e; Sr line, Ga line and Vg line,
respectively. . ‘ . '

Subsequently, the resulting plurality of cell Iines were cultured while

' elévating the concentration of bispyribac-sodium in an orderly mannler. As a

- result, cell lines that can proliferate in the preseﬁce of 100 pM _
bispyribac-sodium Were obtained. The bispyribac-sodium resistant culture

~ cells (hereinafter referred tb as “resistant mutant”) were sub-cultured on
MS-2,4-D solid med'ia-supplementcd with 1 to 10 pM bispyribac-sodium. = Part
of the sub- cultured resistant mutant was sampled, added into MS 2,4-D llqmd

' med1a not supplemented with bispyribac-sodium, - and then subjected to_

suspended.cell culture at a cycle of 8 to 10 days.

Appmxnnately 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 hiquid -medium and bispyribac-sodium. at a certain concentration, -
followed by culturing at approximately 27°C for a- certain period. The wet
.wCight_ 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

.90




her bi ci de Chaff was renoved fromrice seeds (variety: Kinmaze, scientific
name: Oyza saliva var. Kinmaze). The seeds were immersed in 70% et hanol
for 5 mnutes, and then imersed in about 5% antiform nmd EpterBerP00mt €S,
foll owed by washing several tines with sterile distilled water. Then, the
seeds were static-cultured on.a nediumw th a conposition as shown in
Table 3. Table 3 Inorganic salt (m'xed saline for 1 pack Mirashi ge-Skoog

medium) Thiamn-HCO (0.1 g/1) 1 Ni cotinic acid(05g/1) 1 m
Pyridoxine-HO 0..5 g/1) 1 m Gchme‘Zg/l . ? ol (50 g/1
2 m mﬁpmb(uz@@dmn 1oongentrgtionss @&ndo the  glapdande emj Vﬁsep?éi‘é] f€ nediumto

0 btk 5 8 1SS SR bt TR U7
mediumw th the abo co Lt 1 d |
wat er GHEC Elfﬁganta&l ﬁé ngﬁ ‘){qulfggg %ﬁfﬁgh@xllﬂ 1 atehje regfsg%ﬂon \;?d\lgg a:jJSL!stegd
to pH 254 cﬁ%&ls&gﬂﬁﬂﬁﬁ%ﬁé}ﬁéﬁtM% SorRfucE®] iihg. thdwald §er (Kifmene). di ssol ved
‘wel'l by heating"with a mcrowave oven, and then the mxture was added 30

M at Biguré® $Hovediteuresuftl cﬁsxhsamm'ggtlm relpednt betwddaxbispytibacesodihmet s of
- alumnumfoil were laid over the culture flask, followed by heating for
- steri | ¢mtentnation 2ad relatbel weightion 2y 801 e vrd EpPKmmazeds. Final | y

As shown in Fig. 7, the growth of the wild type was not inhibited in a
| group supplemented with 1 nM bispyribac-sodium, but was inhibited in a group
supplemented with 10-nM or more bispyribac-sodium. . On the other hand, as
shown in Figs. 3 to 6, almost none of the growth of the re_:sista_nt mutants (Rb
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 bispfyribac-sodium; the
growth rates of the wild type and the resistant mutants were m_ea:";ured as-
described above. Figure 8 shows the relation between changes - in
chlorsulfuron concentration and relative weight on day 9 in the \'n'ri'lrd' type.:
Further, Figs: 9 to 12 show the relation betweén changes in chlbrsulfuron
_concentratiou and relative weiglﬁ on day 8 or 10 in the resistant mutants, that is,
" Rb line, Sr line, Ga line and Vg line. o
As shown in Fig. 8, the growth of the wild type was inhibited by addition .
of 1 oM 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 bispyriba‘c—sodium and -'chlorsulfu-ron- ‘remainéd
Valmost unchanﬁed in both the wild type- -and the resistant mutants, even with

- longer cultun_e duratlon The growth rate was almost the same m the w1ld type
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the solution was cooled to roomtenperature so that the nedia for static
culture of the above seeds were prepared. 19 29 Septenber 2006 Next,
endosperm portions were renoved fromthe callus induced Brecpfepberdoam and

t hen subculture was perforned. Then, part of the obtained calli was
sub-cultured,. that is, cultured successively once per two weeks in a
liquid medium (the conposition is the sane as in that shown in Table 3,

but not supplenented with Gelrite) supplenented with | M bispyribac-sodi um
(one type of PC herbicides). Two to 6 weeks later the culture cells

st ar t eahd thewesissant mutaAbz‘out 2 nonths later, a plurality of non-discolored
cell masses_t hat vvere ﬁgg@}qﬁlo be conducting cel | di vi si.on were obtained

: Lr om iam)ng ‘Thase geanl E:Se‘l’?'lVea P SRUSIARE P RiRMOSFes AT eUSAR Becane
Th | | h
o o1 B BheEPriHcS SaffEaver, TS SRR hRSLAL SR Troly ¥ ava® IhAL @

era resence o
b!spyrgﬂi%v§84b5§l E%oQﬁﬁﬁ&ﬂﬁﬁontQ%quQEQbﬂﬁﬂwﬁ%&& g|nes wer e naned Rb
i ne I'i ne |ne and Vg I'ine, respectively. Subsequently, the
resulting plurality of cell Ilnes were cultured while elevating the

- concentration of bispyribac-sodiumin an orderly manner. As a result, cell
lines fFramplaniirbicedeasensitvith@fphbde prateir patiplly porifisgrfremctheodi um wer e
obt ai ned, The bispyribac-sodiumresistant culture cells (hereinafter

r ef er ri&8istaptgautanési st ant nutant”) were sub-cultured on MS-2,4-D solid

e 2 SuPPETRRL S0, i A1 Do g ARl B, Sl

-medi 2 ot AURRLEERD b8thiNdd I Ek&ﬁ?ﬂd !DE(RbSHHb USR liaednlines Iniebivaet e to,

suspended. cell culture at a cycle of 8 to 10 days. ApprOX|nater 1:5 ¢

- (vet  Vigng hixchefed) heandetiest hatbiondt asdnswagity of the obtained mutant ALS
protein was examined. The mutant ALS protein was partially purified as
follows.

First, 200 g or more of resistant mutant was prepared by a liquid cultﬂr¢.
method (no supplementation with bispyribac-sodium), using a composition as
‘shown in Table 3 excluding Gelrite. Then, ‘abou‘t 150 g of the resistant mutant
was homogenized u_sing 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 polypyrrolidene one-tenth that of tissue volu1:116];
3-fold greater than tissue volume. The homogenate was filtered .through'ny'l?n- A
. ﬂgaﬁze,. and then centrifuged at 15000 x g for 20 minutes. Ammonium sulfate,
'l ‘was added to the centrifuged supernatant to 50 % saturation, and then allowed
to stand in ice for 'app.roximately 1 hour. The mixture was again centrifuged at
15000 x g for 20 minutes, and then the préc-ipitated fraction was dissolved:in .
. approximately 30 ml of Buffer-2 [10 mM Tris hydrochloric acid buffer (pH 7.5)
contalnmg 20 % (v/v) glycerol, 0.5 mM TPP and 0.5 mM MgCla] 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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transplanted, into a 200 m Erlenneyer flask supplenmented with 50 mMl of a
M5-2,4-D | iquid nmedium and bi spyri bac-sodium at a certain concentration,
followed by culturing at approxi mately 27C for a certai mympicater 206 wet
wei ght of the callus was neasured periodically. The relative anmount of
i ncrease was deterni ned based on the wet weight of the transplanted
resistant nutant. In addition, the experinent was perforned three tines
with different -20 29 Septenber 2006 bispyribac-sodi um concentrations,
and the standard error was calculated. Figures 3 to 6 show the relation
bet weer efitegenzyme $11898.i bac- sodi um concentration and the rel ative wei ght
In . the resistant mutant. | mlar experinment
1

on day80ré\i82 As a control, a s

was conduct eFXisithg PHECH |S@PEEHEaEeR nph by, cruderieggymes sChBR® ¥ resul t
of neasuri | |t t yee ' ' - sodi Ll and
o Te3SHCLRATS, [ ARG LIRS LR B oAU of SIS phagn o
the groxtdyyof fHiecAiak EnbyPe oSt MPwdsiERIf1RGed RhRugl! P ¥WPhatd4BRiREENt ed
with 1 nM Bi spyribac-sodium but was inhibited in a group supplenented

Wi t h 1QWiNamsan)p ramdbitisny the acude dnsymdOsoldtiomtihein rpplopidste piudein i n Fi gs.
3 to 6, alnost none of the growmh of the resistant rrutantsdI&Rb line, Sr
line, Gambumte (1Grie V§ minayasoepelied Hanthyge | yarticalds-canpededdielzen n a

' I ted with .10 .M bi | bag-sndj Ln Vg.line, |t

0 0up SRR A 0 B P BB S,
that i |k ' [ iHSING. f i,nstead of
bt RSP Sae Ul S8 e Ssepclitaire plbaradhfgasnnstcxd of

Nut ant sy¥eS WasRASMUtARiAShufdiess Havastk akeleme BitgW 18 g36Q¥E tHaaehededt | ON
bet ween changes-in chlorsul furon concentration and relative wei ght on day

-9 in theluded tHpe, thEadstdred Pigsin ompotents haw ¢lntedr abiag om deataeen
| -Changeshaivri]ng haI (\)rz)lsulizllg uerOPold greater than the bed volume (150 ml). Here, the
‘ .el-uéte was prepare'd by dissolving KCl with a linear concentration gradient (0 to
.0.41M) into buffer-2. The eluate containing the relutéd protein component was
apportioned, 5 ml each, into a plurality of test tubes for apportioning. Further,
to stabilize ALS pfotein contained. -in th¢ eluted prbtein component, 0.5 ml of o
buffer-2 containing 20 mM sodium pyruvate had been previously added to each
test tube for apportioning. |
A‘LS activity resulting from the mutant ALS protein contained in the
eluted fractions apportioned intol each test tube for apportiening was measured
'»;és follows. A reaction solution to be used in a measurement reaction was
‘ j)repared- by mixing an eluted fraction to be measured {rJith a solu;iozz
comprising 20 mM sodium pyruvate, 0.5 li TPP, 0.5 mM MgCl,, 10 pM FAD
and 20 mM potassinm phosphate buffer (pH 7.5). One ml of this reaction
solution was uséd. . After the eluted fraction to be measured was added, the |
measurement reaction Was pgrformed 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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concentration and relative weight on day 8 or 10 in the resistant nutants,
that is, Rbline, Sr line, Galine and Vg line. As showmn in Fig. 8, the
growth of the wild type was inhibited by addition of 1 7W\<phinBeE006 uron,
showi ng that the wild type has higher sensitivity to chlorsulfuron than to
bi spyri bac-sodi um However, as shown in Figs. 9 to 12, Rb line, Sr |ine,
Ga line and Vg line differed in sensitivity, but the growth was not

i nhi bited so nuch by addition of chlorsul furon, showing their resistance to
chlorsul furon.. Sensitivity to bispyribac-sodi umand chl orsul furon renai ned
al nDstSQiﬁtﬂhaﬁg@GeiOrm both the wild type and the resistant nutants, even with

| onger oul L VRO sl mbiled 38 B eBb RS e 1330 s Micer bdos
and th Si st t hg sul t e ] e t ant

it amﬁwf‘ﬁs%rsg n%.aérﬁ PP of ance (b Bl RdicBis b 2GRS,

resist k8 t%ht@k\é”} b SR 461t rfens@ 885 BlBaBok qtcfyoer sul furon
conpar ed 1;(0%5’(%? zYeﬁetype E l&? u OIEP bi ci geq?enm ti v?ty of ALS protein
parti afdry 1pumiihates. frﬁﬂmdxhewaﬁ adiesit @Iiﬁntiﬁﬁchﬂiy kolort bompensorplof, theut ant ALS
protein was partially purified fromthe resistant nutants obtained in
Exanpl absprbaird (ah825 Bm) ofride apartign mM@onW@m@wvaMatm&M&m&mty and then
her bi CI de ensi ti.vi of the obtai.ned nutant ALS - protein e dgxam ned. The
mut ant 15aRg meﬁlﬁ%l&e peation FYlupQR; 99niaings 2 Pt goust W8 g or nore

A T SRR 0 e it (0
Table 3 exqiwlr@ﬂﬂ%b@bmncéf heODSIOH Wad a8 hodh ko appRSimhaly 7pdrant
-0.2 ml of the reaction solution. However, when the above measurement
reaction was ceased with sodium hydroxide, and acetoin generation activity d_ue
1o activity other than ALS activity was 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 sl-aowé"the result in the case of using Sr .
- line as a resistant mutant. As a result, three activity peaks were _détected as
shown in Fig. 13.
To determine which one of the three activity peaks corresponded to the
| mutant ALS protein, acetoin generation actiVi_ty was examined for each pe;i}c.
3 Thus it was found that. a fracticn shown by the peak of -initial elution .
‘—..‘-correspon'ded to_.the.mutant_ ALS protein. .

Using the enzyme solution containing thé mutant ALS protein, sensitivity -
of the mutdnt'ALS protein to bispyribac-sodium, chlorsulfuron and imazaquin
‘was exami_ned. Sensiti:«rity to each of these herbicides was evaluated by
measuring ALS acti-vify in the same manner as in the above measurement

.' .-reacti'on, except that a herbicide was added to a certain concentfation before .
. addition _b-f the enzyme solution.. For comparison, the wild type ALS protein

was sepérated and purified (Fig. 14) in the same manner and -'_u$ed for the
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was honogeni zed using Hi scotron in a volunme of buffer-1 [100 nM pot assi um
phosphate buffer (pH 7.5) containing 20% (v/v) glycerol, 0.5 nmMthiamn
pyr ophosphate (TPP), 10 M fl avi n adeni ne di nucl eoti de (%@epteﬁlbémt\ﬁ Myl 2,
and a vol ume of polyvinyl polypyrrolidone one-tenth that of tissue volune]
3-fold greater than tissue. volune. The honogenate was filtered through
nyl on gauze, and then centrifuged at 15000 x g for 20 m nutes. AmmoDni um
sulfate. was added to the centrifuged supernatant to 50 % saturation, and
then allowed to stand in ice for approximately 1 hour. The m xture was
agai n ceperinfiarged lat addBREO kngylﬁbac—BodimnmUWes ppdradhen theagueaispi t at ed
fraction was dissolved in approximtely 30 in] of buffer-2 [1Q0 nM Tris
“hydr ocHebitien.adichigryibfurep and. igyazaghin Bewe RECREOSdRE ACeiong| wm‘d@ms 0.5 nM

ngmaﬂfﬁi&ﬁn@”@“@ﬁaﬁ%%fs&%‘sﬁm By P BER i R fL’ fad (o o Sephadex
G 25 (ATer ShagmyBi pSGERE he refRRH biMdly A1 Qeuw b ggbhaAdagpassed

t hr ough the um was co Septe a cru e enzynme

sol uti ejis )Nﬂ?’écrsddi@mpédﬂc@hﬂaﬁ@rﬁmel"iglﬁéi1@15]@5w§ ke eéhdanamweensaomtl on was
measur ed by the Bradford nethod according to the nmanual of Bio-Rad Protein
Assay. -athieityr indebidnnymte and ¢hlasuifamnt bercebiiatiened FRigursubh showhatean filter
(What na and then the crude. enzyne solution in an approgrl ate protein

amount T%I)f‘@oﬂ’ob%ﬁ’eﬁﬁl)mv%§°fa}5‘ﬁ}’ iy bitgen ﬁart%éméelqueamrycwn atigs- Himrap Q

col um rsh i CI Usi I.C rsh m Bi.Qsci ence :
Ater ThECFIECIRE, Dhrn TRICYJU RaBE RS B ST RRBEER oRASTE act  bins
-were W@%En%h %hbréswgedouﬁéearenatéaaw m&wa@%&ﬂm@ BRJtE'ingraeé&?J than the
bed volune. Then, the adsorbed protein conmponent was el uted using an

el uat e]ml&a&&ntgeﬁR‘boﬂmmf 16 froltahtgAE8t protéihaand heldirgddashbdrm)t(eﬂmnm ). Here,
the denotes Vg line of the mutant ALS protein.
A herblclde concentration whlch inhibits 50 % of ALS actlw’ty (IS(}) was
- found from calculation aecordmg to probit analysis, thereby calculating. the
- ratio of 150 for the mutant ALS protein vs. ISO'forlthe wild type ALS protein.

Table 4 shows the results.

Table 4 |
Herbicide . Jo M) —
o Wild type Vg - Sr - Rb
 Bispyribac-sodium 5.63 972 421 247000
" Chlorsulfuron 173 . 495 928 320000
* Imazaquin 1480 44100 16700 609000

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

- RS. The results are shown in Table 5.
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" After

el uate was prepared by dissolving KCI with a |inear concentration gradi ent
(Oto 0.4.M into buffer-2. The eluate containing the eluted protein
conponent was apportioned, 5 ml each, into a plurality IfScpembert20tes for
apportioning. Further, to stabilize ALS protein contained in the eluted
protein conmponent, 0.5 m of buffer-2 containing 20 mM sodi um pyruvate had
been previously added to each test tube for apportioning. ALS activity
resulting fromthe nmutant ALS protein contained in the eluted fractions
apportl oned into each test tube for apportioning was neasured as follows.
A reactliadle sol ution to be used in a neasurenent reaction was prepared by
m Xi ng an el tited fraction to be mm{gd wth a solution conprising 20 nM
sodi u ?%e, 0.5 mMMTPP, 0.5 2,10 AM EAD and 20 nmM pot assi um
e u sol ution was used.

phospha er (pH 7'5) Gpe m of grhls react i Fom
i t he neasurement

react i (B’xspmsbmscﬁthumed at 30T or 4TJ4 80 60 mﬁél?‘é%, Then, the reaction was
st oppe (Z,d.agrsu ition of 0.1 of 6N_sul furic afggb(or 0.25 N sodium
[

“hydr ox e the react was +88pped, the Teaction sol ution was
i ncubatlggzgglmnGOC for 10 mgrgug es, eby conve4ij ng acetol actate contai ned
in the } o acetoin. Then, to

quantify acetoin contal ned in the reactlon soI ution, 1 m of 0.5 % (wWyv)
creatine and I m of 5 % (wv)_ a-n p,Eachq Ived ﬁ Elsogi.um
hydr OXI de wa§ heuadin Bigshd 5rtond{ o) &t 1t o?f‘ OF}ICOWIB LRI Pon at 37C

for nut es et i gdghy L 2SO t'he
absor bé ‘é’efla? rg@év%% H#a%eéq%gtég#?o@ﬁ)eéoﬁl | oﬁ&% géeer gg;meval ua’f(ﬁcﬁg ALS
g‘r:r; L‘r/]'t en Eﬂmgﬂh@'dt i0the SAIRCHPeNSLECHG AN I8! pHrtionlagOeaietht A SR |

: proteins derived from Rb line and Sr line were shown to have sensitivity to
bispyribac-sodium which was significantly superior to sensitivities to other

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 _cl_oni'ng ﬂle wild type ALS gene and the mutant ALS
- ‘gene were prepared as follows. The pa.r'tial cDNA derivéd from rice
C\I ippon-bare) showing high homology with the ALS gene of maize was used as_'
a probe in this exémple.
.-(1) Determination of the nucleotide sequence of a partial cDNA derived from
rice (Nipp__on-bére) showing high homblogy with the ALS gen_e 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 Agrobloioglcal Smences, partial nucleotide. sequences-of cDNAs of

- rice (Nlppon—bare) ‘had been detelmmed and a part1a1 nucleondc sequence
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" and i na

pyruyate, reaction tinme O was used as control. As a result, absorbance at
OD525 nmwas as high as approximately 7 per 0.2 nml of the reaction

sol uti on. However, when the above neasurement reaction 3ESepefd&ados t h
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 which was not due to
activity of the nmutant ALS protein. Accordingly, the mutant ALS protein
and the other proteins were separated for acetoin generation activity by
. FPLC dsiabgsanf eidMeAs hadgdreadgibeenFistahlished. showPNAelens (fecdspionhe case of
using Sr line as a resistant mutant. As a result, three activity peaks
ver e dbloe@d 143 whithownknowicag a nuslectislefequenssal AppoRIBaEInA 8 b8 t hr ee

tivit eaks, cor, ded. t tant ALS ' ' ti ‘

et i vi eqmiRiecoiea in e chenepdarh Rormed 1o, e A ESee et 4Py act on
h t kK of 1.nifl | ded to. th tant ALS
prot i fhe AFR G5 of it b be PRI BEARIRRB S Dot ALS protei n,

sensi tivit yrpiQf chies Mabalt (AbRshiogt o) L2081 BPYWadashiaiadil Uons hdher sul fur on
and i mazaquin was exam ned. Sensitivity to each of these herbicides was
eval uaNatiohy! Imsiasteradfhgghibfolagidal iScienices,t4vel Senmclesinds seapienpe Wag above
measur enent reaction, except that_a herbicide was adde}%@éo' a certain
concendetsrmined e doHowsddHearenthst cPREA shogmeoamriseio Ao RUAYLEi son, the

“wi-ld type ALS protejn S _separat and.purified (Fig..14) in the sane

_ 'rrann-ergg‘?ﬁj ‘E%eé%df B’Fthﬂ%é’%p%r @e%?@hﬁ&f’ ];0‘6%5 c@%%)%?i%ﬁ??onf)ﬁmtgadi ti on,

bi,s’pyr}%&i&hﬁggiiﬂrg wag; prepared as an aqueous solution, and chlorsul furon
[ aquin were prepared as acetone solutions. The final concentration

of acet-one Fifsit b AESGonlofMrataitligg Wasndid%ector was transformed. into E.
.coli (DHS5a). White colonies obtained from a plate Wcre-culfured in liquid,
_‘- and then plasmids were extracted from the cells by sfa_ndard techniques. Since -
| '-:the insert DNA had Beén inserted between Sal 1 and Not I (restriction. enzymes -
of r'nulti-clohing sites in 'the.piasmid vector), the Qe_ctor was digested with the
two enzymes. The insert was confirmed by agarose electrophoresis. - Then,
the obtained ALS homolog-retaining plasmid véctor was purified by Sf_a:ndard '
techniques using, e.g., RNaseA,‘PEG and-LiCl, followed by sequencing reaction
using primers and an ABI BigDyeTerminator Cycle Sequencihg- Kit.
_Conditions for PCR reaction followed the manufacturer’s protocols. Primers -
."‘_':‘u.sed herein were M13 primers and synthesized -primers designed from t?ei |
- determined nucleotide sequence. The resulting PCR product was .ﬁuri"ﬁed by- B
ethanol precipitation, and then the nucleotide sequence thereof was dctermined
by an ABI PRISM 3 10 sequencer. |
Thé ALS homoleg-retaining plasmid vector is known to contain an inseﬁ‘_
DNA with a length of 1.6 kb.r The obtained ALS hom_olog-reiaining plasinid -
\}ector was digested with restriction enzymes Sal I and Not I, and tllf_:n"subjeét'éd :
to élcctrophoresis. As a result, a band of ap_p-rdxi'mately 3 kbp c-or_responding .
to pBIue'script 11 SK+ and a band of approximat_cly 1.6 kbp corresponding to- the

_ insert DNA-fragment were detected (data not shown). The éntire nucleotide
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Figure 15 shows the relation between ALS activity inhibition rate and

bi spyri bac-sodi um concentration. Figure 16 shows the rel ation between ALS
activity inhibition rate and chlorsul furon concentrati omg $cp@hhber 2006 sShows
the relation between ALS activity inhibition rate and i mzaquin
~concentration. In these Figs. 15 to 17, a dotted line denotes the wld
type ALS protein, a |long dashed double-dotted |ine denotes Sr |line of the
mut ant ALS protein, a solid line denotes Rb line of the nutant ALS
protein, and a | ong dashed dotted line  denqgtes Vg |line of the tant ALS
pr ot ei nsequeRee B dhadneshi A rRATHSR WAS ARISTAPSH ¢ A5 S 3@%1901&53 ctiieyi t y

(1SO was, found from cal culati on accordi ng, t r obi t...anal . ysi s, . ther eby

cal cul ARYHEOEAR SCQURICE B MPES VBT szﬁrec(ﬁﬁat a%‘ts %E@”’br‘gt%igﬁ‘ \}éﬁ‘ T%% EP’or t he
wildty -' he 4: J dP@ 68

Her bi ci %”%7%5@9{'%@%&3&%@1&@- éﬂ@%ﬁ%bégss% | ﬁi%tgg‘f"%ssagﬂ?%?‘%ﬁz h8,88800

Chi or subfruapRDNA 3r4Re A% ?e% 0Pthe VAR 2EEPbA-bhAS L4440t DINAQXGRRA00
‘Further’, based on the results in Table 4, 150 of the resistant mutant

‘agai nstafeacdigestidni eiitheSaakbant] Mod & dvdryusk80asod prates. wi Futtherpe Figswb8k out RS
The results are shown in Table 5. -25 29 Septenber 2006 Table 5 RS ratio
Her bi ciand 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-HC] pH
9.0, 100 mM NaCl, 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 waé collected.
“Two hundred ml of PCI [(Tris saturated phenol) : (chloroform)
: (is-oamylalcohol) = 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 suPernat_ant 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, a;nd
E 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 mini_:fes. The'precipitate_
was washed -with 70% ethanol, dried, and then dissdlved_ n 10 mM
BLmercaptbethahol solution. ~Next, the solution was centrifuged at 27000 x g -
'for. 10 minutes to renﬁofe insoluble fraction. A 1/4.volume o_f 10 M LiCl was
" added 'to the solution, which was then allowed to standr on ice -for-1 hour.
lFu'rthe,r,--the solution- was centrifuged at 27000 x g for 710 minu_tes to_.co_llec_t
precilﬁitate, disso]ved in 4 ml of H,0, and then absdrban(;er at 260_ nm ‘was

Vmeasured to find the cong:e_htrétion of RNA. A 1/20 volume of 5 ‘M'NaCl and 2
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Vg Sr Rb Bispyribac-sodium 17.3 74.8 43900 Chlorsulfuron 28.6 5.36 1850
| mazaquin 29.8 11.3 411 As shown in Figs. 15 to 17 and Tables 4 and 5, the
mutant ALS protein showed a relatively high ALS acti vi t3o SsRfmber2001€
presence of the herbicide, when conpared to the wild type ALS protein. In.
particular, the nutant ALS proteins derived fromRb l[ine and Sr |line were
shown to have sensitivity to bispyribac-sodiumwhich was significantly
superior to sensitivities to other herbicides. That is, Rb and Sr |ines
possess good resistance to bispyribac-sodiumin Eart i cul ar. éExarrpI e 3]

. (

O oni n@.»éfold vdlumepef ethdnolivant add®l tethessalntioni whishawss dhemaliewed (wil d

type ALS gene) coding for the wild type LS t ei I d,f
W Td 1 petanihat S0XCdena0 e ASGEHY BoROR PO NSRS ALS

. protei I th ' A ' Qni
o RS R LB ! A U LA 40,20 1
a I e i . i .
P eI EREFaL 68 IR ThECoal PR itorls SHOASS i ihgbeiey i (1

Det er MaghifNoPHi Qo NeltaiOtd @stab EUNANeeludiona [Hérei alenciftiationi wasl from
rice (N ppon-bare) showi ng high honmology with the ALS gene of maize As a
part ofperfegnfddes 4&nome Proj ect conducted by the Society for -

R e S pacBE il i FRUEA e b o

, gmﬁ%ethgiggefgﬁ'ggﬁﬁ@ggiﬁ%@ﬂ BREA-fetied 'Z})H‘”’?.si‘,”f’o JPREDTA, n¥e! eoti de

' - NaCl) in a volume equivalent to that of the extracted total RNA solution was :
. added to the extracted total RNA solution. A column filled with 0.1 g of (ﬂigo
* dT cellulose (Amersham Bioscience) was washed with a 1x binding buffer, and-
then the total RNA solution was applied to the column. © After the column was
washed with a 1x binding buffer, an elution buffer (10 ﬁM’ 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 s.ame manner. After the
jcon_centration of eluted mRNA was' calculated based on the absorbance of each
| ffaction, 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 -30°C for
- 30 minutes. Next, the mixtures were centrifuged and the precipitated fracﬁpns-
were drlied-, and dissolved in 100 pl of ﬁzo. The thus -obtainéd mRNA \;!as

subjected to size fractionation by sucrose density gradient centrifugation.

The separated and purified mRNA was applied tb a centrifuge tube with
- density gradienf givenby a 23 % sucrose solution and 5 % sucrose solution, and
| _then ultracenfrifuged at 27000 rpm for 15 hours at 4°C using 2 swing rotor.
After centrifugation, 0.5 ml of each fraction w_as collected in order of density
. grad'ign_t. Absorbance of each fraction was measured, the concenﬁ‘atio'n_of the
cdllec’ted mRNA Wa_s ca]pulated,} and- the presence of ALS mRNA was

confirmed -b'y hybridization ﬁs_illg an ECL kit (ECL direct nucl.eic jac_id'iabeling
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- ori mer Pravided prth & bitcangt thes cxpa

dat abase of cDNAs had al ready been established. A cDNA clone (Accession

No. C72411) which is known as a nucl eoti de sequence of approximately 350 bp
contained in this database showed hi gh honol ogy to the AlfSpeiBea®@osmi ze.
The ALS gene of mmi ze had been conpl etely sequenced. This cDNA cl one
(Accession No. C72411) was obtained fromthe National Institute of

Agr obi ol ogi cal Sciences, and the nucl eotide sequence was determ ned as
foll ows. Here, the cDNA clone conprised an ALS honol og gene inserted

w thin pBluescript Il SK+, and it was capabl e of autonomous replication in
E. col iandFietsttiomrsysles,hamertgur Riassipnes)pl dbiridiveleen wasapereuned or ned.
into E. _coli (DHScz). Wite coloni ei"ﬂ?g-t ai g%d from g Ebai)edwer.e cultured
in |iquising a paebe REspapiching ldabaue @t 421G 40t 4§ Tt ¢ Adtel BYPUIARIORaRdar d

t echni . Si ol i t DNA h b [ . . . d Not |
(oot WASRE ahagnGator ot MRhe SHASoRRRg PR chROhGiRE S PLNERD wlhine 2 (21
vector 4 i rdft,l%%?@]e%dvm *ﬂhér@ﬁ 40P (R YR Aing! A€ 4znﬁ,efér wamigert iwaed by

agar ose ectrophoresrs. t he obtal ned ALS honol og-retaining plasmd-

'vect or geaforRikdi dhcRtudiiig 3t 29T golutieahMheuesshedi fim veasgwrappédseih £EG and

Lid, followed by sequencing reaction wusing priners and an ABI

Bi gDye Teamspaant pl@in] Blifcmpukerp HgimkinersedGondh tatiaghed dpmpaRis eeggenbn

. followed the manufacturer's protocols. Pginer used herein were ML3
%"éifﬁrf’é’d&lf rﬁ]t“i‘re det er ni ned nucl eoti de

- sequence. T.

resukting PCR pr c rifi.e : l= precgpitation,
and then th ?ﬁi‘c?%@ d assgael&g%%gly% 'ﬁ?ﬁ%%?p}éadéﬁ&éggpﬁﬁxﬁ’gémg?Saﬁ‘gA PRI SM
. 310 ‘sequengatA e adhroxRielyPd-heloti RN RbaRTHE exbated by thd1abevd 0 contain:
an insert DNA w tﬁ a -l engt h}pof .6 kb. The obtained ALS honol og-retai-ni ng
pl asm Grovahires. wasFultlgest &l wiutioseesdansityi opraghentnesenSafugatiamg Mot |, and
then subjected to electrophoresis. As a result, a baq)d of .approxi mately 3
kbp codxy@gi}déﬁﬂyiqapgpositive spot was found for a fraction expected to be positive. ,
- When the wild type was used, approximately 95 mg of total' RNA was:
_-.‘-éxtracted in addition to approximately 7 mg of mRNA. When mRNA was
 extracted from the wild type, the above method was applied except tha_t ﬂle 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
; (Amé'rsham Bioscience), cDNA was synthesized, so that a ¢DNA library

¥

o derived from the resistant mutant was constructed. | .
. First, RTase provided with the kit was used for a reverse _transcr-iption_. A
.teaction; and T4 DNA polymerase provided with the kit was used for a -
- subsequent complementary chain- elongation reaction. At -the -time of
complementary chain elongatipn reaction, 32p_dCTP was added to calculate thei_
yield of cDNA synthesig. After an adaptor was added, the synthesized éDNA- :
Was incorporated into A phage by in vitro packaging method. |

L T_hé adaptor-added .to_- cDNA was an Eco RI-Not 1-Bam HI adaptor (Takara
l- "Shu:Zo.). Adapters with ‘'a molar concentration 50-fold greater than that of

- ¢DNA were added to a soh‘_]".tion_ containing ¢cDNA.  Then, T4 DNA Ligase -~ -
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to pBluescript 11 SK+ and a band of approximately 1.6 kbp corresponding to
the insert DNA fragnent were detected (data not shown). The entire

nucl eotide 27 29 Septenber 2006 sequence of the insert293¥ficpbed2006 Was
determ ned, and its honology to the nucleotide sequence of nmize was '
searched. As shown in Figs. 18A and B, 84.7 % honol ogy was found. Since
the ALS honol og was determned to be a partial eDNA of the ALS gene of the
var. N ppon-bare, the insert DNA excised after digestion with Sal | and
Not | was used as a probe. Further in Figs. 18A and B, the first rowis a
nucl eot(Permagsence addadhty ¢BNAnistuteh ol Reddive ligatiop ieagtpn 3§ prfon- bar e;

h d is th f the ALS of nj 2) P ' f MRNA

[ om T asesiight. rbketacaR IO 8 PPHEE OURELEoLRE A RAHRERE UF oz6n with

liquid nit hed,wi th | d.: i nel

cr dshed Wi atdngrant Phpmgon bt e, B0eRER i naBROnhe R kb 0l 1

an exLIAd OQ{-@ULR fyiblet 49y0M: Th i SabllenBlf 09260 A0 MMdahate! wasi ght %
EDIA) ! f - marca%

SDS, 5 toethanol) : " (Tris saturated phenol) =

15: 3: 2@ actRdtddiaio 95 iffdceidnt o0 gl each ThiBsch dtactionnyasvasaswred twith uged at
- 12000 x g for 15 mnutes, and then the supernatant was collected. Two
hundr e @treakoPCbufileTraml Sat 4 frcsiong vath h)high kpunioweragoligatedanbhal cohol ) =

25.24:1] was_added to the supernatant, shaken at 4C for 1 I nut es,
centri fagesminusigfothe adagtaropontamn ﬂﬁt@,gﬁ?fb‘m{ WY R%?épéﬁgg?ﬁgl‘:‘ﬂ?g was

o e e R b TG e 7B T it ond
e LIRS gl ciarndon IOl putesl ke |
The preeihRidmtad s Ngahedresction 7086 gehfamakd ariced) tempetatiene ®Wirsdol ved in -
1.0 mM (3-nercaptoet hanol solution, Next, the solution was centrifuged at
27000 shogrs. After reaction, 200 pl of an SM buffer and 8§ pl otl chloroform were

aéded to the reacﬁon solution, thereby preparing a phage solution. This phage
ssolution was diluted 10-fold. One pl of the diluted solution was infected with
‘- E. coli (Y-1088), to which 0.7 % top agar was add.cd-,rand 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 apﬁroximately 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 6f ADNA contained the-inscrt.was obta-i?ed
for' Sr line. The ADNA was packaged into thc-;ﬁhage, th_eréby prepé.ring 3
. ¢DNA library derived from the cells of the resistant mutant. The titer of the
library solution was 16600 pfu/pl. -
When a cDNA library was constructed using mRNA extracted from the
o -wild type according -t-o the above-described method, it was shown that
| appro'ximately--SS ng of cDNA derived from the wild type had been synthesized.
. fuﬁher_;_ aﬁproximately SIIng of LDNA contained the insert was obtained for the
wild type. Furthermore, the titer of thc.cDNA library solution derived from the

- wild type was 18160 pfu/pl. -
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for 10 mnutes to renove insoluble fraction. A 1/4 volune of 10 MLiCl 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 1B Sepeuba006
collect precipitate, dissolved in 4 m of H20, and then absorbance at-260.
nmwas neasured to find the concentration of RNA. A 1/20 volune of 5 MNaCl
and a -28 29 Septenber 2006 2.2-fold volune of ethanol were added to the
sol ution, which was then allowed to stand at -80C for 30 m nutes.
Subsequently the solution was centrifuged at 27000 x g for 10 mnutes to
collect the precipitate, followed by washing with 70 % ethanol, and
drying. , The resulti roduct .wasg diissol ved in an appropriate anount of
H2O to(%)og%trieﬁna‘gt?#% NgRE B ALer& Ccent ri fugation was perforned at

:4C. nRNA | £d t : i ng
rothod, A 200 BOTRRA baPTe PRSP ACR AR Hyas SoMhichl Brckiol 1,

- NaCl) 4 goyed Wi AAHEY bR héP phBgds Qérivdi ARt tBE veilld kPhan&Mhosol uti on
was added to the extracted total RNA solution. A colum filled with 0.1 g
of ol i gerived feahl Sit bise (AresshaateBy daciwdaed) ovaslOgdhted, wesphctavdly. bi ndi ng
buffer, and then the total RNA solution was applied to the colum. After
- the coPlagwesaweravdberedragsierred |t pi pidrosgliplose ememdang (Scbleigherf & (10 nM

B AR O PR RN T Y R R R
anot ey, BhidRe hhs G U0 & o (RHRLRIAM B18865 303N RALIT. s M dddigated [ n

t he sane nanner. Arter t concentration of eluted was cal Cul ated"

based gid then #30lanAti2abn @a8tNiod (BSMACR 016 M Yas-W® ¢H ¥Y5)MILi O and a
2.5-fold volune of ethanol were added to the products, and then the
mi ‘xt ur esvivieDdAd| foovepgrexinsttelyd?@tsec@06. f dixceS) watenuvas . reoved frdore ni xt ures

‘were centrifuged and the precipitat fractions 3
- . the nitrogellulose membrgne 'us?ng a ﬁﬂer paper, and then the nitrocellulose

‘membrane was baked at 80°C for 2 hours. Here, the baking step. was omitted
when Hybond-N+ (Amersham Biotech) was used instead of a nitrocellulose
memllarane,‘ and immobilization was performed with 0.4 M NéOH for 20
minutes.‘ _

The insert DNA prepafed in (1) abo?e was labeled by two types of

- .method, RI and non-R1, and then used as a probe DNA. Labeling with Rl énd
hybridization were performed by the following method.  First, 'approkim.ately

7 _' © 200 to 500 ng of probe DNA was thermally denatured, and then .Iabéled. using a
l‘- __'"'BcaBEST DNA labeling kit (Takara Shuzo). At the time of this IabeIi?g'
: Ireacti()n,. a buffer, random primers and 32p_dCTP 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 memb_ranes
._cbntained 'approximatelyr 10.0‘ ng of probes. Hybridization was performed - at

- 42°C overnight with weak shaking. After hybridization, the membranes were
 washed three times with 2.x $SC, 0.1 % SDS solution, followed by expdsure for

_ab'éut'_'l hour to an iimaging' plate of a BAS 2000 imaging analyzer (Fuji Photo

< Film). -Following exposure, pesitive clones were detected using the imaging .~ -
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were dried, and dissolved in 100 111 of H20. The thus obtai ned nRNA was
subjected to size fractionation by sucrose density gradient centrifugation.
The separated and purified mRNA was applied, to a centrifogpteinbieos t h
density gradient given by a 25 % sucrose solution and 5 % sucrose sol ution,
and then ultracentrifuged at 27000 rpm for 15 hours at 4C using a sw ng
rotor. After centrifugation, 0,5 m of each fraction was collected in
order of density gradient. Absorbance of each fraction was neasured, the
concentration of the collected nRNA was cal cul ated, and the presence of
ALS nmRsatyeesr. confirmed by hybridi zation using an ECL kit (ECL direct

nucleic acid | abeling --29 29 Septen%g-r 28$6 an d&tﬁct Lon si%ée

Aner sham Bi babeling e Wity pen-&lz WaonPHderpes r §¥ndlie dellpying pp o‘g]repared
in (1) ve at.42C for 16 hours. After ridi zathan, i t 42C for
5 i nutfggi)%ggﬁhF%?ln‘%‘dl#%ag@& iat%’r%"’B}"F' r%‘%\/\é"sﬁpﬁg‘;’g %ﬁ?’?erﬁn’%}\@’vi ded with
- the ki tpgang,geh y@% - Qhd S Ul ShyWBSwhRe (RidgHooed Using 2
X SSC s%wg‘t ?%ﬂne.h he gﬂg‘é&f‘of{fd’r%g\?\j/;shw%pped Wi gh a transpgﬁggt pl astic
filmtaoyigem itCLMReseONA/RNANEBENGY drdrideeusioneaganin (Amoatshad Wit h- t he
kit, and then exposed to an X-ray film Wen Sr |ine was used as the

resi st Mibstieheslt weap pddrd midldd wed Dyminabatipot aff 3RNA, amal thpprcasa, iieel y 4 ny

of . MRNA coul d be extracted by the agbove. K procedures. Further, in. sucrose
densi t yabgledirsabe dANAy Wﬁ&g“ﬁ?ﬁéﬁ,m qutpgelinigss peghranss; §9 GEats%c?ffn h&s f ound

Lo, 5, PhERbIGHRs SRS Bl Yoo, SR, kb prpeprocd
T ol e e s el e s Ly,
the rediyptiditation, aht .médprafienshs wetshed thfeec Divks| withas peisnatgr wegdngr om
resistant nmutant and wild type : .
‘ ~ buffer at room temperature for 10 minutes, and then once with 2 x SSC at room
temperature for 10 minutes. The membrane 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.
i’os‘itive phages obtained by hybridization (primary screening) were -
scraped off ‘together -\#ith 'top agar using a sterile toothpick, and then suspended:
' in 200 pl of SM buffer, thereby obtaining a phage solution. Phage solutions of '
each clohe were appropriately diluted, infcctcd‘ with E. coli strain Y-108_8, and
. then inoculated over LB plates.. | Using these newly prepared plates,
- hybridization (secondafy screening) was performed sirﬁilarly. Positiv’_e pha!gcs
) were sus;;_ended'in 200 pl of 2 SM buffer, thereby obtaining single phagcs‘ If
- no single phage was isolated by second-ary screening, another dilution was
'.performcd, followed by inoculation over LB - p.lat.es‘.  Subsequently, .
- . hybridization- (fhe‘thitd screening) was perfox'ﬁaed,'s'_o that single phages were
~ obtained. _ '
" Next, ADNA: was prepared from the single phages by the following
‘methods. & phages collected with a bambe-o-'- btoch_ette or a toothpick from
Apllaques'-.-b'f positive ;clOnc‘é were inoculated in '20{_)‘ ul of a ixYT inédium -

. (coht_ai:iing’ 10 mM MgClz and 0-2%_maltose) lcolntain_ing Sulofa éuspénsjon of =
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Using 2 g of nRNA purified in (2) above and a cDNA synthesis kit (Amersham
Bi osci ence), cDNA was synthesized, so that a cDNA library derived fromthe
resistant mutant was constructed. First, RTase provi ded 28igepieinb& 2806 was
used for a reverse transcription.. reaction; and T4 DNA pol ynerase
provided with the kit was used for a subsequent conplenentary chain

el ongation reaction. At the tinme of conplenentary chain el ongation
reaction, 32P-dCTP was added to calculate the vyield of cDNA synthesis.

Chage Bysh st & %iyﬁﬁg?ﬂgk A S A TR ﬁg%lgg%qa & an Eco
Rl - No - Hl. . S ). . W

conce%ﬁ#%&?@vﬁr’%@? 'gfggé?’(etlael%&ﬁlgh%%g{nogﬁpﬁg%%r&gl\}ﬁr&eqa%éregg ﬂa(r%ngsol uti on
contal ggg%rg - hgta%ﬂfz{éhgae_ 4?13\'%%%]%%@1 0:23% ﬁgltﬁtmﬁhi@%ﬁgg d;( Bagr maci a)

was ad by I'igation action at 4C overnight.
The r eagdpeaBionobLihioon AWasia@pl 088d, tad HREL shak eguhnreds aheaghtG3hestl0 col.um
(Asahi Chemical Industry Co., Ltd.), followed by nonitoring of the eluate
W t h ustepawicotmiser aypse-gultaringyebesssd-h dhe J8e-quliwredriselwiopaf{ k) w0 '
fractionated_ into 25 fractions of 0.5 nil each. Each'fhﬁch'ion V\S% neasur ed
with Bhozpeinesulatedir dg mhal 28Ydgmediym copiaing; 10,mM Mabbeapd ¥ -Sver e

ool eohfor H et YR koL BT R MRSl o st o e
14 Bttt o colohe i LD 086 gt .
per f or gEgrafultue@E Senpesfthiloeofoon #hd hound.of A MNa@awttcoaddDGnd of an SM
‘buffer and 8 1 of chloroformwere added to the reaction solution, -thereby
pr eparihey mophaden sshupedarmathias 4Avkgéor 361 minwas wekleishekisg. 1dbeol d. One
Pl oof fnrr})%u%it wésecden%r%ulfgteidoaq 2%%0ixnjge otrel% ynmizgut}es, and then the supernatant
was newly tfansferre_d to -a centrifugation tube. Five ml of 50 % PEG was
added to thé‘supernatant, and then incubated on ice for 1 hour or more.. The
‘ produci was centrifuged at 27000 x g for 10 minutes, and then the supernatant
was discarded. Nex:t, another centrifugation was perfofmed at 27000 x g, and
-' then the liquid portion was discarded. The precipitated fractién was suspended
'~ in 300 pl of a 30 mM Tris hydrochloric acid buffer (pH 7.5) containing 4 ug 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
“mimates, 7.5 pl of 20 % SDS, 3pl of proteinase K (10 mg/ml), and 12 ul of 0.5
M BDTA' were added to the suspension, followed By further iﬁcubation a{-SS‘:C',
. for 15 mi_nutes. Subsequently, 150 pl of phenol was added to the product, and -
then stirred vigorously. Then the mixture was centrifﬁged at 15000 rpm for 3
 minutes using a TOMY MiCIO-c'entrifuge 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 éxtracﬁon. :

-step was repeat_ed,'ether remaining in the aqueous layer was rie_mo'_vcd-' with .
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E. coli (Y-1088), to which 0.7 %top agar was added, and then the solution
was inocul ated over an LB plate. The nunber of plaques that had appeared
on the plate 4 to 8 hours |ater was counted, thereby nmezsSupich@etdoes titer.
Synt hesi s of approximately 74 rig of cDNA derived fromSr |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

pr eparhiigogen g4INA Thibtyaply ofl 6riisaCt nodn&Teplef kthanol wene added 40 d¢ nut ant .
The titer of the library solution was 16600 pfu/l. When a cDNA |i brary was
const r aquesdisuayerg serithit precipaat A P vaser apﬂ/ﬁlb’d:ot]kﬁ‘ﬁéfdac CHMF%]@ECI*@ t he '

bove- descri bed et hod, i t hown  t hat tel f eDNA
ot | voBDN b Eh it ity PRGN by 196570 0. Sthmaly 18, aBge mat ol y 5

f f
O Dheh T Ak RRALRE N agibtiR B0t ThilRfe ! flerdilProiibiile Bl | - L
type Wage cljﬁé.éﬁlctpwé ldissoBledZth 26RLICHELSE %QQGa T bufier €A 89)0fhesEMA -

containing the ALS gene To form about 000 pl aques on plates, the library_

sol uti ariapal EONA sokuBonabove was dil uted, and then phages derived from
?’RP B
d type. and those derived from Sr line were separately inocul at ed

- over 10 pl #wdsloniagpadisequencing pf depnsertdP A Hether obiaipred a4 yere
0 a5 rRertarRed ho e fai]egvﬁ S St 1 R A AT A R ot o

sol uti 5 n ol ution
(s fieteg L, & Al Bipd € r*ﬂsg’hmqwﬂ‘é%mf‘r REROor A S ) 20
secondgachyh Sotutld eforVAsavageneactidmofollowed the procedure in the manual

attached to the restriction enzyme. After reaction at 37°C for approximately' 2
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 Not 1, so as
to excise the insert DNA. - The insert DNA was separated using agarose gel for
apportioning, the cofresponding 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 thé '
' . insert DNA cleaved with Not I was used as material, BAP treatment was.
'--performed"for vectors cleaved with Not 1. Following ligation, part of the.
' solution'Was mixed with competent cells (DH5a), and then allowed :to stapd 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.
wé's added to the mixture, incubated at 37°C for 1 hour, inoculated over a LB
medium plate dn which a miXture. of 100 pl of 2xYT (containing 50 pg/ml
ampicillin), 30 ! of 3 % X~Gal and 3 pl of 1 M IPTG had been previou‘sly
added uniformly, and. then cultured at -37°C for 10 ‘hours or more. The

Co transformed whﬁe colonxes were each moculated on 2 ml of an- LB medlum
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the nitrocellul ose nenbrane using a filter paper, and then the
nitrocel l ul ose nenbrane was baked at 80C for 2 hours. Here, the baking
step. was onmtted when Hybond- N+ (Amersham Bi ot ech) was9sep@mba0emd of a
nitrocel lul ose nenbrane, and i mobilization was performed with 0.4 M NaCH.
for 20 mnutes. The insert DNA prepared in (1) above was | abeled by two
types of nethod, R and non-Rl, and then used as a probe DNA. Labeling
with Rl and hybridization were performed by the foll ow ng nethod. First,
~approximately 200 to 500 ng_of probe DNA was thermally denatured, and then
| abel egntmning ampRiHBEST2 BNAY Tamerive xnd ﬂ(enawdme@ﬁh%&c oxerpight.t i me of
this |labeling reaction, -a buffer, random prinmers and 32P-dCTP provi ded
with FRemgihe grltere solytier Pfﬁé@i‘f‘,&’ ggé@ggﬁpﬂﬁg bgd%féﬂ‘?argotlef:}g\}\’lgae%?ﬁpncubat i on
at 65C.for 30. npinute e =) @ gt t reaction.
St m B g NS SR Eh o ere ANl Bel: R e

The r on "was app to nitroc fanes, so that 8

of 1 hﬁhg‘g{ms’rﬁflﬁswe?@@ﬁ@jeeéﬁ_ ARPPURK BBt Ry f&p@em&fn&?r OPER. rdd¢lbhdi zat i on

was performed at 42C overnight wth weak shaki ng. ter hybridization, the
menbr andseyBescinpasdie petfoimed biyrmethwids leRenBRabdvel % SDS sol uti on,

foll owed by exposure for about 1 hour to an inmging plate of a BAS 2000

i magi-ng andbya eesuitrof theppbanvs expieripentrghe dihgDNdb gt an ipsewplsie cl ones

T RSSO T B BB T S S R g 10
denat AL bR 312D Ok bt 10t PPt o et Pl kDol 0,
di r ect s R tiRbsH die ofifle DBIACA hew Fwbt anas(epasiayntheBollasiiggce) vere
~added, followed by incubation at 37C. In this case,.the _
" method. pBluescript II SK+ retaining the ALS ¢DNA with an incomplete
iength 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: PI-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
.calcu]éte'd, -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 Rl, and then size was confirmed by. ciectrophorcsis,' followed
- by immobilization onto a nitrocellulose membrane. F ollowing electrophoresiqs,
o t.hé gel was immersed in 0.5 M NaOH solution containing 1.5 M NaCl, and then ..
;' shaken li g'ht]y for 15 minutes. | The gel was then washed with water, immersed
" in' 0.5 M Tris-HCl (pH 7.5) containing 3 M NaCl, and then neutralized. while
- shaking f-dr_ appro.ximatelyAIS minutes. Approximately 5 thick, industrial filter
_pap'ers- were piled up to ﬁlake a.base. The base was placed in 20xSSC spread
over a’ stainless bat. Subseéuently, the neutralized gel, a nitrocellulose
membrane (which had been _cut"in_to a certain size, immersed in distilled water -
and then immersed in.'20xSSC for another 10 minutes), and t\;voLply filter pai)ers

3 \_&ere p'l_‘a_c'.ed in order on the base, on which a pgper_towél with a thickness of 3
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| abel ed probe DNA was applied to nitrocellul ose menbranes, so that 8 of the
menbr anes cont ai ned approxi mately 100 ng of the | abel ed probe DNA
Hybri di zati on was perfornmed at 42C overni ght with weak siwetdpgber20E@r
hybridi zati on, the nmenbrane was washed three tinmes with a primry washing
buffer at roomtenperature for 10 m nutes, and then once with 2 x SSC at
room tenperature for 10 mnutes. The nenbrane was i mersed in a | um nous
solution provided with the ECL kit, and then exposed to an X-ray filmfor
30 mnutes to 3 hours. Positive phages obtained by hybridization (primary
. scr eeniag)towéran way Apdur aflicedbgephgleswipldetanst Higar a degligwal g everee
t oot hpi ck, and then suspended i.n 20g | .of SMbuffer, thereby.obtaining a
‘phage SUpetd o thhayedud) Jollewedoby Blptting) ea%fr"é"%i‘ﬁfﬁllﬁpgi RFES-gi | ut ed,
infected . with colt. strain ¥-,1088, and, then,i d_ov pl at es.
Usi ng t‘ﬁggé GoRTITRing Jhat Bg BROYIEY IR SPITEPRY ibgﬁ&%éégégd%@y%églf@gni ng) was
per for bl Hibding R beMBrRRAYSS apiRAntHRCIP ilafes20F dllowihgd SM
buf f er, ther e y obtai'ning single phages. If nd single phage was Isol at ed
by secaidaing, 38E aethbigne #atubfecded 6 DN tasmemewl thraradns filhingnatdr, by

i nocul ation over LB plates. Subsequently, hybridization (the third _
scr eeniang) theas bplead of 80 foo appatxigiatellyel piagatesier 80 wiinuliened Aftext , , DNA

d f h i ngl h he fol.l.ow . h
Cor | Dotk e aRD (B SLHEER e rter, SERRERD! aNSEE dhtde SO poci ¢ ve
. cl. I lated [ n 20 o ' L i mv My 2
*and 0. 2% Hta0Ly SURR.phefg Dt ClorR OlthinllRE) W paRBALT O T 17

gtegtngﬁgﬁr vi%%%)bgé gﬁ&gﬁ DBA 15bele@Vrith Y1088k adikfien R5OGChy tiagizad lvaned to
‘ was transferred to an imaging plate, and the result was analyzed with BAS-2000.
Among. inserts positive in hybridization, those showing a relatively large size
were prepared in large quantity, and then sub-cloned into pBluescript II SK+
"that Had been digested with Eco RI and then .trea'ted ‘with‘ BAP bj' the above
method. The product was transformed into E. coli (JM 103). The obtained
transformants were subjected to liquid culture, and then plasmids were prepared
by standard technigues. Thus, the nﬁcleotide.-sequence was determined by the
" above methods. _ _
As a result, the full-length- ALS cDNA.'gene could be pbtéined from the
' ., culture cells of each wild type and Sr line. The results of homology
‘comparisons between the wild type and the mutanf ALS genes are shown in I*:lgs :
"""1’.9A, B and C. As shown in Figs. 194, B, and C, compared to the wild type,
2~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 ﬁanscri-ption- initiation codon
ATG. Tn Sr line, the 1643rd G in the wild type was mutated to T (denoted as
- G1643T), and the 1880ﬂ1 G in thé 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 _aéid‘-'séquence wherein the 548th -
' tryptoph.an in the wild typc'; AII.S‘ proiein was mutated to leucine. (that is,

«“W548L mutation™), and t_hé 627th serine in the wild type ALS pfote_:in was
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42C overni ght. Then, the mediumwas inoculated again in 1 m of a 2xYT

medi um (containing 10 mM MgCl 2 and 0. 2% mal tose) containing 25 1 of a
~Suspension of host E. coli (Y1088), and then shake-cul t uzeskpRinberz0ght
(these steps conpose a pre-culturing process). The pre-cultured sol ution
(10 to 50 pl) was inoculated in 12 m of 2xYT nedi um contai ning 10 nMV

My 2 and 0.5 m of E <coli Y1088 suspension. Then, incubation was
performed at 42C overnight with relatively strong shaking, until turbidity
increased after lysis. After culturing, 50 | of chloroformand 1.2 m of 5
M Nad nwesedaddssdeuand (tHdnes) “iS62dbatitation®s perforned at 42C. for 10

m nut es whil e shaking. The product was centrifuged at 27000 x g for 10

m nutes, and then the supernat ant was newly transferred to a

f of E dd th
and.{ nE SHeAI BB oo Bl fgpe ALRCEPNA SRR mCTRE Mest Al SRauTbnt 11 f Uged

at 2700%%3 for 10 mnutes, and then the supernat ant was di scarded. Next,
anot heP fugati on was perforned at 27000 x g, and then the liquid

portion was difacahdeBuligiRr BRI AbsHid ha¢ingOthe Vg ]-SeRRNWRd type 300 pl of -
a 30 MM Tris hydrc}cﬁ%ﬂc g@ld bufflgr (pH 7. S)gocontal n?*f\gg 4 g oflﬁb DNase 1, .

20 g OfAIRNaBRIA obiaind in\4)GbRe ifberporspéthecmn wass digeatesif withelica 0 a 1. 5
m tube. After incubation of the suspension at 37C for 30 mnutes, 7.5 pl
of 20 PISOBNABlcoptaipingt enyde tkpe ngrgg%P)waeﬁaMfed 117beR, tiescDNPEDTA wer e

dded h d.b ub f 15
i nut eues SHEURGTRRE M Fee NI CpRTOF MG MG TE 3B Seaudic and ¢ hen
stirred Xﬁ%r%ﬁ%%%ﬂ %&%mm HlctnatBs, 68 (er&@v@etoﬁ%%%smfor

and an

m nutes usin crocent r uge MR-150 Oow DI d TAL BI O

aqueoumk@a&ﬁgthwmsd d A¢ISeeDNBOthdorpératichitlto ehbdco(RDsiobiof IpGHXIT | ed .
wat er had been. added to renove peroxide) was added to the collected

aqueouss  refgeed Tive A% xtb@w(éthsr-mhi)w gor POHX-2T4Ad S Wekd) cedtt i fuged at
15000 4 i o 10> B 2RI T0b1® Eligked BSinP By drasRidetion (h the
“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
Tice cuiture cell - '
(1) Extraction of genomic DNA from resistant mutant (strains of Si, Rl_j,rVg,-

_and Ga lmes)

]

Using a plant DNA extraction kit ISOPLANT II (Nippor Gene),.
| § genomie DNA- was extracted from 0.1 g of cultured cells of each of Sr, Rb, Vg
and Ga lines aceording 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,l agarose gel electrophoresis was performed, “thereby
-' confirming the genomic DNA.
(2) PCR of ALS gene using genom:c DNA as template
PCR was - performed usmg each - genormc DNA as a template and a -

pnmer “ALS Rsp"” and a primer “4-83-3,” .as shown below PCR ‘was .
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step was repeated, ether remaining in the aqueous |ayer was renoved with
-34 29 Septenber 2006 nitrogen gas. Thirty gl of 5 M NaCdl and 875 gl of

et hanol were added to the aqueous |ayer, so that preci pisSthrehb4R6 was
rapidly collected. The collected ADNA was rinsed with approximtely 1 mi

of 70 % ethanol, and then dried under reduced pressure for approximtely 1
m nute; thereby renoving ethanol. The product was dissolved in 20 gl to 50
gl of a TE buffer (pH 8.0), thereby preparing a XDNA sol ution. Subcl oning
and sequencing of the insert DNA in the obtained ADNA were perforned by

t he 'f okefoirmed nmesihw R eadipetooBoaP GBI BABNA (darersham Biosgiencahgt adfigested with
‘Not | so as to excise the insert DNA. The con‘gosition of a .reaction

~ sol ut i wolytherofc R8auhgeThearserben Wat IRSFEI™MEe 1o #0eqUsles fatheSilhual _

attached to the restrictjon enz . After reacti 3 Cfar: roxi mately

2 houf8nditipd CARYFYNE; eaﬂ\dgltb%ﬁ?’?%ﬁl 10} gﬁaé’cﬁfg%‘hgr g(grlg ﬁ{s‘l“ﬁ‘g‘% %

agar os el .+, A L 10, 0 lpnd Il wesrdi gest ed

W th N(g?ﬁ ‘:veg(? ygals\lé Cé%tgrea%oﬁlssetgﬁﬁgbihn‘gg% g%ﬁgl%ﬁgeleafnsiﬁé ; was separ at ed

~ using 2&ar10‘r}ﬁn9&|, dnfr eloﬁﬁﬁﬁéﬁis@éﬁ g, 72 f60r7 @sipardi ndgn batddtivas td eaved
fromthe gel, and then the insert DNA was purified by standard techni ques.

. The i ngRydgatA stgsimibedihal wiyth was/petformédht 331G JoBARIDYEAL ment | .

- (dephosphoryl ati on using al kal i ne -ghosphatg&e d?e)(;]i ved, froma shrjnp) at
molar ratio &fext; the fREK orpegtipy salgben ovas (0ieqieh i eH PEAENK Efbase at

10T oL oM IRAE 1 B, BUAES. s AR R SRR T | v
Lot T2 R, bRk b Tt e OB T
M Xt Ur grap@fents By tighet orviieator theak tiates4®itB -$terile 36n seclamded watrf hen
all owed to stand on ice again for 2 mnutes, Then, .SOCC )
© "500 ul of sterile ion exchanged -water was added, and then freezing and
| “ ‘dissolving was repeated three times. Thus, the PCR product could be eluted in
- water. - _
Next, PCR was perforined again using the eluate in which the PCR
product had been dissolved. Speciﬁcally, this PCR was performed at a final
 volume of 100 pl using therPCR product contained in the solution as a template,
and the same primer set or nes.ted 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 ‘
“DN.A & Gel Band Purification Kit (Amersham Bioscience). Finally, the PEZR
| ‘product was eluted using 75 pl of éfe:i!e deionized water. o
.(3) Sequencing _ | |
Sequence reaction was pcrformed using the DNA fragment amplified by
"PCR as a templ.ate and ABI PRISM BigDye ver.2 (Applied Biosystem). For
sequence reaction, 11 pl of the templéte DNA, 1 pl of the primer (3.2 pmol/pl)
a;nd 8 ul of pre-mix was mixed, therefore the total volume was 20 }_11. .The
‘sequence reaction was perfdrmed for 40 cycles, earc'h cycle condition consisting
of an initial denaturation st_é_p at 96°C for 5 minutes, followed by a denaturation

" Step at 9:6°C-f0r‘ 5 seconds, annealing step-at SO‘f_C for 5 seconds,'ahd 31011gaticn :
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~ thereby. pre

was added to the m xture, incubated at 37C for 1 hour, inoculated over a LB
medi um pl ate on which a mixture of 100 gl of 2xYT (contalnlng 50 pg/ m
anpicillin), 301 of 3 %X-Gal and 3 gl of | MIPTG had brastepibenioosis! y
added uniformy, and then cultured at 37C for 10 hours or nore. The
transforned white colonies were each inoculated on 2 mM of an LB nmedium 35
29 Septenber 2006. containing anpicillin or a 2 x YT nedium and then
cultured at 37C overnight. Fromthe culture solution, plasmds were
prepared by standard techni ques and dissolved in H2O The DNA

concentstegt oAl thderdmindesyudat sdditgn, Hisdeloneation stp pf ﬂsqwﬁagl viele

subj ected to PCR reac f or sequenci PCR reacti on. uenci ng were

per f or A BYTHEBHbAE QLo fPbaaTantios. Adies FABIEE P o g‘é%%erl Tent

the AL t [Malefolc) ol gfc! Kk

obt ai n§(':11% rod {ﬁ tljt%%e cel O%tlér?g‘g%% %?]?QQ? %f"rgé Iﬁétrg 13n QSI nce an

Sma | %ﬁtss@@%metsmm@mﬁm@gﬁnalmrat@:xmr OXiLeRt BleYnucd 28 sp sEgQéHcTeE‘e 5 side

of the. DNA, a new probe was prepared by the following netho pBl uescri pt
SK+wert abad ngnp B PPRISIING WDINWA anquerxenpl ete | ength of approxi mately

2 2 kbp derived fromthe wild type was anplified with host E. colt JM09,
and t héf) Diesssiod primeers a@ﬂtm@&@ eLEFIH GRS ‘éﬁ?ﬁdﬁ’ﬁ@l@d i sol ati on system

( KURABO. Pl-igaﬁ% The, p smd was dlretl est ed V\nta.ig? . _The

generated fr ‘?‘FP“BFI P&?ﬂﬁ%‘fcé’lsf“% ?/\/8 PUENAP 560 18 "‘bﬂ?"?fi_ed by 1
% agar gag o‘i‘ﬁﬁﬁér@%@& %?El%e fo%isb%hbee'}a i&%ﬁ%ﬂéé?ﬁﬁ?ﬂle"@s calculated,

aring a probe I brary was screened again

by the above met hod enpl oyi ng the ,above RI. XDNA was prepared fromthe
~ thus obtained single phages, the XDNA solution (1 1) was digested with Eco
‘RI, and then size was confirned by el ectrophoresis, followed by

i mmobi i zation onto a nitrocel |l ul ose nenbrane. Fol |l ow ng el ectrophoresis,
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the gel was imersed in 0.5 M NaOH solution containing 1.5 M NaCl, and then
shaken lightly for 15 mnutes. The gel was then washed with water, inmersed
in 0.5 MTris-HCl (pH 7.5) containing 3 M NaC, and themaSsicmbtri2znes whil e
-shaking for approximately 15 m nutes. Approximately 5 thick, industrial
filter papers were piled up to nake abase. The base was placed in 20xSSC
spread over a stainless bat. Subsequently, the neutralized gel, a
nitrocel l ul ose nenbrane (which had been cut into a certain size, imersed
in distilled water and then i mersed i.n 20xSSC for another 10 m nutes),
and two-ply fllablee6 papers were placed i-n order on the base, on which a
~ paper tewet—wth—a—thrckness—of —37 =36 29 Sept enber ZUQﬁ;rreQﬁBntdﬂg‘N&%eWas

a

further placed. A glass p a]te._ng&eggen a light V\ﬁ;r%tonmerﬂs fHl.aceqdpanst he
pr oduc 2l i SR L apptoxtmatety—5 mnutes After—

ronbr oS Bk 1 R TALCB AR AR PR o mt o1 310 Horee:” Fot ] B8 ng

{r ans. PSR O T QRICERAT SR GEABGE for - av o Tt B 1785 m A5 co
O AL AN, 1L L, e, S o
N T Y e e T
Uhose arimp & CABAGERIAGERCPTE ™ lor ¢ Brepatd in PTG LA, and
U A R Rt L, RS
 cul tur ALSakePA el GHGGHT S OO har o by st AGATHCL ccnh Gdes. | TRdS t he

‘- -nUC|. eongSE-:Rgpelg%?-%%GAX\%%A%%’I%H &'?fj GB%’I‘H&E?’ sense 1913-1944 .16 mer L
‘ ALS-RspC 5.CAGCGACGTGTTCGCCTA-S" | sense  258:275 16 mer
, | 7 ALS—Rs.pb 5-CCACCGACATAGAGAATC-3’ antisense . 828-845 18 mer
J\LS-RSPF 5 ’—ACACGGACTGCAGGAATA-B’, . antisense  1749-1766 18 mer
© . 'ALS-RspE .5’—TTACAAGGCGAATAGGG.C—B’ _ ' sense 1656-1673 18 mer
- 3-1-1 5 ’—GCATCTTC-TTGATGGCG;B’ ~ antisense 1791-1807 17 mer
3.1-2 5. ATGCATGGCACGGTGTAC-3" sense 973990 18 mer
" 343 5.GATTGCCTCACCTTTCG-¥ atisense 1346-1362 17 mer
E 3-1-4 5-AGGTGTCACAGTTGTTG-3> | ‘sense _1506-1522u 17 mer |
| 4~.85—1 , | : S’fAGAGGTGGTTGGTGATGJ’ | antisense 327—343 i’? mer
4-83-3 | 5 ’-GCT’I;TGCCAACATA-CAG-3’ : | antisense  1944-1960 17 mer
. 4-83-10 ‘5’-CAG_CCCA'AATCCCATTG-3’. | an;tisense 1457-1473 17 mer
4-83-15 5hATGTAC_C(ﬁTGGTA_G’ATTC—B-’ | _ _antisensc - 735-752 '_ 18 mer.

- ALS-DG7 S-GTITT(CT)GCITA(CT)CCIGG(ACGT)GG-3" __sense 265:284 20 mer

In Table 6, the corresponding ALS s_it_(: ‘is the number of a

¢orresponding base when a transcription initiation codon (ATG) is the starting
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above nethods. As a result, the full-length ALS eDNA gene coul d be obt ai ned
fromthe culture cells of each wild type and Sr line. The results of

honol ogy conpari sons between the wild type and the nut agSeplelnbgenes are
shown in Figs. 19A B and C As shown in Figs. 19A, B, and C, conpared to
the wild type, 2-point nutations were observed in Sr line at 2 points, the
1643rd and 1880th, fromthe first base A as the starting point of the
transcription initication codon ATG In Sr line, the 1643rd Gin the wild
type was mutated to T (denoted as Gl643T), and the 1880th %{én he wild
type wasintut i edditionT thelendeetddaseqesrggof) ALPWREHP L snsiwedn it @ 1&hi no

had 2Nt o PRCH SBECHOETLF AT RePa45eRo Er Vet BA N0 IRHA 1 d type

ALS protein.was nutate I i Ne. - T SL ti.on.kiq.and the
627t h Bugiepuds Fedients; q‘*d*‘*?‘y*‘b%éi’ih% %}g%‘?@}l%s\;\%/a% D g’ﬁ '25%&%‘%2%%“2‘%06

mut at'egl £.0 48 QA0S R ph i 3howit in "B 1D N@:atd, ahe hucledlidSuwegheamengf of the
wild type ALS cDNA c 8ned into pBluescript Il SK+ into pGEX 2T After the
pBl uesgIigRspé iSitiova asSEQ MaWOl 3,be fukleoktide geuendedoft 4 p8-Rep7Sisc DNA
obtained in (4) above incorporated therein was digested with Eco, R, cDNA
cont ai stiavgn iheSER 119 Nipel AltBe gusdeatade esatienee of phbR Rimb 18 SRawn s :

an’ e PSER TR che v aeCieeies AE LSRRI LB RAUERES) 1hav ng « e

Cfull -1 i c i it o . §ht @,0f pGEX- 2T
o 1 orSEP b the SubkBRASEetbe o OS BN BC Rt (A BB 0 37 el b rod
into EyuQebiidé 487t of OLOMHD abLiéwedn BEQ IBNNIONI 18ytthe musécide

liquid-cultured, plasm ds were extracted, and then the insertion direction
of . sequence of ALS-RspF is shown in SEQ ID NO: 19, the nucleotide sequence of

~ ALS-RspE is shown in SEQ ID NO: 20, the nucleotide sequence of 3-1-1 is
shown in SEQ ID NO: 21, the nucleotide sequence of 3-1-2 is shown in. SEQ ID

B NO: 22, the nucleotide sequence of 3-1-3 is shown in SEQ ID NO: 23, the
nucleotide -sequencé 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 Ib 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 SE-Q

- 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.




I nsert DNA was confirnmed by sequencing. Thus, E. coli (JML09) transforned
wth pGEX-2T(ALS-wi | d) was prepared. [Exanple 4] Elucidation of nutation
sites in ALS gene of PC. herbicide resistant rice cultur® Septelbérpos
Extraction of genom c DNA fromresistant mutant (strains of Sr, Rb, Vg,
and Ga lines) Using a plant DNA extraction kit | SOPLANT |1 (N ppon Gene),
genom ¢ DNA was extracted from0.1 g of cultured cells of each of Sr, Rb,
Vg and Ga lines according to the protocols attached to the kit. After
genom ¢ DNA was extracted using the above kit, RNA was denatured and
renovegayiging RNase A Then, agarose gel el ectrophore5| S was per f or med,

t her eb ohf--rm-hg-t-he—genoem DINA : gene g-genom ¢ DNA
as tenpll\év@np@ﬁ@fvvas pe¢$4°red usi ngcé f ' Mate, and a
pri mer MaltftRspad and @e@% "4- §% as sh tggjow PRoyas -38 29
Sept enber 2006 perfor sing Rea 0 Go PCR Beads (Aners am Bi osci ence)
at a fi naIR IYI% une of glﬁmjm The reactlon was pelrflgtreg@d for 40 cycl es, each
cycle o4 o of—ar 1 e o4€ for 5

. m nut es, y dena oA ep - : eCORE anneal i ng
step at 5 hlfl@r I m nut% and eI onga‘Pl on step oaheté,?& for 2 m nut es. In

~addi tion, el Ohmaﬂl%lhe!ﬂféb home [x heferg) cycle was perforned.at 72C for

9 m nut es. Srl‘ilmet the PCR reaction solution was Shefeset ed 1@hgegar ose gel
el ectrophoresis (100V, 1 X TBE buffer). Gels containing PCR pr oducts were’
~exci'sed, and then excised gels were cut into small fragnments. The obtai ned

- gel” “fragmenks Wehe #i TARE 7 h Qe Qlucldutiie $dqiescaVof RIS Ligki difiih Otheexchanged
. ‘vvat er, .

512" C was mutated to A (homo), and the 1643™ G was mutated to T (hetero).
This means that at the amino acid level, the | 171% proline and the 548"
| tryptophan (W) were mutated to histidine (H) and leucine (L), respectively. In.
the nucleotide sequence of Vg line sfrain, the 1643 G was mutated to T
-'(heiero),' suggesting that at the amino acid level, the 548% tryptophan (W) was
mutated to leucine (Lj. In the nucleotide sequence of Ga line -st:fai-n, the 512"
| .and 514™ C were mutated to A'(homo_or hetero) (these fypes differed depending
on the PCR product obtained), and the 1643 G was mutated to T (he'teid)
This means that at the amino acid levcl the 171% proline (P) 172m argmlne (R)
'and 548™ tryptophan (W} were mutated to- h1st1d1ne (), serine (8) and leucine
" '(L), respectively.  Further, in the nucleotlde 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 hne strain by the above method not only a 2~p01nt mutant gene, but also a |
gene of the wild type was isolated. Thus it was assumed that at the genonnc.
DNA level, heterologous mutation had occurred,_ and the results obtained by n
genome PCR also supported this assumﬁtion |
As described above, in all the resistant mutants, the. 548th tryptophan
; (W) was mutated to leucme (L) (hetero) and Vg line had this mutatlon only.

As descrlbcd above, Vg hne strain showed SGDSlthIty up to 10 pM -
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~Aut 0Se

500 | of sterile ion exchanged water was added, and then freezing and

di ssol ving was repeated three tines. Thus, the PCR product could be eluted
in water. Next, PCR was perforned again using the el uatm® Septembérco06 he PCR
product had been dissolved. Specifically, this PCR was perforned at a final
vol ume of 100 | using the PCR product contained in the solution as a
tenplate, and the sanme prinmer .set or nested priners. After reaction, the
reaction solution was subjected to agarose gel electrophoresis (1% for
apporti oni n% Gel s containing target bands were excised, and then purified
usi ng hisppsbperodion 2ndsSr. Rirrndpei inc strpyy saowedatisr %ﬁ%ﬁ‘fnuBlt@s]cQOence)

Finally, the P product was el uted using 75 erlledel oni zed
wat er . H! :?)Slé’é rf"@idHﬁ“Squt@ﬁé ngaadt W 5@‘%1@?&15]51" ASIHG HHoRe?

frag negcff :%[a ld f : ﬁﬁg ?lyo'g&%l gg afd tb?ﬁpéh%ﬁ%lﬁpgﬂ{%?ll p’ln%tg@ﬁe Yale 2

(Appl i uence react he terrt) ate DNA, 1 tl
of thelﬂ?ﬁ%@ofﬁrezsepé@idnlﬁresﬁﬁg ifcreagdd. Pre-mx was m xed, therefore the

t ot al sequence reaction was perforned for 40 cycles,
-each cycle condition consisting of an initial denaturation step at 96C for
5 mnutes, followed by a denaturation step at 96C for 5 seconds, annealing

step afEs0aplecs] Systbesady AkSdcleNeysgimdependegly b@VJSép@éﬁ‘!ﬂaT(VQm) step at
60C f 4 t _ th | ongat. the fi I

per f or TR t?én“%es%?w”rg%%{%@tatmn?ﬁng&ﬁ%@hﬁ&f%@@ﬁéx e dent
nucl e é‘ig COt Eﬁ%rh%igfor tl%gl ecg\ﬁsrlﬁﬁrtﬁgq\égg Dy gel filtration using

ners en the nucleotide sequences were

‘read using AﬁirsP@b§Me§ﬂs001f>M&§enmﬁfdepéﬁaeﬂmnﬂﬁv@fg @1 648 (SVsa8L)nucl eot i de
sequences used hef ei n
. mutation or G1880T(S627I) mutation, and construction of pGEX 2T retaining
the ALS cDNAs are described using Fig. 20.
PCR was performed at a final reaction volume of 100 ul using 1 pl (585
. .: ng/ul and 554 ng/ul, respectively) of pBluescript II SK+(ALS-2 _point.. mutant)
or pBluescript I SK+(ALS-wild) as a template, and 1 pl of LA Taq  DNA
polymerase (Takara). The reaction Was performed for 25 cycles, each cycl'e
~ 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 I
.AJSK+(ALS-wi1d) contained the wild fype.ALS gene having no mutation. For
"the PCR, a combination of ALS-Rsp6 and AUS-RspF primers and a combi'nat_ison
."l‘o-f ALS-RspE and M13R primers ﬁfcre used. _‘_Nam'es of fragments amplified.
using ALS genes as a template and ,ther givén‘ combination of primers are listed
in Table .8.. In addition, primer M13R is an antisense primer in the vicinity of

T3 promoter of pBluescript 11 SK+. Further, the nucleotide sequence of M13R
-_ ,_ is 5’-GGAA_ACAGCTATGACCATG-S’ (SEQ ID NO: 30).
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Nanmes, nucl eoti de sequences and the like of prinmers used in (2) above and
of prinmers used in the follow ng exanples are listed in Table. 6. -40 29
Sept enber 2006 Tabl e 6 Correspondi ng Nunber Nane Nucl eold Skpteabep280E e
Direction ALS site of bases ALS-Rsp] 5'-GCTCTGCTACAACAGAGCACA- 3' sense

- 1192-1212 21 nmer ALS-Rsp2 5' - AGTCCTGCCATCACCATCCAG- 3' antisense 1906- 1926
21 mer ALS-Rsp3 5' - CTGGGACACCTCGATGAAT-3' sense 720-738 19.. nmer ALS-Rsp4
5' - CAACAAACCAGCGCAATTCGICACC- 3' anti sense 862-886 25 mer ALS-Rsp6

5' - CATCACCAACCACCTCTT- 3" sense 327-344 18wer ALS-Rsp7

5' -AACTHB@\‘&ACCAGTCAGCTC—S antisense 886-906 21 ner ALS-RspA

5' - TGTECTTGGTGATG RspB

5' - TCAAGGACATGATQ 8&&‘?@’% uieé}% §13- g@“ r NP ALS- RspC
5' - CAGCGACGTGTTCG A gPo mutaig o o-p I“E CBerD

5" - CCA GAATC- 3' g gense 828- 845 ik 'g ﬁﬁj ALC)-RspF

' 5' - ACACHAGHBEAGEAATA- 3, antlsense 1749-1766_18 nmet {ALS- RspE

5' - TTAQGEACHAAT 3 1656- 1643 18 3- 1 1
5 - GCAI\@HﬁTTGATﬁ abtRense 17011807 HoRibr  311-2
5'-AT | GCACUEGI GIAC-5 sense 9/75-990 16 ner o-1- -3

5' - GATTGCCTCACCTTTCG 3' antisense 1346-1362 17 mer 3- 1 4

5' - AGGTGTCACAGITGTTG 3’ sense 1506- 1522y .17 ner  4- 83-
5" - AGAGGTCGT RERANFER2, Rk ScindeP GBrd shtained b PCHy “@36 3€SPectwelY

5 - GCTTTEOCAACATACAG 3. ant i sense 1944- 1960 17 mer
5 CaoeebmrsctRres e o GREes 1o irarin, T e Ty ragucts

' 5 - AT%%@%B%%M%&&P %6 tSabFr2mtthd®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

r‘éulbjected, 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~
- .6f LA Tag DNA polymerase to a final volume of 75 ﬁl,-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 elongati'on 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 fragmeﬁts obtained by SPR using the set of PCR-2 and PCR—B
as SPR-2. |
Further, in this example, to secure a sufficient amount of SPR-1 and of
' 'SPR-2, PCR was respectwely 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 .cYc]e consisting of a denaturation step at 95°C for 30 seconds,
annealing step at 55°C for 30 seconds and élongation 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 ul of sterilized water, | | | _
Next SPR-1 and SPR-Z amplified by PCR were respectlveiy dlgested
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- ALS-DG7 5'-GTI TT(CT) GCl TA(CT) CCl G ACGT) GG 3' sense 265-284 20 ner In Table
6, the corresponding ALS site is the nunber of a corresponding base when a
transcription initiation codon (ATG is the starting -4 Qiebat2oober 2006
point. In addition, the nucl eotide sequence of ALS-Rspl is shown in SEQ ID
- NGO 9, the nucl eotide sequence of ALS-Rsp2 is shown in SEQ ID NO 10, the
nucl eoti de sequence of ALS-Rsp3 is shown in SEQ ID NO 11, the nucl eotide
sequence of ALS-Rsp4 is shown in SEQ ID NO 12, the nucl eotide sequence of
ALS-Rsp6 is shown in SEQ ID NO 13, the nucl eotide sequence of ALS-Rsp7 is
shown withSE@c| D- 8@ Heb, Rlpethendiye ebitaiaing: fi8hde (dic Al/&cRsBidigestghown in
SEQ ID NGO 15, the nucl eotide sequence of - ALS-RspB is_shown in SEQID NO,
16, - t i¥agaepBoindePRed tdne &/ o MI-digestrd fragaysahhn | trestlarally, NG rhof t he

I id = \ ' . he nucl id
cequonts Srinzes e (WLHLE PabSe RETREP S Profudiierdaed deeBliuence o
ALS- IS ' I Y -1-1 i
Srown Vi SR T e Moo B SR TCRE HEP APV B L S
1D NQredénce de1 OuaLepiffele TakatgnEd1obeBb idcitatiphoms filaSksluhle HO. 23, the
nucl eoti de sequence of 3-1-4 is shown.in SEQ ID NO 24, the nucleotide _

sequeng® pbfat 3733 -far il shaaimowd fiaxwSEQ, it Nd@al 26lumd ef theteaotiodesobsggwence of

4-83-3 is shown in SEQ ID NGO, 26, .the nucleoqtide sequence of 4-83-10 is
shown Vas sulyertsdne, agayose; gid %%{%W%ﬁé&s%%@weea toreel- B3 by fragmagRinn i n SEQ

D AP oMo G AR PRSP SRR SRS, 200 2
S8, ARG UR SRS SELEARC AL PSP spudi ) ons
o c10ntai1ning- SPR-1 (4cc-1/Eco Rl-digested fragmen{) and a solution containing ‘
SPR-2 (dcc l/Eco RI—&igested fragment) were prepared. f
' Meanwhile, 150 pl of a protein expression vector Ilavi.ng'tﬁé wild type
ALS gene incorpbrated therein, pGEX-2T(ALS-wild) plasmid (concentration of :
approximately 50 ng/pul), was mixed Wiﬂi 1 pl of Ace I (12 w/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 Puriﬁcatién :
Kit, DNA corresponding to the 7.2 kbp band was collected from the agarose gel,
- and then the product was eluted with 180 pl of sterilized water. 89 pl of the
:__cluted product was mixed with 1‘0 pl of ‘10 x H buffer (Takara) and 1 mi of Eco
' RI (12 u/pl), and then allowed to react at 37°C for 1 minute, théreby partiaﬂy«
digesting the thus ‘collected -DNA with Eco RI. After reaction, 10 X loading:
.'bﬁf:_fer was added, and then 1.5% agarose gel electrophoresis was performed.
o 4.9 kbp, 5.7'kbp,-and 6.5 kbp bands, and a 7.2 kbp band that wa_s. not cleaved at
all appeared separately, and then the target 5.7 kbp band was excised from the
gel. An ap'proximately 5.7 kbp DNA fragment contained in the excised gel |
was collected using GFX PCR and Gel Purification Kit, and then the prodﬁct‘
 was eluted with 50 pl of sterilized water. - | '

Subsequently, 3 l of fragments digested with Acc I and 'p_arti'a'lly:.
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each line are listed in Table 7. -42 29 Septenber 2006 Table 7 Miutant base
C512A C514A G1643T G1L880T Miutant amino P171H R172S Wh48L S6271 acid Rb

| i ne ohono o hetero Vg line o hetero Ga line o O o het®Brseptehber®006 hetero
honmo or hetero Sr line o hetero o hetero As shown in Table 7, in the

nucl eoti de sequence of Rb line strain, the 5.1 2nd C was nutated to A
(honmo), and the 1643°'d Gwas nutated to T (hetero)  This nmeans that at the
amno acid level, the 171" proline and the 5481h tryptophan (W were
nmutated to hi st|d| ne (H and leucine (L), respectively. In. the nucleotide
sequenggyedfedVevith BeoSRI aiMihet s 16¥R1teCpGISX M (@I’ viitd) Tand 3( ibtodr 0) ;
suggesting that at -the am no acid |evel, the 548t h tryptophan (W was

nut at eBPRe1 | edmi d&E¢d )RI-digested fraghzat) dg SERuentécafl/ iz IRIn@g§$T|8é| n, the
512"d and 514th C were nutated to A (hono or hetero) (these types

differ &@ga@pawweﬁg remcmélwdkow%declteaebﬂlau%éh})f Tokara Heatpa dudless was

- mut at eg flur%et fa%t 6°?5 s ne ans that at the amno acid level, the 1715L
prol i nve(r%,so P n‘éve(rf-‘?)g -and 548th' tryptophan (W were nutated to -
hi sti dine (H)l“heﬁefﬂen.t%faét@n thﬁ%é{'ﬁ-anél*ﬁ)rmeﬁeﬁﬂfﬁt L¥8lc¥m e%ﬁtQ@IIs in the

- nucl eotide sequéhce o |ne strain 1643 d and 1880 G were
- nut-at ethttdin TM 1G9, 6TaRara) b&dording @ﬁﬂ%ﬁm&eol%cdt&ﬁﬂhed thabté.S 01rhé edlikrom t he

cDNA I1brary. of Sr line strain by the above method, not onlé/ a 2-point
mut ant wgemdnoduliateal 90 BB medium containing 50 ppm of amplcllhn and then
- " incubated at 37°C overnight. -As a result, several of the colonies that appeared
were selected. PCR was directly performed using the colénies 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
L TPGEX-3, and thé set of PGBX-S_ 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 é' 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. uM
| primer and 1 PCR bead were dissolved in a total volume of 25 u l.,~an.d reaction
‘ :_- - was perfofm”ed by repeating 40 times a cycle consisting of a denaturation step at ..
| 95°C for 30 S'éconds, ‘annealing‘step at 55°C fdr 1 minute, and eléngation step at
 72°C for 2 minutes. In the case of the PGEX-S/PGEX-3 set and
.PGEX-S/ALS.—RS'})A set, DMSO with a final concentration of 5% was further
.' added to th_e.'ab'o.v'e solution, because of the presence, at an upstream portion, of
a region h‘aﬁng approximately"?S% of GC content. As a result of this PCR, -
" insertion of a .de_s'ired insert was confirmed.
A C'blony for which the insertion of a desired inseri had been confirmed
'wals piCked' up, aﬁd_-ihen shake'—cul-ture.d in LB liquid medium (3 ml each, 10
niédias'):-cont'aining 50 ppm ,.of ampic_iilin af37°C for 12 hours. After cﬁituring,

| . ﬁlasmids “were ‘extracted, (400 to 500 pl) from -t‘hc mediar_using.-a plﬁsmid
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gene of the wld type was isolated. Thus, it was assuned that at the
genom c DNA | evel, heterologous nutation had occurred,. and the results
obt ai ned by genome PCR al so supported this assunption. AsSegrmbéizberl above,
inall the resistant nmutants, the. 548th tryptophan (W was nutated to

| eucine (L) (hetero), and Vg line had this nutation only. As described
‘above, Vg line strain showed sensitivity up to 10 ItM -43 29 Septenber
2006 bispyribac-sodium and Sr, Ro and Ga |line strains showed the sane up
to 100 M bispyribac-sodium Accordingly, it was suggested that the

acqui sixtiaetionf systasi QMYe BP-A&0Gd ahdothevgeodnaatratid o apphexiniaiely ot her
lines and nutated, -as the intensity of the selection pressure increased.
[ Exam®i08 5] l8§yehtsfugatén.ALThemNike qsaepeinaieniiey mviied antsdssliagagL)

‘nmutation or_ G1880T(S627I atlLon, copstruction of. pGEX 2T retaining the
ALS, apNgs GHid R(Fénﬁ‘gréﬁm%ﬁlﬁ?at@nc I %}%‘fﬁ%ﬁ{lh “8 ¢t SE‘“ rg’?t,l synt hesi s
of ALS cDNAs i nde nt Ly :having, G1643T(Wb48L) nutation or Gl880T(S6271)
" mut at iaBH,m’QWt%é’n]gﬁ]@?’f%téh(ng?edpé;ﬁZT retaining the ALS cDNAs are

descri bed usg L8 reBionRER PEFoRAEA AsIRH ABI PRISVEBidIBpC VLR Fetl une of
100 | wusi ngsgféblgle?%%c n§?| and 5g4 ng/ | ,ﬁﬁgrdespectivel y) of pBluescript 11 .
SK+{ Alifest plRsmEddTubanh) theatuddB tidks seqyenck lof $Ke (de® im tie) plasmad tveaspl at e, and

11 of LA Tag DNA pol ynerase (Takara). The reaction vvasgierformad for 25
cycl espakyzed. cfor sequentdi erdiondheirsection spluRe Way PERPaset b dave 85C for 30

o dA A 50 B R T P B TREA Ml r  B2 PoI
SR BTl L B 010 A
 ALS- RepRi! A8 TyeRdcehBRPicdakistBRg of an initial denaturation step at 96°C
| for 5 minutes, denaturation steﬁ at 96°C for 5 seconds, annealing ste_fa at 50°C
for 5 seconds, and elongation step at_60;’C for 4 minu_tes, 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 seqﬁen'ce ‘was
determined using ABI PRISM 310 DNA sequencer.
 In addition, for'éequeﬁce .;.eacﬁon,- of the primers described in Table 6, 
PGEX-5, ALS-RspC, ALS-Rsp3, ALS-Rspl, 3-1-4 and ALS-RspB were used as
sen‘se. primers, and 4_-.83-3, PGEX-3, ALSRsp2, 4-83-10 and ALSfRsp’]_ were
-used as antisense primers. | | .
As. a tesult of analysis, it was confirmed that pGEX 2T vector:
| comprising the mutant ALS gene with W548L mutation (described as.“pGEX.
2T(ALS-W548L. mutént)” in Fig; 20) and pGEX 2T vector coniprising the
. mutant ALS 'ge.ne with _S627I. 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 ¢DNAs independently liavillg_C5'.12A'(P._1_7'1H) |
. mutation found by genome PCR for:Rb line or C514A (R1728) mutation found: -
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of ALS-RspE and M 3R prinmers were used. Nanes of fragments anplified.
using ALS genes as a tenplate and the given conbination of priners are
listed in Table 8. In addition, primer MI3R is an anti SEBeptefabér®006 i N t he

vicinity of T3 pronoter of pBluescript Il SK+. Further, the nucl eotide
sequence of M 3R is 5 - GGAAACAGCTATGACCATG 3" (SEQ ID NO 30). -44 29
Sept enber 2006 Table 8 pBluescript Il SK+(ALS-2 pBluescript Il point

mut ant) SK+ALS-wild) ALS-Rsp6 pCR-1 PCR-3 ALS-RspF ALS-RspE ML3R PCR-2
PCR-4 PCR-1, PCR-2, PCR-3 and PCR-4 obtained by PCR were respectively
subj edhedenonag RECFs doyelia dinsst coptinctionsof GBS palatstemingaribiet AER t he
products were _col lected in a mannet mlar to the above nethod fromthe

. agar ostDYJds; and ansiesmating of Lo g ‘t‘é’“\'iéb@ Wel?%ed with 50 pl of sterilized

at er.. Next, f PCR-.1 d - d. t . of - -3
\é\ﬁbje:act ed?( t%‘ﬁgéaﬁj(egéwtggﬁlisyﬁgrﬁig rcigg ?o%%e%%ﬁ!#%@gqggﬁ?gpggg y a\é\girﬁg
23.5 f P J t - 3 d1
pd ORP Eiﬁlflggﬁ Bﬁﬁbb‘g‘{“ﬂn‘? é%%a(twgég%ﬂgfﬁe%’l %ﬁ%éﬁéﬂ%ﬁgﬁ%gﬁgﬁg{ygﬁr f o?% ng

25 ti@BfineCthe! £LS QAN A brOd&fcridedaniigFiaki DD aatiegy2. at 95C for | minute,
annealing step at 55C for 30 seconds, and elongation step at 72C for 2

m nut es. DNATo bbtgmift1$ 20 (R BT Hé ninpars RN fragmens, BER vhs peRotmgdd PCR- 4
B e Fesaenorsis P of Rb Tine o5 Atemplate and a prmerset of ALS Mp6"® o¢* ©
) . and ALS-Rsp4 described in Table 6. Specifically, PCR -was performed usi_ng ‘ |
Ready to Go PCR Beads by ad&ing 5 wl of the template genomic DNA and 1 pl
of each primer (25 pmol/pl) to a final volume of 25 pl.  The reaction condition
consisted of an initial denaturation step at 95°C for 5 minutes, followed by a -
' :-cycle (repeated 40 times) of a denaturation step at 95°C for 30 seconds,
e 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 gt.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 incorpqrated into
. pT7Blue T-vector (Novagen), the vector (TA cloﬁng vec;tbr) for cloning ‘P(ER
| iaroduct.. ‘Speciﬁcally, 1 pd of the purified PCR product was mixed with 1 pl Qf-.
" pT7 Blue T-vector (50 ng/pl), 3 pl of sterile deionized water and 5 pl -of
ligation buffer (ver 2, solution 1, 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 JM109) according to standard methods. After
-culturing .c':f E. .coli on LB solid medium containing 50 ppm of ampicillin, th_é_
: _colbnies ﬁa’ving 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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Further, in this exanple, to secure a sufficient anmount of SPR-1 and of
SPR-2, PCR was respectively perforned at a final reaction volunme of 100
[11. wusing purified SPR-1 or SPR-2 as a tenplate, ALS-RepSeptitedid®R and
LA Tag DNA pol ynerase again. PCRin this case was perforned by repeating
25 times a cycle consisting of a denaturation step at 95C for 30 seconds,
anneal i ng step at 55C for 30 seconds and el ongation step at 72C for 2

m nutes. After PCR, the reaction solution was subjected to agarose gel.
el ectrophoresis. An approximately 2 kbp single band (PCR product) was

col | esimgde faobomiag aweree shajel-culanddt ime b Belligued ailtdre 10uipdn dB stiedDl i zed

wat er. Next, SPR-1 and SPR-2 anplified by PCR were respectively digested
.45 26ncSip) eoreinie®(6 prwi tod amepicillinred HEE far 12 hewisby Altea¢wivgnsSPR- 1 (Acc

|/ E Rl - di ted f t PR-2 (A |/ Eco . Rl -di gested f t).
S'pegiopl%‘;ﬁ?llfjg,e"s"fj% ﬁfffé‘%%gf @@)OS?CQ%M i by u&vafggﬁ Jelfggu e&t%gcfelgpgwst%g%ﬁ?n? ng
PCR j th ] ] i f A | i1/ Al d -
O PLPOYEY, B80Sl 53y 5Tk Lo Dol 4Ry M) "
foll Olﬁ?dcel?ﬁrifﬁ‘g%ﬂ%% g::ﬁ'i‘iffétd and idesditer sl OfFX QR andt GaI7 Pubi®lcatioROUr -

Afterwards, the to vol une of .the reaction solution was subjected to

“agar oxgt,geld thes elutep hdteapsroxandtelN@0 16 dfastgdlizdd akdap fragnent was
.collected using a G-X PCR and Gel. Purification Kit. The collected 1.5
kbp fragmenFiftasilaifuhe ¢ludite wasominedovithtler] pf Zed I (Warwepl) and 1 whofa sol ution

, taini. R-1 (A |/ E RI - di t f t d | uf i taini
SPR 25pch (1) Be8D - Geguerare ohdflarh 5t A& prsistirctid FRdh#A PAY% 180 Al of
7 . ! ; agm | ! t od
Fhor eP R A KEREID AR g B Rt A0l b Rxe B SR bRRRAEPY 75
ng/ Al 37e@aformXBeul t NafreAlreQétid Ctlle GdactitillsoldkadAldds isAbjedfed 6 esence of

10 X M buffer, followed by incubation at 37C for 2 hours. After
-agarose gel electrophoresis, a target band was excised and collected, and then a
DNA fragment was collected according to the protocols of GFX PCR and Gel -

. Purification Kit. Thus, C512A (P171H) mutant DNA fragment having Sma 1
site and Acc 1 site on its termini was obtained.
dn 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 (R172S) mutation
only was prepared using a pair of primers to which mutated points had ‘been
previbu'sly introduced. That is, PCR was respectively 'performed using as-
'-_primers' having mutated  points introduced - ‘éhergin ALS-MI .
"(5’—CCCCA_GCCGCATGATCGGCACCGACGCCTTQB’.: SEQ ID NO: 33,
underlined A = is a mutated poi-n-t) and . ALS-M2
- .(5’-CGGTGC_CGATCAT-GCGGCIGGGGACCT-?)": SEQ ID NO: 34, underlined
T is a mutated point) and as a template pBluescript 1l SK+ having the wild type
ALS cDNA 'iﬁcorporated therein; and using a primer set of ALS-Rsp6 and
ALS-M2; and using.-a primer set of ALS-MI and ALS-Rspd:. In addition,
complementary portions are the nucleotide sequence (1%t to 23" nucleotides) of

ALS-MI and that (1" to 23" nucleotides) of ALS-M2. When the primer set of |
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reaction, a linear 7.2 kbp band was confirned by 1% agar ose gel

el ectrophoresis. According to the protocols of GFX PCR and Gel Purification
Ki-t, DNA corresponding to the 7.2 kbp band was col | ect ed2d $eptenibbre208gar ose
gel, and then the product was eluted with 180 pl of sterilized water. 89
Al of the eluted product was mxed with 10 Al of 10 x H buffer (Takara)
and I Al of Eco R (12 ii/A), and then allowed to react at 37C for 1

m nute, thereby partially. digesting the thus collected DNA with Eco. RI.
After reaction, 10 x | oading buffer was added, and then 1.5% agar ose gel

el ect r ophSrRe6s ang A M drward used, g RYp, fimgmansgleseribedbas “RER-6Antds, and a
7.2 kbp..ba t hat ot ¢leaved at. all a separately, and then the
(it got B O ppeamaniad 8ad rOgt 1he SR feset gl AL A RRALRaR S %857 Kbp DA
fragment. _go ' i.n %Ll « cold.ecte ' GFX PCR and Cel
Puri £ é’é??bgn'%’fﬁq%é{ﬁe‘ithh‘?ﬁg{iﬁéeé%griogﬁg"’mﬁ‘?ag AR SPHRY. ot ot a1 ved

wat er . Subseopigntdattion sHlutfn (Wad @ ﬁmdcﬂtgﬁé&ﬁﬂewf@@w@y diséfldipas tially
-46 29 Septenber 2006 digested with Eco RI of the thus” obtalne

- PGEX- 2T A ni Tad) DRRdpSlylerhise SPihits/(UACTAR/ARCA),RI0- @i @B 50 SULiAr bgffent ) or
"SPR-2 (Acc |I/Eco RI-digested fraigrrent) were respectively allowed to react
in 6 | 18f plrak2banM Mﬁfglizohﬁ i fofedN TPy éeorsisttg af 26 oAU ATBCAGIH ni ght .

(strai A6 699 $Efnppecsind; Aot 67 arepomNer edd 3 tra6h (hewBet, The
and. - heRtHissRSE B 8 AtalREEb AN TILH SR SRTuRe SEROFHL ¢oi oni e
. that . agpear&dtionewas %ﬁkﬁﬁhﬁd-bf@@gﬁﬁ refikdey PNVER BBEkiNgAD Bt fie col O[Ii es

as a tenplate, and the set of ALS-RspE described’in . Table 6 and PCEX-3

. (5' - CCHpGABCECAMTST G QRGAERSC fFBEiDuNG, aldgnatiratios etep af 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 1.5% agarose gél
-electrophoresis for apportioning, target 213 bp (PCR-6) and 377 bp (PCR-7)
) '_bands were cxcilsec..i and purified using GFX PCR DNA & Gel Band _Pu_riﬁcat’ion
“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.
B ;,A-t thé time of .SP'R, a reaction solution was prepared to a total volume of 100;;11
' .by mixing 30 pl of the thus obtained eluate with 1 pl of LA Tag DNA-.
. polymeraéc (-5 units/ul), 10 pl of 10 X LA buffer, 10 pl of 25 mM MgCl,, and.
16 pl of dNTPs. (consisting of 25 mM of dATP, dGTP, .dCTP and dTTP,
‘rléspectivei'y). SPR was performed by repéating- 40 times a cycle consisting of -
. an initial denaturation step at 95°C for 5 minutes, a denaturation step at 95°C
for 30 sec_énds,.annea]ing step at 55°C for 1 minute, and'_e'lohgation 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 _'agaros_e, gel
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PGEX-5 (5' - GGGCTGGECAAGCCACGTTTGGTIG 3': SEQ I D 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 sane as a part of an antisense strand | ocaiosStpembed?908' side
of pCGEX-2T used as a vector. PCGEX-5 had a sequence the sane as a part of a
~sense strand |l ocated on the 5 side of pGEX--2T used as a vector. As the
reaction condition for the ALS-RspE/ PGEX-3 set, each 1 p M priner and 1
PCR bead were dissolved in a total volunme of 25 1, and reaction was
perforned by repeating 40 tines a cycle consisting of a denaturation step
at  95C1 58p) teciwpbamsis dpnEaPPTPIERSp2 AtarEdCo§& b1 band dsscrabrl &Fongat i on

e o SPERE R Eide JIONRES (EReA Fich AR AR EuRE 1 R oY THie B ¢ her

B de Han PRGOS ok A0 dRECTHE SeALr 0P BRSS! (SR HI3hhEAT

portio ,ang aving approx content.””As a result

of thi ith 766! HeHiSHLEE WatdtS eTh ABnaoNtintilBdo the GBLOAY for
whi ch -téhgqﬁr%lgtligg loc?%éaﬁgsi red inseart had beeﬁ conlf ilr ma((j)t was picked up,

“and t hejethbékarecelutad feginent Brasiiguoghoneed umd pTABlue Johectdd anddlems)
containing 50 ppmof anpicillin at 37C for 12 hours. After culturing,

pl asmi tengbrmedxintadt ed/i(@dD A% 53beld. salbmasraliveed,condstheg theghisni d . 47
29 Sept enber

BRI TSN D ST b T I S e
P R 20 AR 5N A R BTG ba DA AR, ingnd L1
react’i on was mpedrfvafined UEI Ng 6Bl PRItSh Bi dME0sEr . Zrdn@fornidiese vatasm ds, so
“that the nucl eotide sequence of the insert in the plasm d was "anal yzed.
For segGEX-@T(ALS-wild), theeplasrant havingahatwidd tywes AlrS pane indospbimbed a
- therein, was shake-cultured in LB liquid medium containing 570. ppm of.
~ampicillin (2 ml x 15 media) overnight at 37°C. After. the plasmid was
_‘-extr_acted using a plasmid extraction system (DP-480), thé 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 K}t, and then the plasmidl was finally
* eluted with 200 ul of sterile deionized water.. _ |
.I Next, {he thus obtained plasmid, pGEX-2T(ALS-wild), was digested
. with Aec I. Specifically, 75 pl of the eluate was mixed with 9 pl of 10 X M _
"_'Buffer, 3pl of Aec (12u/ui’), and 3 pl of sterile deionized water, and then t}le '
. lmixture was allowed to react at 37°C for 3- hours.  After reaction, the reaction.r
_éolution waé subjected to 1.5% agarose gel eIectrophoresis for apportioning, the -
‘target band was excised and collected, and then puriﬁed- using GFX PCR.DNAV
& Gel Band Puriﬁ-cation Kit, and t_heﬁ a DNA fragment was finally eluted with
100 ut of sterile deionized water. - _ |
.Suhsequéntly,‘ pGEX-2T(ALS—wild). digested wiﬂ:i"Acc I was partially -
. ﬂ_igested with Sma 1. Specifically, 79 i of the eluate was mixed with 10 pl of
10XT bﬁffer, 10 ul of O.I%BSA, and 1 pl.of Sma I (10u/pl) to a total volume

“of 100 ul, and’ then the mixﬁxre was‘incubated;-'at 36°C :fqr. 1 minut‘e.‘" In
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total -volunme of 20 gl by. mxing 11 pl of tenplate DNA, 1 pl of priner
(3.2. prmol/l) and 8 | of pre-m x. The sequence reaction was perforned for
40 cycles, each cycle. condition consisting of an initiZ2fSegemhtn200i on
step at 96C for 5 mnutes, denaturation step at 96C for 5 seconds,
annealing step at 50C for 5 seconds, and elongation step at 60C for 4
m nutes, and the elongation step of the final cycle was perforned at 60
for 9 mnutes. After sequence reaction, fluorescent nucleotides in the
reaction solution were renoved by gel filtration using AutoSeq G 50

col um addiibr, Rérvet PEEXUETENLE delldecuannedv@sa ] detegnitiioedeqsinegs ABI PRI SM
310 DNA sequencer. -In addition, for sequence reaction, of the primners
descr i Beeimwitiglapieg site ag@EExGto m@l@pGleﬁagﬂ%fﬁs)fD@EXF%ﬁl 27@ and and

ALS-RspB yere used a nse pr rs 4-83-3, PGEX-3, ALSRsp2 4-83-10

and ALSRpreaeres odcAlas 25 saht) it g et poadions Fenagteltor bathal yai o, 1t
d that { th

v SORACERA Bt T B TR I Ry <

PCEX 2% eehiiecte@MRY | ap&et g@l e@&%@xoﬂs% gﬁnﬁaﬂ@! tclarr%%ﬂdx LRt kN ‘

(described as "pGEX 2 (ALS— 6271 nutant)”™ in Fig. 20)" were obtained.

- Subs eqpbaidid, wherefiolonlyvake 4B oltssma rIE&cogmttimnt kﬁﬁenpﬁﬁx KIS Adcte\laBL iUt ant)
and pGEX 2T(ALS-S6271 nutant). [Exanple 6] Synthesis of ALS eDNAs
i ndepehg@mtdlgemduwn} exaised (@rd7ackjecteditand dhert pundicdyusiaa dABXPRER! or Rb | i ne

G T nbNAGRGRRE Buyftsiex i Evar Ay :%rﬁ%‘%ﬁég?rg%%q@n%ﬁam reter
LS BRSSO b S T B S
| mJt at '.P@lg@é@éﬂ/s&ﬁsl Wﬁﬁélﬁﬂdiges&@ﬁ(}@}( 2T-wild type ALS cDNA fragment, :
~ C512A(P171H) mutant DNA fragment having Sma 1-site apd Acc 1 site on its
termini obtained 'by the above method, and C514A(R172S) mutant DNA
. fragment were ligatcd‘ by a standard mcth_od. In Fig. 22, a plasmid containihg
Ta fnutant ALS gene independently having only C512A(P171H) mutation -
obtained by the method is described as “pGEX-2T(ALS P171H mutant),” é_nd a
plasmid containing a mutant ALS gene independently having dril_y
C514A(R172S) mutation is described as “pGEX-2T(ALS R1728 mutant).”
After that, E. coli (strain JM 109} was traﬁsformed using a total volume
of the reaction solution. Single colonies that appeared on LB media containing
. ‘.‘a'lrnpicillin were screeneAd by PCR in a manner si_miiér to the above me;thod, s0°
 that E. coli transformed with pGEX-2T(ALS P171H mutant) and E. coli-
B transformed with pGEX-ZT(ALS R172S muta'nt) were selected.

[Example 7] Synthesis of 2-point mutant (C512A(P} 71H)/C514A(R172S))AL'S_
: cDNA ‘cons‘truction bf pGEX-2T retaining the ALS cDNA, and transformation
_of E. coli using this vector
Synthesm of 2-point mutant (CS]ZA(PI?]H)/C514A(R172$))ALS‘
"-cDNA and construction of pGEX 2T retalnmg the ALS cDNA are described .

S usmg Flg .’23
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~that appeared on the mediumin a manner sinilar to

retaining the ALS cDNAs are described using Figs. 21 and 22. To obtain
C512A (P171H) nutant DNA fragnment, PCR was perforned using the genom c DNA
of Ro.line as a tenplate and a priner set of ALS-Rsp6 altdSeplembEsias
described in, Table 6. Specifically, PCR was performed using Ready to Go
PCR Beads by adding 5| of the tenplate genomic DNA and 1 | of each priner
(25 prol /ttl) to a final volunme of 25 |. The reaction condition consisted
of an initial denaturation step at 95C for 5 mnutes, followed by a cycle
(repeated 40 tinmes) of a denaturation ste[) at 95C for 30 seconds,

anneal i ng st @ppaint 55@teRr  (Chl Wtk 715hdCel bhthtTomAakep ePNfocway 2

i nutes. I ition, th | ti t f.t i nal f d

ot "Tocsphenzog i, PER uips of PERRRL foRenoHs PR Phrell Torb R as
bj .ed to 2% | .el h ' f : duct

S0 cei g8 10 SRBESGRRS il COEEAIQNIN S5 PR SpECEEROTCRt

Igur i1 P@Rj%}dgge&%&nf)e@% a&a F@JHB?lﬁ?é"%éD YEASRADNA tractediefrom Gae purified

CR-5-was incorporated into pT7Blue T-vector (Novagen), the vector (TA

cl oni nn¥eahdr) pfimer eétosd ADSPIGED6 pnd AACS-Rspde thdrebylainplifyingla @INAhe
purified PCR product was mxed with | p.1 of, pT7 Blue T-vector (50 ng/l),
3 | of fragerent deseitnd asc P OR88Tindrig. 83p1 Thkn, theqmaplified N A (fragmentD

solution |, Takara 0 and thep all.Qqwed. to.reac overni,ght at 16C.

At or Pasdisne GA@IIa Tootien JoRo P Wity S At b aiada Bt or med

into E | I & ' ' t day, thQds. ‘ cul turing

Cof B ey, OBIARER, PRI RIS AA 8] RN DRAS, fidphihy, cul tUring
col oni ﬁ%xﬂavég"lgsﬁm{;@r g8t FFEAUBNCe4¥aS IsBbh&ge@Enbr om Eﬁh@iﬂiyﬂl@ig@st@w oni es

anple 5. The sel ected

- 49 29pGED(€ffbwﬁld2Q@>6 ALS c¢DNA fragment and C512A(P171H)YC514AR172S)

. mutant DNA were ligated by a standard method. Thus, pGEX-2T(ALS P171H,

. R1728 mutant) was constructed. Further, similar to Exampl'e .6,-E.--coli

- transformed with pGEX-2T(ALS P171H, R1728 mutant) was prepared. -

- [Example 8] Synthesis of 2-point mutant (C512A(P171H)’/G1643T(W548L).ahd,
C512AP171HYG1880T(S6271))ALS <¢DNA, construction of _p‘GEX-ZT
retaining the ALS ¢cDNA, and transformation of E. coli with this vector |

‘ Synthesis - of 2-point mutant. (CS]ZA(PI71H)/G1643T(W54‘8L) and-
| C512A(P171H)/GA1 880T(56271)ALS cDNA, . and. constru.ctibn-rof PpGEX-2T -
~“retaining the ALS cDNA are described using Fig. 24, Lo |

" First, pGEX 2T(ALS-W548L mutant) obtained in Example 5 was.. |

'- digested Wi;:h Ace 1 and then partialiy digested with Sma I according to the
method of Example 6, so as to cause deletion of a portion from the 430™ Smal
' '_;'reco.gnition'sequénce to Acc 1 rec-o-gniftion sequence of ALS gene. - Next, this :
| product and C512A(P171H) mutant fragment prepared in Exél_mple_ 6 _weré.
:' ligated, so that.a plasmid (described as pGEX—ZT(ALS-El71H-, W548L mutant)
| in Fig. 24), containing 2-point mutant (CS12A(P171H)/Gl643T(W548L))_ ALS
- ¢DNA was constructed. | L S

Meanwhile, using pGEX 2T(ALS-S6271 mutant) obtained in Example 5, =
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single colonies were shake-cultured in LB liquid culture solution (3 m, 10
nmedi a) containing 50 ppmof anmpicillin at 37C for 12 hours. After
culturing, plasmds were extracted (400 to 500 |) usi ng2%8Sqpteasban 2006
extraction system (TOW, DP-480). The plasm ds were concentrated to :
approximately 200 | by centrifugation, purified and desalted using G-X PCR
and Gel Purification Kit, and then eluted with approximately 80 | of
sterilized water. Fifty | of the eluate was mxed with 1 |1 of Ace | (12
u/l) and I | of Sma | (10 u/l) in the presence of 10 | of 10 X T buffer
and 10 ihstetd 0.0l% p@BX t DTHALBGWSA8E t madnt) ol uNplazimifiO0(descrabel t hen t he
.m xture was incubated at 37C for 2 hours. After reaction, the reaction
sol ut i SpGAas-EileePédl Ho S6a@hnm§en@’élin dTigc?-#bphmafmihg 2-poimrgutanband was
exci sed _and collected, and then a gnent was collected according to
 the préCaddpEP b Idr R0 AH2)) Ah?lr‘i]?Néa‘t’i‘%?Pl]éitft“CteF’rﬂg“ abi2A (PL71H)
mut ant DNAfr nt. havin teo Lermni was
 obtarned. on TRERE: iof hiher e s AT SEBRMEETE: Eno Wi oo to
. each PGl d S) toat i Yy not be
~obtai nglt(j;}‘gflmg%R usf?}\l& ﬂﬁ@ t}g@ E;@]gé\tlﬁlggt%d %ﬁ@gﬁt%‘! asﬁg(pt enpl at e.
. Thus, @GBXCWT(AES-IPI]QIH2$62'BI ﬁN@arﬁ},agrrent havi ng C514A (R172S) nutation
.only was prepared using a -pair of primers to which nutated points had been
~ previously introduced That is, PCR was respectively perfor med using as
- primers_havi mut at p0| nts. |ntroduced erein ALS;: M
S5 - TGAT CoGAYateeRts 3' - SEd | D NO3-BYIBE. ynd@MYtRled A i s a

L efath Lﬁﬁﬁﬁ/é‘fmﬁw R N S g S

havi ng GEXAM Jelatiiify the SALBDNDNC OLRP iatn@fbrid@8 Bf BNELIISHHE tRisPr | mer set
of ALS-Rsp6 and ALS-M2; and using a priner set of ALS- ML and ALS-Rsp4. In

~-additi wagtor

'- Synthesis of - - 3-point ~ ‘mutant -
(C512A(P171H)/G1643T(W548L)/G1880T(S6271))  ALS  ¢DNA, and
construction of pGEX-2T retaini-ng this cDNA are described using Fig. 25.
First, after pGEX 2T(ALS-S6271 mutant) obtained ‘in Examplé 5 was’
- digested with Xho 1, BAP treatment was performed according to a stan‘dérd-
- - method.l Next, according to the above method, a target gene fragment (on the
7  vector side) was separated and purified from agarose gel. Further, pGEX
. 2T(ALS-W548L mutant) obtained in Example 5 was-digested with ‘Xho I, and -
“_then a fragment containing. th_e mutation Was separated and purified from-
o ‘agarose gei according to the above method. '
© Next, to construct “pGEX-2T(ALS-W548L, S6271 mutant)” haw;ing
2-point mutétion,- G1880T(S6271) and ‘Gl6’43T,(W548L), the obtained' DNA
- fragments ﬁrere respectively subjected to ligatién reaction. After reaction, the
total volume of the reaction solution was transformed into E. coli (strain -
JM109). Smgle colonies. that” appeared on LB media containing amplcllhn '
- were screenied by PCR according to the above method and then E. coli havmg a
" target plasm}d (pGEX 2T(ALS -W548L, S6271 mutant)) was selected. | | 7 _.
After culturing the selected E. coli, pGEX-2T(ALS-W548L, S6271 = - .
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conpl ementary portions are the nucl eoti de sequence (is' to 23rd

nucl eotides) of ALS-ML and that (1st to 23rd nucl eotides) of ALS-M. Wen
the primer set of - 50 29 Septenber 2006 ALS-Rsp6 and 29 Sepbdhbeed0es used, a
. DNA fragnment described as "PCR-6" in Fig. 21 was anplified, and when the
prinmer set of ALS-ML and ALS-Rsp4 was wused, aDNA fragnment described as
"PCR-7" in Fig. 21 was anplified. The reaction solution was prepared at the
time of PCR by dissolving 1 gl of LA Tag DNA pol ynerase (5 units/|,
TAKARA), 10 Itl of 10 X LA buffer, 10 pl of 25 mM MyCl2, 16 Id of dNTPs
(consi gupHgthf 2%smv eengraped dGEscordiesp ald dtie, rabayscti wathod. 1 | of

TSRO T S A TR AL B
PeRl G SR G5 8,00 LIRD Bl el Lty danarshigg st ep a

step atseB¢ thofand) Wherdif a poldion! ROEPIHOM Bt 8L recdenitidn sequdnasltes, and
the elongation step in the final cycle was perfornmed at 72C for :'9

m nut esdeccAl t eicopriziohi sequenke ineAdtS grensohad itlmenwdsletadhj eftesdqtentlly, 5%
agarose gel el ectrophoresis for apportioning, ta;get 213 bp (PCR-6) and
377 bp ligatmo7pf thisnaSER2d @ndi 6424081 PLH) anegnt SragmGrXPEORIENA & Gel

Band Puyrificatjon Ki an hen the thus. generat ed DNA fr.agnments. were
oA T Purmech eyttt i g H S Ouaring RS "SR was
perfor in | ‘ t ti SPR, a
‘re'a‘ctig;‘r};'Sit sa%)lfut ?ggwﬁéﬁﬁﬁﬁgﬁ@?ﬁ(ggﬁ%@gﬁqggﬁm@o’?fl ))2\00 I’L%‘byg%l\% ng 30 pl
~of the (abstgitRatai peiel g svpt 1, W 9481L.A5 60 rilNAnt” PokigeERSEe (5 -
units/1l), 10 | of 10 X LA buffer, 10 | of 25 mM Mgd 2, and. 16 pl of dNTPs
(consisting dtur@r,ni¥ of!i dvasPrant@ined CTngap@EXFTP(ALS-P171H, W548L,

S6271 mutaﬁt) in a manner similar to the method of Example 6.

[Eﬁcaﬁ]ple 10] Expressien 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) éonstr’uct_?d
~in Example 5, E. coli transformed with pGEX-2T(ALS P171H mutant) -
constructed in Exarﬁple 6, E. coli transformed with pGEX-2T(ALS R172S
mutant) construcfed in Example 6, E. coli transformed with pGEX-2T(ALS
P171H, R1728 ‘mutant) constructed in Example 7, E. coli transformed with
‘pGEX—2T(-ALS—P171H, W548L mutént) constructed in Example 8, E c;h' .
transformed with pGEX-;QT(ALS—PI?lH, S6271 mutant) constructed in Example
8, and E. coli transformed with pGEX-ZT(ALS—Pl?iH,. W548L, S6271 m.utaxfxt)'-
construcied in Ekample 9 were respectively shake-cultured (pre-culture) at 27°C
- in 2 ml of LB hquid rﬁedium- containing ampicillin. These types of E. coli
‘were respectively cultured in 250 m! of LB liquid medium containing ampicillin
| using 1 ml of the pre-culture solution.  After culturing overnight, I mM IPTG
| ,. véas added to the medi_a,ian.d 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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. shake-c

respectively). SPR was perforned by repeating 40 tines a cycle consisting
of an initial denaturation step at 95C for 5 mnutes, a denaturation step
at. 95C for 30 seconds, annealing step at 55C for 1 m m#Szptembel 200®ngati on
step at 72C for 2 mnutes, and the elongation step in the final cycle was
performed at 72C for 9 mnutes. After reaction, the reaction solution was
subj ected to agarose gel -51 29 Septenber 2006 (1.5% electrophoresis for
apportioning, a target 560 bp band (described as "SPR-3" in Fig. 21) was
excised and purified using G-X PCR DNA & CGel Band Purification Kit, and

“then tfie gdhewatesofddatf 18a00eifter WaRRin). was eluted with 100 1 of sterile
deioni zed water. . In a manner simlar to the above nethod, the el uted

- fragnent was Prepaoatpon atlé@urilfm@tipf[b@&lesfmmdf aroliaweret prsformadalns fler med i nt o
E. coli iﬁil\/llOQ) The E.. soli was cultured, .and then the thus extracted
pl asni Eoligming methady \Jirst. ﬂ@cmlleérﬂftbﬁérqnsf?%r&b@ it slorgdhat @EEA (R1728)

tant _DNA f i S I t d A
At A AR, BB SRL SE ARRRAE8 ST ) e
- pl

T i 0y g e atrs gt

15 nedbeffepwasndged tathedpdlict Abtained fionpbosnal of rsculext celatied. ugiheg a
pl asm d extraction system (DP-480), the extract (approximtely 750 |) was
concensuspeasiono wapr sxbimeted| yozoﬂtrgmmsatrrgn a (Hvatc ubiysteasiiirasepics.on

Band. PopRICRtE WoAZRR: TSHHA SHIFerP CRE BPaesh B JRETYAlred FOPrOSFRATE i 200 pl
e B B OB ol tang (Ri4LE BRI BTN S000 1 g e

- el uat egu@sfoy Z@%Yﬁﬂt@s,gtlﬁ%el%f_oly@al?ﬁﬂﬁ the supernatant as a crude enzyme
' solution. | |

Thus, 9 typeé of crude enzyme solutions containing any one of GST

fusion wild type ALS prdtein, GST fusion W548L mutant ALS protein, GST

fusion S627I mutant ALS protein, GST fusion P171H mutant ALS protein, GST

fusion -R172S 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 P171H/W5481L/56271 mutant ALS

- protein were prepared.

| [Example 11] Herbicide sensitivity of mutant ALS protein R
Herbicide sensitivity of the wild type ALS prdtcin and that of mutant - -
 ALS protein were examined using the 9 types of crude enzyme solutions
. obtained in Example 10. Herbicide s’ensritivity test was performed according to
- - procedures almost the- same as those in Example 2. However, in this example,
reaction temperature was 37°C, feaction time wé-s 30 minutes; and 10 mM
yaline was added to the redction solution to inhibit ALS activity derived from E.
coli.  Further, three types of herbicides, bispyribac-sodium,
' pyriﬂ1i05a04sodium, and  pyriminobac,  were used as PC herbicides; 8

- chlorsulfuron was used as a sulfonylurea herbicide; and imazaquin was used as-
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buffer, 31il of Acc |I (12u/l), and 3 pl of sterile deionized water, and
then the mxture was allowed to react at 37C for 3 hours. After reaction,
the reaction. solution was subjected to 1.5% agarose get9 Speaiberd0ddr esi s
for apportioning, the target band was excised and collected, and then
purified using GFX PCR DNA & Cel Band Purification Kit, and then a DNA
fragnent was finally eluted with 100 pl of sterile deionized water.
Subsequent |y, pGEX-2T( ALS-vvi | d) digested with Acc | was partially digested
with Sma |. Specifically, 1 of the eluate was mxed with 10 pl of 10 X
T buf f ean imddazodinog. 11%)533935@ agdfolel’fheoéﬁdfsﬁﬂnl of nouamt)Atl@ @r@f@ual thgol ume  of
100 p1, nd then the nix was i ncubat ed at for -52 29
Sept ent@VBERHS Or}aﬁ’cﬁs?ulﬁﬁ 1‘%‘? G9c 629eEXs 239 AHaS, 06) 156}?%%4%% ISFﬁa al'[lg

ol cavagd THAREREER, S oLl debl o ol EhERATRT ST ot e
at - LAr & RBRirkii O Sver€ RAGRA §hib 11RehbAbn ARSI orwaﬁnﬂeé S¥eRGtoR @ short

time. After reaction, the reaction solution was subjecte o agar ose gel

el ectrmﬂwemeswamMand corresponding to the plasmd wherein only the
430" h Sma | recognition sequence of ALS gene had been digested was exci sed
and col | ect edforaithe thempeuraff cweusnmgnazwipﬁﬂns Divhikitiesl agtinity by

oot E et b SORUET 2B S S sl Moo sy
e bR B FE T AL S MR b
term nijs ghbAnadranie txh'euﬁabmi%nra%hh@@ b%@ﬁlﬁ&%%ﬁ%@%ﬁbwﬁﬁ%ﬁ%bl% fragment
were |ligated by a standard met hod. i'g. 22, a plasmd containing a
mut ant aAdSnhsniton ladﬂpﬂyndbgnhia;zadpammghowh;anmabfkd\@]Pl?1H) mut ati on obt ai ned
by t he et ho%nl'lgab?gssg l;(l) tl)??dm%?bl't'lg%t:%ﬂg%Lyseai:%?&el}'bgég Pst l)ep'l'res%rlll?edaby
2 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 amoﬁg the concentrations testéd, 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 p‘redicfed RS _ratio_.
refers to a synergistic effect normally predicted' from a combined-RS ratio of
mutant ALS proteins 1ndependently having a mutation.  Specifically, the
' .predmted RS ratio of a mutant ALS protein havmg multiple muytations was.
calculated by-selecting RS ratios (for all the mutations corresponding to the
o .rnu.ltiple 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 protems. '

rlndependently having a mutation.
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- eDNA fFA

pl asm d containing a nutant ALS gene independently having only

C51 4A(RI 72S) nutation is described as "pGEX-2T(ALS RI 72S nutant)." After
‘that, E. coli (strain JM 109) was transforned using a totsdepteaben?06 of the
reaction solution. Single colonies that appeared on LB nedi a cont ai ni ng '
anpicillin were screened by PCRin a manner simlar to the above nethod, so -
that E. coli transformed with pCGEX-2T(ALS P171H nutant) and E. colt :
transfornmed with pCGEX-2T(ALS R172S nmutant) were sel ected. [Exanple 7)
Synthesis of 2-point nmutant (C512A(P171 H)/ C514A( R 72S)) ALS eDNA,

constr iableod of pGEX-2T retaining the ALS eDNA, and transformation of E

coli ustTng ;g of Synttes;] 2 PO Ol ar . Y-

(Cs12A( PLT VYT %Bdfg‘i\’(‘gé?‘?zs))ALs@e@W ande eIt | p‘g‘ﬁhé”edof :

t he ALS—gDNA 2 descri-bed—usi 23— 0o SaE s 006 501 Nt
mut ant W’dﬁlm P171H) / C514A(RI 725 9@3_8 cDNA was synt hesi zed by PCR using as

a t enpPaf¢Hthetapenonm ¢ DNA extr 8d¥5d from &7 |ine, according to'the nethod

descri pqgokn,Fxarpl e 6 above. Spegsiical | yp 9g PCR was performed using as a

‘tenpl a éﬁgnﬁﬁ_notm c DNA extract from G 24}:“2& and a prinmer set of

ALS- Rs §3R5p4, t hereby anplifying %1 fragnment .described as

" PCR- 88624l mugant23. Then, the afh¥9fied DNAlfragment was ligated into
pT7Bl up1TiMeR1T2S nfwvdidtowed by dDg@asti on wi 716 Acc | &afd Sma 1, 0.8hereby

- obt ai nppg 5P / C51 : t fr nt. Nexty z3as shown
in Fi gj?'11 %Ig ﬁ@??xg?t]ag%ted/ éﬁ‘ﬁ%ﬂlzz@rﬂﬁmgl g%ﬁ%@steﬁ%@- 2T-vvi3l'%l type ALS

_ Hdn‘é%ﬁ‘ZA( P171I—‘|)/C§§4A( R172é) mut anBNA were | il8ated by a
- st andaPd7MH{WE48LAINZT] pGEX12iPeARS ORM H>16R0G2S KERCHR ) was TbH84 ruct ed.
© Furthemutsitni lar to Exanple 6, E.  coli ' _

g/élfe?l&eéll _ni ng

aY B \NJA a ala aYa¥a a¥a

Table 10 _ :
ALS protein type 150 (uM) ‘RS ratio  Predicted RS ratio/predicted
_ : RS ratio RS ratio
Wild type - 0.011 _
. P171H mutant 0.037 3.4
R172S mutant 0.011 1
W548L mutant 41% in 100pM  >9100
S6271 mutant 2.2 ' 200
P171H/R172S mutant 0.14 13 .34 38
P171H/W548L mutant  20% in 100pM  >9100 . . >31000

 P171H/S627Imutant 9.4 850 680 13
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transfornmed with pCGEX-2T(ALS P171H, R172S nutant) was prepared. [Exanple 8]
Synt hesis of 2-point mutant (C512A(P171H)/ GL643T(Ws48L) and

C512A(P171H)/ GL880T(S6271)) ALS cDNA, construction of pGCE2eSptembat?280édi ng t he
ALS cDNA, and transformation of E. tali with this vector Synthesis of
2-point mutant (CSI2A(P171H)/ Gl643T(Ws48L) and C512A(P171H)/ G
1880T(S6271)) ALS cDNA, and construction of pCGEX-2T retaining the ALS eDNA
are described using Fig. 24. First, pCGEX 2T(ALS-W48L nutant) obtained in
Exanple 5 was. digested with Acc | and then partially digested with Sma |
accordi Fpleolk he nethod of Exanple 6, so as to cause deletion of a portion

fromthe 308 Pra@ﬁl gsyper ecogg B @ygqueﬁ%erattﬁ A‘%&dﬁfﬁfogﬁ'stﬂaﬁﬁgﬁgﬂfé?&ce of

ALS gene. th| produ 12A(P 71 repared in
Exanpl Hat ¢ S
pGEX- 2TI"AL yBi?lll WB48L mut HF in Fig. 24) cont ai ni ng 2- poi nt ' nut ant

VA
HAHyT a3 T(W648L) ) A& cDNA wasd constructed. Meanwhile, using
T pCEX 2TRRALXS #62atit nut ant) obtaO0®EH in Exab@ e 5, .54 29 Septenber 2006

i nst eadywsligpGhaftadd (ALS- Wb48L mggant), a pkaem d (descri bed as

" pCEX- 'F H, S6271 nutagt)" in Fi 980 4) cont ai ni ng 2-poi nt nut ant
(C512A 80T 8627I )) E% cDNA was onstruct d simlar Ia Furt her,
in a tthe me d of Exanplle 6, E. Boli was &Rsf or med

usi ng tRﬂ&é@/H@&lzmr& PITA4in V8A8M nutdAf90 and 23CPK- 2T(ALSBLYT H, S6271

ut ant )P171EWE6PTEm}ary nt 1994 $n 0603MP0I RI300G ant 14000 ' >0.93
(CSlZA C tonstruaction
" pGEX- 2T retaining the ALS CDNA, andtransfornatlon of E coli with this
Table 12
ALS protein type 150 (uM) RS ratio Predicted RS
RS ratio ratio/predicted
, . . RS ratio
- Wild type 0.013
- P171H mutant -1 85
R1728 mutant 0.011 0.85
W548L mutant . : 9.9 760
S6271 mutant - 0.031 2.4
" P171H/R172S mutant 55 420 72 5.8
P171H/W548L mutant 16% in 100pM  >7700 65000 >0.18
-P171H/86271 mutant 9.9 - 760 200 - 3.8
- Pl171H/W548L/S6271 30% in 500pM  >38000 160000 >0.24
~ mutant o
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vector Synthesis of 3-point nutant
(C512A(P171H)/ G1643T(Wh48L) / G1880T(S6271)) ALS cDNA, and construction of
pGEX- 2T retaining this cDNA are described using Fig. 25.2Ffe¢pginbectfOb&r pCEX
2T(ALS- S6271 mutant) obtained in Exanple 5 was digested with Xho 1, BAP
treatment was perforned according to a standard nethod. Next, according to
_ the above nethod, a target gene fragnent (on the vector side) was
separated and purified from agarose gel. Further, pGEX 2T(ALS-W48L
nmutant) obtained in Exanple 5 was digested with Xho I, and then a fragment
cont ai rliabie tlde nut ati on was separ at ed and purified from agar ose gel

O A

accor di q o]0 i - . =2t 548 6271
mut ant ) " ¢ Fo ]Ibipﬁt mut at g apg Gl .V\P4 ﬁll'l)g[t&c{
obtained DNA fragments were respectively subj ecte 1Pi JaEP i on.

After react ion__the total volume of the reaction soluti fhS FAH40 t r ansf or ned
into EWdditypg¢strain JML09). SirdRe col onies that appeared on LB nedi a
cont ai iIMgHammtait! | in  were screengd by PCRigccording to the above net hod,

and then-5g Galdnehaving a target, pl asm' d (pEX-2T(ALS-Wb48L, S6271
mut ant %@f se ect ed. After culturi t he | ected E. coli, -
- pCGEX- 2 pyapt 86271 5516% i r 20 mut ant) was construct ed

- accor diS$g71 mutaet above nethod. plGEX- 2T(ALS6MBASL, S6271 nut ant) was

+di gest@d'i\x\mlmnmtamnd then pa&9ially diggsted with Sma |, tihgreby
constr S-Wb48L, Sﬁ?(] mut wher ejglg a portlon fromthe

- 430" h Fg%&%&%ﬁ ]ﬁlﬂﬁaﬁkn seq%r/]&cl d% 6lﬂif?acognl tfgn sequen e |n ALS

‘gene h d Subsequent Ilgatl3 n of th p GEX- 2T

'csle( mnﬁywmswémagnem1@%epatwmn ©>45 >460

mutant

Data' of the above Tables 9 to 13 are described below in order.

First, data of inhibition activity by bisp_yribac—sodiuni (Table 9)
revealed the following: '
Among mutant ALS protein coded by the 1-point mutant genes (P171H, R1728S,
W548L and $627I), W548L mutant ALS protein showed the highest resistance
to bispyribac-sodium (RS ratio: 520). 56271 mutant ALS protein or P171H

~mutant ALS protein also showed high resistance (RSv ratio: 41 and 8.7,
respectively), but R1 728 mutant ALS protein showed resistance only equivalent
Ate that of wild type ALS protein (RS ratio: 0.98). These results revealed that
‘ :'?171H_mutati0n', W548L mutation and S6271 mutation il:t ALS protein. a‘re.
o mutations effective in enhancing resistance to _bispyribac—’sodium. Further,
© R172S mutation in ALS protein was shown to be a sileﬁt mutation.
| ~ On the other hand, among mutant ALS proteins coded by the 2-point
mut:ant genes, P171H/W548L mutant ALS protein showed the strongest
resistance to. bispyribac-sodium (5.5% inhibition in 100 pM, and RS ratio:
>15000). P171H/S6271 mutant ALS protein also showed strong resistance to
 bispyribac-sodium (RS ratio: 3700). The_,_degree- of resistance of PI7IH/R172S

. rutant ALS p_rqtein was approximately the same as P171H mutant ALS protein. -
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Exanpl e 6 was perforned; thereby constructing a plasm d containing 3-point
mut ant (C512A(P171H)/ G1643T(Ws48L)/ A 880T(S6271)) ALS, cDNA (described as
"pCGEX- 2T(ALS- Pl 71H, Wh48L, S6271 mutant” in Fig. 25). Fuwotdeptembs 20@0! i was
transfornmed using pGEX- 2T(ALS-PI 71H, Ws48L, S6271 nutant) in a manner

simlar to the nethod of Exanple 6. [Exanple 10] Expression of nutant ALS
protein E. coli transfornmed with pGEX-2T(ALS-w | d) constructed in Exanpl e

3(5), E celj i960 70 Grtard TALS ProtBidSlodedttgnthe T-godttrmatessd i n
Exanpl e 5, qié{fhtgf)’f}:ﬁ?%?gggyrged} W t halpGEX- T(ALS-S6271 nutant) constructed

in Exanpl e (%'éne Ealse Ghbarttéd tfonpnedistirnch pQEXpRTta®dbam7 (H1futighibjtion
constructed in Exanple 6, E.. coli transformed w tlﬂgp%ﬁ- ZT%ALS R172S
mutant)’ conghen00e, amd K aetis: & 160005, Inagdition et wrtis T RFPIFSeex- 2T( ALS

* P171H, RI72S nmutant) consiructed in Example 7, E. coli &r with

' pGEX- 2T( AL Sope-Tesponsapuewhiglhthese reg YVP{?BF&? 15 S@Qﬁ%ﬂ“eﬁ‘é?'nﬁ 9%%? "
transfornmed with -2T(ALS-PL71H, .S6 Ut a UgR idy Edganpl e
8, and E. coli tFEE?E‘%(%?Zré?}“%%”%‘ %‘(ﬂ?%%%@‘kﬁgﬁ{‘-’lg{l%p ?%2{8‘3@ Rssgg%tli nmut ant)
constructed,, i e I eqis iglios shakerIg/W s48id hiwaat ALY ure) at
27C in 2 H?t“SP {%%qsurﬁréﬂrrggﬁj r%?%cgn?gﬁ\rfigr%s anpicillin. These types of E.
col i wer e raspesidMelA/S6 Hunhathnt ALZSfrotdin ofrd Hghificanttynsighenthetheai ni ng

anpicilli np using 1 m of the pre-culture solution. After ﬁgl 'gu.ri‘(ryl(gSS
“over ni ght, ?ﬂedliﬁ%d WEGratiuss (thd datiot of threRSeutia, toathe prrsiicted) Rariatyg

perfornmed for a further 3 to_4 hours, so that the expression of GST fusion
protei n waemarglpdlarges dwai d)on T eS%éesé&SS’é"b'F%lﬁaePh 0 ’gset%éo gjeP S wer e

2O R o B AT MLLATS oy B
t fans.f or rmgnéneECOrﬁRé itors P97 EH/862718RGtant 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 t‘né 1-point mutant gene. B
Next, inhibition activity by pysithiobac-sodium (Table 10) revealed the
following: _ |
Among mutant ALS proteins (P171H, R172S, WS548L and S627I) cc_;ded by
1-point mutant genes, W548L mutant ALS protein showed the strongest
resistance to pyrithiobac-sodium (41% in 100 pM, and RS :ratioz >9100).
" .§6271 mutant ALS protein also showed resistance (RS ratio: 200), but the
degree of the resistance of P171H mutant ALS protéin was low (RS ratio: 3.4).
R172S mutant ALS ;;rotein showed resistance only egquivalent to that of the
‘wild type ALS protein (RS ratio: 0.85). These results revealed that Pl71H’ '
mutation, W548L mutation and S6271 mutation in ALS proteins are effective
mutations in ‘enhancing resistance to pyrith.iobac—sodium. Further, R1728
mutation in ALS protein was shown to be a silent mutation.
On the other haﬁd, among the mutant ALS proteins coded by 2-point
R mutant genes, P171H/W548L mutant ALS protein imparted the strongest'
résistance (20% inhibition in 100 pM, and RS ratio: >9100), followed by
P171H?36271- ‘mutant ALS _protein (RS ratio: 850). Unlike the~ data of
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was suspended in ALS extraction buffer (potassium phosphate buffer (pH 7.5)
containing 30 %glycerol and 0.5 MM MCl 2). Specifically, 2.5 m of the

buf fer was added to the pellet obtained from50 m of tH® Seinbigre@o®ol uti on.
The suspension was subjected to ultrasonication (Heat Systens-U trasonics,
Soni cator W225R, mcro chip, output control 8, interval of approximtely 1
second, tw ce (40 seconds each)), and subjected to-centrifugation at 15000
X g, 4C for 20 minutes, thereby. obtaining the supernatant as a crude
enzynme solution. Thus, 9 types of crude enzyne sol utions containing any
one of iﬁiﬁ‘ﬁiticﬁmsa’ctimitw by bigperiBdSspdioneishpwESn f Tebilono Wod 8lhenuinbf ALS
protel n, fusion S6271 nutant ALS protein, GST fusion P171H nutant ALS
pr ot ei @yr@vbawgdl@m REyPHHMRA 2% HAEsnbM%|motmT8hm¢<bm degnge RI72S

PLYAN $5giankl Rglafinaibep TP aCeS K N R BB som. mut ant
NS pPof SRl ERAPUER o LTIARYE PR B ShelE ARLRI Hellny Vol o

nmut ant. enﬁé&e@rtpé 3&@e%&“%§§ﬁﬁbé‘6f‘ﬂ'?lﬁ%ﬁﬂﬁt %ﬂsygﬁﬁem‘ crude enzyne
solutions obtained in Exanple 10. Herbicide sensitivity test was perforned

accor di ng toFupnher;d‘dumeponit mostant LS gretedss, tWher d bofmbaigd R 2ratidowever, in

this -exgqu) reaction tenperature was 37C, reaction tine was 30 m nutes;
and 10Prdiciedifrer eaek Ratirttp pﬁltmént éaréanta?qLSmrgteum apd theactial RSALS

eVt o & okl Y TR ndhese e S Dbl des
 her ggaﬁﬁ,gbs FCi 9 M AHERBE iR uaR ad SO PELUiRE A Bd (it 2"
ratio of the actual RS ratio to the predicted RS ratio was remarkably larger than
‘l). ‘These results revealed that P171H/R172S mutant ALS protein showed
resistance to pyrithiobac-sodium strohger than that predicfed from the degreesl
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,

' WS548L and $6271), W5481 mﬁtant ALS pfotein showed the strongest resistance
to pyriminobac (RS ratio: 4500). 86271 mutant ALS protein also ilmp_a'rted

~ strong resistance (RS ratio: 2800), but the degree of resistance of P171H mutant

| ALS protein was low (RS ratio: 5). R172S mutaﬁt ALS protein showpd‘_

r_é‘s'istance only equiv'aleht to that of the wild type ALS protein (RS ratio: 1.2).-
These results revealed that P171H -mutation, W548L mniutation and- 86271
mutation in 'ALS proteins are 'ﬁmtatidns’ effective in enhanciﬁg resistance to
pyriminobac. Further, R172S8 mutation in ALS protein was shown to.be a
silent mutation. | |

Among the mutant ALS proteins coded by 'thé' 2-point mutant genes,

| _P'171H1"W548L mutant ALS: protein 'iniparted 'the strongest r'eSistan‘éé (11% "

| _mh1b1t10n in 100 pM, and RS ratxo >13000), followed by Pl’]lH/S627I mutant
.ALS protem (21% inhibition when 100 pM, and RS ratio: >13000) -For thes_e
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an i mdazolinon herbicide. Before the addition of nutant ALS protein, the
sol utions of these herbicides (aqueous solutions for bispyribac-sodi um and
pyrithi obac-sodi um and acetone sol utions for other her B9Segemperation
certain concentration were added into the reaction solutions. The final
concentration of acetone was 1 % For the 9 types of. crude enzyne
solutions, inhibition activity by bispyribac-sodiumis shown in Figs. 26
and 27, and Table 9, inhibition activity by pyrithiobac-sodiumis shown in
Tabl e 10, inhibition activity by pyrimnobac is shown in Table 11,

i-nhi bi ti op]actirwisHgLyueht aISubfidiPaf1 HES62-vmutant Pal$ @rdiins, aredirtedi bi ti on
activity by imazaquin is shown in Table 13. In Tables 9_to 13, inhibition
activity BY eatids hedbictialeRS sratioprwersncemppied. o Hevevesi deceWdcBat P4t on
(150) which causes 50% i nhi bition, wheE 50% inhibiti ondj §a¢f?t al n%g at a
‘concent r atkaoifiade sthether axeaistages shrongentheR ghe eRstarcei Bitrst 1he Hghest

concentrati on anpng.the copcentyatiqn : 50% i nhi bition could
‘not be ob %ﬁrﬁgﬁg})ﬁ%"?ﬂéﬁﬂ? ofﬁac?“a{ﬂpgénqéﬁ 't‘%)agﬁg?rgeplrsellsg{tnéd RS ratio refers to
~the RS ratio of itibh SaRiGLETBY Y8l fiRdnl i(Bhle MR atreosiled. i ch is a
conbi ned RS rat F%x?igﬁl?rﬂa{”l lé‘lp?edi cyteeu(}' fromeach RS ratio )gf mut ant ALS
proteins foiRppdent|y having a mutation. That is, the predicted RS ratio
refers to a synergistic effect normally predicted froma co@i Bﬁg S ratio
of  rut anAnAlng theaneians ALSdupisinteended hialineintanpmantgenss PEALE; KildPi y, the

dicted RS ti f tant ALS tei n.havi | tipl i ,
Dcul at oW AR ceadsez s, Y Pherant Kb S Bipfeir Rhowid e ey adlinte® Had.
th [ tipl t i f j t ei \ QA I aj
et vl y GRS shbS RiOT © P17l THkAR AL PERLE RBowed
S]‘?l ect e? Igtﬁtifééﬂr%ﬁ‘ong\_y}@ﬁstaﬁ& @ ptlo:F¥3)! Bt Giealepearlsf fhistquce dif SEATIRS rati o
of a nutan

protéin having nultiple nutations, this protein has
‘resi st ancguexeealiSngrdtbia syndoyi RS cratief f24). (RéF2Strawien) Ade2drotdd from a
conbi ned ::heo?nir;ci[ ?cnsgs?tar?ée g:ljltyagéuiézlflgntpig ttl?ziitngf the wild type ALS protein (RS
" ratio: 0.85). These results revealed that P171H ﬁiutation and W548L mutation
| in ALS proiein 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: >7700), followed by P1711/S6271 mutant
ALS protein (RS ratio: 760). Unlike the data of inhibition activity by
i)ispyribac—sodium shown in Table 9, in the case of chlorsulfuron, Pl‘?lI—I/Rl‘iZS
| mutant ALS protein showed a degree of resistance (RS ratio: 420) higher than
that of P171H mutant ALS protein. -~ Thus, it wa§ clarified that R172S mutation,
which is a silent mutation by itself, enhances the deg—fee of resistance of P171H
" mutant ALS protein.. Further, P171H/W548L/S627I mutant ALS protein also

‘ .iinpa.rted strong resistance (30% inhibition in 500 pM, and RS raﬁo: >38000j).
'For P171H/R172S mutant ALS and P171H/S627] mutant ALS proteins,
'pfédictéd :R-S ratios aﬁd actual RS ratios were compa_réd. For bqﬂl proteins, the
actual RS ratios were S’igniﬁcé.ntly higher than the predicted RS ratios. These
'reslults reveale& .-thai" P171H/R1728 _rhutant ALS protein and P171_HI_S€27I
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I ndependently having a nutation. -58 29 Septenber 2006 Table 9 ALS protein
type 150 (M RS ratio Predicted RS ratio/predicted RS ratio RSratio WId
type 0.0063 P171H mutant 6.055 8.7 R172S mutant 0. 0062 X $8tem®¥r2806 nmut ant
3.3 520 S6271 mutant 0.26 41 P171H R172S mutant 0.048 7.6 8.5 0.89

P171H Wh48L nutant 5.5%in 1001.tM >15000 4500 >3.3 P171H S6271 nmutant 23
3700 360 10. P171H Wh48L/S6271 1.1% n 100M >16000 190000 >0.084 rut ant
Tabl e 10 ALS protein type 150 (M RS ratio Predicted RS ratio/predicted RS
ratio RSratio WIld type 0.011 P171H nutant 0.037 3.4 R172S nutant 0.011
1 Wp48L mutamtt AISopiroteir0Ghowed 0@sisB6R 2 1tanehiorsulfun? e@orgkr 1 tarl 8 nut ant
0.14 13 3.4 3.8 P171H We48L nutant 20% in 100M >9100 >31000

P171H S62p1esieigd from thegdppresg@iregstances of each 1-point mutant gene, '

Next, data of inhibition activity by Imazaquin (Table 13) revealed the
- following:

Among the mutant ALS proteins coded by 1-point mutant genes (P171H, R172S,
W548L and S627I), W548L. mutant ALS protein showed the strongest resistance

" to imazaquin (16% in 100 pM, and RS ratio: >45). S627I mutant ALS protein
also showed resistance (RS.ratio: 6.8), but P171H mutant ALS protein showed .
almost no resistance (RS ratio: 1.5). RI172S mutant ALS protein showed
resistance only equivalent to that of the wild type ALS protein (RS ratio: 1.0).
‘These results revealed that W548L mutation and $S6271 mutation in ALS protein
are mutations effective in enhancing resistance to imazaquin. Further, P171H
mutation and R172S mutation in ALS protein were shown to be silent mutations
against imazaquin.

Among the 2-point mutant genes, P171H/W548L: mutant ALS protein
imparted the strongest resistance (13% inhibition n iOO 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 fnutant gene. ~ Further, P171H1W548L1862.7I mutant ALS

. protein also impérted strong resistance (15% inhibition in 100 pM, and RS
- ' ratio: >45). | |
. For these 2-point ALS mutant proteins and 3-point ALS mutant protein,
| prédicted RS ratios and actual RS ratios were c;ompared. The RS ratio of
| .']-P171H18627_I mutant ALS protein was signjﬁcantly higher than the predicted
RS fatio (the ratio of the actual RS ratio to the predicted RS ratio was clearly
- larger than 1). .These resulis revealed that P171H/S6271 mu'tanf ALS protein
| lshowed resistance to 1mazaqum stronger than that predlcted from the degrees of
. res:stances of each l-pomt mutant gene. |

: Industrial Applicability
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59 29 Septenber 2006 Table 11 ALS protein type 150 (M RS ratio Predicted
RS ratio/predicted RS ratio RSratio Wld type 0.008 P171H nutant 0.04 5
R172S nmutant 0.0092 1.2 Wh48L nutant 36 4500 S6271 nutXBepiimbad000
P171H R172S mutant 0.041 5.1 6 0.85 P171H Ws48L mutant 11%in 100M >13000
23000 >0.57 P171H S6271 nmutant 21%in 100M >13000 14000 >0.93 Table 12
ALS protein type 150 (pM RS ratio Predicted RS RS ratio rati o/ predicted
RS ratio Wild type 0.013 P171H nutant , 1.1 85 ‘R172S nutant 0.011 0.85
Wb48L mnut ant Qé_f 768 S6271 mutant 0.031 2.4 P171H R172S nutant 5.5. 420 72
5.8 P171H wWhagieskiibehin el abavonhe proscnésoventian ¢an pravidel 6274 nut ant
9.9 76((:)0 11010 f3 8 PiL?JthVV\Mt&}L/ S6F71.30%i n _SOOI%M >%8000. 16(110()0_ >0..24 mut ant
g 101 acetolactate synthase siowing good resistance o various herbicides,

~an acetolactate synthase protein coded by the gene, a recombinant vector having

the gene, a transformant having the recombinant vector, a plant having the gene,

a method for rearing the plant, and a method for selecting a transformant cell

using the gene as a selection marker.
‘Sequence Listing Free Text -

| SEQ ID NOS: 9 to 34 represent primers. |
The 15™ n in SEQ ID NO: 29 represents a, ¢, g or t.
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-60 29 Septenber 2006 Table 13 ALS protein type 150 (M RS ratio Predicted
RS RS ratio ratio/predicted RS ratio Wld type 2.2 P171H nutant 3.4 1.5
R172S mutant 2.3 1 W48L nmutant 16%in 100M >45 S627| JWBepiinbd3066 8 P 171
HR 172 S nutant 3.9 1.8 1.5 1.2 P171H W48L nutant 1.3%in 100M >45 >68.
P171H 86271 nutant 71 32 10 3.2 P171H Wb48L/ S6271 15%in 100M >45 >460

mut ant Data of the above Tables 9 to 13 are described below in order.
"First, data of inhibition activity, by bispyribac-sodi um (Tabl e -9)
revealgg, 4the S19lhewijsg: Anong nmutant ALS protein coded by the 1-point

mut ant genes (P171H, R172S, Ws48L and S6271), Ws48L nutant ALS protein
showed the highest resistance to bispyribac-sodium (RS ratio: 520). 56271
mut ant ALS protein or P171H nutant ALS protein also showed high resistance

(RS rati @ gdne@n&h8cl codeespeche YellpwinpuiroRin7@3 erulept ALS protein showed
resi stance only equivalent to that of wild type ALS protein (RS rati o:

0. 98) .(alhesg preseint sonsistiagedf nhamimi 2t wegaenen of\EusEnfUehSES) 1hhd
56271 mutation in ALS protein are nutations effective in enhancing

resi stance NO® i 2p¥y bbavd$qdi um Furt her,

(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, has resistance
to a bispyribac sodium herbicide, a pyrithiobac sodium herbicide, and a

pyriniinobac herbicide, and has acetolactate synthase activity.
2. An acetolactate synthase protein, which is 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
bispyribac sodium herbicide, a pyrithiobac sodium herbicide, and a

: pyriminobac herbicide.

6. A method for cultivating the plant of claim 5, which comprises
cultivating the plant in the presence of at least one or more herbicides
selected from the group consisting of a bispyribac sodium herbicide, a

- pyrithiobac sodium herbicide, and a pyriminobac herbicide.

7. A méthod for selecting a transformant cell having the gene of claim'l, _

which uses the gene as a selection marker. . -
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R172S nmutation 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 Wb48L nutant ALS protein showed the strongest resiggepREBert2006

bi spyri bac-sodi um (5.5% inhibition in 100 M and RS ratio: >15000).

P171H 86271 nutant ALS protein also showed strong resistance to

bi spyri bac-sodium (RS ratio: 3700). The degree of resistance of P171H Ri 72S
mut ant ALS protein was approximately the sanme as P171H nutant ALS protein.
-61 29 epteubey, wHicodey teprotdil At A8kl 286! acilidincblim Wil £1 N coded
by the 3-point nutant gene also inparted strong resistance to

bi spyr i IseiEneseicspanding toserigiabpesitem 62inda widdiype sinelaR®lackate eynthas6090) . | n

additio l. t her hi-ci . -r 0, ' these results
tere bad AR i tRte, S UnOR SREH R SRR BRI OB SRS, [

mut at i onpgrithidbec podivindieebdciRS and apyrosinabat hegsitidal RS rati os were conpared. RS
rati os of P171H Ws48L nmutant ALS protein and P171H S6271 nmutant ALS
protein were significantly higher than the predicted RSratios (the ratio
of the BS A aeitdtfor thgvRaiRH ﬁltaﬂtdha'%&grﬁge& NRitng SRMclaadiphilaRE, dlick han 1):
These results reveal ed that these two Z2-point.” nutant dgenes (the gene
codi ng feemprses cpitiygtre thaplagtin the messner ef hpyrihigbadsedivgehrsbisiddiandfof dr

- P171H 5 . i ' LESi al :

i apyri Bearih ol BB B8 aliiigte sERASEDAE B BARIRI sequemce it ¢ ot oo
predi ct exhidlr @ serineecategrondingfto sadte atemisioani?d affa wild t@pepddendcetuldctate gene.
Next , i nhitﬁi ti.on acti ﬁi tsﬁ' tég."é)yri t hi obac-sodium (Tabl e 10) revealedthe
fol | owi NG PAREREPMTELRY SRICECIBY Ot ei ns (P171H, R172S, Ws48L and S6271) coded
by 1-point nmutant genes, Wb48L nutant ALS protein showed the strongest

resi stance to pyrithi obac- sodi umt(41%i n 100 M and RS ratio: >9100).
10. A method for selecting a transformant cell having a gene coding acetolactate

synthase as a selection marker, which comprises cultivating the cell in the presence of
pyrithiobac sodium herbicide and/or a pyriminobac herbicide, wherein the acetolactate
synthase has an amino acid sequence in which a serine corresponding to serine at position

627 of a wild type rice acetolactate synthase, is replaced by isoleucine.
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56271 mutant ALS protein also showed resistance (RS ratio: 200), but the
degree of the resistance of P171H nmutant ALS protein was |low (RS rati o:
3.4). R172S nmutiant ALS protein showed resistance only eppusepah@at200® that
of the wld type ALS protein (RS ratio: 0.85). These results reveal ed that
P17111; nutation, W48L nutation and S627| nutation in ALS proteins are
effective nutations in enhanci S to pyrithiobac-sodi um
Further, R172S nutation in AL%UEﬁanE%@ghom to be a silent nutation.
On the other hand, anong the nutant ALS proteins coded by 2-point nutant
genes, P171H Wh4. 8L mutant .ALS protein inparted the strongest resistance

(20 [ ra >9100), followed by -P171H 56271
: wtg%%dygfgmgég[tqur@%%% jr}qzltmlg{(i)qﬁh(8%?0) UEEI i ke the data of -62 29 Septenber

2006 i nNaRiEAOD RSEEMide oBYA oiﬁ)b'lb fcas@ljepLrshown in Table 9, in the
case of pyrithiobac-sodium P171H RI72S nutant ALS protein showed a degree
of resistance higher than that of P171H nutant ALS protein (RS ratio: 13).

" Thus, . it. was clarified that R172S nutation, which is a silent nutation by

'|tse120> AeQbﬁdﬂQﬁﬁilh@efdiegbeeo-ﬂlfadtesbséma@% P171H mutant ALS protein. .

. Further, for 2-point nutant ALS proteins, when a conbined RS ratio '

. predict ed fromeach RS ratio of 1-point nmutant. ALS proteins and the actual -
‘RS "ratio were conpared, it was found that the RS ratio of P171H R172S '

mut k0> RUSIBIGPEIn was significantly higher -than that of the predicted RS

‘ratio (the ratio of the actual RSratio to.the predicted RS ratio was |

© -t emar kabl y .larger~than '1). ‘These results.reveal ed that P171H Rl 72S nut ant

pre

CALS, n; resi st ance to pyrit hi. obac sodi-um.stronger than that
ejbf‘?‘@h pﬁgzhegr ees resi stancesof the 1-point nutant genes.

VNex&,Sl)nabgétdaorégactl vity by pyrl m nobae (TabI e 11) reveal ed the _
'i;_{téo> 34

" (170> PatentIn Vett"?gﬁil
;'[e<é1o> 1

:  <211> 2301

U0 <212> DNA:

<2135 Oryza sativa yar. kinmaze. . . -

o <2200
oz s e
222> (48)..(1979)

<4005 1

. cccaaaccca gaaaccetig cegeegecge cgécgecace acecace ‘atg got acg 56

Met, Ala Thr




foll ow ng: Anong nutant ALS proteins coded: by i-point nutant genes (P171H,
R172S, Wh48L and S6271), Wh48L nutant ALS protein showed the strongest
resistance to pyrimnobac (RS ratio: 4500). S6271 nutan9 Rpemper@oesd n al so
inparted strong resistance (RS ratio: 2800), but the degree of resistance.
of P171H mutant ALS protein was low (RS ratio: 5). RL72S nutant ALS
protein showed resistance only equivalent to-that of the wild type ALS
protein (RS ratio: 1.2). These results revealed that P171H nutation, Wh48L

mut ation and S6271 nmutation in §b§ Qroteins are nutations effeﬁé've in
enhafitf g ESF sEHnEE8t B°C FyCi Afhdbdc "CRUFThEFC REFPSEnBEQtITh | LS

protein s ,sho t,Q. si{ent tatjon.,  Anr he tant ALS proteins
codeﬁf”f)ymghéi%-%% rfl\?‘an@faaﬂ\laggL%g‘,eungfl?1@%&§F%t@ﬁt Ag%é‘yﬁr otein inparted
the strongest resistance (%696 inhibition iny200 M and RS ratio: >13000),

- followed by P171H S6271 nutant ALS protein 8 1% i nhi bi ti on when .100 M
and RS ratio: >13000). For these -63 29 Septenber 2006 P171H Wh48L nut ant

- ALS and P171H S6271 nutant ALS proteins, predicted RS ratios and actual RS

rati Qs WBIce cEPMMA @de EMWRNET cgd teatObhd AQL che & %’citf&%éé%et hesgo

resi stance stronger than the resistance predicted from degrees of _
resi B IeSASE 16RCAsh-IPR Bln MEAM SORDE Val $BEWyo Next arg Miybi tion activity
by chlorsul furon (Table 12) revealed. the follow ng: Anong the nutant ALS
- protelths coded by 1-poi2t nutant genes (BD71H, Rl 72S, Wh48L and 56271).
‘Wb48L nutant ALS protein showed the strongest resistance to.chlorsulfuron
~ (RS ratio: 760). P171H nutant” ALS protein showed relatively strong™ -
“‘resistance (RS ratio: 85), but the degree of resistance of S627I
cgg gtg ggg gecg geg geg gte agg tge ftcg 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

:ﬂbcg ceg tec CcCg ‘gcg ccg ccg goe acg ccg cte cgg ccg tgeg ggeg ccg 248
. Pro Pro Ser Pro Ala Pro Pro Ala Thr Pro Leu Arg Pro Trp Gly Pro
55 ' 60 65

. gece gég ccc'ch'éag ggc geg gac ate ctc gtg gag geg ctg gag cgé 295
. Ala Glu Pro Arg Lys Gly Ala Asp Ile Leu Val Glu Ala Leu Glu Arg
70 | 75 | 80

- tgc gge gtc age gac gtg tte gee tac cég‘ggc 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’gcgictg acg cge tee ceg gtc'étc'acc aac cac ctc ttc 392
Tle His Gln A1é LeujThrlArg Ser Pro Val Ile Thr Asn His Leu Phe |
100 105 o100 s

2/56




mut ant ALS protein was low (RS ratio: 2.4). R172S nutant ALS protein

showed resistance only equivalent to that of the wild type ALS protein (RS
ratio: 0.85). These results reveal ed that P171H nut ati omsesgtcbdBloosut ati on
in ALS protein are nmutations effective in enhancing resistance to '

chl orsul furon. Further, R172S mutation in ALS protein was shown to be a

silent mutation. Among the nut %nt ALS proteins coded by 2-point t ant
gene§8C PIT7 BREVEABIE8TLERRBAL 8L hr BtRith i gﬁ%rﬁ%gdt?ﬁeg%gc Féﬁgg%ﬁ r4€¥st ance
owed P17111/ 5627

(16%,_ i nhi bitiop,in,100. M, .and, RS rati.o: .>7700 foll

mut ahFe q%LSSG&Po?% nrhl Rgl‘l’afot]iao.gh%?olﬁ Adg1 PR cﬁ‘r’f)eTHﬁt' HATEHidi tion activity
by bispyri bac-sodiltéﬁl shown in Tablrelg5 in the case of ;ghl orsul furon,

P171H R172S nut ant”"ALS protein showed a degree of resistance (RS rati o:
420) higher than that of P171H nutant ALS protein. Thus, it was clarified
that R172S nutation, which is a silent nutation by itself, enhances the

degr ggc Ofpd @k SEENGG Ok PlEEH nt, ALS. protein. Further. P 1
) Ve e E3E R BE etk #rg%t gLE@Nach %pgrg;%dbg% ré;ér%%gise}csct an%éeS(SO%'

i nhi'bef gy kpgSP M1yang] Ry s #hi H12>38008dr Gi9r PRI G Rif 28 utant ALS and
P171H S6271 nutant ALS proteins, predicted RS ratios and actual RS ratios
were conpared. Eg both proteins,jdipghe actual RS ratgs0os were significantly
hi gher than the predicted RS ratios. These results reveal ed that

- P171H R172S nutant ALS protein and P17111/56271 -64 29 Septenber 2006 -
_.mutant ALS protein showed resistance to chlorsul furon stronger than that

- pr edaat edcf Eben t41e gdage e Leof g2 gicst ahgestofzaeatdr Etpocer atgt anidfgene.
Next, data of _inhibition activity by Imazaquin (Table 13) reveal ed the
ol 1w hgu Kabrien Adankeddapds dlet bewnd.eoder VapoPrn Meiit ant genes (P
171 H R 7i§ Ws48L and S627|g, Ws48L nutant ALS protein showed the :
strongest r st ance 108 160 _

gtc gee atc acg gge cag gte cac agc-cgé'atg atc gge acc gac gcc 584
Véerla Ile Thr Gly Gln Val His Ser Arg Met Ile Gly Thr Asp-Ala .
165 U ¥ { ‘ 175

~ _ttc cag gag acg ccc ata. gtc gag gtc acc cgc tce atec acc aag cac 632
- Phe Gln Glu Thr Pro Ile Val Glu Val Thr Arg Ser Ile Thr Lys His
180 '. 185 - 190 195

_‘aét tac ctt gtc ctt gat gtg gag gaé atc cce 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 tte tte cte geg tee tcg ggc'cgt cct gge ceg gig cfg gte gac - 728
' Ala Phe Phe Leu Ala Ser Ser Gly Arg Pro Gly Pro Val Leu Val. Asp
| 216 . 220 25

,}atc ccc;aag gac atc Cagfcag_cag atg gee gtg ccg gte tgg géc-a¢0‘~ 776
| s




to imazaquin (16%in 100 M and RS ratio: >45). S6271 nutant ALS protein

al so. showed resistance (RS: ratio: 6.8), but P171H nutant ALS protein
showed al nbst no resistance (RS ratio: 1.5). R172S mut agy seflepbE20b&i N,
~showed resistance only equivalent to that of the wild type ALS protein (RS
ratio: 1.0). These results reveal ed that W48L nutation and S6271 nutation

in otein ,are,nutatigns_.ef fective jn. enhapcj resi sfance to

i maiz ﬁ“ﬁﬁ! 0 Eﬁ?tmﬁlﬁléq%G Hu?g?i T é:ia hnl ?ngaﬂ?jt glg'lpoﬁSPn M S protein were
shown to begﬁ%ent mut at i ons ai nst imazaquin CEArmng t he 2-point mutant
genes, P171 48L: mutant AL rotein irrparte%l4 he strongest resistance
(13% inhibition in-100 M and RS ratio: >45), followed by P1711-1/S627I

" nmutant ALS protein (RS ratio: 32). The degree of resistance of Pl71H R172S

mut apt, AleS RLOTEIN UAS t a 71H. 1 poi n t ant
gene. %:urt%her, Pf?flwﬁ\%ﬁ%&{#egn%t gg%q%ﬁ_gg%%r%{geicﬁ%a%%% %CP aréze strong
resiSdanee A5 %duPibi 10y EnTIOQIN ARR] RSPrb Aty Oprad r these 2-point
ALS nut ant pr ot 'eiuns and Yg %oi nt ALS nu?ant pfo'?ﬂe}%sﬁ,l)ropg}e%i@%ed RS rati os
and act@alk RS rati os weregggnpared. The RS pggio of P171H S6271 nutant 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 reveal ed that P1711US6271 .nmutant ALS protein showed
resiataagee ttg ictdzgagicagsgtongeay cghaots hettt prediapt edafc@mclghe degr ees of

- resistances of each |-point nutant gene. Industrial Applicability -65 29

" Septiwbédu2bes LensGheddni Bell lian deral.¢u dodvély tdle Peestrg Argvention -can
provi de a gene coding for acetol actate synthase show ng good resistance to
variZ®¥s her bi ci des, 5 270 275

" ccg att ctc tat gtc get ggt ggc tge tet gea tct ggt gac gaa ttg 920
3 Pro Ile Leu Tyr Val Gly Gly Gly Cys Ser Ala Ser Gly Asp Glu Leu
. 280 : 285 290

, cgcrtgg 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 et
295 - 300 305

:-ggc ctb'ggc aat ttc cce agt gac,géc ccg tig tee Ctg.cgc atg ctt 1016
" Gly Leu Gly Asn Phe Pro Ser Asp Asp Pro Leu Ser Leu Arg Met Leu
310 315 . 320

' ‘l'ggg'atg Catrggb acg gtg.tac gca aat tat gec gtg gat aag get gac 1064
:Gly Met His GlyiThr Val Tyr Ala Asn Tyr Ala Val Asp Lys Ala Asp
325 .- 3300 335

- “ctg tig cttogeg tit get gte cgg ttt gat gat cgt gtg aca ggg aaa 1112 . - |
w',-.Leu Leu.Leu Ala Phe Gly-Val:Arg.Phe Aép'ASpiArg Val Thr Gly Lys |
: : o s o S




an acetol actate synthase protein coded by the gene, a reconbi nant vector
having the gene, a transformant having the reconbi nant vector, a plant
having the gene, a nethod for rearing the plant, and a 2e3dphbEr@006
selecting a transformant cell wusing the gene as a sel ection marker.
Sequence Listing Free Text SEQ ID NOS: 9 to 34 represent priners. The 15 x'
n in3‘§§QID NG 29 repéﬁs]ents a, C, g orqd, -66 29 Septe_rgggr 2006 What is
claimed is: 1. A gene, ich codes for the following protein (a) or (b):
(a) a protein consisting of an am 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
derlé{@ﬂ gargogge hﬁtagbgoag(f;%'lgg §&q%%EC&QTgt%n¥a9n§tt0ng§EQtl RaNCS 1180 4, 6,

and 8 by substitution, etion or-addition of at least one or nore am no

aci dgje A% AESIHHARES Sd10 ARgPABPYNDAre SRdi HDY hﬂrebhghdﬂe_asﬁyri t hi obac
sodi um herbi cide, and a pyrimnobac herbicide, and has acetol actate-

synt hase activity. 380 An acetol act atgssynt hase protei g7ohi ch i s coded by
the gene of claim1l. 3. A reconbinant. vector, which has the gene of claim
1. 4. Atransformant, which has the reconbinant vector of claim3. 5. A

-pl ant, which has the gene of claim1 and has resistance to a bispyribac
sodi-ewa hembiss det gepyadg beobay sedi tm katbgti desa and fae gyai mlZéBac
herbicide. 6. A nethod for cultivating the plant of claim5, which
conpPiesdda el thleablnd - nshdspliars Giln Fiwe HisebehderoflatCisedde one or nore

- herbicides selected fromthe groug consi sting of a bispyribac sodium

'~ herbicide; a - 375 ' - 380 g 385 _ S

:'gat gtt aag ctt get tta cag gge ttg aat gct.ctg cta caa cag agce 1256
'1‘Asp Val-Lys Leu Ala Leu Gln Gly Leu Asn Ala Leu Leu Gln Gln Ser
390 ' 395 . 400

aca.aca aag aca agt tct gat ttt agt gea tgg cac aat gag ttg gac 1304
_,ThruThr Lys Thr Ser Ser Asp Phe Ser Ala Trp His Asn Glu Leu Asp
. 405 ‘ 410 o 415

Aéég dag aag agg gag ttt cct ctg ggg tac aaa act ttt.ggt gaa gag 1352
‘.;Gln Gln Lys Arg Glu Phe Pro Leu Gly Tyr Lys Thr ?he Gly Glu Glu
490 425 | - 430 - 435

 atc cca écg caa tat gcc att cag gtg ctg gat gag ctg acg aaa ggt 1400 -
4;'Ile'Prb Pro Gln Tyr Ala Yle Gln Val Leu Asp Glu Leu Thr Lys Gly
440 _ 445 450

_ - 1‘gaglgbé atc atc get act_ggt-gtt ggg cag caé cag atg tgg geg gca '-1448 T
- .Glu Ala Ile Ile Ala Thr Gly Val Gly 6ln His Gl Met Trp Ala Ala |

L 455 a0 . a5

| L 5/56 - |




pyrithi obac sodi um herbicide, and a pyrim nobac herbicide. 7. A nethod for
selecting a transformant cell having the gene of claiml1l, which uses the
gene as a selection marker. 67 29 Septenber 2006 8. A gENSptentbecddo€odes
for a protein, which has an ami no acid sequence in which a serine
corresponding to serine at position 627 of a wild type rice acetol actate
synthase, is replaced by isoleucine, and which exhibits resistance to a
bi spyri bac sodi um herbicide, a pyrithiobac sodi um herbicide, and a

: im herbicide. 9. A nethod f | tivati | apt havi '
o HG abet o Behes &) Athads TR T “CombF U Gif [ herhsthe BRht i n the
Lt i g i i nob her bi ci de.
whor STH THe Fxcrh 0o SR pRT ARS8, P o sl T Wi ch e
serine corregpgonding to seringigt position 627 ggsa wild type rice

acetol actate synthase, is replaced by isoleucine. 10. A nmethod for
selecting a transformant cell having a gene coding acetol actate synthase

as a selection marker, which conprises cultivating t he cell in the presence
of . p¥gigdd RacasodigdmberdysChele @dizek Qca_”?c‘tnké‘ﬁ)tg%‘% bet bl degspperein
t he acetol actate synthase has an am no acid sequence in ich a serine

corr espaildi Mdat Bets &liynPhatGipobéd iRrd AG27AE Adawgly AlypSer ived acetol actate
synt hase, is replaced by isoleucine. 68 29 Septenber 2006 SEQUENCE LI STI NG

<110> KUMBAI CHEM CAL | NDUSTRY CO., LTD Natid®8Bal |nstitute of

. Agrobi.ol ogi cal Sciences <120> A gene coding for aceto-I|actate-sythetase
<130> PH 1733-PCT <150> JP 2002- 95721 . ' L

- - get aac ¢eca ggt gtc aca gtt gtt gat att gat ggg gat ggt age tte 1592

:_Ala Asn_Pro Gly Val Thr Val Val Asp Ile Asp Gly Asp Gly Ser Phe

© 500 505 B 510 - 515

ctc atg aac att cag'gag qtg gca ttg atc.cgé att gag aac.ctc cct 1640
Leu Met Asn Ile Gln Glu Leu Ala Léu'Ile,Afg 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
7{7&1 Lys Val Met Val Leu Asn Asn Gln His Leu Gly Met Val Val Gln
535 540 - .. 545

tgg gag gat agg ttt tac aag gcgiaat agg gcg-Qat-aca tac ttg gge 1736
Trp Glu Asp Arg Phe Tyr Lys Ala Asn Arg A1a His-Thr-Tyf Leu Gly
550- 855 560

'véac ccg'gaa tgtigag_agc.gag ata'tat'ccé.gat?ttt gtg act étt gct 1784 -
Asn Pro_Glu.Cys Glu Ser Glﬁ Ile Tyr Pro Asp. Phe. Val Thr Ile Ala

6156




<151> 2002-03-29 <160> 34 <170> Patentln Ver. 2.0 <210> 1 <.211> 2301
<212> DNA: <213>. Oryza sativa var. kinmaze <220> <221> CDS <222>.(48)..
(1979).. <400>. 1 cccaaaccca gaaaccetcg ccgccgccgc cgccprsapembaciioace atg
getacg 56 Met Ala: Tfi'r 1 1756 29 Septenber 2006 ace gee gcg gee geg
gee gee gee ctg tcc gee gee gcg acg gee aag 104 Thr Ala Ala Ala Ala Ala

NaAal Ala Ala Ala Thr Ala Lys 5 10 15 t,
ega W &k L o FLEGTF G aP2eBie gt #53 0ol oAt o R H AU n Arg

Hs H.s | pleu Pro; Al A 2 5..c00 9tg9.g eqg gcg geg gte

agg rge Gt\{ gpéeeghsélt gl?e%ocggaal%l é%g gﬁgorhirr é‘y€/a€y%s%rAﬁgu%Fa§ Ala Val Arg

Cys mgf Ala Val Ser Prggcval Thr 40 45 50598eeg cog tee cog cog cog gee
r

acg cog etc cgg cog tgg ggg cog 248 Pro o Ser Pro Ala Pro Pro Ala Thr
Pro Leu Arg Pro Trp Gy Pro

cgt gee gee atc aag aag atg ctc gag act cca ggg cca tac ttg ttg 1880
Arg Ala Ala Ile Lys Lys Met Leu Glu Thr Pro Gly Pro Tyr Leu Leu
600 605 610

gat atc atc gtc ceg cac cag gag cat gtg ctg cct atg atc cca agt 1928
- Asp Ile Ile Val Pro His Gln Glu His Val Leu Pro Met Ile Pro Ser
615 _ 620 625
. ggg ggc geca ttc adg gac atg atc ctg gat ggt gat gge agg act gtg 1976
.  G1y Gly Ala Phe Lys Asp Met Ile Leu Asp Gly Asp Gly Arg Thr Val_ '

630 635 : 640

' tat taatctataa tctgiatgti ggcaaagcac cageccggec tatgtttgac 2029

.kiyr-

:';‘étgéatéacc catagagagt ggtatgecta tgatgtttet atgtgétcta tcaataacta %089‘};
-aégfétcaac tatgaaécat atgctcttct\gtttta@ttg ttigatgtgc ttggcatggt-2149-
;éatcétaattagcttcctgc tgtetaggtt tgtagtgtet tgttttctgt aggecatatge 2209

-' =étc§§aégat atcatgtéag_tﬁ?c#tgtéc;acatatcaé-ﬁaataagéga ataaégtacf 2269 ,f'

5;§ctaté§aéaaaaaaaéaaaaéﬁaéaéaéasga .. .:. _. : | o ' .23Q13'- o

56




55 60 65 gee gag eec cge aag gge gcg gac ate etc gtg gag geg ctg gag cgg
296 Ala Qu Pro Arg Lys Ay Ala Asp Ile Leu Val Qu Ala Leu Qu Arg 70 75
80 tgc gge gte age gac gtg tte gee tac cog ggc ggegeg tEeSepteghbgel0844 Cys
Ay Val -Ser Asp Val.Phe Ala Tyr Pro Ay Gy Ala Ser Mt Gu 85 90. 95 ate
cac caggeg.ctg acg ego tee cog gtc ate ace aac cac etc ttc 392 Ile Hs Gn
Ala Leu Thr Arg Ser Pro Val Ile Thr Asn His Leu Phe 100 105 110 115 2/56

29 Septenber 2006 ego cac gag cag ggc gag geg ttc gcg gcg tee ggg tat gcg
ego g% 1§40 Arg Hs Qu An Gy Au Ala Phe Ala Ala Ser Gy Tyr Ala Arg
Ala 1 g 552 130 - tee ggc cgc gte ggg gte tgc gtc gee ace tee gge ccc ggg
gca a lﬁgmé@er G yArg Val dy Val Cys Val Ala Thr Ser Ay Pro Ay Ala Thr
135'132 4 aac etc gtg tee gcg etc gee gac. gcg ctg etc gat tee gte cog
atg 5%21 ﬁgﬂkTLeu Val Ser Ala Leu Ala Asp Ala Leu Leu Asp Ser Val Pro Mt
150 1 ?[6 gtc gee ate aeg gge cag gtc cat age ego atg ate gge ace gat

-gee. 5 a Thr,. Qi G n Val Hs Ser Arg Met .11le Ay Thr Asp Al a
165 1%%1?7/?1??% ?%%ﬁgaggg'egmg(%g%t a.gte gag gte ace ege tee ate ace aag cat

632 Phe Gn Au Thr Pro lle Val u Val Thr Arg Ser Ile Thr Lys H s 180
185 190 195 -
- <400> 2

Met Ala Thr Thr Ala Ala Ala Ala Ala Ala Ala Leu Ser Ala Ala Ala
1 .5 : 10 15

‘[Thr Ala Lys Thr Gly Arg Lys Asn His Gln Arg His His Val Leu Pro
20 25 - 30

o Ala Arg Gly.Arg'Vél Gly Ala Ala Ala Val Arg Cys Ser Ala Val Ser
35 40 45

Pro Val Thr Pro Pro Ser Pro Ala Pro Pro Ala Thr Pro Leu Arg Pro

50 . - | 60

. Trp Gly Pro Ala Glu Pro Arg Lys Gly Ala Asp Ile Leu Val Glu Ala
65 - 70 B 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 : 105 110

. His Leu Phe Arg His Glu Gln Gly Glu Ala Phe Ala Ala Ser Gly Tyr
o B 856 | B




aat tat ctt gtc ctt gat gtg gag gac ate coo cgc gtc ata cag gaa 680. Asn
Tyr Leu Val Leu Asp Val Qu Asp Ile ProArg Val Ile Gn Gu 200 205 2"10

. gee tte tte.etc gcg tee tog ggc cgt cot gge cog gtg ctg Wtepgaber20® Al a

" Phe Phe Leu Ala Ser Ser Ay Arg Pro Ay Pro Val Leu Val Asp 215 220 225

ate eec aag gat ate cag cag cag atg gee gtg cog gtc"tgg gat ace 776 3/56

- 29 Septenber1 5006 Ile Pro Lyz @sp Ile An G@n ?Zg Met Ala Val Pro Val Trp
Asp Thr 230 é 5240 tog atg %\ eta cca ggg ta te gca cgc ctg ccc aag
cca ccc gcg 824 Ser Met AsnLeu Pro Ay Tyr Ile Ala Arg Leu Pro Lys Pro Pro
Al a 245 250 255-aca gaa ttg ett gag cag gte ttg cgt ctg gtt ggc gag tea cgg

cgc _ r 1.l I Uy A e Ser Arg Arg
260 gg ﬁ%%%ge%g}éyagfg Si[ag %? %étqc Clgvgt Yéslgtgllgggh%/g%r?g?yé%:%b tct ggt gac
gaa ttg PP Pro Ile Leu Tygg Val Ay Gy Ayyy.s Ser Ala Ser Gy Asp Gu

Leu 280 285 290 cgc tgg ttt gtt gag ctg act ggt ate cca gtt aca ace act
ctg atg 968 Arg Trp Phe Val Qu Leu Thr Ay Ile Pro Val Thr Thr Thr Leu

Met 295. 300 305 ggc ctc ggc aat ttc ccc agt gao gac cog ttg tee ctgego

-at'g Gly ARLGhrQidh Leu BY SesnARha.cir a1SesspAaNarceu Rled Aoy Sear Leu Arg Met
Leu 310 315 320 ggg atg cat ggc aeg gtg tac gca aat tat gee gtg gat aag
get gag 1064 150 155 160 o

:" 'Va1 Pro Met Val Ala Ile Thr ‘Gly Gln Val His Ser Arg Met Ile Gly
165 170 - 175

Thr Asp Ala Phe Gln Glu Thr Pro Ile Val‘Glu Val Thr Arg Ser Ile
180 185 | 190

Thr Lyé‘His Asn Tyr Leu Val Leu Asp Val Glu Asp Ile Pro Arg Val
| 195 200 | 205

Ile GIln Glu Ala Phe Phe Leu Ala Ser Ser Gly Arg Pro Gly Pro Val
210 215 220

" Leu Val Asp Tle Pro Lys Asp Ile Gln Gln Gln Met Ala Val Pro Val .
225 | 230 | 235 240

TrpAsp Thr Ser Met Asn Leu Pro Gy Tyr Ile Ala Arg Leu Pro Lys
| 245 250 255

. Pro Pro Ala Thr Glu Leu _'Lé_u_'Glu__Gln Val Leu Arg Leu Val Gly Glu
o260 285 270 -

o  '-9/5.6¢_




Gy Met His Gly Thr Val Tyr Ala Asn Tyr Ala Val Asp Lys Ala Asp 325 330 335
ctg ttg ctt gcg ttt ggt gtgegg ttt gat gat cgtgtg aca ggg aaa' 1112 Leu
Leu Leu Ala Phe Gy Val: Arg Phe Asp Asp Arg Val Thr G y2d8epiehbatodd

Sept ember 2006 340 345 350 355 att gag.get ttt gca age agg gee aag att gtg
cac att gac att gat 1160 Ile Qu Ala Phe Ala Ser Arg Ala Lys Ile Val H's

Ille Asp |l e. 360_365 37 C a gag.att gga aag aac a caa cea cat
gtg t%éé" Are fﬁ%@*’geaﬂﬁgsu ngro%ﬁiag l‘i’qu| %fbgy%L %rﬁfglr? Sﬁg @g}h Pro H s Val
Ser Ile Cys 23} 375 380 385 gtt aag ctt geé gta cag gge ttg aat got
etg eta caa ‘tdg age 1256 Asp | Lys Leu Aa LeBan Gy Leu Asn Ala Leu

Leu A n A@n Ser 390 395 400 aca.aca aag aca agt tct gat ttt agt gea tgg
cac aat gag ttg gae 1304 Thr. Thr Lys Thr Ser Ser Asp Phe Ser Ala Trp Hi s.

Asn : p 4 : , ag. ttid_+C ggg tae aaa

act tSE'J‘tSk5 gg‘? ngaAaégéfBEge%ﬁn%ggnfﬁggﬂ gg%f%q&g léé ra& Eéﬂ "y Tyr Lys Thr

- Phe Gy &gy G u 420 425 4354435 ate cca ccgpgaa tat gee att cag gtg ctg
"gat gag ctg aeg aaa ggt 1400 Ile Pro Pro Gn Tyr Ala Ile A n ValLeu Asp

‘@ u Leu Thr Lys Ay 440 445 450 gaggca ate ate get act ggt gtt ggg cag cac
cag atg tgg gcg gea 1448 Gu Ala lle Ile Ala Thr Gy Val Gy An Hs Gn .

Vet The Pé@ M¥taGly Leu Gly Asn Phe Pro Ser Asp Asp Pro Leu Ser Leu
305 ' 310 . 3156 320

Arg Met Leu Gly Met His Gly Thx Val Tyr Ala ASn Tyr Ala Val Asp -
325 ' ©-330 335

Lyé'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 SerlArg Ala Lys Ile Val His Ile
355 ' 360 o 365

Asp Ile Asp Pro Ala Glu Ile 61y Lys Asn Lys Gln Pro His Val Ser
370 N 375" | 380

- Ile Cys Ala Asp Val Lys Leu Ala Leu Gln Gly Leu-Asn Ala Leu Leu
385 - 390 S - 395 o 400 -

Gln Gln Ser Thr Thr Lys Thr Ser Ser Asp Phe Ser Ala Trp His Asn
| S 405 - a0 a5

Glu'Leu_ASp_Gln Gln L?é-ﬁrg;Glu;Phe_Prb Leu;Gly'Tyr Lys Thr_fhe: 
| o 10/56 | '




455
cag
Trp
get
Al a
gat

ate
Arg
ttg

geg
H s
1 tt
~Val
~cet

460
tgg
Leu
gca
Al a
ggg

s

I1é
ggt
Met
cat
Thr

dhg

~Thr
gea

Trﬁ

- . 465

Ser

 Ala

" “Asn

Val

545

. Tyr

o Thr

Leu.Pro.Val'Lys Val Met Val Leu Asn Asn Gln His LeU‘Gly‘Mei

465 5/56 29 Septenber 2006 caa tat tac acc tac aag egg cca egg
ctg tct tcg get ggt 1496 dn Tyr Tyr Thr Tyr Lys Arg Pro Arg @ n
Ser Ser Ala Ay 470 475 480 etg ggc gca atg gga2a Sdptegdper 2006 cct
get ggt get tot gtg 1544 Leu Ay Ala Met Gy Phe Ay Leu Pro Ala .
Gy Ala Ser Val 485 490 495 get aac cca ggt gtc aca gtt gtt gat att
gat ggt age ttc 1592 Ala Asn Pro Gy Val Thr Val Val Asp Ile Asp
Gy Ser Phe 500 505 510 515 etc atg aac att cag gag ctg gea ttg
gih 4Ag 289 ffxtocpfstel%figg y %Ulﬁ@tcﬁ%h'fe@p% H%LL%‘d Ala Leu lle

G u Asn Leu Pro 520 5 aag gtg at tg aac aac caa cat
atg 40 gtg caa 1688 g¥al Lys Val Met Vais Leu Asn Asn G n H's Leu
Val Val dn 535 540 545 tgg gag gat agg ttt tac aag gcg aat agg
aca tac ttg gge 1736 Trp Qu Asp Arg Phe Tyr Lys Ala Asn Arg Al a
Tyr Leu Ay 550 555 560 aac ceg gaa tgt gag age gag ata tat ccagat

bgs Gyt GDetAlh7/8%e TASNABS Ohd 01 W& 1CGUy SBIn ®id ¢1e MEYr Pro Asp Phe
Ile Ala 565 570 575 6/56 29 Septenber 2006 aag ggg ttc aat att

45C cgt gta aca aalfSaag agt gaa gt c46832

Ala Ala Gln Tyr'Tyr Thr Tyr Lys Arg Pro Arg Gln Trp Leu Ser
470 475 L 480

Ala Gly Leu Gly Ala Met Gly Phe Gly Leu Pro Ala Ala Ala Gly
| 485 490 495

Ser Vgl Ala Asn Pro Gly Val Thr Val Val Asp Ile Asp Gly Asp
500 | 505 510

Gln Glu Leu Ala Leu Ile Arg Ile Glu

=g
-
o]

Jaad

Ser Phe Leu Met Asn
515 20 : 525
530 . 535 | 540

Val GIn Trp Glu Asp Arg Phe Tyr Lys Ala Asn Arg Ala His Thr
550 | 555 560

Leu Gly Asn Pro Glu Cys Glu Ser Glu Ile _Tyr Pro Asp Phe Vaiz

565 570, - 575

Ile Ala Lys Gly Phe Asn Ile Pro Ala Val Arg Val Thr Lys Lys

11/56




Lys Gy Phe Asn Ile Pro Ala Val Arg Val Thr Lys Lys Ser du Val 580 585 590
595 cgt gee gee ate aag aag atg etc gag act cca ggg cca tac ttg ttg 1880
Arg Ala Ala Ile Lys Lys Met Leu Gu Thr Pro Gy Pro Tyr Jgesepleftiheidd0s 605 610
gat ate ate gtc ceg cac cag gag cat gtg ctg cet atg ate cca agt 1928 Asp
Ile Ile Val Pro HHs Gn Qu His Val Leu Pro Met Ile Pro Ser 615 620 625

- ggg gge gca ttc5_ g gac atg ate 2é gat ggt gat gge ﬁﬁg act gtg 1976 dy
Gy Al a Phe Lys p Met Ile Leu Gy Asp Ay Arg5 nr Val 630 635 640

tat taatctataatctgtatgtt ggcaaagcac cageecggcc tatgtttgac 2029 Tyr

ct gaat gacc cat aaagagt ggtatgeeta tgatgtttgt atgtgetcta tcaataacta 2089

aggt tatg cat. at cttct Qtt cjtgttt tge t at ggt 2149
aatc%tteggﬁ:u e}%elt ?ggt%(? %%gjtlgggﬁ I?Yﬁ yﬁ?g[‘%‘? (%1@'? ﬁ'{g c%gﬂ E}iggﬁeﬁq atgc 2209

at cacaagat agjggatgtaag tttcttgggg tacatatcaa taagaigaga at aaagt act 2269
tct at gcaaa aaaaaaaaaa aaaaaaaaaaaa 2301  7/56 2 ept enber 2006 <210> 2
<211> 644 <212> PRT <213> O'yza sativa var. kinmaze <400> 2 Met Ala Thr

-l.‘Thr'.Ala'AlaAlaAlaAIaAIaAlaLeuSerAIaAIaAIa 1510 15 ‘
Tyr Leu Leu Asp Ile Ile Val Pro His Gln Glu His Val Leu Pro Met

610 615 620

= Il¢ Pro Ser Gly Gly Ala Phe Lys Asp Met Ile Leu Asp Gly Asp Gly
625 630 635 - | 640

~Arg Thr Val Tyr

4210 3
(211> 2300
<212> DNA

. <213> Oryza sativa var. kinmaze

<2205
221> 05
222> (48)..(1979)
<400> 3
. ccéaaaccéa}gaaaédctcg‘ccgcCgQCgc-CgCégcéacc,acccacc.étg get acg.. 56
o S " Met Ala Thr

s




Thr Alla Lys Thr Gy Arg Lys Asn Hs An Arg Hs Hs Val Leu Pro 20 25 30
Ala Arg Ay Arg Val Ay Ala Ala Ala Val Arg Cys Ser Ala Val Ser 35 40 45
Pro Val Thr Pro Pro Ser Pro Ala Pro Pro Ala ThrPro Leu ArgSdptember. 2606 55 60
Trp AyPro Ala Qu Pro Arg Lys Gy Ala Asp Ile Leu Val Au Ala. 65 70 75
80 Leu u Arg Cys Ay Val Ser Asp Val Phe Ala Tyr Pro Ay Ay Ala 85 90
95 Ser Met Ju lle Hs Gn Ala Leu Thr Arg Ser Pro Val Ile Thr @sn 100
105 250 $4% ELELSPhEAr GCHIESEL @M. &§ @%gﬁFag%é‘cﬂl 5C%Ia<i“g8er y Tyr

8/ 56 nb 6,71 1 rg,Al a, Ser Val Gy Vval Cys
Val Iﬁﬁ ‘ﬁetﬁf) igrﬁé é(f }61 111@6 %g%]"flfo @‘9 AIAA T’Pﬁf Arrl? Lé I Ser Ala Leu
Ala Asp Alla Leu Leu Asp Ser10 145 150 155 160,-Val Pro Met Val Ala Ile Thr
Gy d@n val H s Ser Argl\/étlleGylGSl?OHS Thr Asp Ala Phe G n Qu

~Thr Pro Ile Val Qu Val Thr Arg Ser Ile 180 185 190 Thr. Lys Hi s Asn Tyr
Leu Val Leu Asp Val GQu Asp Ile Pro Arg Val 195 200 205 Ile @n GQu A a

Phe E@@ é—g%ucé*:aaeée'éalgeéacgc)ég%& Rae Gy HOcValeee get cga gge 152
Thr Gly Arg Lys Asn His Gln Arg His His Val Leu Pro Ala Arg Gly-
20 25 30 - " 35

‘cgg gty geg gog geg gog ghe age tge tog gog gtg toe cog gic ace - 200
‘-_Arg'Val Gly Ala Ala Ala Val Arg Cys Ser Ala Val Ser Pro Val Thr
40 45 50

ccg ccg tec ccg geg ceg ceg gec acg ceg cte cgg ceg tgg ggg ccg 248
.Pro Pro Ser Pro Ala Pro Pro Ala Thr Pro LeuIArg Pro Trp Gly Pro
55 60 65

_ gce gag cece cge aag gge gcg gac atc ctc gtg gag geg ctg gag cgg 296 .
.. Ala Glu Pro Arg Lys Gly Ala Asp Ile Leu Vél'Glu Ala Leu Glu Arg -
70 | 75 | 80

gtgc-ggc gtc age gac:gtg ttc gcb 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
8y 90 95

ate cac cag gcg ctg acg cge tec ceg gte ate ace aac cac cte ttc . 392
Ile His Glnlﬁla'Leu-Thr Arg Ser Pro.Val Ile Thr Asn His Leu Phe .
100 o105 - o 115 -

" cge cac gag cag ggc gag gog tte gog geg téc ggg tac gog cge gog 440




210
Val
Leu
Leu
~Ser
Asp
300
310
Asp
Arg
Val

Pro-

Leu
Asp

215 220 Leu Val Asp Ile Pro Lys Asp Ile dn @n dn Met Ala Val Pro
225 230 235 240 Trp Asp Thr Ser Met Asn Leu Pro Ay Tyr Ile Ala Arg
Pro Lys 245 250 255 Pro Pro Ala Thr GQu Leu Leu G w9Scpteiibir 20001 Arg
Val dy Gu 260 265 270 9/56 ----- R 29 Sept enmber 2006
Arg Arg Pro Ile Leu Tyr Val Gly Gy @y Cys Ser Ala Ser Ay 275 280 285

Tk 18 GhP oy oTep 1y adhepile plp SaF GLP TRepAKF dtodiser Leu- 305
315 320 Arg I\/Eiz(i\leu Gy Met His ﬁé Thr Val Tyr aﬁ n Tyr Al a Val
325 330 335 LysS a Asp Leu Leu u Ala Phe Ay Val""Arg Phe Asp Asp

Val 340 345 350 Thr Ay Lys Ile Qu Ala Phe Ala Ser Arg Ala Lys Ile
Hs Ile 355 360 365 Asp Ile Asp Pro Ala Qu Ile Gy Lys Asn Lys An

' 0 8 | L G

Rt KBt Y etl0esd drddhec é’%‘é (3 40 1R ook Y Bed YL B L OB O

Eﬁ&%}@@f K¥g1V£ant#fVaéSCws Val Ala Thr Ser Gly Pro Gly Ala Thr .
135 140 145

aac cte gtg tcc geg cte gec gac geg ctg ctc gac tee gtec ccg atg 536

Asn Leu’Val.Ser Ala Leu Ala“Asp Ala Leu Leu Asp Ser Val Pro Met

150 185 160

- gte gee ate acg gge cag gte cac cge ecge atg atc gge acc gac gee 584

" Val Ala Ile Thr Cly Gln Val His Arg Arg Met Ile Gly ThrrAsp Ala

165 170 | 175

ttc cag gag acg ccc. ata gtc gag gtc ace cge tce atc ace aag cac 632

“Phe Gln Glu Thr Pro Ile Val Glu Val Thr Arg Ser Ile Thr Ljs His

180 | 185 - 190 o195

aat tac ctt gitc ctt gat gtg gag gac atc ¢cc cgc'gtc ata cag gaa 680 .

‘fiAén_TyrFLeuiVal‘Lét'Asp-Val.Glu Asp Ile Pro Arg Val Ile Gln Glu .

200 205 210

~-gee tte tte cte geg tec teg ggc-cgt-cct.ggc.cbg‘gtg-ctg gtc gac 728

Ala Phe Phe Leu Ala Ser Ser Gly Arg Pro Gly Pro Val Leu Val Asp
a5 220 - 225 |

 ate cce aég gacjatCICagﬂcagfcag“atg gce gtgicqg}gthtgg{gép;acc :'776'

" Ile Pro Lys Asp Ile Gln Gln Gln Met Ala Val Pro Val Trp Asp Thr <

. 14/56




405 410
420 425
Gn Tyr
Ile lle
Tyr Tyr
Ay Leu
Ser Val
Gy Ser

415 du Leu Asp G n Gn Lys Arg@u Phe Pro Leu Ay Tyr Lys Thr Phe
430 10/56 ---------- --- 29 Septenber 2006 Gy GQu Qu lle Pro Pro
Ala Ile Gn Val Leu Asp Gu Leu 435 440 445 T9 Septembéri20@@ u Al a
Ala Thr Ay Val Gy Gn Hs Gn Mt 450 455 460 Trp Ala Ala G n
Thr Tyr Lys Arg Pro Arg G n Trp Leu Ser 465 470 475 480 Ser Al a
Gyzﬁa Met Ay Phe Leu Pro Al a AI24AIa Gy 485 490 495 Al a
Al a n Pro Ay Val Val Vval Asp Il Rsp Gy Asp 500 505 510
Phe Leu Met Asn Ile Gn Gu Leu Ala Leu Ile Arg Ile u 515 520

525 'Asn Leu Pro Val Lys Val- Met Val Leu Asn Asn Gn Hs Leu Ay Mt 530

245 %50

Val
Lys %&g

aca
Thr
260

ccg

Pro

cge

Arg

,3'ggc
'-.Gly

888
Gly

"ctg
Leu

© 340

cstoiedr W A S g A RO o
? I : . Arg Val T
N8 By G Bt FpER Y AR PR IR FEO pilaalel A T TR

245 250 : 255

gaa ttg ctt gag cag gtc ttg cgt ctg gtt gge gag tca cgg cge 872

Glu Leu Leu Glu Gln-Vai Leu Arg Leg Val Gly Glu Ser Arg Arg
265 - B - 270 < 275

att ctc tat gte ggt ggt gge tge tct gea tet ggt gac gaa ttg 920
Ile Leu Tyr Val Gly Gly Gly Cys Ser Ala Ser Gly Asp Glu Leu
280 285 200

tgg ttt gtt gag ctg act ggt atc cca gﬂt aba ace éct ctg atg 968_
Trp Phe Val Glu Leu Thr Gly Ile Pro Val Thr Thr Thr Leu Met
295 . . 300 305

cte gge aat tte ccc_agt gac gac ccg ttg'tcc ctg cge atg ctt 1016
Leu Gly Asn Phe Pro .Ser Asp Asp Pro.Leu Ser Leu Arg Met Leu
310 ' 315 ' 320

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

ttg ctt geg ttt ggt gtg cgg ttt gat gat cgt gtg aca ggg'aaai 1112

Leu.LeucAla_Phe‘Gly.Val_Arg Phe-ASp Asp Arg.Val Thr‘Gly_Lysx,.
o sas 350 o35
| S 15/56 o R




580 585 590 Ser Gu Val Arg Ala Ala Ile Lys Lys Met Leu Qu Thr Pro Ay Pro
595 600 605 Tyr Leu Leu Asp Ile Ile Val Pro Hs Gn Qu Hs Val Leu Pro
Met 610 615 620 Ile Pro Ser Gy Gy Ala PheLys Asp Met 29 Seplegiber®ps Gy Asp
Ay 625 630 635 640 Arg Thr Val Tyr <210> 3 <211> 2300 <212> DNA <213>
Oryza sativa 'var. kinmaze <220> <221> CDS <222> (48).. (1979) <400> 3
cccaaacccagaaaccct cg ccgccgccgecgecgeccacc acccacc.atg get aeg 56 Met Ala
Thr 1 12/56 29 Septenber 2006 ace gec gag gcc gcg gcc gcc gcc ctg tee gcc

104 Thr Ala Al a L S Al a Al
gcc g‘%}g g%etgg alﬁg%c?egggﬁﬁgc?ﬁg 344 %E% %&caéﬁgg%é%éagfcagab%aettaace |

get E?g (g}glc ég %gklagsé’r '%r% k¥a lﬁrss I|I|e Veﬁ T—h 916 Ifs I?evﬁl Leu Pro Ala

Arg
- 360 365 370

cba'gca gag att gga aag aac aag caa cca cat gtg tca att tgec geca 1268
~ Pro Ala Glu Ile Gly Lys Asn Lys Gln Pro His Val Ser Ile Cys Ala
375 : 380 385

.‘--;gét‘gtt éag'ctt gct tta cag gge ttg aat get ctg cta caa cag agc 1256
Asp Val Lys Leu Ala Leu Gin Gly Leu Asn Ala Leu Leu Gln Gln Ser
390 - 395 , : 400

‘aca aca aag. aca agt tct gat ttt agt gea tgg cac aat gag ttg gac . 1304
Thr Thr Lys Thr Ser Ser Asp Phe Ser Ala Trp His Asn Glu Leu Asp
405 . 410 ‘ 415

.. cag cag aag agg gag ttt cct. ctg ggg tac aaa act ttt ggt gaa gag . 1352
- Gln 6ln Lys Arg Glu Phe Pro Leu Gly Tyr Lys Thr Phe Gly Glu Glu
420 425 o 430 435

étc cca cCg'Caa’tat gee att cag gtglctg gat gag ctg acg aaa ggt 1400
Ile Pro Pro Gln Tyr Ala Ile Gla Val Leu Asp-Giu Leu Thr Lys Gly
440 445 | 450
o gagigca atEﬁaté{gct~act;ggt gft.ggg-éégrcac;cag“atg tgg geg gea 1448
|~ Glu Ala Ile Ile-Ala Thr 6ly Val Gly Gla His Gln Met Trp Ala Ala .

Cooass 460 o465

Cless




egg gtg ggg gcg gcg gag gtc agg tgc tcg gcg gtg tee ccg gte ace 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 ccg ccg gee acg ccg etc egg ceg tgg ggg Zocsepidiber 1006 Pro
Ser Pro Ala Pro Pro Ala Thr Pro Leu Arg-Pro Trp Gy Pro 55 60 65 gcc gag

~ace age aag gge gag gac ate etc gtg gag gag etg gag egg 206 Ala du Pro
Il L Val 75 80
: gtcaﬁé g%%e/&tag e tégeg%%:"‘%@cgcfgg%ugg@egg%@ tcéé afbg‘{rﬁgggﬁﬁgt Q/gggﬁy val -
S | 9 t
| cteg ﬁi@ ial)g TPEe“BE:Z”ét faysatAérgGg% gi{g A«l'lal‘é pc Ltef‘c er| ?g aGinciICaCEgugag

Thr Arg Ser %o Val- Ile Thr H s Leu Phe 100 5 110 115 age cac gag
cag ggc gag gag tte gcg gag tée gggtae gag age 6 g 440 13156 29 Sept enber
2006 Arg HHs Qu dn Gy Gu Ala Phe Ala Ala Ser Ay Tyr Ala Arg Ala 120
125.130  tee ggc cgc gtc ggg gtc tgc gte gee ace tee gge ccc ggg gca ace

© 488 i%@g@ %cé\rzgtgv% aGH’t ‘é%% &/gg c\é%l g@{ 3ch §eégtgg¥;tpf(9t %t A PS_q" i

140 aac etc gtg tee gcg etc gee gac gcg Cty efC gac te€ gte ccg atg

536 LésGlen1¥aetSETy Al b2y PewvpASPATS allke1hesy AN SEsr Yol Pro Met 150
155 160 gte gee ate acg gge cag gtc cac cgc cgc atg ate ggc ace gac gee

584 - 485 -490 495

| ::i]gcf'aac bca‘ggt gtc aca gtt gtt gat att gat ggg gat ggt age tte 1592
L 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 cgec att gag aac cte cci 1640
"Léu Met Asn Ile Gln 6lu Leu Ala Leu Ile Arg Ile Glu Asn Leu Pro
520 | 525 - 530 -

-gtg aag gtg atg gtg tig aac aac caa cat tig ggt atg gtg gtg caa 1688
‘1';Va1 Lys*Val Met Val Leu Asn Asn Gln His Leu Gly Met Val Val Gln
535 940 b4hs

: JFﬁtg*gag“gat agg ttt tac aag gcg aat agg geg cat aca tac ttg ggc 1736
Leu Glu Asp Arg Phe Tyr Lys Ala Asn Arg Ala His Thr Tyr Leu Gly.
550 556 560

_71‘aac ccg gaa tét'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 SR - |

aagﬁggg:tfc'aat att cct gca:gtclcgt gta aéa'aag aag agt gaa gte H;1832
o 17756 ' o




Val
ttc
Gn
aat
Leu
ttc
“Leu
aag
Ile
230

824

250
Thr
275 p
_Pro
- cgc
Trp

Ala lle Thr Ay An Val Hs Arg Arg Met Ile Ay Thr Asp Ala 165 170 175
cag gag acg ccc,ata gte gag gtc ace cgc tee ate ace aag cac 632 Phe

Gu Thr Pro Ile Val Qu Val Thr Arg Ser Ile Thr Lys 24 septkfiBer886 190 195
tac ctt gtc ctt gat gtg gag gac ate cec cgcgtc ata cag gaa 680 Asn Tyr
VaI LeuAsp Val Qu Asp Ile Pro Arg.Val Ile Adn Gu 200 205 210 gee ttc -

v &7t e Sk Brprbiaay fRce VAl ThE 0 LA 9i6100brb2s ate coc
ate eag cag ca g gee gtg ceg t gggac ace 776 le Pro Lys Asp
%%ﬁ Ao oo e aedl ¥ v Trp gé@ Thr 14/56 29 S2PR enber 2006

235 240 tcg atg aat eta cca ggg tae ate gca cgc ctg ccc aag cca ccc geg
Ser Met Asn Leu Pro Ay Tyr Ile Ala Arg Leu Pro Lys Pro Pro Al a 245

EFY BEQ R0 Do hoGRReCRE M B OB G)-B [ ROERNGATTIS 506 270

AG60 taygat o] t C tc1QC g gaa ttg 920
PFESAE A%ﬁr PRSP %fs %tdg o (ﬂgp%‘}é? Pl Plé N %‘éq“ﬁé}ieu 580 285 290

'tgg ttt gtt gagootg act ggt ate ggg gtt aca ace acgigtg atg 968 Arg

Phe Val Qu Leu Thr Ay Ile Pro Val Thr Thr Thr Leu Met

.gat atc atc gtc ccg cac cag gag cat gtg ctg cct atg ate cca agt 1928
| Asp Ile Ile Val Pro His Gln-Glu His Val Leu Pro Met Tle Pro Ser

615 - 620 : 625

-ggg gge gea tte aag gac atg ate ctg gat ggt gat ggc agg act . gtg 1976

Gly‘Gly Ala Phe Lys Asp Met Ile Leu Asp Gly Asp Gly Arg Thr Val -

630 - 635 , 640

“tat taatctataa tctgtatgtt ggcaaagcac cagcccggdc tatgtttgac 2029

- Tyr

‘.:ctgaétgacc cataéagagt ggtatgecta tgatgtttegt atgtgetcta tcaataacta 2089 .

¥

aggtgtcaac tatgaaccat atgctcttct'gttttacttg tttgatgtgc ttggcatggt 2149

aatcctaatt agcttcetge tgtetaggtt tgtagtgtgt tgttitetgt aggeatatge 2209

atcacaagat atcatgtaag tttettgtec tacatatcaa taataagaga”étaaagfaCt 2269

tctatgcaaa aaaaaaaaaa asaaaaaaaa a B SRR 2300
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295 .. 300 305 ggc etc ggc aat ttc ccc agt gac gac ccg ttg tee ctg cgc atg
ctt 1016 Gy Leu Ay 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 gee Itpp@mberd8@p get gac
1064 Gy Met. His Ay Thr Val Tyr Ala Asn Tyr Ala.Val Asp Lys Ala Asp 325
330 335 ctg ttg ctt geg ttt ggtgtg egg ttt gat gat cgt gtg aca ggg aaa 1112
Leu 4.2%? Lgu Ala Phe Ay Val Arg Phe Asp Asp Arg Val Thr Ay Lys 340 345 350
355 25 29 Septenber 2006 att gag get ttt gca age agg gec aag att gtg

- cac @gifjvgggqatt gat 1160 Ile Gu Ala Phe Ala Ser Arg Ala Lys Ile Val H's
Ile Asp Ile Asp-360 365 370 cca gea gag att gga aag aac aag caa cca

eat .gij@>tppratt tgc gca 1208 Pro Ala Qu.lle Ay Lys Asn Lys Gn Pro H's
Val Ser Ile Cys Ala 375 380 385 .gat gtt aag ett get tta-cag.ggc ttg aat

get i@ >Chpyfnaatags aga. 1RDfmazAsp Val Lys Leu Ala Leu Gn. Gy Leu Asn Ala
~ Leu Leu A n Gn Ser 390 .395 400 aca aca aag.aca agt tet gat ttt agt gca
- tgg cac aat gag ttg gac 1304 Thr Thr Lys Thr Ser Ser Asp Phe Ser Ala Trp
‘H's Asn Gu Leu Asp 405 410 415 cag cag aag agg gag ttt ect ctg ggg tac aaa
act 4400>g4t gaa gag 1352 Gn Gn Lys Arg Qu Phe Pro Leu Gly Tyr Lys Thr
Phe Gly G ud u 420 425 .430 435
Met Ala Thr Thr Ala Ala Ala Ala Ala Ala Ala Leu Ser Ala Ala Ala .

1 ' 5 : 10 15

‘.Thr-Ala Lys Thr Gly Arg Lys Asn His Gln 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 Val-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 6ly Ala
85 | 90 . 95

Ser' Met Glu Ile His Gln Ala Leu Thr Arg Ser Pfo Val 1le Thr Asn
100 1w 110

:-;His_Leﬁ Pﬁe;&fg His Glu-Gin Gly Glu.Aia_Phé-Aié'ﬁlé,Sér‘G1y Tyr'
s oaze T aes
o L 19456 o




ate cca ceg caa tat gee att cag gtg ctg gat gag ctg aeg aaa ggt 1400 |Ile
Pro Pro @n Tyr Ala Ile Gn Val Leu Asp Qu Leu Thr Lys Gy 440 445 450

gag gca ate ate get act ggt gtt ggg cag cac cag atg tgg pcSep@fbert2d8 G u
Ala llelle Ala Thr Ay Val Ay Gn Hs dnMet Trp Ala Ala 455 460 -465
16/ 56 29 Septenber 2006 .caa tat tac ace tac aag egg cca egg cag tgg ctg .
tct tcg get ggt 1496 Gn Tyr Tyr Thr Tyr Lys Arg Pro -Arg G n Trp Leu Ser
Ser Ala Ay 470 475 480 .ctg ggc gca atg gga ttt ggg ctg cct get gca get

ggt g \ y - P a Ala Ala Ay
Al a %2% %%'@%58%2331}’4&&9@1 gﬁweéﬁhégv%]t gqgcggy%{$¥g§t[?gpgto att gat ggg
gat ggt %%@ ttc 1592 Ala fgn Pro Gy Val ThygVal Val Asp Ile Asp.dy Asp
Gy Ser e 500 505 510 515 etc atg aac att cag gag ctg gca ttg ate cgc
att gag aac, etc cct 1640 Leu Met Asn Ile Gn Gu Leu Ala Leu lle. Arg Ile
G u Asn Leu Pro 520 525 530 gtg aag gtg atg gtg ttg aac aac caa cat ttg
oot @y S149 Thr0ASRALO881 Ml ALy I ovakhldBtspV/ah helerIRuASE G- His Leu Gy
Met Val Val Gn 535 540 545 +ttg gag gat-agg ttt tac aag gcg aat agg gcg
‘cat ad§ tac ttg ggc 17350 Leu A u Asp Arkp5 Phe Tyr Lys Algedsn Arg Ala Hi s
Thr Tyr Leu Gy 550 555 560 ‘aac ceg gaa tgt gag age gag ata tat cca gat
'ttt gtg actatt get 1784 ' ‘ '

Val Pro Met Val Ala Ile Thr Gly Gln Val His Arg Arg Met Ile Gly
165 - 176 - o 175 -

Thr Asp Ala Phe Gln Glu Thr Pro Ile Val Glu Val Thr Arg Ser Ile
180 | 185 - . 190

Thr Lys His Asn fyr-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 Giy Pro Val
- 210 215 | 220

~ "Leu Val Asp TIle Pro Lys Asp Ile Gln Gln Gln Met Ala Val Pro Val
298 230 235 - 240

Trp Asﬁ 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 . 265 210

‘;S.ei'?Arg:- Arg ;'Pi‘_o. ‘Iz»le"..‘,'Lé_.}z_" Tyr Val Gly Gly Gly Cys' Ser Ala Ser Gly - |
20056 o o




Asn Pro Qu Cys Qu Ser u Ile Tyr Pro AspPhe Val Thr Ile Ala 565 570 575
aag ggg ttc aat att cct gca gtc cgt gta aca aag aag agt gaa gtc 1832 17156
29 Septenber 2006 Lys Gy Phe Asn Ile Pro Ala Val Arg Vzd Scphembey2006ys Ser
G u Val 580 585 590 595 «cgt gee gcc ate aag aag atg etc gag act cca ggg
cca tac ttg ttg 18380 Arg Ala Ala Ile Lys Lys Met Leu Qu Thr Pro Ay Pro
Tyr Leu Leu $Q0 605 610 gat %ﬁﬁ ate gtc ccg caggeag gag cat gtg ctg cct
atg ate cca agt 1928 Asp lle e Val Pro His Gré? GQu Hs Val. Leu Pro Met

Ile Pro Ser. 615 620 625 ggg ggc gca ttc aag gac atg ate ctg gat ggt gat
agg act gtg 1976 Gy Gy Ala Phe Lys Asp Met Ile Leu Asp Gy Asp

ggc
GIyArAg Thi Mady @3 P40y, 1t &t c tef agagcac cagcccggcc
t at gtttpgacu202u9 gﬁ%%t gaataglac(1:uc%%]%laa]fahgtagtﬁ?1 gglteg?gég?%l ?ggtgﬁ;t gt atgtgcteta

t caat aacpgp 2089 aggt gt caagpd at gaaccat atgctgygct gttttacttg tttgatgtgce
ttggeatggt 2149 aatcctaatt agcttcctgc tgtctaggtt tgtagtgtagt
tgttttctgtaggcatatgc 2209 atcacaagat atcatgtaag tttcttgtcc tacatatcaa

't aat aagaga at aaagtact 2269 tetatgcaaa aaaaaaaaaa aaaaaaaaaa a 2300 18/56

29 SaptrehbeMc200by Il 0y Ase2Phe Pt 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

Ljs'Ala Asp Leu Leu Leu Ala Phe Gly Val Arg Phe Asp Asp Arg Val
- 340 345 o 350

" Thr Gly Lys Ile Glu Ala Phe Ala Ser Arg Ala Lys Ile Val His TIle
355 360 _ 365

~* Asp Ile Asp Pro Ala Glu Ile Gly Lys Asn Lys Gln Pro His Val Ser
. 370 . 315 - 380"

'-'ile-Cys Ala Asp Val Lys Leu Ala Leu Gln GiyiLeu Asn Ala Leu Leu
385 390 395 400

- _Glh Gln Ser Thr Thr Lys Thr Ser.Ser-Asp}Phe:Ser Ala Trp His Asn
| 405 410 s

prlu‘Leu Asp Gln Gln Lys:A:g Giu Phe Pré;Leu Gly Tyr Lys Thr Phe
Coa20 0 aes 0 430

2156




<212> PRT <213> Oryza sativa var. kinmaze <400> 4 Met Ala Thr Thr Ala Al a
Ala Ala Ala Ala Ala Leu Ser Ala Ala Ala 1 5 10 15 Thr Ala Lys Thr Ay Arg
Lys Asn.His G n Arg Hs H's Val Leu Pro 20 25 30 .Al a ArgySdptemnbdr§os/al dy
Ala Ala Ala Val Arg Cys Ser Ala Val 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 y a_Asp Ile Leu: Val 65 70 75 80 Leu Qu Arg Cys Ay
Val §ﬁw g&lp C\AJ‘I& Ibﬁé’rﬁu grqyﬁ;lfPrTéfrdea é19 ‘Alra‘/@é beugksp kv gt Qu Ile H s
An Ala Leu Tt%r Arg Ser Pro % Ile Thr Asn 2 05 110 H s Leu Phe Arg
Hs Gu Gn@% Gu Ala Phe A¥%A1 a Ser @y Tyr44915 120 125 19/56 29

Septenber 2006 Ala Arg Ala Ser Ay Arg Val dy Val Cys Val Ala Thr Ser Gy
Pro 130 135 140 dy Ala Thr Asn Leu Val Ser Ala Leu Ala Asp Ala Leu Leu

i @&F Ir¥4%é]3"58£‘é§5f%g9i U ARL Ol Vobe Al b T BLY @8 Val His Arg

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 Vél Asp Tle Asp Gly Asp -
| 500 505 510

“Gly Ser Phe Leu Met Asn Ile Gln Glu Leu Ala Leu Tle Arg Ile Glu
515 520 525

" .. Asn'Leu Pro Val Lys Val Met Val Leu Asn Asn Gln His Leu Gly Met
" 530 B35 540

Val Val Gln Leu Glu -Asp Arg Phe Tyr Lys Ala Asn Arg Ala His Thr
545 550 o855 560

Tyr Leu Gly Asn Pro Glu CYSfGlu Sér:Gld-Ilé Tyr Pro Asp Phe Val
565 s 575

. fhr Ile Ala Lys Gly Phe Asn Tle Pro'Ala Val Arg Val Thr Lys Lys
| o880 B85 - 500 E
26




Thr
190
200

215

225
Pro
Val
Al a

Asp Ala Phe Adn Gu Thr Pro Ile Val Au Val Thr Arg Ser Ile 180 185
Thr Lys H's Asn Tyr Leu Val Leu Asp Val GQu Asp Ile Pro Arg Val 195
205 Ile On du Ala Phe Phe Leu Ala Ser Ser Ay Arg B Sepfembef2006Val 210
220 Leu Val Asp Ile Pro Lys Asp Ile Gn Gln Gn Met Ala Val Pro Val
230 235 240 Trp Asp Thr.Ser Met Asn Leu Pro Ay Tyr Ile Ala Arg Leu
Lys 245 250 255 Pro Pro Ala Thr GQu Leu Leu Au G@n Val Leu Arg Leu
Ay Gu 260 265 270 Ser Arg Arg Pro IleLeu Tyr Val Gy Ay Ay Cys Ser

P e ROV P e TunBRucn 038 G ekl P G T

Asn Phegg¥o Ser Asp Asp Rggy Leu Ser Leu 304310 315 320 Arg Met. Leu
Met Hs Gy Thr Val Tyr Ala Asn Tyr Ala Val Asp 325 330 .335 Lys Ala
Leu Leu Leu-Ala Phe Ay Val Arg Phe Asp Asp Arg Val 340 345 350 Thr
Lys Ile Gu Ala Phe Ala Ser Arg Ala Lys Ile Val Hs Ile 355 360 365

Ty:e LASPLEE s 16 el Nel @no HYS @D QIYSHG WA Qefrl Brovaet Ser
610 615 620

‘Tle Pro Ser Gly Gly Ala Phe Lys Asp Met Ile Leu Asp Gly Asp Gly
626 - - 630 . © 635 . . 640

-  Arg Thr Val Tyr

<2105 5

C 211> 2294

- <212> DNA

'J:<213>'Oryza sativa var. kinmaze

C <220y
. <921> CDS

222> (48).. (1979)

<400> 5

g cccaaaccca gaa_accctcg cégcc'gccg'c cgécgc’:caccgacocacc atg get acg - 56

Met Ala Thr
B o

: 'acc gcc gcg gcc gcg gcc gcc gcc ctg tcc gCC. gcc gcg acg gcc aag: 104

23/56




370 375 380 Ile Cys Ala Asp Val Lys Leu Ala Leu G n GylLeu Asn Ala Leu Leu

385 390 395 400 G n Gn Ser Thr Thr Lys Thr Ser Ser Asp Phe Ser Ala Trp

H s Asn 405 410 415 du Leu Asp G n Gn Lys Arg G u Phe2Fieptember 200 Tyr

. 'Lys Thr -Phe 420 425 430 21/56 29 Septenber 2006 Ay GQu Qu lle Pro Pro
Gn Tyr Ala Ile An Val Leu Asp Qu Leu 435 440 445 Thr Lys Gy Qu Ala

1I'ly(ra lt‘% ’-LH}? ﬁ?ﬁ‘sAX?lgﬂlgr él?xrfgaeiﬁU%f‘pf : 450 122 “’4 Bsﬁl88 AISgr GlAlna

Gy Leu GI Ala Met Ay Phelégly Leu Pro AIa Aii Ala Ay 485 490 495 Ala
Ser Val Asn-Pro Ay Val “Thr Val Val Asp Ay Asp 500 505 510
Qy. Ser Phe Leu Met Asn Ile Gln Qu Leu Ala Leu Ile Arg Ile Au 515 520
525 Asn Leu Pro Val Lys Val Met Val Leu Asn Asn G n H's Leu Gy Met 530

545 sty #88 l0oR Py eche AR B8 el BBl Rl b 1y 5B S XQL
Phe Malr 399 B 136%4sn His Gln Arg His His Val Leu Pro Ala Arg Gly
20 25 30 35

jcgg gtg ggg geg geg geg gie agg tge tcg geg gtg tec ccg gtec ace 200 .
7‘Arg Val Gly Ala Ala Ala Val Arg Cys.Ser.Ala Val Ser Pro Val Thr - |
40 : 45 - B0

J.f ccg ceg tec ceg geg ccg ccg gee aecg cecg cte cgg ceg tgg ggg ceg 248
o .. Pro Pro Ser Pro Ala Pro Pro Ala Thr Pro Leu Arg Pro Trp Gly Pro
55 60 65

-gec gag cce cgc aag gEe geg gac atc cte gtg gag geg ctg gag cgg 296
.. Ala Glu Pro-Arg Lys Gly Ala Asp Ile Leu Val Giu Ala iLeu Giu Arg
70 ‘ .78 80

‘ l:‘£gc;ggc gtc age gac gtg tte gec tac ccg gge gee geg tcé atg gagt.'344_ '
. Cys Gly Val Ser Asp Val Phe Ala Tyr Pro Gly Gly Ala Ser Met Glu
85 90 95

- atc ¢ac cag gCg ctg acg ch'toc_ccg gt¢ ate acc aac cac cte ttc{ 392“
| Ile His Gln Aia Leu Thr Arg Ser.Pro Val 1le Thr Asn His Leu Phe
100 w5 110 s

e Cgc cac_gag'éag ggc gag gC§'ttc geg gcg'tcc ggg tac_gcgﬁcgdfgcgff 44fofL_.
" Arg His Glu 6ln Gly Glu Ala Phe Ala Ala Ser Gly Tyr Ala Arg Ala~ =
C 24/56 | S




Thr Ile Ala Lys Gy Phe Asn Ile Pro Ala Val Argval Thr Lys Lys 580 585 590
22/ 56 29 Septenber 2006 Ser Qu Val Arg Ala Ala Ile Lys Lys Met Leu Gu
Thr Pro Ay Pro 595 600 605 Tyr Leu Leu.Asp lle |le Val25eptehibe:r 2806 G u
H's Val Leu Pro Met 610 615 620 Ile Pro Ser Ay Ay Ala Phe Lys Asp Met
lle Leu Asp Ay Asp Gy 625 630, 635 640 Arg Thr Val Tyr <210> 5 <211>
2294 <212> DNA <2 Oryza sativa vgr. ki nmaze <220>1 21> CDS <222>
(48):.(1979) <400> ceeaaaccca gaa ggetcg ccgccgecge éeegecaoe aceeaee
atg get aeg 56 Met Ala Thr 1 ace gee gcggcc gcg gee gee gee ctgtee gee
gcc gcg acg gee-aag 104 23/56 ---- - ------ 29 Septenber 2006 Thr Ala Ala

Al a '%Icg é%@ dAg‘lcagé}ls a'gé‘ge'ét§e£gda‘lg%cpﬁ@c ’%lc% I@é gﬂcacl:élsggg gca acc 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 cte 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 gee ate acg gge cag gte cac cge cge atg ate gge acce gac gee 584
Val Ala Ile Thr Gly Gln Val His Arg Arg Met Ile Gly Thr Asp Ala
165 _170 ' : 175

tte cag gag acg ccc ata gtec gag gte acc cge tece atc acc aag cac 632
-.3Phe Gln Glu Thr Pro Ile Val Giu Val Thr Arg Ser Ile Thr L&s'His
- 180 185 190 195

L;,' aat tac ctt gtc ctt gat gtg gag gac atc ccc cge gté‘ata cag gaa. 680
-:;ﬁsn-Tyr Leu Val Leu Asp Val Glu Asp Ile Pro Arg Val Ile Gln Glu
" 200 205 210

_ :ﬂlgbcrttc tte étcrgCg tce teg gge cgt cet gge ccg gtg ctg gte gac 728
' -f Ala Phe Phe Leu Ala Sér Ser Gly Arg Pro Gly Pro Val Leu Val Asp
| 215 220 225

~-atc ccc aag gac atce cag.cag cag'atg-gcc]gtg'ccg'gtc tgg gac acc _7?8
_Tllé-PrQ Lys-Asp Ile Gln:GIn GIn—Mép,Aia ValiPro“Vai Trp. Asp Thr |

230 23 . 240
| osse




5 10 15

Thr
€gg

Val '

cog
Ser
ccc
Arg
age
Asp

Ay
gtg
Ay
tee
Pro
ego

e
al.

acg e

ace
Arg
ggg
Al a
cog
Al a
aag

i 6

ﬁ@@

Arg §@5 . .
gag gcg ttc geg geg tee ggg tae gcg ego gcg 440 Arg His Qu Gn

ggc

Au Ala Phe Ala Al a Ser

gge
Lys
gcg
Al a
gcg
Pro
990

e

A@eaLEM rPr%r 81

e
Pro

cgt aag aac cac
Asn Hs An Arg

geg geg gte agg.

Al a Val'

Arg Cys

cog cog gee aeg
Pro Ala Thr Pro
geg gae ate etc

c%gph a ggg

‘dgee

(640)

VaI Ile'ﬂg5¢s

e%%eﬂﬁtc

0g ggc

gi?&égfie

cag
Hi s
tge
Ser.
cog
Leu
gtg

g%ya

At 9

cga cac cac gte ctt ccc get ega ggc 152
H's Val Leu Pro Ala Arg Ay 20 25 30 35
tog geg gtg tee cog 22 Bepmbe2O6 Ar g
Ala Val Ser Pro. Val Thr 40 45 50 cog
etc egg cog tgg ggg cog 248 Pro Pro
Arg Pro Trp.dy Pro 55 60 65 -gee gag
gag gog ctg gag egg 296 Ala Gu Pro

75 80
1 FI G4 Bhoe Al g oY

¢ ace®aac éaé VF% lﬁé‘ I%gZIQP?I eol—f&?&l ((E;‘Ia(r:l Zﬁg Egg

n Hs Leu Phe

105 110 115 ego cac gag

Ay Tyr Ala Arg Ala 24/56 -- -- - --------

- 29 Sept enber 2006 120 125 130 tee ggc cgc gtc ggg gtc tgc gtc gée

Gy Pro dy Ala T
Thr Glu Leu Leu Glu Gln Val Leu

1260

ceg

Pro

- cge

A }Arg

. ggec

L6ly

ggg

Cctg

. Leu

att.

Ile

tgg

Trp

¢cte

Leu

atg

Met

ttg

Leu Leﬁfgla ?he_

ctc

Leu

ttt

tat gtc

Tyr Val

280

Phe

gtt
Val
295

gag

Glu

ggc

aat ttc

Gly Asn.Phe
- 310

cat
His Gly Thr
325

cft'

340 L

ggc acg

geg ttt

hr

265

ggt

Gly

ctg

Leu.

cCce

Pro

gtg

Val-

.ggt
Gly
345 ;">--

get ggc
Gly Gly

act ggt

Thr

Gly

agt gac

Ser Asp

Arg

tge

Cys

' 4e8 gEF tﬁ:@ccggggageaagcget&&ag S8 dBgy o ERlgal YedNageQyse Valgral a. Thr

Leu Val Gly Glu Ser Arg Arg
270 275

“tet gea tet ggtréac.gaa ttg 920

Ser Ala Ser Gly Asp:Glu Leu

285 290

atc
Ile
300

gac

Asp

315

‘tac gca

Tyr Ala

330

gtg cge

Val Arg

aat

Asn

it
Phe’

cca gtt aca acc act ctg atg 968

Pro Val

Thr

Thr

Thr'Leu Met

305

ccg ttg tee ctg cge atg ctt 1016
Pro Leu Ser Leu Arg Met:Léu
320

tat gce gtg gat aag.gct'gac ) 1064L
Tyr Ala Val Asp.Lys Ala Asp

335

gat gat cgt gtg aca ggg aaa. 1112

Asp Asp Arg Val Thr Gly Lys

350 .. 355

2656




135 140 145 aac etc gtg tee gcg etc gee gac geg ctg etc gac tee gte ceg
atg 536 Asn Leu Val Ser Ala Leu Ala Asp Ala Leu Leu Asp Ser Val Pro Met

150 155 160 gtc gee ate acg ggc cag gtc cac ege cge at (2%Septegler 208 gac
gee 584 Val Ala lle Thr Ay Gn Val Hs Arg Arg.Met Ile Ay Thr Asp Al a
- 165 . 170 175 At e cag gag aeg cec ata gte gag gte ace cge tee ate ace aag
cac

cac 632 (Be. G R, fy. T ggce%%ggg £ 4t 4yl gcégr%gﬂ@a ag st B8t ISETS?T Q'g >
L V. |
(c:;ag ggg gg‘g %@hé};ﬁ ?grt@eg g@% 1?{ee %;Hfgc cg cl{l% g%gccg gt gectgn

gte gac 728 Al a PhgPhe Leu Al a Ser 558f Gy Arg Pro GgrpPro Val Leu Val
Asp 215 220 225 ate ccc aag gac ate cag cag cag atg gcc gtg ccg gtc tgg
gac ace 776 Ille Pro Lys Asp Ile @n An Gn Met Ala Val Pro Val Trp.AspThr
230 235 240 25/56 29 Septenber 2006 tcg atg aat eta cca ggg tac ate gca

CYC Gld £6& ARJaCEqxHCaafdCihcBdds S8l IRl cAsNaiPuchr §tCtecTyEal | @26Ba Arg
- Leu Pro Lys Pro Pro Al.a 245 250 255 aca gaa ttg ctt gag cag gtc ttg cgt ctg

gtt g6 B9 GlealtgGigyLyS87&n Ths G AroUHEOWLI Sed Nl&V@ysLOUa Arg Leu Val
Gy Gu Ser Arg Arg 260 265 270 275
‘ : 375 380 385

_ -'gat-gtt aag ctt get tta cag-'gge ttg aat get ctg cta caa cag. age 1256 -
f‘-Asp Yal Lys Leu Ala Leu Gln Gly Leu Asn Ala Leu Leu Gln Gln Ser
390 395 400

"~ aca aca aag'aca agt tct gét ttt agtrgca‘tgg‘cac aat gag ttg gac 1304
-fThr Thr Lys Thr Ser SerrAsp Phe Ser Ala Trp His Asn Glu Leu Asp
405 . 410 ' . 415

7. .cag cag aag agg gag tit cct ctg geg tac aaa act ttt ggt gaa gag 1352
Gln Gln Lys Arg Glu Phe Pro Leu Gly Tyr Lys Thr Phe Gly Glﬁ Glu
420 45 430 | 435

ra£0'cca ccg caa tat gcc.att cag gtg ctg gat gag ctg acg aaa ggt 1400
‘Ile_Pro Pro Gln Tyr Ala Ile Gln Val Leu Asp Glu. Leu Thr Lys Gly
440 e 445 - . 450

‘-‘_gag gca'atc atc gct act ggt -gtt ggg cag cac cég atg tgg gég gca 1448
.Au:Glu Ala. Ile Ile Ala Thr Gly Val Glf;Gln His Gln Met Trp Ala Ala .
455 460 . 465

‘ . caa tat tab-acc tac aag'cgg ch¥cggfca§ tég ctg tct tcg gct ggt_f-1496:_
| 256 : R




cog att etc tat gte ggt ggt ggc tgc tct gca tct ggt gacgaa ttg 920 Pro lle
Lou Tyr Val Ay Ay Gy Cys Ser Ala Ser Ay Asp Gu Leu 280 285 290 cgc
tgg ttt gtt gag ctg act ggt ate cea gtt aca ace act ctg 2Spp@mBer 200 Trp
Phe Val Qu Lou Thr Ay Ile Pro Val Thr Thr Thr Leu Met 295 300 305 ggc
-etc ggc aat ttc ccc agt. gac gac ccg ttg tcc ctg cgc atg ett 1016 Gy Lou

Ay er_. As o L Lou 310 315 320 ggg
atg ?j(f] Jg T ’ngWra@V@ ‘grgaa{)tmt g{fgg@é' lgr G%H S&égsﬁ‘ét lgablioes Gy Met
Hs Ay Thr I Tyr Ala Asn Tyr7AIa Val Asp Lys§da Asp 325 330 335 ctg ttg
ctt gegttt. jg% gtg egg ttt gat*'dat cgt gtg aca §¢§§ aaa 1112 Lou Lou Lou
Ala Phe Ay Val Arg Phe Asp Asp Arg Val Thr dyLys 340 345 350 355 26/56 29
Sept enber 2006 att gag get ttt gea age agg gcc aag att gtg cac att gac att

£2, i e S AR I B S
P I
2 oAy B G im0 o

‘age 125648Asp Val Lys Lou A Leu G n Ay LegysAsn Ala Leu Leu Gn Gn Ser
390 395400 aca aca aag aca agt tot gat ttt agt gea tgg cac aat gag ttg

‘gae- 1304

| ~get aac cca ggt gtc aca gtt gtt gat att gat ggg gat ggt age tte 1592
N ‘iﬂla Asn Pro Gly Val Thr Val ‘Val Asp Ile Asp Gly Asp Gly Ser Phe
00 505 510 515

_;ctc étg aac att{ cag gag ctg gca ttg até cge att gag aac ctc cct 1640 .
'§ ;Leﬁ 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

. 'i;tgg-éég gat agg ttt tac aag gcg aat agg»g0g3cat aca tac ttg gge %736 _
. ' Trp- Glu ‘Asp Arg. Pﬁe Tyr Lys Ala Asn Arg Ala His Thr Tyr Leu .Gly -
| 550 565 560

aaqfccg;gaa'tgt‘gag agcigag 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 . B75 |

_  ;§ag5ég$?t£§faét att cct gea gte cgt gta aca aagﬂéag.agt ga3 gte 1832
';TLyé'GliTPﬁé;A%h_Ile'Pro'Aia:Val Arg Val Thr Lys Lys Ser Glu Val
L 28056 |




Thr Thr Lys Thr Ser Ser Asp Phe Ser Ala Trp H's Asn Qu Leu Asp 405 410 415
cag cag aag agg gag ttt cot ctg ggg tac aaa act ttt ggt gaa gag 1352 dn
Gn Lys Arg Qu Phe Pro Leu Ay Tyr Lys Thr Phe Gy G u X Septed®er286 430 435
ate cca .cog caa tat goo att cag gtg ctg gat gag etg acg aaa ggt 1400 Ile
Pro Pro @n Tyr Ala lle Gn Val Leu Asp A u Leu Thr Lys Gy 440 445 450

gag gq?@ ate ate get ac gt gtt ggg cag g@i cag atg tgg ge 5gea 1448 Qdu
Al a lle Ala Thr d §8%al Gy Gn Hs Met Trp Ala Al'@455 460 465

caa tat tae ace tac aag egg cca egg cag tgg ctg tot tog get ggt 1496 27/56
29 Septenber 2006 dn Tyr Tyr Thr Tyr Lys Arg Pro Arg Gn Trp Leu Ser Ser

qer Tel G risatc pas oy i, ORE P ettt o e R a8, O
S 5,490 :
gor At AR AROL R Rt W8T EEF ML TP A B O T 0 | 902,%G

- Ser- Phe 500 505 51@ygld> etc atg aacgght cag gag ctg ggppttg ate cge att
gag aac etc cot 1640 Leu Met Asn Ile G n Gu Leu Ala Leu Ile Arg Ile Qu
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 G n His Leu Ay Mt

Val Mad #dcnatc gtc ccg cac cag gag cat gtg ctg cct atg atc cca att 1928
Asp Ile Ile Val Pro His Gln Glu His ValiLeu.Pro Met Ile Pro Ile
T 615 - 620 © 625

"ggg ggc gea ttc‘aag gac atg atc ctg gat ggt gat ggc agg act gtg 1976
S Gly -Gly Ala Phe Lys Asp Met Ile Leu Asp Gly Asp Gly Arg Thr Val

630 635 640

-‘ftat taatctataa tctgtatgtt ggceaaagcac cageccggee tatgtttgac 2029

'jTyr
" ﬂ.ctgaatgacc cataaégagt ggtatgcéta tgatgtttgtiatgtgctcta tcaataagta 2089
.f%égtgﬁcaéc tétgaaccat-atgctcttct.gt£ftacttg tttgatgtge tiggcatggt 2}49':
 ‘faétcctaatt agct?cctgetgtctaggtt tgtagfgtgt~tgttttctgt aggcatatge 220? .

"'_"atcacaagat atcatgtaag'tﬁtcttgtccjtacatatcaa taataagaga ataéagtact-2269"

' tctatgtaéa-aaaaaaaaaa“aaadaur o - 2294




535 540 545 tgg gag gat agg ttt tac aag gcg aat agg geg cat aca tac ttg
ggc 1736 Trp Qu Asp Arg. Phe Tyr Lys Ala Asn Arg Ala His Thr Tyr Leu.dy
550 555 560 aac cog gaa tgt gag age gag ata tat cca gat2%Septegber 2806 at t
get 1784 Asn Pro Gu Cys Qu Ser Qu Ile Tyr Pro Asp Phe Val Thr Ile Ala .
565 570 575 aagggg ttc.aat att cot gca gtc cgt gta aca aag-aag agt gaa gtc
1832 Lés éiy Phe Asn Ile Pro Ala Val Arg Val Thr Lys Lys Ser @ u Val 28156
29 Sé%% A 2006 580 585 590 595 cgt gee gee ate aag aag atg ctc gag act
cca ggg?c tac ttg ttg 18830 Arg Ala, Ala lIle Lys Lys Met Leu Gu Thr Pro
Gy :?&%_LeurLeu 600 605 610 gat ate ate gtc ceg eac cag gag cat gtg
ctg £§§q)ate gc% %tt %9 SnmAgg Ilelle Val Pro HHs An Qu H's Val Leu
Pro |gY5?ofF1g 615620825 ggg ggc gca ttc aag gac atg ate ctg gat
ggt gat ggc agg act gtg 1976 Gy Gy Ala Phe Lys Asp Met Ile Leu Asp Gy
"Asp Ay Arg Thr Val 630 635 640 tat taatctataa tctgtatgtt ggcaaagcac
cagcgf g tatgtttgac 2029 Tyr ctgaatgacc cataaagagt ggtatgccta

- tgatgtttgtatgtgctcta tcaataacta 2089 aggtgtcaae tatgaaccat

- at gojiet tolly PhitHACKYE A1d 9ARUATE AT0ASAt A0 12448er 28hCAIABINA agCt tectge
-~ tgtctaggtt tgtagtgtgt tgttttctgt aggcatatgc 2209 atcacaagat atcatgtaag
~tttcttgtcc tacatatcap taataagaga ataaagtact 2269 15

Thr.Alh Lys Thr Gly Arg Lys Asn His Gln Arg His His Val Leu Pro
20 25 30.

“Ala Arg Gly Arg Va1 G1Y Ala Ala Ala Val Arg Cys Ser Ala Val Ser
35 - 40 45

© Pro Val Thr Pio_Prd Ser Pro Ala Pro Pro. Ala Thr Pro Leu Arg Pro
50 : 55 60

. '.Tfp GIY Pro Ala Glu Pro Arg Lys Gly Ala Asp Tle Leu Val - Glu Ala ;
L s 70 75 o 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
| 100 105 : 110

" His Leu Phe Arg His Glu Gln Gly Glu Ala Phe Ala Ala Ser Gly Tyr
5100 15 -

30/56




t et at gt aaa aaaaaaaaaa aaaaa 2294 <210> 6 29/56 29 Septenber 2006 <211>
644 <212> PRT <213> Oryza sativa var. kinmaze <400> 6 Met Ala Thr Thr Al a
Ala Ala Ala Ala Ala Ala Leu Ser Ala Ala Ala 1 5 10 15 ZXiSepaivheri2p86 Thr Ay
Arg Lys Asn His Gn Arg Hs His Val Leu Pro 20 25 30 Ala Arg Ay Arg Val
Gy Ala Ala Ala vVal Arg Cys Ser Ala Val Ser 35 40 45 Pro Val Thr Pro Pro

Ser T o] T y Pro Ala
pﬂao)&@l&aﬁi Cég{lgkf\la@%sgrafll Vé?g ﬁ[} & gonfgg Sgg (%ISBF 296;@ Leu Qu Arg
c,ys Ay Mgl Ser Asp Val PhggAl a Tyr Pro Ayj@y Ala 85 90 95 Ser. Mt GQu

Ile H's n Ala Leu Thr Arg Ser Pro Val Ile Thr Asn 100 105 110 H s Leu
Phe Arg HHs@u A n Ay.GJu Ala Phe Ala Ala Ser Ay Tyr 115 120 125 30/56
29 Septenber 2006 Ala Arg Ala Ser Ay Arg Val Ay Val Cys Val Ala Thr Ser

@3 y @Tf)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 Arg Arg Met Ile Gly
165 . 10 175

“Thr Asp Ala Phe Gln Glu Thr Pro Ile Val Glu Val Thr Arg Ser Ile
180 - 185 190

'V'Thr‘Lys His Asn Tyr Leu Val Leu Asp Val Glu Asp Ile Pro Arg Val
195 200 205

- Jle Gln Glu Ala Phe Phe Leu Ala Ser Ser Gly Arg Pro Gly Pro Val
- 210 7 2i5 220

- ‘Leu Val Asp Ile Pro Lys Asp Ile Gln Gln Gln Met Ala Val Pro.Val
235 230 . 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 ArguPro Ile LeujTYr=Va1"Gly Gly Gly-Cys?Sér Ala'Séx Gly
915 . 80 285
o © . 31/56 |




130 135 140 dy Ala Thr Asn Leu Val Ser Ala Leu Ala Asp Ala Leu Leu Asp
Ser 145 150 155 160 Val Pro Met vVal Ala lle Thr Ay GlnVal H's Arg Arg
Met Ile Ay 165 170 175 Thr Asp Ala Phe GLn G u Thr Pr o029 Septekfbbr 28D&1 Val

Thr Arg Ser Ile 180 185 190 'Thr Lys His Asn Tyr Leu Val Leu Asp Val Qu
Asp Ile Pro Arg Val 195 200 205 Ile dn GQu Ala Phe Phe Leu Ala Ser Ser
Gy Arg Pro Ay Pro Val 210 215 220 Leu Val Asp Ile Pro Lys Asp Ile @n
Gn Gn Met Ala Val Pro Val 225 230 235 240 Trp Asp Thr Ser Met Asn Leu

Pro r.lle Ala Arg Ley.P ys. 245 250.255.  Pro.P a Thr Au Leu
Leu g‘sé @/Lh Loy, A{%ﬁrﬂr gh‘ig}él\/{éf“ éey éﬁﬁ &%6&%56%1"029%18@&% Arg Pro Ile
;eu_Tyr Gy Ay dy Cy 5Ser Al a Ser Giy3 75 280 285 31/56 29

ept enber” 2006 Asp GQu Leli Arg Trp Phe Val u Leu Thr Ay Ile Pro Val. Thr

Thr 290 295 300 Thr Leu Met Gy Leu Ay Asn Phe Pro Ser Asp Asp Pro Leu
Ser Leu 305 310 315 320 Arg Met Leu Gy Met His Ay Thr Val Tyr. Ala Asn

Tyr . ’le‘ I\./éﬂ M’é‘%prvzieﬁ?’@l@?Pén 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

A‘Thr Gly Lys Ile ‘Glu Ala Phe Ala Ser Arg Ala Lys Ile Vai His Ile
355 . | 360 365

Asp Ile Asp Pr.o Aia Glu Ile Gly Lys Asn Lys Gln Frq His Val Ser
370 . 375 380

A ,-?-Ile CYS Ala Asp Val Ly's Leu Ala Leu Gln Gly Leu Asn Ala Leu Leu
385 390 395 0 400

Gln Gln Ser Thr Thr Lys Thr Ser Ser Asp Phe Ser Ala Trp His Asn
- | 405 410 | 415

_. ' Glu Leu Asp Glm Gln Lys Arg Glu Phe Pro Leu Gly Tyr Lys Thr Phe
_, ,  4203___¢,_‘Q; o as s

“ Gly Glu Glu Ile Pro Pro Gln Tyr Ala Ile Gln Val Leu Asp Glu Lew




Lys
350
360
370
Leu
“Trp
Tyr
Val
Al a
Adn
Al a
Al a
510
520

Ala Asp Leu Leu Leu Ala Phe Ay Val Arg Phe Asp Asp Arg Val 340 345
Thr Ay Lys Ile Qu Ala Phe Ala Ser Arg Ala Lys Ile Val Hs Ile 355
365 Asp Ile Asp Pro Ala Qu Ile Ay Lys Asn Lys G re9%eptehdbar 2008 Ser
375 380 .'lle Cys Ala Asp Val Lys Leu Ala Leu An Gy Leu Asn Ala Leu
.385 390 395 400 On G n Ser Thr Thr Lys Thr Ser Ser Asp Phe Ser Al a
HisAsnéS410415 Au Asp Gn Gn LygsArg Qu Phe Pro Leu Gy
Lys Thr 420 425 430 y Qu Gnlle ProoPro Gn Tyr Alalle Gn
Leu Asp G n Leu 32/56 29 Septenber 2006 435 440 445 Thr Lys Ay GQu
Ilelle Ala-Thr Ay Val Ay @n Hs Gn Met 450 455 460 Trp Ala Ala
Q{f iR 61 rGﬂVEL\IBVPMA‘rIQePA]% Affh(i* G VP Gl UGﬁ?ﬁils‘l@@n‘W& 475 480 Ser
Leu y Ala Met Ay Phe Gy Leu Pro Ala Ala Ala Gy 485 490 495
Ser Ma Ala Asn Pro GagsVal Thr Val Val 48gp Ile Asp Ay Asp 500 505
Ay Ser Phe Leu Met Asn Ile Gn GQu Leu Ala Leu Ile Arg Ile Qu 515
525 Asn Leu Pro Val Lys Val Met Val Leu Asn Asn Gn H's Leu Ay Mt

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 o 525

| _Aéaneu Pro Val Lys Val Met Val Leu Asn Asn Gln His Leu Gly Met

'_Val Val Gln Trp Glu Asp Arg Phe Tyr Lys Ala Asn Arg Ala His Thr

530 | 535 540

545 550 555 . 560

-'Tyr Leu Gly Asn Pro Glu,CYS_Glu SerﬂGlu'Ile Tyr Pro Asp Phe Val -

565 570 575

" Thr Tle Ala Lys Gly Phe Asn Ile Pro Ala Val Arg Val Thr Lys Lys =

s




530 535 540 Val Val Gn Trp Gu Asp Arg Phe Tyr Lys Ala Asn Arg Ala Hi s
Thr 545 550 555 560 Tyr Leu Ay Asn Pro Qu Cys Qu Ser u Ile Tyr Pro
Asp Phe Val 565 570 575 Thr Ile Ala Lys.d yPhe Asn || e PrSptéhnberadé Arg Val
‘Thr Lys Lys 580 585, 590 33/56 29 Septenber 2006 Ser GQu Val Arg Ala Al a
lle Lys Lys Met Leu Gu Thr Pro Ay Pro 595 600 605 Tyr Leu Leu Asp lle

1le Val o H.s, Gn. Gy, Hs Val u Pro Mt .6 615 6 IJe Pro lle Ay
Gy APR ‘é"f sA*ﬁ%g‘lﬁe#l?l@%g&S@ﬁ &eﬁ Iﬂ‘pGélg;ﬂlre%’%Oe%gV éJé’% 640 Arg Thr
Val Tyr <21%> 7 <211> 2294 §é2> DNA <213> O Fl sativa var. kinmaze
<220> <221> 81‘_558- <222> (48).. fﬁ 79) <400> 7 ectaaaccca gaaacccteg

'ccgccgecgc cgccgccace acccacc atg get acg 56 Mt Ala Thr 1

Tyr Leu Leu Asp Ile Ile Val Pro His Gln Glu His Val Leu Pro Met
610 615 | 620 |

Tle Pro Ile Gly Gly Ala Phe Lys Asp Met Ile Leu Asp Gly Asp Gly
625 - 630 635 | 640

- Arg Thr Val Tyr

10> 7
<211> 2294
| <212> DNA

<213> Oryza sativa var. kinmaze

220>
sooqga1> s
222> (48)..(1979)

- <400> T
* cccaaaccea gaaaccotog ¢,cgécg'cc'g¢-cg§'cgccacc acccacc atg get acg 56
'  Met Ala Thr
1

-aCc:gcc_gQg:gcd]gqgfégd écquécsétgltéc'gcc-géc”gcg”acg gcgiagg'ﬁ 104 -
' Thr Ala Ala Ala Ala Ala Ala Ala Leu Ser Ala Ala Ala Thr Ala Lys
S 34/56 o




ace gcc geg gee gcg gee gee gee ctg tee gee gee geg aeg gee aag 104 Thr
Ala Ala Ala Ala Ala Ala Ala Leu Ser Ala Ala Ala Thr Ala Lys 34/56 29
Septenmber 2006 5 10 15 ace gge cgt aag aac cac cag ega HeSeptaberl006ctt ccc
get ega gge 152 Thr Ay Arg Lys Asn His A n Arg Hs Hs Val Leu Pro Ala
Arg Ay 20 25 30 35 egggtg ggg gcg geg gcggtc agg tgc tcg gcg gtg tee ccg
gtc ace 2 Arg val Qy AH% Ala Ala vVal Arg gys Ser Ala Val Ser Pro Val

Thr 40 4550 " ccg ccg tee ccg geg ccg ccg gee aeg ccg etc cgg ccg tgg ggg
ceg 248 'Pro Pro Ser Pro Ala Pro Pro Ala Thr Pro Leu Arg Pro Trp Gy Pro 55

60 65 .gcc gag Cee cgc aag gge gcg gac ate etc gtg gag gcg ctg gag egg 296 -
%co %gaé’élsaag Xa(:A‘I(?agAéEa léa% bey Mal @rucd gckedy O AT 9150 75 80

tgc gge gtg tte ceg ggc ggc geg tee atg.gag 344 Cys
Ay Yal &8 & %?pLs)@lAslﬁhﬁlﬁl(ﬁnTng Rﬁ% By @1y 1ehapReniVeir&eyy85 90 95 ate
cac cag.geg ctg aeg ege tee ceg gtc ate ace aac cac etc ttc 392 Ile H's

G n Abg Leu Thr Arg Serg&%o Val Ile Thr Agn Hs Leu Phe 1085105 110 115
- cgc cac gag cag gge gag gcg tte geg gcg tee ggg tac.geg cge geg 440 Arg
Hs Gu @n Ay Gu Ala Phe Ala Ala Ser Ay Tyr Ala Arg Ala 120 125 130
. 35/ 56 .
.cgg gtg gegg gcg geg geg gte agg tge teg geg gtg tec ceg gte ace - 200

CArg Val Gly Ala Ala Ala Val Arg Cys Ser Ala Val Ser Pro Val Thr
40 45 S 50

ng ccg‘_tcc ccg geg cCg cCg geo acg ccg ctc cgg cecg tgg gge ceg 248
Pro Pro Ser Pro Ala Pro Pro Ala Thr Pro Leu Arg Pro Trp Gly Pro
55 60 | 65

; . gCC gag cce cgé aag ggc geg gac atc cte gtg gag gcg ctg gag cgg: 296

"Ala.Glu Pro Arg Lys Gly Ala Asp Ile Leu Val Glu Ala Leu Glu Arg

- tge gge gtc age gac gtg ttc gec tac c.cg gge ggb gcg -tece atg gag 344
| ~ Cys Gly Val Ser Asp Val Phe Ala Tyr Pro Gly Gly Ala Ser Met Glu
g5 . 90 95

: ""atc cac Eag._'gcg ctg acg cge tec ccg gte atc acc aac cac cte tte 392
" Tle His Gln Ala Leu Thr Arg Ser Pro Val Ile Thr Asn His Leu Phe
©100 108 110 115

.' cge cac gag cag gge gag"gcg-ttc geg geg tcc_ ggg tac . geg cge ggg' 440
. Arg H.i-s' Glu Gln Gly Glu Ala Phe Ala _Aia Ser Gly Tyr Ala Ai"g Ala

120 . 125 AP 130
| 3556 -




29 Septenmber 2006 tee ggc ego gtc ggg gte tge gte gee ace tee gge ccc ggg
gea ace 488 Ser Ay Arg Val Ay Vval Cys vVal Ala Thr Ser Ay Pro Ay Ala

~Thr 135 140 145 aac etc gtg tee geg etc gee gac geg ct (pedcptefiber X068 gt c
ccg atg 536 An Leu Val Ser -Ala Leu Ala Asp Ala Leu Leu Asp Ser Val Pro Met

150 155 160 gte gee ate aeg ggc cag gtc cac cgc cgc atgate ggc ace gac gee
584 Val Ala lle Thr Ay Gn Val Hs Arg Arg Met Ile Ay Thr Asp Ala 165

170 175 tte cag gag aeg ccc ata gtc gag gte ace cgc tee ate ace aag cac 632
Phe Gn GQu Thr Pro Ile Val Gu Val Thr Arg Ser Ile Thr Lys Hs 180 185 190
195 & gtg&cc%‘f 815t BERECohEC diG §aY Hdc '4PeSRTECOCHEE HE afa cﬁé gaa 680

oot (e F3Ye® gl PR edgbund gt radoSeP B 5D el e Thae 720 Aa Phe
- Phe Leu Al a Ser 1§§g dy Arg Pro gé%OPro Val Leu VaI1 p 215 220 225 ate

ccc aag gac ate cag cag atg gtg ccg gtc tgg gac ace 776 lle Pro
Lys Asp Ile Gn GlnAn Met Ala Val Pro Val Trp.Asp Thr 230 235 240 36/56

29 Septerrber 2006 tog atg aat eta cca ggg tac ate gea ego ctg ccc aag cca

o ZIC; ' 250 %&c%&@%@&&é{: R&Q &é’ OF ckledd 38 Grd-eUgPhpg LYS3Bro Pro
o _.Asn Leu Val Ser Ala Leu Ala Asp Ala Leu Leu Asp Ser Val Pro Met
| 150 155 160

gte gee ate acg gge cag gte cac cge cge atg ate ggc acc gac gcc 584
- Val Ala Ile Thr Gly Gln Val His Arg Arg Met Tle Gly Thr Asp Ala
165 170 175

ﬁtté cag‘gag acg ccc ata gtc gag gte acc cge tcé ate acc-aag dac 632
‘.Pﬁe Gln Glu Thr Pro Ilé Val Glu Val Thr Aig.Ser Ile Thr Lys His
" 180 185 180 195

'  ;_aat tac ctt gtec ctt gat gtg,gag'gad atc cce cge gte ata cag gaa --680
f‘Asn Tyr Leu Val Leu Asp Val Glu Asp Ile Pro Arg VallIle'Gln-Glu'
| 200 .. 205 210

" ‘gec tte tte cte geg tec teg gge cgt cct gge ceg gtg:étg gte gac 728
+ “Ala Phe Phe Leu Ala Ser Ser Gly Arg Pro Gly Pro Val Leu Val Asp
215 -~ 220 o2z

:étcl¢cc aag gaé atc cag cag cag atg-gcc gtg ccg*gtc'tég géc‘acc* '776
" Ile Pro Lys Asp Ile Gln 6In.Gln Met Ala Val Pro Val Trp Asp Thr
230 288 20

“ 36/56




gag

gaa ttg ctt gag cag gtc ttg cgt ctg gtt ggc gag tea egg cgc 872 Thr
Leu Leu Gu dn Val Leu Arg Leu Val Ay A uSer Arg Arg 260 265 270 275
att etc tat gtc ggt ggtggc tgc tct gca tet ggt gac gEeSepteb&2006 Pro |11l e
Tyr Val Ay Gy Gy Cys Ser Ala Ser Ay Asp Qu Leu 280 285 .290 cgc
ttt gtt gag ctg act ggt ate cca gtt aca ace act etg atg 968 Arg Trp

ggl %%’ etucIQrccg gt?acp %ég ;E? g{% c-gara %%c@@&cg %gigg%éﬁm gge

e CcCc ag ac gac ctg cygc atg ct Leu
AR ﬁ@@ @nOL%rpr%sm{;\SPnPwe Lel, %% L&Y PRLIL Metprlhepr 314 ;315 320 gggat g
ggc a tae gca aat’ tat gee gtg gat aag get gac 1 4 Gy Met His

Thr y@g Tyr Al a Asn Tygs0Al a VaI Asp Lys oBkka Asp 325 330 335 ctg ttg

.gcg ttt ggt gtg egg ttt gat gat cgt gtg aca ggg aaa 1112 Leu Leu Leu

Phe dy Val Arg Phe: Asp Asp Arg Val Thr Gy Lys 340 345 350 355 att
get ttt gea age agg gee aag att gtg cac att gac att gat 1160 37/56 29

Sept ephesaRAAG ctt gdd dadl @ cPheg Al Ser Atg ghbagdy tchl egd/algeH sgid e Asp Ile

Asp

“tac

‘Al a
cag

360 365 370 cca gca gag att gga aag aac aag caa cca cat gtg tca att

gha D03 .euPLen Alla Gln VdleL&h yArgyfeAsYull BpidyGhilu Beo Aks A¥gl Ser 1le Cys
375 380 385 gat gtt -aag ctt get tta cag ggc ttg aat get ctg cta caa
26@ 1256 265 270 275 .

"écg'att c¢te tat gte ggt ggt -gge tge tct gca tct ggt gac gaa ttg 920

" Pro Ile Leu Tyr Val Gly Gly G1y7C§s'Ser Ala Ser Gly Asp Glu Leu

280 | 285 290

hégc tgg ttt git 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

. ggc ctc ggc aat ttc cce agt gac gac ccg ttg tec ctg cge atg ctt 1016

“Gly Leu Gly Asn.PherPfo Ser Asp Asp Pro Leu Ser Leh-Arg Met Leu

310 ' 315 320

- ggg.atg cat ggc acg gtg tac geca aat tat gcc gtg gat aag get gac 1C64-

' ‘Giy Met Hié’GlY Thr Val Tyr‘Ala Asn Tyr Ala Val Asp Lys Ala Asp

325 330 335

' Qctg ttg ctt”gcg ttt ggt gtg cgg ttt gat gat cgt gtg aca ggg aaa ~ 1112

| '-teu Leu Leu Ala PheiG1y Ya1 Arg Phe Asp Asp Arg Val Thr Gly Lys-

| 340 - . 345 350 - - - 355

att gag éct_ Tttt gt‘:_a_"agc'_agg-'gcc‘:‘ aag att gtg cac att gac att gat 1160

37/56




Asp Val Lys Leu Ala Leu Gn'dy"Leu Asn Ala Leu Ldu Gn Gn Ser 390 395 400

aca
Thr
-c¢ag,
Adn
ate
Pro
gag
Al a
caa

aca aag aca agt tct gat ttt agt gca tgg cac aat gag ttg gac 1304 Thr
Lys Thr Ser Ser Asp Phe Ser Ala Trp H's Asn Qu Leu 2&PepdiibedA06415

cag aag agg gag ttt cet ctg ggg tac aaa act ttt ggt gaa gag 1352 dn.
Lys Arg Gu Phe Pro Leu Gy Tyr Lys Thr Phe Ay GQu GQu 420 425 430 435

cca ceg caa _tat gcc att cag gtg ctg gat gag . ctg acqg aaa ggt 1400 Ile
J b i d1

Al GlR Aa PheaAls eety dravdila brs Adg e [TarAsyd e §sma0 445 450
gea.atc ate get_agctggt gtt ggg c cac cag atg tgg gcg gea 1448 Qdu
e Ile Ala Thr3®ly Val Ay Gn Gn Met Trp Al @78 a 455 460 465

tat tac ace the aag egg cea egg cag tgg ctg tct tcgget. ggt 1496 Gn
Tyr Thr Tyr Lys Arg Pro Arg Gn Trp Leu Ser Ser Ala Gy 38/56 -
----------- s s --------- ------ 20 470 47 0 ctg

£ -. S pten%er 200@ izég
§&8 8% FF 2B FuGPE T CAPEGRT° §ER GRY B LGBttt BGt 554 eu Ay
Vb S SREEbIG e Ol g b A Y hesterlrddRs o, 20,07 5%

gtc aca ¢ gdg da age

~Val Thr Val g¥gl Asp Ile Asp Gy Asp Ay Ser Phe;00 505 510 515 etc
) aac att cag gag ctg gea ttg ate cgc att gag aac etc cct 1640

gat gtt aag ctt gct tta cag gge ttg aat get ctg cta caa cag age 1256

. -Asp V&l Lys Leu Ala Leu Gln Gly Leu Asn Ala Leu Leu Gln Gln Ser

390 395 400

‘aca aca aag aca agt tet gat ttt agt gca tgg cac aat gag ttg gac - 1304 -

'“‘ fThr Thr Lys Thr Ser Ser Asp Phe Ser Ala Trp His Asn Glu Leu Asp

. 405 a0 415

- cag cag aag agg gag ttt cct ctg ggg tac aaa act ttt ggt gaa gag = 1352

--'Gln Gln Lys Arg Glu Phe Pro Leu Gly Tyr Lys Thr Phe Gly Glu Glu
Co 420 425 430 | 435

~ -atc¢ cea ccg caa tat gec.att cag gtg ctg gat gag ctg acg aaa ggt 1400

‘Ile Pro Pro Gln Tyr Ala Ile Gln Val Leu Asp 6lu Leu Thr Lys Gly

440 . 445 450

'}gag”gca.atc atc gect act: ggt gtt ggg cag cac"cag atg tgg gcg gca ' 1448 -

" 6lu Ala Ile Ile Ala Thr Gly Val Gly Gln His Gln Met Trp Ala Ala

455. 460 465

' ‘caé tat_téc'acc tac aag cgg'cca3cgg cag tgg ctg tet fcgigctaggt:dﬁi496 ?5“

K Gln-TYr‘Tyr'Thr Tyr-Lys.Arg_Pro‘Arg_Gln Trp Leu Ser Ser Ala Gly:f ' ,:="  fﬂfﬁg» 

38/56




Leu Met Asn Ile Adn GQu Leu Ala Leu Ile Arg Ile Gu 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 Lou Asn Asn A n Hs Leu Gy Mt Val Val 19 Sepkdbe2006 545
ttg gag gat agg ttt tac aag geg aat agg geg cat aca tac ttg ggc 1736 Leu
G u Asp Arg.Phe Tyr Lys Ala Asn Arg Ala H's Thr Tyr Leu Ay 550 555 560
‘aac ceg gaazlégt gag age gag at?Etat cca gat ttt4 g act att get 1784 Asn
Pro Gu Ser Au lle Pro Asp Phe Val r lle Ala 565 570 575 aag
ggg ttc aat att cct gca gtc cgt gta acaaag aag agt gaa gtc 1832 Lysdy Phe
Asn Ile Pro Ala-Val Arg Val Thr Lys Lys Ser du Val 580 585 590 595 39/56

R e I et r t c te .aags atg ctc
gag 88? & gﬁﬁga%§gﬁagt%tg§% ?gg rﬁgp%c gg%g%QAth?%cQ ch? {tfa l\/é?lﬁﬁeu Gu
Thr Pr ;e 6 taqat t28 .0 cac cag gag.
R R O F L I A SR
Val Leu ‘fgg) Met IIe Pro 1180615 620 625 gggoggc' gca ttc aag gac atg. ate
ctg gat ggt gat ggc:agg act gtg 1976 Gy Ay Ala Phe Lys Asp Met Ile Leu
- Asp Gy Asp Gy Arg Thr Val 630 635 640 tat taatctataa tctgtatgtt
ggcaaagcac cagcccggcc tatgtttgac 2029 ' '

get aac cca ggt gtc aca gtt gtt gat att gat ggg gat ggt age ttc 1592

'Ala Asn Pro Gly Val Thr Val Vaerép Ile Asp Gly Asp Gly Ser Phe
500 805 - . . 510 -~ 515

_ctc-atg-aaC‘aft cag gag ctg gca ttg atc cge att gag aac cte 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
| 53 540 545

; ftg gag gat agg ttt tac aag gcg aat agg geg cat aca tac ttg gge 1736
o :Leu Glu Asp Arg Phe Tyr Lys Ala Asn Arg Ala His Thr Tyr Leu Gly
| 550 . 555 : 560

. aac ccg gaé tgt gag age gag ata tat cca gat ttt gtg act att get 1784
Asn Pro Glu Cys,Glu.Sér Glu Ile Tyr Pro Asp Phe Val Thr Ile Ala -
565 . 570 : 575

- aag ggg tte aat.att cctﬁgc_\a’..gtc_‘cgt gta aca aag aag agt gaa g‘t..c._ 1832
g LYS, Gly Phe Asn Ile Pro Ala Val Arg Val Thr Lys Lys Ser Glu Val .
s s 590 s
. | 39/56 I




Tyr ctgaatgacc cataaagagt ggtatgccta tgatgtttgt atgtgctcta tcaataacta 2089
aggt gt caac tatgaaccat atgctcttct gttttacttg tttgatgtgc ttggcatggt 2149
aatcctaatt agcttcctgc tgtctaggtt tgtagtgtgt tgttttctgt agpRepteabeg0@z09
at cacaagat atcatgtaag tttcttgtcc tacatatcaa taataagaga at.aaagtact 2269
tct at gt aaa aaaaaaaaaa aaaaa 2294 <210> 8 <211> 644 40/ 56 29 Sept enber 2006
<212> PRT <213> Oryza sativa var. kinmaze <400> 8 Met Ala Thr Thr Ala Al a
Ala Ala Ala Ala Ala Leu Ser Ala AIa Al a 1 5 10 15 Thr Al a Lys Thr Gy Arg

Lys Asn Hs & H H Vi P 25 3

Aly:t ,&Eg &éc‘:\ g\ciéiln %%aé@a%@r F \)gfﬂg §<r3 g%g g%a é’dﬁ% ng tﬁ# =) %o Ser
Pro Al R Th L 0 Ala du P
wao tye HYMraTe i il etvgﬁué% TP P39 B P L6 g s ay
Val Ser Asp Val Phegfla Tyr Pro Ay ghy Ala 85 90 95 e Met GQu lle H's
dn Ala Leu Thr Arg Ser Pro Val Ile Thr Asn 100 105 110

' gatlétc‘atc gte cecg cac cag gag cat gtg ctg cct atg atc cca att 1928
- Asp Ile Ile Val Pro His Gln Glu His Val Leu Pro Met Ile Pro Ile
615 620 o 6256
 'é€g:ggc'gca ttc'aag-gac atg atc ctg gat ggt gat ggcfagg act gtg 1976
.3'_ Gly Gly Ala Phe Lys Asp Met Ile Leu Asp Gly Asp Gly Arg Thr Val

630 | 635 640

,'tat taatctataa tetgtatgtt ggcaaagcaé CagCCngccrtatgtttgag. . 2029

. Tyr
.ctgaatgacc»cataaagagt.ggtatgcpta.tgatgtttgt atgtgetcta téaataacta‘éOgg_
-; .5gggtgtcaac'tatgaaccat atgetcttet gttftécttg tttgatgtgc,tfggcatggt.2149_
Aéétécfaétt agcttcctgﬁ tgtpféggtt tgtagtgtét tgttttctgt-agécatatgc.2209
.étcabaagat atcafgtaag tttcttgtCC'tacétatcaa taatgaggga 3t?aagt30t“2269
‘ tctafgtaaa aaaaaaaada aaaaa | | o o 2294

3“.:<21o> 8

"__<211> 644 | Ty
- 40/56




H's Leu Phe Arg HHs Qu Gln Gy Qu Ala Phe Ala Ala Ser Ay Tyr 115 120
125 Ala Arg Ala Ser Ady.Arg Val@y Val Cys Val Ala Thr.Ser dyPro 41/56 29
Septenber 2006 130 135 140 Ay Ala Thr Asn Leu Val Ser 2 Septesiber086 Asp Al a
Leu Leu Asp Ser 145 150 155 160 Val Pro Met Val Ala Ile Thr Ay G n Val
Hs Arg Arg Met Ile @y 165 170 175 Thr Asp Ala Phe A n GQu Thr'Pro Ile
Val ' %rzyalj TThr Arg Ser Ile 180 185 190 Thr Lys His Asn Tyr Leu Val Leu
Asp LFASp Ile Pro Arg Val 195 200 205 .Ile Gn @u Al a Phe Phe Leu

Al a y._A Pro. . G,y. Pro Val 210 215 220 Leu Val Asp Ile Pro Lys
Asp ??&3%ﬁﬁwg%n$€§ﬁ“h€?rAﬂé ar®Pro Val 225 230 235 240 Trp Asp Thr. Ser

Met Asn Leu Pro Ay Tyr Ile Ala Arg Leu Pro Lys 245 250 255 Pro Pro Ala
Thr Gu Leu Leu Gu Gn Val Leu Arg Leu Val Ay Qu 260 265 270 Ser Arg
Arg Pygodle Leu Tyr Val Gy @y Gly Cys Ser Ala Ser Ay 275 280 285 42/56
29 Septenber 2006 Asp. GQu Leu Arg Trp Phe Val GQu Leu Thr Gy Ile Pro Val

Thr ¥BE Ala Thr Thr Ala Ala Ala Ala Ala Ala Ala Leu Ser Ala Ala-Ala
1 5 10 15

- Thr Ala Lys Thr Gly Arg Lys Asn His Gln 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 Val 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.Giu_hrg Cys Gly Val Ser Asp Val Phe Ala Tyr Pro Gly Gly Alé'
- | 85 | .90 95

Ser Met Glu.lle His Gln Ala Leu Thr Arg Ser Pro Val Ile Thr Asn
- 100 _ 105 110

' His Leu Phe Arg His Glu 61n.Gly Glu Ala Phe Ala Ala Ser Gly Tyr
| s 120 125

" Ala Arg Ala Ser Gly Arg Val Gly Val Cys Val Ala Thr Ser Gly Pro .
e Arg Ala Se ST s @ i ser By Fro




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 dy Thr Val

Tyr.

Ala Asn Tyr

Ala Val Asp 325 330 335 Lys Ala Asp Leu Leu Leu Al a Phe29Gheptexbkr 2006) Phe
Asp Asp Arg Val 340 345 350 -Thr Ay Lys Ile Qu Ala Phe Ala Ser Arg Al a
Lys Ile Val His Ile 355 360 365 Asp Ile Asp Pro Ala Qu Ile Ay Lys Asn
Lys Leu Ala Leu
Gn dy Lé¥ Asn Ala Leu Let® 385 390 395 400140G n G n Ser Thr Thr Lys Thr
Ser Ser Asp Phe Ser Ala Trp His Asn 405 410 415 du Leu Asp Gn G n Lys

Lys Gn Pro H's Val Ser 370 375 380 Ile Cys Ala. Asp Val
Arg

dn 2@% 450 455 460 T‘r}gOAI a Ala: dn Ty;s%yr Thr. Tyr. Lys
-~ G@n “Leu Ser 465 470" 475 480 Ser A
Leu Pro Ala Ala Ala Gy 485 490 495

:Val Pro Met Val Ala Ile Thr Gly Gln Val His Arg Arg Met Ile

Sont GiBcfTa s ash e, L tiSeraita b A1 FFE AfEoDetrien 1Rp,

y Leu Ay Al a

Gly

165 170 175

| Thr Asp Ala Phé Gin Glu Thr Pro Ile Val_Glu'Val_Thr Arg Ser
180 185 190

" Thr Lys His Asn Tyr Leu Val Leu Asp Val Glu Asp Ile Pro Arg
| 195 200 | 205

Ile Gln Glu Ala Phe Phe Leu Ala Ser Ser Gly Arg Pro Gly .Pro
210 | 215 220

A-'Leu-Val Asp Ile Pro-Lys Asp Ile Gln Gln Gln Met Ala Val Pro
225 230 - | 235

7'*Trp‘Asp Thr Ser Met Asn Leu Pro Gly Tyr Ile Ala Arg Leu Pro
245 o280 255

Pro-Pro'Ala Thr Glu Leu.Leﬁ Glﬁ Gln Val LéulArg Leu Val Gly
260 285 270

Ser Aré'Arg_Pfd Ile_Leu Tyr'Va1fG1Y'G1§ Gly Cys Ser-Ala Ser

o a2s6

Ile

Val

Val

Val

240

Lys

Glu

Gly

Phe Pro Leu Ay Tyr Lys Thr Phe 420 425 430 Gy Qu Au lle Pro
3/56 29
Ay dn Hs

2y

Pro.. Arg

Gy Phe Ay




Ala Ser Val Ala Asn Pro Ay Val Thr Val Val Asp Ile Asp Gy Asp 500 505
510 Ay Ser Phe Leu Met Asn Ile @n Gu Leu Ala Leu Ile Arg Ile.du 515
520 525 Asn Leu Pro Val Lys Val Met Val Leu Asn Asn G n2d-Bstdntber 8Dy Met
530 535 540 'Val-Val @n Leu Gu Asp Arg Phe Tyr Lys Ala Asn Arg Ala Hi s
Thr 545 550 555 560 Tyr Leu Ay Asn Pro Qu Cys Qu Ser Gu Ile Tyr Pro

Asp Phe 565. 57 Al a_ L A y. Phe nlJe o Ala Val Arg
Var P ?{@‘é k%ﬂrgsg‘%é’gesggfgé éeﬁw%,&?fgym }rﬂfﬁal@rﬁ Tlys Met Leu
d uThr-. P%g Gy Pro 44/56 %& Sept enber 2006 %;Z(?S 600 605 Tyr Leu Leu Asp
llelle P Pro Hs Gn QfH s Vval Leu Pro 610 615 620 Ile Pro Ile

Ay @y 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>

<223Thpeﬁ_&rx i»met‘ti @Tyoﬂcelﬁf}tﬂf}&&{ EtheSPW%(}eﬂsBrAéBarPro 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

. “Thr Gly Lys Ile Glu Ala Phe Ala Ser Arg Ala Lys Ile Val His Ile
355 360 365

Asp Ile Asp Pro Ala Glu Ile Gly Lys Asn Lys Gln Pro His Val Ser
| 380

48]
=
)

370
"'".;-.Ile Cys Ala Asp Val Lys Leu Ala Leu Gln Gly Leu Asn Ala Leu Leu

385 | 390 395 | 400

'VGln" Gln Ser Thr Thr Lys Thr Ser Ser Asp Phe Ser Ala Trp His Asn
405 410 415

N - Glu Leu Asp Gln Gln Lys Arg Glﬁ Phe Pro Leu Gly Tyr Lys Thr Phe
420 . _ 425 , : 430

.. Gly Glu Glu Ile Pro Pro Gin Tyr Ala Ile Gln Val Leu Asp Glu Leu
o as . a0 s
o | 43/56 .




<400> 9 gctctgctac aacagagcac a 21 <210> 10 <211> 21 <212> DNA <213>
Artificial Sequence 45/56 29 Septenber 2006 <220> <223> Descri ption of
Artificial Sequence:primer <400> 10 agtcctgcca tcaccat ceeSejtember 20840> 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: prinmer <400>12
Thr Lys Gly Glu Ala Ile Ile Ala Thr Gly Val Gly Gln His Gln Met

450 . ' 455 460

Trp Ala Ala Gln Tyr_rfr 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'Pré Ala Ala Ala Glyr
| 485 . - - 490 : 495

 A1é;Ser Val Ala Asn Pro Gly Val Thr Val Val Asp Ile Asp Gly Asp
500 505 510

Gly Ser Phe Leﬁ.Met Asn Ile GIn 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

'.fﬁal Val Gln Leu Glu Asp Arg'Phé'Tyr Lys Ala Asn Arg Ala His Thr
545 550 - 555 560

"_'Tfr-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 oos8s 590

' Ser Glu Val Arg Ala Ala Ile Lys Lys Met Leu Glu Thr. Pro Gly Pro -
T a6 o - R




caacaaacca gcgcaattcg tcacc 25 46/56 29 Septenber 2006 <210> 13 <211> 18
<212> DNA <213> Artificial Sequence <220> <223>-Description of Artificial
Sequence: prinmer <400> 13 catcaccaac cacctctt 18. .- <210>9lgkpredibde208d <212>
DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: prinmer <400> 14 aactgggata ccagtcagct ¢ 21 <210> 15 <211> 16
<212> DNA 475/ 6 29 Septenber %886 <213> Artifi %iO§I Sequence <220> <223>
Description Artificial Sequence: priner

Tyr Leu Leu Asp Ile Ile Val Pro His Gln Glu His Val Leu Pro Met
610 - 615 : 620

'Tle Pro Ile Gly Gly Ala Phe Lys Asp Met Ile Leu Asp Gly Asp Gly
625 630 635 o 640

"Arg Thr Val-Tyr

210> 9
K21 21
7¢212> DNA

£213> Artificial -Sequence

4220>

 <923> Description of Artificial Sequence:primer

44005 9

~ gctetgetac aécagagcac a. o o 21

210> 10
211> 21_-] o
<212> DNA

. <218> Artificial Sequence

. 45056




<400> 15 tgtgcttggt gatgga 16 <210> 16 <211> 22 <212> DNA <213>

Artificial Sequence <220> <223> Description of Artificial Sequence: priner

<400>16-t caaggacat gatcctggat gg 22 <210> 17 <211> 18 2Pdcptendbdi06213>

Artificial Sequence <220> <223> Description of Artificial Sequence: prinmer

48/56 29 Septenber 2006 <400> 17 cagcgacgtg ttcgccta 18. <210> 18 <2.11>
<§éﬁ> DNA <213> Artificial Sequence <220> <223> Description of

Artlf Al Sequence: priner <400> 18

<223> Description of Artificial Sequence:primer

<400> 10

agtectgeca tcaccatcca g - . 21

<210 11
<211>:19
- <212> DNA
" <213> Artificial Sequence

o ¢220>

- 4223> Description of Artificial Sequencelprimer'

<400> 11

.. ctgggacacc tcgatgaat _ ‘19

<2105 12
©<211> 25
| <212> DNA

- <213> Artificial Sequence

<220>

©<223> Description of Artificial Sequence:primer

e <4oo> 12
'~.caacaaacca gcgcaattcg tcacc o o '_f . ' '_ _1.;  25.
' DR - 46/56 ' S




ccaccgacat agagaatc 18 <210> 19 <211> 18 <212> DNA <21'3> Artifici al
Sequence <220> <223> Description of Artificial Sequence: prinmer <400> 19
acacggactgcaggaata i 8 <210> 20 49/56 29 Septenber 2006 26@hkmbdR06212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial

Sequence: prinmer <400> 20 .ttacaaggcg aatagggc 18 <210> 21 <211> 17 <212>
DNA <213> Artificial Sequence = <220> <223> Description of Artificial
Sequence: primer <400> 21 gcatettctt gatggcg 17

210> 13
<211> 18
¢212> DNA

© <213> Artificial Sequence

<220>

o <223>“Deséription of Artificial Sequenceiprimér

<400> 13

~ catcaccaac cacctett 18,

- <2105 14
<211 21
<212> DNA

.¢213> Artificial Sequence

<o

'.§223> Desbription of Artificia1 Seduence!primer"

- <400> 14

aactgggata ccagtcaget ¢ ' S _ 21

<2105 15

. <11> 16

. <212> DNA _
o 47756




<210> 22 <211> 18 <212> DNA <213> Artificial Sequence <220> 50/56 29

Sept enber 2006 <223> Description of Artificial Sequence:priner <400> 22
atgcat ggca cggtgtac 18 <210> 23 <211> 17 <212> DNA <24BGepfirbed 1006 al
Sequence. <220>. <223> Description of Artificial Sequence=priner <400> 23
gattgcctca cctttcg 17 <210> 24 <211> 17 <212> DNA <213> Artifici al
Sequence <220> <223> Description of Artificial Sequence=priner <400> 24
aggt gfehta Mgiti i el Peasanose

220>

<223> Description of Artificial Sequence:primer

<400> 15

" tgtgettggt gatgga _ | B 16

".;k210> 16
211> 22
<212> DNA
€213> Artificial Sequence

<2205

. <223> Description of Artificial Sequence:primer

- 400> 16

'tcaaggacat gatcctggat gg o o ) , 22

©K210> 17 -
 <211> 18
(212> DNA

<213> Artificial Sequence

- <2205

. 223> Description of Artificial Sequence:primer




29 Septenber 2006 <210> 25 <211> 17 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence:prinmer <400> 25, agaggtggtt
ggtgatg 17 <210> 26 <211> 17 <212> DNA <213> Artifi ci al9 SoprmbaQeos <220>
<223> Description of Artificial Sequence: prinmer <400> 26 gctttgccaa
catacag 17 <210> 27 <211>17 <212> DNA <213> Artificial Sequence 52/56
.- - 29 Septenber 2006 <220> <223> Description of Artificial

Sequéﬁ@@?p%?ner <400> 27
. cagcegacgtg ttegecta ' ' 18.

210> 18
<211> 18
<212> DNA

-~ <213> Artificial Sequence

- <2207

- £223> Description of Artificial Sequence:primer

<400> 18 .

ccaccgacat agagaatce - : - 18

<2105 19
L <211> 18
. <212> DNA

. <218> Artificial Sequence

<220

T <228 Description~of Artificial Sequence:primer
<400> 19

.f acangactg‘taggaata-' ‘ : _ - . _ 18

<2105 20 SO
S C o 49756




cagcccaaat cccattg 17 <210> 28 <211> 18 <212> DNA <213> Artifici al
Sequence <220> <223> Description of Artificial Sequence: prinmer <400> 28
atgtaccctg gtagattc 18 <210> 29 <211> 17 <212> DNA <213PSdiduibbi 2006l
Sequence <220> <223> Description of Artificial Sequence : prinmer <220>
53/56 29 Septenber 2006 <221> variation <222> 15 <223> n represents a, C,
g_or<§ 1<4ﬂg> 29 gtttygctay ccggngg 17 <210> '30 <211> 19 <212> DNA <213>
Artif'&igl equence

<212> DNA

<213> Artificial Sequence

<220>

<223 Description of Artificial Sequence:primer

<4005 20

ttacaaggeg aataggge ; S - - 18

<2105 21.
211> 17
. <212> DNA

- 213> Artificial Sequence

<2205

£223> Description of Artificial‘Sequenceiprimeri

<400 21

“geatcttett gatgseg _ _ - L C 1T

<10 22
Sl 1s
1 X812> DNA -

<213> Artificial Sequence -

20> e ey
B L5056




<220> <223> Description of Artificial Sequence: prinmer <400> 30 ggaaacagct
atgaccatg 19 <210> 31 <211> 23 <212> DNA <213> Artificial Sequence <220>
<223> Description of Artificial Sequence:priner <400> 329 Septchthe2®06

~ Septenber 2006 ccgggagctg catgtgtcag agg 23 <210> 32 <211> 23 <212> DNA
. <213> Artificial Sequence <220> <223> Description of Artificial

Sequ i mer. ., <400> g ccac tttg gtg 23 <210> 33 <211> 30
PErE v IR R R e SRR S

<400> 22

atgcatggea cggtgtac : 18

<210> 23
S <211> 17
<212> DNA

. <213> Artificial Sequence

<2200,

+{223> Description of Artificial Sequence:primer

<400> 23

" gattgecteca cctttceg ' . . 17

<2105 24
i1
- <212> DNA

213> Artlflclal Sequence

- <2202

' <223> Description of Artificial Sequence:primer

" . aggtgtcaca gttgttg © . . . Car

5156 o




<223> Description of Artificial Sequence: prinmer <400> 33 ccccagccgc

at gat cggca ccgacgcctt 30 <210>.34 <211>27 55/56 29 Septenber 2006 <212>
DNA <213> Artificial Sequence <220> <223> Description 029 SuptendberclObd
‘Sequence. : prinmer <400> 34 cggtgccgatcatgcggctg gggacct 27 56/ 56.

<210> 25
211> 17
<212> DNA

<213> Artificial Sequence

- <2200

. .£223> Description of Artificial Sequence:primer |

400> 25

- agaggtggtt ggtgatg , 1T

210> 26
211> 17
<212> DNA

| <213> Artificial Sequence

<2205

'<223> Description 6f Artificial -Sequence:primer

<4005 26

| gotttgecaa catacag | - e 17

<2105 21
:;<212>.DﬁA;fj? .'  .
- '<213>;Artifiéi31vSéqﬂeﬁce;_;  L




T 103 29

29 September 2006

220>

£223> Description of Artificial Sequence primer

" <400> 27

cégcccaaat ccecattg 17

£210> 28
<211> 18
<212> DNA

<213> Artificial Sequence

. <2202

223> Description of Artificial Sequence:primer

1 <400> 28

atgtaccctg gtagatte " _ | 18

211> 17
. <212> DNA

| £213> Artificial Sequence

_<220>_.

©<223> Description of Artificial Sequence:primer

<2205 S
R - 53/56.




29 September 2006

€221> variation
222> 15

<{223> n represents a, ¢, g or t

<400> 29

gtttygctay ccgengg . 17

<2105 30
<211> 19
<212> DNA
<213> Arfificial Sequence

<220>

- £223> Description of'Artificial Sequence:primer

<4005 30

ggaaacaget atgaccatg S ' B _ 19

(2105 31 |

<21i> 23

<212> DNA |

(213> Artificial Sequence -

200

<223 Description of Ar¢ificia1jsequénce:primer§  R

- .<400> 31

o swse




29 September 2006

ccgeggagetg catgtgtcag agg 23

£210> 32
<211> 23
<212> DNA

<213> Artificial Sequence

L 4220)

<223> Description of Artificial Sequence:primer

'<400> 32
 ,gggctggcaa gcecacgtttg gtg : 23
© <210> 33

<211> 30

<212> DNA -

“f<213>-Artificiél'Sequence

<220> .
1<223> Desériptiohpdf Artificial Sequence:primer
<4005 33
ccccachgé_afgatcggca ccgacgeett R o 30

<2105 34 i
awer
ey L. 55056




29 September 2006

212> DNA

<213> Artificial Sequence

220>

223> Description of Artificial Sequenceiprimer

L <4005 34 R ,‘ﬁ

R cggtgccgat.éatgcggctglgggaéct ' ; ' 27




