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17 May 2005 Gene Encodi na Acetol actate Synthase FIELD OF Tth{!] | ON The
present invention relates to a gene encodi ng acetol actate synthdse which is
a rate-deternmining enzyne in the branched-chain amino acid biosynthetic
pat hway. BACKGROUND OF THE | NVENTI ON - Acet ol act ate synthase (hereinafter
referred to as "ALS") is a rate-determning enzyne in the biosynthetic

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

i s@ eucine, and is known as an essential enzyne for the gromh of plants.
ALS is also known to be present in a wide variety of higher plants. In
addition, ALS is found in various m'croorgani snms, such as yeast
(Saccharomyces cerevi si de scher | hi Sal monel | a typhi nuri um
Three types of isoenzynesb(?fleﬁ gocﬁp,eﬁﬁ %S%@Hﬁ%sent in Escherichia
coli and Sal nonella typhimurrum Each of t hese isoenzynes is a hetero

ol i goner consisting of caWwtic subunits with a |arge nol ecul ar wei ght that
governs catalytic activity Of[ELReQFatly REVENTIO®Jul atory subunits with a
smal | nol ecul ar wei ght that functions as regulatory proteins by binding of
branched-chain arnino acids (Chipman et al., Biochim Bi ophys Acta. 1385,
401- 419, 1998)~ Catal ytic.subunits are nd | 1v BN
operons, respeetiyst VE?FWQP%G(SH&A gFgﬁ&ﬂG%’_gglﬂﬁEtg]{gl% $y§1ﬂ%?s'§|"ﬂ’@$b Sénzyne,

whi ch CO%éJdéﬁﬁnﬁl&(éé&er'lﬁ R Hed 2RHinnkias %ﬂttﬁg%lg&&ggrsy {mlags is the

case in bacteria ang et al., Biochemstry; 99). The
catalytic protein subunit is located at the locus ILV2. 17 May 2005 1In
plants, ALS is known to conprise catal ytic subunit(s) and regul atory
subunit(s) as is the case in the above m croorganisns (Hershey et alL, Plant

Mol ecul ar Bi ol ogy. 40, é&%ﬁ?m—é‘%%ﬁ: T'E%III\F%?IG%SN the catal ytic subunit
|

of ALS in tobacco (dicot

_Acetolactate synthase (hercinafter referred to as “ALS”) is a rate-determining
enzyme in the biosynthetic pathway of branched chain amino acids, such as leucine,
vaiine and isoleucine, and Is known as an essential enzyme for the growth of plauts.
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 cerevisige),

Escherichia coli, and Salmonella typhinmaium.

Three types of isocnzymes of ALS are known to be present in Escherichia coli
and Salmonella typhimurium. Each of these isoenzymes is a hetero olipomer consisting
of catalytic subunits with a large molecular weight that governs catalytic activity of the

~enzyme and regulatory subunits with a small molecular weight that functions as

- regulatory proteins by binding of branched-chain amine acids (Chipman et al., Biochim.
Biophys. Acta. 1385, 401-419, 1998). Catalytic subunits are located at Ilv IH, llv OM

| and Jiv BN operons, respectively. On the other hand, ALS in yeast is a single enzyme,
which cc:mprises‘ a catalytic subunit and a regulatory subunit, as is the case in bacteria
(Pang et al., Biochemistry, 38, 5222-5231, 1999). The catalytic protein subunit is
located at the locus ILV2.



encoded by two gene loci, SuRA and SuRB (Lee et al., EVMBO J 7§41%§$ 1248,
1988); that in maize is encoded by two gene loci, als | 8 Pl3urr
et .al., Trendsin Cenetics 7, 55-61, 1991; Lawence et al., Plant Mol.

Diol. 18, 1185-1187, 1992). The nucl eoti de sequences of genes encoding a
catal ytic subunit have been conpletely determ ned for dicotyl edonous

pl ants i ncl udi ng tobacco, Arabidopsis, rapeseed, cotton, Xanthium
Amar ant hus and Kochia (See Chi prman at al., Biocbim Blophys. Acta. 1385,
401-419, 1998 and donestic re-publication of PCT international publication
for patent applications W97/ 08327). However, maize is the only

ronacoty1 SSoNgHR 305 9858 TLGBRL! AR SRHENES TP REFRUET TBRERELY) | or

her bi ci dgsis thé £dsB2QHRAIHOVE 11t 8 ARISRI (L ARe Pa@ﬁalvmémweleemhr BRIARX YO,
her bi ci des (hereinafter referrei1r to as C herbi ci des) are known to

suppr ess79HRE0Gr VG Kafr exapiphn thebgatalptic batingigofAABS ibRalhscc®l(dindtyRoyps) &l . 75,
827-831, 1984; , Shaner ct al ., Plant Physiol.76, 545-546, 1984;
Subr ai r . S#foded by yo senelogh, MW%SBRB%%:F@JAEM&O J37,1241-1248, 1988); .

;)I ant sAhaél lﬁigmrgltjalél}s;_ ar(%'é‘%eh &“’%}g | Sci %ﬁﬁgr{bﬁ%&t&? g@ﬁ‘g&é’ﬁ 5&?&%0\2?8

that incyuskes) s1993t Liwidned ePhl. qnﬁntmolt WRoiNWg! PRISLAGY, WM BhThOgHIESide
substitution of one or two amino acids in a regi on conserved anong

di f f er ensequpmes ed gehosoenpodingod catalytic aubwn havenbéandeoraplgehedaattitded gorAL S
havi n- P r.&qi dztnnr n nnenifir. to qillfnnVITIrPn hprh;~;rlpo_ (see
Kat hl eendigptylfdonoysplants. inclyding -tobasgo, xiygbidoptiey tapeateda|cottom| Xardium.gs,

ab ST Ry Bl el o binchitn SRRhIS AdR s FORITAN 1 o,

Layl ng Opz (df@k AomeMes refRbliAReA) ;ofa PEANSInRRAEAHNAD AlbRchidd N8 %ﬁbﬁt ance
specific to imdazolition herbicides (Murad et al., Planta, 18 491- 497,
1992; Letprdicatidpns WEBBHSERT)Y. HoteRes 4ini A5 thd 8819 moxﬂzcotyledonous plant whose

nucleotide sequence has been completely determined,

Herbicides, for example, sulfonylurea herbicides, imidazolinon herbicides,
triazolopyrimidine herbicides and pyrimidinyl carboxy herbicides (hereinafter referred
to as “PC herbicides) are known to suppress the growth of a plant by inhibiting ALS
(Ray, Plant Physiol. 75, 827-831, 1984; Shaner ct al., Plant Physiol.76, 545-546, 1984;
Subramianian et ab Plant-Physiol. 96, 310-313, 15%1; Shimizu wi 4i., 7. Pestic. Sci.i9,

59-67, 1994).

Known plants having resistance to these herbicides contain a gens encoding AT.S
that includes substitution of one or two nucleotides which induces substitution of one or
two amino acids in a region conserved among different species. Examples of such a

) gene include a gene encoding ALS having resistance specific to sulfonylures herbicides
(see K.ath]een et al., EMBO J, 7,1241-1248, 1988; Mourad et al., Planta, 188, 491-497,
1992; Guttieri et al., Weed Sci. 43,175-178, 1995; Bernasconi et al., J. Biol. Chem. 270,
1738117385, 1995 and Japanese Patent Application Laying-Open (kokai) No.

63-71184); a gene encoding ALS having resistance specific to imidazolinon herbicides

(Mourad et al., Planta, 188, 491-497, 1992; Lee et al., FEBS Lett. 452,341-345, 1999



17 Ivay 2005 and Japanese Patent Application Laying- qOen (kqggﬁyzoos
No. 5-227964); and a gene encoding ALS having resistance to

sul fonyl urea and i m dazolinon herbicides (see Kathleen et al, EMBO J.
7,1241-1248, 1988; Bernasconi et at, J. Biol. Chem 270, 17381-17385,
1995; Hattori ct a]., Mdl. Gen. GCenet. 246,419-425, 1995; Alison et al.,

Pl ant Physiol. 111, 1353, 1996; Rajasekarau et al., Plant Sci. 119,

115- 124, 1996, Japanese Patent Application Layi ng- Open (kokai)

No. 63-71184, Japanese Patent Application Laying-Open (kokai) No.4-311392
and Bernasconi et al., US Patent 5633437, 1997). ALS showi ng resistance to

Post st antdl Yapisess Pt had iy Ve opet, AeRa NG ST ER A Eg%agﬁgﬁf
et al., gneoBird AL%VI# £Qstakde3@ 5ot 3 ctatﬁzl ? ?Onylﬁitfatz@ﬁﬁon rﬁﬁn ction

of a pI ant body s resistant to urea an g I nork

her bi ci diathis diedn EMBOTR! B4y 1248)SI988Y BarrkeoHi chay | MQBMSChsllﬁomo,g
resi stance specific to sulfonylurea herbicides with a plant having ALS

shovm ng 1738drE38ac d9% s ddattaricettad, Meld&izol Gaoel. Bé0.H] THdasi P Misdn et ak .

VOl S e R, 43 1 3Rk ) BB s b St e O

attenpte 3 6, e tent
Appl i cat%gn Lay?&tgﬁ A%pl I(CI%M&{ Ifgh!\% g)ggg g{fﬁﬁ ﬁ?zﬁg’a%%igg ga#%rﬁ@ g%t ﬁ?cat i on
Lay| ng- qappm(dﬁehamym@.@eazma) NapeiEse2 Paid BeriipbhiC af 0N ULapitas Open
(kohyo) . 11-504213) so that it has been found that a si ngI e amno acid

del et i orﬁf@é&é%s 189'8. t oLEnhehwwing i resigianes tto bathhsiinybsd Lﬁnéail'amhiﬁolmon
2l BB et 6053, 580 BRSPS R T ag s
e | e ough s, SaRGh0B Ml D sl TRV St gt
concer ni 15y Futhent thaliSodetien d\d plgnt Bsdys tiandiag resigait fochdth salibiylgsabi ci de.
and imidazolinon herbicides has been attempted by crossing a plant having ALS
showing resistance specific to sulfonylurea herbicides with a plant having ALS showing
resistance specific to imidazolinon herbicides (Mourad et al., Mol. Gen. Genet, 243,
178-184, 1994), Furthermore, artificial alteration of a gene encoding ALS into a
herbicide resistance gene has been atternpted (Ott et al., J. Mol. Biol. 263, 359-368,
1996, Japanese Patent Application Laying-Open (kokai} No.63-71184, Japanese Patent
Application Laying-Open (kokai) No.5-227964, Japancse Patent Applicatioh
Laying-Open (kohyo) No.11-504213) so that it has been found that a single amino acid

deletion causes ALS to show resistance to both sulfonylurez and imidazolinon

herbicides (sce J apanese Patent Application Laying-Open (kokai) No.5-227964).

As described above, ALSs having resistance to herbicides and genes encoding
ALS have been aggressively studicd. However, there has been no report directed toward
resistance to PC herbicides and concerning a mrtant ALS gene having resistance

~ specific to a PC herbicide.

SUMMARY OF THE INVENTION



SUMVARY OF THE INVENTION -3 17 May 2005 The purpose of the[ ;ﬁ&é
invention is to provide a gene encoding an ALS protein show ﬂgjaé( el y
hi gh resi stance to PC herbicides, the ALS protein encoded by the gene,
reconmbi 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

nmet hod for selecting a transformant cell using the gene as a sel ection
marker. As a result of thorough studies to achieve the above purpose, we
have conpleted the present invention by finding that a nutant ALS, which
is derived fromthe wild type ALS by substituting a certain amno acid
residue of the wild type ALS with a certain amno acid, shows extrenely
hi gh resi stance to PC herbicides. (1) The present invention is a gene which
encodes t he bélrowpasg qfrthbqircse@a)in\mnﬁ()h)is to (@rpvide pr gered Bnewiigy asi ADS an

am no aci d sequence of SEQ 1, (b)_a protein corqagl sing an arnino

aci d seqRfeiiRs “ﬁé‘éft“FWShﬁ li“ﬂlé T%ﬁﬁ"% at(‘?lﬁf: hsehvgidere dheo s LSmmotam Mapoded by

substit Ietl east one.or . nore m. no ci ds,

whi ch hgﬁs‘}re&é&tahce?%o 6’9’?3?%J§“ny|f)£“é S $Fnit igasernat ﬁ the

acet ol acicabmbiMi Passr, aChiadd hakind e TR, fh@"metﬁcmefd}r RAGHE thHERET 4 LS an
acetol actatc synthase protein which i's éncoded y the gene of (1 (3)
Fur t her northed ftmsejrctd e A transfommrit oell usmgﬂncegm&imlaaallemmﬁmkwhl ch has the
gene of 0). (4) Further, the present invention is a transformant which has
t he reconbi nant vector of (3). (5) I\/breover the present inventionis a

plant which Rag LOG 9let5]18rough Gettic@Nd oR2ve tik above purpose, we have completed

the present invention by finding that a mutant ALS, which is derived from the wild type
ALS by substituting a certain amino acid residue of the wild type ALS with a certain

amino acid, shows extremely high resistance to PC herbicides.

(1) The present invention is a gene which encodes the following protein (a) or (b):

(@ a protein comprising an amino acid sequence of SEQ ID NO: 1;

(b)  a protein comprising an amino acid sequence derived from the amino acid
sequence of SEQ ID NO: 1 by substitution, deletion or addition of at lcast one or
hlorc amino acids, which has resistance to pyrimidinyl carboxy herbicides and

has acetolactate synthase activity.

(2) Further, the present invention is an acetolactate synthase protein which is encoded
by the gene of (1).

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

(1).

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

3).

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



17 May 2005 resistance to pyrimdinyl carboxy herbicides. ﬁrﬁ“ ngmgr esent
invention is a nmethod for rearing the plant of (5) which co rearing
the plant in the presence of a pyrimdinyl carboxy herbicide. (7) The
present invention is a rret hod for sel ecting a transformant cell having the

gene of (1 ing this l.ecti on marker. (8) The present

i nvention |)r% 33 'b%tg Py E‘f"‘}aﬁ%’ Ifdest i de sequence encodi ng an

acetol actate synthase prot ein which is substituted serine corresponding to
serine at etol act ate synt hase

protein wi t@oﬁé pr%a%rﬂdgvegﬁan 'Ssg1 &%éﬁ’%%‘%ﬁ?ar{"@ 5 ti9f @Ingyhick: spmgtises

her bi ci de. ré@hg’[ﬂmplpntesmetprematofleymmdmygﬁlﬁﬁ)x?thawm@é ng a nucl eotide
sequence encoding an acetolactate synthase protein which is substituted
tryptophan corresponding to tryptophan at position of 548 of a wild type
ri ce acet ofActra ﬁresymttlhmOrpﬂsnhemahw fidr sdle.ltejgf_?_c_%; gﬁrﬁé@%{ﬂ?ﬁﬁéﬁl ?:Heo a L
rimdinyl |C|de BRI i gure
EKOWS a cgﬁp@eﬂ;ﬁ@ﬁé{%@ SRS aasfﬁ"?‘l’g e§equence of a mutant ALS protein
and that of a wild type ALS protein. FI gure 2 shows a conparison between
wild type ALS

i f ALS.
gene. i gui e BRI e BT bR porbRitcn BusTARce dRgnenas anposio e
resi st ant m:ﬂtajactateosyntﬁasp)prcit@llagm?c‘rdisw{lrrbstﬁgi_gdrseririe b&r@p@h@ih@%lzeémrt‘et éatg fi ggr e
how ) i ri um Fi IS
char acrer ; ooy areh7 3t el feel dtBfidrtats SRR By e ygne and s

chl or sul f uresistant fo a pyrimidinyl carboxy herbicide.

(9) The present invention is a gene comprising a nucleotide sequence encoding an
acetolactate synthase protein which is substituted tryptophan corresponding to
tryptophan at position of 548 of a wild type rice acetolactate synthase protein with
leucine and is resistant to a pyrimidinyl carboxy herbicide.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a comparison between the amino acid sequence of a mutant
ALS protein and that of a wild type ALS protein.

Figure 2 shows a comparison between the nucieotide sequence of a mutant
ALS gene and that of a wild type ALS gene.

Figure 3 is a characteristic figure showing sensitivity of the resistant mutant to
bispyribac-sodium.

Figure 4 is a characteristic figure showing sensitivity of the wild type to
bispyribac-sodium.

Figure 5 is a characteristic figure showing sensitivity of the wild type to
chlorsuifuron. '




17 May 2005 Figure 6 is a characteristic figure show ng sensitivity of the

resistant nutant to chlorsulfuron. Figure 7 is a charact eriﬂ;Neﬁ’%@péure |

showi ng negative ion exchange chromatogram-5a 17 May 2005 of tl ie crude |

ALS protein extracted fromthe wild type. Fi gure 8 is a characteristic

figure show ng sensitivity of the wild type ALS protein and the nutant

protein to bi spyiorsR issuetiandteristic fighre sbowing sensitivitn et the registantmiuientdo showi n. - |

sensitivitynefsulfftenwi | d type ALS protein and the nmutant protein to

chlorsul furon. Figure 10 is a characteristic figure show ng sensitivity of

the wild type ALS protein and the nutant protein to i mazaquin, Figure 11 |

shows a conpar i piglreof istHieHapAltdridfic BRME SRGARg REIHFE bnNieRAyLar e EST and |

mai ze ALS gene. Figure 12 is a characteristic figure show ng sensitivity |

observed fBWOMRPIEATIde ALS obtained in Exanple 4 to bispyribac-sodi um |

Figure 13 is a characteristic figure showing sensitivity observed for the i

crude ALS obtained in Exanple 4 to chlorsulfhron. Figure 14 is a |
|
|
|

characteristic figure showing sensitivity observed for the crude ALS
obtained in Exanple 4 to pyrithiobac-sodium Figure 15 is a characteristic
figure showi ng sensitivity observed for the crude ALS obtained in Exanple
4 to pyrimnobac. Figure 16 is a characteristic figure show ng sensitivity
observed for the crude ALS obtained in Exanple 4 to bensul faron-nethyl,

-5a-



.6 17 rvay 2005 Figure 17 is a characteristic frgure show ng s\F |vrty
observed for the crude ALS obtained in Exanple 4 to pyrazost al Det hyl .
Figure 18 i's a characteristic figure showi ng sensitivity observed for the
crude ALS obtained in Exanple 4 to imazosul furon Figure 19 is a
characteristic figure showing sensitivity observed for the crude ALS
obtained in Exanple 4 to imazaquin. Figure 20 is a characteristic figure
showi ng sensitivity observed for the crude ALS obtained in Exanple 4 to

i mazapyr. Figure 21 is a characteristic figure show ng sensitivity observed
for the wild-type crude ALS, the wild-type purified GST-ALS and the .
wild-typ e | 4 to bispyribac-sodium Figure
22 is a ?Egt;é}é &eer‘?g§ﬁ@?‘g%ﬁé&s%%f“ﬁ&%ﬁ'w ty observed for the nutant
crude ALS and the nmutant purified GST-ALS obtained in Exanple 4, to

bi spyri bac-sodium Figure 23 is a characteristic figure show ng sensitivity
observed f or Rigwre fut agharagtenistic fm shoving senmithatytofjshe WildegpeGSILS Alr@eibt ai ned
i n Exanp ﬁ to chlorsulfyron, Figure 24 is a characteristic figure

showi ng é”é‘b ’ietWWSP’BEWYF‘bPC'F Ut ant crude ALS and the nutant
purified GST-ALS obtained in Exanple 4, to imazaquin. Figure 25 shows the
concept for generating the ALS gene having We48L nutation only. .7~ 17 My

2005  Fi gur e F2furk 9 i€ @ Bhdrhet@sktior sHbwig® s@fﬂﬁlvﬁmﬁhé ReaspRcaRs ﬂr&&m
generating the ALS gene having 48L mufati on onl Yy,

and the mutant protein to chlorsulfuron.

Figure 10 is a characteristic figure showing sensitivity of the wild iype ALS

protcin and the mutant protein to imazaquin,

Figure 11 shows a comaparison of nucleotide sequences between Nippon-bare EST

and maize ALS gene.

Figure 12 is a characteristic figure showing sensitivity observed for the crude

ALS obtained in Example 4 to bispyribac-sodinm.

Figure 13 is a characteristic figure showing sensitivity observed for the crude

ALS obtained in Example 4 to chlorsulfuron.

Figure 14 is a characteristic figure showing scnsitivity observed for the crude

ALS obtained in Example 4 to pyrithiobac-sodium.,

Figure 15 is a characteristic figure showing sensitivity observed for the crude

ALS obtained in Example 4 to pyriminobac,

Figure 16 is a characteristic figure showing sensitivity cbserved for the crude

ALS obtained in Example 4 to bensulfuron-methyl.
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Figure 27 is a characteristic figure showi ng sensitivity obs;rved fgr t he
crude ALS obtained in Exanple 6 (2) to bispyribac-sodi um ﬁgﬂﬁ%gqg is a
characteristic figure showing sensitivity observed for the crude ALS
obtained in Exanple 6 (2) to chlorsulfuron. Figure 29 is a characteristic
figure showi ng sensitivity observed for the crude ALS obtained in Exanple
6 (2) to imazaquin. Figure 30 shows the concept for constructing the binary
vector constructed in Exanple 7. Figure 31 is. a photograph of

cl ectrophoresis by which the ALS gene insert was confirmed in the plasmd
isolated fromthe single colony of E. coli (JML09), wherein |ane |

indicates %ind 111/100 DNA marker, .1 ane 2 indi.cates a plasm d derived
From £ col FIgHat /e BBRRCTPH SN R etroRh SRR DIObREN Fi 1G¢ (R ant
ALS gene gl : i 6l ﬁjﬂmﬂnﬂg_' d fromE. coli that has been
transfor’r’% W tﬂgﬁpiﬂ?l%%%ggg‘g?al ning t e&l\}/%e'd type ALS gene, |lane 4

i ndi cates pM.H7133 retaining a GJS gene (control group), and arrows
indicate the insert DNA. Figure 32 is a photograph of el ectrophoresis

showi ng the Fégwe t18ofs PcRrragengic Pyursmhavwbnnsensitivity: ebgsheadeforvthercgiide | ane |
i ndi cate ind .1V bp DNA marker . lanes 2 and 5 indicate a pBl 121

pl asmi d w&%’eﬁnﬁﬂ#@%ftéﬁﬁ?mmﬂlﬁémw |d type ALS gene, lanes 3 and 6

i ndicate pM.H71'" ;)3 which is thought to retain the nutant ALS gene, Janes
4 and 7 indicate pM.H 7133 which is thought to retain a wild type ALS gene,
and arrows iFiglire d9eis RCEhara@ekisticStipur® shéviy s@QOBvityFbidtRd3fri the &rude

phot ograph of clectrophoresis showng the result of confirmng the

i nserti ofALérabéained indixantplont © gerequinherein lane | indicates >Jlind I11/100

bp DNA nmarker, lane 2 indicates pM.H7133 retaining a nutant ALS gene, | ane
3 indicates

Figurc 20 is a characteristic figure showing sensitivity observed for the crude

ALS obtained in Example 4 to imazapyr.

Figure 21 is a characteristic figure showing sensitivity observed for the wild-type
crude ALS, the wild-type purified GET-ALS and the wild-type GST-freed ALS obtained

in Example 4 to bispyribac-sodium.

Figure 22 is a characteristic figure showing sensitivity observed for the mutant
crude ALS and the mutant purified GST-ALS obtained in Fxample 4, to
bispyribac-sodium.

Figure 23 is a characteristic fipure showing sensitivity observed for the mutant

crude ALS and the mutant purified GST-ALS obtained in Example 4, to chlorsulfuron.

Figure 24 1s a characteristic figure showing sensitivity observed for the mutant

crude ALS and the mutant purified GST-ALS obtained in Example 4, to imazaquin.

Figure 25 shows the concept for generating the ALS pene having W3548L

mutation only.



pMLH7I ] 3 retaining a wild type ALS gene, |lane 4 indicates pM.H/1' 03
(control group) retaining a GUS gene, and arrows indicate PEMay#Whcts.
Figure 34 is a flow chart showing the nmethod for transformng rice plants
(Ni ppon-bare) using Agrobacterium Figure 35 is a photograph showing rice
pl ants (N ppon-bare) under redifferentiation fromcalli. Figure 36 is a
characteristic figure show ng bispyribac-sodium sensitivity of the callus
of a rice plant (N ppon-bare) transforned with a nutant ALS gene. Figure 37
is a characteristic figure show ng bi spyribac-sodi umsensitivity of the
callus of the wild type rice plant (N ppon-bare). Figure 38 is a photograph

of el ectrophqresis_show ng the resul of. PCR perforned, usi ng gengm c; DNA
pr epar ed fro%fgé‘r‘f ?ﬁd%ﬁﬁ?ﬁ’?ﬁﬁf‘ @%’PI E tzakfé\de?k}?wsaitﬁﬁ cpucet dipg geredating the
?LH ndl 'ki%@n%@@%ﬁi&n?ﬂaﬁgﬁgfaﬁfto 7 showt he respective results of PCR

usi ng genom<T erive rom erent calli, and arrow indicates the
PCR products. Figure 39 is a characteristic figure showing the result of
sequenci ng of the PCR product resulting from PCR using the genom c DNA

prepar ed frolfigune 2f rig estioradenisticclgwre sshawing sewpivityeobsatredefon the shales t he

result of.anal ysis. th i phery of an_amno acid residue 548 using a
sense pr{\ﬁ'sp%f%@%f’ﬁ ,Xaﬁpgang@tgﬂ’éswggﬁq“ﬁo‘jd?manal ysis of the .9 17 May 2005
peri phery of an amino acid residue 548 using an antisense primer
(ALS-Rsp2), C shows the result of analysis of the periphery of an am no

aci d residue Bighrdi3¢ MJa ThGRBREIsHE ifiF8Fe siolvihg 4dnsitifl DoepESrdNRe AR t Of
analysis of the periphery of an amno acid residue 627 using an antisense

primer (ALS-okgyeyd inExgupl @®)ite chlopdwifuserr.aph showi ng the result of
nmeasuring bi spyribac-sodi um
Figurc 29 is a characteristic figure showing sensitivity observed for the crude

ALS obtained in Example 6 (2) to imazaquin.

Figure 30 shows the concept for constructing the binary vector constructed in

Example 7.

Figurc 31 is a photograph of clectrophoresis by which the ALS gene insert was
confirmed in the plasmid isolated from the single colony of E. coli (JM109), wherein
lane 1 indicates AHind [11/100 bp DNA marker, lane 2 indicates a plasmid detived from
E. coli that has been transformed with pMLH7133 retaining the mutant ALS gene, lane
3 indicates a plasmid derived from £. coli that has been transformed with pMLH7133
retaining the wild type ALS gene, lanc 4 indicates pMLH7133 retaining a GUS gene

(control group), and arrows indicate the insert DNA.

Figure 32 is a photograph of electrophoresis showing the result of PCR uging
‘plasmid DNAs as 2 template, wherein lane 1 indicates AHind Y1I/100 bp DNA marker,
lanes 2 and 5 indicate a pBI 121 plasmid (control group) retaining the wild type ALS
gene, lanes 3 and 6 indicate pMLH7133 which ié thought to retain the mutant ALS gene,
lanes 4 and 7 indicate pMLH 7133 which is thought to retain a wild type ALS gene, and
arrows indicate PCR products.



sensitivity of a rice plant (N ppon-bare) transformed with the nmutant ALS
gene, wherein A shows a rice plant transfornmed with the muflaMayR085gene,
and B shows a rice plant transforned with the wild type ALS gene, DETAI LED
DESCRI PTI ON OF THE I NVENTION A nore detail ed explanation will be given of
the present invention. The acetol actate synthase protein of the present
invention (hereinafter referred to as. 'nmutant ALS protein") can be
obtained by nutating a certain site in a wild type ALS protein expressed
inarice plant- The am no acid sequence of the nmutant ALS protein of the
present invention is represented by SEQ ID NO 1. The nucl eoti de sequence
of the gene encoding the ALS protein of the present invention is
represented by SEQ ID NO 2 The nutant ALS protein is derived froma wld
type ALS prokej ; by b i 3 it i gln-ﬂ
substituti ngizggg?? %% 1%%%%’?%% rsa’glclé%{é%ﬁ%{é) %ﬁg‘d’?@gﬁf %eh%\sfxl}sl%f%%ﬁir es %heof
conpar i singer€ibn tdtiznaiion A8l seeleneri®llalcne inlcaet MR MIPIC Bp INJAL hat
of the wild type ALS protein. In Fig. 1, the amno acid sequence in the
first rowagpwene 2hindiagtesnpMAES 133 orimngadmuteat Al tgare.sleno fdindiateshows
the wildt S pratein, . ar to a gene engpding t i,ld type ALS
prot ei n,P%@@A‘g‘k(@ ' "NC')”%;} Peeﬁggdgﬂ’& 31”%? 4’@t°ﬁ\L@4Mé%’ feedfilai ns
subst it ugd : ' 7 005 548 with a codon
encodi ngél}og@c?%éﬁgggqgg%g%%%wgﬁ&%¥mﬁ%%%gﬁk r]{cocﬁt%g a serine 627 wth a
codon encodi ng isoleucine. Figure 2 shows the result of conparison of the
nucl eoti de sequence of the gene encoding the nutant ALS protein and that
encodi ng t heFighke ¢4t igpe MW ghaot elrawing rihFi methed foheransbirgong divesplgutsnce in
the first..row ghows.thg tant ALS protein and that in the second row
shows t HEVPIHOFGIsIngG gﬁ}%g‘ﬁt&Pﬂm‘A gene encodi ng the nutant ALS protein can
be obtained by introducing a mnutation as descri bed above into a gene
encoding a wild type ALS protein which is ,

Figure 35 1s a photograph showing rice plants (Nippon-bare) under

redifferentiation from calli.

Figure 36 is a characteristic figure showing bispyribac-sodium sensitivity of the

callus of a rice plant (Nippon-bare) transformed with a mutant ALS gene.

Figure 37 is a characteristic figure showing bispyribac-sodium sensitivity of the

callus of the wild type rice plant (Nippon-bare),

Figure 38 is a photograph of electrophoresis showing the results of PCR
performed using genomic DNA prepared from a transformant callus, wherein lane 1
indicates AHind 111/100 bp DNA marker, lanes 2 to 7 show the respective results of PCR.
using genomic DNAs derived from different calli, and arrow indicates the PCR

préducts.

Figure 39 is a charactetistic figure showing the result of sequencing of the PCR
product resulting from PCR using the genomic DNA prepared from the transformant
callus as a template, wherein A shows the result of analysis of the periphery of an amino

acid residue 548 using a sense primer (3-1-4), B shows the result of analysis of the

uQ-



present in the genonme DNA of japonica type rice variety, Kinmaze, To

i ntroduce nutations, known standard techni ques can be enpl 6?@@?3’

exanple, site-directed nutagenesis can be used. Site-directed nutagenesis
can be perfornmed using a comrercial kit, e.g. Miutan-K (Takara. Shuzo),
Gene Editor (Pronega) or Exsite (Stntagene). In addition, a gene encoding
the mutant ALS protein can be obtained by culturing wld type culture
cells sensitive to PC herbicides in the presence of a PC herbicide and
then selecting nutant culture calls that energe and show resistance to the
PC herbicide. First~ nRNAs is prepared fromnutant culture cells resistant
to a PC her ICId cDNAs. are. .s esi zed, nd then a br (whi ch
s ¢ hougRERsThab e aREPRIElrSiGY D4 PP Ab artteant BprOER SP2bC S 11

phage i siHre

probe [EST (%@%é’é‘l}%%rbgégﬁgﬁgﬂé‘ t?/ad .’:ﬁmgﬁ%ﬁle[@ ugakﬁgm%%%%césm on No.
C72411) GObid)nad Drshowsabenesné. oftsmpk;rsfsl afethi Periphaty ofNinpgfiobRietestdyat ai ni ng
part of a gene encoding the wild type ALS protein. Next, the insert DNA of
t he resuﬁ%?ﬂﬁ%ﬂ%%‘ﬁ%ﬂecmﬁﬁ@(lf’@-ss’&ﬁ@)oned into pBluescript Il SK+, to
determi ne the nucl eotide sequence. Selection of a clone haV| ng the insert
DNA whi ch encodes the ami no acid sequence of SEQ I D NO enabl es a gene

encoding a mMp{ARt 40'61%%? %aﬂhtsﬁwg \ﬁgﬁfeallegﬁg of ltﬂcz@gqugé 'b%xﬁ?aoq%&ﬁﬁgd

corrprl si ng pBluescri pt +1nto Ich a gene enco

protei n feaditivitg ol hmice phot Alipgonvbare) eppdbimgs wih the r&(&bﬁnﬂﬂ@ﬁ gehath@itreiand
Bi 0- Resource Center, National Institute of Advanced Industrl al Sci ence and

Technol ofyFhPeREs®, plantstransformgd stith th sumtantaAESigene.brnda ishowaRANE mMantMit ant
ALS ch\{é |pt 1 SK-: FERM BP- 7348) on Novenber 2, 2000 under
t he Budapes?'%*gé‘ﬁﬁ@{ ]‘f%%’?‘é Lgsog“g‘ﬁe wild type ALS protein, the mutant ALS
protein possesses good resistance not only to PC herbici des but also to

sul fonyl urea and i m dazol i non
DETAILED DESCRIPTION OF THE INVENTION

A more dctailed explanation will be given of the present invention.

The acetolactate synthase protein of the present invention (hereinafter referred to
as “mutant ALS protein”™) can be obtained by mutating a certain site in a wild type ALS
protein expressed in a rice plant. The amino acid sequence of the mutant ALS protein of
the present invention is represented by SEQ ID NO: 1. The nucleotide sequence of the

gene encoding the ALS protein of the present invention is represented by SEQ 1D WNO:
2.

The mutant ALS protein is derived from a wild type ALS protein by substituting
tryptophan 548 with Jeucine and substituting serine 627 with isoleucine. Figorc 1 shows

-~ the result of comparison of the amino acid sequence of the mutant ALS protein and that
of the wild type ALS protein. In Fig. 1, the amino écid sequence in the first row shows

the mutant ALS protein and that in the second row shows the wild type ALS protein,

Compared to a gene encoding the wild type ALS protein, a gene (SEQ ID NO: 2)

encoding the mutant ALS protein contains substitution of a codon encoding tryptophan

.10-



herbi cides. Particularly, the nutant ALS protein possesses a_high | evel of
resistance to a PC herbicide. It can be determ ned by incoﬂB(M%YtQQQé a gene
encodi ng the nutant ALS protein into an expression vector of e. & E. coli,
and exam ning sensitivity to the herbicide of E. coli transforrmed with the
expression vector. Exanples of a PC herbicide include bispyribac-sodi um
pyrithi obac-sodi um and pyrim nobac as represented by the foll ow ng
chemical forrmula 1. H3 OCHa 4f H3G N OCH3 GH$ COOH PCH.3 COONa &so NI GH$
& CH3 OCH3 NJ OCH3 . OCH3 bispyribac-sodi um pyrithi obac-sodi um

pyrim nabac .12 17 May 2005 Exanples of a sul fonyl urea herbicide include

chl orsul fip-ap, bensul furon-nmethyl, , pyrazosul furon;ethyl, and ipmazgsul furon
2o repr cSBPEH B OMTEeTBRPEAFHENG AP UL, ¢4 Godoh eepgling B grrpe '$ -
a with a codon encoding isoleucine. Figure 2 shows the result of comparison of the
nucleotide sequence of the gene encoding the mutant ALS protein and that encoding the
wild type ALS protein. In Fig. 2, the nucleotide sequence in the first row shows the

tnutant ALS protein and that in the second row shows the wild type ALS protein.

A gene encoding the mutant ALS protein can be obtained by introducing a
mutation as described above into a genc encoding a wild type ALS protein which is
present in the penome DNA of japonica type rice variety, Kinmaze, To introduce
mutations, known standard techniques can be employed. For example, site-directed
mutagenesis can be used. Site-directed mutagenesis can be performed using a
commercial kit, e.g. Mutan-K (Takara Shuzo), Gene Editor (Promega) or Exsite
(Stratagenc).

In addition, a gene encoding the mutant ALS protein can be obtained by culturing
wild type culture cells sensitive to PC herbicides in the presence of a PC herbicide and

then selecting mutant culture cells that emerge and show resistance to the PC herbicide.

First, mRNAs is prepared from mutant culture cells resistant to a PC herbicide,
¢DNAs are synthesized, and then a ¢DNA library (which is thought to have
heterozygosity for resistance property), of Agt 11 phage is produced. Then, the library is
screened using a nucleic acid probe [EST (Expression Sequence Tag, Genbank, DDBJ

- and EMBL Accession No. C72411) obtained from japonica type rice variety,
Nippon-bare] containing part of a gene encoding the wild type ALS protein. Next, the
insert DNA of the resulting pdsitivc clone is subcloned into pBluescript II SK+, to
determine the nuclcotide sequence. Selection of a clone having' the insert DNA which
encodes the amino actd sequence of SEQ ID NO: 1 enables a gene encoding a mutant
ALS protein to be obtained. In addition, a plasmid comprising pBlueseript It SK+ into

which a gene encoding mutant ALS protein had been incorporated was deposited to

-11..



SO2NH"' G- NH ~ CH2S02NH-C NH-~ N N OOR3 chl oTsul furon bensul f ur on- net byl
| I OOF12C'" 0 O-b N C-b S02NH G NH~j 602NH-OCI1 -N H C - b TR Max90K
pynzosU fum-ct hyj inmazosul furon OCH3 Exanples of an im dazolinon
her bi ci de i nclude i ma7aquin and i mazapyr as represented by the foll ow ng
chemcal formula 3. GOOH COH N H O H O imazaquin ima7apyr Transformation
of a target plant using a gene encoding the nutant ALS protein can inpart
resi stance to PC herbicides to the plant. Known standard techni ques can be
used for transformation of a plant. For exanple, a foreign gene can be
introduced into a target plant cell using Agrobacterium tunefaciens. 17

I\/a 2005 _ Mo f |1 d ALS tein |
i nser t ed Peifb aad %?cf—haﬁa Lot SToa G O GRE MbeETel Sormenpad i d of
Agr obact | ke.
Then, ¢ ndeiios) febloss 1131 Hidei HRRGER coafi T REAR & b A
protein LEmMA CCat uQs)éri%t qy ﬁ(r-qqrhamrsvlmsﬁwmdemaém moeb@me?rth@ whi ch

contain hel per plasm ds. Target plants are infected with t
Budapest Trcaty.

Compared to the wild type ALS protein, the mutant ALS protein possesses good
resistance not only to PC herbicides, but also to sulfonylurea and imidazolinon
herbicides. Particularly, the mutant ALS protein possesses a high level of resistance to a
PC herbicide. It can be determined by incorporating a gene encoding the moutant ALS
protein into an cxpression vector of e.g. £ coli, and examining sensitivity to the

herbicide of E. coli transformed with the expression vector.

Examples of a PC herbicide include bispyribac-sodium, pyrithiobac-sodium and

pyriminobac as represented by the following chemical formula 1.

H; .
3 QCH3
a Hac'. £ N
: N OCH OONa ’ :
a Ha COCH CH
COONa N PCHs
CHs S—( A
_ <" o—4 .
© OCHg N
, ‘N . OCHg
_ - OCHa
- bispyribac-sodium pyrithiobac-godium _pyriminabac
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Agrobacteria, and then the transfornmed plants are identified. Wen the
identified transfornmed plant is a culture cell, the plant déMayc¥@ope
regenerated into a conplete plant by known standard techni ques. To
transforma target plant with a gene encoding the nutant ALS protein, the
gene can be directly introduced using known standard techni ques. Exanples
of a nethod which transforns an expression vector containing a gcne

encodi ng the nmutant ALS protein include the polyethyl ene glycol nethod,

el ectroporation, and particle gun nethod. A gene encoding the nmutant ALS
protein may be transfornmed into any type of plants, such as

monocot yl edongus gnd di cot.yl edonous.plants. | es of a target cro into
whi ch a geneng’ffg@gf’%@g? ﬁ%'tfgﬁﬁ‘éfﬁf?‘ﬁﬁﬂgﬁ? H{Cilf‘#%gg}l opﬁ‘égéf?f;’%’l"ﬁ'ﬁ@y i ce,
mai ze, K S n r]_.g@% eeds, a a -gohacco.
In additi niébtmt]}r 6}6%}3%, Qyt?ﬁglg?éﬂsgl%;%%hgs I e§§§g§t}ﬁ¥s %‘% a%%lrogﬁr‘%d&%%‘%

i nt roducifegnslagene encodi ng the nmutant ALS protein. In any of the above
cases, transformation of a plant using a gene encoding the nutant ALS
protein can inpaki, L@si stance to PC herbi ¢l desgogul f onyl urea herbi ci des,
and i mdazolinp er bi cides tc%g‘@ pl a reover, a gene epgoding the

mut ant ALS pr ot'®sipa"e |50 uded as ction Srark AN an experi nent
for transformation o ah@aﬁ'ﬁt. FAr exanpl € t FHeFENSToNM nt cell using
a gene of interest, a vector /AT '%é_gont ains a gene encodN QQ& mut ant ALS
.14 17 May 2005 protein and a gené~of interest:-is introduced into the
plant cell, foll owedhlsysetfebruring of the pl aesulfegt-methder the presence of
a PC herbicide. Therefore, a plant cell which survives in the presence of
a PC herbicide indicates that it contains a gene encoding the mnutant ALS
protein and the gene ofcigt'er est introduced therein. Further, whether a -

ne COCH2Chs :
~ L O
N7 SONHT NH—(I g i _<“
N SOaNHC~NH
7 OCHz N

CHa

_ OCHg
pyrazosuifuoron-cthyl imazosulfuron

Examples of an imidazolinon herbicide include imazaquin and imazapyr as

represented by the following chemical formula 3.

COOH OOH
ol Ol
. NJ( NQ‘Y
H H 0
imazaquin imazapyr

Transformation of a target plant using a gene encoding the mutant ALS protein
can 1mpart resistance to PC herbicides to the plant. Known standard techniques can be
used for transformation of a plant. For example, a foreign gene can be introduced into a

target plant cell using Agrobacterium tumefaciens.

.-13-



of interest and a gene encoding the nutant ALS prote| n are |ncorporat ed
into the chronpsome of a plant cell can be confirmed by obdéMaymPOehe
phenot ype of the plant and then exam ning the presence of these genes on
t he genone by genone southern ‘-hybridization or PCR EXAMPLE Now, the
present invention will be further described by the follow ng exanples, but
the technical scope of the invention is not |imted by these exanples.
Exanpl e 1: Production of rice (Kinmaze) culture cells resis Lit to a PC
her bi ci de Chaff was renoved fromrJce seeds (variety; Kinnmaze, scientific
nanme: Oryza sativa var. Ki nrnaze) The seeds were immersed in 70 % et hanol
for 5 mn, % ant m n, followed

i f 1 n far .20
by washi ng s@g%rfzaﬁpeflfﬁ%g’e Vi gcﬁw %‘1"8 “Igeﬂ'l |‘§"f‘7af1'f é]‘%‘g?mol’rfﬂﬂf’?ﬂefiﬂé‘ % 8eds

were sta Rind : le 1
Table | -Timant Yoo Gitfind, MEAIA S, 81 aATRARHY fMaRRCS0RM, InlHE ©
Thi ami n plakigid is&rahsfg»hihb:d IntoniE, coli aod tHa likeaThéh, (R Eln@r‘ylw)ectorﬁhontﬁ’mﬁﬂgjﬂ%él ne -

HO (0.5 g/1) 1 ml dycine (2 0) 1 mM Mo- i nosi t ol (50 B~1) 2 m 2,4-D
( 200 - ppé§regincpding the mutat HLW@@%PII‘F&’@&CI he cabdv eofedt pransforpod mtoon

,4-D i s,synthesized. auxin. T epare
g}/orbactena which ~contain ﬁ)elge %%srm 5. eTarﬂet plants are infected with the

Agrobacteria, and then the fransformed plants are identified. When the identificd
transformed plant is a culture cell, the plant cell can be regenerated into a complete

plant by known standard techniques.

To transform a target plant with a gene encoding the mutant ALS protein, the
gene can be dircetly introduced using known standard techniques. Examples of a
method which transforms an expression vector containing a gene encoding the mutant
ALS protein include the polyethylene glycol method, electroporation, and particle gun
method.

A gene encoding the mutant ALS protein may be transformed into any type of
plants, such as monocotyledonous and dicotyledonous plants. Examples of a target crop
into which a genc encoding the mufant ALS protein is transformed include rice, méize,

| wheat, barley, soybean, cotton, rapeseeds, sugar beet and tobacco, In addition, turf grass,
trees and the like can be transformed by introducing a gene encoding the mutant ALS

protein.

In any of the above cases, transformation of a plant using a gene encoding the
mutant ALS protein can impart resistance to PC herbicides, sulfonylurea herbicides, and

imidazolinon herbicides to the plant.

Moreover, a gene encoding the mutant ALS protein can also be used as a selection
marker in an experiment for transformation of a plant. For example to transform a plant

cell using a gene of interest, a vector which contains a gene encoding the mutant ALS

-14.



inedium first, a nediumw th the above conposition was placed in a 11
beaker, and distilled water was added to the beaker to 10007 May 3%t the
solution was adjusted to pH 5.7, and supplenented with 3 g of CGelrite. The
Gelrite was dissolved well by heating wth a mcrowave oven, and then the
m xture was added 30 ml at a tine to culture flasks using a pipetter.

Next, three sheets of alumnumfoil were laid over the culture flask,

foll owed by heating for sterilization in an autoclave at 121 OC for 15 to
20 min. Finally the solution was cooled to roomtenperature so that the
media for static culture of the above seeds were prepared. Next, endosperm

portions were renoved fromthe callus, induced on di and t hen
subcul t uPEGEaNE & §e5F L dntereplds intsequced fntp fhe Blspfa?qtﬁo‘ﬁwqu bygulturing of
sub-cul ty i u i Vo) ] hi,a
ot d i Blat bPE o ufblelhRd GG RO TNRbMe ORASRTL, & W R pie |
but not suplee i tHeqilesahéd ofGEPCiHetdiciM RidieTBNMhAEt cBhtalnd algeT]ENbcodin% the
bi spyri bac-sodi um (one of PC herbicides). Two to 6 weeks later, the culture
cel |'s st amtted AlS piotdiee pnd hequene 21 inserebisintradweed tlergnuFatharywbéther a genc

non-di scol qred cel| nmasses that were thought to, be conducting cell
di vi si onSheRiEresh g fegene; enrodgnicc mutant Ak nrotelib ate Hcemmgalgd dntothonni ch

had di ed 1s6al.ar r : e erl,sol.ated and
cut tur od HSBRER SR sl Rl G 1 Birmr T RRSt5 e R T Pa P PE B PR e
presenceafd fendMhthinpihé PaGeRRIGLHRYE bonRiA R no;%éb@,egeﬁdlﬁé Youthb§
resulting p lurality of cell lines were cultured while el'evating the-
concent r aybridizastontsir §ER.i bac- sodi umin an orderly manner. As a result, cel
lines that can proliferate in the presence of 100 ~LM bi spyri bac-sodi um
wer e obtai ned- The bispyribac-sodiumresistant culture cells (hereinafter
referred to as resistant nutant) ﬁﬂg-cultured on M5-2,4-D solid nedia
suppl emented with 100 ~tNl  bi spyribac-sodi um Part of the sub-cultured
resi stant nmutant was sanpled, added into -16 17 May 2005

Now, the present invention will be further described by the following examples,

but the technical scope of the invention is not limited by these examples.

-Example 1: Production of rice (Kinmaze) culture cells resistant to 2 PC herbicide

Chaff was removed from rice seeds (varicty; Kinmaze, scientific nare: Oryza
sariva var. Kinmaze). The seeds were immersed in 70 % ethanol for 5 min, and then
immersed in about 5 % antiformin for 20 min, followed by washing scveral times with
sterile distilled water. Then, the seeds were static-cultured on a medium with a

composition as shown in Table 1.

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

-| Thiamin « HCI (0.1 g/T) 1ml
Nicotinic acid (0.5 g/1) 1 ml
Pyridoxine * HCI (0.5 g/1) 1 ml
Glycine (2 g/l) 1 ml
Myo-inositol (50 g/1) 2 m}
2,4-D (200 ppm) 10 mi
Sucrose " 30g
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M5-2,4-D liquid nedia not supplenented with bispyribac-sodium and then

subjected to suspended cell culture at a cycle of 8 to 10 d&pay 2005
Approxi mately 1.5 g (wet weight) of the resistant nutant was transpl anted
in 200 m of a Erlenneyer flask supplemented with 50 m of a M5-2,4-D

| i quid nmedium and bi spyribac-sodi um at an appropriate concentration,
followed by culturing at approximately 27 'C for an appropriate period.
The wet weight of the callus was neasured periodically. The relative
anount of increase was determ ned based on the wet weight of the

transpl anted resistant nmutant. In addition, the experinment was perforned
three tines with different bispyribac-sodium concentrations, and the
standard error was cal culated. Figure 3 shows the relation of changes in
bi spyri bac-sodi um concentration and the relative weight on day 8 in the
resistant nmutant. As a control, a simlar experinent was conducted using

the wild typen (& sazehediohOsBpdiShQVIB4INes syribdtidedOfuipaPdl hird@rd B
rel ation of bispyribac-sodiumconcentration and relative weight on day S
As shownmediupl, dirsy a mpdivgy withthe fabovee covinpositigp svaggdaaedtini mii betked dnd a

ro S emented Wt n i spyri bac- sodi but was inhibjited in a
gr oﬂg suépllgﬁllé"rérﬁ?@ﬂ W%afla‘*dh? %%ﬁ'?%&bel%ﬁpgﬂyh‘f@%éhé goluten Iwﬂﬁlcﬂﬂlé'iﬁé“rd tlﬁs shown
in Fia. _ ; .. of .pgj t ffected
even 1 B 238 butffifiedtia WA 3 EPUREN ML A AR 008 pyfen il POt ©
rates ofwithe widrdwayd evat)thnidN@es et slirdare Wik A0HABOEMMBASULARE t@Sult@@scr i bed

above except for the use of chlorsulfuron instead of bispyribac-sodiurn.
Fi gur e Sllaskewsingirepipettert Nont, dhree ishegte of ialungintuor &ill Wereolaid overethe rcattiven and

| ati i.ght 9inthe wld.t . Fi 6. sh th | ati f
(el veq, SRR S o 0 L Lhe A Lupe, ELQULE 8, Spos e folalion of
:’ ﬁﬁ: Ef ?gfjinglﬁ gﬁéﬁoﬁ?ﬁ%}?}xhg&cldon Ho%l;oi%’ teﬁltﬁgratlg'é QX“:}%%@ mgia\'\folr gta‘ii}é RGI@S

of the above seeds were prepared. ' '

Next, endosperm portions were removed from the callus induced on the medium,
and then subculture was performed. Then, part of the obtained calli was sub-cultured,
that is, cultured successively once per two weeks in a liquid medium (the composition is
the same as in that shown in Table 1, but not supplemented with Gelrite) supplemented
with 1 pM bispyribac-sodium (one of PC herbicides). Two to 6 weeks later, the culture
cells started to wither. About 2 months later, a plurality of non-discolored cell masses
that were thought to be conducting cell division were obtained from among culture cell
populations most of which had died and became discolored brown. These cell masses
wete isolated and cultured, so that a plurality of cell lines that can proliferate in the

presence of 2 pM bispyribac-sodium were obtained.

Subsequently, the resulting ;flurality of'cell lines were cuttured while elevating the
concentration of bispyribac-sodium in an orderly manner. As a result, cell lines that can
proliferate in the presence of 100 pM bispyribac-sodium were obtained. The
bispyribac-sodivm resistant enlture cells (hereinafter referred to as resistant mutant)
were  sub-cultured on MS-24-D solid media supplemehted with 100 pM

bispyribac-sodium. Part of the sub-cultured resistant mutant was sampled, added into
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17 May 2005 chlorsulfuron, showng that the wild type has higher
sensitivity to chlorsul furon than to bispyribac-sodium HowéMay.2008s shown
in Fig. 6, the growh of the resistant nutant was strongly inhibited by
addition of I gMchlorsulfuron. Sensitivity to bispyribac-sodium and

chl orsul furon remai ned al nost unchanged in both the wild type and the
resistant nutant, even with |l onger culture duration. The growth rate was
al nost the sane in the wld type and the resistant nutant, These results
reveal ed that the resistant nutant possesses resistance specific to

bi spyri bac-sodi um Moreover~ the resistant nutant was shown to have

i nproved sistance to ohlorsul furon conpared to the wild type. Exanple

o Per bMS-ad-B i line‘?w,of WPPXGE@%?‘EQW% gy ipag-seivmy #1d Ben petittechio
resi st ant,,, I [ : t ALS protein was partially

purifi edts‘i“’rpg?r‘ln&e?h%tgnrcg!s%tazreltt%@lgu%l{gr??wg?g%'ned in Exanple 1, and then

her bi ci de sensitivity of the obtained nutant ALS protein was exam ned. The
mut ant ALS protein was partially purified as follows. First, 200 g or nore
of resi stant Anprevimatede 15repaetovkipht) af thequsistantuhiitane wae trhaogplangetbin 200

suppl enment at.i W th bispyribac-sodium,_ the cult= having a conposition as

shown i nFf _Erlenmayes ok syppismented with30-ml 9f g V1S 1461 Ligpidyedipracans ant

mut ant - i zed. usin | SEOL T i Vol of ,buffer-|.[100 mV
pot assi uTprAZARA [l (B Bt | St d o P o oRhlEY B0S
thiam n gygrephaepaize € TgkP)an agitopiidd fleviN TRECRENQ R WY @Rl daglgs (FAD) . 0-5
MM MB02, ‘and ad Vorﬁ;dm 113']; gjgl ylvl ny? pol ypyrrol i done one-tenth that of

ti ssue vuicaswsdd Berfiedichilyr dht arlativaamouss of invotaseevasTdaernoad hasedtan RS
filtered through nyl on gaUée, nd then centrifuged_ at 15,6000 xg for 20

min. A OVRIEH Pl EEsElatted e R rakat ilp ugktian plien BRgHmeph 5 %

saturati [ . PN | f appr. I mai el | ;haur. The
o2t ur a1 oy By B\l L ARREGRL TBE Bkl
preci pi t afr@dwhas aalcubied\eBigtiess Ghvwed the relation of changes in bispyribac-sodium

concentration and the relative weight on day 8 in the resistant mutant. As a control, a

simijlar experiment was conducted using the wild type (Kinmaze). Figure 4 shows the

result of measuring the relation of bispyribac-sodium concentration and relative weight
on day 8,

As shown in Fig. 4, the growth of the wild type was net inhibited in a group
supplemented with 1 nM bispyribac-sodium, but was inhibited in a group supplemented
with 10 nM or more bispyribac-sodium, However as shown in Fig. 3, altnost none of the

growth of the resistant mutant was affected even in a group supplemented with 10 M

bispyribac-sodium.

The growth rates of the wild type and the resistant mutant were measured as
described above except for the use of chlorsulfuron instead of bispyribac-sodiurn.
- Figure 5 shows the relation of changes in chlorsulfuron concentration and relative
weight on day 9 in the wild type. Figure 6 shows the relation of changes in

-chlorsulfuron concentration and relative weight on day 9 in the resistant mutant.

- As shown in Fig. 5, the growth of the wild type was inhibited by addition of 1 nM
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about 3 0 m of buffer-2 [10 MM Tris hydrochloric acid buffer@éﬂg{H 7,5)
containing 20 % -18 17 May 2005 (v/v) glycerol, 0.5 mv TPP7 208 mv
M,Cl2]. The mixture was again centrifuged at 15,000 xg for 20 m n, and
then the supernatant fraction was applied to a Sephadex G 25 (Amersham
Pharmaci a Biotec). About 40 nil of the fraction that had passed through the
colum was collected as a crude enzyne solution. Next, the protein
concentration of the crude enzyne sol ution was nmeasured by the Bradford
met hod according to the manual of Bio-Rad Protein Assay. The crude enzyne
solution was then filtered through a Whatman filter (Watman), and then the

ol i o PHOCRIRE™ WhPTre B rd A e bt eI g ndimn © ) "°°
appl i ed Y6 _ S OISR ©
pr ot 6 1 BB e SR o P P O R e R et

washed ostrongdy ihilkiteidl 8y additiew bNY pﬂ\d\@hﬂdtﬁlﬂftﬁnh.oséxsitﬁ@driogii%r}i%ﬁcuk&ﬁﬁmt he bed
vol ume. Then, the adsorbed protein conponent was eluted using an eluate
havi ng a?bflaesulfpronotetaitcdaalmost weehanped iretiothaheamedld 1@ amidl the reiistent t he

el uate was_ re ar ed bXWQiss?Ivi&%‘KCI ith a 4inear concentration gradient
(0 to 0. FUgL CRp S lopgrs oultuse, dotaticm, The giorah frin gvasialmett dhe s ot den

conponen{vnw%&}égmmﬁdﬂt] each, into a plurality of test tubes for
apportion- Further, to stabilize ALS enzyne contained in the eluted
protein conponent, 0.5 m of buffer-2 containing 20 MM sodi um pyruvate had
been previously added to each test tube for apportion. ALS activity

resul ting fréheseneswits myealed thasithe eesistentnmaiant gossasseh ecsidtancedspetifiectdi ons
apportiol;}ed int 0 gach st tube for,apportion was maasureg1 as follows. A
react | on SRR GRIEE: pMOERYETT Thea sl AR VenchPoR Wodep dpmrendny

m Xi ng ; ' i.th a solution conprising 20 mm
sodi um @ﬁlﬁ%ﬁﬁ%&ﬁéﬁﬁwggéﬁpgﬁg@@nﬁ%wgﬂelo | .M FAD and 20 nM pot assi um
phosphate buffer (pH 7.5).

Example 2: Herbicide sensitivity of ALS enzyme partially purified from the resistant

mutant

In this example, mutant ALS protein was partially purified from the resistant
mutant obtained in Example 1, and then herbicide sensitivity of the obtained mutant
ALS protein was examined. The mutant ALS protein was partially purified as follows,

First, 200 g or more of rcsistant mutant was prepared by a liquid culture method

(no supplementation with bispyribac-sodium), the culiure having a composition as
shown in Table 1 but without Gelrite. Then, about 150 g of the resistant mutant was
homogenized using Hiscotron in a volume of buffer-1 [100 mM potassium phosphate
buffer (pH 7.5) containing 20 % (v/v) glycerol, 0.5 mM thiamin pyrophosphate (TPP),
10 pM flavin adenine dinucleotide (FAD), 0.5 mM MgCl, and a volume of polyvinyl
polypyrrolidone one-tenth that of tissue volume] 3-fold greater than tissue volume. The
homogenate was filtered through nylon gauze, and then centrifuged at 15,000 xg for 20
min, Ammonium sulfate was added to the centrifuged supernatant to 50 % saturation,
and then allowed to stand in ice for approximately 1 hour. The mixture was again
- centrifuged at 15,000 xg for 20 min, and then the precipitated fraction was dissolved in
. about 30 ml of buffer-2 [10 mM Tris hydrochloric acid buffer {pH 7.3) containing 20 %
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One ml of this reaction solution was used. After the eluted fraction to be
measured was added, the neasurement reaction was performedaMa3@00g for 40
to 60 mn. Then, the reaction was stopped by addition of 0.1 m of 6N
sulfuric acid (or 0.25 N sodium hydroxide). 17 May 2005 After the
reaction was stopped, the reaction solution was incubated at 60 'C for 10
mn, thereby converting acetol actate contained in the reaction solution to
acetoin. Then, to quantify acetoin contained in the reaction solution, |

m of 0.5 %(wv) creatine and Iml of 5 % (wv) a-naphthol dissolved in
2.5 N sodi um hydroxi de was added to the reaction solution, followed by

' bat i t 17 9C f I N, ' th tified b I

compar i SORGR TeBbrERREng 015 bk Makyolthe < ior apein ConaivEn ot ner cby
pari + 4 B8 Mzl _

cont o, nel SRR R 20 b nd (e ) inBhocd) RGidd ol FRRRN M aS0BEE N2 | o

contr ol , (ABeshdre PhtuimackbB Rd)NE B UOICRSREhPRawasn Gst RadPasasd Bpeigdxheatel y 7
per 0-2 m  of the reaction solution. However, when the above neasurenent

react i orclpion gwdsellected ase gude emmyimeckobiticsle, and acet oi n generation activity
due to activity other than ALS activity was exam ned, nearly 80 % of the
apparent ALS activity resulted fromdirect acetoin generation activity

appar su . ctivity
mit ant "ALS oSt e AR gobebatrton o QdMLAF bbbt SIS Dy mEBSRLMRL 1"

gener at i Bandast invdthod diko s RGhnROGH BIGER APProfiis AABGL The Shitle efByde r €SUl t ~
two activity peaks were detected as shown in Fig. 7.. To determ ne which

one of t4tuttogowae then filtenpd dhwughra ¥éptmae dilteo (Wirtman)arnd WS ter aude n,
acetoi n gener at L{ﬁn activity was exanmined for the two peaks. Thus it was

found t IPYEORIR THRFOBIAT REIR ARt SEh e Lol Spsmnalied o thee
or ot o1 n, " S5RM Rhfikled FTAG O WENERO Madhath iMRGAR BUAEPRINE elin "
chl or sul devieen(Amersham Z@tihicindiorR¥R A AGUprotein component was adsorbed using
HiTrap Q, unadsorbed fractions were washed out using butfer-2 having a volume 3 to 5
fold greater than the bed volume. Then, the adsorbed protein component was eluted
using an eluate having a volume 10 fold greater than the bed volume (150 ml). Here, the
eluate was prepared by dissolving KCl with a linear concentration gradient (0 to 0.4 M)
into buffer-2. The eluate containing the eluted protein component was apportioned, 5 ml
each, into a plurality of test tubes for apportion. Further, to stabilize ALS cnzyme
contained in the eluted protein component, 0.5 ml of buffer-2 containing 20 mM sodium

pytuvate had been previously added to each test tube for apportion.

ALS activity resulting from the mutant ALS protcin contained in the eluted
fractions apportioned into each test tube for apportion was measured as follows. A |
reaction solution to be used in 4 measurement reaction was prepared by mixing an
eluted fraction to be measured with a solution comprising 20 mM sodium pyruvate, 0.5
mM TPF, 0.5 mM MgCly, 10 pM FAD and 20 mM potassium phosphate buffer (pH 7.5).
Oneml of this rcactioﬁ solution was used. After the eluted fraction to be measured was
added, the measurement reaction was performed at 30 °C for 40 to 60 min. Then, the

- Teaction was stopped by addition of 0.1 ml of 6N sulfuric acid (or 0.25 N sodium
hydroxide). |
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Sensitivity to each of these herbicides was evaluated by neasuring ALS
activity in the same manner as in the above measurenent redéMay£l0except
that a herbicide was added to a certain concentration before addition of
the enzyne sol ution. For conmparison, the .20 17 May 2005 wld type ALS
protein was separated and purified in the sanme manner md used for the
experinent. In addition, bispyribac-sodiumwas prepared as an agueous
solution, and chlorsul furon and i mazaquin were prepared as acetone
solutions. The final concentration of acetone in the reaction m xture was
| Figure 8 shows the relation of ALS activity inhibition rate and

bi spyri bac-sodium concentration. Figure 9 shows the relation of ALS
activity inhibition rate and chlorsul furon concentration. Figure 10 shows

the rel ation LSact|V|t | bi.tion rate. and a gentration.
A line connedt R Wla?téonswﬁ%?tg gb ISt SERCH AR SO o W%gmu%{{gé]str g‘? ¢ I. Ta line
connect i D@ nfh %ﬁ&cﬁﬂ%&ﬁu@%&@iﬂﬁf@h&@@oﬂﬁh@d‘fntﬁb%:a%fx@ﬁ SbItibRtdA@Rin8 to 10.
A herbicide concentration which inhibits 50 % of ALS activity (150) was
cal cul ated according to probit analysis, thereby calculating the ratio of
150 for the _putant ALS protein vs. 150 for the wild type ALS protein.
Table 2 showd® F%éOr%@mIﬁ}'sacct%éﬂﬂt@an 115@e(rﬁmtwn sedution, |1§11 %u IV |

Ol or sur PRRBY o 4805 3°F 84T bRt cisfolB &0 0o du Sodbimy éa”@%w%?f’é‘n‘”‘
for 50 %ddeRiditht dbheldn Qaiu@i%a?c%vvfca%?znt:ﬁ‘@atioﬂ%tﬁ OGR! Mid. Yadethidabl e 1:
150 (resistant nutant) / 15

was then quantified by eolor cempanson of the absorbance (at 525 nrn) of the reaction
solution, thereby evaluating ALS activity. In addition, since the reaction solution

contained a small amount of sodium pyruvate, reaction time 0 was used as control.

As a result, absorbance at OD325 nm was as high as approximately 7 per 0.2 ml
of the reaction solution. However, when the above measurement reaction was ceased
with sodium hydroxide, and acetoin generation activity due 1o activity other than ALS
activity was examined, nearly 80 % of the apparent ALS activity resulted from direct

- acetoin generation activily 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 negative ion exchange resin. As a result, two activity

| peaks were detected as shown in Fig. 7.

To determine which one of the two activity peaks corresponded to the mutant
ALS protein, acetoin generation activity was examined for the two peaks. Thus jt was

found that a fraction shown by the earlier peak corresponded to the mutant ALS protein,

Using the enzyme solution contajning the mutant ALS protein, sensitivity of the
mutant ALS protein to bispyribac-sodium, chlorsulfuron and imazaquin was examined.
Sensitivity to cach of these herbicides was evaluated by measuring ALS activity in the
same manner as in the above measurement reaction, except that a herbicide was added

to a certain concentration before addition of the enzyme solution, For comparison, the
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type) As shown in Figs. 8 to 10 and 'Fable 2, the nutant ALS_protein showed
a relatively high ALS activity even in the presence of t he 1A&3% 29% e, when
conpared to the wld type ALS protein. In particular, the nost significant
di fference between the nutant and the wild type ALS protein was
sensitivity to bispyribac-sodium herbicide. That is, -21 17 May 2005 the
mut ant ALS protein possesses good resistance to bispyribac-sodium Exanple
3: Coning of nutant ALS gene Probes used for cloning a gene (nutant ALS
gene) encoding the nutant ALS protein fromthe resistant nutant were
prepared as follows. The partial cDNA used as a probe in this exanple was

derived fromri (Ni ppon-bare) show ng.high honology wth th LS gene of
mai e, ( HEEpRAT SrprofRin vt SRR AR T %‘3& EHBE TAneT i HR TR
derived {rom.rice - pnoR-har.e) Jb@h’ﬂ: ' I | gene of
mai ze Ast:}!’{aI parétn?'o ﬁ?g&) 'ﬁ(rat’ l%gﬁlls%crr?é ro%%?b%gﬁgggc% ea%g%%}l%ﬁsgs‘%gﬁ?@{a?df or
Techno- i erigmalfu@m ChfndAgfriaﬁ&tPﬁNr erd-Oprepared  andaddtshier dhgionaNdTNAL figpal
Institute of Agrobiol Qgical Sciences, partial nucleotide sequences of
cDNAs of ccentrgtNinionetone &) the mepdtibe evixidet wesrd f'ed and a parti al . nuct eoti de

sequence dat abase of cDNAs had al ready been established. A cDNA clone
(Accession No. C72411) which is known as a nucleotide sequence of

R L B A R g

sequencegoncbhrfidnDNAGI09e shdWws ans | RIA. of /2R AdiVGS ihidbiBbR efitd ram
National Institute of Agrobiol ogical Sciences, and the nucl eotide sequence

was det erhtorsetfurng dootérmation. Fgure, 10tshews Bitirebitionef ddifpadtivést istribitioS ritenol og
gene i nser& ed within pBl ueSCTi p{_ 11 ) ] ]

and Imazaquin concentration. A line connecting white squares denotes the wild type

ALS protein, a line connecting black squares denotes the mutant ALS protein in Figs. 8

to 10.

A herbicide concentration which inhibits 50 % of ALS activity (I50) was
calculated according to probit analysis, thereby calculating the ratio of I50 for the
mutant ALS protein vs. I50 for the wild type ALS protein. Table 2 shows the results,

Chemical 150 (nM)* RS ratio™
Compounds Wild type Resistant mutant Resistant mutant
Bispyribac- 5.63 421 74.8
sodiumn

Chlorsulfuron 17.3 02.8 5.36
Imazaquin 1480 16700 11.3

a) Concentration for 50 % inhibition

b) Calculated from the inhibition activity in Table 1: 150 (resistant mutant) / 150 (wildr

fype)

As shown in Figs. 8 to 10 and Table 2, the mutant ALS protein showed a

relatively high ALS activity even in the presence of the herbicide, when compared to the

- wild type ALS protein. In particular, the most significant difference between the mutant

and the wild type ALS protein was sensitivity to bispyribac-sodium herbicide. That is,




SK+, and it was capabl e of autononmous replication in E. coll. First, an ALS
honol og-retai ning plasmd vector was transforned into E COIWME(Y[i@g ).
VWhite colonies obtained froma plate were cultured in liquid, and then

pl asm ds were extracted fromthe cells by standard techni ques. Since the
insert DNA had been inserted between Sa7l and Noll (restriction enzynes of
multi-cloning sites in the plasmd vector), the vector was digested with
the two enzynes. The insert was -22. 17 May 2005 confirnmed by agarose

el ectrophoresis. Then, the obtained ALS honol og-retaining plasm d vector
was purified by standard techniques using e.g. RNaseA PEG and Lid,
fol | owed, by sequ i ng .reaction using. priners, and an ABl Bi gDyeTer m nat or
Oycl o S RER AT prteipghterw0 2654 Sishiost FeBise it rof iouod e

manuf acture's protocol, Primers used herein were ML3 priners and

synt hesi zed priners designed fromthe determ ned nuclcotide sequence. The
resul ti nExﬁﬁRemo}MﬁhgmugmALE%n@y et hanol precipitation, and then the
nucl eoti de sequence thereof was determ ned by an ABI PRI SM 310 sequencer.
The ALS honoPaghes ased domelopingsmenc goutent AdSkgeow) encodingtthd mudanti ABBrt  DNA
wth a Ien?etéhfof #6 kb. The obt ai ned A%g hr%rsol og-retai,ning plasmd vector
was  di geOERY R hereuFpptapyiaRt weEr RreRaredas iPllops. " Kps partia Hrsad a8Bj ect ed
to el ect ' : 50! . . S ing to

o8l uescrtoro 1 e erambic KBS dfided frotPR PhaRore) HIRIEEHAERIBORE | Psert
DNA f r agwiththe\RLS pded eEmeide( Not shown). The entire nucl eotide sequence of

the insert DNA portion was determned, and its honology to the nucl ootide
sequence of nmize was searched. As shown in Fig, 11, 84.7 % honol ogy was

f ound. Sﬂ cgthe ALS h Io% was determned to he a partial _cDNA of the
ALS gen€ 13 oxtiripaon Eﬁm- Papide sequendesef @ mawa&g{ derivgd fromurice and
Not | iBS&LAR) oA igh ThIoRGy Wiin L8 hend fimdibL St TOW s 2

nucl eoti de” sequente o
As a part of the Ine Genome Project conducted by the Socicty for

Techno-innovation of Agriculture, Foresiry and Fisheries, and National Institute of
Agrobiological Sciences, partial nucleotide sequences of cDNAs of rice (Nippon-bare)
had been determined and a partial nucleotide sequence database of ¢cDNAs had already
been established. A cDNA clone (Accession No. C72411) which is known a5 a
nucleotide sequence of approximately 350 bp contained in this database showed high
homology to the ALS gene of maize. The ALS gene of maize had been comjnlete]y

sequenced.

This cDNA clone (Accession No. C72411) was obtained from National Institute
of Agrobiological Sciences, and the nucleotide sequence was determined as follows.
Here, the cDNA clone coniprised an ALS homolog gene inserted within pBluescript 11

SK+, and it was capable of autonomous replication in £. coli.

First, an ALS homolog-retaining plasmid vector was transformed into £, coli
(DH5¢e). White colonies obtained from a plate were cultured in liquid, and then
plasmids were cxtracted from the cells by standard techniques. Since the insert DNA
had been inserted between Safl and NotI (restriction enzymes of muiti-cloning sites in

‘the plasmid vector), the vector was digested with the two enzymes. The insert was



the partial cDNA of the ALS gene of the var. N ppon-bare; the second row is
that of the ALS gene of mmize, (2) Preparation of nmRNA froff May2008nt
mutant First, the resistant nmutant frozen with liquid nitrogen was crushed
with a nortar and pestle, and then finely crushed with a mxer for 30 see-
The crashed powder was suspended in an extraction buffer [(100 mM Tri s- HCl
pH 9.0, 100 MM Nadl, | w % SDS, 5 mM EDTA) : (0-nercaptoeffi-anol) :
(Tris saturated phenol) = 15:3:20], and then stirred thoroughly. This
solution was centrifuged at 12,000 xg for 15 min, and then the supernatant
was collected. Two hundred in] of PCl f(Tris saturated phenol) -23 17 May

2005 (chl orof ar I soanyl al cobol :24: 11 s ad o the supernatant,
shaken afom F’%ra(gfff’sﬁi ?G[E@E‘P’Feﬁ’)ﬁug@ﬁnalthﬁ?té%@@%xg&%)ﬁ‘“wl‘?ﬁ'f:ﬁtmawg t hen

t he supe tied. : r 1.68.¢ :Ay 1/ 20
vor une oPREREedimEliRl Sy BRBAGHL Rlos of RRESLEDRAS L0
obt ai ned fsllypaninhapquendioy rERtioh NBINY pritiée avdSan AR eyt Terstianor @gc}eso ' C
for 30 mn. The precipitate was collected by centrifugation at 12,000 xg
for 5 nmi RequEmeingrkii Gopditiensdor WEEh gercitpn Hollowed dhd anwtufactiricisdprodengl.t hen
di ssolved .in 10 rnjr\‘/l P:rrercagi %et hanol spl utjon. Next, t&e,sol uti on_was
centri f ugSHest uses nera wars NS BIER 2o SuRe R ROTEr) ecsigned; frem. tha 1/ 4
vol ume o i @, .t ' i ch.. . dto
st and onE‘Ft(‘]:n(e}n##%'lrlr nl%lﬁéé\%?e. Sﬁ}rgl? ér@etljﬁg“lﬁ@%wﬁﬁﬁﬁﬁ%ﬁﬁ’ﬁ%ﬁ;’@d%@ 7,000
xg for 1@redipiation,Caid #rh theanichiotidé Seqtings ahatest was HeMmindd BpQn amd t hen
absorbance at 260 nm was neasured to ?i nd the concentration of RNA. A 1/20
vol ume oPREMINQGEquengera 2. 2-fol d vol unme of ethanol were added to the
solution, which was then allowed to stand at -80 'C for 30 mn.
Subsequently the solution was centrifuged at 27,000 xg for 10 mn to
col |l ect the { 104 f ol : i ' 70.9% et
dryi ng. The E&gﬁlﬁ kgﬁg%ogﬁggﬁﬁglﬁﬁég\g?@%Ebglﬁlmanrpw Hortt M%rt [%@R

with a length of 1.6 kb. The obtained ALS homolog-retainitig plasmid vector was

digested with restriction enzymes Sa X and Not I, and then subjected to electrophoresis.
Therefore, a band of about 3 kbp corresponding to pBluescript II SK+ and a band of
about 1.6 kbp corresponding to the insert DNA frapment were detected (not shown).
The entire nucleotide sequence of the insert DNA portion was determined, and its
homology to the nucleotide sequence of maize was searched. As shown in Fig, 11,
84.7 % homology was found. Since the ALS homolog was determined to be a partial
cDNA of the ALS gene of the var. Nippon-bare, the insert DNA digested with Sal I and
Not I was used as a probe. Further in Fig. 11, the first row is a nucleotide sequence of
the partial cDNA of the ALS gene of the var. Nippon-bare; the second row is that of the

ALS gene of maize.

(2) Preparation of mRINA from resistant mutant

~ First, the resistant mutant frozen with liquid nitrogen was crushed with a mortar
and pestle, and then finely crushed with a mixer for 30 sec. The crushed powder was
suspended in an extraction buffer {(100 mM Tris-HCI pH 9.0, 100 mM NaCl, 1 wt %
SDS, 5 mM EDTA) : (B-mercaptoethanol) : (Tris saturated phenol) = 15:3:20], and then 7
stirred thoroughly. This solution was centrifoged at 12,000 xg for 15 min, and then the
supernatant was collected. Two hundred ml of PCl {(Tris satrated phenol) :
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appropriate anmount of H20 to obtain a total RNA solution. Here
centrifugation was perforned at 4 'C. mRNA was separated ahdMsu20P5ed from
total RNA by the followi ng method. A 2x binding buffer (20 mM Tris-HCl pH
7.5, 10 MM EDTA, | MNad) in a volune equivalent to that of the extracted
total RNA solution was added to the extracted total RNA solution. A colum
filled wth 0. 1 g- of ofigo dT cellul ose (Arnersham Pbarmacia Biotec) was
washed with a I x binding buffer, and then the total RNA solution was
applied to the colum- After the colum was washed with a | x binding
buffer, an elution buffer (10 nM Tris-HCl pH 7,5, 5 mM RDTA) was applied,

and the ate coll ected. 0. m at_ a .tinme. ctlons t hat ha assed

t hr ough ﬁ’ @gf’ﬂ}m W@f”é‘yh’gﬁﬂipgd“ t% ‘Uhbl was dﬁﬁ?dgﬁp ﬂ%fTS‘H@F‘Png’ﬂ?‘%@F sham
Phar maci | e sane ngr.. h
concentrﬁt?o?&e@ﬂ? &gﬂ{nﬂgﬁpv\a?% xﬁlf§¥ S Sé‘gdg&&tﬁlg é‘@@%‘%@ét ivggof each
fracti ongolRctbl 1theobdtRirdvad Repbhied Ghvicand 1@02vo‘imﬁ@ b5 W NETR aRf a@th@Pl were
added to .24 17 y 2005 the products, and then the m xtures were all owed

to standveltmesd eti@nbbmweBoadded. toNbxtobtmmddesupemmSandeﬂendbmhanngds and the

precipit ,ed fractlons re_dried, and dissolved in 100 gl of H20. The
t hus obt 219 trskaad 4 s8¢ (i Brt30qminy 1dF PEcpigys \*@ﬁ&?lleﬁﬁc%?w@@flﬂgénmaena ty

gr adi ent | i 1€, ; Ak p | d to a
centri fuge%%dé) )I%Q,?% ]g'{eh ﬁ?i"f&’g‘%&gw gl vedn‘sdr W{f@ﬁ%&%ﬁﬁl rfl on and
5 % sucr @is@lvedl it I0RAM BfleicBRBethithdl REEIRN! NE-HQ%E %mt%?n cérﬁﬂﬁfge& af> hours
at 4 '"Cusing a swing rotor.” After centrifugation, 0.5 m each ftraction
was col | Z50@Hxg oot @eningh rdmnsé insotpbldfrection. AbSovhlameeofdi M(I.hﬂlf wact i on

was neasu 8 t.he oncent}“g\ilon of the collected mMRNA was cal cul at ed, and
t he pres%#? %]thch_ wa thery allavedyto s en festiopd hevwdgethen thoy ki t

(ECL di v gldhUGhsdefierftGheh 4:39%d0Ng AP o A8h RELARR: S¥eL5Te, AENSRAT 4 m1
of H»0Q, and then absorbance at 260 nm was measured to find the concentration of RNA.
A 1/20 volume of 5 M NaCl and a 2.2-fold volume of ethanol were added to the
solutiory, which was then allowed to stand at —80 “C for 30 min. Subsequently the
solution was centrifuged at 27,000 xg for 10 min to collect the precipitate, followed by
washing with 70 % ethanol, and drying. The resulting product was dissolved in an
appropriate amount of 30 to obtain a total RNA solution. Here, centrifugation was

performed at 4 °C.

mRNA was separated and purified from total RNA by the following method. A 2x
binding buffer (20 mM Tris-HCl pH 7.5, 10 oM EDTA, 1 M NaCl) in a volume

- equivalent t6 that of the extracted total RNA solution was added to the extracted total
RNA solution. A column filled with 0.1 g of oligo dT cellulose (Amersham Pharmacia
Biotec) 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
buifer (10 mM Tris-HC1 pH 7.5, 5 mM EDTA) was applied, and the eluate collected 0.5
m] at a time. Fractions that had passed through the column were applicd to another oligo
dT cellulose (Amecrsham Pharmacia Biotec) column, and treated in the same manner.
After the concentration of eluted mRNA was calculated based on the absorbance of each

fraction, a 1/10 volume of 10 M LiCl and a 2.5-fold volurne of ethanol were added to
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Pharmaci a Biotee). Hybridization was performed using a probe_prepared in
(1) above at 42 OC for 16 hours. After hybridi zati on, Washﬁénaé’tzoﬂﬁ "C for
5 mn was perforned twi ce using a prinmary washing buffer provided with the
kit, and then washing at 42 QC for 5 mn was performed once using 2x SSC
solution. The washed filmwas wapped wth a transparent plastic filmto
keep it inmmersed in an attached | um nous reagent provided with the kit~and
t hen exposed to an X-ray film Approximately 35 ng of total RNA was
extracted fromthe resistant nutant and approximtely 4 ng of nmRNA coul d
be extracted by the above procedures. Further, in sucrose density gradient
zat]j on-positive spo for a fraction

trif tion, hyby i di t f
Cxpect od EPBRAEREPHiThen O PREVRI| WoNFdo RS b0 ep BTG iRk SIKL05. mg-

of total 4RNAias | 1.5 i r.oX]. at of . Wen
MRNA Wast ext ractse H%Sr#rﬁﬂ%edw&}@ﬂgk i/éﬁg%ﬁaiﬁ%eﬁgﬁlggé%%g%’ %‘é@%{’dﬁ o) except
that the100 ilof MpO. YRS tHIS @BtaiaiFRE AOKad Hfbject@SloSiA fractidh@fn by dRrosk! MY
2005 (3) Construction of cDNA library derived fromresistant "nutant Using
2 | -tg offensrarghenticertifugatio) above and a cDNA synthesis kit (Amersham
Pharmaci a Biotec), cDNA was synthesized, so that a cDNA library derived
fromthe resistant nutant was constructed. First, RTase provided with the

Kit was used-hQr : . R lgn; T [o]o! rase,

pr ovi ded wi ¢ AL e B S8 DubiERR REEVR LEDuini B b Wsnphunchbs PPN AT

el ongat i gfadieddlivéa by UDOIS 00 NRRIE NofitbnChAd 5 &b ORGATE WbIIRAC tdndN thed2P_dCTP
Was added to calculate the yield of cDNA synthesis. After an adaptor was
added, thigracentrifugedi ated7,00NApmador i dipos attetl Tntusin¥ phevgeg bytdrn Aftdrr o
pack- agi ng %tghod, Tge ?d%pt of added to cDNA was an_Eco RT-Not |-Bam Hi
adapt or ¢ atiagl, O yml o each fraction was collected in order of density gradient.

Absorbance of each fraction was measured, the concentration of the collected mRNA

was calculated, and the presence of ALS mRNA was confirmed by hybridization using
an ECL kit (ECL dircct nucleic -acid labeling and dcteetion system, Amershm
Pharmacia Biotec). Hybridization was performed wsing a probe prepared in (1) above at
42 °C for 16 hours. Afier hybridization, washing at 42 °C for 5 min was performed
twice using a primary washing buffer provided with the kit, and then washing at 42 °C
for 5 min was performed once using 2x SSC sohation. The washed film was wrapped
with a transparent plastic film to keep it immersed in an attached luminous reagent

| provided with the kit, and then exposed to an X-ray film.

Approximately 35 mg of total RNA was extracted from the resistant mutant and
approximately 4 mg of mRNA could be extracted by the above procedures. Further, in
sucrose density gradient centrifugation, a hybridization-positive spot was found for a

fraction expected to be positive.

When the wild type was used, approximately 95 mg of total RNA was extracted
m addition to approximately 7 mg of mRNA. When mRNA was extracted from the wild

type, the above method was applied except that the wild type was used instead of the

resistant mutant.
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Adapters with a nolar concentration 50-fold greater than thgkﬁé}‘yﬂ% wer e
added to a solution containing cDNA. Then, T4 DNA Ligase ( ) was
added to the m xture followed by ligation reaction at 4 'C overnight. The
reaction solution was applied to HPLC using an Asahi Pak GS 710 col um
(Asahi Chem cal Industry Co., Ltd), followed by nonitoring the eluate with
ultraviolet rays at a wavelength of 260 nm The eluate was fractionated
into 25 fractions of 0.5m each, Each fraction was neasured wth a
Cerenkov counter, and 3 to 4 fractions with a high count were coll ected.
The S termnus of the adaptor contained in the fraction was

phosphor ' T igl eot. de ki nas Takara Shuzo), and then
), gt | |Y@i%&%ﬂé‘#%’q%fi’%ﬁﬁéﬂ%W%‘H?%W*%ﬁé%ﬁﬁ G gaPack Cold I11
(Stratagene) was added to the solution, and then |ligation reaction was
perfornmed at roomtenperature for 2 hours, After reaction, 200 gi of a SM
buf fer and 8Jgjhg afpdf mROTOpunifiel & @) dbsve sd HeDNeasiiaRisSEl YA ineshahher eby
prepari n% a p- hag,e solution. This phage. solution was diluted 10-fold. One
It1 of tFBarmfciy,BitiegorbNiforanarnthemizeds ael thati cBNAc bbiary derdvsBfrom thewhi ch
0.7 %to ar s .added and then the solution was inocul ated over a LB
pl at e- Tﬁﬁ?mg&lgfmﬁlcgwggghat had energed on the plate 4 to 8 hours

| ater was counted, thereby neasuring the titer, -26. 17 May 2005 Synthesis
of approximately 74 ng of cDNA derived fromthe resistant nmutant was
confirned by Fifsg Rlassrbvided Bith8He kidpas ussdiforarevdtaviragtibticiOreaddd: masul t  of
Cerenkov__counting after |jigation of a vector with an adaptor added thereto
r eveal edPMaPolyaHsS Prowmdad itk therdgt was xysdAor 8 subsenieng coimpldmmwary chaiger t ed

th [ tal d f th [ t tant. The XDNA dint
R G S N SN

resi st anjddedt A 0 i tj.0 pfallil.
Wen a cDNA |%Fﬁfl§aﬁa§“¢pfﬁg§a§g§bﬁi’i& ﬁgﬁﬁ%ﬁi g%e{r.lé’!(l:]t gddawforﬁ-ogrv]gvts ﬁdggb‘\n&l %%t ype

synihesized cDNA was incorporated into A phage by in vitro packaging method.

The adaptor added to ¢cDNA was an Eco RI-Not -Bam HI adaptor (Takara Shuzo).
Adapters with a molar concentration 50-fold greater than that of cDNA were added to
solution containing cDNA. Then, T4 DNA Ligase (Pharmacia) was added to the mixture
followed by ligation reaction at 4 “C overnight. The reaction solution was applied to
HPLC using an AsshiPak GS 710 column (Asahi Chemical Industry Co., Ltd.),
followed by monitoring the eluate with ultraviolet rays at a wavelength of 260 nm. The
eluate was fractionated into 25 fractions of 0.5ml each. Each fraction was measured
with a Cerenkov countet, and 3 to 4 fractions with a high count were collected. The 5°
terminus of the adaptor contained in the fraction was phosphorylated using T4
polynucleotide kinase (Takara Shuze), and then Agt 11 EZco RI arm was added to
perform ligation. GigaPack Gold 11T (Stratagene) was added to the solution, and then
ligation reaction was performed at room tempcerature for 2 hours. After rc-:acﬁon, 200 pl
of a SM buffer and 8 ul of chloroform were added to the reaction solution, thereby
preparing a phage solution. This phage solution was diluted 10-fold. One pl of the
diluted solution was infected with E. coli (Y-1088), to which 0.7 % top agar was added,
and then the solution was inoculated over a LB plate. The number of plaques that had

emerged on the plate 4 to § hours later was counted, thereby measuring the titer,
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according to the above-nentioned nethod, approximtely 3 8 Bgﬁ&{é%@QA
derived from the wld type was synthesized. Further, approxXi % 5 ng of
XDNA containing the insert inserted therein was obtained for the wld
type. Furthernore, the titer of the cDNA library solution derived fromthe
wld type was 18, 160 pfu/~tl. (4, Screening of cDNA containing the ALS gene
To form about 20,000 plaques on the plates, the library solution prepared
in (3) above was diluted, and then thereon phages derived fromthe wld
type and those derived fromthe resistant nutant were separately

i nocul ated over 10 plates, respectively. Plaques were transferred to a

nitrocel | ul ose renthesinel {BoiancheT4 R SEEMSAl derivERRETORAN-BAGRL mMd@He wak Z€
0.45 lun). The_ nitrocellul ose nenbrane was i Mmersed in a denaturation

sol ution (0CoNimed b the ssuit 0HIRE)81 raper adeCeremkoa coentingaThe agsubinf Satankown

(1.5 MNad , 0.5 MTris-HCl 7.5, 1 EDTA) for approximately 20 see.
Excess wat &7VIRE ?féetl}vg%aaoﬁs‘i%?é 4eqton t"\gm BB p&RPIF ctdde etharete dedaled| Hwe

menbr ane, apd.. i tor | ul ose nbr ane. wa ked at 80 OC for 2
hours. In a%l{)}lﬁgﬁf‘aﬁf%n a‘itgi%@ﬁéﬁ%@%ﬁ“ﬁ?ﬁﬁ%ﬁ%ﬁ&mﬁ@' BRAPE ham
Phar maci a Bilet esiktawemutse dricn R hRag el iRGCH d

i mmobi |i zati on was peruf ormed with (5@481 ‘f‘h‘"’@&% lﬁ%rhfgéﬁ%g’nﬂﬁf@%%%gpﬂg %005
The insert ENAAplieper datived ffdh) tabosles vBithel @bighRdmbnt \Thet HRESf A MBlahpd, R
and nor)-Rl, and then used as a probe DNA. Labeling with R and

hybri di zat i ¥Ry &as Ket00@fsl by the fol | owing nethod. First, approxi mately

200 to 500 ng of probe DNA was thermally dcnaturated, and then | abel ed
using a BcaBEST DNA | abeling kit (Takara Shuzo Co., Ltd). Upon this

| abel i ng reacti 9Mend OWiAQLr qg%%gg e 2 . P-dCTR.  provi W th
the kit were adde]d?1 Next , Bc%rSZB \%gs eﬁ%‘éﬁ%@% %ﬁ%&%ﬁrﬁgﬁ%gﬁ?gweﬂ 65
*C for 30 mcoordBysetitigitivkynentioRAl MRthoa déifrborifaklom Ler EBRAL dPfed TG
reaction ,

the wild type was synthesized. Further, approximately 5 ng of ADNA containing the

inse;t inserted therein was obtained for the wild type. Furthermore, the titer of the

cDNA library solution derived from the wild type was 18,160 pfu/pl.

(4) Screening of cDNA containing the ALS gene
To form about 20,000 plaques on the plates, the library solution prepared in (3)
above was diluted, and then thereon phages derived from the wild type and those
derived from the resistant mutant were separately inoculated over 10 plates, respectively.
Plagues were transferred to a nitrocellulose membrane (Schleicher & Schnell,
PROTORAN BA8S5, pore size 0.45 um). The nitrocellulose membrane was immersed in
a denaturation solution (0.5 M NaO#,1.5 M NaCl), and then in a neutralization solution
(1.5 M NaCli, 0.5 M Tris-HCI1 pH 7.-5, 1 mM EDTA) for approximately 20 sec. Excess
water was removed using a filter paper from the nitrocellulose membrane, and then the
“nitrocellulose membrane was baked at 80 °C for 2 hours. In addition, the baking step
was omitted when Hybond-N+ (Amersham Pharmacia Biotec) was used instead of a
nitrocellulose membrane, and immobilization was performed with 0.4 M NaOH for 20

min.
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solution was applied to nitrocellul ose nenbranes, so that 8 sheets of the

nmenbrane contai ned approxi mately 100 ng of probes. Hybridi 24May?0R@s
performed at 42 OC overnight with weakly shaking. After hybridization, the
menbr anes were washed three times with 2xSSC, 0,1 % SDS sol ution, followed
by exposure for about 1 hour to an imaging plate of a BAS 2000 i magi ng
analy7er (Fuji Photo FilmCo., Ltd.). Follow ng exposure, positive clones
were detected using the imaging anal y7er. Labeling with non-R was
performed by the follow ng nethod. Follow ng thernmal denaturation of
approximately 200 to 500 ng of probe DNA, DNA | abeling reagent

(per oxi dase) nd gl uléaral dehyde which are provided in an ECL direct DNA/ RNA
| abel i ng and T %ﬂ’é‘"@%’t NAsprepasier (adh} abayé Washlabelad by Wiogyeeh ! wethedaBded,

fol |l oned t I ase |.ed.. robe DNA was
appl i ed ?gyﬂmi ?‘gfc%% th %‘gc'd %%%‘SFOIJ BNtfb [taﬁ wéthggt %naéjﬁ %’i‘é’ﬁb‘?{%{ﬁe

cont ai NegerARRIAH rmm;ymaag TG, 146 apbARELACLPIONG e B BbEagAT on Vs
performed at 42 9C overnight wth shaking. After %‘berldl zation, the
menbr anewwﬂlemadhedbmhnﬂed,tarﬂﬂben/\iabéiediunng mcyBEEﬁ"mAgaMHn@duit (@ukaraom
tenperatyre for 10 mn, and then once with 2xSSC at room tenpgrature for

10 min. AEoesm Lithe Upan thisrabeling repction, arhuﬁ%&sraadmwr%ml d=dCTRi th t he

SR [ SR N L e e

t oget her g3v°Chid p AARTSUbSEdiEnty, %myﬁastmw% %{fm ﬁe%éc%ﬂ THeReRfled 1 n 200

pl of SM buffer, thereby obtai'ning a phage sol ution. Phage sol utions of
each cl osedutiver was apflici/ taVaitro2€ilBoscampmbprnicat sl thadidl sticed, ofl b anémbranét h E
coli strain Y-1088, and then inocul ated over LB plates. Using these newy

prepare dc%‘ftf’dﬂ% apmﬁmi@lz at QQ) ﬁ‘g ( @%E&b@% r I;be,redl@@mnn wps \pesformed faprdre @
| arl 200 SM b ffer, th b
zlb':n ai ﬁr n% sﬂlgi gﬁq e phage gf@‘gﬁﬂg nwgsf“"?'glhraﬁfsegc{?ng 88%?)"5 Srevy

screeni Ngimes with 2x8SC, 0.1 % SDS solution, followed by exposure for about 1 hour to an
imaging plate of a BAS 2000 imaging analyzer (Fuji Photo Film Co., Ltd.). Following

exposure, positive clones were detected using the imaging analyzer.

Labeling with non-RI was performed by the following method. Following thermal
denaturation of approximately 200 to 500 ng of probe DNA, DNA, labeling reapent
(peroxidase) and glutaraldehyde which are provided in an ECL direct DNA/RNA
labeling and detection system (Amersham Pharmacia Biotech) were added, followed by
incubation at 37 “C. In this case, the labcled probe DNA was applied to nitrocellulose
membrane, so that 8 sheets of the membrane contained approximately 100 ng of the
labeled probe DNA. Hybridization was performed at 42 °C overnight with weakly
shaking. After hybridization, the membrane was washed three times with a primary
washing buffer at room temperature for 10 min, and then once with 2xSSC at room
temperature for 10 min. The membrane was immersed in & lwmninous solution provided

with the ECL kit, and then exposed to an 3-ray film for 30 min to 3 hours.

Positive phages obtained by hybridization (primary screening) were scraped off
together with top agar using a sterile toothpick, and then suspended in 200 pl of SM

buffer, thereby obtaining a phage solution. Phage solutions of each clone were
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anot her dilution was perforned, followed by inoculation over LB pl ates.
Subsequently, hybridization (the third screening) was perfdfMay 20§ t hat
si.ngl e phages wer e obtained. Next, XDNA was prepared fromthe single
phages by the foll ow ng nmethods. phagges collected with a banboo brochette
or a toothpick from plaques of positive clones were inoculated in 200 ~d
of a 2xYT nmedium (containing 10 mnM-Cl2 and 0.2 % nmaltose) containing 5
~tl of a suspension of fresh host Rcoli (Yl 088). The product was allowed
to stand and incubated at 42 ' C overnight. Then, the medi um was i nocul at ed
again in Im of a 2xYT medium (containing 10 rnM M 02 and 0-2 % nal t ose)
containing 25 _~LI of a suspension_of host E. coli (YI088), and then

shake- cuPRRIPERRIely BRIy infectedadd Bt epsstinbmolbfsaand ghapuinoenlatad operokBss) .
rodi um oot e Bt RRet Tt B, poRfReo G SvEre s saspen S,
Then, i ngsdpsd=an ) G : ] | | V&l trong
shaki ng. Poae rjcARMRELP T RETAES e Fhs RSOy b OSIF bt Bl [ OO,
chl or of ovbmmivty Sirgleriphadesd IfVnbagthgleepleagadaas isdaed thie Bedon@akatdreshiMgs

performed at 42 OC for 10 min while shaking. The product was centrifuged
at 27, oosnoteriditaney wayi nerformed. tialkdewedby snasulatian saver WBplatesv Spbsequenflerred to

a centri ion tube:. Five nl .of 50.% PEG was added to the superpatant,
ond t hen AR R Tird horPioe) s o arh e Lot I PAEe oSBT T | { uged
at 27,000 xg for 10 mn, and then the supernatant was discarded. Next,

anot her centrifugation was perforned at 27,000 xg, and then the liquid

portion was textNINA. wadhprepired iffoint Glecsingleatiabent folRRand etbtidds3R0 | A
of a 30 M Tris hydrochloric acid buffer (pH 7.5) containing 4 ~tg of
DNase 1, Phrgeseqjlestedrialya bambembroshetipmenfopthpickifeors piaguasolposwise dorgssf er r ed

(0,2 1 ol hBingd g PS0F R, Shoke FrbtRE ISP e 08 L0
EDTA ver gaRelés dofifinid}es fYSPLOSHONor & h8sPY L EPRI8S). B phdal¥RYyag 005

allowed to stand and incubated at 42 °C overnight. Then, the medium was inoculated

again in 1ml of a 2xYT medium (containing 10 M MgCl; and 0.2 % maltose)
containing 25 ul of a suspension of host E. coli (Y1088), and then shake-cultured
overnight (these steps compose a pre-culturing process). The pre-cultured solution (10
to 50 ul) was inoculated in a 12 ml of 2xYT medium containing 10 mM MgCl, and 0.5
ml of . coli Y1088 suspension. Then, incubation was performed at 42 °C overnight
with relatively strong shaking, until turbidity increased after lysis. After culturing, 50 (l
of chloroform and 1.2 m!l of 5§ M NaCl were added, and then incubation was performed
at 42 °C for 10 min while shaking. The product was centrifuged at 27,000 xg for 10
‘min, and then the supernatant was newly transferred to a centrifugation tube. Five ml of
50 % PEG was added to the supernatant, and then incubated on ice for 1 hour or more.
The product was centrifuged at 27,000 xg for 10 min, and then the supernatant was
discarded. Next, another centrifugation was performed at 27,000 xg, and then the liquid
portion was discarded. The precibitated fraction was suspended in 300 pl of a 30 mM
Tris hydrochloric acid buffer (pH 7.5) containing 4 pug of DNasc I, 20 pg of RNase A
and 10 mM MgCly. The suspension was transferred to a 1.5 ml tube. After incubation of
the suspension at 37 “C for 30 min, 7.5 pl of 20 %SDS, 3p! of proteinase K (10
mg/ml), and 12 pi of 0.5 M EDTA were added to the suspension, followed by further
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I ncubation at 55 'C for 15 mn. Subsequently, 150 pl of phenol was added to
the product, and then stirred vigorously. Then the nixturel1Wdayc88ri f uged
at 15,000 rpm for 3 mn using a TOW M crocentrifuge MR- 150 (TOW DI G TAL
BIOLOG Y CO., LTD~), and an aqueous |ayer collected. 800 ~d of ethyl
ether (to which distilled water had been added to renove peroxi de) was
added to the collected aqueous |ayer. The mxture was stirred vigorously,
and then centrifuged at 15,000 rpmfor 10 see and the ether |ayer was

di scarded. After the ether extraction step was repeated, ether remaining

I n the aqueous | ayer was renoved with nitrogen gas- Thirty il of 5 M Nad

and 875 gl of et hanq& wer e added to the agueous Ig%;r so that

preci pi t HcBbRtNG sCr fa5i 1A incSpbssauendly, TAB 1dov Blansd waneddsd storhased

wi th approxi mat e | d. of. 70 9% et hanol ., and then drj unde uced

bt essur SPRSRELEE Yenre vigorsialy. PR e TPt A blrites & TS hE BB auct
was di ssfrvieshid B 14 | f I eparing
a XDNA sél ut fon.lggﬁggﬂgni]ﬁ%rgéﬁgﬁzfggﬁmﬁﬁg (SPNgﬁe}ﬂ) I%%{gé%tﬁ%&?ﬁ (??é

obt ai nedL.VDNAzid ar aqpasib diyee doliyetéd1R00OLI evehg sthérh@s whidtedetilled Ragkr YONA
solution (] .gl) was digested w th Not | so as to excise the insert DNA
The conpb beshadsicdaoriegore geraxddealt wvamh addedr to tiecepllgeied raguequsolayert e owed

the Manual_.attached to .the restrjgtion e ., After reactjon at, 37 OC for
appr oxi nBWERY e iyt vigRgurivead e ZanREea O dllme) T8 Bidf esi o
using | &n &5% JANA ~d i L4 LesBhihe DNA
was di gestg!gﬁ\sfm t haﬁNcgtkcalr’ SO f(géa%coéd&%?g%g?ﬁggtﬁ%?é %ﬁ%g’ ‘El't%gr# nserl?gDNA was
separ at eith the agngus faeo ses gahovedrwisiaaitdgag gad bGP Lt 655 0N N0 2hasds yas
cleaved fromthe gel, and then the insert DNA was purified by standard

t echni quelsethaped Wergerddediya the squiovs dayani sk that\imesipitatéd NCBWA rjasBrpidly eat nent
(dephosph tion i | i ne. phosphat ase, derived * a _shrjnp) at

ol ar SR T otRERH A TRtA WS BreRel P AR PR nmely URiar APosnoliBhse. at
16 ' C f Ofher déied ﬁﬁd@*mﬂﬁﬁeﬁgr@ﬁﬁ% fob lapf@xihelyS &lih, (ENEo§ hE&AYREH WilaoNot 1
was used as material, BAP treatnment” was perfornmed for” vectorS cleaved with
Not |. The product was dissolved in 20 pI to 50 pl of a TE buffer (pH 8.0), thereby preparing a

ADNA solution.

_ Subcloning and sequencing of the insert DNA in the obtained ADNA were
performed by the following method. The obtained ADNA solution (1 ul) was digested
with Net I 5o as to excise the insert DNA. The composition of a reaction solution (for
cleavage reaction) followed 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 pl to 20 ul) containing the insert DNA
was digested with Nor L, so as to excise the insert DNA. The insert DNA was separated
using agarose gel for sampling, the corresponding band was cleaved from the gel, and
then the insert DNA was purified by standard techniques. The insert DNA was mixed
with a vector following BAP treatment (dephosphorylation using alkaline phosphatase
derived from a shrimp) at molar ratio of 1:1, followed by ligation reaction with T4 DNA
ligase at 16 °C for 2 hours or more. Here, since the insert DNA cleaved with Not I was
used as material, BAP treatment was performed for vectors cleaved with Not L
Following ligation, part of the solution was mixed with competent cells (DH5¢), and

then allowed to stand on ice for 30 min. Next, the mixture was subjected to heat shock
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‘quantified, and then the asm

Following ligation, part of the solution was m xed with conpetent cells

(DH50L), and then allowed to stand on ice for 30 nmin. Next17#May380%ture
was subjected to heat shock -30 17 May 2005 at 42 'C for 30 see, and then
allowed to stand on ice again for 2 mn- Then, SOC was added to the

m xture, incubated at 37 'C for | hour, inoculated over a LB nmedium plate
on which a mxture of 100 0 of 2xYT (containing SO ~Lg/m anpicillin' ),
-500 A of 3 %X-Gl and 3 ~LI of I MIPTG had been previously added
uniformy, and then cultured at 37 'C for 10 hours or nore. The
transfornmed white colonies were each inoculated on 2 ml of an LB nedium
cont ai ni n a 2xYI medium and then, cultured at 37 OC

ol L
overni g hta?‘j‘gg@n&%rﬁ@l %&O{‘@r@c% 8iloved i Stand SRiFABRIY for groparldeno§OCsvandar d
techni quagdanth HeSRkedidcibiied at e Gy ?%ﬁrﬁéﬁ@&l&% ?Vae@& Burn

he pl ed to reactron tor

S were subject

sequenci piate BCRhidteaafiktere 6MIDEROORNCT T cotiising 66 .00 #e dmpieimigs,ds of
descri bed Qbove. Therefore, the ALS cDNA with an inconplete |ength of

appr oxi mat & F-Galoandy3 vedsof bPvIalPIEH s hetre patdvesheegded noiformlg and then Sma |

Site was _presen te osition approxijrately. 250 bp.fromthe 5 side of
the DNA “&"HE %Pgbf \Kﬁfs?%rhémg'a St BaS t‘ﬁB%Pmﬁdnﬁ}ﬂﬁﬁt%BH‘?cspW{FeWi pt 11
SK+ cont giqai t ' . . . I, f | col i
W00, Ryl i PO AL B it oot WHDIOIRI: T Melfinl 958 ey,

syst em ( KAIRABD aPI371%D )overtlightp Fesfi tHe Wabugl E616HdY, Flhgsas aﬁerw'dﬁrbparmyl- The
generated fragnent of approximtely 250 bp was separated and purifiéed by |
% agar os&adasd t eeionassnd dsralvedem tHud.c She dNAatouentatiore dherabf tved,

byt he. aBBUERR HEL BB Hins ers FERCREL: B BTaretinr b B R ECBDL a' ned

Then o1 2 e e P A BT M | Fobi 11 2t on

onto a nitrocellul ose nmenbrane. Foll ow ng .

Therefore, the ALS ¢cDNA with an incomplete length of approximately 2.2 kb was

obtained by the above experiment. Since an Sma I site was present at a position
approximately 250 bp from the 5’ side of the DNA, a new probe was prepared by the
following method. pBluescript Il SK+ containing the approximately 2.2 kbp was
amplified with host E. coli JM109, and then plasmids were extracted uging an
antomated 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 calculated, thereby
preparing a probe. Using the probe, the library was screencd again by the above method
employing RI. ADNA was prepared from the thus obtained single phages, the ADNA
solution (1 pl) was digested with Eco RI, and then size was confirmed by
electrophoresis, followed by immobilization onto a nitrocellulose membrane. F ollowing
electrophoresis, the gel was immerscd in 0.5 M NaOH solution containing 1.5 M NaCl,
and then shaken lightly for 15 min. The gel was then washed with water, immersed in
0.5 M Tris-HCI (pH 7.5) containing 3 M NaCl, and then neutralized whilc shaking for
approximately 15 min. Approximately 5 thick, industrial filter papers were piled up to
make a base. The base was placed in 20xSSC spread over a stainless bat, Subsequently,

the neutralized gel, 2 membrane (which had been cut into a certain size, immersed in
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el ectrophoresis, the gel was imrersed in 0.5 M NaOH solution_containing 1.5
M NaCl, and then shaken lightly for 15 min. The gel was t hdAMaAP88 with
water, imersed in 0.5 MTris-HClI (pl-1 7.5) containing 3 MNaCl, and then
neutralized while shaking for approximately 15 min. Approximately 5 thick,
I ndustrial filter papers were piled up to nmake a base. The base was pl aced
I n 20x8SC spread over a stainless bat. Subsequently, the neutralized gel,
a nmenbrane (which had been cut into a certain size, imersed in 17 May 2005
distilled water and then i mersed in 20xSSC for another 10 min), and
two-ply filter papers were pl aced in order on the seat, on which a paper

t owel hi ckness_of ;3 cm emwas further pl aced A gl ass plate
and then ﬁ?%wteﬁép HFCW\EP@GHF@G%(?OZS%S@ Her apgtheryE9 mink)|andvise ﬁy fBtevt ti ng

f f fi f th bbl
ent r appelP e pigtsd D ardet b TRt o SPOnet b o) g7 kPO e o
appr oxi mwlcmmsmrﬂ]erwdeewgas@.uﬂat&' 9 &hs @ggie@ﬁ gg@%‘gﬁf&@a%ﬁhﬁg to W

treatnment with a trans-illum nator, enb

appr oxi npodhst, fHlawad by dloting for ﬂpp})ﬁf{hﬂtelpa'i(lmg, Alyehrdcalifitfbii®n of there
(hybridization buffer corrp05|t|on 5xSSPE, 0.5 % SDS, 5x Denharlts, solum
sperm ng 59 bubbls crirapees) bahweerptbe fust mstithgimembrige, bpbing wampdsformedbe DNA

N ?rES! ng B abpiodieli iba*%kh%‘?k%é@%hgﬂ?‘@%ﬁhéf@ﬂg bRt 05 Gigk © ((Foer 05
posi ti Vetréeﬁm@ﬂtb@itﬁi laZRdds ANumiddRstearkh Bish @)Qk@d E@{@é@k@éﬂ?&%@zﬁ Hﬁﬁ €

prepared in large quantity, and then sub- c one Into
pBI uescriop$0 TMinSkfterhtrkiy chytvidesmtidn (hgbridizaslonhbiffer Rimpaitioh esxSspEat ed
with BAP by the above nmethod. The product was transformed into E col | (IM

105) . Th%sdﬁﬁé)isnéﬂqeﬂﬁﬁ#&rmép%mﬁﬁpé@f@‘mﬂﬂudﬂ)lwmﬂﬂfmlﬂdHﬂ’@th‘and t hen

oo T8, B SARE AAES  RSE o  e BE R ™

cont ai ni ghsterfed!tb dnemed glm%:pta@éﬂtan&lt& SR0R ARUHIRRA &f% ﬁﬂ[@éeoéf hempg! eoti de
sequence of the cDNA is shown in SEQ ID NO 2. "Furt
inscris positive in hybridization, those showing a relatively largc 31ze were prepared in

large quantity, and then sub-cloned (FERM BP-7348) into pBluescript [I SK+ that had
been digested with Eco RI and then treated with BAP by the above method. The product
was transformed into E. coli (JM 105). The obtained transformants were subjected to
iquid culture, and then plasmids were prepared by standard techniques. Thus, the

nucleotide sequence was determined by the above methods.

As a result, the cDNA containing a full length mutant ALS gene could be
obtained. The nucleotide sequence of the ¢DNA is shown in SEQ 1D NO: 2. Further,
one type of cDNA containing a full length ALS gene could be obtained from a cDNA
library derived from the wild type. Figure 1 shows the result of a homology comparison
between the mutant ALS gene and the wild type ALS gene.

- Example 4: Expression of mutant ALS protein
The plasmid obtained in Example 3 (4) was digested with Eco RI, the ¢cDNA

containing the wild type ALS gene and the cDNA containing the mutant ALS gene were
cut out, and then they were scparately incorporated into pGEX expression vector. The

¢DNA containing the wild type ALS gene had a 5° non-translation region which was 47
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one type of cDNA containing a full length ALS gene coul d be obt ai ned from a
cDNA library derived fromthe wild type. Figure | shows thé7MaRq05f a
honol ogy conpari son between the nutant ALS gene and the wild type ALS gene
ExM e 4- Expression of nutant ALS protein The plasm d obtained in Exanple 3
(4) was digested with Eco RI, the cDNA containing the wild type ALS gene
and the cDNA containing the nmutant ALS gene were cut out, and then they
were separately incorporated into pGEX expression vector. The cDNA
containing the wild type ALS gene had a 5 non-translation region which was
47 -32 17 May 2005 nucl eotides Ionger than the initiation codon, and was

I ncor por at lg J‘h@??‘ Eco E{ Sl}ft -2T..  Further, the_ cDNA containing the
mut ant  APSCERREFSCORES; thayt %‘“m“ﬁBr'F ?%rf%’lda‘f"%ﬂ‘cf’mﬁd HHP e’-‘?ﬁfov%’sm?lo

nucl eot i Ny t.herhi t crdo and was |n orated into
Eco R s%?%%?&g&@ﬁg g—'tc ese é\‘;gf%f t&grguéaélﬁar %%;elgync[ rcgﬁ nﬁdgl nto E
coil (J Mnbﬁ&bmsim@n EQNWREh Rt Al mqieobmeér %&ﬂ‘ ﬂ&éH@ﬁé ﬂﬂxdfﬁh%oé&maﬁat]@d to
liquid culture, then plasm ds were extracte hen i nsertion

ori ent at Vwimforpmetedmmgr&comﬂwaﬁpﬁﬁm #T¥ed by the rest riction en7yrne

cl eavage pattern and sequencing. Cl ones where the orientation of the
I nsert DNA was as expected, were each selected, and then shak-e-cultured in

2mM of a L [ Lcid lin, at "% i m_of .this
pre-cul ture 513{3@%%9&},&0\%%% Jl‘%%tg‘3 o Fﬁ%?'cﬁ?ﬁk@m@r Lri‘gd’o NSk a LB
medi um c @Btagical BY @riRrfiakibh nwexeAédtgécte‘dJlt& Uk QURES)] &l&h rﬁy 5| i@ was
added, and then expression of GST fusion protein was I nd 3to 4
hours. Tailractdl, sfmdvﬁlcnhmsmﬁgmlctrmnmftmnmﬁthﬂ irgeALISNAC twrag ¢qnﬁatht:®rbyadtﬂ tion

of IPTG followed b lturing for 3 to 4 hours. 'Fable 3
restriction enzyme c eavage pattern and sequencing, Clones where the orientation of the

insert DNA was as expected, were each selected, and then shake-cultured in 2 ml of a
LB medium containing ampicillin at 27 °C. Using 1 ml! of this pre-culture solution,
culturing was performed in 50 ml or 250 ml of a LB medium containing ampicillin.
After culturing overnight, 1 mM IPTG was added, and then expression of GST fusion

protein was induced for 3 to 4 hours.

Table 3 shows the results of measuring ALS activity after addition of IPTG
followed by culturing for 3 to 4 hours.

Table 3

Sample ALS  activity (OD3525/40 | Protein Specific  activity
min/0.05 ml) mass (OD525/40

(mg/ml) min/mg protein)

Control group 1.41 17.6 1.60

(no plasmid)

Wild type 4.10 18.2 4.5

Resistant 3.62 12.8 5.66

muiant

As shown in Table 3, E. coli having the wild type ALS gene and £. coli having
the mutant ALS gene showed specific activity approximately 3 to 4-fold higher than that
of the control group containing no plasmid. The transformant E. coli was cultured for 3

 to 4 hours after addition of IPTG, and then stored at 80 °C. Using the transformant E.

-33_



Sampl e ALS act|V|ty (03525/40 Protein SpeC|f|c activit mn/O 05 M) mass

(0D525/40 (nmg/m) min/ng rotein) Control group 1-41 17.6 116Hay@88
plasmd) WId type 4,10 18.2 4.5 Resistant 3.62 12~8 5.66 nutant As shown
in Table 3, E. coli having the wild type ALS gene and E. coil having the
mut ant ALS gene showed Vecific activity approximately 3 to 4-fold higher
than that of the control group containing no plasmd. The trarisformant E.
coil was cultured for 3 to 4 hours after addition of |IPTQ and then stored
at 40 0C. Using the transformaut E. -33 17 May 2005 coll, OST fusion ALS
protein was purified. Preparation and purification of ALS fromE. coli were
performed by the follown met hod, First, a pellet of the transfornmant E.
col | st ofdd Gl wnﬂém@mwénu@ﬁedn ALS extraction buffer (potassium
phosphate buffer (pH 7.5) containing 30 %glycerol and 0.5 nM MyC12).
Specifically, 2.5 mM of the buffer was added to the pellet obtained from

50 m of thepghiWbg aﬁ@gy WifiQion LRATISHRBRNS | L W@énglgq& Pollowing

ultrasonication (Heat stens-U trasonics, Sonic m cro chi p,

out put casthndl Fﬂst i peBevetl the firansfopnant Brécil Motedsate-80t W Gens(Heparied each) ) ,
and subjected to centrifugation at 15000 xg 4 'C for 20 mn, thereby
obt ai ni ngLErextractinsy W@:r(poragsuanmwa@byﬁ@ @8l 1:6) eontaicse 3U%% glycatos

Cnzyme. SO BRARECHA” BB GG Fav i dhe P P onBoEt 1 e ReUPOEReq 12,5

m) t hatfr&ﬂds@ﬁﬂmfpme%ﬁtﬁf& {10 MendP SlebBlsidP Mol sBGEcil 8" A8 soMcaflbn t hE

culture
(Heat Systems-Ultrasonics, Sonicator W-225R, micro chip, output control 8, interval of

approximately 1 sec, twice (40 sec each)), and subjected to centrifugation at 15000 xg,

4 °C for 20 min, thereby obtaining the supernatant as a crude enzyme solution.

GST fusion ALS protein (hereinafter referred to as GST-ALS) was purified from
the crude enzyme solution by the following method. The crude enzyme solution (12.5
ml) that had becn prepared from the pellet (obtained from 250 ml of the culture
solution) was applied to a glutathione sepharose 4B affinity column (Amersham
Pharmacia Biotec, the bed volume, about 1ml, that had been previously equilibrated
with 10 ml of 1xPBS (0.14 M NaCl, 2.7 mM KCI, 10.1 mM Na;HPO,, 1.8 mM KH,PO,,
pH 7.3)). The column was then washed with 10 ml of 1xPBS, and then the adsorbed
GST-ALS was cluted (4 times) with 2 ml of 10 mM glutathione solution. GST activity
and ALS activity of each of the fractions were measured, and then' fractions with high
activity were collected. In addition, since the adsorption rate to the above column was
poor when the ALS extraction buffer was used, an experiment, which extracts enzyme
with 1xPBS and allows it to be adsorbed to the above column, was also conducted.
Measurement of ALS activity and quantification of protein were performed according to
the above method. Measurement of GST activity was performed by a method using
- 1-chloro-2,4-dinitrobenzene (secondary name: abbreviated as
2,4-dichloronitrobenzen(CDNB)) as a substrate. Three ml of reaction solution, and a
reaction composition (1 mM CDNB, 1 mM glutathionc (reduced), enzyme solution, 100
mM potassium phosphate buffer (pH 6.5)) were used. After addition of enzyme solution, -
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solution) was applied to a glutathione sepharose 4B affinity_colum
(Arnersham Pliarmacia Biotec, the bed vol ume, about Im, tﬁéM%&’@o%een
previously equilibrated with 10 m of |IxPBS (0.14 MNaCl, 2. 7mM KCl, 10.1
iri MN\a2HPO4, 1.8 I TIM KH2P04, PH 7.3)). The columm was t hen washed with 10
m of |xPBS, and then the adsorbed GST-ALS was cluted (4 tinmes) with 2 nl
of 10 mM gl ut at bi one solution. GST activity and ALS activity of each of
the fractions were nmeasured, and then'fractions with high activity were
collected- In addition, since the adsorption rate to the above col unm was
poor when the ALS extraction buffer was used, an experinment which extracts
enzyne wth IxPBS and allows it to be adsorbed to the above col um, was
al so condueeaysay wessparfumedtat g0 AL Somurciensadyabanrbageesat 340 vat CENBfwasr ot ei n

were perforned according to .. the abo hod. Measurenent of GST activity
was per f B’F"ﬂ?ﬁﬁgb%? a ﬁgﬁwgﬁf’ﬁ’é’i‘?ﬁg‘a"fn& g@'@ﬁ%-"?‘,“i@ﬂf‘%‘%r@géﬁ% gddgdtocBadar y
name: abfLeNbRifeigs 2 4-dichloroWrobenzen(CDNB)) as a substrate. Three
m of reaction sollution, and a reaction conposition (I mM CDNB, | nM

gl ut at hi one (reduced), enzyne solution, 100 nM potassi um phosphate buffer

(pH 6-5)) were used. After addition of enzyme solution, -34 17 May 2005 a
rate assay wdstyeies dAkSdRcgivitgond GBT actndhy dbatdwetosat dparbedito RtOabve CDNB

was pre ed as_an et hanol. splution_having 100-fold ¢oncentration, and
Chon AddBENTT SORMI WeLe ey 5t astad HoWaven dposy jof {tHe apfiyity adsorksd {p Wad GST

activity Welfw qw £F 1. ol re greatly
det ect ed.a Ho tl:\(}"er, nﬁ%@t%ﬁé{’[ﬁﬁ%& |§/%lt&?f da so?ﬁef?fﬁt%n tthésgcé)fx #i%ﬁft%@og& umm
was det eelitidn.i Those &akfiorsdroth Whefrstbhd tHehRcdrd Shtic detd @uiBinaD e Slepiiat hi one
elution. Those fractions fromthe first and the second el ution were

conbi nedP¥#igk GBEALS. puri fi ed GST- ALS.

GST-ALS digested overnight at 4 °C with thrombin protease (25 unit) was
determived as ALS freed from GST. Table 4 shows ALS activity, protein amount and
specific activity after chromatography using crude cnzyme solution and the above

affinity column, and after thrombin protcase treatment.

Table 4

Sample , ALS activity Protein Specific activity
(OD525/40 (mg/ml) (OD525/40 min/mg
min/0.05 mi) protein)

Wild  type  crude 4.6105 9.6 9.61

enzyme

After chromatography 0.6083 0.189 ‘ 64.4

After thrombin 0.1089 0.189 11.5

treatment

'| Resistant mutant crude 3.1493 12 5.25

EnzZyme

After chiromatography 0.6025 0.045 268

After thrombin 0.1203 0.045 53.5

treatment

The prepared ALS enzyme contains ALS activity derived from E coli. However
as shown in Table 5, since ALS activity derived from E. coli results from ALS isozyme I,

it can be almost completely inhibited by addition of 1 mM valine,
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GST- ALS digested overnight at 4 Cwith thronbin protease (25_unit \évas

determ ned as ALS freed from GST. Table 4 shows ALS acti vity? May n
anount and specific activity after chromat ography using crude enzyne
solution and the above affinity colum, and after thronbin protcase
treatnment. Table 4 Sanple ALS activity Protein Specific activity (0D525/40
(my/m) (0OD525/40 mn/mg mn/0.05 m) protein) WIld type crude 4.6105 9.6
9.61 enzynme After chromatography 0.6083 0.189 64.4 After thronbin 0.1089
0.189 11.5 treatnent Resistant nutant crude 3.1493 12 5.25 enzyne After
chromato a h 0.6025 0.045 268 After thronbin 0.1203 0.045 53.5 treatnent
The prepared ALS enzyne contains ALS activity derived fromE. coll. However
as shown ghedabl e 5, since ALS activity derived fromE. coli results from

ALS isozgamplex 1t can be sglqostafioip! et ebpsphabl ThiGHidon r%%gb/‘; ron of |1 nM
valine. {35 . 17 May 2005| %gh® 1ﬁl)Saran e* ALS agtivity ( 40 | nhifbition
rate (OF ki1 @Wifkolt Hasdlia) [.2725

CK1 + 1mM Valine 0.1768 86

CK2 (without plasmid) 1.5508

CK2 + 1mM Valine 0.1831 88

*The experiment was performed twice.

Example 5: Herbicide sensitivity of mutant ALS protein

Herbicide sensitivity of mutant ALS protein was examined using the crude
enzyme solution obtained in Example 4. Herbicide sensitivity test was performed in the
manner same as that in Example 2. In the herbicide scnsitivity test, three herbicides,
bispyribac-sodium, pyrithiobac-sodium, and pyriminobac were used as PC herbicides;
four drugs, chlorsulfuron, bensulfuron-methyl, pyrazosulfuron-ethyl and imazosulfuron
were uscd as sulfonylurea herbicides; and two drugs, imazaquin, and imazapyr were

used as imidazolinon herbicides.

Solutions  containing these  herbicides at  certain  concentrations
(bispyribac-sodium and pyrithiobac-sodium were aqueous solutions, others were
acctone solutions) were added to reaction solutions before addition of the mutant ALS
pro‘tei;l. The final concentration of acetone was 1 %. In addition, since an ALS protein
from the rice cDNA expressed within E. coli is insusceptible to valine (Kil et al., J.
Biochem. Mol.Biol. 31 287-295,1998), a herbicide sensitivily test was performed under

conditions in which ALS activity derived from E. coli was inhibited with valine.

Figure 12 shows the resulting sensitivity when bispyribac-sodium was used.
Figurc 13 shows the resulting sensitivity when chlorsulfuron was used. As shown in Fig.
12, wild type ALS activity was inhibited by bispyribac-sedium, while mutant ALS
activity was not inhibited at all. For chlorsulfuron as shown in Fig. 13, the mutant ALS

protein maintained its activity at a higher level to a certain concentration compared to
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CKI (without plasmid) 1.2725 CKI + ImM Valine 0.1768 86 CK2_ (without
plasmid) 1.5508 CK2 + | nM Valine 0-3831 *ne experinment whsMa¥rd08pned
twice. Exanple 5: Herbicide sensitivity of nutant ALS protein Herbicide
sensitivity of nmutant ALS protein was exam ned using the crude enzyne
solution obtained in Exanple 4- Herbicide sensitivity test was perforned in
the manner sane as that in Exanple 2. In the herbicide sensitivity test,

t hree herbicides, bispyribac-sodiurn, pyrithiobac-sodium and pyrim nobac
were used as PC herbicides; four drugs, chlorsulfuron, bensuffizon-nethyl,
pyrazosul furon-ethyl and imazosul furon were used as sul fonyl urea

her bi ci d&s@; and two drugs, -inmazaquin, and irnazapyr were used as
i ni da7ol FMiSoMahefbihsi wlld. s AL oRwteBN haweYeg Whee sommarest ¢o dhe eese <t ai n

concentrad joms . (his | bac- sodi Mm an yiid hi obac- sodi um were aqueous
sol uti ongfsbgtﬁagrsggwéﬁe 5“’8&’%“88%“@%5’?‘5%’%%@%‘? e’ﬂd"&é(ﬂ“otdé ¥eaction sol utions
before addition of the nutant ALS protein. The final concentration of
acetone was 1 % In addition, since an ALS protein fromthe rice cDNA
expressed wi tFhgune k4 show thesresuisng sepitividyevhen maithiobad-Kodinatwal used ds a

. a herbicide sensitivity test was

Mechem . Biol- 31 287-295 1998 rbi Si
per f or rregg'}éi’r%‘{@rs Figsg diot sheimes the rvwi)lw MnSitiydy i whanypyémingber ves wsed 8Dk was
i nhibited with, | ' e 12 shows the resulting.sensitivity when
bi opyr i noerblcidls YTihRd6 bt R R e sl L Ran bo-B SR TReh i ¥y when
chl o Sul g REbIEAe: YREe (ASHOOMR rEB i dlscnshRiny kel - EBARBoARH Lick v
i nhi bited by bispyri a?:-sodi um whi | é %ﬁngnt !%\Lse% Tl vf""tﬁ?ﬁ\?\g%m ob’&ag
i nhi bi t egkedtasal herbieale; Eiguoe $8Ishowo theagsitingweersitivitygwhdBimdbeulfarbamas ALS
protein maintained jts activity at a higher level to a certain
concent r4eH&S aclgﬁ%gx,dgdﬁggrc 19 shows the resulting sensitivity when imazaquin was used

as a herbicide; and Figure 20 shows the resulting sensitivity when imazapyr was used as

a herbicide. In line graphs of Figs. 12 to 20, the lines joining black triangles indicate the

crude enzyme solution containing the wild type ALS protein, and those joining black

squares indicate the ¢rude enzyme solution containing the mutant ALS protein.

As shown in the Figs. 14 to 20, the mutant ALS protein has good resistance to
each of the herbicides, superior to that of the wild type ALS protein. Particularly, the
mutant ALS protein has good resistance to PC herbicides. Further comparison of Figs
12, 14 and 15 indicates that the mutant ALS protein has the best resistance to

bispyribac-sodium among PC herbicides.

Since these results can be thought to correlate with the result of Example 2, it was
suggested that the factor which improved the resistance to PC-based herbicides in
Example 2 is the mutant ALS gene.

_ Furthermore, a herbicide sensitivity test was performed using the burified
GST-ALS and the freed ALS prepared in Example 4. Figure 21 shows a result indicating
resistance of the wild type ALS protein to bispyribac-sodium. Figure 22 shows a result
indicating resistance of the mutant ALS protein to bispyribac-sodium. In addition,

Figure 23 shows a result indicating resistance of the mutant ALS protein to
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-36 17 May 2005 the that of the wld type ALS protein, however when
conpared to the case of bispyribac-sodium the resistance 387 Maye2G9ft ant
ALS protein wasnodera. te. Figure 14 shows the resulting sensitivity when
pyrithi obac-sodi umwas used as a herbicide; Figure 15 shows the resulting
sensitivity when pyrim nobac was used as a herbicide; Figure 16 shows the
resulting sensitivity when bensul furon-nethyl was used as a herbicide;
Figure 17 shows the resulting sensitivity when pyrazosuffuron-ethyl was
used as a herbicide; Figure 18 shows the resulting sensitivity when

I ma7osul furon was used as a herbicide; Figure 19 shows the resulting

sensitivi tF\; V\,H:Sn i mpzaqui n was used,  as a herbicide; and Figure 20 shows
the resufRIPHYiTumOns Figups 24 shnsna revult dpdicatingresistapccsef the mhsryiALSiorotein | i ne

graphs o | 1210 . the.lines joining black triangles.indjcate the
crude en{zoy Eﬁeﬁzsig}uét F%“gb“(zi%ﬁtsgp%}“ﬁ@ %ﬁ‘g ‘\?\’}lf’%? %fﬂllés ALE f}?odY'g ?’h?‘?ac‘ngi E‘hége

] 0i Ni NG BeAL Kerf@eedr RRhbt0d . selut sPR;LONt aboipg the
mut ant ALS pggt ein. As sh?ﬁ%vﬁ% glggﬁr ?ﬁzaygﬁeZG?Al%ﬁhgpgﬁg%t’qkﬁéﬁ%r otein
has goodjviwing blagh tdartgies iedichte thie tinde bezymieideson cuphiingthd willhgse 9ISt he

wld type ALS protein, Particularly, the nutant ALS protein has good

resi st anB®Wip; be ngripivng Black sgparae mndieigiathe vl bperFYEALR: andshadige15

i ndi cat eg;; t: s S L ot el,nshas, th est resistancg t

b1 spyr | bROE biek kel B T hoCals Whichi Ty RERErpEROME o0 Phough
to corr elifdsSomisd blabe ti@sidst in@lealeBERS AyneVQRutichUGRIES - e
factor whi cﬁ irrpér10ved t he resistance tlgghlit’%E aseed h%arbi Cl dﬁ@githpﬁ@%nnpl e 2

i s the ndlamrowinSagdthe links jainiag bbrck sqaarbeindicaiedte ammait GIT-ALSt est  was
performed using the purified GST-ALS and the freed ALS prepared in Exanple
4. Figure 21 shows a result indicating resistance of the wild type ALS

' bi i hae- sadi Fi 22 I | ndi '
e stance of UHEBLATEALS [ dleie d5Boenyo U dith ahtved beehifeeon

sensitivity similar to that in a case when the crude enzyme solution was used.

Example 6: Relation between mutated portion in mutant ALS gene and drug sensitivity

The mutant pottions in the mutant ALS genc determined in Example 3(4) were
W548L, mutation in which tryptophan (W) at position 548 of the wild type had heen
mutated to lysine (L) and 86271 mutation in which serine (8) at position 627 of the wild
type had been mutated to isoleucine (I) as shown in Fig. 1. To study the effect of these
mutations on herbicide sensitivity, a mutant ALS pene containing only either one of the
W3548L or 86271 mutations was prepared, and herbicide sensitivity of an. ALS protein

having either one of the mutations was examined.

(1) Preparation of mutant gene
For example, 2 mutant ALS gene (hereinafter referred to as “W548Y, mutant ALS
gene”) having W548L mutation only was prepared as shown in Figs. 25 and 26. Firat,
PCR  was performed  wsing a sense primer named ALS-Rsp6
(53'-CATCACCAACCACCTCTT-3": 8EQ ID NO: 3) and an antisense primer named
ALS-RspF (5'-ACACGGACTGCAGGAATA-3": SEQ I} NO: 4), and using pBluescript
- I 3K+ (FERM BP-7348) retaining the double-point mutant ALS gene as a template,
thereby amplifying a DNA fragment having W548L mutation but having no $6271

_38-



Figure 23 shows a result indicating resistance of the nutant _ALS protein to
-37 17 May 2005 chlorsul furon. Figure 24 shows a result ind?@%ﬁ!ﬁ'ﬁj@

resi stance of the nutant ALS protein to inazaquin. Herbicide sensitivity
tests whose results were shown in Figs 21 to 24 were performed w thout
adding valine. Further in a line graph of Fi& 21, the line joining black
triangles indicate the crude enzyne solution containing the wild type ALS
protein; the line joining black squares indicates the wild type GST-ALS;
and the line joining black circles indicates the freed ALS protein. In

i ne graphs of Figs. 22 to 24, the lines joining black triangles indicate
the rough enzyne, solution containing the nutant ALS protein, and the |ines
j oi ni ng m%wngﬁlga?& Mempndualeea DRVA Ragment @BRImDS a ragioshmepding s@igsit21 t o
24, the J.{] e T-ALS al howed herbicide sensitivity simlar_to that
in a casg&\r}\géﬂn %ﬁ crite aé’?\p?&' sOF Ui o WERSY s PFMGEK B BCE: RePBePBn

bet ween (HUTARTAR ' TAGUEARE- a REABY -The mut ant
portions in the nﬁggrf?%'lu_% gen(g%defggrémﬁ?lel}g)i gjjlgxqg%ll\g?ggéfwév}\%%gm&ﬁ4&

mut at i on(FGGRAACAGEPAPGRACAI-34t SPQSID Nt §AgndhisihppBlddripyyHesipad been
mutated to . lysine (L) and S6271 nutation in which serine (S) at position
627 of tW@lWBdhe‘F{;%@’maﬁsL%E@Wmt&mlﬁtﬂﬁﬁgvﬁﬂ)euci ne, (1) as shown in Fig,

1. To study the effect of these nutations on herbicide sensitivity, a
mut ant ALS gene containing only either one of the W48L or S6271 nutations

was preparedye Ir$N r%%q@kt' ' f =Y vin I t her
one of the wtg?%oahgé%/)\a@‘g?a ned.%l%ytﬁggggg%rtﬁ:_%ﬁp%‘% ?u‘tf%ni?f%%eﬁlgs E%r
exanpl e, lizking timntvoADS Agkmeméihe usihp alid SPR medtesd @BerieOpraparaliff Bletivdt 8F ALS
gend") ving Wb48L nutati on only was prepared as shown in Figs. 25 and 26.
First, ¢ Beaqtionria vhieh tvyp $inglerstrandnd BAYA s zarbounal S-tRs @6l portions,

(5" - CATCHE R T rdipondt? 2 Nme S hnd B BNATLLS SOSR L' fF b2 med

polymerase using the DNAs as templates for each other to form a double-stranded
DNA) (Fig. 26). The obtained DNA fragment was digested with Ace I and Eco RI,

. thereby obtaining an dec I-Eco RI fragment. After pGEX-2T plasmid
(pGEX-2T-wALS) containing a wild type ALS gene incorporated therein was digested
at Ace 1 site, partial digestion was performed with Eco RI at 37 °C for 1 min, thereby
obtaining a partial fragment of pGEX-2T plasmid (Fig. 26). Then, ligation of Acc \-Eco
RI fragment and the partial fragment of pGEX-2T plasmid resulted in a plasmid having
W548L mutant ALS gene.

In addition, a mutant ALS gene having only $6271 mutation (hereinafier referred
to as “56271 mutant ALS gene™) could be obtained according to the method by which
the above W548L mutant ALS gene was pmpared; That is, 86271 mutant ALS gene
could be obtained in the same manner as in the method employed for the above W3548],
mutant ALS gene except that ALS-RspE and M13R were used as primers in PCR
performed using pBluescript Il SK+ (FERM BP-7348) as a template, and ALS-Rsp6
and ALS-RspF were used as primets in PCR performed using pBluescript Il SK+

retaining the wild type ALS gene as a template,

A plasmid having W348L mutant ALS gene and a plasmid having 86271 mutant
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ALS- RspF (5' - ACACGGACTGCAGGAATA-3': SEQ ID NO 4), and usi nq pBl uescri pt

11 SK+ (FERM BP-7348) retaining the doubl e-point nmutant ALST§&ay 20055
tenplate, thereby anplifying a DNA fragnent havi ng We48L mnut ati on but
having no S6271 -38 17 May 2005 nutation (Fig. 25). Meanwhile, a DNA
fragment containing a region encoding serine at position 627 was anplified
using a sense prinmer nanmed ALS-RspE (5' - TTACAAGGCGAATAGGGEC-3': SEQ | D NO
5) and a ML3R antisense priner (5 -GGAAACAGCTATGACCATG 3': SEQ I D NO 6)
and using pBluescript 11 SK+ retaining the wild type ALS gene as a
tenplate (Fig. 25). Next, a |large DNA fragnent was obtained fromthe two

DNA frag s by linking the %QENA fragnents using the SPR nmethod (CGene
pr epar at F ot $ROETEIC separgtely pngiopned mia & ref sirain i 108 Fulb seguanging of thended

DNAs are t QNS e_sequences correspand to.one
anot her, Az“%ggﬁgaﬁ%\&gﬂgﬁgec?g%ﬁ {lhgac?d&fn%@%\i&% %’3?%}%585 at??%ﬂ"?‘l‘?‘é’%ﬁ% as
t enpl at esmfAlonQFONSLBINRGtkion aR4 ma@oﬂsmI%ﬁhﬁ@rWﬁﬂd pOMNfirkfehg- 26) . The
obt ai ned DNA fragnent was digested with Acc | and Eco RI, thereby

obtai ning an Acc 1-Eco Rl fragment. After pGEX-2T plasmd (pGEX-2T wALS)

cont ai ni il d type ALS gene incorporated therein was digested at Acc |
site, pa&giI'gqrw’&ldgégﬁlﬁtﬁwe\ﬁé'e%ﬁf‘tﬁIﬁﬁ'é}ﬂ‘GI\PIIOFFIECo Rl at 37 Cfor 1 min,

1er DY o0 L ARG Pkt AUERT B R DR S S T
pl asni d AESUbdrROwh randbandd thibai Ag; s¥Hids W%c%xﬂgggténrajrx{eégaﬂ&h“ on, a

mut ant ALS gene having only 56271 nutation (hereinafter to as

"5627! niremshernatien geere "subjrotet doHiquid taltmed erpessial 6f GIT iddeck®] badeiny Whi ch
t he above V\548Lﬁgmnt ALS gene. was_prepared. That is, S6271 nutant ALS
gene coffymgEe A SamE manger Soivdyaanes 4 a8d Sna cruslerrpeyod solmipoyed f or

the ab Ovﬁ‘c%ﬁ,l'and then herbicide sensttivity of ALS was examined in the presence of 1 mM

valine.

Figure 27 shows the result of the use of bi-spyribac-sodium. Figures 28 and 29
show the result of the use of chlorsulfuron and imazaquin. As shown in Fig. 27 for
bispyribac-sodium, each single-point mutation of W548L rutation and of S627I
mutation imparted resistance against bispyribac-sodium, and the degree of resistance
was higher in the single-point mutation of only W548L than that in the single-point
mutation of only S627L.

However, the degrees of resistance among these single-point mutations werc all
shown to be several magnitudes lower than those of the double-point mutations shown
~ in Example 5. In other words, coexistence of W548L. and $6271. mutations resulted in

significantly strong resistance to bispyribac-sodium which could not be predicted from
the case of either W548L or $6271, mutation alone.

When chlorsulfiron was used (Fig. 28), W548L mutation alone imparted
resistance to chlorsulfuron, but $6271 mutation alone imparted no obvious resistance. In
addition, a comparison of the degree of resistance to chlorsulfuron betwccﬁ WS548L

mutation alone, and W548L mutation and S627I mutation together revealcd that they
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mut ant ALS gene except that ALS-RspE and ML3R were used as priners in PCR
performed using pBluescript Il SK+ (FERM BP-7348) as a tenpﬂﬁﬂ%ﬂ

ALS-Rsp6 and ALS-RspF were used as priners in PCR performed using

pBl uescript Il SK+ retaining the wild type ALS gene as a tenplate. A

pl asm d havi ng Wb48L nutant ALS gene and a plasm d having S6271 nutant -39
17 May 2005 ALS gene were separately transfornmed into E. coli strain JM
109. Full sequencing of the ALS gene was perforned for the obtained E-

coli colonies, so that the single-point nutation of Wh48L nutati on and
that of S6271 mutation could be confirmed. (2) Herbicide resistance of
respective nutant proteins A plasmd having Wb48L nutant ALS gene or a

pl asmi d BRared gheseme deasen af respgmcg e ronyer, twhansimazagaln i wasousgd (Eed.i293t r ai n
JM 1009. e,.col oni.es, opt.ai ne i -or transformati on were subjected to

i qui d RAbaE 8’,""%%%‘6‘?‘&"5& B blop i ANRER, S Beis: o thompoISe8 Patet b
same manp@hladved! : . repared,
and t hen hgrc%i&giigle%i%@%ﬁt@%ﬁL%ﬁa@gg’xgﬁlﬁﬁg ]lﬁﬁi#hglo%r ggeﬁ]gg Bf 1 M
val i ne, G-guiseEndofSivavautations, esultitnoobe thiirkgd. of bi spyri bac-sodi um Fi gures
28 and 29 show the result of the use of chlorsul furon and imazaquin. As
shown in Fig. 27 for bispyribac-sodiurn, each single-point nutation of

Aoy boc o AR TR BN 2RSS Bl B A9 e e
si ngl e- pgy E ; t i e, Sy -point .nutation
o:‘ gnl yp%it%%n LMI—%%‘%Q?’f&iﬂt}ﬂ{e&k?é%ggiggc_%@@gs@%%l%%ea%ntg nWh§§§“f§ﬁ%|la- poi Int

mut at i onsonssenalALS ghowhating DES4STY @h@ISEDRD Rivtatides is g\ﬁ@hetmﬂs@n{@oﬁi?hof t he
doubl e-point nutations shown in Exanple 5. In other words, "coexistence of
VB48L ank§SisEnee spegifiente Sispyribatsadiami n

Example 7: Production of transformant plant

A rce plant (Nippon-bare) was transformed with the mutant ALS gene
determined in Example 3(4), and then bispyribac-sodiurn resistance of the transformant

rice plant was examined.

(1) Construction of binaty vector with the mutant ALS gene incorporated therein
The mutant ALS gene obtained in Example 3(4) was incorporated into a binary
vector, pPMLH7133 (Mitsuhara et al,, Plant Cell Physiol. 37 49-59, 1996), whick had

been developed for transformation of a rice plant.

First as shown in Fig. 30, the mutant ALS gene incorporated in pBluescript 11
SK+ (FERM BP-7348) was cleaved out using the restriction enzyme cleavage sitc of a
multicloning site and the cleavage site of an adaptor (digestion with Sac I and partial
digestion with Bam HI). Then, pMLH7133 was digested with Szc I and Bam HI. GUS
region in pMLH7133 was excised and pMLH7133 was linearized. A DNA fragment
containﬁ:g mutant ALS gene and pMLH7133 in the shape of a straight chain were
ligated, thereby obtaining pMILH7133-ALS,

The obtained pMLH7133-ALS was transformed into E. coli strain JM105. The
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significantly strong resistance to bispyribac-sodi um which coul d not be

predicted frorn. the case of either Wh48L or S627L nut at i on? MRS when

chl orsul furon was used (Fig. 28), W48L nutation alone inparted |

resi stance to chlorsul faron, but $6271 nutation al one inparted no obvious

resistance. In addition, a conparison of the degree of resistance to

chl orsul furon between Wh48L nutation al one, and Wb48L nutation and S6271

mut ati on toget her revealed that they -40 17 May 2005 shared the sane

degree of resistance. Mreover, when inmazaquin was used (Fig. 29), results

were simlar to those for bispyribac-sodiurn. However in the concentration
I ncreased resistance, being a nmultiplier

range enployed,in this exanmle,

ef fect d%uﬁb’g W"eﬁ?qeméwe%%cqt%mmﬂ% peftige. andahen mplesmid wanpiepared. As
descri be g : tiaon i C found this tj S
Shown to 1 2B ®ifos SF2HE 1ot Stas 20 o ilor it e ervrtetd i,

mut at i onusihf SAONehd!Bah HIAES: 98Ne sb?ﬂswelo%élﬁkviﬂgdrg%% lﬁ,@%@ﬁé Ofgrel S 2
gene inparting high resistance specific to bispyFibac-sodiu éxanple 7:
Product i svicaéd. tRGh sasrpraiormed asind pldseddpblaown (I\cqpain-thaisertvastcinprigt or med

W th thea@}lt ant ALS -gene, cleterm ned in Exanple 3(4), and then
bi spyri b33 BYnE G¥vp seisiof paimess yihighrallopy spesifty amplificatiopof it denst pars obshani ned.

her o n FR AT Blaey CRERMREERH foll e St o8 oy AL TP BB IR BB | it o
1096) - vy oh bad_ haer Aoval eoca or Tr AP NG TRt b e Bt 27
as shownpiimeF{Y-GEDT TG ANCATA OG- 3GEKE) (D A0DP8Y; ainddh kit ¢IBL Base it 11
primer (5°-AGGTGTCACAGTTGTTG-3":8EQ ID NO: 9) and a 3-1-1 antisense primer
(5"-GCATCTTCTTGAATGGCG-3": SEQ 1D NO: 10). Thus, specific frapment bands
were detected (Fig. 32), suggesting that the mutant ALS gene obtained in Example 3(4)

was incorporated into the pMLH7133 vector.

Further, whcther or not the mutant ALS gene had been incorporated normally was
confitmed by PCR to learn the insertion orientation of the insert and to determine the
sequence. The insertion orientation of the insert was confirmed by PCR as described
below. pMLH7133-ALS was completely digested with Eco RI, thereby removing TNOS
portion and linearizing. PCR was performed using the product as a template and using
the above set of ALS-Res] and 4-83-3 and the set of 3-1-4 and 3-1-1. As a result (Fig.
33), bands for the PCR products were confirmed at positions as predicted, suggesting
that the mutant ALS genc was insexted in forward orientation, If the mutant ALS gene is
inserted in reverse orientation, PCR product would not be detected since the mutant
ALS gene portion is cut out from pMLH7133-ALS by Eco RI digestion and no DNA
fragment is amplified.

Meanwhile, determination of the sequence was performed using the prepared
pPMLH7133-ALS as a template for the linkage region of the 5° side of a mutant ALS
gene and pMLH7133. In addition, since pMLH7133-ALS leads to low number of

copies in E, coli, preparation was performed by the alkali SDS methad from a culture
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SK+ (FERM BP- 7348) was cl eaved out using the restriction enzyne cl eavage
site of a. nmulticloning site and the cl eavage site of an adéé V%q95gestion
with Sac | and partial digestion with BamH ). Then, pM.H7133 was di gested
with Sac | and BamHL GUS region in pMH7133 was exci sed and pM_.H7133 was
|l ineari zed. A DNA fragnent containing nmutant ALS gene and pM.H7133 in the
shape of a straight chain were |igated, thereby obtaining pM.H7133-ALS.
The obt ai ned pM.H7133-ALS was transformed into E. coli strain JMLO5. The
-41 17 May 2005 resulting single colony was subjected to |iquid culture,
and then a plasnid was prepared. The presence or absence of the insert was

confirnmed di gesting theﬁ‘?ﬂr pared plasmd wusing Sac | and Bam H (Fig.
31), so sqia orbnncﬁq@émmaﬁorfgl gatat 1mﬁgneg@mr@ml@mcs(e@@mudm9w walof

performed .usin | as ont t he |nse t as, te and

Ui ng. tags e SOROR S TRt BT Ceret avcit showh gt Thw Bvedhecioast
part of H@@rtecf“ﬂtf@ﬁar&%ﬁ a6y, The primer sets used herein were a set of an
ALS- Rspl sense pri mer ? - GCTCTGCTACAACAGAGCACA-3: SEQ ID NO 7) and a

4-83-3 antisense priner (5 -GCM GCCAACATACAG 3 SEQ ID NO 8); and a set
of a 3-1-4 sense_ priner (5 -AGGIGICACAOTTGITG 3':SEQ ID NO 9) and a 3-1-1
ant i sens€)ppiroduietion gf bl@mmtm:nntpﬁ@wa@:mm SEQ ID NO 10). Thus,

motant ALS odHE e vrgar (VERITAF IS spieifi i o sB08F S*fsﬂté'dnﬁ?wi i) e
PMLH71334 Okria 61&% TR0 P‘ﬁfete% c%l‘?st ?f ro%%@ﬂbm%ﬁ: n hy WA qﬁg n

I NCOor pora ed norma y was con earn t

ori ent at storedodt 180 ‘Cneerd tanddt i et eidriusel t YL ABAICE . wakNgddeAsey hi on
orientation of the insert was confirned by PCR as described bel ow
pPMLH7 13@%@5}%@0@ the aowmtegésvlwowgrobawrw tmtmcew EHAD05 gnd NOS

gﬁ(rjt Iug|n n%r%reldl tge Idzilnnlgc for q% min, t%ﬁg&fgc'i gecilcgts éh%%k at 37pJCO ci_ ; n?'lﬁ én(?rrpl ate
the mixture was allowed to stand in ice for 2 min, and 1ml of a SOC liquid medium was
added thereto, followed by gentle shaking at 28 “C for 2 to 4 hours. Next,
centrifugation was performed, and most of the supernatant was discarded. The
precipitated cells werc suspended in the remaining supernatant. The suspension was

coated over a LB plate containing 50 ppm each of kanamycin and hygromycin,

followed by incubation at 28 “C for 2 to 3 days, thereby obtaining single colonies.

(3) Transformation of rice plant with pMLH 7133-ALS-introduced Agrobacterium
A 1/2 spoonful of the Agrobacteria obtained in (2) was taken with a sterilized
micro spatula, and then suspended well in 30 m! of an AAM medium (Falcon tube)

supplemented with acetosyringone at a concentration of 10 mg/1 as shown in Table 6.

-43-



t he above set of ALS-Resl and 4-83-3 and the set of 3-1-4 and 3-1- As a |

result (Fig- 33), bands for the PCR products were confirned ?ANE‘&O@OR ons as
predi cted, suggesting that the nmutant ALS gene was inserted in forward
orientation. If the mutant ALS gene is inserted in reverse orientation,
PCR product would not be detected since the nutant ALS gone portion is out
out from pM.H7133-ALS by Eco Rl digestion and no DNA fragnent is
anplified. Meanwhile, determ nation of the sequence was perfornmed using the
prepared pM.H7133-ALS as a tenplate for the |linkage region of the 5 side
of a mutant ALS gene and pM.H7133- In addition, since pM.H7133-ALS | eads
to | ow er of copies in E. coli, preparation was performed by the

al kali S "Fr@,thod froma culture .42 7 May 2005 solution in a volune 20
fold greater than the standard volune (corresponding to 2 m of culture
solution x 20). Therefore, nmutant ALS genes were shown that they have been
i nsertedvg8O,omyay d orientagg on. (2) |ahepdyglg on of binpgy vector into
Agr obact eri um The bi nary vector (pM.H71I33-°AL obtained in (1) above was

i nt r oducaHiR.e2HAYr obact et3 as fol | oMEl The corrpetent s@dd s of

Agr obact L m | umef aci ens EHA 105 stored at -80 'C were thawed in ice and
used. pMY¥+ E)ﬁf% ALS was afllied to a sMI$Q«cH&bnt ai ni ng!Q he conpet ent
cell's ofz cherium tungfaciens E al | owed stand in ice
for 15 mn ??ﬁ towed by hggt shock a{_mg%géﬁsﬁna 5 mn. T?rhgs the m xture
was allomggiimgand inicgofor 2 mn,gand I'm of a SOCd,i;gwd medi um was
added thereto, foIIovved by gentle shakl ng at 28 'Cfor 2 to 4 hours. Next,
centriflﬂfﬁﬁ)on was perforngd, and nostNaiMeQe2HpPer nat ang.2§as di scar ded.
The EIS(]HBI tateg cells were suspended in the remaining supernatant. The

suspensi YOWESIOt oat ed ovel9® LB pl at NESHEKIasihg 50 pprd each of kananycin
and hygr@mda\dhe-Hel 1 Thiamine-HCI 10

Casamino acid 500 Glycine 7.5

L-Arginine 176.7 L-Glutamine 900

L-Aspartic acid 300 Sucrose 68.5

Glucose 36

pH 5.2

(Numcrical figures are shown with mg/1)

Pipetting was performed well with a Pasteur pipette so that no mass of

Agrobacteria remained, The obtained suspension was put into a 9 cm Schale,

Calli which had been induced from seeds (Nippon-bare) and pre-cultured in a
N6D medium shown in Table 7 were put into a stainless mesh (or a tea strainer). Then
the mesh containing the calli was dipped in the suspension of Agrobacteria for 1.5 to 2
min. At this time, the mesh was dipped such that the calli were entircly immersed in the
bacterial solution, followed by gentle agitation with a spatula. Subsequently, the
stanless mesh was placed on a sterilized filter paper to remove excessive bacterial
solution. The thus treated calli were placed on a 2NGAS solid medium (10 mg/l

acetosyringone, 16 calli per petri dish) as shown in Table 8, scaled with a surgical tape,
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foll owed by incubation at 28 -C for 2 to 3 days, thereby obtainin ingle
colonies. (3) Transformation of rice plant wwth pM.H 7133- AﬂgM‘Wté}pguced '
Agrobacterium A 1/2 spoonful of the Agrobacteria obtained in (2) was taken
with a sterilized mcro spatula, and then suspended well in 30 mM of an
AAM nedi um (Fal con tube) supplenented with acetosy7i ngone at a
concentration of 10 ng/l as shown in Table 6. -43 17 May 2005 Table 6
MyS04- 7H20 250 CaC] 2- 2H20 150 NaH2P04-2H20 150 KCI 3000 Fe-EDTA 40

MhS04- 61120 10 2ZnSO4- 7H20 2 CUS04-5H20 0. 025 CoCl 2-6H20 0.025 KI 0.75
113130 3 Na2Mb04-2H20 0.25 Myo-inositol 100 Nicotinic acid |

Pyridoxine-HCl | Thiam ne-1-10 10 Casam no acid 500 Gycine 7.5

L- Ar gi ni #d quiered under darkeppditignpat 28 A pfar Rite aleys uptbtisreHbwereg®veredd ucose

36 pH 5. 2. rical. .fiqgur re sho LLh | ) Pipetting was perforned
vel | wi m“&%@ﬁ&w DB#Ee%ﬁé‘@ﬁatPﬁlﬁ QWM@%FNH%AW obacteria renai ned. The
obt ai ned suspension was put into a 9 cmSthale. Calli which had been

i nduced from seeds (N ppon-bare) and pre-cultured in a N61) nmedi um shown

i n Tabl eTabla@r e put

CHU powder 1 pack
Myo-inosito! 100
Nicotinic acid 0.5
Fyﬁdeine-HCl 0.5
Thiamine-1Cl 1
2.4-D 2
Casamino acid 300
Glycine 2
Proline 2827
Sucrose 30000
gelrite 4000
carbenicillin 500
hygromycin 50

pH 5.8

into a stainless nmesh (or a tea strainer).

(Numerical figures are shown with mg/1)
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the nesh containing the calli was dipped in the suspension of Agrobacteria
for 1.5 to 2 nin. At this time, the mesh was di pped such t AAMayRO08 ;| |
were entirely inmersed in the bacterial solution, followed by gentle
agitation with a spatula. Subsequently, the stainless nmesh was placed on a
sterilized filter paper to renove excessive bacterial solution. The thus
treated calli were placed on a 2N6AS solid nmedium (10 ng/l acetosyringone,
16 calli per petri dish) as shown in Table 8, scaled with a surgical tape,
-44 17 May 2005 and cultured under dark conditions at 28 OC for 2 to days,
until the calli were covered wth a thin |ayer of the cells (due to the
grom h of .the cells), Table 7 CHU powder | pack Myo-inositol 100

Ni coti ni éatlefd 0.5 PyridoximHC 0.5 Thiamine-1-10 | 2,4-D 2 Casanino
acid 300 dycine 2 Proline 2827 Sucrose 10000 gelrite 4000

carbenicillin Soo hygronycrn 50 pH 5,8 (Nunerical figures are shown with
ng/ 1) CHU powder I pack '

Myoinositol 100

Nicotinic Acid 0.5

Pyridoxine-HCI 0.5

Thiamine-HCl 1

24-D 2

Casamino aeid 300

Glycine 2

Sucrose 30g

Glucose 10g

gelrite 4000

acetosyringone 10

pH 5.2

(Numerical figures are shown with mg/l)

After the calli were coated with a thin layer of the cells as a result of cocultivation
for 3 days, the calli were washed to remove the Agrobacteria by the following method.
The calli treated as described above werc put into a stainless mesh (or a tea stratner),

- and the mesh containing the calli was dipped in a N6D liquid medium (containing 500
mg/l carbenicillin). Exchanging of the petri dish was continued until the medium was 1o
longer cloudy. Agrobacteria attached to the calli were washed away by this ufealxneﬁt.
‘Then, the mesh was placed on a sterilized filter paper to remove excessive moisture.
The calli were placed on a N6D solid medium (containing 500 mg/! carbenjcillin and 50
mg/l hygromyein), and then cultured under light conditions at 28 °C for 2 to 3 weeks.
In addition, when Agrobacteria proliferated again after the procedure, washing was

performed in the same manner and then the calli were placed on a new medium.
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-45 17 May 2005 'fable 8 CHU powder | pack Moinositol 100_ Nicotinic

Acid 0~5 Pyridoxine-MJ 0.5 Thlantine-HO | 2,4-D 2 Casarty Ma¥=8%% 300

G ycine 2 Sucrose 30g Gucose log gelritc 4000 acetosyringone 10 pH
5.2 (MNunerical figures are shown with ng/1l) After the calli were coated
with a thin layer of the cells as a result of cocultivation for 3 days,
the calli were washed to renove the Agrobacteria by the foll ow ng net hod.
The calli treated as descri bed above were put into a stainless nesh (or a
tea strainer), and the nesh containing the calli was dipped in a N613

i quid nmedium (containing 500 ng/l carbenicillin), Exchanging of the petri
di sh was continued until the nediumwas no |onger cloudy. Agrobacteria
attached to the call! were washed away by this treatnent, Then, the nesh

I d L1ized filt t [ i st - Th
v Pl aced O S R SRR ogh B 2 S S e
and 50  gHA R0 AR ARIA, PR hBCTS WihV bR JediBER Rt e &R kdiS Rl 28 OC

for 2 to 3 weeks-
mg/] carbenicillin and 5¢ mg/l hygromyein) and then cultured under light conditions at

28 °C for 2 to 3 weeks. When portions of leaves, stems and roots differentiated
respectively lcm or more, the calli were transplanted, 2 to 3 calli per petri dish onto
hormone free media (containing 50 mg/l hygromycin). Subsequently when the obtained
plant bodies prolifcrated to spread over the petri dish enough, the plants were potted
into culture soil (bon sol) and allowed to acclimate, Upon transplantation, media
attached to roots were completely washed away in water. Figure 34 shows the flow of

the above procedures.

Simultaneously with the above described potting, part of the calli which had not
redifferentiated (9 calli) (Fig. 35) was sub-cultured on solid media for production of a
bispyribac-sodium resistant callus used in Example 1. The solid media contained 10 [ThY |
bispyribac-sodium. Thus, 6- out of 9 calli grew normally. One of the 6 calli that grew
normally and showed bispyribac-sodium resistance was subjected to liquid culture, and
then the drug sensitivity to bispyribac-sodium was examined in detail. Therefore, as
shown in Fig, 36, the callus showed bispyribac-sodium resistance, almost identical to
that of bispyribac-sodium resistant Sr line, from which the double-point mutant gene
had been derived. Further, as shown in Fig. 37, the callus of the wild type rice plaut
{Nippon-bare) showed bispyribac-sodium sensitivity. Accordingly, 6 calli grown on a
solid medium containing 10 pM bispyribac-sodium were all shown to have strong

his;:yﬁbac—sodium resistance.

Genomic DNA was prepared from these bispyribac-sodium resistant calli using a
DNeasy Plant Kit (QITAGEN). Then, PCR was performed using the genomic DNA as a
template and uvsing a set of a sense primer (3-1-4: SEQ ID NO: 9) and an antisense

primer (4-83-3: SEQ ID NO: 8) that flank the double-point mutation portion
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In addition, when Agrobacteria proliferated again after the 9rocedure,
washing was perfornmed in the same manner and then the cal | il7M&¥e2%9Faced on
a new nedium -46 17 May 2005 After selection by culturing under |ight
conditions at 28 OC for 2 to 3 weeks, the calli were transplanted, 9 call
per petri dish, on redifferentiation nedia (containing 250 ng/l -
carbenicillin and 50 ng/l hygronycin) and then cul tured under 1|ight
conditions at 28 "Cfor 2 to 3 weeks. \Wen portions of |eaves, stens and
roots differentiated respectively lcmor nore, the calli were
transplanted, 2 to 3 calli per petri dish onto hornone free nedia

t ai / ' . S t h i ned | ant
bodi o prifoePareRt, Sl 9 SRUG B pie 43 E AR bR Nk Sl Shpaed v e
potted TRE Quiphific BNROagfhBRNwa® puridied, ahd ARed ho nﬁﬁ%&ﬂi&@%@% ehBORas
transpl antation, nedia a%t ached to roots were conpletely vva"hed away in
wat er . Fexgmmieed @psimeng3-i e SRQIDARO: Shevaahseed top rexdeitiarsesse Stamd| hheousl y

with the above described pottin an of the calli which bad not
redi f f er BHOFRLAESHRIDEa T G@EF&% THASC GARCEAG-8T REQNDS VY 1hkavaa f or

product i ] ribac-sadi um resistant callus used in Exanple 1. The
solid ne‘?igl%gqéan éﬁ%%@%’bsi ‘%bi spyri bac-sodium Thus, 6 out of 9 calli

grew normally. One of the 6 calli that grew normally and showed

bi spyri bac-sodi um resi stance was subjected to liquid culture, and then the
drug sensi ti ¥iguye 89A [and B slidva theseshltsnofvamlyaisaof theduclrotiéd sdéduenddhgrdéore, as
shown in Fig, 36, the callus showed bispyribac-sodi umresistance. al nost

i dent i caYickdry of b nugleqtidep epeading aw aming 2@d as pasitionss4s phe ALSIralsinch t he

doubl e- pgi der i Fur,t her ~ howy in Fig. 37,
he cal [els, ¢ 8% pREOF mE RS PES s’ blfibol e Bisnidn the vioi
bi spyr i hefaths aakleedRe Raddd éxyami%%féidt!&hmon@szq%:f:tﬂe ALS o, As shéivh d

medi um cont ai ning 10 pM bispyribac-sodiumwere all showi to have strong
bi spyri bacEigod? dntorRshattralogous sequences of wild type and mutant were found for the

double-point mutation of these lines. Hence, the mutant ALS gene was shown to be
incorporated in the genome. In addition, 3 of 9 calli did not grow well in the presence of
10 uM bispyribac-sodium. However, this was thought to be caused by low expression

amount of the double-point mutant ALS gene introduced.

Of 80 hygromycin resistant transformant rice plants potted, those which grew
normally at the leaf stage 5 were 27 plants to which the mutant ALS gene had becn
introduced and 46 plants to which the wild type ALS gene had been introduced. Plants
containing the wild type ALS gene introduced therein tended to grow healthier than
those containing the mutant ALS gene therein. At this time, 4 plants containing the
mutant ALS gene lintroduced therein and $ plants containing the wild type ALS gene
introduced therein were appropriately sclected, and 1kg of a.i./ha bispyribac-sodium salt
supplemented with 0.2 % surfactant ¥, was sprayed over the leaves and stems. The
results of a growth survey conducted about 40 days after spraying are shown in Fig. 40.
In Fig. 40, the plant length A was about 90 cm.

As shown in Fig. 40, an individval plant comtaining the mutant ALS gene

introduced therein grew alinost nommaily (A), and the plant was shown to have
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Genom ¢ DNA was prepared fromthese bispyribac-sodiumresistant calli using
a DNeasy Plant Kit (Q AGEN). Then, PCR was perfornmed using?f{ N8Y#€R®ni ¢ DNA
as a tenplate and using a set of a sense priner (3-1-4:. SEQID NGO 9) and
an antisense prinmer (4-93-3: SEQID NO 8) that fImA the doubl e-point
mutation portion -47 17 May 2005 therebetween. Thus, as shown in Fig. 38,
a DNA fragnent was anplified as expected. Ibe anplified DNA fragnent was
purified, and then the nucl eotide sequence was exam ned (a prinmer (3-1-4:
SEQ ID NO 9) was used to read the sense stTand; and a primer (ALS Rsp2:

5' - AGTCCTGCCATCACCATCCAG-' )': SEQID NO 11) was wused to read the

anti sense strand). Figure 39A and B show the results of analysis of the
nucl eot i Yeppipgendami resistace. igioniit \DMNA wiaseprepetefidindthe béspyotiagigodimmani no
acid at position 548 of the ALS protein. Figure 39C and D show the results
of anal y&S$legt wpHoRuRt dise; Rlantsesing Ablessy Rigt Kit (QAABEN)o fThen PGR c¥as0t i des

encodi ng.. :N0.: ACI t pesikti-pn 627 of the ALS protein. As shown in
o 50 atResa AL, BhoREE DNR b € lorgpale i iuetob 25l o, A85E WSt ound
for the (dpubleCpd NO:Y Al a0 hnferdsB Poiendr i(D13-3: IHERS € NOeghpNhnfNne geNne
was shown to be incorporated in the genonme. Jn addition, 3 of 9 calli did
not gr owdawl¢-point mhxatipmemetice tirfrebetOegM Tiespyctdotide ssqeinaenof Hosvensaltingt hi s
was thoug%t 5% be caused by | Qw expression anpunt of the_doubl e-point

mut ant  APS% ERgmenk Wat exapinedin gty sarae saparhay Bsiheraherve cpling tbneanther i ce

plants p which grew. .normal.ly at .the |eaf stage 5 were 27

pl ants t‘grteL %?'8 ﬁ%?ﬁ%ﬁ% lggwu%_t’gndgﬁlée tﬁ%{ff‘ﬂégﬁg n??’fl%t&ﬁ%ge(amiﬁ@egﬁ plants to
which the wild type ALS gene had been introduced. Plants containing the
wild type ALS gene introduced therein tended to grow healthier than those
cont ai ni ng t Kl pailigationd] Saterenend Ipeteat Applidatitin teti ineein drg rmptorastodbgi ni ng
the nutant ALS %?ne introduced therein and 5 plants containing the wild
type ALSSYEFRE Intherr entirety.

Effect of the invention
As described in detail above, the present invention can provide ALS gene
encoding ALS enzyme which has good resistance to all ALS-inhibiting herbicides and

shows extremely high level of resistance to PC herbicides.
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i ntroduced therein were appropriately selected, and | kg of ad./ha

bi spyri bac-sodiumsalt supplenented with 0.2 %surfact ant &7 M@Bﬁayed
over the | eaves and stens. The results of a growth survey conducted about
40 days after spraying = shown in Fig. 40. 1In Fig, 40, the plant length A
was about 90 cm As shown in Fig. 40, an individual plant containing the
nut ant ALSCEBWES introduced therein gcew Ol hnobt nurnially (A), and the

pl ant was shown to have -48 17 May 2005 bispyribac-sodi umresistance.
Genom ¢ DNA was prepared fioni_the bis yrlbac sodi um resistant

t ransf or naﬁtAQ?‘@aW’ﬁF'éﬁ'ﬁCQ%ﬁﬁ“@fM@P efhie) & @):(Q AGEN). Then PCR was
perforrred Kl ngagﬂﬁeuﬁlﬁrﬂ%%ﬁm R ciearfinb BBRIsehr2dr SE0NG Moset of & sense
pri mer NO 9) and an antisense priner (4-83-3: SEQ ID NO
8) that fl%k t%@fot%lwm'@mnﬂsewammagér&eaner@r@g@tfmthe arpiao

nucl eot i de sequﬁu:ee@fenwsfsmmwg by%tftutﬁaﬂ”&élétldﬂa&a%ﬁﬁ?\ Beg Iéél‘tthe same

manner as in the above callus. Hence, "'the presence of doubl e-poil nt
mutation in thePte AnBPE: ABINO Acdse has meistanss te ehpyriniginy! carpoxyhisrbicide i ons,

patents and paché%thdtQQﬁ—,tﬁésfe%tl\h@r ein are incorporated by reference
in their entirety. Effect of t invention As described in detail above,
the present invention can provide ALS gene encoding ALS enzyne which has
good resi sg gicaetddacktt s@hﬁaéé\&btémwm&] ia%rnEb&éoCt?ySthégéne 8@ £xtrenel y high

| evel of resistance to PC herbicides. -49 17 May 2005 CLAIMS 1. A gene

whi ch encodes the follow ng protein (a) or (b): (a) a protein which

conpri ses A REbMBIN3& vécRHP WMRAGAs Be R of BlalNP1. 1;

|

4. A transformant which has the recombinant vector of claim 3.

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

6. A method for rearing the plant of claim § which comprises rearing the plant in the
presence of a pyrimidinyl carboxy herbicide.

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

gene as a selection marker.

8. A gene comprising a nucleotide sequence encoding an acetolactate synthase
protein which is substituted serine corresponding to serine at position of 627 of a wild
type rice acetolactate synthase protein with isoleucine and is resistant to a
pyrimidinyl carboxy herbicide.

9. A gene comprising a nucleotide sequence encoding an acetolactate synthase
protein which is substituted tryptophan corresponding to tryptophan at position of 548
of a wild type rice acetolactate synthase protein with leucine and is resistant to a
pyrimidinyl carboxy herbicide.
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(b) a protein which conprises an am no acid sequence derived fromthe am no
acid sequence of SEQ ID NO. 1 by substitution, deletion or a8Mayi29R5of at

| east one or nore am no acids, has resistance to a pyrimdinyl carboxy
her bi ci de and has acetol actate synthase activity. 2. An acetol actate

synt hase protein which is encoded by the gene of claim1l. 3. A reconbinant
vector which has the gene of claiml. 4. A transformant which has the
reconbi nant vector of claim3. 5. A plant which has the gene of claim1l and

has resistance to a pyrim dinyl Ca§E8¢%¥¥$ﬁggiﬁgge' 6. A nethod for rearing

. the plant of claim5 which conpris plant in the presence of
a pyrimdinyl carboxy herbicide. 7. A nmethod for selecting a transfornmant
cell having the gene of claim1l using the gene as a selection nmarker. 8. A
gene conprising a nucl eoti de sequence encodi ng an acetol actate synt hase
protein which is substituted serine corresponding to serine at position of
627 of €l HUMIADEHEUDEAIAdNDUATRYt 80e, Symt hase protein with isol eucine and
is resistant to a pyrimclinyl carboxy herbicide. 9. A gene conprising a
nucl eoti de sequence encodi ng an acetol actate synthase protein which is
substituteg tryptophan corresponding to tryptophan at position of 548 of a
wild typelri detenmrefing fos asatondsetqiwtseithetaten | eucine and is resistant
to a pyrimdinyl carboxy herbicide, -50 17 May 2005 SEQUENCE LI STI NG
<110> KUM Al CHEM CAL | NDUSTRY CO., LTD <120> A gene coding for

acet o- | 4%t ot _sl)étﬁ%fxs e

<150> JP 2000-362630
<151> 2000-11-29

<160> 11
<170> PatentIn Ver. 2.0

<210> 1
<211> 644
<212> PRT

<213> Oryza sativa var.Kinmaze

<400> 1
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 ArglGly Arg Val Gly Ala Ala Ala Val Arg Cys Ser Ala Val Ser

1/11




<130> PH 1273PCT <150> JP 2000- 362630 <151> 2000-11-29 <160> 11 <170>
Patentln Ver. 2.0 <210> 1 <211> 644 <212> PRT <213> O yzaléMay\2905

var. Ki nmaze <400> 1 Met Ala Thr Thr Ala Ala Ala Ala Ala Ala Ala Leu Ser
Ala Ala Ala 1 5 10 15 Thr Ala Lys Thr Ay Arg Lys Asn Hs @n Arg His H's

Val Leu Pro 20 25 30 Ala Arg Ay Arg Val Ay Ala Ala Ala Val

Ala Val Ser 1/11 17 May 2005 35 40 45 Pro Val Thr Pro Pro Ser
Pro Ala Tbr Pro Leu Arg Pro 50 55 60 Trp Gy Pro Ala GQu Pro Arg Lys Ay
Ala Asp Ile Leugyal Gu Ala 65 70, 75 80 Leu Gu g Cys Ay Val Ser Asp
Val Phe Ala Tyr Pro Ay Ay A a 90 95 Ser Met ulle HHs'A@n Al a Lau

Thr Arg Ser Pro Val Ile Thr Asn 100 105 110

Pro Val Thr Pro Pro Ser Pro Ala Pro Pro Ala Thr Pro Leu
50 bo 60

Trp Gly Pro Ala Glu Pro Arg Lys Gly Ala Asp Ile Leu Val
65h 70 75

Leu Glu Arg Cys Gly Val Ser Asp Val Phe Ala Tyr Pro Gly
85 90

Ser Met Glu Ile His Gln Ala Leu Thr Arg Ser Pro Val Ile
100 105 110

His Leu Phe Arg His Glu Gln Gly Glu Ala Phe Ala Ala Ser
115 120 125

Ala Arg Ala Ser Gly Arg Val Gly Val Cys Val Ala Thr Ser
130 135 140

Gly Ala Thr Asn Leu Val Ser Ala Leu Ala Asp Ala Leu Leu
145 150 155

Val Pro Met Val Ala Ile Thr Gly Gln Val Pro Arg Arg Met

Ju+]

165 170

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

2/11

Arg

Glu

Gly

95

Thr

Gly

Gly

Asp

Ile

175

Ser

Pro

Ala

80

Ala

Asn

Tyr

Pro

Ser

160

Gly

Ile

Arg Cys Ser

Pro Ala Pro




Hi s

125
135
145
I'le
Arg

Al a
Asp
Met
Thr
Arg

Leu Phe Arg HHs Au dn Ay Au Ala Phe Ala Ala Ser Ay Tyr 115 120

Ala Arg Ala Ser Ay Arg Val Ay Val Cys Val Ala Thr Sef?day280% 130
140 dy Ala Thr Asn Leu Val Ser Ala Leu Ala Asp Ala Leu Leu Asp Ser
| SO 155 160 Val Pro Met Val Ala Ile Thr Gy Gn Val Pro Arg Arg Met
Gy 165 170 175 Thr Asp Ala Phe G n GQu Thr Pro Ile Val Gu Val Thr
Ser Ile 180 185 190 2/11 17 May 2005 Thr Lys His Asn Tyr Leu Val Leu
Val Qu Asp Ile Pro Arg Val 195 200 205 Ile @n Gu Ala Phe Phe Leu
SertTHee v i A 0 I 2 I |l e Pro Lys
e d nyGI HnlséAgnvE? geba‘t ‘\F%'Jtll Lg?oﬁs aljvglz%% %%g %% %{‘}OA%P‘E)AlAsp Thr Ser
Asn Leu Pr1ggdy Tyr Ile Ala280g Leu Pro Lys 24% 250 255 Pro Pro Ala
Gu Leu Leu Au A@n Val Leu Arg Leu Val Ay Gu 260 265 270 Ser Arg
Pro lle Leu Tyr Val Ay Ay Gy Cys Ser Ala Ser Gy 275 280 286 Asp

u Leu Ar lTr(Pl Phe Val Qu Leu Thr Ay Ile Pro Val Thr Thr 290 295 300
n

Ile u Ala Phe Phe Leu Ala Ser Ser Gly Arg Pro Gly Pro Val

210 215 220

Leu Val Asp Ile Pro Lys Asp Ile Gln Gln Gln Met Ala Val Pro Val
225 230 235 240

Trp Asp Thr Ser Met Asn Leu Pro Gly Tyr Ile Ala Arg Leu Pro Lys
245 250 255

Fro Pro Ala Thr Glu Leu Leu Glu Gln Val Leu Arg Leu Val Gly Glu
260 265 270

Ser Arg Arg Pro Ile Leu Tyr Val Gly Gly Gly Cys Ser Ala Ser Gly
275 280 285

Asp Glu Leu Arg Trp Phe Val Glu Leu Thr Gly Ile Pro Val Thr Thr
290 295 : 300

Thr Leu Met Gly Leu Gly Asn Phe Pro Ser Asp Asp Pro Leu Ser Leu
305 310 315 320

Arg Met Leu Gly Met His Gly Thr Val Tyr Ala Asn Tyr Ala Val Asp
325 330 335

Lys Ala Asp Leu Leu Leu Ala Phe Gly Val Arg Phe Asp Asp Arg Val

340 345 350
3/11




Thr Leu Met Ay Leu Ay Asn Phe Pro Ser Asp Asp Pro Leu Ser Leu 305 310

315 320 Arg Met Leu Ay Met His Gy Thr Val Tyr Ala Asn Tyf7 May208p Asp
325 330 335 Lys Ala Asp Leu Leu Leu Ala Phe Ay Val Arg Phe Asp Asp Arg
Val 340 345 350 3/11 17 May 2005 Thr Ay Lys Ile Gu Ala Phe Ala Ser Arg
Ala Lys Ile Val Hs Ile 355 360 365 Asp Ile Asp Pro Ala Au Ile Gy Lys
Asn Lys Gn Pro H's Val Ser 370 375 380 Ile Cys Ala Asp Val Lys Leu Ala
Leu Gn Gy Leu Asn Ala Leu Leu 385 390 395 400 Gn Gn Ser Thr Thr Lys
Thr Ser Ser Asp Phe Ser Ala Trp His Asn 405 410 415 du Leu Asp Gn Gn
Lys Arg Gu Phe Pro Leu Gy Tyr Lys Thr Phe 420 425 430 Gy Gu Qu lle

Pro ProTk: GIvyLyfBel Geu @1 Vab A&%Us@a_spmg uiketys 43 ¢#49 H%5£1J hr Lys Gy
GQu Alallelle Ala Thr Ay Val Ay Gn Hs Gn Mt 460 455 460 Trp Ala

Ala Gn Tyr TyB53hr Tyr Lys Arg 300 Arg G n Trp LegsSer 4U 470 475 480
Ser Ala Gy Leu Ay Ala Met Gy Phe Ay Leu Pro Ala Ala Ala Ay 485 490 495

Asp Ile Asp Pro Ala Glu Ile Gly Lys Asn Lys Gln Pro His Val Ser

370 375 380

Ile Cys Ala Asp Val Lys Leu Ala Leu Gln Gly Leu Asn Ala Leu Leu
385 380 395 400

Gln Gln Ser Thr Thr Lys Tht Ser Ser Asp Phe Ser Ala Trp His Asn
405 410 415

Glu Leu Asp Gln Gln Lys Arg Glu Phe Pro Leu Gly Tyr Lys Thr Phe
420 425 430

Gly Glu Glu Ile Pro Pro Gln Tyr Ala Ile Gln Val Leu Asp Glu Leu
435 440 445

Thr Lys Gly Glu Ala Ile Ile Ala Thr Gly Val Gly Gin His Gin Met
450 455 460

Trp Ala Ala Gln Tyr Tyr Thr Tyr Lys Arg Pro Arg Gln Trp Leu Ser
465 470 475 480

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

Ala Ser Val Ala Asn Pro Gly Val Thr Val Val Asp Ile Asp Gly Asp
4/11



Ala Ser Val Ala Asn Pro Ay Val Thr Val Val Asp Ile Asp Ay As
May 2005 500 505 510 Gy Ser Phe Leu Met Asn Ile Gn Gu L&

4/ 11 17
200%u 11e

Arg Ile AQu 515 520 525 Asn Leu Pro Val Lys Val Met Val Leu Asn Asn G n

Hs Leu Gy Met 530 535 540 Val Val Gh Leu Qu Asp Arg Phe Tyr

Lys Ala Asn

Arg Ala H's Thr 545 550 555 660 Tyr Leu Ay Asn Pro Gu Cys Qu Ser Qu
Ile Tyr Pro Asp Phe Val 565 570 575 Thr Ile Ala Lys Gy Phe'Asn Ile Pro
Ala Val Arg Val Thr Lys Lys 580 585 590 Ser Gu Val Arg Ala Ala Ile Lys

Lys Met Leu G u ThpePro Gy Pro 59§%€00 605 Tyr Leu%lrdeu Asp Ile Ile Val
r

Pro Hs An Au Hs Val Leu Pro Mt 0 615 620 Ile

olle dy dy Ala

Phe Lys Asp Met Ile Leu Asp Gy Asp Ay 625 630 635 640 Arg Thr Val Tyr

5/11 17 May 2005 <210> 2 <21D 2279 <212> DNA
Gly Ser Phe Leu Met Asn Ile Gln Glu Leu Ala Leu Ile Arg Ile Glu

515 520 525

Asn Leu Pro Val Lys Val Met Val Leu Asn Asn Gln His Leu Gly Met
530 535 | 540

Val Val Gln Leu Glu Asp Arg Phe Tyr Lys Ala Asn Arg Ala His Thr
545 550 55656 560

Tyr Leu Gly Asn Pro Glu Cys Glu Ser Glu Ile Tyr Pro Asp Phe Val
565 570 575

Thr Ile Ala Lys Gly Phe Asn Ile Pro Ala Val Arg Val Thr Lys Lys
580 ‘ 585 590

Ser Glu Val Arg Ala Ala Ile Lys Lys Met Leu Glu Thr Pro Gly Pro
595 600 605

Tyr Leu Leu Asp Ile Ile Val Pro His Gln Glu His Val Leu Pro Met
610 6156 620

Ile Pro Ile Gly Gly Ala Phe Lys Asp Met Ile Leu Asp Gly Asp Gly
625 630 635 - 640

Arg Thr Val Tyr
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<213> Oryza sativa var. Ki nni aze

<400> 2 ctcgccgccg ccgeccgecge cacoacccac

cat ggct aeg accgccgcgg ccgcggoege 60 cgccctgtec goegeogega tHiey288ac
cggccgt aag aaccaccagc gacaccaogt 120 ccttocegct cgaggeeggg tgggggcggo
ggoggt Gagg tgctcggegg tgtoccoggt 180 caccccgecg tcccoggcge cgccggecac
gccgot eegg ccgt ggggge cggeegagcc 240 ccgcaagggc gcggacatce tcgtggaggce
gct ggagcgg tgeggcgt ea gcgacgtgtt 300 egeetaccog ggcggcgegt ccat ggagat
ceaccaggcg ctgacgoget ecceggtcat 360 caccaaccac ctctteogee acgagcaggg
cgaggcgttc geggcgtccg ggtacgcgeg 420 ogegtccggc cgcgtcgggg tctgegtcge
cacot cogge ceeggggcaa ccaacotcgt 480 gtccgcgctc gccgacgcge tgctogactc
cgt cccgatjg@rgpcgccat ea cgggecaggt 540 cccccgecge at gat cggea cegacgcctt
coaggagacg cocat agtcg aggtcacccg 600 ctceatcacc aagoacaatt aecttgtoct
t gat gt g@dd>g22# cocce gcgteataca 660 ggaagocttc ttcetcgcgt cctegggccg
acatcoccaa 720 ggacatccag cageagatgg ccgtgccggt

tectggcccg)gtgctggtcg

tB¥¥ Lt gaat o taccagggta 780 catcgcacgc ctgeccaage cacccgegac

ct gggacad

agaattgett gageaggtet tgogtotggt 840
87t Gzst gabitvac Vet Ktgae900
ecoagttaca accactctga tgggectogg 960
gcgcatgett gggatgeatg gcacggtgta 1020
tggtgtgc ggtttgatga 1080
gattgtgc acattgacat 1140
ttaa 1200
G oTTirgEc 568

cggt ggt

gt t get

aageag§g§§>;

accaca%g%

acaacagag

cetteceget
cHCCCCgCeyE
ccgeaaggee
cgccfacccg
caccaaccac
cgegtoegee
gitecegegeto
CCCGCECCHEC
cteccatecace
ggaagecttc
ggacatccag
catcgeacge
tggegagtca
atfgcgctgg
caatitecee
cgcaaattat
fegtgtgaca
tgatccagea
gettgettta

ttitagigea

Bebf5 St
goagaagpagde Badlct EeES oot 99U AGA8 43 %%gc@é'gﬁlagl LadBec2q°

CEARECCEEE
tocececggcge
gegegacatee
EECEECECKL
ctcticegee
cgegicggag
ECCEacgege
atgateggea
aagcacaatt
ttectegegt
cagcagatgg
ctgeccaage
cggegooccega
tttgttpage
agtgacgacc
gecgteggata
gggaaaatig
gagattggaa
cagggettga

tggcacaatg

at

gd

tgggggegse
cgecggecac
tegtggagge
ccatgpagat
ACEAECAREE
tctgcgtepge
tgetegacte
coegacgectt
acctigtcet
cclteggeccg
ccgtgeeggt
Ccaceccgegac
ttectetatgt
tgactgpgtat
cgtigteoect
aggcetgaccet
aggetitige
agaacaagea
atgetetget

agttggacca

ggeggteagg
gecgetoogg
getggagegsg
CCACCAEECE
cgaggegite
caccteoegge
cgtceegatg
ccaggagacg
tgatgiggag
tecetggeeeg
¢tgggacace
agaattgett
cggteggtgge
ccecagttaca
gcgeatgett
gttgcttgeg
AAZCAEEECC
accacatgtg
acaacagagc

geagaagage
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ftta ca

tgctcggegg
CCELEEEEEC
tgegeegtea
ctgacgeget
gegegegtecy
GCCEERRCAaa
gtcgecatea
cecatagteg
gacatceccee
gtgctggteg
tegatgaate
gagcaggtct
tgetoetgeat
accactctga
gegatgeatg
tttgetgtege
aagattgtgc
tcaatttgég
acaacaaaga

gagtttecte

got t
fHBEC 8T &Ea LB R RGP

a at

gacaccacgt
tgtececggt
cggoogagec
gcgacghgtt
ceccggteat
ggtacgegeg
ccaacctcgt
cgggccaggt
aggtcacccg
gegteataca
acatccocaa
taccagggta
tgegtetget
ctggtgacga
tgggectegg
gecacggtgta
ggtttgatga
acattgacat
cagatgttaa
Caagttctga

tggggtacan

e

t ggegagt ca cggogcccga ttetctatgt

attgcgctgg tttgttgage tgactggtat

caatttecce agtgacgacc ogttgtccct
cgcaaattat gccgtggata aggot gaoct
t cgt gt gaca gggaaaattg aggcttttge
t gat ccagca gagattggaa agaacaagca

edttady

facca
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320




gtgctggatg
at gt gggcgg
ct gggcgcaa
gt cacagttg

caccgoaata
ctggtgttgg
agtggctgto
cttctgtgge
tgaacattca

t gocattcag
geageaccag

tt eggct ggt
t aacccaggt

ggagct ggca

aacttttggt
aggtgaggea
cacctacaag
gct gecct get
t ggggat ggt

gaagagat cc
at cat cgct a
cggccacggce
gcagct ggt g
agcttcctca

agct a 80
cgcag?&%?§0é340
tgggatttgg 1500
ttgatattga 1560
ttgatccgea ttgagaaect 1620
ccctgtgaag gtgatggtgt tgaacaacca acatttgggt atggtggtge aattggagga 1680
taggttttac aaggegaata gggcgcatac atacttgggc aacccggaat gtgagagega 1740
gat at at 8¢ tFABE T (AgPgASTIH CHeeseragggtgeddtantttactgeate tagrgEgtseac 13800
aaagaaqggt %aa tccgtg ccgccat caa gaagat get c gagact coag ggccatactt 1860
gt t 9gat2H& e $€§ﬁ<ﬁ§ fECEa A tRgt sragacrantFateesers (aeggataftige 14920
att caaggac .at gat cct at ggt gat caggactgtg tattaatcta taatctgtat 1980
gtt ggca%%g"té‘sg%%@égga a?ﬁ%@&gaae E@e&i{cgga%ﬁ%ﬁ@a é@ﬁg@'ﬁ’g‘iﬁfc 15000
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toctacat at cuat aat aag agaat aaagt act

<210> Zcedbtzadsd gtERddot gDNA sdckdza cAr ddftichabt MEQ%CZ%’?%%T s

Description of Artificial Sequence:priner <400>
7/ 11 1T7coggy tROAS aaggegaata gggegcatac atacttggge aacccggaat gtgagagega 1740
1800

1860

gatatatcca gatttigtga ctattgetaa ggegtteaat attcctgecag teegtgtaac

cegecatecaa

asagaagagt
gttggatate
attcaaggac
gttggcazag
ctatgatett
tetgttttac
gtttgtagtg

tectacatat

gaagtcogtyg
atcgtecgge
atgatoctgg
caccageeeg
tgtutgtect
ttgtitgatg
tgttgtitic

cantaataag

accaggagca
atggtgatgg
geetatgttt
ctatcaataa
tgcttegceat
tgtaggcata

agaataaagt

gaagatgcic
tgtgetacot
caggacltgtg
gacctgaatg
ctaaggtagte
ggtaatccta
tgcatcacaa

acttetatgt

gagactccag
atgatccecaa
tattaatcta
acccataaag
aactatgaac
attagetice
gatatcatgt

daaaaaaaga

ggccatactt
ttggggecge
taatctgtat
agtpgtatpc
catatgctet
tgetgtctag
aagtttcttg

aadaaasnza

1920
1980
2040
2100
2160
2220
2279

<210> 3
<211> 18
<Z212> DNA

<213> Artificial Sequence

<2205

<223> Description of Artificial Sequence:primer

<4005 3

CATCACCAAC CACCTCIT 18
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<210> 4 <211> 18 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:primer 1~400> 4 ACACGGAUTMagRGOAATA 18
<210> 5 <211> 18 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:prinmer <400> 5 TTACAAGECG AATAGGGC 18
<210> 6 <211> 19 <212> DNA <213> Artificial Sequence 8/11 17 May 2005
<220> Q@3> Description of Artificial Sequence:prinier <400> 6 GGAAACAGCT

ATGACCATG 19
<210> 4
<211> 18
<212> DNA

<213> Artificial Sequence

220>

<223> Description of Artificial Sequence:primer

<400> 4
ACACGGACTG CAGGAATA 18

<210> 5

<211> 18

<212> DNA

<213> Artificial Sequence

<2202

<223> Description of Artificial Sequence:primer

<400> 5
TTACAAGGCG AATAGGGC 18

<210> 6

211> 19

<212> DNA

<218> Artificial Sequence
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<210> 7 <211> 21 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:priner <400> 7 GCTCTGCTACMax@GREAGCAC A
21 <210 8 <211> 17 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence:prinmer <400> 8 9/11 17 May 2005
GCTTTGCCAA CATAGAG 17 <210> 9 <211> 17 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence:priner <400> 9

AGGTGTGACA GITGITG 17

<2207

<223> Description of Artificial Sequence:primer

<4005 6
GGAAACAGCT ATGACCATG 19

210> 7

211> 21

<212> DNA

<213> Artificial Sequence

220>

- €223> Description of Artificial Sequence:primer

<400> 7
GCTCTGCTAC AACAGAGCAC A 21

<210> 8
<211> 17
<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:primer

<400> 8
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<210 10 <211> 18 <212> DNA <213> Artificial Sequence <220> <223>

Description of Artificial Sequence:priner <400> 10 GCATCTTEAWMagRRISGGOG 18

<210> 11 <211> 21 10/11 17 May 2005 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence:prinmer <400> 11 AGITCCTGCCA

TCACCATCCA G 21

GCTTTGCCAA CATACAG 17

210> 9

<211> 17

<{212> DNA

<213> Artificial Sequence

220>

<223> Description of Artificial Sequence:primer

<400> 9
AGGTGTCACA GTTGTTG 17

<210> 10

<211> 18

<212> DNA

<213> Artificial Sequence

<2205

<223> Description of Artificial Sequence:primer

<400> 10
GCATCTTCTT GAATGGCG 18

<210> 11
211> 21
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17 May 2005

<212> DNA

<{213> Artificial Sequence

<2207

<223> Description of Artificial Sequence:primer

<400> 11
AGTCCTGCCA TCACCATCCA 6 21

11711



