:z{| } e3eVS$| 8N6T *cooooa* Gene Encodi ng Acetol actate Synthase FIELD OF THE
| NVENTI ON The present invention relates to a gene encodi ng acetol actate
synt hase which is a rate-determ ning enzynme in the branched-chain am no
acid biosynthetic pathway. BACKGROUND OF THE | NVENTI ON Acet ol act at e
synthase (hereinafter referred to asmwmﬂmwmwmwwm rate-deternining enzyne in
t he bi osynthetic pathway of branched aci ds, such as |eucine,
valine and isol eucine, and is known as awwessential enzyne for the growh

of plants. ALS is also kno e sen de variety of higher
plants. In addition, ALS |Wﬂ?ﬁ&%ﬁowﬁgéﬁ¥F)%§£ﬁ33¥%ﬁ?ganlsns such as yeast
(Saccharomyces cerevisiae), Escherichia coli, and Sal nonella typhi murium
Three types of isoenzynmes of ALS are known to be present in Escherichia
coli and Sal nonel | a typhi nuri prpLEa@FTRE INNGSETTIO80eENzynes is a hetero

ol i gonmer consisting of catalytic subunits with a | arge nol ecul ar wei ght
that governs catalytic activity of the enzyne and regul atory subunits with
a smal |l nol ecul ar weight that functions as regul atory proteins by binding
of branched- chihepresenidnvestion relates ionmeenst engpding Braselattate safnth@htwhmbtlaa 1385,
401- 419, 19 Catal ytic subH ts are |pcated at,  11v | H GM and | 1v BN
oper ons, gepieéqrpwpg engyng fid %@rﬁgvhq“.‘aﬂ}mm 9pigojapidyhaoaypthetc B MY e enzyne,
whi ch conprlses a catalytic subunit and a regulatory subunit, as is the
case in bacteria (Pang et al., Biochem stry, 38, 5222-5231, |999). The
catalytic protein subunit is |ocated at the | ocus |LV2 In plants, ALS is
known to conprise catalytic subunit(s) and regulatory subunit(s) as is the
case in the above m croor gCKGRAURDSBE T INVENTRENt Mol ecul ar Bi ol ogy.
40, 795-806, 1999). For exanple, the catalytic subunit of ALS in tobacco
(di cotyl edon) is encoded by two gene loci, SuRA and SuRB (Lee et al., EMBO
J. 7, 1241-1248, 1988); that in naize is encoded by two gene loci, als 1
and als 2 (Burr et al., Trendsin Genetics 7, 55-61, 1991; Lawrence et al.
Plant Ml . Bi OAcetal%cta‘gel%%’tﬂa%g?heré%gﬁér reﬁ]‘?ed’ﬂ?hf@k%@e ?seQLl%%C(?e?erﬂ'fmﬂEnes
encodi ng a catalytic subunit have been conpl etely determ ne

di cot yl edasmaymie (thahé $idspthetit pghwapaf beanchédbhadopgiito atidpeseRds leadihgn,
Xant hi a~m AnZar al Zt hus and Kochi a (See Chipnman et al., Biochim Biophys.
Acta. 1385valingnd|isleurdng anhds ke g5 an ressastipl enzamieofar dfe OWth of @lavds.i onal

ublicatio ent |ications 97/ 0832 i.ze i,s t.he on
Ponocor vl eabhouaSakaRm hBs e fbg otide vas %eﬁ@hﬁraéfe Sl Adiprecasyss O
determ ne r %ﬁgh f | i non
her bi ci deg u{f&fl gizgY%%?/lﬁl Pr’n{? ﬁ% EI Cl glés%;%% S?n&ii}{ah@l?ﬂ%gr ér‘%zﬁ%f

her bi ci deSEs(chaﬁﬁiz&laM,&hdS@Inﬁfnw@lg{p@ma&zunli?c her b| cides) are knovvn to
suppress the growth of a plant by inhibiting ALS (Ray, Plant Physiol. 75,
827-831, 1984; Shaner et al., Plant Physiol.76, 545-546, 1984; Subramani an
et al., Plant si ol 6, 310-313 91; Shimz al . Pest.i c
Sci .19, 59-67, ﬁ anbjpesl@%dwnﬁf%%fﬁégl%%@%@%‘% gﬁé’ées%t Whé?ée’lﬁ%”r’%%’des
contain & ganc, SaGM DhpkRub"Bho AGhUAAS.SURRLL U Ao igBE: fndlsiiR

nucl eoti des ces su ion o

region Cortﬁﬁfaié‘?}%@dﬁwﬁhtéjw&ﬁ aNABE nRQl R Swei gt aNR| B5erdl cabHic AcGBREof thel ude a
gene encodi ng ALS havi ng resistance specific to sul fonyl urea herbicides
(see Kat hlengymet aral reguEM@® subuditd 24th b2 4i8all 1888culdb weaght ethatalfunctiPhsanas a,

188, 491-497, 1992; CGuttieri et al., Wed Sci, 43, | 75-178, 1995;

Bei nasconi leé‘ﬂla@ry profeinghypindigs efprapvied-hpin gningzgidg £Chipogs chak, Elaﬂaﬁbse

navi ng 1 6aPiePaye AN anT 0T a0 AP RICGHeNGls REPB Pl R nR TN "
Frans, o b gk 082588 ndhe ogBERA Ss 1482341 S0 ch 23R -2

and Japanese Patent Appfication Laylng

gene encodyhigh AbSp haesn DNeatdl9sd sibanRent @ ﬂegmato%yuhmml W Bah@bskel 1H“ﬁ@téﬂhl non
her bi ci des (see Kathleen et al., EMBO J. 7,1241-1248, |988; Bernasconi et
al ., J. Bi(@hng Ghealn, Bigchenttsy, $B; 152328231 199‘2‘9,). m;hetaatailyta:t padtein $blunit Gen.
GEnet 246, 419-425, 1995; Alison et al,, Plant Physiol. 111, 1353, |996;
Raj asekar dacated afithe loopsHiV2sci . 119, 115-124, 1996, Japanese Patent

Application Layi ng- Open (kokai) g apanese Patent Application
Layi ng- Open (kokai) No.4-311392 gmwmﬂwmwmmmmm" et al., US Patent 5633437,
1997). ALS showi ng resistance to both sylfonylurea and i m dazolinon
herbicides is al so known to show cross resistance to PC herbicides and
triazol opyrinmi di ne herbicides (Bernascoht et al., J. Biol. Chem 270,
17381- 17385, 1995). Further, the production of a plant body show ng
resistant to both sul fonylurea and im dazolinon herbicides has been
attenpted by cr055|ng a plant haV|ng ALS shomnng re5|stance speC|f|c to

B Al £~ 1 -, r -



As described above, ALSs having resistance to herbicides and genes encodi ng
ALS have been aggressively studi ed. However, there has been no report
directed toward resistance to PC herbicides and concerning a nutant ALS
gene having resistance specific to a PC herbicide. SUMVARY OF THE | NVENTI ON
3 The purpose of the present invention is to provide a gene encodi ng an
ALS protein showi ng extrenely high resistance to PC herbicides, the ALS
protei n encoded by the gene, a reconbi nant vector having the gene, a

et hod for T e RS RS SHOVAR AOEPI G BU B e TG PGB i
cel | us n%sagﬁle%g&%nq& Aot BEL A TBKBEr 0 B3 M BLe fIALBNED 1 U1 e

to achieve't resen inve on by

finding that. @6W9®)tF&Le§caniME qﬁe tfaldge bmﬂhtfc;foms hl‘i‘t(‘!ldalcé’o (d{&ﬁyléxl}&;)hg

substituting a certain amno acid residue of the wild type ALS with
certain aranbededdiydwosdenssowx$ureiehy ShRGH(Lee st slt, iMBOLD PC2hb1PA;i11688), (1)
The present invention is a gene which encodes the follow ng protein (a) or

(b): (a) dhardpruize léémﬂdﬁ@bhgwaﬂe%ﬁﬂoﬂbabdl? dedyy2i €Ruw cbpl JEEndsm &I@etmz (b) a
Eéahihﬂecfﬂé@% P RBESTES LE R RRNED Ao IR TR 157 LsaT AR RBIOEEE, cast
one or @g@eﬁk%ﬁféén@?o? r%c{]e sylr?& ﬁ%hﬁﬁxﬁ{‘ﬁa‘f‘veit t?e)?_ﬁycroh{ﬂlé:[élgyclet&%&(ax%r

her bi ci de$ ase activ
dicotyledonous plants including tobacco, Arabidopsis, rapeseed, cotton, Xanthium,

Amaranthus and Kochia (See Chipman et al., Biochim. Biophys. Acta. 1385, 401-419,
1998 and domestic re-publication of PCT international publication for patent
applications W0O97/08327). However, maize is the only monocotyledonous 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 et al., Plant Physiol.76, 545-546, 1984,
Subramanian et al., Plant Physiol. 96, 310-313, 1991, Shimizu et al., J. Pestic. Sci.19,
59-67, 1994).

Known plants having resistance to these herbicides contain a gene encoding ALS
that includes substitution of one or two nucleotides which induces substitution of one or
two amino acids in a region conserved among different species. Examples of such a
gene include a gene encoding ALS having resistance specific to sulfonylurea herbicides
(see Kathleen et al., EMBO J. 7,1241-1248, 1988; Mourad et al., Planta, 188, 491-497,
1992; Guttieri et al., Weed Sci. 43,175-178, 1995; Bernasconi et al., J. Biol. Chem. 270,
17381-17385, 1995 and 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



(2) Further, the present invention is an acetol actate synthase protein

whi ch is encoded by the gene of (1). (3) Furthernore, the present invention
i s a reconbi nant vector which has the gene of (1). (4) Further, the present
i nvention is a transfonnant which has the reconbi nant vector of (3). (5)
Mor eover, the present invention is a plant which has the gene of (1) and
has -4 resi stance to pyrimdinyl carboxy herbicides. (6) The present
invention is a nethod for rearing the plant of (5) which conprises rearing

o B gce oL Rl LDk BRSNS 1 L 8
%GRRS\V ﬁfcﬁ( ncﬁ@&g@%Léﬂh&@gP&lsﬁc@té%tﬁ%‘ix%t\?\gylﬂpe%ka%ﬁ 1m§f§'z§1';%435&8?§4c5§% gﬂeg‘: ;HE
mut ant ALSKathleen et al, EMBO J. 7,1241-1248, 1988; Bernasconi et al., J. Biol. Chem. 270,
17381-17385, 1995; Hattori et al., Mol. Gen. Genet. 246,419-425, 1995; Alison et al.,
Plant Physiol. 111, 1353, 1996; Rajasekarau et al., Plant Sci. 119, 115-124, 1996,
Japanese Patent Application Laying-Open (kokai) No.63-71184, Japanese Patent
Application Laying-Open (kokai) No0.4-311392 and Bernasconi et al., US Patent
5633437, 1997). ALS showing resistance to both sulfonylurea and imidazolinon
herbicides is also known to show cross resistance to PC herbicides and
triazolopyrimidine herbicides (Bernasconi et al., J. Biol. Chem. 270, 17381-17385,
1995). Further, the production of a plant body showing resistant to both sulfonylurea
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 attempted (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) No0.5-227964, Japanese Patent Application
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 sulfonylurea and imidazolinon

herbicides (see Japanese Patent Application Laying-Open (kokai) N0.5-227964).

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

specific to a PC herbicide.

SUMMARY OF THE INVENTION



protein and that of a wild type ALS protein. Figure 2 shows a conparison
bet ween the nucl eoti de sequence of a nutant ALS gene and that of a wld
type ALS gene. Figure 3 is a characteristic figure showi ng sensitivity of
the resistant mutant to bispyribac-sodium Figure 4 is a characteristic
figure show ng sensitivity of the wild type to bispyribac-sodium Figure 5
Is a characteristic figure show ng sensitivity of the wild type to
chlorsul furon. Figure 6 is a characteristic figure showi ng sensitivity of
the resistant mutant to chlorsulfuron. Figure 7 is a characteristic figure
show ng negative ion exchange chromat ogram -5 of the crude ALS protein

extracted fromhe wikd JrtRE prEkMUiSeRins i@t PRAARL §7deRt iheddifyg &PSW ng
sensitivity of t{:gumo%;dotype p}ALSS prnofeljn 110 B et chcddibyd

protein showing extremely high resistance to PC herbicides, the ALS protein encoded

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

recombinant vector, a plant having the gene, a method for rearing the plant, and a

method for selecting a transformant cell using the gene as a selection marker.

As a result of thorough studies to achieve the 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) 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 least one or
more 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).

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



and the nutant protein to bispyribac-sodium Figure 9 is a characteristic
figure show ng sensitivity of the wld type ALS protein and the nutant
protein to chlorsulfuron. Figure 10 is a characteristic figure show ng
sensitivity of the wild type ALS protein and the nmutant protein to

i mazaquin. Figure 11 shows a conparison of nucl eotide sequences between
Ni ppon-bare EST and nmai ze ALS gene. Figure 12 is a characteristic figure
showi ng sensitivity observed for the crude ALS obtained in Exanple 4 to
bi spyri bac-sodi um Fi.gure 13 s char,acteristic figure show ng sensitivity
observed fi&SENE t8rpt¥Hg“(i{E}é‘l %tfoé‘iyﬁ]gﬁ”?lﬂe%xarrpl e 4 to chlorsul furon. Figure
14 is a characteristic figure show ng sensitivity observed for the crude
ALS obtained in Exanple 4 to pyrithiobac-sodium Figure 15 is a

char act er i (g} iThefpredshe iiRaMbNgs §aAsthdd bl YeaPRE QhY Qlhrit OF (BNVIECHIS6mPSRs
obtained in Exanple 4 to pyrimnobac. Figure 16 is a characteristic figure

showi ng semaiitg the pland bstbe pedericerof alperiorididg! arl®xyliteabividd. i n Exanple 4 to
bensul f uron- et hyl .

(7) The present invention is a method for selecting a transformant cell having the gene

of (1) using this gene as a selection marker.
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 nucleotide 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

chlorsulfuron.

Figure 6 is a characteristic figure showing sensitivity of the resistant mutant to

chlorsulfuron.

Figure 7 is a characteristic figure showing negative ion exchange chromatogram



-6 Figure 17 is a characteristic figure showi ng sensitivity observed for
the crude ALS obtained in Exanple 4 to pyrazosul furon-ethyl. Figure 18 is a
characteristic figure showing sensitivity observed for the crude ALS
obtained in Exanple 4 to imzosul furon. Figure 19 is a characteristic
figure showi ng 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 inmazapyr. Figure 21 is

a characterdstic fi.gure show.n nsi Livity observed for the wild-type
Crude AL, ootk a0 eR R ARl PR RO W o type GST freed ALS
obtained in Exanple 4 to bi spyxibac-sodium Figure 22 is a characteristic
figure showi ng sensitivity observed for the nmutant crude ALS and the mutant

purified GST ARpug8 Ridddrdcierib@fipire showin@ sbhsyity d¥ake $91diti48 ALS protein

and the mutant protein to bispyribac-sodium.

Figure 9 is a characteristic figure showing sensitivity of the wild type ALS protein

and the mutant protein to chlorsulfuron.

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

protein and the mutant protein to imazaquin.

Figure 11 shows a comparison 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-sodium.

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 sensitivity 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 observed for the crude

ALS obtained in Example 4 to bensulfuron-methyl.



Figure 23 is a characteristic figure showing sensitivity observed for the
mut ant crude ALS and the nmutant purified GST ALS obtained in Exanple 4, to
chlorsul furon. Figure 24 is a characteristic figure showi ng sensitivity
observed for the mutant crude ALS and the mutant purified GST ALS obtai ned
in Exanple 4, to inmazaquin. Figure 25 shows the concept for generating the
ALS gene haV|ng Ws48L nutation only. Figure 26 is continued from Fig.
25 and shows the concept for generatlng the ALS gene having Wh48L nutation

I F ch t t f b df
the”erude.aLs 10gvS: Pl Rteerpnee Bepisois SHMRiScoBatid b eRoetos (o
a char act eAt%btﬁlﬁethE%@?&thH%w%% liﬁulr(yﬂ Etj}lly bserved for the crude ALS

obtained in to chforsulfuron.”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
vect or constr udged I&ifaahmlaetefristid:ﬁgumeeshfémm§ sensphty oghrsapled dbr the crude

el ectrophoresis by which the ALS gene insert was confirmed in the plasmd

i sol at ed fAIeﬁertﬁ@eéFﬁ@?‘@n@él“dﬁ}m%@os@fur@él i (JMLO9), wherein lane 1
indicates ,Hnd I11/100 by DNA nmarker, |lane 2 indicates a plasmd derived
fromE coIi t hat has been transforrred wth pM.H7133 retaining the nutant

ALS gene, | a”eFlguﬂe’\ﬁHg.aéecﬁaﬁctQ i@ hgudedlowa gggéﬁm\ﬁz S&Bg%g ve f}?{atﬁéa%uﬁée”

transformed w't 3 retainingthe wld type ne

i ndi cat es m&bﬂt&ﬁédﬁﬁgﬁmﬂ 189 t8 irshiqORne (control group), and arr ows
indicate the insert DNA. Figure 32 is a photograph of electrophoresis

showi ng the result of PCR usi ng plasmid DNAs as a tenplate, wherein Iane 1
i ndi cates , Hi nd [11/100 bg marker, lanes 2 and 5 indicate a pBI
plasmid (cont rigBugr i 2 flréFtﬁF‘ﬁ@f fla%revﬁhomlegjﬁ%nsmgyg&@erveﬂJﬁ@ghescréeﬁa 6

i ndi cate M.%—( t retain the nutant ALS gene, |anes 4
and 7 indi'ca é&g%f%%g%fh@ﬁm atoglgught toretain a wild type ALS gene,
and arrows indicate PCR pr oducts. 8
Figure 21 is a characteristic figure showing sensitivity observed for the wild-type
crude ALS, the wild-type purified GST-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 Example 4, to

bispyribac-sodium.

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

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

Figure 24 is 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 gene having W548L

mutation only.



Figure 33 is a photograph of el ectrophoresis showing the result of
confirmng the insertion orientation of ALS gene, wherein |ane 1 indicates
7~Hind 111/100 by DNA nmarker, lane 2 indicates pM.H7133 retaining a mutant
ALS gene, lane 3 indicates pM.H7133 retaining a wild type ALS gene, |ane 4
i ndi cates pM_.H7133 (control group) retaining a GUS gene, and arrows

i ndi cate PCR products. Figure 34 is a flow chart show ng the nethod for
transformng rice plants (N ppon-bare) using Agrobacterium Figure 35is a
photograph showpg §d & o?l'tiﬂ{u‘{as frﬁ)l}t P@‘??Sbﬁaﬁ%o%%é cB@éi:' { s géhteka%' 4 from
calli. Figure s acharacter ot gure showi ng DI gpyrl ac-508di um
sensi ti vi tA1 Obedd vl W8S8I10Muditioh @81yl ant (Ni ppon-bare) transformed with a
mut ant ALS gehe. Figure 37 1s a characteristic figure show ng

bi spyri bac-sodi um sensitivity of the callus of the wild type rice plant

(Ni ppon-bare). Figure 38 is a photograph of el ectrophoresis show ng the
resul ts of PCHipencf2 ised chaetgrisientigine dbwing epmitivityf obsenvad tfon thef ondent

cal lus, wherein | ane indicates ,Hnd I11/100 by DNA narker, lanes 2 to 7
show t he r%%%@gtf‘i“\%”%éwq 62%) o BiENYEICRYSYEHBmi ¢ DNAs derived from
different calli, and arrow indicates the PCR products. Figure 39 is a
characteristic figure showing the result of sequencing of the PCR product
resul ting frommB&Re usi 9% ¢HeacBeRAR ukNEL iR RERGIfityosbdeRR dt foR AR QgENt
callus as a template, wherein A shows the result of "analysis of the

peri phery AILS abtamed iioEansle 6€3) Wuwhldrd8fuisn.ng a sense prinmer (3-1-4), B
shows the result of analysis of the .0_ peri phery of an amno acid

resi due 548 using an antisense prinmer (ALS-Rsp2), C shows the result of
anal ysis of t periphery, of an anino acid.residue.627 using a. ,sense priner
(3-104), and DISHOWMD Bré chuagiPrsts fans) POPAneFnsit) HHBER yobiheatiden no

acid reSi%fﬁ - USH i tmer (ALS-Rsp2). Figure 40 is a
phot ograph's g@m&lﬁgapﬂ%@gppgﬁqﬁgﬁéﬁg bi spyri bac-sodi um sensitivity of

a rice plant (N ppon-bare) transfornmed with the nutant ALS gene, wherein A
shows a rice plant transforned with the nutant ALS gene, and B shows a rice
pl ant transf orlfigdrevi® bhavisethai doticept fer ApiBtiyetieg tHoEFARYETEDESCRISPItEGNIOF THE
| NVENTI C]\IEA nore_detail ed explanation will be given of the present

i nventi on. EXfAW!SEet ol act at e synt hase protein of the present invention
(hereinafter referred to as "nutant ALS protein") can be obtai ned by
mutating a certain site in a wld type ALS protein expressed in a rice

plant. The am mguRciid saem 1Pbf E1B@rdPhbARLs HYL-WhizhQh& AL Phedchi@sdd faent
invention is reglrlesentse by S%Q I D NOrd]aill Tﬁewr_luél elot]i de s%equensce of the

gene encocdionfirmidibinAhS plasoti¢isolaéd fibm theeseid coloneof iFOroli I VIEM)e sdatedd by
SEQ 1D NQlanZe' 1 indicates AHind 111/100 bp DNA marker, lane 2 indicates a plasmid derived from
E. coli that has been transformed with pMLH7133 retaining the mutant ALS gene, lane
3 indicates a plasmid derived from E. coli that has been transformed with pMLH7133
retaining the wild type ALS gene, lane 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 using
plasmid DNAs as a template, wherein lane 1 indicates AHind 111/100 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 is 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.



The nutant ALS protein is derived froma wild type ALS protein by
substituting tryptophan 548 with | eucine and substituting serine 627 with
i sol eucine. Figure 1 shows the result of conparison of the am no acid
sequence of the mutant ALS protein and that of the wild type ALS protein.
In Fig. 1, the amno acid sequence in the first row shows the nmutant ALS
protein and that in the second row shows the wild type ALS protein.
Conmpared to a gene encoding the wild type ALS protein, a gene (SEQ ID NO
2) encoding the nutant ALS protein contains substitution of a codon
encodi ng tryptophan - 10 548 with a codon encodi ng | euci ne and

substitution Qﬁlgﬂrecﬂdﬁ'& ;ﬁf&ﬁ%ﬂéﬁ%fael&%robﬂ@reﬁg EhoWihp e FRHPBf @(ﬁﬁﬁgl'lﬂ'ggthe

i sol euci ne. Figure 2 shows e result of conparison of the nucleotid
sequence dhsdrtiéh @EBRaBHE BEHIAIES gbfe, MMiceih 14hS 1 pidicaied m&ﬂdtmatooebpommg t he
wild type ALS protein. In Fig. 2, the nucleotide sequence in the first row
shows t he mukentlank % 1pdloate$ M7 133atetdining hee medant nilLS @eng hlens 3t indicatesd t ype

ALS protein. Hl7rl?‘Iene encodi ng_the nmutant ALS protein can be obtai ned by
i nt roduci Mk E%trﬁtaﬁllrsesad\@&érti%d\%@%eulﬁ% 4aingisatesephdbdi /g3 degntrd” t ype

ALS proteln i C in the onica type rice
variety, 1KY afﬁt@lm%gbgﬁ? e&]ﬁtaé’drﬁﬁo ilgﬁlg?te%%\/\ﬁmgbggdard t echni ques can be
enpl oyed. For exanple, site-directed nutagenesis can be used. Site-directed
nmut agenesi s can be perfornmed using a commercial kit, e.g. Mitan-K (Takara
Shuzo), Gene HEgighrr 34 Rs cdlv®) chirt Bkewirgy (heShiegtiodg srefransfornagiriceopiantsa gene
encodi ng the nutant ALS protein can be obtained by culturing wild type

cul ture ceNispwebaseXusing AgroPagtétambi ci des in the presence of a PC herbicide
and then selecting nmutant culture cells that energe and show resistance to
the PC herbicide. First, mRNAs is prepared frommutant culture ceI S

resistant to aF he; f‘sl %]egﬁ%a 1 91%05&’1 %hgl%z?) tsang\lgp&Pbﬁe | brary

(which is thoug ave 03| resrstanc opert ~,gt
11 phage h§dﬂkggmgﬁglﬂghQﬁn,the I|brary is screened using a nuclelc aC|d
probe [EST (Expression Sequence Tag, CGenbank, DDBJ and EMBL Accessi on No.
C72411 ) obtained fromjaponica type rice variety, N ppon-bare] containing
part of a gene_encoding the wild type ALS protein, Next, the_ insert DNA of
the resulting E’6§T°t3‘i/t§ & Fhpecteristis ;ﬁ%ﬁlwlp&tbbspmb%fe%o@#%tsenspﬂ\sw g

d h h
DA whi ch BB RLG T e AN e etisnied Bt ol RS o8R0 20, 00”2 Gane

encoding a nmutant ALS protein to be obt ai ned In addition, a plasmd
conprising pBluescript Il SK+ into which a gene encodi ng mutant ALS protein
had been i ncor Pignet liswashataparistic etbut® shakling bRaysbdc-aihnBisersRgdtyusicthe
Center, National Institute of Advanced Industrial Science and Technol ogy
(Chuo- 6, 1cailug of te yuldkype meqanANapon-haser aki . JAPAN) as Miutant ALS cDNA in
pBl uescript Il SK+ (FERM BP-7348) on Novenber 2, 2000 under the Budapest
Treaty. Conpared to the wild type ALS protein, the mutant ALS protein
possesses good anc i

sul fonyl urea al;lléﬁ}%m%ga{zgoﬁ éll% %Qélﬁl CI E&d@gﬁﬁcﬂﬁql %h%ﬂilé:%t gﬁtPCAII{_S
protei n possRemes uwinfi @homy BIN O fprépasddstramce tiafsfarntdnt Rany, Giliteein llinecan be
determ ned by incorporating a gene encoding the nmutant ALS protein into an
expr essi onindwates AHyid B/ H00 B D@ inarkendanss 3o i iSthsf,kEn@iSpdCﬁW restilss effRCR
herbicide of E. colj b nsfornmed w th.the expression vect of a
PG her bi o 18 eenaraie. DI APRNRE 001 HFIBYT PR GBACBR RicER B9 SR nobac

as represe&%g@ctgy the follow ng chemcal formula 1.

Figure 39 is a characteristic 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



CH3 N OCHs COONa CHs 0 - N OCHa | COONa CH3 NS N OCH3 OCHs H3G/ N COOH
OCH3 N - i 0 --~~ N OCH3 bispyribac-sodi um pyrithi obac-sodi um pyri m nabac -
12

periphery of an amino acid residue 548 using an antisense primer (ALS-Rsp2), C shows
the result of analysis of the periphery of an amino acid residue 627 using a sense primer
(3-1-4), and D shows the result of analysis of the periphery of an amino acid residue

627 using an antisense primer (ALS-Rsp2).

Figure 40 is a photograph showing the result of measuring bispyribac-sodium
sensitivity of a rice plant (Nippon-bare) transformed with the mutant ALS gene, wherein
A shows a rice plant transformed with the mutant ALS gene, and B shows a rice plant

transformed with the wild type ALS gene.

DETAILED DESCRIPTION OF THE INVENTION

A more detailed 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 ID NO:
2.

The mutant ALS protein is derived from a wild type ALS protein by substituting
tryptophan 548 with leucine and substituting serine 627 with isoleucine. Figure 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 acid 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.



Exanpl es of a sul fonyl urea herbicide include chlorsul furon,

bensul furon-net hyl, pyrazosul furon-ethyl, and i mzosul furon as represented
by the following chemcal fornula 2. CI ~H3 ~ OOCH3 p ~/ O _ OCHs

SO2NH C- NH ~ CHzSO02NH C NH' N\ N OCH3 OCH3 chl orsul furon COOCH2CHs CH3 O
N~ ~SOZNH U ' C _NH ~ N OCH3 pyrazosul furon-ethyl bensul furon-nethyl | CHa
11 ~S02NH O-NH N OCH3 i mazosul furon Exanpl es of an im dazolinon herbicide
i ncl ude i mazaquin and i mazapyr as represented by the foll owi ng chem cal

formula 3. S&%fttha codon encoding leucine and substitution of a codon encoding a serine 627
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

mutant 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 gene encoding a wild type ALS protein which is
present in the genome 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

(Stratagene).

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,
cDNAs are synthesized, and then a cDNA 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 positive clone is subcloned into pBluescript II SK+, to
determine the nucleotide sequence. Selection of a clone having the insert DNA which
encodes the amino acid sequence of SEQ ID NO: 1 enables a gene encoding a mutant
ALS protein to be obtained. In addition, a plasmid comprising pBluescript II SK+ into

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

.11.



H Oimazaquin OCOH Il N N H O inmazapyr Transformation of a target plant using
a gene encoding the nutant ALS protein can inpart resistance to PC
her bi ci des 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 Agrobacteriarmtarnefaciens. -13 Mor e
specifically, a gene encoding the mutant ALS protein is inserted into a

bi nary vector containing T DNA sequence of a Ti plasm d of Agrobacterium
The Ti plasmid is transforned into oli, and _the like. Then, the binary

[ E. , :
vectors coReinhanyBionBesqurre %@dNﬁ@oqaﬁénwtaﬁf Advengsd dpdysirizleysisneaedd by
e.g. E. cold ,are transforned.int.o Agrabacteri.a whi,ch ntai n | per
pl asmi ds. LTFIS‘f}E’QFOgB’I @ﬂ}“&"%rle'?]]nf ’g%sé’g %‘&HBQ'R}E’ A%qr%lgagggﬁm,asa%u%ﬁé}ﬁﬁ he
t ransforne : ik 3 j i rHa r nt is
a culture ggﬁ*?q%ﬁgﬁgﬁﬁhpﬁggﬁFHggEE%QF?g;Z%g?gﬁgghﬁﬁﬁgeg262%@Pegggﬁﬁgﬁt by
known st angadghdseTieatyques. To transforma target plant with a gene encoding
the nutant ALS protein, the gene can be directly introduced usi ng known

standard techni ques. Exanples of a nmethod which transforns an expression

vector containing a gene encoding the nutant ALS protein include the

pol yet hyl gpe giqrfmnarqtdeno{ib@jivl@ type Aé&oprateiugﬁbi aw@nf@é\rltsl nng&élrgpnswm@aod A f
gene encodi n e nuta rotei.n ransfornl ed into_any type o
D ant o SUETTSARSE AR C Ry B eIt s e Jrb b DHOT R EsH 200 pRaiebish:
target cropeifiti@eoiirg SRENRNEP AL BGrbaf) PRLARLs £hih REv 6 Resisy

t ransfor ne el]ibnfbtlc%us\é\gér?lggr,lﬂng‘iﬁrzng V\,&ea'%b,r Earﬁg%y%gssoyb an, co{tgrﬁ, n?%tp?easeeds,
sugar beet pangkrbielirC ian b ddtdinedrby indofpogdtingSa gdreedgoding thdenutdrkAlcin be
transformed by introducing a gene encoding the nutant ALS protein. In any
of the abopmteasio anrexpshspnatecton dffe.a. @l aofi, esd ryamingegnsernevtl ty thhe
mut ant ALS protein. ¢can_ inpart resistance to PC herbicides, sulfonylurea
her bi ci desbergfﬁﬂ‘f‘i ‘i’iﬁéé%lt‘iaﬁ%ﬁ“ﬂ%‘fmtgiﬂ?fe?‘pf%S‘f’ﬂé(e‘ﬁP’ént. Mor eover, a gene
encodi ng the nutant ALS protein can also be used as a selection marker in
an experinment for transformation of a plant. For exanple to transforma
plant cell usi 'Ei{aﬂa%)&@'lﬂ 2OPC IHRFREIBS inchleVSi§yRTba¥ib&imS PPtithi dac Ao 8RAL and

encodi ng the nmutant ALS
pyriminobac as represented by the following chemical formula 1.

CHs
== OCHs
< | HaC\ £ N
N COONa
OCHa CHa COOH  OCHj
COONa N== N
CH3 S-—'( IV\ .
= N o—4
N
o—4\ OCHa
N OCHa
OCH3
bispyribac-sodium pyrithiobac-sodium pyriminabac
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14 protein and a gene of interest is introduced into the plant cell,
followed by culturing of the plant cell under the presence of a PC
her bi ci de. Therefore, a plant cell which survives in the presence of a PC
her bi ci de indicates that it contains a gene encoding the nutant ALS protein
and the gene of interest introduced therein. Further, whether a gene of
interest and a gene encodi ng the nmutant ALS protein are incorporated into

t he chronosone of a plant cell can be confirmed by observing t he phenotype

f h | f h h
by oenoreSout e ot e o et S bapeondt b Edhenient on
ttope of |t RehuRTEERTE ahd, miEab iyt A EtaRReE by B e St

Production g, jidse (Kinmaze) culture cells resistant to a PC herbicide
Chaff was renoved fromrice seeds (variety; Kinmaze, scientific nane: Oryza

sativa var. Kiiunagg).; The seeds vvere i nrer sed bBcvzao % et hanol for 5 mn,
and t hen
(R OCHs3
SO&NHT:WH‘(V CH2802NH-C NH é

OCHa OCH3

chlorsulfuron bensulfuron-methyl

COOCH2CHs

/’j/ Vo "

\'}' SOz NH.‘(Q g SOzNHE NH‘( ;
OCHs N

. OCHgs
pyrazosulfuron-ethyl imazosulfuron

Examples of an imidazolinon herbicide include imazaquin and imazapyr as

represented by the following chemical formula 3.

COOH
N
NQ((
H o

imazaquin imazapyr

Transformation of a target plant using a gene encoding the mutant ALS protein
can impart 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.
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imrersed in about 5 %antiformn for 20 mn, foll owed by washi ng several
times with sterile distilled water. Then, the seeds were static-cultured on
a nediumwi th a conposition as shown in Table 1. Table 1 Inorganic salt

(m xed saline for Mirashi ge- Skoo nmedi um 1 packThiamn HCO (0.1 g/1)1

m Nicotinic acid (0.5 g/1)1 nilPyridoxine HO (0.5 g/1)1 mMd tine (2 /1)1
m Myo-inositol (50 /1)2 11112,4-D (200 n) 10 1111Sucrose30 g -15 In the
above nmedi um conposition, 2,4-D is synthesized auxin. To prepare the

medi um first,, a medi ith the abave gconpositi was .pl.aced in.a 11
beaker, and di¥Prd it eb sfodl % ML AL PRERGBITRed @erd ¢ ne
sol ution -adqj ; I 1 f i tre. The
ol i to et St BB DN e OP e TR e, B iR 18 e
m xture wasasaddeckradfdfdtinedtintd A icoR ah® tielilicl Thed, HRS KidatiSiRbraciitifigingane Next,
three sheets of alumnumfoil were laid over the culture flask, followed by
heati ng f @enstercdding tiei outantnARS moteocteplieated b 21g. E. fooli &S tiaosfafned mto
Finally the solution was cooled to roomtenperature so that the nedia for
static culAgipeacgsriar phichh soriaige belpeindlasnide phared. piRBtst arce fifedek rwitlhdhe i ons
were renmoved fromthe, call i.nduced on .the nedium. and. .t hen subcul.ture was
bor f or o At e rrdcier e GBPARRRAT it Aeaodiigellivisede iy

cul tured j j L QU U

conpos t1 aancnakd Blafe 86 Sulfe, P MERR Lah G b GRRA B s Rmplcte
wi th Gelriglgh) bs kpeWe RAdRE tevhhiauds. p. M bi spyri bac-sodi um (one of PC
herbicides). Two to 6 weeks later, the culture cells started to wther.
About 2 nonths later, a plurality of non-discolored cell masses that were

t hought to be conducting cell division were oltained fromanong cul fure
cel | popul at i offs AR teEcAleAL A aeaeraenepoagwgn%e dnee éiéopraﬁeawfw These

cell nmsses were .isqlated.and cul tur so th lburality of cell. |ines
Chat caneERadTihs b ArBBL ARG hihE ol SHaf BUNEL! BuBhfES o 4

obt ai ned. RURSEVHRAL thahsfohRS ah @R PFebdiDS vBUYF &rtdiMingfa d§&|e|e_nkbcﬂﬁ§ HemBaqtl tured
whil e el evating the concentration of bispyribac-sodiumin an orderly

manner . AAILS paseihtinclodd the lpohethyldnet glgan npatidd, felcabporation, ad pagidngen of 100
1. ~M bi spyri bac- sodi um wer e obt ai ned. The bi spyri bac-sodi um resi st ant

cul ture céngtBod-hereinafter referred to as resistant nutant) were

sub-cul tured on M5-2,4-D solid nedia supplenented with 100 ECM

bi spyri bac-sodium Part of the sub-cultured resistant nmutant was sanpl ed,
added into - 1Ggene Misodirh te ! hithtda T8 JirdtetPay BRREFIRALES iftbddy type of
bi spyri bac-sodi um and then subjected to suspended cell culturé a}t) a cycle
of 8 to 1(laay suckpphonicoBialoyods mdydi¢oreledoivg plants0Exhinples ©f h $drgdttcrapit ant
was transplanted in 200 ml_of a Erlennmeyer flask supplenented with 50 m of
a NMB- 2, 4- ntoj whirkl argea¢ enroding the spyant tzj‘écg prothin iH teanstomag pradysle) rigee maize,

concentration, .fqllowed by culturing, at appr oxi el 7 C.for a
appr opr i a_t"@‘ Erbiafg%iy S _a'i’né‘f’tt%irﬁﬁlﬁse%fg’ "f%ép_geeﬂt F“Efgtao\tl??é%%nﬁ’h@ﬁ“é‘ﬁ‘ BE?gﬁﬁﬁ’cal ly.
The rel at 't*%s AP W 11 R SASPonIRS Ibgqglgiicmcﬂ%a Qi@rﬁ:eg)cgain e Wlanpolight of

the transplanted resistant mutant. diti e experi nent was

performed pedteme tinmes with different bispyribac-sodiumconcentrations, and
the standard error was cal cul ated. Figure 3 shows the relation of changes
i n bispyribac-sodiumconcentration and the relative weight on day 8 in the

resi stant nutant. As tg cgntrol, a simlar experiment was conducted using
the wild type IPIG"Hn%fz §a Weg€ﬂ5%5=4ra§ﬁgl%§atﬂ%° 2ol uging RegRG saecing dhe

relation of BLSRYS bRAGH QHR-GRASERLS B'PCeridfiel RuftbhyiGreARediaQ Ry &

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
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As shown in Fig. 4, the growth of the wild type was not inhibited in a
group supplenented with 1 nM bi spyri bac-sodium but was inhibited in a
group supplenented with 10 nM or nore bispyribac-sodium However as shown
in Fig. 3, alnost none of the growth of the resistant nutant was affected
even in a group supplenmented with 10 ~M bi spyri bac-sodium The growh rates
of the wild type and the resistant nutant were neasured as descri bed above
except for the use of chlorsulfuron instead of bispyribac-sodium Figure 5

shows the rel.atiqgn of changes .in chlorsulfyro ongeptrati,on and.rel ative
wet gt on PTG She SLAMERR I dniFedogl s el e B8 BrtgaRges i n
chl orsul f hQan i k i rasmst ant
it ant . ASERSE RGNS b8 @G HIH PRI, TihrHDK, % biant (1 MERS' O)
addi ti on @firvivedhh thkpresetidd OF SPCIHarwIcide sitgontd3ghdthbtortdigs Wigksk éncheink @Rs

hi gher sensitivity to chlorsul furon than to bispyribac-sodium However, as
shown i n Rwant@LS proteyn end thegene héintersst snteottuceditharein. asthst, mdwtiiey aigahd bi t ed
by addition of 1 ~. Mchlorsulfuron. Sensitivity to bispyribac-sodi um and
chl or sul f §f dRteresthan ddeaiensrcodingc hsngaint dilpoPreteiRears Ingorpistedainde tthe

resi st ant tant, even with.longer cultu dur at.i on, The growth, rate was

L st o nsheRoms B Rebii e SR EE eeathe Py SPePing Toe, P WP dns PlaBii e
reveal ed h eci St resi S N

bi spyr i bac Bk g AL pretHh @Y RS RaRE ot 88 EShARE EYORROIE! fubin

i nproved hebhidgitaieorPCR:hl orsul furon conpared to the wild type. Exanple 2:
Her bi ci de sensitivity of ALS enz~partially purified fromthe resistant
mutant In this exanple, nutant ALS protein was partially purified fromthe
resi stant nutant obtained in Exarrplﬁ m t hen herbicide sensitivity of

t he obtai ned nutant ALS protein was > d. The nutant ALS protein was
partially purified as follows. First, 200 g or nore of resistant nutant was
prepared by a liquid culture nethod (no supplenentation with

bi spyri bac- sodidiMthe piBertt UhdehkiBn BAMi RROFuAh&OTRAT I BNIRSFoBGHIMY dxAmpaR] € 1
but without Celrite. Then, about 150 g of the resistant nutant was
honogeni z &dt thsitevfnidhlsscope afithe mvantiad ismet biitbdiby Eresd efabiflesyM pot assi um
phosphate buffer (pH 7.5) containing 20 % (v/v) glycerol, 0.5 nMthiamn
pyr ophosphate (TPP), 10 yM flavin adeni ne di nucl eotide (FAD), 0.5 nM Myd 2,

o or EXimBle R POl B2 880G A0 LEREN ke baldidey e toL U
nyl on gauze, angf He r&sdVelli fraid&skbetdeeds (WX KihRlaze cmnﬂﬁc/ﬂmmwgz»asulfate
was added to the centrifuged supernatant to 50 % saturation, and then

al | owed t eaicavat. Kinmaze). flire sepgy oxtenimiméryedlioch®lifo efhiagolnfox Suhén, \wad thegai n
centrifuged at 1|5, 000 xq for, 20 mn, and then the precipitated fraction was
di ssol ved inpegssd i alspt 3 Yosntifumin for 20 min, feliorradsbyhyashiresayerat tigxep gviduf f er
(pH 7.5) containi.ng,20 -1 (v{v) ycerol , ..0.5 mM, TPP and ,0.5 mM MyCl Z] .
The mi xt uF&S“@ﬁaé“%ﬂggﬁ‘ nW%srnﬁh%dé% Sﬁgslg’,et?oéfa%c’f‘%‘r‘reéoo’}n'an,meQHEi“ t'Heh & he
super nat apf 58644 ANt Apphikgd to a Sephadex G 25 (Anersham Phannaci a
Bi ot ec). A%lght 40 %]Slo tnﬁe fraction that had passed through the col unm was
coll ected as a crude enzyne solution. Next, the protein concentration of
the crude enzyme solution was neasured by the Bradford nethod according to
t he manuallable 1Bi o- Rad Protein Assay. The crude enzyne sol ution was then
filtered through a Whatman filter (Watnan), and then the crude enzyne
solution in an appropriate protein anount (10 to 15 m) was applied to
t hree ven Tnggidiy- ceaneciiifedd Tealipe Q €l{ummg fafkrer sham Phar maci a Bi ot ec)
using a FRiad8yd-SRodeAnRISRRM Phar maci d Bi ot ec). After protein conponent
was adsof i Tr Q~unadsor beq fraghijons were washed out using
dhnn - HCL o1 g S ore-grleaterLhand he bed vol ume. Then. the

buf f er - 2 HaawA I"i’ a."F t o—5—F+ol Sh catc'li tAah—

adsor bed Eﬁtg‘.ﬁ‘\.aq&%r mﬁ@m—was—eLux—ed—ksi—ng—&H—el—wate having a vol une 10
fold greafsridexing - B8e/Nol ume (150 (m).1Mre. the eluate was prepared
by di ssol dlpgnK@ gy th a |i near concentjrati dmigradient (0 to 0.4 M into
buf f er - 2. MytrinRkidst(s0 PNt ai ning the el yted ppgt el njconponent was

apporti onet, D2HF phir - into a prurality of gt tubes for apportion.

Furt her, Mo stapbrtrzeALSenzyne—contained Y the—el ut ed protein conponent,
0.5 m of2B&Per—2 containi rg—20—M-sedi-um f}y. gvate had been previously
added to each test tube for apportion. ALS activity resulting fromthe

mut ant ALS protein contained in the eluted fractions apportioned into each
test tube for apportion was neasured ak¥®follows. A reaction solution to be
used in a nmeasurenent reaction was prepared by m xing an eluted fraction to
be neasured with a solution conprising 20 nM sodi um pyruvate, 0.5 nmM TPP,
0.5 MM Mgd z, 10 |.~M FAD and 20 nmM pot assi um phosphate buffer' (pH 7.5).
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-19 After the reaction was stopped, the reaction solution was incubated
at 60 Cfor 10 mn, thereby converting acetol actate contained in the
reaction solution to acetoin. Then, to quantify acetoin contained in the
reaction solution, 1 m of 0.5 % (wv) creative and 1 m of 5 % (wv)

a- napht hol dissolved in 2.5 N sodi um hydroxi de was added to the reaction
solution, followed by incubation at 37 C for 10 mn. Acetoin was then
gquantified by col or conparison of the absorbance (at 525 nn) of the
reaction solution, thereby evaluating ALS activity. In addition, since the
reaction solution contained a small anobunt of sodium pyruvate, reaction
time 0 was used as control. As a result, absorbance at 0OD525 nm was as hi gh
as approximately 7 per 0.2 m of the reaction solution. However, when the
above nmeasur engnhe GBG mediundsompesitch, \,4-D Hodintivsizgd aaxinddo ;aep“hram@é oin
generation activity due to activit other than ALS activity was exam ned,
nearly Sonﬁﬁuﬁn¢ﬂ®tapp@dwnt“mhsha@ owacwﬂpqumte@Sbkoﬁidlaeﬁﬂmabﬁtmuh
generatio tivity whic S due tq activity of the nutant ALS

prot ei n. H@éﬁ?@“ﬁ&rwaw@ &-’?ﬁ eﬁ&% 3 18P - §ﬁaty flpfesabitigy Wat atiestes her e
separ at ed n PLC U aj Lon
cxenange. PHSt 7 st BEHFY %‘5 GO et 200 BEPEY W eulik.r

Fig. 7. Tqigel SiiBionayehheh SRemel tﬁéﬁﬁnﬁm& a6l iaddddy 30 SRKS acﬁﬁ{eet%p&f'ﬂ?éj to'
the nutant ALS protein, acetoin generation activity was exam ned for the
two peaks fladi3ussing a \pirettbo Nt tthige shedts af aluprins ol vare Udie¢ ovar tHeedulpeak
corresponded to the mutant ALS protein. Using the enzyme sol ution

cont ai ni nflaskadolhaweshby itaBngor senlizatiemsi an witoglaws at Ky r@utfahﬂ Sa80priotein to

bi spyri ba dium .chl orsul f n and i mazagqu S .exa Sensitivity to
onen of s B e A4 e e TG B ST S R AP Bt e P

sane mnngftﬁ%bb%{eggsagg\?ﬁ&isurerrent reaction, except that a herbicide

was added certaln co rati on before addition of the enzyne
solution. For conparison, the -20 wld type ALS protein was separated and
purified in the sane manner and used for the experinent. In addition,

bi spyri bac- sodNextendesperme partes asrarenayee dwsn thel atliomduemdorc the oneglitrhiyr on
and i mazaquin V\BI’% prepared as acet ne sol utions. The final concentration
of acet on8™4 frepHubFEREe “@ﬁpﬁiQ’E"Eﬁde % ParopT e Qbfalngg! callowiastsHB-cpvsdi on of

ALS acti Vh}a}! ggﬁg% g\f%w [3{(&1@9 t%&poﬁw%el?(??n g?ﬂh]}(ﬂ%&ﬂgﬁ?ﬂl '3 np%gltlorlf i gure 9

shows t he tefath R4 ion
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
were 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 plurality of cell lines were cultured while elevating the
concentration of bispyribac-sodium in an orderly manner. As a result, cell lines that can
proliferate in the presence of 100 puM bispyribac-sodium were obtained. The
bispyribac-sodium resistant culture cells (hereinafter referred to as resistant mutant)
were sub-cultured on MS-24-D solid media supplemented with 100 pM

bispyribac-sodium. Part of the sub-cultured resistant mutant was sampled, added into
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chl orsul furon concentration. Figure 10 shows the relation of ALS activity
inhibition rate and i nazaquin concentration. A line connecting white
squares denotes the wild type ALS protein, a |ine connecting black squares
denotes the nutant ALS protein in Figs. 8 to 10. A herbicide concentration
whi ch inhibits 50 % of ALS activity (150) was cal cul ated according to
probit analysis, thereby calculating the ratio of 150 for the mutant ALS
protein vs. 150 for the wild type ALS protein. Table 2 shows the results.

Chem cal | ( . RS.ratioConpoundsW | d.{ ,aResj stant nutani Resi st ant

it ant 81 sy S b IR S BRI Sitb PaR Bt PP, 54 T S red to

ui n1480I 67 ent.rati f.Qr % inhibition b) Calculated from
the i nhi bisg%#dg%@lb@@?‘iﬂ%@geg&ﬁ@llg%gﬁ(esi stant mutant) / 150 (wild
type) As shown in Figs. 8 to 10 and Table 2, the nutant ALS protein showed
a relatively high ALS activity even in the presence of the herbicide, when
conpared to th&pmokiohdtgipd. Ay Svervetighth of the rpsisthintaubitant waheamspmhtediiga00i cant

di fference between the nutant and the wild type ALS protein was sensitivity
t o bi spyr imaef & Sdeumeyesflsisk iserplenrepted méth S0pml of a MS-2,4-D liquid medium and

bispyribac-sodium at an appropriate concentration, followed by culturing at
approximately 27 ‘C for an appropriate period. The wet weight of the callus was
measured periodically. The relative amount of increase was determined based on the
wet weight of the transplanted resistant mutant. In addition, the experiment was
performed three times with different bispyribac-sodium concentrations, and the standard
error was calculated. Figure 3 shows the relation of changes in bispyribac-sodium
concentration and the relative weight on day 8 in the resistant mutant. As a control, a
similar 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 not inhibited in a group
supplemented with 1 nM bispyribac-sodium, but was inhibited in a group supplemented
with 10 nM or more bispyribac-sodium. However as shown in Fig. 3, almost none of the
growth of the resistant mutant was affected even in a group supplemented with 10 uM

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-sodium.
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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the nutant ALS protein possesses good resistance to bispyribac-sodi um
Exanpl e 3: doning of nmutant ALS Probes used for cloning a gene (mutant 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 fromrice (N ppon-bare) show ng high honology with the ALS gene of
mai ze. ( 1 ) Determ nation of the nucl eotide sequence of a partial cDNA
derived fromrice (N ppon-bare) show ng high honology with the ALS gene of

[ f i . ducted. b ' f
Techno | Ut R0 pRSAETY S R B AR el b kM aR it 8l
Techno. br A iLire ety i -
of 1ico (NN pa By AERRTSTIPER i RS, By AT AT R BEALERFET &8 ence

dat abase afrog&NAShiBAEH BY hedidyn RE e N NISIhadrkhISEA. SesRIFRNA t6 bRpSribACHRATEh On No.
C72411) which i1s known as a nucl eoti de sequence of approximtely 350 by
cont ai ned and dhiirsulfisera basanghalmedt higiangeahol bey the wildetypt 8ndéhe rasistanti ze.
The ALS gene of mmi ze had been caonpletely sequenced. This cDNA cl on
(Accessi orn@ant, everuwith yongse cyBre Awaton bin SIeWtlhy rle Wap simasthe tpme in the

Agr obi ol ogq;i . Sci epces.,. .and the nucl eoti de sequence was determ ned as
RS pe e PRl

fol | ows. %orrpri sed an ALS honol og gene inserted within
pBl uescript Il SK+, and it was capabl e of autononous replication in E.
coli. First, an ALS honol og-retaining plasm d vector was transfornled into

E. coli (DHSa)The¥biréstlts atv@aledsthabthairesstahtr Mnaat pbatSeyvedststaidk tsyedflc itd
liquid, and then plasm ds were extracted fromthe cells by standard

t echni quedispSrihacesadiemi MdengoBA theadesistam imuteat tweb Ishowedn Bael impodvidt |
(restriction enzynes of fti-cloning si I]S’S in the plasmd vector), the
vect or wadeHitRReER qhlgrsutfurgReomugre ﬁ%g’fﬁa U PP i nsert was - 22  confirnmed
by agarose el ectrophoresis. Then, the obtained ALS honol og-retaining

pl asm d vector was purified by standard techni ques using e.g. RNaseA, PEG
and Li C, B:@hippvedHeibiSi@svaniivivg JfeRES ieppyiis ipadially i puEified @R Ae ABlstant

Bi gDyeTerm nator Cycle Sequencing Kit. Conditions for PCR reaction foll owed
t he manuf agttemte' s protocol. Prinmers used herein were M 13 priners and

synt hesi zed prinmers designed fromthe determ ned nucleotide sequence. The

resul ting PCR Bridsusiample mutant Add Brpter asoparialbe ppiitied fiom thentesiskh t he
nucl eoti de_seqguence t hereof det.erm ned . an.. ARl PRI SM 310 seguencer.
The ALS haRBraGaTaRsd At RouBp ot e /BoT BPHudy ity ok srreraes FREETT “Dua
with a | engtdipRheid wis kRamihBe mtnﬁhmduﬁrﬁomﬁwagg%mﬂﬁbﬁwm £l BAGWSE vector
was digested wth restriction enzynes Sa Il and t I, and then subjected
to el ectrophoresis. Therefore, a band of about 3 kbp corresponding to

pBl uescript |1_SK+ and a band_of about 1.6 kbp corresponding to the insert
DNA fragnent warss 299 eex e@rq sloesisastimptantias grappred byueligyd calurganeiBede of
the insert, DNA lgﬁorti,[op was. di)t er m ned,.arad hts nom)hovg%gto t he nucl eoti de
sequence OPO mPRIEMRARULR YL QIPYRRACIEIN), {o; ylturg hvdne 2 8RR VL 0 wass
found. Si he TAbS WeSelfAR! G NAtht 950 & BETrEidhn GOkt Ne ALS
gene of t%ggv\ygr. N!Jppgg%{ggg? th%lHFCngglrt’ DNR d?ggstetﬁ v{/it]ﬁénst;g I §n§§ Not |
was used apnidgphie€E usifig Hikweroh in ki vilurhd of bhéfed-1 {500 MOV potasslumusiosplidtele
sequence of the partial cDNA of the ALS gene of the var. N ppon-bare; the
second r owuifer (Iﬂrgﬁ Sofcontaining ) Hetidv)aglyeriplz 8.5 1d] tbenaivapyaephospltc (R, f r om
resistant pubanl i hining Gaudleotde (FAD) 0 5% Medd S tnd e valumd ot PoljvinyPIe"

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 7.5) containing 20 %
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and pestle, and then finely crushed with a m xer for 30 sec. The crushed
powder was suspended in an extraction buffer [( 100 nM Tris-HCO pH 9.0, 100
mM NaCl, 1 w SDS, 5 mM EDTA) : ((3-nmercaptoethanol) : (Tris saturated
phenol) = 15:3:20], and then stirred thoroughly. This solution was
centrifuged at 12,000 xg for 15 mn, and then the supernatant was
collected. Two hundred m of PCl [(Tris saturated phenol) -23

(chloroform : (isoanylal cohol) = 25:24:1 ] was added to the supernatant,

shaken at 4 or 10, m n, tr 00 x for 15 mn nd t hen the
Super nat arft ey 8 vey Tt 88 MRl craptint o il e ugesoatvm ue
of 5 M Na - f.0l
super nat aclt ﬁoﬁzgr{ﬁe&%\{%rﬂﬂrﬂg s elﬁ&t% wﬁgﬁgggﬂ%q t{jg%gﬁaé&? 0 m n.
The preci m/\tn@él %a%ﬁh&ﬁiab@%]@@cmb%amw il 4@ ﬁ{e' muah tﬂa2 h8@Bassed tlﬁaugﬁl fkn. The
precipitate was washed with 70 % et hanol, dried, and then dissolved in 10
mM ( 3- mer capime ivasodlectdladtaicoutle ebexhe sd)lhaon;ol ution was centri fuged at
27,000 xg for 10 min to renove insoluble fraction. A1 /4 volune of 10 M
LiCl was added to the solution, which was then allowed to stand on ice for
1 hour. Furth t he solutlon ed at 27,000 xg for into
col Tect preci piest BE piRt B onmRTRRon e sridEate e S e Al bty B a0
nm was _ne Mfl@)‘? Ef%tl{ddrh%&]aﬁaﬁcﬂrﬂfeexﬂ%@atl (04 1(9&35%61%.44 %{?J‘ﬁ%‘o byme M NaCl
vol ume o to e SO

and a 2. 2- anol were ad d ion YWas then
al  oned t asofiftRAdwad tireBOfilteréd thrafkhTh MW haubsefitia W iatilsg), Sdﬁhuhb@mhé/\@ﬁxde
centrifuged at 27,000 xg for 10 min to collect the precipitate, followed by
washi ng widniayme sebutibhanah ,approgridteyprogin dImeumted0lto i ldgmprwatuagplisd o dirssol ved
in an appropri ate amount _of HZO to obtain a total RNA solution. Here

centrif uga‘teﬁéﬁ’*il Iyeeonpretadoidep & columns (fysrshas Basmasia Bioksl u?.mg iaf FRIeC f r om

| f | buf HC
DOl 5 s ABm ARt el Bed), KheP phOcamidshy 489 ML BbEL Py
total RNAg méﬂ Qoﬁ‘ndﬁ@&b@&j%gl&@ et wastcuaut ﬁgn%ghﬂr-?%lﬁQhWBlﬂb 3 f5 §0l um

filled wth 0.1 °g of oligo dT cellul ose (Amersham Pharmacia Bi otec) was
washed wi tfbldaglestebitinah thg Hadf Foduime.ahieknt hmaddodaerdolbrateeranmhamt v ehasd
applied to the colum. After the colum was washed with a 1 x binding

buf f er, arpsileuan Qvatebavieg a valomemOtolderer Hpn ﬂleéedwom%@fﬂ)mlodéerwbe i ed,
dth | t |1 t F t t hat ..h
Phougr ¢l pas hrapgted bydnieBind b Chnihaimesi ftseition Sdi 20 RARE M arm

Phar maci a :Bj C

concentratlﬁigg&g@gl ﬁhggnﬁﬁ&&ﬁ%g@? téhﬁngé[g ({)I%Ht ésgﬁfsor 5?12%‘“& each
fraction, ech,/ kb voplurityobf 1€kt Milds Gor aipfordion. Smftlcﬂr,dto/@daunﬁeq&wtdﬂamk wer e
added to 24 the products, and then the m xtures were allowed to stand at
-80 C for 0taiied.intlexeluted peotein xomperenied. énd@iﬁbuffﬂu?ge@t@nmgt%)enwwupnt ated
fractions were dried, and,dissolved in 100 ~l .of H20. The thus obtained
MRNA was SRYBFWE Bafl besn previousiyadde wa‘i%cBﬁFSbg}lbgé%rraag%ﬂ@ans. ty gradient
centrifugation. The separated and purified nRNA was applied to a centrifuge
tube with density gradient given by a 25 % sucrose solution and 5 % sucrose
sol ution, and ADS”adﬁMt?Q@ﬁﬂﬁﬁg g gheainudaht OR0S ribtefrO CodtaiBed AN the alutdd C
using a swing rotor. Aiter centrifugation, 0.5 m of each fraction was

col | ect ed fravtionsl@ppafionteingitd wagr adi arve. foAppottianceasomeeartd hs dollovon Avas
nmeasur ed, the concent ratl on of , the collected nRNA was cal cul ated, and the
presence OFacHion FARKIQMISDE BFfd i dNGRFUIGTISHT BRAZERN YRS USERAGERAY EOIXing an ( ECL
di rect nucl el

'. d.d b h
Bi ot ec) . ?é‘iaﬁ 2 %&8%“3%"??%‘ *hitao 4 %"ﬁg"@ Eﬁt”g% 0 Hﬁ%gﬁ@g} E)P)H%%aqac(% glabove

at 42 C fqy Jgh

per f or med t%@gﬁ%ﬁy@iép@%m y was |ngﬂgmtl\)f(vg§tla|éor ovn‘:ishoscdi’:ﬁ tu(%hﬁa}gh@) and
then washi®ge @l of thi$reh@ionbsolitionWess ed.f Ofi¢rate ONGR furtiog 1@ Ke Hidesiied Was on.
The washed fil mwas wapped with a transparent pI astic filmto keep it

i mrer sed iadedy the mh&dmbmtmamlus wa&sa@effmrmpd ot/3@EQ fior 40 to 16 kint Thamdhe hen
exposed to an, X-ray | m  Approximately 35 of total RNA was extracted
fromthe rré%‘it@PaWPS ﬁ‘ﬁf’ﬁfﬁjt bhrﬁ‘édlé‘ﬁbr(lfx@ hﬁtﬂepflngl e 3AACE B3P NpWIBIE r act ed
by the abgv (ﬁ(r edures Further, in sucrose density gradient

centrifug Piet “hybridi zati on-positive spot was found for a fraction
expected to be positive. Wien the wild type was used, approximtely 95 ny
of total RNA was extracted in addition to approximately 7 nmg of nRNA. \Wen
MRNA was extracted fromthe wild type,” 1®he above nethod was applied except
that the wild type was used instead of the resistant nutant. 25 (3)
Construction of cDNA |library derived fromresistant nutant



Using 2 pg of nRNA purified in (2) above and a cDNA synthesis kit (Amersham
Pharmaci a Bi otec), cDNA was synthesized, so that a cDNA |library derived
fromthe resistant nutant was constructed. First, RTase provided with the
kit was used for a reverse transcription reaction; T4 DNA pol ynerase
provided with the kit was used for a subsequent conplenentary chain

el ongation reaction. Upon conplenentary chain el ongation reaction, 32P-dCTP
was added to calculate the yield of cDNA synthesis. After an adaptor was
added, the synthesized cDNA was incorporated into 7~ phage by in vitro
packagi ng net hod. The adaptor added to cDNA was an Eco RI-Not |-Bam H

adapt or (Takar ) gyt I Al 4 reater
adapt o (ToKa! ARPUESRacu ARl e 3ol AL BAAR SAL TALKRRIGPh ot o o
Li gase ( Phay mmag iterebyodonaeitiag at@olab@teBoxtainicd ih @ld :ed@bntiylutiodlad hefoineact i on
at 4 C overnight. The reaction solution was applied to HPLC using an

Asahi Pak GS 710 col umm (Asahi Chem cal Industry Co., Ltd.), followed by
nonitoring the eluate with ultraviolet rays at a wavel ength of 260 nm The
el uate was fradhebraueentifiipeetom sanipingdoinsthe reastighgolation. [Tpkefh0.f ad¥iOn was
measured with.a renko nter, and.3 to fractiqns with a high count
Were col | CEie e8! of armtie smapmasLasiud Boke A sedtrh frEF 468 on
was phosphgj i Vi i i & ) t hen
oSt e B A e LA JRAMBHGHEP bl RlthRAS G b7 CEEIR, SEHER) At
(Stratageng)s ief qaaiatbdtly doMer covhpakisemof MichbbéBandel (8052 DAY BALHel roactvAS
performed at roomtenperature for 2 hours. After reaction, 200 pl of a SM
buf f er andsdutians|therkby evelueting A vk rativitideln additioig sieeec theomeastbmitsobution

t her eby prepaniQP a phage solutjon. This phage sol ution was dil uted

10-fol d. cytangd ysmalhameynt of sfivgNYTY8Ie, iReEiomAME Davasisehagconggli (v
1088), to which 0.7 %top agar was added, and then the solution was

i nocul ated over a LB plate. The nunber of plaques that had energed on the
plate 4 to 8 haylaSehdi absofBince aHODIA5 nhl1@A8RY higRas Wphiodithdtelyl7 p&'0.2 mdG
Synt hesis of approximately 74 ng of cDNA derived fromthe résistant mnutant
was confi rofethebygadtioa sobsioht Hofveldtr, 8hepalpeabovednéasnenieny reaotion wag.cedded
result of Cerellkov counting after ligation of a vector with an adaEtor

added t herwith spdipaphyshioxife and meetein gaaceatipn 2otiviyy due toppenvity other hangAtRe
insert inserted therein s obtal ped.f.or the i.stant nutant.. The. was
backaged | ST HEs gt Rt BLE) B 8 el b Aol ARSI R R BE) SoBh Sirbim t he
cells of t I 3 twhi i4-ery,0f 4 \V/ [ 16, 600
o Ul 1. i R b o g o B B e 2 |
t ype accordedugdinglyt the mirameADN® pirdteinethdribd bodr prpghowersdephitedFon geeddin C DNA
derived fromthe wild type was synthesized. Further, approximtely 5 ng of

, DNA cont agarieraiion laetivityssr FPL( sieing aggativerien pxohangeoissiai Aed resoit. tweachivity t ype.
Furthernore, . the t%;er(Pf he cDEA kibrary solution derived fromthe wild
type was 12°aKBHepdpiecte a(szfgm‘@ﬁr“é ¥ g 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 wild type
and those deri Yediefei@iRet WEich @HeSdfaRt tWotRAVItYWPEGsSERASASRIEN th NRE whadRd over
10 pl ates, respectively. Plaques were transferred to a nitrocellul ose

menbr ane (SEBIEoteingrcioiBcdehtiatbh actPROTORANBABS] fopshetvwed peakd. Thuspitiwas The

ni trocel l ul ose nenhrane was i rsed in a denaturation solution (0.5 M
NaCl, 1.5 fwngé}a},a BAden Yoty the galier paak sars ANt QithomunyAES pratgiey . 0. 5
MTris-HO pH 7.5, 1 mM EDTA) for approximately 20 sec. Excess water was
renmoved using a filter paper fromthe N trocellul ose nenbrane, and then the
ni trocel | ul oseyaphnaeewRSshRRkdtaifls Sd Aliatt ROY Sotehd) seaidhidilyopk mkhe
baki ng step was omtted when Hybond- N+ %Anershan1PharWBC|a Bi otec) was used
i nst ead of matant ALSqRbiell RSEspTRibRE-8ctumAciotsoifniohland dinbgiquise®apexdndnedtd W t h
0.4 M NaOH for 20 111111. -27 The insert DNA prepared in (1) above was

| abel ed byS¢nstivityge sadf ofnthededibrbiPideamds nvaludRed bpmbasureng A8 dctgtyainpthebe

DNA. Labeling with R  and hybridi zati on were perforned by the foll ow ng

met hod. Fi $a8{C MaRY % iEicaAbpvomsassemens reastign. sxcepieheinaheraicideaasadded

denaturated, and.then | ahel ed . using.a B EST DNA | abeli.ng kit (Takara
Shuzo Co. i3 kit gifbep RGO AR A B IR D b P, FPRebhatsPRnBre and
32P-dCTP provided with the kit were added. Next, BcaBEST was added,

foll owed by incubation at 65 C for 30 m n. Subsequently, EDTA was added to
stop the reaction. The reaction soluti'@® was applied to nitrocellul ose
menbranes, so that 8 sheets of the nenbrane contained approxinmately 100 ng
of probes. Hybridization was perfornmed at 42 C overni ght with weakly
shaking. After hybridization, the nenbranes were washed three tinmes with

PN NN N ~ oA ~ ~NTNN o r N o . o



Labeling with non-Rl
t her mal

denaturation of approximately 200 to 500 ng of probe DNA,

was performed by the foll ow ng nethod. Foll ow ng

DNA

| abel i ng reagent (peroxidase) and gl utaral dehyde which are provided in an
ECL direct DNA/RNA | abeling and detection system ( Aner sham Phar naci a

Bi ot ech) were added, followed by incuba

| abel ed probe DNA was applied to nitrocell ul ose nenbrane,

tion at 37 C. In

this case,

t he
so that 8 sheets

of the menbrane contai ned approxi mately 100 ng of the | abel ed probe DNA.

rored at 42

Hybri di zat | e endiare

hybri di zat V¥

R oL Sk

Cermper at ur SRR eRotthf bR he Ty 0
Avir

provi ded WeHibrshiifi&oFCan&ki tmaARHint Rede e

3 hours. Positive phages obtai ned by

suspended in 200 E~I of SM buffer,
Phage sol utions of each clone were 28
with E. coli s in, Y 108 nd t

newl y prepared # 5&%910"}’195}8? Feg?tﬁ‘ﬁ’t
simlarly. co'?m%ér}t?dti\ﬁﬁ. W@Q@S? otsSHRP
gl e phages. |

obt ai ning sin

K

iand FRpEd by B3
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i nfected

dlenLs BEHH AR

no si ngl e phage was iso

weak

reg né:Sear}M.a

?T#Ege In a
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appropriately d
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on

and t hen

t hese
d
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pl at es. Subsequently,

hybri di zation (the third screening) was perforned.

SO

t hat si ngl asndpimayeguineoecairttomed . linkleconpecinPNahiva squarespdenettsf thewitdheypsi ngl e

phages by the fol] ow ng nethods,

7~ phages coll ected with a banboo

brochet t e BESHroteins A hing Rornesing black edvapts dspates theanptapha kS mepteini IR digs 8t ed in

200 ul of a ijx
5 pl of a §:’u1 pensi on of fresh host E co
to stand and incubated at 42 C overnigh

| i
t.

(Y1088).
Then,

YT nmedi um (containing 10 MM Mgd z and 0.2 nal tose) contai ni ng
The product was al |l owed
t he medi um was i nocul at ed

again in Im of a 2xYT medium (containing 10 mM MgC 2 and 0.2 % nal t ose)
cont ai ni ng 25 A herbicide soiseenstion wificthdshibits 50004 of YAD88)ctivatyd(I6Oe was

shake-cul tured overni g.ht
pr e- cul t ure@deudaed aremiding
medi um cont aj nj

i ncubat i oGt

until turbidity increased after |ysis.
and 1.2 of 5 M NaCl_were added, and

After culturing,
then incubation

50 ~I

(these steps conpose a pre-culturin 5process). The
1o prebienplypisngherehyoealewating the é@tlpzofg{ o forothg T
10 v d 0.5 n E .coli Y108 j.on. Then,
BEs P ois0 Fo 88 s ADS aratify Taols 7 5Bng SR B e haki no.
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wat er had been’d
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ension was transferred to a 1.5 nl

sion at 37 Cfor 30 mn, 7.5 Pl of 20

A ISTIEEELe

and t hen

5,000 romfor 3

to which distil

LTD. ),

| ed

| ayer. The m xtur.e stir.red vi.garousl| hen.centrifuged 5, 000
o for  1ore b ebrie T SRR el af BtBeics A0 MG i g flo o
extractio t r I B b I S
renmoved vvln\tNﬁa ﬁﬁe\rl%gsehﬁgggﬁ alrt‘r?%]gh? ’ptIhE g@%%ﬁ%ﬁ%ﬁ dtéﬁr?lﬁe@r”%% ?\L{éecl)lftﬁgt uéérlggl wer e
added to thfi MEUARLE P DI prokin iWagsediteaiyPiottadps e badbii e heFlspidell Phat is,

coll ected. The collected , was rinsed with approximately 1 m of 70 %
et hanol, and then dried under reduced pressure for approximately 1 mn,

t hereby renoving ethanol. The product was dissolved in 20 pl to 50 pl of a

TE buffer (pH 8.0), thereby preparing &#17~DNA sol uti on.
sequencing of the insert DNA in the obtained 7~-DNA were perfornmed by the
foll owi ng nethod. The obtained 7~DNA solution ( 1 pl) was digested with Not
| so as to excise the insert DNA. The conposition of a reaction solution

. .
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Subcl oni ng and
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-31 distilled water and then imersed in 20xSSC for another 10 mn), and
two-ply filter papers were placed in order on the seat, on which a paper
towel with a thickness of 3 cmto 4 cmwas further placed. A glass plate
and then a |ight weight were placed on the product, followed by blotting
for approximately 5 min. After confirmation of there being no bubble
entrapped between the gel and the nenbrane, blotting was perfornmed for
approximately 10 mn. Follomﬁng blotting, the nenbrane mas subjected to W

t r eat ment Entha}#ns illumnpator, .and th akea&7 g

appr oxi mat'8f PUEt f; H‘%‘ewoﬁf%sesxﬂf’f’éﬂesb%%ﬁcﬁéo KH¥ 162 ’tu?]bn (hybr| di zati on
buf fer conposition: SXSSPE, 0.5 % SDS, Sx Denharlts, solum sperm DNA, 50 %
formam de) was perforned with the above 250 by probe DNA | abel ed with 32P.
Radi at i on pfanidies t‘(yllg[]fnglomqltm%i%%%et ransferred to an imagi ng plate, and
the result was analyzed w . Anbng inserts positive in

hybri di zat i on, Probess asesihfoviciig b edeat i(matant 1A gesd) zencoding the enasmdAL® | arge
guantity, and then sub-cloned (FERM BP-7348) into pBluescript Il SK+ that
had been dirgteit amyihe resiBtant Rutanh avercpnapared as &lomist Ehemmibyc NA wbdasa

nmet hod. The produyct was trans nt o coli, (JM 105 The, obt ai ned
£ ansf or nePEe Wshks SYppRle s ealvggéi{mna rich ﬁmpwn-%&@ %hﬁ’é‘ﬂf)l% highhemolagy e

prepar ed hy: ues. Thus, the nucl eotide sequence was

determ negk{lkt};ﬁ’t%hogﬁgg%g?m% 0ds. As a result, the cDNA containing a full

| ength nutant ALS gene coul d be obtai ned. The nucl eoti de sequence of the
CDNA is shown in SEQ ID NO 2. Further, one type of cDNA containing a full

| engt h AL$1p&reteromnsdtionbel tht micketidé rsequeace DA patiahich)Ndedexieat! froonriche wi | d
type. Figure 1 shows the result of a honol ogg corrparl son between the nutant

ALS gene d4hdp qﬁebam)waowmgénmlsmg@ﬁey WithdhpAES gengebingizei on of nutant ALS
tein Th | d t th. R, th

EONA” cont ai i naSt PePRt | & t%ei%?ﬁ*@”ﬁkﬁeéﬁ@% SEBgedoRy el S9%Re Pht ant

ALS gene V‘Fercﬁrlc?%o%{f] o i8Itk N #¥re \3@¥ %nﬁe]p@l'i@fe‘gl ¥nd MERORAT ﬁﬁggxtéa Q’g.o pGEX

expressi on vector containin he wd type ALS gene

non- t r ans| Agrobiolaghgil Salemspbarvi/aISm&Yeoﬂaa sequetiedsasftdDieAs bbrige (Nipbam bhfey
initiation codon, and was incorporated into Eco R site of pGEX-2T.
Furt her, thad bepndetenmingd mlchg petiel puclegitde AE® egen datgbase Hif ﬁ@aJAes Isd already

non- translati on £ei.gn YRS, vs, 31,0uslieotides ongerthian ksl it ati on

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 completely

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 comprised an ALS homolog gene inserted within pBluescript 11

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

First, an ALS homolog-retaining plasmid vector was transformed into E. coli
(DH50.). White colonies obtained from a plate were cultured in liquid, and then
plasmids were extracted from the cells by standard techniques. Since the insert DNA
had been inserted between Sall and Notl (restriction enzymes of multi-cloning sites in

the plasmid vector), the vector was digested with the two enzymes. The insert was
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was incorporated into Eco Rl site of pGEX-4T 3. These vectors were
separately transfornmed into E. coli (JM 105). The col oni es obtai ned by
transformation were subjected to liquid culture, then plasm ds were
extracted, and then insertion orientation of the insert DNA was confirned
by the restriction enzyne cl eavage pattern and sequenci ng. Cl ones where the
orientation of the insert DNA was as expected, were each selected, and then
shake-cultured in 2 m of a LB nediunlcontaining anpicillin at 27 C Usi ng

1 m of thi | ture so]jutiqgn, cul din 50 m. or 250
i of a LEORBEPT oA ﬁ{i‘é’ﬁﬁ'lpﬁxoéﬁsrﬁu- Bt TP, AL TOUOE NG i

| PTG was for
to 4 hour & i, 205 WIS RuEHRL BF St tedilul BHAL ), RAGLEN ARG oRE FiEE

addi tion ablibWdEb Gkdrunenh Qﬁéa&id)lntt\\bliﬂgﬁﬁnfn@fs ahd & Amomga eT@mu@at& @8819' eALS
activity (0D525/40ProteinSpecific activitymn/0.05 n1)nass(0D525/4 (m

/ M m n/ m rSegeencingo iit. cComtittans 1fod IR Giaddidantolloasdi g \Mdrfacture’s p1otocol

a4.1018. 24, 5Resi stant 3. 6212. 85. 66mutant _As shown in Table 3, E. coli
havi ng t hePringrd usgehderiins vigsn M bk @rimers gnd smathﬁﬁgedt REMETH éwgmdér@@n@eshomed

specific a t|V|t mat el to 4-f.0 han t hat  of ontro
group cont dn‘B‘P gﬁl Fnsaq“ef‘ﬁ%% ‘FIHP%gPr@# %Wa\ﬁ/:%‘r %‘ﬁfiﬁﬂl Ba’?ogr 3
precipitation, and then the nucleotide sequence thereof was determined by an ABI

PRISM 310 sequencer.

The ALS homolog-retaining plasmid vector is known to contain an insert DNA
with a length of 1.6 kb. The obtained ALS homolog-retaining plasmid vector was
digested with restriction enzymes Sa /I 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 fragment 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
c¢DNA of the ALS gene of the var. Nippon-bare, the insert DNA digested with Sal/ I and
Not 1 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 mRNA 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, S mM EDTA) : (B-mercaptoethanol) : (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 ml of PCI [(Tris saturated phenol) :
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to 4 hours after addition of IPTG and then stored at -80 C. Using the
transformant E. -33 coli, GST fusion ALS protein was purified.
Preparation and purification of ALS fromE. coli were perforned by the
following nethod. First, a pellet of the transformant E. coli stored at -80
C was suspended in ALS extraction buffer (potassium phosphate buffer (pH
7.5) containing 30 %glycerol and 0.5 MM M z) . Specifically, 2.5 m of
the buffer was added to the pellet obtained from50 nl of the culture

sol ution. The suspension S Lected to ultrasaonication (Heat

Syst enm-  ERRRC Sy AR RIS 5 R 1 b AGRT 35" B i SnAeaiy e
i nterval of cap it . 1 : ) d i to
cont 1 fugat i onohe o Bhog yytueh e (29085 AR FERIEARN ey B BURLAR! G

super nat andollasted ThHeYlcc8ReWE refdatdd tdice. BST26 Uslufie oRSIINALIQhA aONRFSRH Naf t er
referred to as GST ALS) was purified fromthe crude enzyne solution by the
f ol | owi ng voitrhedf efhasolcwerdeaddad yorthesobteined superifarkt, ahd thehahe maidtube evas
prepared fromthe pellet (obtained from250 nl of the culture solution) was
appl i ed t ellawgH Ge stend 8heB0s &par 3Q amin BTk pregipityte vasaol eqtpgrbly ShetrflEstipPaci a

u th 10 mdPOQPRdoTS ik Thaier P s ierd 16 1) ARSI 1 °

KH2P04, pH;: y 1 i t I t hen
t he adsorb%el%fo%z} lﬁﬁg%mggﬁgﬁf%%%%ﬁ tS F“F'res ag\nqﬁgt?tn%jsglgmrlgraﬁﬁé ‘g‘ﬁﬁ%’? hna?one
sol ution. 2GRN0agd Forl 1y mDeb Anfo\RCinbollibly fRictibACA 194 vbhiend 68C0 INITSCIVOVaE
measured, and then fractions with high activity were collected. In

addi ti on, asidede thesohdmor phichrwasathen alowed taktend ou ateufon IWesurpbothenttbe t he
ALS extraction buffer was used, an experipent, which extracts enzyme with
| xPBS and sglutiopgvastcentsifipged 443 6PRR ¥e {@5 HonpinaBsoledt prasinitatendisselvedircbduct ed.

Measur ement ALS.act | Vi an uantification. o otein were i -~ned
Rccor df ng WA ARG ebiubansh A @R e RS uPE IR S GG BERRE red by
a nmet hod ugingy hoklleobP52ANACNIhd QPENZBNE vORARONH YNNG ARREYIMEed as
2, 4-di chl oroni trobenzen(CDNB)) as a substrate. Three m of reaction

sol uti on, sahdioa, mwhidht vas tieeanbsiddi @nstadd atvi-GDNB, fat 3Vindh.uSalishiqmey the

(reduced), enzyme solution, 100 mM potassi um phosPhate buffer (pH 6.5))
wer e used.sohttiogrwvassgnirifegedort 24990 xe fep i Qimin o colipet thepregipigate,feBowe by

perforned at 30 C. pncreased absarbance at, 340 nm  CDNB.,wa epared as
e et hanol VBTG 1ih “Haid REE530 208 AR e 5 rRul PO FHOM SUUEH ¢ he
reaction AR arfGld: VRS o ObirRg thidl RNABUGE. BGE! Vddidohiis wigr € not
adsor bed tsdgb]ﬁ?gl abzgﬁg& af ffi i ty 8oﬁ§hrm were gr eatuﬁq- et ect er%ﬂ Igb\}vever, nost
of the actgevfotntedstsor®ed to the affinity colum was detected in fractions
eluted with the first and the second gl utathione elution. Those fractions

fromthe first and the second elution were conbined to prepare

mRNA was separated and purified from total RNA by the following method. A 2x
binding buffer (20 mM Tris-HCI pH 7.5, 10 mM EDTA, 1 M NaCl) in a volume
equivalent to that of the extracted total RNA solution was added to the extracted total
RNA solution. A column filled with 0.1 g of 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
buffer (10 mM Tris-HCI1 pH 7.5, 5 mM EDTA) was applied, and the eluate collected 0.5
ml at a time. Fractions that had passed through the column were applied to another oligo
dT cellulose (Amersham 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 volume of ethanol were added to
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purified GST ALS. GST ALS digested overnight at 4 Cwith thronbin protease
(25 unit) was determined as ALS freed from GST. Table 4 shows ALS activity,
protei n anount and specific activity after chronmatography using chide
enzynme solution and the above affinity colum, and after thronbin protease
treatnment. Table 4 Sanpl eALS activityProteinSpecific
activity(0D525/40(ng/ m ) (0D525/40 mi~/nmgm n/0.05 m)protein)WId type
crude4. 61 059. 69. 61enz neAfter chromato ra hO. 60830. 18964. 4Aft er

t hr onbi n0. 10890, 1891l . 5treat t Resi st ant t ant 3.1 25. 2
rre,rA]? t elr " c HE“B Hﬂ’tdBCtrS’aa' elrb 38&?}}{%53%'5% eﬁ&w GE#P %Pﬁ‘ﬂfi %E) ug(g o@ofl%i’éé@%?‘@é&t nment
The pr epartﬁgxf&‘tﬁle@ ertifl kﬁ%&act IE? 3[51{ Ydd Had ﬁ%Pé %@géjrfe(a rl:'d dlgé%l Yed 1l_|0 Wever

as shown in S nce erive rom resu

ALS i sozynmolul dftHz(")a'Th@%L@'dMﬁedCxﬁmAﬂvﬁi Yulij et oot spé f?éétl@ﬂﬂldn' Wsdéfosé n1\/|
val i ne. 35 Tabl e 5 Sanpl e*ALS activity (0D525/40 mn/0.05 m )1 nhibition

rate (9% CKikngivy giiadient deagifughtiod725CK1 + 1nM Val i ne0. 176886CK2 (wi t hout
| asm d) 1. 5508CK2 + 1 mM Val i ne~ 0. 1831~ 88 *The experinment was perfornmed
tw ce.

The separated and purified mRNA was applied to a centrifuge tube with density
gradient given by a 25 % sucrose solution and 5 % sucrose solution, and then
ultracentrifuged at 27,000 rpm for 15 hours at 4 °C using a swing rotor. After
centrifugation, 0.5 ml of each fraction was collected in order of density gradient.
Absorbance of each fraction was measured, the concentration of the collected mRNA
was calculated, and the presence of ALS mRNA was confirmed by hybridization using
an ECL kit (ECL direct nucleic acid labeling and detection system, Amersham
Pharmacia Biotec). Hybridization was performed using a probe prepared in (1) above at
42 °C for 16 hours. After 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 solution. 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
in addition to approximately 7 mg of mRNA. When mRNA was extracted from the wild
type, the above method was applied except that the wild type was used instead of the

resistant mutant.
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Exanpl e 5: Herbicide sensitivity of nmutant ALS protein Herbicide
sensitivity of nutant ALS protein was exam ned using the crude enzyne
solution obtained in Exanple 4. Herbicide sensitivity test was perforned in
the manner sanme as that in Exanple 2. In the herbicide sensitivity test,

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

herbicid dt d d
|ﬁ:d;§glfid a@y%ﬁﬁ?ﬁgggigéﬂﬁ%ﬁ%ﬂgmg%%@&pﬁ%naz ﬁéﬁ@]hgfbrifdegsat certain

concentrations (bispyribac-sodi um and pyrlthlobac sodi um wer e aqueous
sol utions, others were acetone sol utions) were added to reaction solutions

bef ore addi ti ggngh §h6r FRNIbuALS! B @) @bbve Htea LDNA syGRRGRNT @irhaShe

acetone was 1 % In addition, since an ALS protein fromthe rice cDNA

expr essed Ruatrhaaia Bioteg), cDNA was sgatberizedl so tthat\ﬁatlDNa libdiaty derinad. from. the

Bi ochem Mol .Biol. 31 287-295,1998), a herbicide sensitivity test was
perfornedr@ﬂﬂ@ﬂﬂ@ﬁﬁ&ﬂ%ﬁdﬁ@“ﬂﬁ“ﬂhlch ALS activity derived fromE. coli was
inhibited wwth valine. Figure 12 shows the resulting sensitivity when

bi spyri bac-sodi um was used. Figure 13 shows the resulting sensitivity when

chlorsulfiuon M, R‘ﬁa@gpro’e‘?deﬁ RAWRE Rithhd-used for a reverse transcription reaction; T4

DNA polymerase provided with the kit was used for a subsequent complementary chain
elongation reaction. Upon complementary chain elongation reaction, **P-dCTP was
added to calculate the yield of cDNA synthesis. After an adaptor was added, the

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

The adaptor added to cDNA was an Eco RI-Not I-Bam HI adaptor (Takara Shuzo).
Adapters with a molar concentration 50-fold greater than that of cDNA were added to a
solution containing cDNA. Then, T4 DNA Ligase (Pharmacia) was added to the mixture
followed by ligation reaction at 4 °C overnight. The reaction solution was applied to
HPLC using an AsahiPak 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 counter, 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 Shuzo), and then Agt 11 Eco RI arm was added to
perform ligation. GigaPack Gold III (Stratagene) was added to the solution, and then
ligation reaction was performed at room temperature for 2 hours. After reaction, 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 8 hours later was counted, thereby measuring the titer.
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12, wld type ALS activity was inhibited by bispyribac-sodium while nutant
ALS activity was not inhibited at all. For chlorsul furon as shown in Fig.
13, the mutant ALS protein maintained its activity at a higher level to a
certain concentration conpared to -36 the that of the wild type ALS
protein, however when conpared to the case of bispyribac-sodium the

resi stance of the nutant ALS protein was noderate. Figure 14 shows the
resulting sensitivity when pyrithiobac-sodi umwas used as a herbi ci de;
Figure 15 shows the resulting sensitivity when pyrim nobac was used as a
her bi cide; Figure 16 shows the resulting sensitivity when

bensul 1 ur on- ot (ifhedr g3tk AR NEPLELAeA O oo Rk BRI ESHL | 10

sensitivity when pyrazo uron-eth was use a her ure 18
shows the dopsiuhéd bgtiRaBsilt 6VDE 81 \WABE dndBZRet ol WolRiMRAThe $&81tF Gerdikobi Ci de;
Figure 19 shows the resulting sensitivity when i mazaqui n was used as a

her bi ci de;coantng-iafier diga€ios hafwa vérdor @sthl tin nafaptomnsaddedi thgrendnemvealmiz almer was
used as a herbicide. In line graphs of Figs. 12 to 20, the lines joining

bl ack tri sbgresmptelyi dhng of H@I‘gweétangyﬁw igsdrtitnsered tetean vas pbtaveednfor d t ype
ALS prot ei and those jaqjni | ack squares. indicate the crude enzyne
Sotuti on cBhuansirtigRaRet rLRhNA S48 e baesd s Hieciineen REFPEPEET Aot o 20,
t he mut ant ey [ ; f | Ci

super i or 1S RARAY UGRAH A0 AR & BRORhAnCREE TRORS IR ¢ o s
protei n haglhgRadvdsasi,6p0feal.t o PC herbici des. Further conparison of Figs
12, 14 and 15 indicates that the nutant ALS protein has the best resistance
to bi spyri bac-sodi um anong PC herbicides. Since these results can be

t hought to correlate with the result of Exanple 2, it was suggested that
the factor whi &HenfpflVAdikpY Vespispard asig pRNGadtrcksr om; the vildntyps anpl e

i h . h ; her.hi ci d R ARYA .
er tor med METAiPe NS R radfBed RRlg, SorpliRaflf 58 REQT sPINA beifedtagt i
4. Figure {4 SPWpeawdseSiitesiz0d i B@Hen hphRiRkRRCS ngf?ftﬂost Lehidinpg 4Lt S

protein to bispyribac-sodium Figure 22 shows a result indicating

resi st ancdngdrt ifserteditiendin AlfS @htained fot thebivilpypd aturgeehone thentigeddiftthen,
Figure 23 shows a result indicating resistance of the nutant ALS protein to
-37  chl Mﬂmr@hsolwmé@“@dfma@\fézmy@ewsa&dﬁ@afq/w@; resi stance of the
mut ant ALS protein to imazaquin. Herbicide sensitivity tests whose results
were shown in Figs 21 to 24 were perforned w thout addi ng valise. Further

in aline @f8pReQhg bt NALontaftfing {h@%ﬂg)'%g}jeng bl ack triangles indicate the
crude enzy solution containing the wTd type ALS protein; the |line

j oi ni ng bl ack B¢ t&@hesbdund0d 00 baqube omithedplatepethedibraM: Splutiodl préardd ime(3)) oi ni ng
black circles indicates the freed ALS protein. In line graphs of Figs. 22
to 24, thebovaesasj diluiedpnd| ther thereemnghagesi ¢rtived tfeom Hbe rvoldy ity penendrghosel ut i on
containing, the nutant ALS protein, and the lines j,oini | ack squar.es
i cat e TIFEVELTE Deasp IR Sieat PRy dooaiite gvai FpRS oret vy coT
ALS al so shiomed Defdifihderse ”tga' G itk doefitiShd AherhBrahlafschitidhef 38 SERGA, t he
crude enzyne”sol ution was used.

PROTORAN BAB&S, pore size 0.45 um). The nitrocellulose membrane was immersed in

a denaturation solution (0.5 M NaCl, 1.5 M NaCl), and then in a neutralization solution

(1.5 M NaCl, 0.5 M Tris-HCl 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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Exanpl e 6: Relation between nutated portion in nutant ALS gene and drub
sensitivitX The nmutant portions in the nutant ALS gene determned in
Exanpl e 3(4) were Wh48L nutation in which tryptophan (W at position 548 of
the wild type had been nutated to Iysine (L) and 56271 rnutation in which
serine (S) at position 627 of the wild type had been nutated to isol eucine
(I') as shown in Fig. 1. To study the effect of these nutations on herbicide
sensitivity, a nmutant ALS gene containing only either one of the W48L or

A : cne_canta i | Ler one :
navi ng o1 her DTS PG RTAI o AR B AEERY Ehiblo" Bl B wPlgHTF ' "
Tutant 9engd i I AP liRen elllds Mol BNIE G RE JIhARE £id AR AN [Rer@S

"Wb48L mutant ALS gene”) having Ws48L nutation only was prepared as shown
in Figs. Zerfanfle®by tifel foHbwirlgGRethas. Fisst,f approxdmbeiyn200atosi0se of pigbs DNred
ALS- Rsp6 (5' - CATCACCAACCACCTCTT 3': SEQ ID NO 3) and an antisense priner
naned ALS-Rspkerrally derosardTadbankbaled usingB@daBESD DY labationg kati (Agkara

pBl uescript Il SK+ (FERM BP-7348) retaining the doubl e-point ant ALS
gene as a MWADICA-ELtd) Hapawpiisalapeling reagfiop, lf%ﬂ e Wfﬁ@nWXﬁC%t ation
but having_no .56271 .- 38 nmut .at | [ ). nWH | e DNA f ragnment
cont a ni ndrapebFih tikiourRaid Mt RApEST e St ng o
sSense pri rgro S 1y TEDPAAGCLRA "IS%‘ N I and a
ML3R ant i E@ngafgf?%@'r“ﬁ ( SRREadonls MOTANECRIACR o readeith ﬁ)%%\lgaaﬁgglbsi ng
pBl uescri pblutionSkas #ppliad no mitrédetiulobd theintpenedl so gene grer dfemiplmémbrait 9.

25). Next, a large DNA fragment was obtained fromthe two DNA fragnents by
| i nki ng t sentainsd Dorrdxiagiebnt! 80 uw af prabes.SHRbidizainh p@emsrioreehrhtdlol’

met hod: Self Pql ynerase Reaction in i.ch two singl e-stranded are
bound at CHETGRE BT ¥ EaHL Shals & e B et o BB Y Gitavabt RPe - and

t he DNAs r I dn BYo r [ t for
cach ot her s T Ao Gola- 00 BOLHER RASwHE] bubifir RiHeRR: 1 3B TR
fragnent Wﬁﬁgﬂ?ﬁﬂfﬁé 0 a\BAS 206C ithaghiel arkedzeR(Fujt PR6t8RIN® WoaiInd NFARWEE | - Eco
RI fragnent. Arter pGEX-2T plasmd (p -2T WALS) containing a wild type
ALS gene ienposupgpasidide tloeceweredasctd geing dlie iataghrgeanhlyzet e, partial di gestion

was performed with Eco RI at 37 Cfor 1 mn, thereby obtaining a partial
fragment of pGEX-2T plasmd (Fig. 26). Then, ligation of Acc |-Eco Rl

f d ial f f 5 I ' |t ed. | id
naving viasL riesiee W@ g R BBl SRt R Kot Syl y

56271 nut fehOratibR o¥ dppidx@hateBl 200 €51 500 mMSof’ pRBE IDNAL @NA%&H&EQ@Q%enFOW d
be obtai ned according to the nethod by which the above Wh48L nutant ALS

gene was pfpapaidest) aidaplutsald862él whichanre pb@idgéne ol geabDNABNA n t he
sanme manner. as in_the nmethod enpl oyed for the above Wh48L nut ant ALS gene

except t hatbehingapd detegtinn system (epeshpe fhargasis Bigtesh) wemoadderd folewebyisi ng
Bl ipt LI .SK+ BP- 7348 { I d ALS-Rsp6 LS- RspF
her o use aatgioha &7 Iy Gp R RIsE TR EBR L 8BF oS SetPllaRe ng”
the wid tx%(é%ﬁbf%\hé dsQet'HQt, 83hé&etd 8/MRleahEmbAnR! R id gI%XI’é@ﬁIode %@tﬂize“'-s
pl asm I ALS y

gene and a havi ng S6271 nutant -39 ne wereé separate
t ransf or migbeledt prdbe DN, I$ybriiizatidVbOR. péridrined equeN T nevedightheithlLSedgBne was

performed for the obtained E. coli colonies, so that the single-point

nut at i on chakigasafipnhpbridizatignd theharembrang 629 wasledtthise tdoed withea punfary ned.
washing buffer at room temperature for 10 min, and then once with 2xSSC at room
temperature for 10 min. The membrane was immersed in a luminous solution provided

with the ECL kit, and then exposed to an X-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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(2) Herbicide resistance of respective nmutant proteins A plasm d having
WB48L nmutant ALS gene or a plasm d having 56271 nmutant ALS gene was
transforned into E. coli strain JM 109. The col oni es obtained from
transformation were subjected to liquid culture, expression of GST

i nduction protein was induced in the sane mariner as in Exanples 4 and S, a
crude enzyne sol ution was prepared, and then herbicide sensitivity of ALS
was exam ned in the presence of 1 mMval ine. Figure 27 shows the result of

t he use of his i bag-.sodi Fi.gures ,28 an how,.the result of the use
of cht or sPPUPRHIeRn ¥ R aled L ES Rt YR SR e b led per- L85 um
each si ngl.g:poiymt; i f atl : . A ,aparted
resistanc eggé;[@n%;[@gfugs%yﬁéggcprg%%&mt'éghém'ypﬂ%ﬁgtgogrf Seﬁéo Zl}yersg%%lﬁ ewve\l/agg

hi gher in deb@rfitdghftapg] l"ﬁsitmét]ﬂlhgémw% sQsiend A0 Lhefh SHEBufte thERby

singl e-point nutation of only 5627L. However, the degrees of resistance
anong t hesbtaning| engloi phageaitlfitioconimgleepkagal was hisodsted dbyb secweday ascreemgrg, t udes

| ower than those of the douyble-point nutations shown in Exanple 5. |n other
wor ds, coeRPder At wegnaforasd iofowed Ry anaauintion oysyl-Batates Sabgpauenthant | y

strong resist.ance to bispyribac-sodi um which | d not, be predicted from
the case dpoHrRdsn (heyletseeaabar i pelorisdaraf smaliorhagy BPESRITGh was
used (Fig. 28), Ws48L nutation alone inparted resistance to chlorsul furon,
but 56271 nutation alone inparted no obvious resistance. In addition, a

conpari son of W&e, NDWAE&adbrdpardSh@nGRe bidglkhpAEsdIbY ithilloReignaRMoMSABL
mut ati on al one, and W548L nutati on and 56271 nutation together reveal ed

t hat t hey phages coflbetedwithlacbagrhoe biafetteond tootwick faero elaghvbs efositivewheres

i mazaqui n was ,use équ 0, 293, results were sim./lar to those for .

bi spyri bacd?¥sdnesHatehites@t 1 AT ere o medim ssangpning JdemdiMelednd 9.3 b
exanple, in S . 05 gt , I td ol i-er

co- exi st er?ééei{ogg) %&Eﬁﬁug% gt}? %ﬁgsu%%h%]gn ﬁgfw%]eﬁ%%g?forlﬁ{s%ﬁﬁ&qgg E:r(?(% 58 asébove,

a novel S5GH§vedd 3tah@AniMihcBaté@at 4DU0dovdthizht. ITHRN VRS iddA WA idoasitkgal |y
enhance bi spyri bac-sodi um resi stance due to Wh48L nmutation. In concl usion,

ALS gene hgeinngn VW54 8if arda YI6 gigHiumut(edritainmgi 0 anlge MeGlipad t 0.2 dohinghose)

resi stance stpeqi fic to bispyribac-sodium Exanmple 7: Production of

t r ansf or meRtagling 25 Ak pEa syspansiopnNeiphesh - agod) (LHESS).r &k thep nbakeeeliredhe

mut ant ALS gen termned in Exanpl e, 3(4 and, t-hen bi spyri.bac-.sodium

r esi ;tancé)vglfm@ﬁgﬁ]_[eﬁ%ﬁtg?so?%(fse i Qr}gcmuér&fg %ggesg;(a er}ga-'cu?l}(rfd.)so A Njcti on
of binary {¥eghgy wild ildchiBRd THL 3D ImP¥rSgaNG eainﬁpéo%%ﬁhgqo%ﬁmgmzme gt ant
ALS gene obtained 1n Exanple 3 (4) was incorporate nto a binary vector,
pPMLH7133 (nM 68 Ehed/a Ya8&kuspeldi@ntTher) incibyi®holas Ftfoded At 42906 pyerdpheh had
been devel oped for transformation of a rice plant. First as shown in Fig.

30, the mwishtelativelygdieas ishakong yptl webidity ingragesscatioplysis. AdiercylpEimg BPHy348)
| t USi icti | ite of
Tt ol on g rSreTnAgd 1 emL FES O BleCE et %8, AatBET e vBtiog ot Bfompedh sac
d ti i ' i th . . 7133 ' i th Sac |
and Bam HEt BT nth WhiCARL - T R0 b Celilli B 98000 Se o 10 e
A DNA fr agnihindheh dendupgmbidhawis Rivwdy gandeaeditodMditlBgation fube Bhepeopdf a

straight chain were |igated, thereby obtaining pM.H7133- ALS. The obt ai ned
PM_H7133- A0S oG Maaraslg@r 19i thel superrataRt, andl thersincabated)oa 8% . fofThoundr 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 precipitated fraction was suspended in 300 pl of a 30 mM
Tris hydrochloric acid buffer (pH 7.5) containing 4 g of DNase I, 20 pug of RNase A
and 10 mM MgCl,. The suspension was transferred to a 1.5 ml tube. After incubation of

the suspension at 37 °C for 30 min, 7.5 ul of 20 %SDS, 3ul of proteinase K (10
mg/ml), and 12 pl of 0.5 M EDTA were added to the suspension, followed by further
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resulting single colony was subjected to liquid culture, and then a plasmd
was prepared. The presence or absence of the insert was confirmnmed by

di gesting the prepared plasmd using Sac | and BamH (Fig. 31 ), so that

cl ones having nmutant ALS genes were selected. PCR was perfornied using

pl asm ds shown to contain the insert as tenplates and using two sets of
primers which allow specific anplification of at |east part of the nutant
ALS gene. The priner sets used herein were a set of an ALS-Rsp 1 sense

' i GAGCACA- 3' 1 S - 83- i
D er ¢ e A A e AT Ao A0 1o Bt Wi el B RE e
i 5' = T i _ ) ti ;
e e oS B AR G5 OThE BS miuWastbieindo i 1 360 fl | e

wer e det egbesl nfiffiuging32)OMBYUBDESEENGfigh ARLITO (TOMVIDIAIBAUBIOI@GRICEY i n
Exanpl e 3(4) was incorporated into the pM_.H7133 vector. Further, whether or
not the mifldh), add Sngemeousadydremhlectad.o¥(fopladethylosthal (ty wiaeh distified wedr by PCR
to learn the insertion orientation of the insert and to deternine the

sequence. MAeeendgded nremevenpaxige) wes edded tosthercoliseted sancusdaydy TheR as
d i bed b . H7133- ALS | i d with R, h b
Famovi g RGBT FBHed o TRBA RS Y copidaka oS i el ertit Y oauct
as a tenplgie la}@ﬁ“u%&emﬁ . e S@kr aﬂf%agﬁas Eigg lwaaggpe%fe%%tﬁe@%ﬁlaﬁ]hﬁ set of

3-1-4 and 3-1- As a result (Fig. 33) rt PCR products re

confir med ithedRpiebisdagerasaspemaiel ®ith ngtg@aghs. Mhitkthal of h&I NaChahd AzSuyene
was inserted in forward orientation. If the nutant ALS gene is inserted in
rever se ormifeathanol overe PERdptoothe ciqueeusl dyerotso Bbatdaedpitadd JDNA waserapidhyant ALS

gene portiop is t out frompMH7133-ALS by Eco R digestion and no DNA
fragment ic8lighied i sallecip AN was r&&?@%‘iﬁr@?wme}ﬁlyﬂw Qe sthangls and

per f or med i e - AlLS a f . i_nkage
regi on of t#%e&]%& %dg@?e&%ﬁ@%f%? %H%k@p@éﬁje]g%ﬁdl %ﬁﬁﬁ%%@y s noéggf{hﬁgér?; si nce
PMLH7133- Alhe Jr&ARE whOdis M HHRIOM195 56 APbLS TEDbulfer G B.0),RAEREY AlepAihgRs
performed by the al kali SDS nmethod froma culture 42 solution ina volune

20 fold gidéadtarolutiam t he standard vol ume (corresponding to 2 ml of culture
solution x 20). Therefore, nmutant ALS genes were shown that they have been
inserted in forward orientation. (2) Introduction of binary vector into

Agrobacteriumdhe, binary, vector. (p 7133- Al obhtai ned in ( above was
Dt roduced | ntORERBRaEbPRRREne o B M eh N it tbh sk RN AT WK

Agr obact eﬁbﬁmrﬁém%} e PNSwEP niBsd STRY 8clabd 28N AL s¥Ritibn (DRANERHad Bigkg& and
used. pM.H7133- ALS was added to a solution containing the conpetent cells

of Agr obactigr Nan saiaefoaiceethEiert TBYA afihe abhpowitibrt of $ teantion solutien {for 15
mn, followed by heat shock at 37 C for 5 mn. Then, the m xture was
al | owed t slegvagrd reastipwefdliowed thenMagpal attaghedfto gheaestririen ¢nasas-uiigns

Centri fugarDnvlls hort dPal AR a BIUrbnes el iR e Arhecl
centri f ugh | B it HPEt e
cuspenst o e e L B B R B S R N

and hygr orggidigesfed! wiever 1Yo iah clIdRideqhe Bise? DNA f Dhie idséro DB AGMS sepaldé by
obtaining single colonies. (3) Transformation of rice plant with pM.H
7133- ALS- jugingcigarese ealgion Samopleng, the goriespondingbarfdupvasnéleaved fram dhaegtleridh

SRR RTINS THECE O RS TR
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 1 was
used as material, BAP treatment was performed for vectors cleaved with Not I.
Following ligation, part of the solution was mixed with competent cells (DH5a), and

then allowed to stand on ice for 30 min. Next, the mixture was subjected to heat shock
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suppl emented w th acetosyringone at a concentration of 10 ng/1 as shown in
Table 6. -43 Table 6

MyS04- 7H20250Cadl 2- 2H20150NaH2P04- 2H20150KC13000Fe- EDTA40M1S04- 6H2010ZnS04-
7H202CuS04- SH200. 025CoC 2- 6H200. 025KI 0. 75H3B03Na2Mb04- 2H200. 25My0-i nosi tol 1
OONi coti ni c aci d1Pyri doxi ne- HC 1Thi am ne- HC110Casam no

aci d5004 yci ne7. 5L- Argi ni nel76. 7L- G ut am ne900L- Aspartic

aci d300Sucr ose68. 53 ucose36pH5. 2 (Nunerical figures are shown with ng/1)

Pi petti d I i t.h P [ h f

P petting e Rerkoursd vell un & Festobr plpetiereg Lhet o se Sl

G i ofy o AL AALIEA 80 R5 NIPRA: HAEBkANEPRaS thidited 1 @
medi um SAown | n a e wer e put INnto a stal nl ess nes or a ea

strainer) ., Thed yiieh RO BF M LDOF 1PET ¢adridin¥R S 0di PREdmblRilling 39YsRENsi on
of Agrobacteria for 1.5 to 2 mn. At this time, the nmesh was di pped such

t hat the chlhiX @al anért uf ef | MTIRETG dadi beehhwetiaadleraddéd sniferiilgnand dlehowed
by gentle agitation with a spatula. Subsequently, the stainless nmesh was
pl aced on altyresk 4l 37ed for| 0ehoyss pemore o The tigneforned $4ite obaegseWergl each

lution. Th h d R I d 2 | i.d di
o/ Et et oRGTIFGEAR 2 e A e G LG | T et o TG oo
i t ' 44 I : I . Cf
2 to 3 daySfd bPFGoSvarpieRCiapl I AR RRhiOE SaRRRY L Befhed Bs) | &

(due to tI‘sQalﬁfaﬂi/\’FtébIﬁIqél%@eanGeIiIs_ﬁ)lvedT%I?Isz Crb) PR RbndenBaGdn MiQebnQwdst O
| 00 Nicotinic acid 0.5 Pyridoxine-HCL 0.5 Thiam ne-HO 1 2, 4-D2Casam no
aci d300G yqiangfed, and nedBRé plasmids were subjected to PCR reaction for sequencing. PCR

reaction and sequencing were performed by methods described above.

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 II SK+ containing the approximately 2.2 kbp was
amplified with host E. coli JM109, and then plasmids were extracted using an
automated isolation system (KURABO PI-100). The plasmid was directly digested with
Sma 1. The generated fragment of approximately 250 bp was separated and purified by
1 % agarose electrophoresis, and then the concentration was calculated, thereby
preparing a probe. Using the probe, the library was screened 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. Following
electrophoresis, the gel was immersed 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 while shaking for
approximately 15 min. Approximately S thick, industrial filter papers were piled up to
make a base. The base was placed in 20xSSC spread over a stainless bat. Subsequently,

the neutralized gel, a membrane (which had been cut into a certain size, immersed in
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Sucrose 30000 gelrite 4000 carbenicillin 500 hygromycin 50 pH 5.8
(Nurrerical figures are shown with ng/l) -45 Tabl e 8 CHU powder 1 pack
Myoi nositol 100 Nicotinic Acid 0.5 Pyridoxine-HCI 0.5 Thiamne-HCl 1 2,4-D
2 Casamino acid 300 Aycine 2 Sucrose 30 g Qucose |0 g gelrite 4000
acetosyringone 10 pH 5.2 (Nunerical figures are shown with ng/1l) After the
calli were coated with a thin layer of the cells as a result of

cocul tivation for 3 days, the calli were washed to renove the Agrobacteria

g_ysi Qinf SR ??@d&hs@@lf%'eﬂép)fﬁiﬁﬁ “hanfiBEnI 4 En R Gt Bl Voo
pped |1, 3uEQd o AESHH T (SRR BPR AP ARSI R o

Exchangi n etri was cont’l nue | um was no longer
cloudy. Agp qbaﬁt\@arsl fartéd ﬁls&@dAt gaéshﬁa&adnldl thée hgjgh@ tf’W@é’ phed BhShe
treatnment. Then, the nesh was placed on a sterilized tilter paper to renove

excessi ve prodist, uﬁoﬁow&'ché)ycblbttmgv@r aepptoxtreatelynS anidG A fso | dodfimaatiamof deant ai ni ng
500 ng/ 1 carbenicillin and 50 ng/1 hygror’ra/m n), and then cul tured under
|'i ght condniemgorﬁsbl&z lezgwt@pp@ﬁ between theyged pad thmn@ahra@lpﬂbiottwaén@sw@!aae@ eria

o 1o g 08 0L S ESSA BB B o
treatment with a ‘uans-xllummator, and then baked at 80 °C for approximately 15 min
to 30 min. After baking, hybridization (hybridization buffer composition: 5xSSPE,
0.5 % SDS, 5x Denharlts, solum sperm DNA, 50 % formamide) was performed with the
above 250 bp probe DNA labeled with *2P. Radiation of the hybridized band was
transferred to an imaging plate, and the result was analyzed with BAS-2000. Among
inserts positive in hybridization, those showing a relatively large size were prepared in
large quantity, and then sub-cloned (FERM BP-7348) into pBluescript II SK+ that had
been digested with Eco Rl and then treated with BAP by the above method. The product
was transformed into E. coli (JM 105). The obtained transformants were subjected to
liquid culture, and then plasmids were prepared by standard techniques. Thus, the

nucleotide sequence was determined by the above methods.

As a result, the cDNA containing a full length mutant ALS gene could be
obtained. The nucleotide sequence of the cDNA is shown in SEQ ID 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 separately incorporated into pGEX expression vector. The

cDNA containing the wild type ALS gene had a 5’ non-translation region which was 47
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After selection by culturing under light conditions at 28 Cfor 2 to 3
weeks, the calli were transplanted, 9 calli per petri dish, on
redifferentiation nedia (containing 250 ng/1 carbenicillin and 50 ng/1
hygronycin) and then cultured under light conditions at 28 Cfor 2 to 3
weeks. When portions of | eaves, stens and roots differentiated respectively
1 cmor nore, the calli were transplanted, 2 to 3 calli per petri dish onto
hormone free nedia (containing 50 ng/1 hygronycin). Subsequently when the

obt ai ned plant .hodies proliferated to .spread over the petri di enoygh,
Che. i ant S sIEloREs i S hRPR' So7R FloWA Brs ofnEind a1 T ot
accli mat e. D1t rARERE 22 L DRNY I td.ac o) o] ely
washed a éii@%rbv}l/;ter. ig{uertg 34 sﬁ%&lﬂ?geﬂ? I @R@ag; I%IL"lg %ﬁ’gﬁs‘g?g’g@%%s.

Si nul t aneowtsl-trandlatibn kéSoahAE WASTI hlkiebtiaed lonpéh thxatte iftiatib® c6dnl hndMii ch
had 11O redifferentiated (9 calli) (Fig. 35) was sub-cultured on solid
medi a for wasidoapomtedohtoaddoi Klpyteiodf aGESGAT-3m r esi st ant cal |l us used in
Exanple 1. The solid nmedia contained 10 ~M bi spyri bac-sodi um Thus, 6 out
of 9 calli grewnornmally. One of the 6 calli that grew normally and showed

bi spyri bac-sodi.umresjstance was, subjected o liqui e,..and then the

drug sensiti vi H}{esf R RS MR T E‘lﬁ{‘%ﬁ’ém e r@gﬁog r{ﬁg&]e{(g{)i Thegaloniesr e, as

shown in Fiig.,: ol S, S i I = | resi st

i denti cal (%bgal{l atbyop’ Q%S??S%/a?&?ga@g%ﬁ |ltg&r3§€ae/§€)st 1rllct“;ocg{rltufgi’ ntg,éﬁ ﬁl%ﬁ%i‘g‘%{g?he

doubl e- poi gxirabitianid glesheitadioheaientitionved theFitisttEDNAas/as towfirmded bl Othe 37,

the callus of the wild type rice plant (N ppon-bare) showed d

bi spyri bacwstddiimrergemiCddaghge)/pattgvtmdﬁquﬂwlir:géscﬁmeb iwhgreg\m ovipntatigrodf e nedi um

containing 10 ~~M bi spyri bac-sodi um were all shown t ave strang

bi spyr i bacn&BHPA Vas ps expeeied, %%%Cgiﬁﬁﬂewdﬁg%él?agﬂ'W%thﬂ@s‘@l of a

bi spyri bac-sadi um r esi st.ant l.Jd. uUsi a a P Ki t Al .. Then,
R P BRI BR il 4° B AU S ST R i Ten. o7

PCR was per usli e tenpl at e "a
sense pri n&itufidg vad:pesbihtPilNeh M) ora®8h & A L BeRSGUR édiRining-BbidillinoEQ | D
NO: 8) that flank the doubl e-point nutation portion -47 t her ebet ween.
Thus, as shfiencultorikg @vedht.al BDINA IPTGowenddded sarainthkn Exmedssam ekG8Ttfasion The
anplified DNA fragnment was purified, and then the nucl eotide sequence was
exani ned (RIOYsit Yayinduced fgr 3 PWSNO 9) was used to read the sense strand;
and a primer (ALS-Rsp2 : 5'-AGICCTGCCATCACCATCCAG 3': SEQ ID NO 11) was
used to read the antisense strand). Figure 39A and B show the results of
anal ysi s of therfpuchegbidans GOMAICE m&sﬁhﬁ% WIS BétityCdfid NRIdRIYH SOIPTEES
encodi ng an am no acid at position 548 of the ALS protein. Figure 39C and D
show t he rfefowtd bptulanialgys: 3to4 hbire. nucl eoti de sequence in the vicinity of

t he nucl eoti des encoding an anmno acid at position 627 of the ALS protein.
As shown in Fig. 39 Ato D, heterol ogous sequences of wild type and nut ant
wer e foun\c,i\}éafé?r t he doubl e-point nutation of these |lines. Hence, the nutant
ALS gene %hown to be incor porated in the genone. In addition, 3 of 9
calli did Semiplgr ow wel ALSn tabevipy es éDP825480 18rotdihbi spySpebd- s adiivig
However, [this was thoughy0.09mde caused by | Omaexpr essi@Dasnt of the
doubl e-poi nt mutant ALS gene introduced. O | 8p/MPr onMyEinmp Pedtsihpnt

t ransf or ntfd1CerdlANTS pott ed; 4T hoSe Whi Ch grepg normal Ty gtggt he T eaf
stage 5 %n@?aﬁts to which the mutant ALS gene hlad been i ntrodu¢ed and
46 pl ants i o i

TN oA Q 1 n | Dl 4+ d
wiiTu yprl\G\LD ycire 1iau I TTieToudaccH T arm
’i . + .

rntradiand + hayrar OFr—O\AL
N T _y LELLL LR "A%A%AYA YA "] T I LI CCTIaOcCT\u 3] \YA'AY
BEthose cont ai ni ng“'g%e mitant ALS Gebe tlherei n30R this|ti me,
4 plants JBREBEL nj ng the mitant Al S gene inttroduced therein and 5 plants
containing the wild type ALS gene introduced therein were appropriately
selected, and 1 kg of a.i./ha bispyribac-sodiumsalt supplenmented with 0.2
% sur fact ant KAwakowpim¥sisde Gy &r cé/hhatingeswaddypet £DS geddrand Esudli havihg a
growt h survey conducted about 40 days after spraying are shown in Fig. 40.
In Fig. 40hethgansAds gane shpwedsspaeisic apiavity apromalgly s ivotviold highegthan that an

a1 most - norNE GORR) SRR NPT ST GG e v cofored forS **
bi Spyr i Da, 900 &SI S AN pRENON £DA YOS RRCPALR (L oMM e s

bi spyri bacOsodi i YEASHORO T AR AP AR i L e pl ant”"usi ng asy

(Q AGEN . Then PCR was perforned using the genomic DNA as a tenplate and
usnig a set of a sense prinmer (3-1-4: SEQ ID NO 9) and an antisense prinmer
(4-83-3: SEQ ID NO 8) that flank the @d8ubl e-point nutation portion

t her ebet ween. The nucl eoti de sequence of the resulting DNA fragnent was
exam ned in the same nmanner as in the above callus. Hence, the presence of
doubl e-point nutation in the transformant rice plant was confirmed. All

o, e e . g T Y 1
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As described in detail above, the present invention can provide ALS gene
encodi ng ALS enzyne which has good resistance to all ALS-inhibiting

her bi ci des and shows extrenely high |level of resistance to PC herbicides.
-49 What is clainmed is: 1. A gene which encodes the follow ng protein (a)
or (b): (a) a protein which conprises an am no acid sequence of SEQ I D NO
1; (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 addition

of at least 0 [ .nore.am.no acids.. has resistance to a pyrim dinyl

car boxy héPHi @gggusé?fbAﬁ§§l%tglélt%"?sé%llnglteg' synthase activity. 2. An

acetol actate synthase protein which is encoded by the gene of claiml. 3. A
reconbi nant vector which has the gene of claim1l1. 4. A transformant which

has the reconmbpragdthtistefidPurificatidrbéfMABS flom A ql/andre poifeimdiidsy the €olisriag of
claim1l and has resistance to a pyrimdinyl carboxy herbicide. 6. A nmethod
for rearinpethte Fitsgre padiet of dientrénsidrineint Eonpli iswes] atedili g wisesyspendediim t he

ALS extraction buffer (potassium phosphate buffer (pH 7.5) containing 30 % glycerol

and 0.5 mM MgCl,) . Specifically, 2.5 ml of the buffer was added to the pellet obtained

from 50 ml of the culture solution. The suspension was subjected to ultrasonication

(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 been 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 KCl, 10.1 mM Na,HPOy4, 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 eluted (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 glutathione (reduced), enzyme solution, 100

mM potassium phosphate buffer (pH 6.5)) were used. After addition of enzyme solution,
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The prepared ALS enzyme contains ALS activity derived from E. coli. However

& ()—ke{Y7Hp

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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) - FIF10%&' ()-F@ ! 10%&' () - F+10%&' ()-F):! 10%& ()-!" #$SRbCF@ 1093

109&' ()-3& 1 109& ()-310% ()- 10 10 10, F=nl0%& ()-F9:!10% ()-C q

I X! dEbCF@G,E_ag&g%&' ()-3YL09%&' ()- @OY%& ()-109%& ()- 3FFL0%& ()-3y ! 109& ()- X! ! !
| 1" D' " dEbCRBILO %@ 1098 () - 3+F109%& () - * 10%& () - 3&310%&' () - $109& () - 3L! 109%& (

) - " #PHTHMAVIHYY A YNCF@ 10% ALS activity (OD525/40 | Inhibition rate (%)
min/0.05 ml)
CK1 (without plasmid) 1.2725
CK1 + 1mM Valine 0.1768 86
CK2 (without plasmid) 1.5508
CK2 + ImM Valine 0.183] 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 sensitivity test, three herbicides,
bispyribac-sodium, pyrithiobac-sodium, and pyriminobac were used as PC herbicides;
four drugs, chlorsulfuron, bensulfuron-methyl, pyrazosulfuron-ethyl and imazosulfuron
were used 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
acetone solutions) were added to reaction solutions before addition of the mutant ALS
protein. 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 sensitivity 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.
Figure 13 shows the resulting sensitivity when chlorsulfuron was used. As shown in Fig.
12, wild type ALS activity was inhibited by bispyribac-sodium, 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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M 10% (& ()-! d:ﬁglm‘le 18%ho8ss (he resulting sensitivity when pyrithiobac-sodium was used as a
herbicide; Figure 15 shows the resulting sensitivity when pyriminobac was used as a
herbicide; Figure 16 shows the resulting sensitivity when bensulfuron-methyl was used
as a herbicide; Figure 17 shows the resulting sensitivity when pyrazosulfuron-ethyl was
used as a herbicide; Figure 18 shows the resulting sensitivity when imazosulfuron was
used as a herbicide; Figure 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 crude 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 purified
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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to imazaquin. Herbicide sensitivity tests whose results were shown in Figs 21 to 24
were performed without adding valine. Further in a line graph of Fig. 21, the line
joining black triangles indicate the crude enzyme 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 line graphs of Figs. 22 to 24, the
lines joining black triangles indicate the rough enzyme solution containing the mutant

ALS protein, and the lines joining black squares indicate the mutant GST-ALS.

As shown in Figs 21 to 24, the purified GST-ALS also showed herbicide

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 portions in the mutant ALS gene determined in Example 3(4) were
W548L mutation in which tryptophan (W) at position 548 of the wild type had been
mutated to lysine (L) and S6271 mutation in which serine (S) 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 gene containing only either one of the
WS548L or S6271 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, a mutant ALS gene (hereinafter referred to as “W548L mutant ALS
gene”) having W548L mutation only was prepared as shown in Figs. 25 and 26. First,
PCR  was performed using a sense primer named ALS-Rsp6
(5'-CATCACCAACCACCTCTT-3" SEQ ID NO: 3) and an antisense primer named
ALS-RspF (5'-ACACGGACTGCAGGAATA-3": SEQ ID NO: 4), and using pBluescript
11 SK+ (FERM BP-7348) retaining the double-point mutant ALS gene as a template,
thereby amplifying a DNA fragment having W548L mutation but having no S6271
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position 627 was amplified wusing a sense primer named ALS-RspE
(5'-TTACAAGGCGAATAGGGC-3": SEQ ID NO: 5) and a M13R antisense primer
(5'-GGAAACAGCTATGACCATG-3" SEQ ID NO: 6) and using pBluescript II SK+
retaining the wild type ALS gene as a template (Fig. 25).

Next, a large DNA fragment was obtained from the two DNA fragments by
linking the two DNA fragments using the SPR method (Gene preparation method: Self
Polymerase Reaction in which two single-stranded DNAs are bound at the end portions,
where sequences correspond to one another, and the DNAs are replicated by DNA
polymerase using the DNAs as templates for each other to form a double-stranded
DNA) (Fig. 26). The obtained DNA fragment was digested with Acc I and Eco RI,
thereby obtaining an Acc I-Eco RI fragment. After pGEX-2T plasmid
(pGEX-2T-wALS) containing a wild type ALS gene incorporated therein was digested
at Acc 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 I-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 S6271 mutation (hereinafter referred
to as “S627I mutant ALS gene”) could be obtained according to the method by which
the above W548L mutant ALS gene was prepared. That is, S627] mutant ALS gene
could be obtained in the same manner as in the method employed for the above W548L
mutant ALS gene except that ALS-RspE and M13R were used as primers in PCR
performed using pBluescript II SK+ (FERM BP-7348) as a template, and ALS-Rsp6
and ALS-RspF were used as primers in PCR performed using pBluescript II SK+

retaining the wild type ALS gene as a template.

A plasmid having W548L mutant ALS gene and a plasmid having S6271 mutant
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ALS gene were separately transformed into E. co/i strain JIM109. Full sequencing of the
ALS gene was performed for the obtained E. coli colonies, so that the single-point

mutation of W548L mutation and that of S6271 mutation could be confirmed.

(2) Herbicide resistance of respective mutant proteins

A plasmid having W548L mutant ALS gene or a plasmid having S6271 mutant
ALS gene was transformed into E. coli strain JM 109. The colonies obtained from
transformation were subjected to liquid culture, expression of GST induction protein
was induced in the same manner as in Examples 4 and 5, a crude enzyme solution was
prepared, and then herbicide sensitivity of ALS was examined in the presence of 1 mM

valine.

Figure 27 shows the result of the use of bispyribac-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 mutation and of S6271
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 were 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 S627L mutations resulted in
significantly strong resistance to bispyribac-sodium which could not be predicted from

the case of either W548L or S627L mutation alone.

When chlorsulfuron was used (Fig. 28), W548L mutation alone imparted
resistance to chlorsulfuron, but S6271 mutation alone imparted no obvious resistance. In
addition, a comparison of the degree of resistance to chlorsulfuron between W548L

mutation alone, and W548L mutation and S6271 mutation together revealed that they
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shared the same degree of resistance. Moreover, when imazaquin was used (Fig. 29),

results were similar to those for bispyribac-sodium. However in the concentration range

employed in this example, increased resistance, being a multiplier effect due to

co-existence of two mutations, could not be confirmed.

As described above, a novel S6271 mutation which was found this time was
shown to drastically enhance bispyribac-sodium resistance due to W548L mutation. In
conclusion, ALS gene having W548L and S6271 mutations is a gene imparting high

resistance specific to bispyribac-sodium.

Example 7: Production of transformant plant

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

rice plant was examined.

(1) Construction of binary vector with the mutant ALS gene incorporated therein
The mutant ALS gene obtained in Example 3(4) was incorporated into a binary

vector, pMLH7133 (Mitsuhara et al., Plant Cell Physiol. 37 49-59, 1996), which had

been developed for transformation of a rice plant.

First as shown in Fig. 30, the mutant ALS gene incorporated in pBluescript II
SK+ (FERM BP-7348) was cleaved out using the restriction enzyme cleavage site 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 Sac I and Bam HI. GUS
region in pMLH7133 was excised and pMLH7133 was linearized. A DNA fragment
containing mutant ALS gene and pMLH7133 in the shape of a straight chain were
ligated, thereby obtaining pMLH7133-ALS.

The obtained pMLH7133-ALS was transformed into E. coli strain JM105. The
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resulting single colony was subjected to liquid culture, and then a plasmid was prepared.
The presence or absence of the insert was confirmed by digesting the prepared plasmid
using Sac 1 and Bam HI (Fig. 31), so that clones having mutant ALS genes were
selected. PCR was performed using plasmids shown to contain the insert as templates
and using two sets of primers which allow specific amplification of at least part of the
mutant ALS gene. The primer sets used herein were a set of an ALS-Rsp1 sense primer
(5’-GCTCTGCTACAACAGAGCACA-3":SEQ ID NO: 7) and a 4-83-3 antisense
primer (5’-GCTTTGCCAACATACAG-3":SEQ ID NO: 8); and a set of a 3-1-4 sense
primer (5’-AGGTGTCACAGTTGTTG-3":SEQ ID NO: 9) and a 3-1-1 antisense primer
(8’-GCATCTTCTTGAATGGCG-3’: SEQ ID NO: 10). Thus, specific fragment bands
were detected (Fig. 32), suggesting that the mutant ALS gene obtained in Example 3(4)

was incorporated into the pMLH7133 vector.

Further, whether or not the mutant ALS gene had been incorporated normally was
confirmed 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-Resl 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 gene was inserted 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
pMLH7133-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 method from a culture
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stainless mesh was placed on a sterilized filter paper to remove excessive bacterial
solution. The thus treated calli were placed on a 2N6AS solid medium (10 mg/l

acetosyringone, 16 calli per petri dish) as shown in Table 8, sealed with a surgical tape,
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and cultured under dark conditions at 28 °C for 2 to 3 days, until the calli were covered

with a thin layer of the cells (due to the growth of the cells).

Table 7

CHU powder 1 pack
Myo-inositol 100
Nicotinic acid 0.5
Pyridoxine-HCl 0.5
Thiamine-HCl 1
2,4-D 2
Casamino acid 300
Glycine 2
Proline 2827
Sucrose 30000
gelrite 4000
carbenicillin 500
hygromycin 50

pH 5.8

(Numerical figures are shown with mg/l)
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Table 8
CHU powder 1 pack
Myoinositol 100
Nicotinic Acid 0.5
Pyridoxine-HCI 0.5
Thiamine-HCI 1
2,4-D 2
Casamino acid 300
Glycine 2
Sucrose 30g
Glucose 10g
gelrite 4000
acetosyringone 10
pH 52

(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 were put into a stainless mesh (or a tea strainer),

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 no

longer cloudy. Agrobacteria attached to the calli were washed away by this treatment.

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/l carbenicillin and 50

mg/l hygromycin), 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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After selection by culturing under light conditions at 28 °C for 2 to 3 weeks, the
calli were transplanted, 9 calli per petri dish, on redifferentiation media (containing 250
mg/l carbenicillin and 50 mg/l hygromycin) and then cultured under light conditions at
28 °C for 2 to 3 weeks. When portions of leaves, stems and roots differentiated
respectively lem 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 proliferated 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 uM
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 plant
(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

bispyribac-sodium resistance.

Genomic DNA was prepared from these bispyribac-sodium resistant calli using a
DNeasy Plant Kit (QIAGEN). Then, PCR was performed using the genomic DNA as a
template and using 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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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 been
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 introduced therein and 5 plants containing the wild type ALS gene
introduced therein were appropriately selected, and 1kg of a.i./ha bispyribac-sodium salt
supplemented with 0.2 % surfactant K 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 individual plant containing the mutant ALS gene

introduced therein grew almost normally (A), and the plant was shown to have
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bispyribac-sodium resistance. Genomic DNA was prepared from the bispyribac-sodium
resistant transformant rice plant using DNeasy Plant Kit (QIAGEN). Then PCR was
performed using the genomic DNA as a template and using 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 therebetween. The nucleotide sequence of the resulting
DNA fragment was examined in the same manner as in the above callus. Hence, the

presence of double-point mutation in the transformant rice plant was confirmed.

All publications, patents and patent applications cited herein are incorporated by

reference in their 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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What is claimed is:

1. A gene which encodes the following protein (a) or (b):

(a) a protein which comprises an amino acid sequence of SEQ ID NO: 1;

(b) a protein which comprises an amino acid sequence derived from the amino acid
sequence of SEQ ID NO: 1 by substitution, deletion or addition of at least one or

more amino acids, has resistance to a pyrimidinyl carboxy herbicide and has

acetolactate synthase activity.

2. An acetolactate synthase protein which is encoded by the gene of claim 1.

3. A recombinant vector which has the gene of claim 1.

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

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

herbicide.

6. A method for rearing the plant of claim 5 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.
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