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_Acetolactate synthase (hercinafter referred to as “ALS”) is a rate-determining
enzyme in the biosynthetic pathway of branched chain amino acids, such as leucine,
vaiine and isoleucine, and Is known as an essential enzyme for the growth of plauts.
ALS is also known to be present in a wide variety of higher plants. In addition, ALS is
found in various microorganisms, such as yeast (Saccharomyces cerevisige),

Escherichia coli, and Salmonella typhinmaium.

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

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

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

| and Jiv BN operons, respectively. On the other hand, ALS in yeast is a single enzyme,
which cc:mprises‘ a catalytic subunit and a regulatory subunit, as is the case in bacteria
(Pang et al., Biochemistry, 38, 5222-5231, 1999). The catalytic protein subunit is
located at the locus ILV2.
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PC-based herbicides. Nanely, a gene which encodes the follow ng protein
(a) or (b). (a) A protein conprising the am no acid sequence represented by
SEQID NO]. (b) A protein conprising an am no acid sequence derived from
the am no acid sequence represented by SEQID NO 1 by '.. substitution,
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2005 Ge O‘EH-“é’SB?‘F?a Pty incheding etOQ}q‘?Ph aﬂgebrdopszs, 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 W097/08327), 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 ct al., Plant Physiol.76, 545-546, 1984;
Subramianian et ab Plant-Physiol. 96, 310-313, 15%1; Shimizu wi 4i., 7. Pestic. Sci.i9,

59-67, 1994).

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

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

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

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



FI ELD OF THE | NVENTI ON The present invention relates to a gﬁ9$ﬁ§ﬂﬁﬁgi”9
acetol actate synthase which is a rate-determ ning enzyne i

branched-chain am no acid biosynthetic pathway. BACKGROUND OF THE

| NVENTI ON - Acet ol actate synthase (hereinafter referred to as "ALS") is a
rate-determning enzyne in the biosynthetic pathway of branched chain

am no acids, such as leucine, valine and isQ eucine, and is known as an
essential enzyme for the growmh of plants. ALS is also known to be present
in a wde variety of higher plants. In addition, ALSis found in various

m croor gani sns, such as yeast (Saccharomyces cereviside), Escherichia
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catal ytic subunit(s) and regul atory subunit(s) as is the case in the above

m cr oor g¥R34A%. (PR halSeshaning pesigiangs [te cbothr sBfcslybygsa 240, imiz@Eol3e6,

1999). FRor, exanpl.e, the ,catal ytic subunit of ALS in t ceo. (di cotyl edon)
is  encd¥BOCYS IS Bl5Re KPOER. ¥‘SuP3E"ﬁn&“§ﬁR§es(‘§_%°ett°a&%? E‘Wﬁ{ﬁ“ﬁ‘?s dnd |
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Pl ant Mol1995ni BiirthedSihe Ik8&uctibfl &f a1 AR bodhehawiap aedistahe to both sulfonyhurea
and imidazolinon herbicides has been attempted by crossing a plant having ALS
showing resistance specific to sulfonylurea herbicides with a plant having ALS showing
resistance specific to imidazolinon herbicides (Mourad et al., Mol. Gen. Genet, 243,
178-184, 1994), Furthermore, artificial alteration of a gene encoding ALS into a
herbicide resistance gene has been atternpted (Ott et al., J. Mol. Biol. 263, 359-368,
1996, Japanese Patent Application Laying-Open (kokai} No.63-71184, Japanese Patent
Application Laying-Open (kokai) No.5-227964, Japancse Patent Applicatioh
Laying-Open (kohyo) No.11-504213) so that it has been found that a single amino acid

deletion causes ALS to show resistance to both sulfonylurez and imidazolinon

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

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

~ specific to a PC herbicide.

SUMMARY OF THE INVENTION



sequences of genes encoding a catalytic subunit have been c et
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determ ned for dicotyl edonous plants including tobacco, A

rapeseed, cotton, Xanthium Amarant hus and Kochia (See Chi pman at al.,

Bi ocbi m Bl ophys. Acta. 1385, 401-419, 1998 and donestic re-publication of
PCT international publication for patent applications W97/08327).
However, nmize is the only nonocotyl edonous plant whose mcleotide
sequence has been conpl etely determ ned. Herbicides, for exanple,

gul fonyl urea herbicides, imdazolinon herbicides, triazolopyrimdine

her bi ci des and vvrfinidinyl carboxv herbicides (hereinafter referreii to
as "PC herbicides) are known to suppress the growmh of a plant by '
inhibiting ALS (Ray, Plant Physiol. 75, 827-831, 1984; Shaner ct al.,
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at, J. Biol. Chem 270,

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

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

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

has acetolactate synthase activity.

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

by the gene of (1).

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

(1).

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

3).

(3) Moreover, the present invention is a plant which has the gene of (1) and has
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there has been no report directed toward resistance to PC herbicides and
concerning a nutant ALS gene having resistance specific to a PC herbicide.
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i nvention ene encaodi.n n n show ng extrenely

hi gh resi s (geﬁécigdg{e &fqﬁaesr%b t%l'e ﬁ%ﬁés %@Sw%SeFWQ@WdQErGSPORd'”Q to
tryptophan at position of 548 of a wild type rice acetolactate synthase protein with
leucine and is resistant to a pyrimidinyl carboxy herbicide.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

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

Figure5is a charaeteristic figure showing sensitivity of the wild type to
chlorsuifuron. '




by the gene, a reconbi nant vector having the gene, a transformant having
the reconbinant vector, a plant having the gene, a nethod ﬂ%ﬁMWé@P?ng t he
plant, and a nethod 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 conpleted the present invention by finding that a nutant
ALS, which is dE&gP(Fg%'Sf%W%%'SW figure phewing\sensiiyity ofibe resigtamigndanide t ai n

am no aci dewlesuBywenof the wild type ALS with a certain amno acid, shows
extrenmely high resistance to PC herbicides. (I)The present invention is a
gene whi ch encodes the following protein (a) or (b): (a) a protein
conprising an apiglR ARidcrapstuaREeniqre SEVihPndEdtivd jon(dbnangdr ot ei n conpri si ng
an arnino acid sequence derived fromthe amno acid sequence of SEQ I D NO
| by subst FRAFAKETael etion or addition of at |east one or nore anino
acids, which has resistance to pyrimdinyl carboxy herbicides and has
acetol actate synthase activity. (2) Further, the present invention is an
acetol actatc synthase protein which is encoded by the gene of (1). (3)
Furthernore, the present invention is a reconbinant vector which has the

gene of 0). (4) Further, the present invention is a transformnt which has

the reconbi nant vector of (3). (5) Mreover, the present inventionis a

pl ant which has the gene of (1) and has -4 17 May 2005 resistance to
pyri m di nyl carboxy herbicides. (6) The present invention is a nethod for
rearing the plant of (5) which conprises rearing the plant in the presence
of a pyrimdinyl carboxy herbicide. (7) The present invention is a nethod
for selecting a transformant cell having the gene of (1) using this gene
as a sel ection marker.
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(8) The present invention is a gene conprising a nucleotide ? ue
encodi ng an acetol actate synthase protein which is substi td ¥ ne
corresponding to serine at position of 627 of a wild type rice
acetol actate synthase protein with isoleucine and is resistant to a
pyri m di nyl carboxy herbicide. (9) The present invention is a gene
conprising a nucl eoti de sequence encodi ng an acetol actate synthase protein
which is substituted tryptophan corresponding to tryptophan at position of
548 of a wild type rice acetol actate synthase protein with |eucine and is
resistant to a pyrimdinyl carboxy herbicide. BRI EF DESCRI PTION OF THE .
DRAW NGS . I . } : the am no acid sequence of a-
mut ant ngﬁgﬁg%%%ﬁggﬁmﬁ%ﬁgﬁgﬁgﬁ%QPg%T@Ech%LS protein. Figure 2 shows a
conpari son between the nucl eoti de sequence of a nutant ALS gene and t hat
of a wld type ALS gene. Figure 3 is a characteristic figure show ng
sensitivity dligurhé& is eshaactatstinfigm shooving sepytivityad tbodildiypdFADBeotéin s a
charactericfﬁi c figure shovﬂjng _%ensi dvity of the wild type to
bi spyr i b&t? BEAMHANt REPEHT 1@ BisHYEloac-89tinEet eri stic figure showing sensitivity
of the wild type to chlorsulfuron. -5 17 May 2005 Figure 6 is a
characteristic figure showi ng sensitivity of the resistant nutant to
chl or sul f ur oFigiir Qus & cHarb@erdtieTRARCSRFHAE bnsfilvily'oF 1RO AN REHNRDS i MEin ON
exchange chromatogram-5a 17 May 2005

and the mutant protein to chlorsulfuron.

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

protcin and the mutant protein to imazaquin,

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

and maize ALS gene.

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

ALS obtained in Example 4 to bispyribac-sodinm.

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

ALS obtained in Example 4 to chlorsulfuron.

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

ALS obtained in Example 4 to pyrithiobac-sodium.,

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

ALS obtained in Example 4 to pyriminobac,

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

ALS obtained in Example 4 to bensulfuron-methyl.
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of tl ie crude ALS protein extracted fromthe wld type. Fi re 8is a
characteristic figure showi ng sensitivity of the wild type ﬂEE@%ﬁ%ﬂqgin and
the nutant protein to bispyribac-sodiurn. Figure 9 is a characteristic
figure showin.- sensitivity of the wild type ALS protein and the nutant
protein to chlorsul furon. Figure 10 is a characteristic figure show ng
sensitivity of the wild type ALS protein and the nutant protein to

i mzaquin, 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 . Figure 13 is. a.characteristic. figure showi ng sensitivity
obser ved for(l}(t{I © druifed cﬁqf@tbﬁ%ﬁi Hevre; shopyng, sensitivi ooéﬁ‘ffﬁgsﬁgrf F SRYCSFi gur e
14 is a ragheli st i %?mgﬁg [fivity observed for the crude
ALS obt a?%?d&iﬁ%ﬁéélxgl%)ﬁéﬁ%ggg@g@??t o) ac‘-&g%i um Figure 15 is a

characteristic figure showi ng sensitivity observed for the crude ALS
obtained in Exanple 4 to pyrimnobac. Figure 16 is a characteristic figure
showi ng sensiFigue thf ishs eharagiedisiic figurecshoddng AerBittbtyadbredvednicExthapiceded t o

bensul f aron- pet.hy] ., .6 17 .2005 _Figure 17 is a characteristic figure
showi ng é@%ﬁﬁ%&&?%ﬁ?@%g@%@?‘%ﬂﬁude ALS obtained in Exanple 4 to
pyrazosul furon-ethyl. Figure 18 is a characteristic figure show ng
sensitivity observed for the crude ALS obtained in Exanple 4 to

i mazosul f ur oFidurguoeis 1O charadteidtier AGIrerdhdhinty ke@uiGtySHINtE foRNaE tdrvdel ¥
observed for the crude ALS obtained in Exanple 4 to imazaquin.
ALS obtained in Example 4 to imazaquin.

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

ALS obtained in Example 4 to imazapyr.

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

in Example 4 to bispyribac-sodium.

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

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

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

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

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

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

mutation only.



Figure 20 is a characteristic figure showing sensitivity observed for the
crude ALS obtained in Exanple 4 to imazapyr. Figure 21 is d7&a%2Weristic
figure showi ng sensitivity observed for the wild-type crude ALS, the

Wi |l d-type purified GST-ALS and the wild-type GST-fteed ALS obtained in
Exanple 4 to bispyribac-sodium Figure 22 is a characteristic figure

showi ng sensitivity observed for the nutant crude ALS and the nutant
purified GST-ALS obtained in Exanple 4, to bispyribac-sodium Figure 23 is
a characteristic figure showing sensitivity observed for the nutant crude
ALS and the nutant purified GST-ALS obtained in Exanple 4, to

chlorsul furon. Figure 24 i characgteristic figure show ng sensitivity
observed for ?f%c ﬁgtlﬁﬁf’m&‘?‘ e&ﬂ[‘g&'&né 90 Wéﬁbcﬁﬁ???ﬂtgg enraling 86t ai ned
in Exanp 4, b TR Bl j 25 shows the concept for generating the
ALS genehﬁg\ﬁeﬁ%ﬂ%ggL rnllrp’é&"iagjﬁ'gg’;‘\ﬁ’y. .7~ 17 May 2005 Figure 26 is
continued fromFig, 25 and shows the concept for generating the ALS gene

having Wb48L mutation only, Figure 27 is a characteristic figure show ng
sensitivity &es Z@ds faotharimeristigdiguralsBovimpmisenstivity ébsarqudefof the krude

bi spyri bac-sodi.um. F| gur is.a charactegristic figure show ng sensitivity
observedgi(?ro(?’f%e%f’lﬁd‘gmp%_é?@ﬁf’é’i‘ﬁwﬂg‘?‘f‘rs Whple 6 (2) to chlorsul furon.
Figure 29 is a characteristic figure showing sensitivity observed for the
crude ALS obtained in Exanple 6 (2) to imazaquin. Figure 30 shows the

concept for CBiggid 2€4d A¢hhfactebisi@fipume SioWing QBFHAAUE! 8keried for aHP kfudé-
Figure 31 is. a photograph of clectrophoresis by which the ALS gene insert
was ALS obtained in Example 6 (2) to chlorsulfuron.

Figurc 29 is a characteristic figure showing sensitivity observed for the crude

ALS obtained in Example 6 (2) to imazaquin.

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

Example 7.

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

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

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



confirmed in the plasmd isolated fromthe si ngle colony of E. coli

(IJMLO9), wherein lane | indicates %iind 111/100 bp DNA mar RéMay|2088 2
indicates a plasmd derived from E. coli that has been transforned with
pPM.H7133 retai ning the nutant ALS gene, lane 3 indicates a plasm d derived
fromE. coli that has been transformed with pM.H7133 retaining the wld
type ALS gene, lane 4 indicates pM.H7133 retaining a GJS gene (control
group), and arrows indicate the insert DNA. Figure 32 is a photograph of

el ectrophoresis showing the result of PCR using plasmd DNAs as a

tenpl ate, wherein lane | indicates Wnd 11VIOO bp DNA marker |anes 2 and 5
indicate a pBl 121 plasm d (control group) retaining the wld type ALS
gene, lanes 3 and 6 indicate pM.H71' ;)3 which is thought to retain the

mut ant ALS ¢
retain a wl glk[%rep?éj’ g\é? Ehéto gh z’fbmg{r‘?‘%{\ﬁ’ga?wcat%%%‘%?853‘3@}%9% 7 May
2005 Fi gﬂgérﬁoﬁ%ﬂeﬁuwmﬁf'@ﬂAﬁsagﬂhcgfwlﬁf&@tlir&phqﬁ@i&ht&s S\t}ﬁwrlmtdmeb§ AL of

confirmng the insertion orientation of ALS gone, wherein | ane i ndi cat es
>Jlind | merkepOlanp 20mdicatasr KLH T 33 aciningliscmpisat pALHELER ke & indigtea nmut ant

ALS di.cat IVLH7I t |d t I 4
nai cat MR BREE eI HEEoES Beaie ﬁd@%@sg@%@f“‘*i Goreils
i ndi cat e Q@IQWH%B%Ug %n%“bﬁ“g %édqé(vpéﬁag'&g oW ng the nethod for

t ransf or rice plants |pp n- usi ng “Agr obacterium Figure 35 is a
phot ograph showi ng rice plants (N ppon-bare) under redifferentiation from
calli. Figure 36 is a characteristic figure show ng bispyribac-sodi um

sensitivity Bfgurhd4d wsak| lewoshag shawing| that mé¢tod plon-transérminanmikoplkad with a

mut ant is.a characteristic figure show ng
bi spyri ﬁ&ﬁg Eﬂﬁg'ésg%g@f% REGHEI- t he  callus of the wild type rice plant
(Ni ppon-bare).

Figure 35 is a photograph showing rice 'plants (Nippon-bare) under

redifferentiation from calli.

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

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

Figure 37 is a characteristic figure showing bispyribac-sodium sensitivity of the
callus of the wild type rice plant (Nippon-bare),

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

products

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

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

uQ-



Figure 38 is a photograph of el ectrophoresis showing the results of PCR
performed using genom c; DNA prepared froma transformant cdr My 24Rer ei n
lane 1 indicates ?LH ndl 1111 OO bp DNAmarker, lanes 2 to 7 showt he
respective results of PCR wusing genom ¢ DNAs derived fromdifferent calli
and arrow indicates the PCR products. Figure 39 is a characteristic figure
showi ng the result of sequencing of the PCR product resulting from PCR
usi ng the genom c DNA prepared fromthe transformant callus as a tenpl ate,
wherein A shows the result of analysis of the periphery of an amno acid
resi due 548 using a sense priner (3-1-4), B shows the result of analysis of

the .9 17. 2005 eriphery, o n.amno acid resid 8 usi an

ant1 sens EXehe P ongraltRlashy R5ing paf P ol Spfiire PAFB AT SRe AN o

per i pher yheQbs i oBMalRisaithe p&HKIHL oOA arkiRb Ml A Is -ndd., and D
shows the ressult of alr?al ;sig gﬂfh t'he peri pEe%rg?/jarg%ag%Gza?n[lér;gggcs}ﬂ(dér%ﬁ%ue 627
usi ng an(aivd)samsE ghowsdhe AinB-dRsmalysisFofothe pedPhdry of dahahipgraph r&iduei ng the
result of_reasuring, bispyribac-sodium sensitivity of a rice plant

( Ni ppon- B4 B3ing an Aslissnseerimen (A LSRspalt ant ALS gene, wherein A shows a rice

plant transforned with the nutant ALS gene, and B shows a rice plant
transfornmed with the wild type ALS gene, DETAI LED DESCRI PTI ON OF THE

| NVENTI N Argmiré 4deisai FE&oEP&Bh ARSI fekylp %{qﬁegﬂlgg% gﬁﬁﬂ%ﬁ

i nvention. The acetol actate synthase protein o e Pnvention
(her ei nagersitivitglof aried plamt (Mippon-irbifed thn¥bionddl @ItR it huRANADS gehé,almnednby
mutating a certain site in a wild type ALS protein expressed in a rice
pl ant - TAShAWS doigchlanttemsfmmed oTIﬂﬂ}ﬂlﬁé mfeainA L3 sSnpranddd shows atrtee plamsent
i nventi ol[}%‘isore reﬁf@qt ed c{% Sﬁgrgl D NO 1. The nucl eoti de sequence of the
gene encodishg RSV Ge S WPRASS 458 present invention is represented by
SEQ ID NO 2
DETAILED DESCRIPTION OF THE INVENTION

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

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

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

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

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

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

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

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

.10-



The nutant ALS protein is derived froma wild type ALS protein by
substituting tryptophan 548 with | eucine and substituting dEMaY20957 wi t h
i sol eucine. Figure | 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 nutant 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 nmutant ALS protein contains substitution of a codon
encodi ng tryptophan 17 May 2005 548 with a codon encodi ng | euci ne and

substitution.Qf a codon encading a ser.ine 627 .with a codon encodi

i sol euci ﬁég "#ﬁ’g%F%&Z‘ SHSIE FiP P aud substitgtionof g coffongincpging RS de
sequence I e i <8N i.ng the
ot ety iy ARG ARoRRR tdicis® TR oy RROTERR AN CohPatRGPMelD | 00

shows t hauclsbtideseqéinbe pf tHegiefe an¢bdidpathe infuthiteA BS pRitén haw i @usodifethai | d
type ALS protein. A gene encoding the nutant ALS protein can be obtained by
i nt roducild &pe AliSapraseinain Higs & ithregucouids saquencs igehe fizsicroo slgoves iel d t ype

ALS protein [ is. present jn the genome DNA Qf. j apgnica type rice
variety, %tmprﬁ’@‘q %q?%ﬂﬂeéi’e ?ﬁ?P%‘il?Q}’H@O%W‘Ld[AXH‘g%?@ Re¥Hhi ques can be
enpl oyed. For exanple, site-directed nutagenesis can be used.
Site-directed nutagenesis can be perfornmed using a comrercial kit, e.g.

Mut an- K ( Taka( gensSRHZafing Gan enfrghitt ALS( FoaiRdah B obksiddeby (iRirstaaeng) - I n
addition, a gene encoding the mutant ALS protein can be o%t ai ned by

cul t uri ngutationoast §aserilead akve ivel ¢ gese agiading a twild@peed bl girdtesn ivhidhhis

Cirer g6 ARl Hcpaiotitc DNLD A HePoricn AP cio8 svarehs Sinmirpndo | GUpS B8ar oc
energe a s C e" r [ are
from nut t s ) B R rl G a;

synt hesi ze ,%’dﬁgﬁl%{fbgﬁé}:ﬁg arsyéa?lwﬁf ccl%ﬁligy e?héﬁggﬁe%xa{n%%gacﬁ%md

het er 07y gnmdgeyediorcan ebé siRiC SiRrdifpRiddy InutdenXgs ; cabl behpadoinsednetigcad.

Then, the library is screened using a nucleic acid probe [EST (Expression
Sequencecqtagl,erc'@g nkitnR.2. Deptan-K. (Takara Shuzo), Gene Editor (Promega) or Exsite

(Stratagenc).

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

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

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

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

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

-11..



and EMBL Accession No. C72411) obtained fromjaponica. type rice variety,
Ni ppon-bare] containing part of a gene encoding the wild tyﬂ@ Mﬂl@oﬁf;’ot ei n.
Next, the insert DNA of the resulting positive clone is subcloned into
pBluescript 1l SK+, to determ ne the nucl eotide sequence. Selection of a
cl one having the insert DNA which encodes the am no acid sequence of SEQ
ID NO | enables a gene encoding a mutant ALS protein to be obtained. In
addition, a plasm d conprising pBluescript 11 SK+ into which a gene
encodi ng mutant ALS protein had been incorporated was deposited to 17 My
2005 Patent and Bi o- Resource Center, National Institute of Advanced

I ndustrial Science and Technol ogy, ( 0-6 -1-1, Higashi, Tsukuba-shi,

| bar aki , Pyspargd hio-Retonse heuer, %Mﬂ%ﬁ@u&éﬂw@%ﬁmﬂl Setarer B 7348)
on Novenber ngeg .t . a reat t i type
O SNV Ao AT Lo B IS RLSR M ETRRER 9 KARIACK LYPE
PC her bi Giles . inDpIuedcsipt UP Siok f@ERMIBR-BAEY) bR Havahb&on, 2060 DintdedaRe
Particularly, the nutant ALS protein possesses a high | evel of resistance
to a PChslepestilttaty. It can be determined by incorporating a gene encodi ng

the nutant ALS protein into an expression vector of e.& E. coli, and
exam ning sensitivity to the herbicide of E. coli transfornmed wth the

P eRoL o0 VR s SRS Suhh SR Hog A

chem cal riGititeandt offy O HHrbiERGs, DuCAR EBuEXuReHadk iEHEDRLSSY N G5

&0
herbicides. Particularly, the mutant ALS protein possesses a high level of resistance to a

PC herbicide. It can be determined by incorporating a gene encoding the moutant ALS
protein into an cxpression vector of e.g. £ coli, and examining sensitivity to the

herbicide of E. coli transformed with the expression vector.

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

pyriminobac as represented by the following chemical formula 1.

H :
3 QCH3
a I Hac'. £ N
: N OCH OONa C'H ’ :
a 3 Coo CH
COONa . N== HN PCHa
CHs S—( A
_ <" N o—4 .
© OCHg N
, ‘N . OCHg
_ - OCHa
- bispyribac-sodium pyrithiobac-godium _pyriminabac

.12.



CH3 OCH3 NJ OCH3 . OCH3 bispyribac-sodi um pyrithi obac-sodi um pyr| m nabac

.12 17 May 2005 Exanples of a sul fonyl urea herbicide includéMayz2005

chl orsul fin- on, bensul furon-nethyl, pyrazosul furon-ethyl, and imazosul furon
as represented by the follow ng cherri cal formula 2. OOCI-b 0OO0cFb '$ -
a SO2NH'C-NH ~ CH2S02NH-C NH-~ N N OOR3 chl oTsul furon bensul f ur on- net byl
| OOF12C"" 0 O-b N d-b SO02NH C- NH~j 602NH- OCI1 -N H Cl-b N OCH3 N
pynzosU fum-ct hyj inmazosul furon OCH3 Exanples of an im dazolinon

her bi ci de i nclude i ma7aquin and i mazapyr as represented by the foll ow ng
chem cal fornmula 3. GOOH OCOH N

Examples of a sulfonylurea herbicide include chlorsulfuron, bensulfuron-methyl,
pyrazosulfuron-cthyl, and imazosulfuron as represcnted by the following chemical

fqnnula 2.

Qcozﬁt{" P Cf ‘j

GHESOZNH'C NH

chlorsulfuren . bensulﬁxron-maﬂlyl
OOCHCHs
N so;nn-c-un-(l I]
I\IJ SmNH c NH
pyrazustﬂfuron—cﬂ]yl imazosulfuron

Examples of an imidazolinon herbicide include imazaquin and imazapyr as

represented by the following chemical formula 3.

GDDH

nmazaguin imazapyr

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

target plant cell using Agrobacterium tumefaciens.

.-13-



HO HO imzaquin ima7apyr Transformation of a target plant _using a gene
encodi ng the nutant ALS protein can inpart resistance to P&’ des to
the plant. Known standard techni ques can be wused for transformation of a
pl ant. For exanple, a foreign gene can be introduced into a target plant
cell using Agrobacteriumtunefaciens. 17 May 2005 More specifically, a
gene encoding the nutant ALS protein is inserted into a biriary vector
contai ning T-DNA sequence of a Ti plasm d of Agrobacterium The Ti plasmd
is transformed intoR coli and the like. Then, the binary vectors containing
the gene encoding the nutant ALS protein replicated by e.g. E coli are

transforned into Agrohacteria which contain hel.per pl.asm.ds. Target plants
are infected %rﬂﬁp{aﬁgcgﬁfgﬁo%ﬁﬁw&n%ﬁ’& THiEH m&e P’r‘(ﬁﬁgflﬁr‘ﬁiﬁ‘t’,l1 K ?ﬂ§ are

i dentifi Lsdentq iy : it d - |4, th
e iVt Alng et st LRl Ryt

a conpl ete nown standard

t echni quplasmikbistiransfotmedrirao FarefeindtirlikenVThién, ahgbiaereneads banthidgmkant ALS
protein, the gene can be directly introduced using known standard

t echni quéehe neatisedbe srtapt Al Fodeinhicphcated by o s i ax praesioed ot or

cont ai ni cne encoding.the nmutant AL rotej n include the pol yethyl ene
gl ycol ng‘gﬁog’& e’é’?e\?ﬁﬁ” p%?rg?lpoﬁ‘?lp%fnﬂpaﬁﬁ?ﬁ iﬁgﬁuﬂfanﬁe%&%g el he‘%‘@odi ng
the nut apkrdaSeRE ObS) B Yhd SrahsfBRlL i | cfY i @igieqSuch as
nonocot yl gfjonogsa’and di cotyl edonous plant saPéEggﬁﬁp?ﬁgg g)?h%f tﬂée?é%{htngi’rcgp into
whi ch a gandorardoslumngistateultme asll, ik plpnotelll fun Be kéRnshdBh h%lngﬂaeri ce,
mai ze, wheat, barley, soybean, cotton, rapeseeds, sugar beet and tobacco.
I'n addi tplent byt knownygtanderd teghnigeesand the |i ke can be transforned by

i ntroduci ng a gene encoding the nutant ALS protein. In any of the above
cases, transformation of a plant using a gene encoding the

To transform a target plant with a gene encoding the mutant ALS protein, the

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

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

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

protein.

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

imidazolinon herbicides to the plant.

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

cell using a gene of interest, a vector which contains a gene encoding the mutant ALS
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mut ant ALS protein can inpart resistance to PC herbicides, sulfonylurea
her bi ci des, and i midazolinon herbicides to the plant MreotéMay2Qfene
encodi ng the nmutant ALS protein can also be used as a selection narker in
an experiment for transformation of a plant. For exanple to transform a
plant cell using a gene of interest, a vector which contains a gene
encodi ng the nutant ALS .14 17 May 2005 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 herbicide. Therefore, a plant cell which
survives in the presence of a PC herbicide indicates that it contains a

bl W G N O R X A e
U 24 DL S 08 VARG b POURPETE ] g

exan ni nguvives i &fég@&n@d‘ oft APEheBIDRS ifdlcAtBethaen QORtalt QM ERcSAHE RRY N
hybri di zati on or PCR. EXAMPLE Now, the present invention will be further

descr i bethusgntiAld protdinwihtheqgeanpl agerestintrodured tlertini Bathescwobethef a pore
invention_i.s not limted by these exanples., Exanple 1; Production of rice
( Ki nmazeff dBeregt and @ gener gagoding the mulpnp Ak IspiEiny arcoinerrparaisd ritotied from

K nr nag o o0 ol pdt R on 38 GRhF o)W Beruilel 6 pp sl Bl e

I mrer sed ahd debOskandinite AR F)f'é%éﬁﬂcnol‘.f Mese? QedBsbn il Q0RE BY cWRGHE REumeNer al

times with sterile distilled water. Then, the seeds were static-cultured
on a nmedhybnidizationar PERyposi ti on as shown in Table 1 Table | Inorganic salt
(m xed saline for I pack Muirashige-Skoog nidi um

EXAMPLE

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

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

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

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

composition as shown in Table 1.

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

-| Thiamin « HCI (0.1 g/T) 1ml
Nicotinic acid (0.5 g/1) 1 ml
Pyridoxine * HCI (0.5 g/1) 1 ml
Glycine (2 g/l) 1 ml
Myo-inositol (50 g/1) 2 m}
2,4-D (200 ppm) 10 mi
Sucrose " 30g
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Thiamn - HJ (0.1 g/1) I m Ncotinic acid (0.5 g/l) I ;XrldOXIne -

HO (0.5 g/1) 1 M dycine (2 0) 1 nM Mo-inositol (50 B~1)17 312006 2 4-D
(200 -ppm Sucrose | -15 17 May 2005 |In the above medi um comnposition,
2,4-D is synthesized auxin. To prepare the inedium first, a nediumwth
t he above conposition was placed in a 11 beaker, and distilled water was
added to the beaker to 1000 m . Next, the solution was adjusted to pH 5.7,
and supplenented with 3 g of Gelrite. The Gelrite was dissolved well by
heating with a mcrowave oven, and then the m xture was added 30 nml at a
time to culture flasks using a pipetter. Next, three sheets of al um num
foil were laid over the culture flask, followed by heating for
sterilization in an autoclave at 121 OC for 15 to 20 min. Finally the
solution was cooled to roomtenperature so that the nedia for static
culture of the above seeds were prepared. Next, endosperm portions were

removed fronii e skdveusedinglc@dpsditiéd)e2, Mhﬂlﬁynﬂi@'ﬂ&dt . STH Prdatly thoVvas
performed. Then, part of the obtained calli was sub-cultured, 'that is,

cul tur edmsdv@a’esfé‘ﬁwél medinmewithrthe wbove etunpositien Waguilatedadi aiid bcdd@r, and
conposi t S in.t Table 1, bhut not supp| errent ed

with Gel iﬁ'?‘é%ds %’ﬁ%ﬂ%@%@ﬁ&%ﬂm welhﬂtﬁl?ef tﬂtlﬁ\ﬁﬁaﬁk Nexb e selylipn Wasginsiad tec
her bi ci li.viﬁ @1&%@%%&% Emgﬁ'ﬁe% téaﬁc&% iSeq e%r\kraﬁjbéﬂe%t her .
nt Hs Tater, a

About 2 ur al | non- | sco ore masseée wer e
t hought ithhentapaued w@l,c.@ul theh \the hARUNE a5 QR B@Chﬁ LOH @AY cGMhileur €

cell popul ations nost of which had died and becane discol ored brown. These
cel | nmasklasks LW@lgeﬁ 'ngttat &ltxhribiree wheets off Alwantunafoilawpteulaid dvgr the coklde | i nes
t hat can 5)5(% I t h?, o
sk, fol owe by heatmg or sterilization in an autoclave at 121 “C for 15 to 20 min.
Finally the solution was cooled to room temiperature so that the media for static culture

of the above seeds were prepared.

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

presence of 2 pM bispyribac-sodium were obtained.

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

bispyribac-sodium. Part of the sub-cultured resistant mutant was sampled, added into
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presence of 2 ~tM bi spyri bac-sodi um were obtai ned. Subsequently, the
resulting p lurality of cell lines were cultured while el eva7May 3098
concentration of bispyribac-sodiumin an orderly nmanner. As a result, cel
lines that can proliferate in the presence of 100 ~LM bi spyri bac-sodi um
wer e obtained- The bispyribac-sodiumresistant culture cells (hereinafter
referred to as resistant nmutant) were sub-cultured on M5-2,4-D solid nedia
suppl emented with 100 ~t Nl  bi spyri bac-sodium Part of the sub-cultured
resi stant nmutant was sanpl ed, added into -16 17 May 2005 Ms-2,4-D liquid
medi a not suppl enmented with bispyribac-sodium and then subjected to

suspende Il _culture at a cycle of 8 to,.10 days. Approximately 1.5 g (wet
wei ght ) §4§~§#énﬁ1@§q SHp DRt PR crRecd w&ﬁ@pﬁpaﬁ{b%swu@e@d then s#bigeted ienneyer
flask _SUQ@Jpg tc%ﬂ C\Gﬂtﬁﬁ a3 c 16%&8%0 w'dg%sﬁ' D Iiquid medi um and .

bi spyri bac-sodium at an appropriate contentration, followed by culturing at
approximately 27 'C for an appropriate period. The wet weight of the callus
was neasured periodically. The relative anount of increase was determ ned
based on t he Appeaximatelphi.Sqf (wétevdighth epthantsistanomenamas tratspiinted im 200di ti on,

t he experi nent s perforned . three times wth different bispyribac-sodi um
concent r&’tliq’gﬁs}?f eeyendagh synplgraented with el @apMEA. 40 lipridurediomsandns t he

relation Shar i n_bi SPyr] ~ 5Qdi entyatio nd the.relative
wel ght ok R B8, Co® S bOSRALT CRerBRREET b el BV e &
exper i neBpréRisnaba C 8E deob SinNGprirBeriae | fribd Pahe KM aziiht JF GHr GQuids Shaws the
result of nmeasuring the relation of bispyribac-sodium concentration and

rel ati vemgesuwéd perdodichdly. She Aslatiiowmount &f gncrehse s drtenntihed bageieonntted t ype
was not i nhi bi.ted g, a grouyp uppl enented wiith 1 _nM bi spyribac-sodi um but
was i nhi Bt SFIH 4 gﬁ’%ﬁ'ﬁnﬁﬁ’ﬁf?‘iﬁéﬁﬁ@ﬂt mgitens. 19 #idigen. nfeexperiment was

bi i b : LQF 138 0. Fi : f 1h Wt h
of “The r BSTERR e SRS iRl i Soonfvo R Ao A Bk slalBerel, 10

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

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

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

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

bispyribac-sodium.

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

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

- As shown in Fig. 5, the growth of the wild type was inhibited by addition of 1 nM
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bi spyri bac-sodium The growh rates of the wild type and the resistant

mut ant were neasured as described above except for the use 1§fMay 2005

chl orsul furon instead of bispyribac-sodiurn. Figure 5 shows the relation
of changes in chlorsul furon 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 nutant As shown
in Fig- 5, the. growmh of the wild type was inhibited by addition of 1 nM
17 17 May 2005 chlorsul furon, showing that the wild type has higher
sensitivity to chlorsulfuron than to bispyribac-sodium However., as shown

in Fig. th rowt h .of the resistan tant was . strangly inhipited by
addi t | ong‘E}P“P o NI 88 e s, WD B ‘%‘#E@f&s&nﬁi‘%‘&m hlesdiuonihanid
chl orsul FeSITRLAS t c leN pr.p ,L.d- the
resi st ant Jig)jf;r}luﬂ:t’ gnt, %scei?\%&?ﬁ ﬁsgﬁg\g@ﬁggfigﬁ te&gg(tfra |§fnl% ést%rﬁgnv@ﬁ&r‘% e was
al nost  t sieorgpdyrintirlsitddnigy additish by PeunhidBel N i8] SéraftvityLb BMpyribBessailimsul t s
reveal ed%lidhg];J t he resistant r{ut ant poss;;selsmﬂg g;‘i stance specific to

bi spyrib grsgifirovbreomitead-almost weshaggethin bothatht wittstyplecand the rbsistent

| nproved _ resistanc 0 ohl orsul,fur.on conpared to the wild type. Exanple
2-- Her bﬁ”é‘Fa& %’Sﬂgr'ﬁﬂ f?P{»’fF,C W%ﬂ@aeﬂ&-y%nggwﬁl EtF yvas et prpein He

resi st anfyildWiieAid the rdshiifn GAAR! € nmutant ALS protein was partially
purified %romthe rels‘istaﬁt mut ant obtained in Exanple 1, and then

herbi cide sensitivity of the obtained nutant ALS protein was exam ned. The
mutant ALS protein was partially purified as follows. First, 200 g or nore
of resistant TheRearesulisarsvprled shas dhe yesisthntgahint pbesesses redistante (pecific to

suppl emgnt at i,on wi,t h bj ri bac-sodium, the cult=_having,a caonposition as
shown {Tﬁblﬁ%?ﬁfbém" og’tﬁl_f“' MOR%QYF@ Fr IEER0 hRRa pERt shaon gtoofiaye dmpeaiedt ant
nut ant  WagistalOSRAG ﬁ%ﬁb&ﬂpﬂc&?@hﬁ%l& B volunme of buffer-1 [100 mM

pot assi um phosphat e

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

mutant

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

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

(no supplementation with bispyribac-sodium), the culiure having a composition as
shown in Table 1 but without Gelrite. Then, about 150 g of the resistant mutant was
homogenized using Hiscotron in a volume of buffer-1 [100 mM potassium phosphate
buffer (pH 7.5) containing 20 % (v/v) glycerol, 0.5 mM thiamin pyrophosphate (TPP),
10 pM flavin adenine dinucleotide (FAD), 0.5 mM MgCl, and a volume of polyvinyl
polypyrrolidone one-tenth that of tissue volume] 3-fold greater than tissue volume. The
homogenate was filtered through nylon gauze, and then centrifuged at 15,000 xg for 20
min, Ammonium sulfate was added to the centrifuged supernatant to 50 % saturation,
and then allowed to stand in ice for approximately 1 hour. The mixture was again
- centrifuged at 15,000 xg for 20 min, and then the precipitated fraction was dissolved in
. about 30 ml of buffer-2 [10 mM Tris hydrochloric acid buffer {pH 7.3) containing 20 %
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buf & (pH 7.5) containing 20 % (Y/v) glycerol, 0.5 mMthiamn yro%hosphate
(TPP), 10 ~uM fl avi n adeni ne di nucl eoti de (FAD), 0-5 MV Mod2MayZ@®0a vol une
of polyvinyl polypyrrolidone one-tenth that of tissue volune] 3-fold
greater than tissue volune. The honogenate was filtered through nylon
gauze, and then centrifuged at 15,000 xg for 20 mn. Amoni um sul fate was
added to the centrifuged supernatant to 50 % saturation, and then allowed
to stand in ice for approximately | hour. The m xture was again

centrifuged at 15,000 xg for 20 mn, and then the precipitated fracti on was
di ssolved in about 3 0 ml of buffer-2 [10 mM Tris hydrochloric acid buffer

é.pg ?{af)w? g ectanl sy bp8 s’ bl Mak ThY mikntebas seibomigiar 20 m n
(Arr shavy B3 B 2030 i AR W AnbRe AR ALl L AP AR R 625 e

t hrough (Arferskarh PR BRI CABSLtAD Al 6f the Srabiicy tat B&d Pass@ihr thet he
protein concentration of the crude enzyne solution was neasured by the

Br adf or ccakemnos sollentetl avp ¢rude brzymeraeditionf Bi 0- Rad Protein Assay. The crude
enzynme solution was then filtered through a Wiatman filter (Watnman), and
then the crude enzyne solution in an appropriate protein anount (10 to 15

in)) was apphy ' - ' | rshai n
Phar mact a B Do flecbrbiiEnabttlof el GRIDEENRC LlulloR R HeiHRG A8 2 07
prot ei N BRHRRHeMithobsccafling REMe wSinds] of BibLRM ﬂﬂtdih@@;@??%i trae chidGhizpas were
washed out using buffer-2 having a volune 3 to 5 fold greater than the bed
vol une. spheion whe thaisBittred throughkian Vdetrpem dilter (Bdhaghan)e dnd ubém gheacrudt uat e
havi ng a volune 10 fold greater than the bed, vol upe 3150 nil). Here, the

el uat e VEEYBESHHIIOR 1B ARPIIFA Broke AFRQUNT AL fhda ) SRscAnliad ' ADTEF adi ent

(0 to 0.4 | = 2. Fg!,u Ml . u r hn
conpone nt rﬁ\}@\;aasllyéé& E)lg?%:% %@gmg 5Q -ngla & a@%ﬁeﬂgﬁ% q{'g g{)‘ﬁ%rl %1 :ﬁﬁ?tgl:)o\ﬁﬁﬁ% § t 191%]%(% es for
appor t i afevideu¢Athersharh Platrahiih iFcte). ARAZHidkein GOMTpBhAE Owid) alidtehed uligg
protein conponent, 0.5 nml of buffer-2 containing 20 MM sodi um

HiTrap Q, unadsorbed fractions were washed out using butfer-2 having a volume 3 to 5

fold greater than the bed volume. Then, the adsorbed protein component was eluted

using an eluate having a volume 10 fold greater than the bed volume (150 ml). Here, the

cluate was prepared by dissolving KC1 with a linear concentration gradient (0 to 0.4 M)

into buffer-2. The eluate containing the eluted protein component was apportioned, 5 ml

each, into a plurality of test tubes for apportion. Further, to stabilize ALS cnzyme

contained in the eluted protein component, 0.5 ml of buffer-2 containing 20 mM sodium

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

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

- Teaction was stopped by addition of 0.1 ml of 6N sulfuric acid (or 0.25 N sodium
hydroxide). |
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pyruvate had been previously added to each test tube for apportion. ALS
activity resulting fromthe nmutant ALS protein contained i n!f May&0Qped
fractions apportioned into each test tube for apportion was neasured as
follows. A reaction solution to be used in a nmeasurenment reaction was
prepared by mxing an eluted fraction to be neasured with a sol ution
conprising 20 nm sodi um pyruvate, 0.5 mM TPP, 0-5 ™M My Z, 10 |I. M FAD and
20 mM pot assi um phosphate buffer (pH 7.5). One ml of this reaction
solution was used. After the eluted fraction to be nmeasured was added, the
measur enent reaction was perforned at 30 IC for 40 to 60 min. Then, the
reacti on was stopped by addition of 0.1 m of 6N sulfuric acid (or 0.25 N
sodi um hydroxide). 17 May 2005 After the reaction was stopped, the
reaction sol ytd on was .incubated at .60 'C for 10 mn,.there RMerting
cet ol act at e Afshits RaGAE VB L8R et bl WA el BHR e GR ek ek

quant i fy]@afhShecbPBdieRRl ABiolfeit SafhihaNinSEBE Wdc8Bn sbluftbn &f adtgn, %0 (W V)
creatine and Im of 5 % (w v) a-naphthol dissolved in 2.5 N sodi um

hydr oxi de was -added to the reaction solution, followed by incubation at 17
9C for 10 mn, Acetoin__was then quantified by color conparison of the

absor bance (dtem28 qyaytilyraceioin pantainedin thegeastiopnsoletiasy dByl ofivbf Ualwivg ALS

activity A addj tiong .Sin he.reaction sol uti cont ain a,.smal |
amount 'o‘freé% %ﬂ! E&’/‘fﬁé% & &ﬁgjagf ?a};ﬁﬂ}oﬁ r%ssﬁl%ﬁgén 32%3‘ St rg Y dgpxideay

resul t, aRRANBAAE Featioh2RRoR FONRed Dy BB R OAE MR Ql0Ymih, Dderdin 2 M

of the reaction solution. However, whén the above neasurenent reaction was
ceased wes thesapiutifiddybly codiorleomparikon oftid ahsgennacaatd25anh) of thy reledoh O
activity other than ALS activity was exam ned, nearly 80 % of the apparent
ALS act i $alwon. dbgneby evplushng) Akt activiipt & pddisioay émcén%lh&ctqﬂ%lqw sohatien was

t d tivity, of t t ALS protein.. di_ngl he mutant ALS
or ot oi n SAERLY b Bgbafos B p el sPAcRof v § S bt gnhlf 1 o

activity by FPLC using negative ion exchange resin. As a result~ two
activity peaks were detected as shown in Fig. 7..
As a result, absorbance at OD325 nm was as high as approximately 7 per 0.2 ml

of the reaction solution. However, when the above measurement reaction was ceased
with sodium hydroxide, and acetoin generation activity due 1o activity other than ALS
activity was examined, nearly 80 % of the apparent ALS activity resulted from direct
- acetoin generation activily which was not due to activity of the mutant ALS protein.
‘Accordingly, the mutant ALS protein and the other proteins were separated for acetoin
generation activity by FPLC using negative ion exchange resin. As a result, two activity

| peaks were detected as shown in Fig. 7.

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

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

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

to a certain concentration before addition of the enzyme solution, For comparison, the
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To determ ne which one of the two activity peaks corresponded . to the mutant
ALS protein, acetoin generation activity was exani ned for tHéMa?49Raks.
Thus it was found that a fraction shown by the earlier peak corresponded
to the rrkutant ALS protein. Using the enzyne solution containing the

mut ant ALS protein, sensitivity of the nutant ALS protein to

bi spyri bac-sodi um chlorsul furon and i mazaqui n was exam ned. Sensitivity
to each of these herbicides was eval uated by neasuring ALS activity in the
same manner as in the above neasurenent reaction, except that a herbicide
was added to a certain concentration before addition of the enzyne

| ut F th ldt t
RN ORI L MECRE R T AR
ddi t
o1 on BBRNE, PPELGANL RARRAOLRR S BBl AU B S SO O 00,

concent ramlbﬁyﬂlfa{onamorlmalz v e weRACHefired X6 Uneetovas dolitic@! €T Sfigus t he
relation of ALS activity inhibition rate and bispyri bac-sodi um

concent r aerncentratitingpirasetons irothe redebon slisturowanl YALS activity inhibition rate
and chlorsul furon concentration. Figure 10 shows the relation of ALS
activity inhibition rate and inmazaquin concentration. A |line connecting

white squareg t AL I bI ack
squar es denot e@%‘ Sﬁgw%gﬁet%g t°¥ EI\“es‘l %n?n?éﬂh‘éitﬁg gl[ ah?%ls%g\ﬂﬁ %d I CI

concent r gékd@Rrtine NFisoki 91 sRowd t%(e OfelafioR aﬁtAMsté{ct(vh@O)nmmﬁon CakeC Lahat ed
according to probit analysis, thereby calculating the ratio of 150 for the

mut ant  Atigorsn winrcopeentEEon f FipureHe shoivd theyml;tmn$f Ryl mtmtyTla%bbmoﬁ rathows t he
results. em cal 150 rati o nmpounds Vr| er Resi st ant

nut ant R8 élf‘ﬁ?ﬁﬂ“ﬁﬁ’u‘f%éu'%?"é‘pﬁ B%&OM@C@@% A‘ﬂ!ﬂﬁﬂ%ws ¢ wild typ

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

to 10.

A herbicide concentration which inhibits 50 % of ALS activity (I50) was

calculated according to probit analysis, thereby calculating the ratio of I50 for the

mutant ALS protein vs. I50 for the wild type ALS protein. Table 2 shows the results,

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

Chlorsulfuron 17.3 02.8 5.36
Imazaquin 1480 16700 11.3

a) Concentration for 50 % inhibition

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

fype)

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

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

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

and the wild type ALS protein was sensitivity to bispyribac-sodium herbicide. That is,
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Chlorsul furon 17.3 92.8 5.36 jnEaquin 1480 16700 11.3 a) Concentration
for 50 % inhibition b) Calculated ftom the inhibition actiV¥t4a3P0%abl e 1:
150 (resistant nmutant) / 150 (wild type) As shown in Figs. 8 to 10 and
"Fable 2, the nutant ALS protein showed a relatively high ALS activity
even in the presence of the herbicide, when conpared to the wld type ALS
protein. In particular, the nost significant difference between the nutant
and the wild type ALS protein was sensitivity to bispyribac-sodi um
herbicide. That is, -21 17 May 2005 the nutant ALS protein possesses good
resi stance to bispyribac-sodium Exanple 3: Coning of nutant ALS gene
Probes uged for ning a gene (nutanf ALS gene).encoding the nutant ALS
protein dﬂllltfiﬂté&llrggfoé ake én?oé\éaﬁ@tﬁ%%ffhi?‘é et Bls. The parti al
CDNA used as a probe in this exanple was derived fromrice (N ppon-bare)
showi ng high honology wth the ALS gene of mmize. (1) Determ nation of the
nucl eot | Beanplele Miehint obmpani ABE gefNA derived fromrice (N ppon-bare)
showi ng hi gh _honol ogy with the ALS gene of nmaize As a part of the Ine
GeTi omre Pr oj Erabes sredidercelobipgta acSo Ginatant AAS garep lenceding dha tiwdatoALS

.and Fisheries, and, Najional_|nstitute of

Agriculture, FEorestr
Agr obi ol Ej@feé%fmgtﬁﬁ%ﬁ@%‘ﬂ@%‘ﬁ“ﬁdﬁ%ﬂ gelolloyse Hsraripl IPNALSEE agpce
i ' i . . )
(nt abasel opE Sy 8 ARl Uak QL ol ol Rk Pare] ‘SN ARICEAHEREL, o1

No. C724ith tNhALB giefic &N@WReas a nucl eoti de sequence of approximately 350

bp contained in this database showed high honology to the ALS gene of
mai ze. The ALS gene of maize had been conpletely sequenced,

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

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

sequenced.

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

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

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

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



This cDNA cl one (Acce55|on No. C7241 1) was obtained from National
Institute of Agrobiological Sciences, and the nucl eotide sé§iayc@0pas
determ ned as follows. Here, the cDNA clone conprised an ALS honol og gene
inserted within pBlueSCTipt 11 SK+, and it was capabl e of autononous
replication in E. coll. First, an ALS honol og-retaining plasmd vector was
transforned into E. coli (DH5a.). Wiite colonies obtained froma plate
were cultured in liquid, and then plasmds were extracted fromthe cells
by standard techniques. Since the insert DNA had been inserted between
Sa7l and hbll (restriction enzynmes of multi-cloning sites in the plasmd

15 ey petmmiegie by aehibog IO RREES: Jheh i PGl Fhh op G ERED ALS.
honol og- @ﬁ,kfﬁwmor @J@@@ﬂa@@@{ f»egmﬁf béd &8n . ShARdL dpk@GHYI [Ees usi ng

e.g. RNa PEG and equen reaction using priners

and an ARilid¥egDyse Iejuandiag @éac%ﬁl@mg%ﬁﬂﬂﬁ@@nﬂ%%!m Kiengt Tératifatb CyRleR
reaction followed the manufacture's protocol, Primers used herein were M3

primers &pdanespwghBli Legdisionsepr PR |rga¢ydnfﬁﬂnwcd1¢he dearmfariturets protdaobt | de

sequence, .The resul ting rooduct was, purjfi y eth nol .preci |tat|on
and t henfFHET Hﬁeideg?rf*'é‘ewgg’q c BURE, ajst S Vﬁt‘ %@e?‘ﬁﬁ“ﬁ’@d ‘Eﬂgf?fﬂ PRI SM

310 sequ F contaln
an i naar fOEpimed e ATRR et PR Bk Gha el Y Bk D
plasm d pmtmtranmsmdtmﬁ%edmmaahde &84udned 't@éi’c@ﬂ"%@'&ﬁte%ﬂuﬂéﬁ 8daNatp1l , and
then subjected to el ectrophoresis. T herefore, a band of about 3 kbp
cor r espoRBIY 310 spBtepesrcript 11 SK+ and a band of about 1.6 kbp
corresponding to the insert DNA fragnent were detected (not shown). The
entire nucl eotide sequence of the insert DNA portion was determ ned, and

its honol i _ - H
s L oMM Rl Rk JURISSR! IR SRR Sl BcAon

to be a pdthta déngth of 1.6 kb. The obtained ALS homolog-retaining plasmid vector was

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

ALS gene of maize.

(2) Preparation of mRINA from resistant mutant

~ First, the resistant mutant frozen with liquid nitrogen was crushed with a mortar
and pestle, and then finely crushed with a mixer for 30 sec. The crushed powder was
suspended in an extraction buffer {(100 mM Tris-HCI pH 9.0, 100 mM NaCl, 1 wt %
SDS, 5 mM EDTA) : (B-mercaptoethanol) : (Tris saturated phenol) = 15:3:20], and then 7
stirred thoroughly. This solution was centrifoged at 12,000 xg for 15 min, and then the
supernatant was collected. Two hundred ml of PCl {(Tris satrated phenol) :
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cDNA of the ALS gene of the var. N ppon-bare, the insert DNA digested with
Sal | and Not | was used as a probe. Further in Fig. 11, théeMay28P5row is
a nucl eoti de sequence of the partial cDNA of the ALS gene of the var.

Ni ppon-bare; the second row is that of the ALS gene of nmaize, (2)
Preparation of nmRNA fromresistant nutant First, the resistant mutant
frozen wth liquid nitrogen was crushed with a nortar and pestle, and then
finely crushed with a m xer for 30 see- The crashed powder was suspended
in an extraction buffer [(100 mM Tris-HCI pH 9.0, 100 MM NaCl, | w % SDS,
5 mM EDTA) : (O-nercaptoeffi-anol) : (Tris saturated phenol) = 15:3:20],

and t hen tirred thoroughly. Thigs so|.ution s centrifuged at, 12,000 xg
for 15 thm‘a‘f?ani héﬁomﬁﬂiﬁ%aerﬁﬁé%{wgs SdiThiq S SRR Q@ of PC
f(Tris sato s e = 1 5:=(chl or of @ | cobol )
25 24; 11T vs i"‘i{ﬂ%“ﬁﬁ%ﬁ“&%ﬁ%‘r z%_?@%f‘,%qghéﬁe"ﬁ‘“af‘“giﬁ{ﬂ?hf*oér“?’%%ﬁ?“%g
centrif uggRcRE, T Ro6dt@e (a8 rebeatdll BwicaNA 1130eWb A8 of ¥ e INXEH aRd a YaSfold

coll ected. The procedure was repeated twice. A 1/20 volume of 5 M NaC and
a 2. 2-f oveumeaifiathemot werdaddid twethe obtitesl supetriatantbdral thed theipenmteants and

t hen the xt.ure S g(il wed to stand at -80 'C for 30 mn. The |

preci pi t 2Havelde stagd| & P dCpipr SO {lhg arecipitate pvag sobeticd Y ceptritigation The
preci pitat s Wink 709 ri & l;ssolyved in 10
rnM P- rre?tc%b oe g\r:\%?lrgle Iq%sné I-If}}tQ ip(z)%mﬁéép'?’g S\Laahééo%ﬁ‘ﬁ 78 nﬂ'\%éﬁsﬂ@fé]rﬂnr%fl’f %gle g%t

27, 000 x@sdoWedl 10 AM 8RN BemhIS! s8RlRn! Negl tsotfridd da¥ @éﬂtﬂﬁg@@l atO M
LiCl was added to the solution, which was then allowed to stand on ice for

| hour. Zehsg fort e mindh utinowe Weshubdn fractiong e 14k vARMROE ¥YM diCl@asin to
of HpO, and then absorbance at 260

|1 t ipitate, .di | d i 4 [
m vias kel redne TRtiaR YHHEh B L AETed o SHANENGY 1oefon A dipug Jrthen ke 5. M

NaCl an 2= { f . t.h sol,uti.on, I ch
was t heﬂsoa t%gm%é%oétegu??gﬁ}ﬁazﬁ 00@8@%9? %_\ﬁﬁégﬂ %a%%g%{ﬂsg? le%%é%]t&f’%}v?%g % ‘é‘m] ution
:‘Nalsl cen'([j dsﬂbPE;L{ded gienZibs6B8noetht 260 niDwhd Medsdraobl faLl the BendeneatidH dASA.
ol | onwe
A %;20 volume of 5 M NaCl and a 2.2-fold volume of ethanol were added to the

solution, which was then allowed to stand at —80 “C for 30 min. Subsequently the
solution was centrifuged at 27,000 xg for 10 min to collect the precipitate, followed by
washing with 70 % ethanol, and drying. The resulting product was dissolved in an
appropriate amount of 30 to obtain a total RNA solution. Here, centrifugation was
performed at 4 °C.

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

- equivalent t6 that of the extracted total RNA solution was added to the extracted total
RNA solution. A column filled with 0.1 g of oligo dT cellulose (Amersham Pharmacia
Biotec) was washed with a 1x binding buffer, and then the total RNA solution was
applied to the column. After the column was washed with a 1x binding buffer, an elution
buifer (10 mM Tris-HC1 pH 7.5, 5 mM EDTA) was applied, and the eluate collected 0.5
m] at a time. Fractions that had passed through the column were applicd to another oligo
dT cellulose (Amecrsham Pharmacia Biotec) column, and treated in the same manner.
After the concentration of eluted mRNA was calculated based on the absorbance of each

fraction, a 1/10 volume of 10 M LiCl and a 2.5-fold volurne of ethanol were added to
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washing with 70 % et hanol, and drying. The resulting product_was di ssol ved

in an appropriate anmount of H20 to obtain a total RNA sol ufl 7 ey 4Q9p¢,
centrifugation was performed at 4 'C. nRNA was separated and purified from
total RNA by the follow ng nethod. A 2x binding buffer (20 mM Tris-HC pH
7.5, 10 MM EDTA, | MNad) in a volune equivalent to that of the extracted
total RNA solution was added to the extracted total RNA solution. A colum
filled with 0. 1 g- of ofigo dT cellul ose (Arnersham Pbarnmacia Biotec) was
washed with a Ix binding buffer, and then the total RNA solution was

appl i ed to the colum- After the colum was washed with a I x binding

buf fer, tion ff (10 nmM Tri g- HCl was appli ed,
and the gu%ﬂneéﬁ%’d&e mixtyges ‘é(FWe?ﬁkOWﬁ"E to lﬁFaééﬁt o-gg r%(lh o q‘famnbm

Eﬂé?‘é%?. K B R RRR B 2RI, Bl R B LR R

concent r 200 gn oPH,0! 'Dﬁ@ﬂmﬁﬁb&ﬁ&&nRﬂAWh@%ﬁkcm%iﬁﬁédﬁ%n&bﬁﬂBPﬂﬁ?&eOf each

fraction, a 1/10 volune of 10 MLiC and a 2.5-fold volune of “et hanol were
added todenmgtﬂilmwematmhe products, and then the mixtures were all owed
to stand at -80 '"C for 30 min. Next, the mxtures were centrifuged and the
precipitated fractions were dried, and di ssol ved in 100 gl of H20. The

t hus obt ai ne , SUCIL,0 densi t

gradi ent centr |'1E %a% | gr?%%ug%tggg’éélg@%d&sarﬁdﬂ%gﬁé W‘Qbé?‘? Y to ay

centri f ugedicnberivirt Bydgns BY suafadi SNiidal X6 P¥s %a%ﬁaa?@s%%ﬁidﬁseangohiéh' on and
m

5 %sucrose solution, and then wultracentrifuged at 27,000 rp 15 hours
at 4 'C uﬂsnangxtafl%ﬂﬁrg 26000 .rpif fer 15 clemtrs idt ugaCi amingOa Sswihg abteragtfider act i on

was collecte n (ggr ﬁf density gradient Absor bance of each fraction
was rreasfﬁné'&g‘g?'i‘l‘é“ CBh(Of PR HA5HIOR e Gplesstcodh 1PRAGR, ofndlensital giafigntd, and

(L of r ARl al TR R bR, B CHRRIPOR e M oS 1

was calculated, and the presence of ALS mRNA was confirmed by hybridization usmg

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

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

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

fraction expected to be positive.

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

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

resistant mutant.
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Pharmaci a Biotee). Hybridization was perfornmed using a prob %gﬁg d I n
(1) above at 42 OC for 16 hours. After hybridi zation, washi K@” "C for
5 mn was perforned twi ce using a prinmary washing buffer provided with the
kit, and then washing at 42 QC for 5 mn was performed once using 2x SSC
solution. The washed filmwas wapped wth a transparent plastic filmto
keep it inmmersed in an attached | um nous reagent provided with the kit~and
t hen exposed to an X-ray film Approximately 35 ng of total RNA was
extracted fromthe resistant nutant and approximtely 4 ng of nmRNA coul d
be extracted by the above procedures. Further In sucrose density gradient

centrifugat | 05|t S was found for a fraction
expect edg%3 d:(gr{eg posg}%ll ve[ﬂq%\zﬂe}ﬁa?{]ﬂg %@66&&“‘&%% approxi mately 95 ng-
of total RNA was extracted in addltlon to approximately 7 nmg of nmRNA. Wen
NMRNA was extracted fromthe wild type, the above nmethod was applied except

that the wi|ldsibypengalSmBNYdpuriiddend2p bbdévecand £8DBAARInt B4t (Amefsharh/ May
2005 (3).,Construction of cDNA library derived fromresistant nutant Using
2 | -tg of BARMSIH B9 eaDNA way sythesizedn go shat DNeDMlibrery detived fometheham

Phar maci tLec nt hesi zed, so that a cDNA |ibrary derived
Pocfih B TR oY -  ted wi

fromthe constructed. First, RTase provided with the
kit was used for a reverse transcription reaction; T4 DNA poJynerase,
provided with the kit was used for a subsequent conplenentary chain

el ongati on r &ast,iRikase peided ouithl teeariein vk yisehfor & revepstOddnsOfptiahéttdn: T32p_dCTp
Was added to calculate the yiel d of cDNA synthesis. After an adaptor was
added, tRYABY WPMIM\WW ihwas psﬂdafpea sippequext pomgleniyticy chititr o

pack-ag| [ The tor dde was. an Ecq Bam HI

adapt or ?]%agﬁ E\l‘gdﬁu 5?)?18 e%?a[r% ‘%‘a}‘PDF Pg%tt‘.ﬂ?cﬁﬁ%ﬁ"l OﬁO‘@R

greater hdRQ W@élcﬂﬁtec%l\éﬁr 6f RDAEL HRaRsis. After an adaptor was added, the
synihesized cDNA was incorporated into A phage by in vitro packaging method.

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

emerged on the plate 4 to § hours later was counted, thereby measuring the titer,
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sol ution containing cDNA. Then, T4 DNA Li gase (Pharnacia) Wﬁz I‘Edgfﬂ% to the
m xture followed by ligation reaction at 4 'C overnight. T Y %0n
solution was applied to HPLC using an Asahi Pak GS 710 col um (Asabhi

Chem cal Industry Co., Ltd), followed by nonitoring the eluate with
ultraviolet rays at a wavel ength of 260 nm The eluate was fractionated
into 25 fractions of 0.5m each, Each fraction was neasured wth a
Cerenkov counter, and 3 to 4 fractions with a high count were coll ected.
The S termnus of the adaptor contained in the fraction was

phosphoryl ated using T4 pol ynucl eoti de ki nase (Takara Shuzo), and then
),gt | | Eco R Santresimef @pdedmbiely Peng of cDNhgREvaNfo6 tBe RatkanGalughnt ks
(Stratagene) \/Fs added to the solution, and then |ligation reaction was
per f or med abOHEBIf b ikrerestltielDES mphoandsCeraikorconmting Tha respROS Glerenkbv a SM
buffer and 8 gl. of hl&r(%forr?v\ere adde,%to the reaction solution, thereby
preparing a*PriAEe* &S] WHA16R. OrR; ¥l gath 8B PR aslsd dibeitedevmledothat One
ltl of the I [ infected wth E. colj (Y-1088), .tq which
0.7 o6 top addroHERIAGL Y TRIRR, (ol BihE Tl ket el Peisinia cbteinsd n Lo
pl at e- The thenReiktanfl mi O .t I . hour s

| at er was count ed, the&%gmg?ﬁ% Wt%agﬁﬁegggfo @]565}&%% ﬂ}tggebgoéfgpagggn% hesi s
of appr oxi neD¥Kylitkaryndervid CRINA thie celiedt fieombibthat Mmeins B tifdH o8 ke WoGIy
confirmed by the result of DE 81 paper and Cerenkov counting. The result of
Cer enkov ~ cHUIGN#asak6 90 pfvght i on of a vector with an adaptor added thereto
reveal ed that approximately 22 ng of XDNA containing the insert inserted
therein was obtained for the resistant nmutant. The XDNA was packaged into
t he phage, ther; r [ i r ad iwwed f t he cells of the
resi stant nut antemé%%ea??%el{}go hel I %Fgrugﬁlés?gjlsﬁﬁ %ﬁra\?\t/rggr%%?g%wb@;wq | .
Wen a cDNfaccotdiray tp thasboneepmtiofed fiet@d AN o:@mbicACI £z bf OONMNGRWEh Gohy PE
according to the above-nentioned nethod, approxirmately 3 8 ng of cDNA
derived frdhe wikbtye | west sypthesiasd. Fumthhe sippredtimdfelythag ,of AN Axdomedighy 18 ng of

XDNA cont ai.ni ng.the . . .
1nserfJ insorted therein was obtained for the wild type. Furthermore, the titer of the

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

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

min.
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Insert inserted therein was obtained for the wild type. Furthernore

titer of the cDNA library solution derived fromthe wild typMay29038 160
pfu/~tl. (4, Screening of cDNA containing the ALS gene To form about 20, 000
pl aques on the plates, the library solution prepared in (3) above was

di luted, and then thereon phages derived fromthe wild type and those
derived fromthe resistant nutant were separately inocul ated over 10

pl ates, respectively. Plagues were transferred to a nitrocell ul ose
menbrane (Schl ei cher & Schnell, PROTORAN BA85, pore size 0.45 lun). The
nitrocel |l ul ose nmenbrane was imersed in a denaturation solution (0.5 M

NaOH 1.5 M Na,%l ), a:ﬁﬂthen in.a neutralizatjon solution (1.5 MNaCl, 0.5 M
Tris-HO pH 7hs insertyNApntepaned in £ hhalpensaselebelod bydwo typeeet mefhpde Rl vas

i 7 ocel P SR bt Bk RRRER A bR PRAT by W R PR ol Yt che

baki ng ShéRormeashyank mﬁﬂmwg Ghd P, MbphoRivRALS o%agqmﬁg' 8f BloBb A Vas

used instead of a nitrocellul ose nenbrane, and i mobili zation was

per f or redasdiheimallyidddanhingen faond tBéh labelnd usidg a BeaBEF TANNA [aBehimgikiis@nkarDNA
prepared_in (1) above was | abel ed by two types of method, R and nor)-Ri,
and t henSiaedCas Li)pUspa thigdablingaeagipnwa iy randpon pisinens 2ad i ghd@EP e

per f or e f ] t | I appraxi et el 0.to, 500 ng of
o obe. Do Wbl as s R BesBRaT B b B et r bRt b
| abel i nggkia Ao, - , ) ls Byl | r | a

buf fer, g?%ngoﬁql]:pr i rrglr sﬁgﬁgdﬁ??z %%‘!I:% W%H%@F%EQ S\%’pt 1%@? ﬁéed?i%lnt ?&gtrréééagoded.
Next, BcstlEESTwasspplitdieth nfoactlbvest hymbraichadd that §t shebls dfGhE QfiefiBrafe n.
Subsequent |y, EDTA was added to stop the reaction. The reaction solution
was appl fedRipg approsiergtely) Hik ngepfhprabes | Hybridipaftong wan astforaed tah2n€hbr ane

cont ai ned,, ; L rat 00. ng.@f probes.. Hyhridi zati on was rf,ormed at 42
oC over%‘f‘%ﬁgﬁ t\?m%ttﬁ%vm%%jé%’l i}ag“l&kfs‘ﬁt&' Bﬂf’?‘ﬁ?ﬂ’ﬁi}bﬁﬁeﬂ?ﬁ%&f}?ﬁ W™ Mfes were
washed tfneewith 2x8SC, 0.1 % SDS$ solution, followed by exposure for about 1 hour to an

imaging plate of a BAS 2000 imaging analyzer (Fuji Photo Film Co., Ltd.). Following

exposure, positive clones were detected using the imaging analyzer.

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

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

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

buffer, thereby obtaining a phage solution. Phage solutions of each clone were
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times with 2xSSC, 0,1 % SDS sol ution, followed by exposure for about 1 hour
to an imaging plate of a BAS 2000 inmagi ng anal y7er (Fuji PAéMAYEQ0R Co. |
Ltd.). Followi ng exposure, positive clones were detected using the imging
anal y7er. Labeling with non-Rl was perforned by the foll ow ng nethod.

Foll owi ng thermal denaturation of approximately 200 to 500 ng of probe
DNA, DNA | abeling reagent (peroxidase) and gl utaral dehyde which are
provided in an ECL direct DNA/RNA | abeling and detection system (Anersham
Phar maci a Bi ot ech) were added, followed by incubation at 37 *C. In this
case, the | abel ed probe DNA was applied to nitrocellul ose nenbrane, so

that 8 sheets of the nenbrane contained approxi mately 100 ng of the
| abel ed BPREBEIALRIX dilyjed: infeotad vath Dveeplbyrain YnElB8aand fhepGnoswatad gver LBt h wea

shaki ) ter ,hybridization,, t rane.was washed three tinmes with
N o o i, DI, oS Bhoria blafes BR B ROl CarbONay SSRESORL Bl
with 2x : ] T ' dina
Ut nous e medaRlal £ITREHRE thecs dord dydBeflaed HOIFROA MG BEISTS |0
film for oB@ing strgls phegess If Bossingleeplplgagess iahitad ned sboonbydyr bdedahd on

(primary screening) were scraped off together with top agar using a
steril e fpdherpiihmon yas nerformed; Splbowestiby mozelatiph oyer BRI plates. fSabsequertipby

obtainin . phage ,sol.ution. Phage solutions of eac | one wer -28 17 May
2005 ap VB IRE G e pil e oun o de Hu SThelk SBACHS WORGBAEAG | hen
I nocul ated over LB plates. Using these newly prepared plates,

hybri di zati on (secondary screening) was perfornmed simlarly. Positive

phages were Blespenidied was géParpd fidin aaﬁﬂ;%l@fﬁlﬁgesb e Rillowakd &iofdag. ®i ngl e
phages, |If no single phage was isol ated by secon ari/ screeni ng, anot her

di | uti onPRagss pRifecinrdwidh 2 bambembrpchstts o Goiabtpick fram plaqus of pasisve clones

cimal o phesdron¥Rl BBt & REYT. MR (e Bp A0S R R RO Adbe

B e T
allowed to stand and incubated at 42 °C overnight. Then, the medium was inoculated
again in 1ml of a 2xYT medium (containing 10 M MgCl; and 0.2 % maltose)
containing 25 ul of a suspension of host E. coli (Y1088), and then shake-cultured
overnight (these steps compose a pre-culturing process). The pre-cultured solution (10
to 50 ul) was inoculated in a 12 ml of 2xYT medium containing 10 mM MgCl, and 0.5
ml of . coli Y1088 suspension. Then, incubation was performed at 42 °C overnight
with relatively strong shaking, until turbidity increased after lysis. After culturing, 50 (l
of chloroform and 1.2 m!l of 5§ M NaCl were added, and then incubation was performed
at 42 °C for 10 min while shaking. The product was centrifuged at 27,000 xg for 10
‘min, and then the supernatant was newly transferred to a centrifugation tube. Five ml of
50 % PEG was added to the supernatant, and then incubated on ice for 1 hour or more.
The product was centrifuged at 27,000 xg for 10 min, and then the supernatant was
discarded. Next, another centrifugation was performed at 27,000 xg, and then the liquid
portion was discarded. The precibitated fraction was suspended in 300 ul of a 30 mM
Tris hydrochloric acid buffer (pH 7.5) containing 4 pug of DNasc I, 20 pg of RNase A
ard 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 pl of 20 %SDS, 3p! of proteinase K (10
mg/ml), and 12 pi of 0.5 M EDTA were added to the suspension, followed by further
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were inoculated in 200 ~d of a 2xYT nmedi um (containing 10 mrm M -Cl 2 and 0. 2
% maltose) containing 5 ~t| of a suspension of fresh host &7 &Ma¥i200§ 088).
The product was allowed to stand and i ncubated at 42 ' C overni ght. Then,

t he medi um was inoculated again in |Im of a 2xYT nedium (containing 10 rnM
M 02 and 0-2 % nmaltose) containing 25 ~LI of a suspension of host E. coli
(Y1088), and then shake-cultured overnight (these steps conpose a
pre-culturing process). The pre-cultured solution (10 to 50 jil) was
inoculated in a 12 m of 2xYT medi um containing 10 MM MgC12 and 0.5 ml of
E. coil Y1088 suspension. Then, incubation was perforned at 42 OC overni ght
with relatively strog& shaking, until turbidity increased after |ysis.

After culcubstiog atsed gt fass i piter Srbseanemly, 150 #H ofophenolvascrddrdrte” thaded,
dth ' bat i . f d..at 42 OC f 10 nj n. whjl ' . Th
roduct WeRSo AN AknBirdindoRty Thin B8 srunk i xehltodehet 108 B nat an

was new gorty ARstehs ﬁ@dﬁ%@eﬁkrﬁﬁﬂ@ﬁﬂ%ﬂ sbg@wf'mesgg?ﬁ%ﬁ]oﬁ@a%%ﬁ was

added to the superhatant, en incubated on Ice our or nore.

The pr odUTD.)yasd ae atiddus daer @bllectcHDOX@ diosthHOethdr(to avikH Benlléd evater
supernat ant was _discarded. Next, another centrifugation was perforned at
27,000 xbad hern edted tonemove werPxigryr i addedstodibe cepligetgd ampeousr exspThat ed

(T SRR i 0% ot SR
Th : ) . f ' ' . th
Uspens, oot oS SRS P NIRE tdlBor itabliol o ael g EHRE LR

(10 ny/in the agixthud Zayetl wab rdndvel| VA Aitiwges pad diakty al bHS M MR R6E @75 (i ol | owed
by further -29 17 May 2005 incubation at 55 'C for 15 min. Subsequently,
150 pl off pthapdl wepgsaddad del the agerous dayrtuee tha miesipidried AN Advas mpidiys| y.
Then the m xture was, centri ed at 15, 000 rpm for nn usin T
M or ocerfaeF e e LB A ERA B aed WBaepicpaely 1o, off) iR a g eous
| ayer  cofhbf @ied un88Oredtce préadstig fo?taﬁﬁx’oxﬁﬁﬁem ﬁ{?n,%«a&bir Ir&ﬂmvmg @hanfpd been
added to renove peroxi de) was added to the Coll ected aqueous Tayer. The

The product was dissolved in 20 ul to 50 pl of a TE buffer (pH 8.0}, thereby preparing a

ADNA solution.

_ Subcloning and sequencing of the insert DNA in the obtained ADNA were
performed by the following method. The obtained ADNA solution (1 ul) was digested
with Net I 5o as to excise the insert DNA. The composition of a reaction solution (for
cleavage reaction) followed the Manual attached to the restriction enzyme. After
reaction at 37 °C for approximately 2 hours, the insert size was confirmed by
'+ electrophoresis using 1 % agarose gel. ADNA (10 pl to 20 ul) containing the insert DNA
was digested with Nor L, so as to excise the insert DNA. The insert DNA was separated
using agarose gel for sampling, the corresponding band was cleaved from the gel, and
then the insert DNA was purified by standard techniques. The insert DNA was mixed
with a vector following BAP treatment (dephosphorylation using alkaline phosphatase
derived from a shrimp) at molar ratio of 1:1, followed by ligation reaction with T4 DNA
ligase at 16 °C for 2 hours or more. Here, since the insert DNA cleaved with Not I was
used as material, BAP treatment was performed for vectors cleaved with Not L
Following ligation, part of the solution was mixed with competent cells (DH5¢), and

then allowed to stand on ice for 30 min. Next, the mixture was subjected to heat shock
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‘reaction) followe

m xture was stirred vigorously, and then centrifuged at 15,000 rpmfor 10
see and the ether layer was discarded. After the ether extidaMav#P08t ep was
repeated, ether remaining in the aqueous |ayer was renoved with nitrogen
gas- Thirty lil of 5 MNaC and 875 gl of ethanol were added to the
aqueous | ayer, so that precipitated XDNA was rapidly collected, The
collected %DNA was rinsed with approximately Iml of 70 % ethanol, and then
dri ed under reduced pressure for approximately I mn, thereby renoving
et banol. The product was dissolved in 20 ~d to 50 pi of a TE buffer (pH
8.0), thereby preparing a XDNA sol ution. Subel oning and sequenci ng of the
i nsert DNA In.the gbtained 9 were perfornmed by the follow ng nethod.
The obt a?h%%a%%ﬁ 32’0‘15'&{%]’%’?' pyeduirs stand) ea icscpgainy for 2ngin. (Thep, %‘gct‘téasexci se
t he i nseglqdaNg : badd fa~as i ' I I e

B P N8 o ATt 75 ' e b dikP L8 HBMRNC

react i onphite 8 whitH ®mivpy 6Ki00RiEd S22 N QttntainihB 01 RSAE hrnPichiPinyesy @osf | r med
by clectroophoresis using | % agarose gel. XDNA (10 ~il to 20 pl)
cont ai ni Ag¥t KeOalnans: 8 1ing 1 MesIFIiGy diad dxgenipreviuesty lddssb uaiforndyesnd shent he

' t .. The i t \ t ' |, f l'i ng,
the. cor r EUBBRhG bandOdl HoLEPETFF ORiE HEBS i R e Beren uht  Dila

was puri ticdia &t 2REsE s LB‘&H@&i?ié&%maTﬁﬁg rﬂy}@%ﬁm% MNASp gqegxgﬁ}, ﬁ}é}ﬁ [

vector follow ng BAP treatnent ephosp ation using

phosphat asleuredi et i37eC “oegimiglah Fréi) thatoul@leaoli@én, Onl&mills vlere f bhRYe hybY
| igation reaction with T4 DNA ligase at 16 'C for 2 hours or nore, Here,

since t h&apdrsertecionpuas| aed eissmived MotHaO.wibe N&d comcentration dhsre@ARvas
1 gat | ont RSt HER s et ks iR FEkdspooanfor seieadip BOR) . anc
heat ahock eor SIEieAhetl LB rEfomtl B Pl e e B Y AT owed fo stand
on ice again for 2 mn- Then, SOC was added to the mxture, incubated at
37 "Cfor | hour, inoculated over a LB nmedium
Therefore, the ALS ¢cDNA with an incomplete length of approximately 2.2 kb was
obtained by the above experiment. Since an Sma I site was present at a position
approximately 250 bp from the 5’ side of the DNA, a new probe was prepared by the
following method. pBluescript Il SK+ containing the approximately 2.2 kbp was
amplified with host E. coli JM109, and then plasmids were extracted uging an
antomated isolation system (KURABO PI-100). The plasmid was directly digested with
Sma 1. The generated fragment of approximately 250 bp was separated and purified by
1 % agarose electrophoresis, and then the concentration was calculated, thereby
preparing a probe. Using the probe, the library was screencd again by the above method
employing RI. ADNA was prepared from the thus obtained single phages, the ADNA
solution (1 pl) was digested with Eco RI, and then size was confirmed by
electrophoresis, followed by immobilization onto a nitrocellulose membrane. F ollowing
electrophoresis, the gel was immerscd in 0.5 M NaOH solution containing 1.5 M NaCl,
and then shaken lightly for 15 min. The gel was then washed with water, immersed in
0.5 M Tris-HCI (pH 7.5) containing 3 M NaCl, and then neutralized whilc shaking for
approximately 15 min. Approximately 5 thick, industrial filter papers were piled up to
make a base. The base was placed in 20xSSC spread over a stainless bat, Subsequently,

the neutralized gel, 2 membrane (which had been cut into a certain size, immersed in
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plate on which a m xture of 100 O of 2xYT (containing SO ~L3/m amai cillin'
), -500 Al ol 3 %X-Gal and 3 ~LI of | MIPTG had been preVf da3P0added
uniformy, and then cultured at 37 'C for 10 hours or nore. The
transfornmed white colonies were each inoculated on 2 mM of an LB nedium
containing anpicillin or a 2xYT nmedium and then cultured at 37 OC
overnight. Fromthe culture solution, plasm ds were prepared by standard
t echni ques and di ssolved in H20. The DNA concentration thereof was
gquantified, and then the plasm ds were subjected to PCR reaction for
sequenci ng. PCR reaction and sequenci ng were perfornmed by nethods

descri bﬁg' aﬁove. Therefore, the ALS cDNA with an incanpl ete | ength of

appr oxi nmaisilisd water jagd \fhen immeseEd dy 29§S$ﬂ§°h5@ﬁﬁé¢fe%b€kmﬁm.t“@i—IﬁEeﬁI@n Sma |

e DA, PAPeRRA aflse SRl o e BREGE ShE < net v it RSB RS o 11

SK+ cont gy micﬁgwta&,l@mﬂ[hﬁ)ggﬁﬁegﬁﬁk%lﬁss%ﬁc i%@@ W5 a l?ﬁpkﬁgﬁ .Iﬁqvé’i’.egﬁ‘?cia@%h the coOll

JMLO9, and then pl asm wer e extracted using omat e sol ation
syst em ( FORABOIGlovid@iOby bldnting|fas approwhsatellyr £ ahiny Allegasihfigmwiéh of Sige 1. The
generated [fragnment of approxi mately 250 bp was separated and purified by |
% agar osFiBE Be ubblg snrapred betwesribh gehand s aemberne.drowing wad parfoamed,

- t her eby r - ohe. ' t rob the |ibrary was scre d again
byt he. alsbvzbaeiis BRORGy o3loRtes BRREGARe shetfrng i sPresd LD Bt ai ned

singl e phad@ent W8 2 2rhluSHattll 8 fen Maaﬂggs%@ I°<ge§;r§g mxmaé@o} i and

then size was confirned by electrophoresis, followe By I mrobi I'1 zati on

onto a niot 3@ awinl WA ferebaibnd)riarbeididadbh qlbridizationc buffehosmpodtion: R IPPE, was

imersed in 0.5 MNaOH solution containing 1.5 M Nad, and then shaken

i ght Iy §-8% B5S% Devharligerolum soarmaiNda A deFommamideness parfmeed sdthithe. 0.5 M

Tris-HC ~Jenl10).CONtAl i 3. M. , xand .t hen. neut r,al i.zed il e shaking
for appafb(g%: niws‘ljt{) ePI? P {@)cm&ﬂaﬁgﬂ\%n%l%dx i“ﬁﬁ?%’y Rggztaﬂpxa kof} ﬁhﬁg'ﬂ’ébtrﬁlﬁ% 'F"’\?II}\A}I S paper s
wer e pi | @shsfiPreiGo dibitfapind pRls, RSO ASAIWAS RlaBLRH Wit ZRESE0E LB, Over a
stainl ess bat. Subsequently, the neutralized dgel, a nmenobrane (which had
been cutinferisgrogityerin diyhridizaton, ithose shewingrn &latively REASsize were prepared in

large quantity, and then sub-cloned (FERM BP-7348) into pBluescript [I SK+ that had

been digested with Eco RI and then treated with BAP by the above method. The product

was transformed into E. coli (JM 105). The obtained transformants were subjected to

iquid culture, and then plasmids were prepared by standard techniques. Thus, the

nucleotide sequence was determined by the above methods.

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

- Example 4: Expression of mutant ALS protein
The plasmid obtained in Example 3 (4) was digested with Ece RI, the ¢cDNA
containing the wild type ALS gene and the cDNA containing the mutant ALS gene were
cut out, and then they were scparately incorporated into pGEX expression vector. The

¢DNA containing the wild type ALS gene had a 5° non-translation region which was 47
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distilled water and then i mersed in 20xSSC for another 10 m.n), and
two-ply filter papers were placed in order on the seat, on Wi&an®5paper
towel with a thickness of 3 cm to 4 emwas further placed, A glass plate
and then a |ight weight were placed on the product, followed by blotting
for approximately 5 mn. After confirmation of there being no bubble
entrapped between the gel and the nenbrane, blotting was perfornmed for
approximately 10 min. Follow ng blotting, the nmenbrane was subjected to W
treatment with a trans-illum nator, and then baked at 80 OC for
approximately 15 min to ' )0 mn. After baki ng, hybridi zation

(hybri di zat og u]Pfer ﬁiﬂh osj tian: SSPE 0.5 % SDS, . 5x Denharlts, soI um
sperm DIUACIe8He, "B) W&E‘“ﬁ%r"l‘) BB e ARpoTaE balo 250 Bhsigy ob

! abel ed \Sk}]:_b( 12%"2% ﬁ)te' 9 ctonﬁu %rt'h %ﬂ q%‘ll?g% Széﬁﬁe tcha A tO an

i magi ng plate é resu was ana 'n erts
posi tive mﬂ-ﬂmaaum Z@deﬁﬂhmhh%@a 1%1@%&%@1&@&@%1« Ehe/inktBRIGR cOUGHE MBLE
prepared in large quantity, and then sub-cloned (FERM BP-7348) into

pBl uescr|Vfﬂ51&®m63m&¢adﬂﬂe@ﬁpﬂﬂyeéTéd with Eco RI and then treated

wi th BAP by the above nethod. The product was transforned into E. coli (JM
105) . The obtained trandormants were subjected to liquid culture, and then

| Li d h | gotid
pL s L1ds et LanaES Rl ARP BRI, BN, o0 5. SR
cont ai ni pBtatneluby drﬁﬁﬁhhmmdh afbreAbh é&@ét? t§ OHAEQd b&ﬂm@é’t ﬁdeﬁ asThR eOt' de

sequence of the cDNA is shown in SE Furt her, e type o

cont ai ni mytractédy| dnd theygt insetiGn geivetation| of the oistai DA mm@fﬁﬁbﬂ\bﬁ tHer ary
derived fromthe w | d Ey e. Figure | shows the result of a honol ogy

conpar i sSHBIOMEERTE FED en@dgvswn&ms Chenegivhere %@m&@ugeﬁgt@nﬂ e 4-

Expr essi ot f%’ﬁ tained in e.3.(4) was
di gest edﬂ\%l {Eh IEH‘@% Q‘r‘”’%\ﬁmco%a@ﬁ%ﬁ%’n zfq‘ndo W e § étuﬁ_sm ﬁlé 05 d the
CDNA conLa@ mictifhni hﬁntﬁiiﬁx@g’lhn@ldﬂllﬁ%@.m EUskigl 1 ol of ﬁfﬁ‘&?j Pch@tﬂtutré"%’lu’ﬁ’@ﬁe
Separately incorporated into (EGEX expressi on vector. R cDNA cont ai ni ng

the wi | dediigingawes gerfernirsding$ mlrmﬂiormhsif at LBnmedigionombingty awmpicillin,
After culturing overnight, 1 mM IPTG was added, and then expression of GST fusion

protein was induced for 3 to 4 hours.

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

Table 3

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

(mg/ml) min/mg protein)

Control group 1.41 17.6 1.60

(no plasmid)

Wild type 4.10 18.2 4.5

Resistant 3.62 12.8 5.66

muiant

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

 to 4 hours after addition of IPTG, and then stored at 80 °C. Using the transformant E.
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-32 17 May 2005 nucleotides |longer than the initiation codon, and was
incorporated into Eco Rl site of pGEX-2T. Further, the cDNA? M#2808i ng t he
mut ant ALS gene contained a 5 non-translation regi on which was 31

nucl eoti des longer than the initiation codon, and it was incorporated into
Eco RI site of pGEX-4T-3. These vectors were separately transforned into E.
coil (JM 105) _ The colonies obtained by transfornmation were subjected to
liquid-culture, then plasm ds were extracted, and then insertion
orientation of the insert DNA was confirnmed by the restriction en7yrne

cl eavage pattern and sequencing. Cl ones where the orientation of the

insert DNA was_ as. expected, were each selected, and then shak-e-cultured in
2 m of @i GSTiugionMeopiotimmagpurifiedi | 1in at 27 'C. Using | nl of this
pre-culture solution, culturing was perfbrrned in 50 mM or 250 nml of a LB
medi um containing ainpicillin. After culturing overnight, I nmMIPTG was

added, - and 1 pRBGHBH 35S b QhiolFST ATUPROM £ BV ol AR flifwide | 0. 4

hours. Table 3" shows the results measuring ALS activity after addition

of | PTG méthbtloFiest, bypeliel ¢futhe ngniformant B dolhewsted. at'-Babi® wWasSarpirlcdliS
activity (0D525/40 Protein Specific activit mn/0.05 M) nmass (QOD525/40
(ng/ m )~ #d-8/okyastinnebyifer dpelassinm ghosphate huffar(psl 1.55contgiEmapd @ 8migh)ceml | d t ype

4,10 18.2 : i ng 3.62.12~ . 6 nt As,.sh in Tahle 3, E

Goi i na s MARRGLE g hasigianycns ool e SR Waiiof)  The' phncfobicinga
from 50 ml of the culturc 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 becn prepared from the pellet (obtained from 250 ml of the culture
solution) was applied to a glutathione sepharose 4B affinity column (Amersham
Pharmacia Biotec, the bed volume, about 1ml, that had been previously equilibrated
with 10 ml of 1xPBS (0.14 M NaCl, 2.7 mM KCI, 10.1 mM Na;HPO,, 1.8 mM KH,PO,,
pH 7.3)). The column was then washed with 10 ml of 1xPBS, and then the adsorbed
GST-ALS was cluted (4 times) with 2 ml of 10 mM glutathione solution. GST activity
and ALS activity of each of the fractions were measured, and then' fractions with high
activity were collected. In addition, since the adsorption rate to the above column was
poor when the ALS extraction buffer was used, an experiment, which extracts enzyme
with 1xPBS and allows it to be adsorbed to the above column, was also conducted.
Measurement of ALS activity and quantification of protein were performed according to
the above method. Measurement of GST activity was performed by a method using
- 1-chloro-2,4-dinitrobenzene (secondary name: abbreviated as
2,4-dichloronitrobenzen(CDNB)) as a substrate. Three ml of reaction solution, and a
reaction composition (1 mM CDNB, 1 mM glutathionc (reduced), enzyme solution, 100
mM potassium phosphate buffer (pH 6.5)) were used. After addition of enzyme solution, -
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t he mutant ALS gene showed Vecific activity approximately 3 to 4-fold

hi gher than that of the control group containing no plasni & Maye005
trarisformant E. coil was cultured for 3 to 4 hours after addition of |IPTQ
and then stored at 40 OC. Using the transformaut E. -33 17 May 2005 coll,
OST fusion ALS protein was purified. Preparation and purification of ALS
fromE «coli were perfornmed by the followng nethod. First, a pellet of
the transformant E. coll stored at -80 'C was suspended in ALS extraction
buffer (potassi um phosphate buffer (pH 7.5) containing 30 % gl ycerol and
0.5 mM MgC12). Specifically, 2.5 m of the buffer was added to the pellet
obtained from50 m of the culture solution. The suspensi on was subjected
t o ul t r a8dnaliecasdyowas perEumedyas 38ms> Wbt imesesidcahsoBenee at 340 Wh2 CERVE wesr o
chip, output control. .8, .interval of roximately | see, tw ce (40 see
cach) ) . BipresstRetoy whero) sBliiop havgi: | GRTRLT Contsotaden. and then gddecrts oen,

t her eby %‘:ﬁ@(}xﬂ'&d}&j&me supernatant as a crude enzyne sol ution. GST fusion
ALS protein erelnafter referred to as GST-ALS) was purified from the
crude enzyne solution by the follow ng nethod. The crude enzyne sol ution
(12.5 m) that had been prepared fromthe pellet (obtained from250 m of
the cul ture Asdiviies ¢ALSvresivity pind ST activity) uhatt Wersnret sidpdrbed @ tiBatafvei ni ty

col um ( ersham Pliarmagi a, Bi ote t he bed vol une, .gbout I, that had
been prefBH| %??‘E’a%i"ﬁf%séﬁa@a defgefaq- %B)Wﬁ"%fm%% rﬂ%sﬁ? aetvitirgrorbedotoziign KCl |
10.1 iri @q@ﬁ?‘PQ Wﬁ T T .U wa en. washed
with 10 0 lcl ﬁgggv&a%%é%en t gingsdgi?%e‘gﬂﬂ gﬁﬁ%ﬁ_%%vxt/g% S%qoﬁﬁggfl qi‘tgmfufrres)
Wi th 2 nélutbn. Thoad/hgtidmifimike Sk uhd 8. sct5nl atlidy etk caindd & gepiryi ty of
each of the_fractions were neasured, and then' fractions with high activity
wer e col PediekGSTAIfddi ti on, since the adsorption rate to the above col um
was poor when the ALS extraction buffer was used, an experinent which
extracts enzyne with IxPBS and allows it to be adsorbed to the above
colum, was gsFoAreniibckad. EM?%" Ufe ey LVLLY a nti fication
of protein were perfo?’lrred ggcor L;fingt to@t vitth BiroinBi pyét&é’sc &% EH@) Wat
determived as ALS freed from GST. Table 4 shows ALS activity, protein amount and

specific activity after chromatography using crude cnzyme solution and the above

affinity column, and after thrombin protcase treatment.

Table 4

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

Wild  type  crude 4.6105 9.6 9.61

enzyme

After chromatography 0.6083 0.189 ‘ 64.4

After thrombin 0.1089 0.189 11.5

treatment

'| Resistant mutant crude 3.1493 12 5.25

EnzZyme

After chiromatography 0.6025 0.045 268

After thrombin 0.1203 0.045 53.5

treatment

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

it can be almost completely inhibited by addition of 1 mM valine,
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t he above nethod. Measurenment of GST activity was perfornmed bi‘ rreth

using | -chloro-2,4-dinitrobenzene (secondary name: abbrevilé
2,4-dichIoroVVrobenzen(CDNB)) as a substrate. Three m of reactlon
solution, and a reaction conposition (I mM CDNB, | mM gl ut at hi one
(reduced), enzynme solution, 100 nM potassi um phosphate buffer (pH 6-

were used. After addition of enzyne solution, -34 17 May 2005 a rat
assay was perforned at 30 C for
prepared as an et hanol solution having 100-fold concentration, and th
added to the reaction solution. it Activities (ALS activity and GST
activity)l_ that were not adsorbed to the above affinity colum were g
det ect ed 12P6wever, nost of the activity adsorbed to the affinity col
was det (,smglewn FractTony At edactivith th@()ﬂ5ﬁ§ﬁ40cll}mubj§ﬁn§~% gy grutat
el ution Those fractions |{Gemdshanfirst and the gecond el ution were

conbi ne ]C‘fﬁ @Hﬁga{ﬁaﬂﬂi{dﬁll

od

5))

e

i ncreased absorbance at 340 nm CDNB was

en
reatly
um

hi one

4 C

\ ed "D"’I‘.‘z?ﬁ@"’*t. S—dfgested-overmgit—at

with th 1“1;5‘5 S (40 umit) 176 eterrt-redras—ALSHeedf+om-GHT.
Tabl e 4~ \,t..v'ty, pt-et-et- tAt—and—egpeciHcattivity er
chromat & PR asid), o enzy me--doPlfi on and the a,boALe_—..afJ_Lm_tv_;chIurm,
and aftéﬁmh#imﬁ’ ?«faﬁ?%r chee treat errhS-‘—‘lTahl e 4 Sanple ALS &tivity Prhotein

Speci fi c*@hd d:}&ﬁehmen('%ﬁﬁvf(ﬂ'ﬁwﬁmd@ ) (0OD525/40 m n/ nmg mn/0.05 m )
protein) WId type crude 4.6105 9.6 9.61 enzyne After chronmatography

0.6083 0.189 64.4

Example 5: Herbicide sensitivity of mutant ALS protein

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

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

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

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

protein maintained its activity at a higher level to a certain concentration compared to
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After thronmbin 0.1089 0.189 11.5 treatnment Resistant nutant_crude 3.1493
12 5.25 enzyme After chromato a h 0.6025 0.045 268 After f#RMaMANS0. 1203
0.045 53.5 treatnment The prepared ALS enzyne contains ALS activity derived
fromE. coll. However as shown in Table 5, since ALS activity derived from
E. coli results fromALS isozynme I, it can be alnost conpletely inhibited
by addition of 1 mMvaline. 35 . 17 May 2005 Table 5 Sarnple* ALS activity
(OD5E/ 40 Inhibition rate (0/.) mn/0.05 m) CKI (wthout plasmd) 1.2725
CKI + ImM Valine 0.1768 86 CK2 (w thout plasmd) 1.5508 CK2 + | nM Valine
0-3831 *ne experinment was performed tw ce. Exanple 5: Herbicide

sensitivity of é?rEJt ant _ALS protein Herbicide sensitivity of nutant ALS
protei n s Nk 4 Heaildi a@et ALScPigten, bAYoHE bPLtGomPast 49 fhe gase Bfanpl e

4- Her bi gi_de. vt 1 Vi test was,perfor in . the manner same as that in
a0 SPTPERahin b re bt BF R ERRIRLS bhydii Sies TRHBREs: oo
bi spyri bac-sodi urn, pyrithiobac-sodium and pyrim nobac were used as PC

herbicides; four drugs, chlorsulfuron, bensuffizon-nethyl,
pyr azosul f ur &aguee b lshows thenmadsod sensaivity when pyrithiobac-sodinm 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; Figurc 19 shows the resulting sensitivity when imazaquin was used
as a herbicide; and Figure 20 shows the resulting sensitivity when imazapyr was used as
a herbicide. In line graphs of Figs. 12 to 20, the lines joining black triangles indicate the
crude enzyme solution containing the wild type ALS protein, and those joining black

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

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

bispyribac-sodium among PC herbicides.

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

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

Figure 23 shows a result indicating resistance of the mutant ALS protein to
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were used as sul fonylurea herbicides; and two drugs, imazaquin, and

i rnazapyr were used as inida7olinon herbicides. Solutions déMayi2f0fg these
her bi ci des at certain concentrations (bispyribac-sodi um and

pyrithi obac-sodi um were aqueous sol utions, others were acetone sol utions)
were added to reaction solutions before addition of the nmutant ALS

protein. The final concentration of acetone was 1 % In addition, since an
ALS protein fromthe rice cDNA expressed within E. coll is insusceptible
to valine (Kil et al., J. Mechem Mol.Biol- 31 287-295,1998), a herbicide
sensitivity test was perforned under conditions in which ALS activity
derived fromK coli.was_inhibited with valine. Figure 12 shows the
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resultin BERY . chl.otsul faron was used. shown._in . Fig., 6 12,
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certai n pamogiblacktiiznglasdimbiaatedhd crude 8fizyhie dMiytiDamtaihing thdraildajpd RESW | d
type ALS praqtein, . however when conpared to the case of bispyribac-sodium
the resiBfSfncthigflinegeigg Rlsck sgunrgy indisates ihe volibtvpe GRT-Ai%yund the lishows t he
resul ting: MERY | thi - sodi _Was ed..as her bi ci de;

i gur e 1OUTRBlaklflrbibs MU b RES 0\, BT B bR Be P adetieas a
her bi ci dRnesFo@ini® blkek HiaWest iGichRSME trhilth S8Rt dotitioh dMr&ning the -

bensul furonﬁmet h%l was usectl'}1 alg a herblilfgéli de; Igi goure 17 ?ﬁ%%g t%“Futamrtaenslulti ng
sensi t i vALp nabfein, pyd tedows foming bitch shumesindiczedhasndarh €rdi-ailgde; Figure 18
shows the resulting sensitivity when ima7osul furon was used as a
her bi ci de; Figure 19 shows the resulting sensitivity when i mazaqui n was

used as a hgrbjicl de: d F.gure 2Q, shows. t.h e tiing sensitivity when
i mzapyr vvasgﬁséel‘gwg’s m ;ﬁ & g‘ﬁ ?él Q‘Wl qt'}lﬁigdgéggh@t%)fﬂ?ﬂ ﬁg‘?wi‘% b_tef)b'1 € the
li nes | oieniingitpkiasikar ks thADH £ask MiHel Mkl enBAMORIARAWE: Reh Ut | on
containing the wild type ALS protein, and those joining black

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

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

having either one of the mutations was examined.

(1) Preparation of mutant gene
For example, 2 mutant ALS gene (hereinafter referred to as “W548Y, mutant ALS
gene”) having W548L mutation only was prepared as shown in Figs. 25 and 26. Firat,
PCR  was performed  wsing a sense primer named ALS-Rsp6
(53'-CATCACCAACCACCTCTT-3": 8EQ ID NO: 3) and an antisense primer named
ALS-RspF (5'-ACACGGACTGCAGGAATA-3": SEQ I} NO: 4), and using pBluescript
- I 3K+ (FERM BP-7348) retaining the double-point mutant ALS gene as a template,
thereby amplifying a DNA fragment having W548L mutation but having no $6271
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squares indicate the crude enzynme solution containing the nutant ALS
protein. As shown in the Figs. 14 to 20, the mutant ALS profléiMan85good
resi stance to each of the herbicides, superior to that of the wild type
ALS protein. Particularly, the nmnutant ALS protein has good resistance to
PC herbi ci des. Further conparison of Figs 12, 14 and 15 indicates that the
mut ant ALS protein has the best resistance to bispyribac-sodi umanong PC
her bi ci des, Since these results can be thought to correlate with the result
of Exanple 2, it was suggested that the factor which inproved the

resi stance to PC-based herbicides in Exanple 2 is the nutant ALS gene.
Furthernore, , a Eerbi cide sensitivity test was performed using the purified
GST- ALS HRAtioRdETe déd Meanwhilena PINA ifisgmeninsinésiging B iggios e2todihpwsrig atesul t

i ndi cati L[ esigtance of t i1d type ALS protein to bispyrijbac-sodi um

Fi gure Zggssl%éﬁ/s 62t-7r el t alﬁ“ﬂgvfe at i"‘ﬁ‘ﬁﬁr el sSFB%ce PO e "3IF ANt AL BSPE ot ei n

t o bi spy{3 QIS beh 4 O, | f Gy 2 -1 d.ndicating
resi stanE:e of theG%%An{qT%E%}%dr:g{}elsﬁﬁt?@7%%%%&)%%%%?& ur on.

Fi gure 265"$HMAAALAGSTATGACIABGI. SEQED BRNSeamf uiilg pBIkartipAliSsKE ot ei n
to i mazaqui,n.  Herbicide sensitivity tests whose results were shown in Figs
21 to 24rctaiping trawild sk eensias sdgophte (Fag.i2%. Further in a |line graph of
Fi& 21, the line joining black triangles indicate the crude enzyne
solution containing the wild type ALS protein; the line joining black

squares i ndi sRkES; idige WNA Mﬁ&n@%ﬁbﬁ@%ﬁdﬁérﬁ%@tg‘&]ghgé’]ﬁ%%e%sggﬁ?t o 24

circles indicates the freed S proteln. I ne gr
the | i nkskippihei tvg DNacfagmeérns giiag tha'SPR ahhd D EGERUSBp AN cBRUELIPN
cont ai n:algq the mutant ALS protein, and the |ines joining black squares
i ndi cat e"PWERASE Brtction o Athich ino singlarstrandcd; IIN A2 Bre bown] atttheerpliprfioes
GST- ALS her bi ci sensitjvit i m.J to that in .a case when
the cr udghé‘%z%ﬁgé%g § ?%Woﬂggto u%d@%tf’é g‘_.lemgé\?‘%? i35 rﬁgﬁfégnbynw ed
portion pdlymkfadd usifk Iha IMNASNE @hiiBarSE A ddcMi dtker to form a double-stranded
DNA) (Fig. 26). The obtained DNA fragment was digested with Ace I and Eco RI,
. thereby obtaining an dec I-Eco RI fragment. After pGEX-2T plasmid
(pGEX-2T-wALS) containing a wild type ALS gene incorporated therein was digested
at Ace 1 site, partial digestion was performed with Eco RI at 37 °C for 1 min, thereby
obtaining a partial fragment of pGEX-2T plasmid (Fig. 26). Then, ligation of Acc \-Eco
RI fragment and the partial fragment of pGEX-2T plasmid resulted in a plasmid having
W548L mutant ALS gene.

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

retaining the wild type ALS gene as a template,

A plasmid having W348L mutant ALS gene and a plasmid having 86271 mutant
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The nutant portions in the mutant ALS gene determned in Exanple 33 4) wer e
Wb48L nutation in which tryptophan (W at position 548 of tA&MaYIaP0Pype had
been nutated to lysine (L) and S6271 nutation in which serine (S) at
position 627 of the wild type had been nutated to isol eucine, (1) as shown
in Fig, 1. To study the effect of these nutations on herbicide
sensitivity, a nutant ALS gene containing only either one of the W548L or
S6271 mut ati ons was prepared, and herbicide sensitivity of an ALS protein
havi ng either one of the nutations was exam ned. (1) Preparation of nutant
gene For exanple, a mutant ALS gene (hereinafter referred to as "W548L
mut ant A end"”) havin mut ati on onlé was_ prepared as shown in

gral

Fi s, ezswqff: Beara ARSI it el sUHn IV 9o Rab Sestenging nhfhs

ALS- Rs 6 | D,NO, 33) an ant i cnse pri mer
naned IoA E Zgé W@@é&ﬁ%@ ng‘E?l?‘Be%ld &*f?q‘ﬁanﬁ

pBl uescr mﬁm@bfﬂﬂfﬁﬁ%ﬁ&ﬂu@ﬁaﬁ@ﬁﬁ& ofSG@I%Mt&h@Oﬂ@H@l:@rhfﬂﬁ‘leﬁt mut ant ALS
gene as a tenplate, thereby anplifying a fragnent havi ng Wb48L

nut ation but having no S6271 -38 17 May 2005 mutation (Fig. 25).

Meanwhi | ]? f ragment cont aining a region encoding serine at position
627 was g?r}ﬂ qrbicids rEMptance-pTdEsRsRliv MHERT PIGIRIES ALS- RspE

(5 - CeamcacorFCATL e W SR it T o s Hletiid B BE oY it
et ai i NTNgenth s WHRSOSY GR0% Hlf oAV ool it cchies Doikbneqtrbr g DA

fragnment was obtained fromthe two DNA fragnents by li1nking the two DNA
f ragnment Balls@rtrgltmhewﬁﬁl%uhﬁethddo(lm cpitepaerpressionef IGHT indetfion Pajtyiger =

Reaction in, CC si ngl e-stranded DNAs are bound at the end portions,
wher e sefi® By E%ﬁ&‘%"é%ﬁe‘“ﬁ‘?@ﬂﬁé% 4 and 5t penERADZYTE S'D}@tpbn@atsed by

DNA pol gﬁganrgg, St ShOI LR R0 SPRIY ¥ LOmiRas th B Wolsehe ST Md

doubl e-str
valine.

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

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

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

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

mutation alone, and W548L mutation and S627I mutation together revealcd that they
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DNA) (Fig. 26). The obtained DNA fragnent was digested wth Acc | _and Eco
R, thereby obtaining an Acc 1-Eco Rl fragnent. After pGEX@MadI%QQﬁid
(pGEX-2T WALS) containing a wild type ALS gene incorporated therein was
digested at Acc | site, partial digestion was performed with Eco R at 37
Cfor 1 mn, thereby obtaining a partial fragment of pGEX-2T plasm d (Fig.
26). Then, ligation of Acc 1-Eco Rl fragnent and the partial fragnent of
pCGEX-2T plasmd resulted in a plasm d having W48L nutant ALS gene. In
addition, a nutant ALS gene having only 56271 nmutation (hereinafter
referred to as "5627! nmutant ALS gene") could be obtained according to the
nmet hod by which the above Wb48L nutant ALS gene was prepared. That is,
S6271 nuthated fessagendeared of wesistanspt Momnyer, nvhdneimagaguinamsensed  Figh 29he

met hod enpl pyed for.th bov 48L, mutant ALS gene except that ALS-RspE
and ML3 Rrrgv%n'ég WEtrmijar g’rﬁﬁﬁfgr P piEpac-$08f i, Hawe VR in thefongendmtioprange S+

( FERM BPzfidthk: : ‘ i LS - e used as
prinmers i n§g%Rd g%r fﬁh (;gr %@gfnlaéggﬁé&egg% © ?%ﬁﬁ%@@ﬁﬁ%ﬁ%guW y type
ALS genecasxiatenenpf @tcenudtiph sohld rdotbé BenHMpddl nutant ALS gene and a

pl asm d havi ng S6271 nmutant -39 17 May 2005 ALS gene were separately
transfornmed into E. coli strain JM 109. Full sequencing of the ALS gene

was perforned f t.he, opt ai ned E: | colonies, so that the single-point
nut ati on of W4 scﬂﬂffdaf"g% ’%WY%a'f&hk nagaton wich Weh fewd dipdiredirasT med.
(2) Her by ! I L Vst 2 ok el ns asm d havi ng
Vsl mit e By Sl AR G AR B WAL T o

transf or omslisivig ALS @ohd havingi WS4 209 SEIVEnf@ltRkE 85 a0Rha! iifArtly Bbh
transformati on were_subjected to liquid culture, expression of &T

i nduct i oifSiSEEEesREcificds Bispytbedsddiphe sane manner as in Exanples 4 and 5, a
crude enzyne solution was prepared, and then herbicide sensitivity of ALS
was exam ned in the presence of | nmM ‘

Example 7: Production of transformant plant

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

rice plant was examined.

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

been developed for transformation of a rice plant.

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

The obtained pMLH7133-ALS was transformed into E. coli strain JM105. The
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valine, Figure 27 shows the result of the use of bispyribac-sodi um Figures
28 and 29 show the result of the use of chlorsul furon and i OR. As
shown in Fig. 27 for bispyribac-sodiurn, each single-point nutation of
Wh48L nutation and of S6271 nutation inparted resistance agai nst

bi spyri bac-sodi um and the degree of resistance was higher in the
single-point nmutation of only Wh48L than that in the single-point mnutation
of only S627L. However, the degrees of resistance anong these single-point
nmut ations were all shown to be several magnitudes |ower than those of the
doubl e-poi nt nutations shown in Exanple 5. In other words, coexistence of
Wb48L and S 27L_n¥tations resylted in _siqnificantly strong resistance to
bi spyri bES ERg RIS ERIeRY watsuhiersed todiqmdenltreend tharia plasmid waspreparedi t her

Wb48L or tat] I . chl orsul furqn s uysed (Fig., 28), Ws48L
nut ati on Tg? g’ %%e%p%r%bg%cglo(?ﬁ%%ng%i E‘@@ “ 61%13“?%}'5]% ﬁ*gpgf%tfﬁe @lﬁ?é%gﬁliaﬁ%t ation
al one i Mpgihb eShenD af\BAMHIT 63453 BNGS- thht cloadinhiiAp. i the
degree of r%si gt ance to chlgsri%ulﬁuron befv(\)/een V@45Lmﬁtﬁuﬁ€g?4ﬁ)§§§%oﬁé{e and
Wb48L nusetitoh RORI v86 ictformedubiop flagdihshiowreweedrasintthatindehteys terpieck7 May
2005 shar‘fd the same degree of resistance. Mreover, when imazaquin was
used (Fi 87 398 twp selg|of Prigpsre which; allew specifiroamaplifieationgifyat lesstparpaf then.
However | n I enpl oyed in this l.e, increased
Fes: st ancRrB AT BERTHEb R [0 HRe FEMFEe <t ptain AR Spateiginier

mut at i ongs’-GOUCTGTRADMRACHTE A AAS: SRS G0 BRY- 3o ney gl _

mut at i onesvvni ch was found thi%GFi%S:eAﬁs sﬁ(ﬁ?\/\n@@?baﬂgr%ﬁ i%gmge%%

bi spyri bpgmeo (i tRCTESGICAAEATAC AG-3NBEL} IINIVA! BRrandl £ setcsing BUSH @apse ALS

gene havin V\{S48L and _S6271 nutations is a %]ene i nparting high resistance
speci fi cPigeh %-@@QQ‘%%@AW GTTG-3":8EQ ID NO: 9) and a 3-1-1 antisense primer

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

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

copies in E, coli, preparation was performed by the alkali SDS methad from a culture
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Exanpl e 7: Production of transformant plan A rice plant (Nipgon-bare) was
transfornmed with the nmutant ALS -gene cletermned in Exanpﬂ 'Wﬁﬁﬁqosand

t hen bi spyri bac-sodi umresi stance of the transformant rice plant was

exam ned. (1) Construction of binary vector with the nutant ALS gene

i ncorporated therein The nutant ALS gene obtained in Exanple 3(4) was
incorporated into a binary vector, pM.H7133 (Mtsuhara et al,, Plant Cel
Physi ol . 37 49-59, 1996), which bad been devel oped for transformation of a
rice plant. First as shown in Fig. 30, the nutant ALS gene incorporated in
pBl uescript 11 SK+ (FERM BP-7348) was cl eaved out using the restriction
enzynme cl eavage site of a nulticloning site and the cl eavage site of an
adapt or s@pGeE Soyplume R0Jald greatanithea the standag] yelymednompspondagnioR yl ofhen,
pM.H7133 s digeste i Sac | _and HL GUS region in H7133 was
Pxo sed silin ST § 0k ThersRie: mafin ALSies ipre SEOWEdpacdney Foyerkreant ALS
gene and;RMiddih3oriid bRenshape of a straight chain were |igated, thereby
obt ai ni ng pM_.H/133- ALS. The obtai ned pM_.H7133- ALS was transforned into E
coli strain JMLO5. The -41 17 May 2005 resulting single colony was

subjected to liquid culture, and then a plasm d was prepared. The presence
or absent’d Igfrodustion aEkinarywestor dnipiAgrebhckyium gest i ng t he prepared pl asnid

wer o ol ect it THARY DALOR LRI 2 D ip e o SREVR b "eammseh e
ol 11 CA e 5 (RA T DRl Bu: O A Biob AP AR RIS KR0S 1 €

used hergbredvatr <8 ‘Cetvettf taiweAlir RePhind @BEE PV 33-ALS was added to a
(5' - GCTCTGCTACAACAGAGCACA-3: SEQ ID NGO 7) and a 4-83-3 antisense priner
(5' - GCM fhuxmeonidpms Fhe SEOPERNNCEISYE dgtadaatesiom timefrderts- WHAeHe andr i mer

(5 AT A 1T laad i e £67 13 e, Yollowd By hedt hosk 5t 37 4 Fo08 o 1B,
the mixture was allowed to stand in ice for 2 min, and 1ml of a SOC liquid medium was
added thereto, followed by gentle shaking at 28 “C for 2 to 4 hours. Next,
centrifugation was performed, and most of the supernatant was discarded. The
precipitated cells werc suspended in the remaining supernatant. The suspension was
coated over a LB plate containing 50 ppm eacﬁ of kanamycin and hypromycin,

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

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

supplemented with acetosyringone at a concentration of 10 mg/1 as shown in Table 6.
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(5 - GCATCTTOC - f * GAATGGCG 3! SEQ I D NO 10) Thus, specific fra%rrent bands

were detected (Fig. 32), suggestl ng that the nutant ALS gené MAY4%ed in
Exanpl e 3(4) was incorporated into the pM.H7133 vector. Further, whether
or not the mutant ALS gene had been incorporated normally was confi rmed by
PCR to learn the insertion orientation of the insert and to determ ne the
sequence. The insertion orientation of the insert was confirmed by PCR as
descri bed below pMH7133-ALS was conpletely digested with Eco RI, thereby
removing TNOS portion and |inearizing. PCR was perfornmed using the product
as a tenplate and using the above set of ALS-Resl and 4-83-3 and the set
of 3-1-4 3-1-1. As aresult (Fig- 33), bands for the PCR products were
confi rrre—&ﬁg positi ons as predicted, suggesting that the nutant ALS gene
was inserted in forward orientation. If the nutant ALS gene is inserted in
reverse orientation, PCR product woul d not be detected since the nutant

ALS gone Ipng s out oupsd rom pM_H7, 17 y Eco R estion and no
DNA fraz%g% 7|lei anplified. Meanwhil e, éggtzﬁ(ﬁatl on of gsh('g sequence was
per f or rreNaHstltIfQ pr epar &) pI\/LH?lBBKEILS as a tenpl ate3dgodxr the |inkage

region o e side of a nutant ALS gene and pM.H7133- In addition,
si nce pl\iﬁgﬁé ALS | eads t®1 ow nunberl"g‘FS s in E. Ebli, preparation
vvas per f t he al kali SDS net hod ulture May 2005

ol uti onﬁ?n ll;%(Pums 20 fol'd greater tﬁé%a?hg @t andard v@ﬁ%‘%e :
(corresp(gﬁxgjzrmitp 2 m of gepgture solytion x 20). Therefgse, nutant ALS,
genes were shown that they have been 1nserted in forward or| entation. (2)

| nt r oductiB@ of bi nary veclor into Agridhado®s-RHpDThe bi n@zy vector
(pI\/LH713M ALS) .obtained in éol) above was introduced into Agrobacteria as
f ol | ows. M¥fRdD etent cel 1% of AgrobaUt‘?@FIN‘}rﬁcldmef aci ens EHA 105 stored

at -80 I%rrm&ﬁlelﬂéwd in |i:e and used. T}Pamme 1718‘,3 ALS Was, added to a

Casamino acid 500 Glycine 7.5
L-Arginine 176.7 L-Glutaraine 900
L-Aspartic acid 300 Sucrose 68.5
Glucose 36

pH 5.2

(Numcrical figures are shown with mg/1)

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

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

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

acetosyringone, 16 calli per petri dish) as shown in Table 8, scaled with a surgical tape,
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105, and
5 mn. Then,
Im of a SOC |iquid nmedi um was
2 to 4 hours.
t he supernatant was di scarded. The
t he renmai ni ng supernat ant.
contai ning 50 ppm each of kanamycin and hygronycin,
t her eby obt ai ni ng single col oni es.
M. H 7133- ALS-i ntroduced Agrobacterium A
a¢ nf@d 2ite J(da)’s wagi thelcaHi weretroaered

in 30 M of an AAM
lngone at a concentration
-43 17 May 2005 Table 6 MyS04- 7H20 250
3000 Fe-EDTA 40 MhS04-61120 10
0.75 113130 3
Pyridoxine HCI

at 28 'C for

at 28 -C for 2 to 3 days,
Transformation of ri
1/ 2 spoofidigu B‘chc Hulepdar
sterili ze {
nedlun1(E5P@ i
of 10 ng/l

Myo-inosito!
Nicotinic acid
Fyﬁdeine-HCl
Thiamine-1Cl
2.4-D
Casamino acid
Glycine
Proline
Sucrose
gelrite
carbenicillin
hygromycin

pH

lant with
waadlépmaa

P 1 e

as shomn in Table 6.
CaC] 2-2H20 150 NaH2P04-2H20 150 KCI
ZnSHA- 7HPEbIR 7CUS04- 5H20 0. 025 CoCl 2-6H20 0. 025 K
Na2Mb04- 2H20 0.25 Mo-inositol

rno. sSpa

e )P

The suspensi on was

100
0.5
0.5
1

A
300

2827
30000
4000
500
50

5.8

sol uti on contai ning the conpetent. cells of Agrobacterium tunef
allowed to stand in ice for
the m xture was allowed to stand in ice for ,
foll owed by gentl e shaking
Next, centrifugation was perfornmed, and nost of
precipitated cells were suspended in
coated over a LB plate

foll owed by incubation

15 m n,

added t her et o,

PR SEESe

100 Nlcotlnlc aC|d I

L-d Utanbﬁﬁpowgn L- Aspartlf agld 300 Sucrose 68 5 G ucose 36

(Numerical figures are shown with mg/1)
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pH 5.2 (Nunmerical figures are shown with ngll) Pipetting was perfornmed
well with a Pasteur pipette so that no nass of Agrobacterid? 0Red. The
obt ai ned suspension was put into a 9 cm Sthale. Calli which had been

i nduced from seeds (N ppon-bare) and pre-cultured in a N61) medi um shown
in Table 7 were put into a stainless nmesh (or a tea strainer). Then the
mesh containing the calli was dipped in the suspension of Agrobacteria for
1.5to0 2 mn. At this tinme, the nesh was di pped such that the calli were
entirely imrersed in the bacterial solution, followed by gentle agitation
with a spatula. Subsequently, the stainless nmesh was placed on a
sterilized filter paper to.renove excessive bacterial solution. The thus
treated é2Mep were pl aced on a 2N6AS solid nmedium (10 ng/l acetosyringone,
16 calli per petri dish) as shown in Table 8, scaled with a surgical tape,
-44 17 May 2005 and cultured under dark conditions at 28 OC for 2 to days,
until thenpagbivierWere covered,gwith a thin layer of the cells (due to the
grow h of the cells), Table 7 CHU powder | pack Myo-inositol 100

Ni coti ni Btyeiesstlol0. 5 PyridowiomHCI 0.5 Thiamne-1-101 2,4-D 2 Casam no
acid 300 dycine 2 Proline 2827 Sucrose 10000

Nicotitiic Acid 0.5
Pyridoxine-HCI 0.5
Thiamine-HCl 1
24-D 2
Casamino aeid 300
Glycine 2
Sucrose 30g
Glucose 10g
gelrite 4000
acetosyringone 10
pH 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 werc put into a stainless mesh (or a tea stratner),

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

performed in the same manner and then the calli were placed on a new medium.
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gelrite 4000 carbenicillin Soo hygronycin 50 pH 5,8 (Nunerical figures

are shown with ng/1) -45 17 May 2005 'fable 8 CHU powder | 15&¢ay 2005

Myoi nositol 100 N cotinic Acid 0~5 Pyridoxine-MI 0.5 Thlantine-HO I
2,4-D 2 Casamino acid 300 Gycine 2 Sucrose 30g Gducose log gelritc
4000 acetosyringone 10 pH 5.2 (Numerical figures are shown wth ng/1l)

After the calli were coated wiwth a thin layer of the cells as a result of
cocultivation for 3 days, the calli were washed to renove the Agrobacteria
by the following nethod. The calli treated as descri bed above were put

into a stainless nmesh (or a tea strainer), and the mesh containing the
calli was dipped in a N613 liquid nedium (containing 500 ny/l
carbenicillin), Exchanging of the petri dish was continued until the nedium

n . : . . 0
was no After selection by culturing under light conditions at 28 “C for 2 to 3 weeks, the

callt were transplanted, 9 calli per petri dish, on redifferentiation media (containing 250
mg/] carbenicillin and 5¢ mg/l hygromyein) and then cultured under light conditions at
28 °C for 2 to 3 weeks. When portions of leaves, stems and roots differentiated
respectively lcm or more, the calli were transplanted, 2 to 3 calli per petri dish onto
hormone free media (containing 50 mg/l hygromycin). Subsequently when the obtained
plant bodies prolifcrated to spread over the petri dish enough, the plants were potted
into culture soil (bon sol) and allowed to acclimate, Upon transplantation, media
attached to roots were completely washed away in water. Figure 34 shows the flow of

the above procedures.

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

bispyribac-sodium resistance.

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

primer (4-83-3: SEQ ID NO: 8) that flank the double-point mutation portion
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| onger cl oudy. Agrobacteria attached to the call! were washed a by this
treatment, Then, the mesh was placed on a sterilized fil teﬂﬁ%ﬁ:!/e%oﬁo

renove excessive noisture- The calli were placed on a N6D solid nedium
(containing 500 ng/l carbenicillin and 50 ngA hygromycin), and then

cultured under light conditions at 28 OC for 2 to 3 weeks- In addition, 3
when Agrobacteria proliferated again after the procedure, washi ng was |

performed in the same nmanner and then the calli were placed on a new
medium -46 17 May 2005 After selection by culturing under |ight
conditions at 28 OC for 2 to 3 weeks, the calli were transplanted, 9 calli |

per petrj. . .di n di f f, | g i cont ai ni n /]

per Det neflBfrect TG LRGP P o8, RIALR BRI ELRh N R by
condi ti OB @knpli#8d  ONAOTragmb@ da¥8RkiSicd VARD REH thO %cle&ﬁcﬁ@@é/cﬁﬁncé LWeEs and
roots differentiated respectively lcmor nore, the calli were

t ranspl aenamuiped (¢ prifec £3-144: (BHQ POtNO: 8) stusantd to beadmho eschicesramddhmd a

(containing 50 no/| hygromycin). Subse uentlc\’( when the obtained plant

bodi o5 pPOTET SALDIEIRS B pAELG RS CARCAGEATCEASHS rHeND MVHe: plhnee ver o
potted | I soil (bom sol) and allowed to acclimate. Upon

t ranspl a%{%gﬁ?g%fiwn%%ftgemgts@‘#ed to roots were conpletely washed away in
water. Figure '34 shows the flow of the above procedures. Sinultaneously
wi th the above described potting, pan of the calli which bad not

redi fferenti Bigace $9A@all|B yhovFily. re8d)s ofmabysis ofithe nueltonde sajueficeniadina f or
producti an, of bi spyri bac-sodi umresi stant cal |l us used in Exanple 1. The
solid neY}F’é“réfd%tﬂé‘? Rudeatisies epcoding py pmincad @ pasitiom A48 of thauALSfprotebml | i

f | li.that. I d sh d..
b1 apyri DaEs AR Bk Inens i St s ARt PR/ BEHE Y hen ¢ he
drug sensithe widl¥orides Bh&diiigd HAGmBOUCHIAWRSIHBY I 08 thd AL dpkdtbln. ATRBEGEOr e, as

shown in Fig, 36, the callus showed bispyribac-sodi umresistance. al nost
i dent i cah Hig. 32 Kato 13f héseromgoinh sexpusnabis wih witd tygkeaant] rButaht were fonodnfotheh t he

doubl e- ppi mut ant _gene . had heen_derived. Further~ as shown in Fig. 37,
the cal Ftﬁ)él%gq—pqlﬁteﬂgﬁ@nt cg,fp@ewl @Jéesp ﬁ-%qf:e, tﬁe mutant ALS gene was shown to bg
incorporated in the genome. In addition, 3 of 9 calli did not grow well in the presence of
10 uM bispyribac-sodium. However, this was thought to be caused by low expression

amount of the double-point mutant ALS gene introduced.

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

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

introduced therein grew alinost nommaily (A), and the plant was shown to have
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(N| ppon- bar e) showed b| spyribac-sodi um sensitivity. Accordi ng ?: caI I i
grown on a solid medium containing 10 pM bi spyri bac- sodi uml 280% shown
to have strong bispyribac-sodi umresi stance. Genom ¢ DNA was prepared from
t hese bispyribac-sodiumresistant calli using a DNeasy Plant Kit (Q AGEN).
Then, PCR was perfornmed using the genomc DNA as a tenplate and using a
set of a sense priner (3-1-4. SEQID NO 9) and an antisense priner
(4-93-3: SEQID NO 8) that flmA the doubl e-point nmutation portion -47 17
May 2005 therebetween. Thus, as shown in Fig. 38, a DNA fragnment was
anplified as expected. |Ibe anplified DNA fragnent was purified, and then
the nucl eoti de sequence was exanmned (a priner (3-1-4: SEQ ID NO 9) was
used to biepgihdcsodans Ef:s'sta]iamd}ermndc QNQMasqrre;(a&cBﬁ&mptﬁe bispyribac-sodiuvm

5' - AGTCCTGCCATCACCATCCAG: ' used to read the

ant i sens&S8{anh fgystommagy r@ﬂﬁﬂﬂaﬁ‘ﬁiﬂ%%ﬁ tlﬂ@tr]@% lﬂi&léG@fN)a Ay HGR grast he

nucl eot i Ly f th I eotl de COdI n anm no
acid at ﬁﬁ%ﬁ‘“‘%“’%fé‘?“ “‘“A@“‘Sr ot e?cn pla% i ‘gur e -l %ers"u(? 5%5\/%% Fresul ts
of anal Y(53-§-40SEQ1H) Nes g ahida a%ﬁ%@? md? (1138-MigHAIHINQOR) ﬁﬁ?ﬂ%ﬂ@&@ot' des
encodi ng an am no acid at position 627 of the ALS protein.” As shown in
Fig. 39 doubde-poinhenwatipnogotien skegeleneem. (he-niclabtitly pequmde mﬂttmmsmhmg f ound
for the g&g%e point mutation of these |lines. Hence, the nutant ALS gene
was showH gMERWaT FEATBING) 1R ﬁh@t ﬁféﬂ@mﬁér agip thgcrbove allas. fergeckel i di d

vas tnougareres of bl BRRE Ao in e R AP SRR o poi nt

mut ant ALS gene introduced. O 80 hygronym n resistant transfornant rice
pl ants potted, those which grew .nornmally at the |leaf stage 5 were 27

pl ants to whiAdhpublieationsapateni Snd patenhagplivedons ¢itedrinttio el ardrptGaipd apts to
which the_wildt ALS gene had been introduced. Plants containing the
wild typ& %E@%E%@"Wﬂt‘? uced therein tended to grow heal thier than

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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those containing the nutant ALS gene therein. At this tinme, 4 plants
containing the nutant ALS gene introduced therein and 5 pl AAMay8RP ai ni ng
the wild type ALS gene introduced therein were appropriately selected, and
| kg of ad./ha bispyribac-sodiumsalt supplenented with 0.2 % surfactant K
was sprayed over the | eaves and stens. The results of a growth survey
conduct ed &bBWMS 40 days after spraying = shown in Fig. 40. |In Fig, 40, the
plant Iength A was about 90 cm As shown in Fig. 40, an individual plant
containing the nutant ALS gene introduced therein gcew A l'hnobt nurnially
(A), and t he geagmvhicignagdsnsne fallawdngsprotelrs(al o ky 2005  bi spyr | bac sodi um

resi stanceg) Gen@ﬂ?o@elmﬁlc%‘énﬁﬁé‘&aé’neﬂmﬁb QB s[e&\?er}(éb%PgER)thq(aop' resistant

transformant rice plant using DNeasy Plant Ki PCR was
performed {(Ri ng? PRSI EAMINNRS 28 a&mﬁ@ﬁﬁﬂ@@gum@ desiveg framstbe aming sense

primer (3-1-4: acRFLadundhr SBQ ANICRA HRUbSIRIRA, @éléﬁawor(aﬁdﬁén 3f at3det | O NO

8) that flank the double-point nutation portion therebetween. e
nucl eoti de sequifc® BPra ABMPESIS: hag resistencerta gheyimidiay eaxkanyrhegbitide t he sane

nmanner as in thghaAalRRefofddls syrlieeactiliffe  pPresence of doubl e- poi nt
mutation in the transformant rice plant was confirmed. Al publications,

patents and patent applications cited herein are incorporated by reference

in their entAd fewladeitt @ghthade ;Srbt%ud WvieRsi PBod IRE GbReer difindet ai | above,
t he present invention can provide ALS gene encoding ALS enzynme whi ch has

good resistance to all ALS-inhibiting herbicides and shows extremely high

level of reu ebanbinahtaeler MAICRINGS eneélﬁcl% May 2005 CLAIMS 1. A gene
whi ch encodes the followi ng protein (a) or (b)

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

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

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

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

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

9. A gene comprising a nucleotide sequence encoding an acetolactate synthase
protein which is substituted tryptophan corresponding to tryptophan at position of 548
of a wild type rice acetolactate synthase protein with leucine and is resistant to a
pyrimidinyl carboxy herbicide.
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(a) a protein which conprises an am no acid sequence of SEQID NO 1; (b) a
protein which conprises an am no acid sequence derived fronlf Maya@0ho acid
sequence of SEQ ID NO 1 by substitution, deletion or addition of at |east
one or nore am no acids, has resistance to a pyrimdinyl carboxy herbicide
and has acetol actate synthase activity. 2. An acetol actate synthase protein
which is encoded by the gene of claiml1l. 3. A reconbinant vector which has
the gene of claim1. 4. A transformant which has the reconbi nant vector of

claim3. 5. A plant which has the ' and has resistance to a
. pyrimdinyl carboxy herbicide. 6.gE§ﬁ%ﬁﬁ%Ekstfﬁ¢éaring t he plant of claim
5 which conprises rearing the plant in the presence of a pyrimdinyl
carboxy herbicide. 7. A nmethod for selecting a transformant cell having the
gene of claim1l using the gene as a selection nmarker. 8. A gene conprising

a nucl eoti de sequence encodi ng an acetol actate synthase protein which is
substi t{t1&G KEMIAle CHBMIGH pJNDUSERYt QOserlifre at position of 627 of a wild
type rice acetolactate synthase protein with isoleucine and is resistant to
a pyrimclinyl carboxy herbicide. 9. A gene conprising a nucleotide
sequence,_encodi ng an acetol actate synthase protein which is substituted
trypt op%q>c6r$%sep6ﬁém'ﬁg fos zegtsrdphitatcatsypbstaseon of 548 of a wild type
rice acetol actate synthase protein with leucine and is resistant to a
pyri m di nyl carboxy herbicide, -50 17 May 2005 SEQUENCE LI STI NG <110>

KUM Al Gl }gi@\_l_%& TRY CO., LTD <120> A gene coding for
aceto-|l actate-s se

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

<160> 11
<170> PatentIn Ver. 2.0

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

<213> Oryza sativa var.Kinmaze

<400> 1
Met Ala_Thr Thr Ala Ala Ala Ala Ala Ala Ala Leu Ser Ala Ala Ala
1 5 10 15

Thr Ala Lys Thr Gly Arg Lys Asn His Gln Arg His His Val Leu Pro
' 20 25 30

Ala ArglGly Arg Val Gly Ala Ala Ala Val Arg Cys Ser Ala Val Ser
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<130> PH 1273PCT <150> JP 2000- 362630 <151> 2000-11-29 <160> 11 <170>
Patentln Ver. 2.0 <210> 1 <211> 644 <212> PRT <213> O yzaléMay\2905
var. Ki nmaze <400> 1 Met Ala Thr Thr Ala Ala Ala Ala Ala Ala Ala Leu Ser
Ala Ala Ala 1 5 10 15 Thr Ala Lys Thr Ay Arg Lys Asn Hs @n Arg His H's
Val Leu Pro 20 25 30 Ala Arg Ay Arg Val Ay Ala Ala Ala Val Arg Cys Ser
Ala Val Ser 1/11 17 May 2005 35 40 45 Pro Val Thr Pro Pro Ser Pro Ala Pro
Pro Ala Tbr Pro Leu Arg Pro 50 55 60 Trp Gy Pro Ala GQu Pro Arg Lys Ay
Ala Asp Ile Leugyal Gu Ala 65 70, 75 80 Leu Gu g Cys Ay Val Ser Asp g
Val Phe Ala Tyr Pro Ay Ay A a 90 95 Ser Met ulle Hs-@n Ala Lau
Thr Arg Ser Pro Val Ile Thr Asn 100 105 110 His Leu Phe Arg Hs Qu G@n |
Gy Gu Ala Phe Ala Ala Ser Ay Tyr |
Pro Val Thr Pro Pro Ser Pro Ala Pro Pro Ala Thr Pro Leu Arg Pro |

50 E) 60

Trp Gly Pro Ala Glu Pro Arg Lys Gly Ala Asp Ile Leu Val Glu Ala
65 70 75 80

Leu Glu Arg Cys Gly Val Ser Asp Val Phe Ala Tyr Pro Gly Gly Ala
85 90 05

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

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

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

Gly Ala Thr Asn Leu Val Ser Ala Leu Ala Asp Ala Leu Leu Asp Ser
148§ 150 155 160

Val Pro Met Val Ala Ile Thr Gly Gln Val Pro Arg Arg Met Ile Gly
165 170 175

Thr Asp Ala Phe Gln Glu Thr Pro Ile Val Glu Val Thr Arg Ser Ile
180 185 190
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115 120 125 Ala Arg Ala Ser Gy Arg Val dy Vval Cys Val Ala Thr Ser Ay

Pro 130 135 140 dy Ala Thr Asn Leu Val Ser Ala Leu Al a Asp’ Max208% Leu
Asp Ser 145 1SO 155 160 Val Pro Met Val Ala Ile Thr Ay @n Val Pro Arg
Arg Met Ile Gy 165 170 175 Thr Asp Ala Phe G n GQu Thr Pro Ile Val Gu
Val Thr Arg Ser Ile 180 185 190 2/11 17 May 2005 Thr Lys His Asn Tyr Leu
Val Leu Asp Val GQu Asp Ile Pro Arg Val 195 200 205 Ile dn Gu Ala Phe
Phe Leu Ala Ser Ser Ay Arg Pro Ay Pro val 210 215 220 Leu Val Asp Ille

Pro LysTHsByk! #i<Cagn Gyr €0 Wat 18haaMalvahr @1valspy 2RO l%oAggSV 0 Trp Asp
Thr Ser Met Asn Leu Pro Ay Tyr Ile a Arg Leu Pro Lys 245 250 255 Pro
Pro Ala Thr d1g8eu Leu Qu G n2gal Leu Arg Leu Vags Gy A u 260 265 270
Ser Arg Arg Pro Ile Leu Tyr Val dy Ay Ay Cys Ser Ala Ser Ay 275 280
286 Asp Qu Leu Arg Trp Phe Val GQu Leu Thr Ay Ile Pro Val Thr Thr 290
295 300 _ Thr Leu Met Jy Leu Ay Asn Phe Pro Ser Asp Asp Pro Leu Ser Leu
305 31F1z161ndplu Ala Phe Phe Leu Ala Ser Ser Gly Arg Pro Gly Pro Val

210 215 220

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

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

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

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

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

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

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

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

340 345 350
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Arg Met Leu Gy Met His Ay Thr Val Tyr Ala Asn Tyr Ala VaI 325 330 335
Lys Ala Asp Leu Leu Leu Ala Phe @y Val Arg Phe Asp Asp Arg1ﬂﬂﬁy2§ﬂé 345

350 3/11 17 May 2005 Thr Ay Lys Ile Gu Ala Phe Ala Ser Arg Ala Lys Ile
Val Hs Ile 355 360 365 Asp Ile Asp Pro Ala Gu Ile Ay Lys Asn Lys Gn
Pro H's Val Ser 370 375 380 Ile Cys Ala Asp Val Lys Leu Ala Leu Gn Qy
Leu Asn Ala Leu Leu 385 390 395 400 Gn Gn Ser Thr Thr Lys Thr Ser Ser
Asp Phe Ser Ala Trp His Asn 405 410 415 du Leu Asp Gn Gn Lys Arg Gu
Phe Pro Leu Ay Tyr Lys Thr Phe 420 425 430 Ay Qu GQu lle Pro Pro Gn
Tyr Ala Ile Gn Val Leu Asp Qu Leu 435 440 445 Thr Lys Ay Gu Ala lle

| le Al aTHhGIE LyyadleGhyu Ala Fhe f@ans&/?tmg%% #99e ¥ap filagfba Gn Tyr
Tyr Thr Tyr Lys Arg Pro Arg G n Trp Leu Ser 470 475 480 Ser Ala Gy

Leu Ay Ala Me8b8dy Phe Gy Leu 3800 Ala Ala Ala G3g5485 490 495 Ala Ser
Val Ala Asn Pro Gy Val Thr Vval Val Asp Ile Asp Ay Asp 4/11 17 May 2005

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

370 375 380

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

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

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

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

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

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

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

Ala Ser Val Ala Asn Pro Gly Val Thr Val Val Asp Ile Asp Gly Asp
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500 505 510 Ay Ser Phe Leu Met Asn Ile Gn GQu Leu Ala Leu Ile Arg lle Qu
515 520 525 Asn Leu Pro Val Lys Val Met Val Leu Asn Asn G #W M%Zﬁgﬁ dy
Met 530 535 540 Val Val Gh Leu Gu Asp Arg Phe Tyr Lys Ala Asn Arg Ala Hi s
Thr 545 550 555 660 Tyr Leu Ay Asn Pro Qu Cys Gu Ser Gu Ile Tyr Pro
Asp Phe Val 565 570 575 Thr Ile Ala Lys Ay Phe'Asn Ile Pro Ala Val Arg
Val Thr Lys Lys 580 585 590 Ser A u Val Arg Ala Ala Ile Lys Lys Met Leu
GQu Thr Pro Ay Pro 595 600 605 Tyr Leu Leu Asp Ile Ile Val Pro Hs Gn
Gu H's Val Leu PrgoMet 610 615 620 O%Ie Prolle Gy é%y Al a Phe Lys Asp
Met Ile Leu Asp Ay Asp @y 625 638 35 640 Arg Thr Val Tyr 5/11 17 May
2005 <210> 2 .<21D 2279 <212> DNA <213> Oyza sativa var.Kinniaze <400> 2
ctcgccgecg ccgecgecge cacoacccac cat ggctaeg accgccgcgg ccgcggoege 60

cgccct ghle SgeeBloo degaliey deaadla Gladole dland] Adchndtadtrgdeaccnogt 120

515 520 525

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

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

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

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

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

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

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

Arg Thr Val Tyr

5/11



ccttocegct
caccccgccg
ccgcaagggc
egeet accog
caccaaccac
ogegt ccggc

cgaggeeggg
t cccoggcege
gcggacat ce
ggcggcgcegt
ctctteogee

cgcgtcgggg

gt ccgeget ¢ gccgacgege
ccceccgecge at gat cggea
ct ceat cacc aagoacaatt
ggaagoaig>yt cet cgegt
ggacat ccag cageagat gg
cat cgcacgd>ceercaage
t ggegagt ca cggogcccga
at t gcg?dg->t b4yt t gage
caatttecce agtgacgacc

1 gggggcggo

cgccggecac
t cgt ggaggc
ccat ggagat
acgagcaggg
tct gcgt cgce
t gct ogact c
cegacgcctt
aectt gt oct
cct egggccg
ccgt gccggt
cacccgegac
ttetctatgt
t gact ggt at
ogttgtccct

ggoggt Gagg
gccgot eegg
gct ggagegg
ceaccaggcg
cgaggcgttc
cacot cogge
cgtcccgatg
coaggagacg
t gat gt ggag
t ect ggcccg
ct gggacacc
agaatt gett
cggtggt gge
ecoagt taca
gcgcat get t

cgcaaat¥as” gextasg gat veaygut lweregt t get t gcg
t cgt gt gaca gggaaaattg aggcttttge aageagggcc
t gat ccagca gagatt ggaa agaacaagca accacatgtg

gggottga atgetctgct acaacagage

ttgctd
it ot el

6/11 1 005 . aactttt
oot g EoERYa G o BARL L
BEicaBEa bR ae

cacaat agtae
tgggatttgg 1500

tt gat abtbgecdhi
tt gagaaect 1620

goacaat g agttggacca goagaagagg
SRR Rg cu eet B
BF AP ey

tggt

t gct cggegy
ccgt ggggge
t geggcgt ea
ct gacgoget
geggcgt ccg
ceeggggcaa
gt cgccat ea
cocat agt cg
gacat cocce

gtgctggtcg

t gt occoggt 180
cggetgday@0040

gcgacgt gt t
ecceggt cat
ggt acgcgeg
ccaacot cgt
cgggecaggt
aggt cacccg
gcgt eat aca
acat coccaa

300
360
420
480

540
600
660
720

tcgzLtgaato taccagggta. 780

gageaggt et
t get ot gcat
accact ctga

gggat geat g
tttggtgtge
aagatt gt gc
tcaatttgeg
aCaaCaaaga
gagtttcctc
oaata t

t gogt ot ggt
ct ggt gacga
t gggect ogg
gcacggt gt a
ggtttgatga
acat t gacat
cagat gttaa
caagttctga
t ggggt acaa

() t
RO Re R0 AEECRELSRET

q9gl
ccCa

840
900
960
1020
1080
1140
1200
1260
1320

Freets

fhacag”
Ccaa
agttg

ck8A39EH I e APELEEC 1R o 0RAGALE SR HURRCLPECR @i fr9ea

cucCoegcog tocCeggEcge cgecggccac goegelecy CogtEggESC CEECGRALLC

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

ttitagigea

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

tggcacaatg

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

agttggacca

getggagegsg
CCACCUERCE
cgaggegite
cacctecgge
cgtceegatg
ccaggagacsg
tgatgiggag
teetggecee
¢tgggacace
agaattgett
cegtggtgge
ccecagttaca
gegeatgett
gttgetigeg
aagcagggce
accacatgtg
acaacagagc

geagaagage
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tgegeegtea
ctgacgeget
geggegteey
GCCEERRCAaa
gtcgecatea
cecatagteg
gacatceccee
gtgctggteg
tegatgaate
gagcaggtct
tgetoetgeat
accactctga
gegatgeatg
tttgetgtege
aagattgtgc
tcaatttgég
acaacaaaga

gagtttecte

gcgacgtgtt
ceccggteat
ggtacgegeg
ccaacctcgt
cgggccaggt
aggtcacccg
gegteataca
acatccocaa
taccagggta
tgegtetget
ctggtgacga
tgggectegg
gecacggtgta
ggtttgatga
acattgacat
cagatgttaa
Caagttctga

tggggtacan

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




acatttgggt atggtggtge
at actt gggc aacccggaat

ggggttcaat attcctgcag
gaagat get ¢ gagact coag
t gt getgcct at gatcccaa
att caaggac atgatcctgg atggtgatgg caggactgtg tattaatcta taatctgtat 1980
gttggcaaag caccagcccg gcctatgttt gaectgaatg acccataaag agtggtatgc 2040
ct at gat AT UHLEBEE FegeesTiw cantecradpabirdt canatimtgaate caicaggedast 12800
tctgttttac ttgtttgatg tgcttggeat ggtaatceta attagcttcc tgotgtctag 2160
gtttgt aﬁ%gﬁég?f{gﬁ f"gCﬁ“g}iaaﬁ Eat4l R e anal AtElEaseEE sagettattag 14400
toctacg; t cugtaataagﬁgg%ﬁé? agt acttotat%t aaaaaaaaaa aaaaaaaaa 2279

<210> FELLFPL9g C8ES BLoH0LETA, 1 14T BT sdGsRBRae JEREAT LEr31500

DRl e G TR e ST AT e e
<220> <FdabBeC gttt Qf 8544t Ch Al o RRIYELS & ¥ak IBLca 1620

gt gat ggt gt t gaacaacca
aaggegaat a gggcgcat ac
gattttgtga ctattgctaa
gaagt ccgtg ccgccat caa
at cgt cccgc accaggagca

ccct gt gaag
taggttttac
gat at at cca
aaagaagagt
gtt9gatatc

ot gadh BB 40
tccgtgtaac 1800
ggccatactt 1860

tt gggggcge 1920

ttgagaacct

cecoetgtgaag gtgatggtet tgaacaacca acatttgggt

taggttttac
gatatatcea
asagaagagt
gttggatate
attcaaggac
gttggcazag
ctatgatett
tetgttttac
gtttgtagtg

tectacatat

aaggcgaata gggegeatac atacttggge

gattttgtga
gaagtcogtyg
atcgtecgge
atgatcetgg
CACCREZCOCE
tgtutgtect
ttgtitgatg
tgttgtitic

cantaataag

ctattgctan
cegecatcaa
accaggagca
atggtgatgg
geetatgttt
ctatcaataa
tgcttggeat
tgtagpcata

agaataaagt

gegggtteaat
gaagatgetc
tgtgetacot
caggactgtg
gacctgaatg
ctaaggtgte
ggtaatccta
tgcatcacaa

acttetatgt

atggtggtege
aacccggaat
attcctgecag
gagactccag
atgatccecaa
tattaatcta
acccataaag
aactatgaac
attagcttce
gatatcatgt

daaaaaaaga

aattegugea
gtgagagega
teegtgtaac
ggccatactt
ttggegeege
taatctgtat
agtpgtatpc
catatgctot
tgetgtctag
aagtttcttg

aadaaasnza

1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2279

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

<213> Artificial Sequence

<2205

<223> Description of Artificial Sequence:primer

<4005 3
CATCACCAAC CACCTCTT
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1~400> 4 ACACGGACTG CAGGAATA 18 <210> 5 <211> 18 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial SeMax?@O8%priner
<400> 5 TTACAAGGCG AATAGGGC 18 <210> 6 <211> 19 <212> DNA <213>
Artificial Sequence 8/11 17 May 2005 <220> (23> Description of Artificial
Sequence: prinier <400> 6 GGAAACAGCT ATGACCATG 19 <210> 7 <211> 21 <212>
DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: primer <400> 7

<210> 4

<211> 18

<212> DNA

<213> Artificial Sequence

220>

<223> Description of Artificial Sequence:primer

<400> 4
ACACGGACTG CAGGAATA 18

<210> 5

<211> 18

<212> DNA

<213> Artificial Sequence

<2202

<223> Description of Artificial Sequence:primer

<400> 5
TTACAAGGCG AATAGGGC 18

<210> 6

211> 19

<212> DNA

<218> Artificial Sequence
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GCTCTGCTAC AACAGAGCAC A 21 <210 8 <211> 17 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: prifritey 20890> 8
9/ 11 17 May 2005 GCTTTGCCAA CATAGAG 17 <210> 9 <211> 17 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:prinmner
<400> 9 AGGIGTGACA GITGITG 17 <210 10 <211> 18 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence:priner <400> 10
GCATCTTCTT GAATGGECG 18

<220

<223> Description of Artificial Sequence:primer

<4005 6
GGAAACAGCT ATGACCATG 19

210> 7

211> 21

<212> DNA

<213> Artificial Sequence

220>

- €223> Description of Artificial Sequence:primer

<400> 7
GCTCTGCTAC AACAGAGCAC A 21

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

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:primer

<400> 8
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<210> 11 <211> 21 10/11 17 May 2005 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence:priner <4003%7May GCCA

TCACCATCCA G 21

GCTTTGCCAA CATACAG 17

<210> 9
<211> 17
<212> DNA

<213> Artificial Sequence

220>

<223> Description of Artificial Sequence:primer

<400> 9
AGGTGTCACA GTTGTTG 17

<210> 10

<211> 18

<212> DNA

<213> Artificial Sequence

<2205

<223> Description of Artificial Sequence:primer

<400> 10
GCATCTTCTT GAATGGCG 18

<210> 11
211> 21
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17 May 2005

<212> DNA

<{213> Artificial Sequence

<2207

<223> Description of Artificial Sequence:primer

<400> 11
AGTCCTGCCA TCACCATCCA 6 21

11711





