TRANSFORMED CELL W TH ENHANCED SENSI TI VI TY TO ANTI FUNGAL COVPOUND AND USE
THEREOF BACKGROUND OF THE I NVENTION Field of the invention The present
invention relates to a transforned cell with enhanced sensitivity to an
antifungal conpound and use thereof. Description of the related art It is
known that, when a fungicide containing a dicarboxyimde antifungal
conpound, an "aromatic hydrocarbon antifungal conpound" or a phenyl pyrrole

ant| fungal TRANBEURAERS Ceaf, GG S AAICRY QBind i APLAd B0 AFEROELE

pl ant - pat hogeni c. filanmentous fungus, sisinac

stimulated in the fungus Li-ke % Qﬂﬁp&qﬁﬁ&i Lgh osnotic stress, and
the fungus can not control aﬁh%i nt rD\zglfc)}el ular osrmcgg‘ri ty, leading to death.

From such the activity to the plant-pathogenic filamentous fungus, a
protein in a signal transduction system which is involved in osnolarity

response was predicted a of.el n_ of ntifungal conpound
contained in these fungi E%&@%ng%c{@%elﬁﬁﬁﬁgasgm. I n Neurospora
crassa exhihiti ensitivity to the aforenentioned antifungal compound,
an osnnsgﬂ§£¥%6ﬁgﬁ%¥%uﬁnV?ﬂ¥¥quas reported. This nutant os-1 exhibited

resi stance to he af orenmenti oned antifungal conpound and, by analysis of
the 1 The present invention relates to a transformed cell with

enhanced sensitivity to an antifungal compound and use thereof.

Description of the related art

It is known that, when a fungicide containing a
dicarboxyimide antifungal compound, an "aromatic hydrocarbon
antifungal compound" or a phenylpyrrole antifungal compound as
an active ingredient is acted on a certain plant-pathogenic
filamentous fungus, glycerol synthesis in a cell is stimulated
in the fungus like as when undergoes high osmotic stress, and
the fungus can not control an intracellular osmolarity, leading
to death. From such the activity to the plant-pathogenic
filamentous fungus, a protein in a signal transductibn system
whichis involvedinosmolarity response was predictedasatarget
protein of an antifungal compound contained in these fungicides
as an active ingredient.

In Neurospora crassa exhibiting sensitivity to the
aforementioned antifungal compound, an osmosensitive mutant
o0s-1 was reported. This mutant os-1 exhibited resistance to

the aforementioned antifungal compound and, by analysis of the



mut ant, an os-1 gene which is an osnosensing histidine kinase gene was

i solated as a causative gene. A protein having an amno acid sequence
encoded by a nucl eoti de sequence of this os-1 gene was a protein which has
a structure of histidine kinase of a two-conponent regul atory system and,
at the same tine, has a characteristic region (hereinafter, referred to
repeat sequence region in sonme cases) in which amno acid sequences

conposed _of about 90 am no acijds and havi ng honol o(ﬁ%,to each other are
present rBpEITti VBl PSaH0FERE YRAER 8620 FFPSSRSINIE higtd s ne dngses9, 306;
Genebank accession Us0263, U53189, AAB03698, MB@Q?QhN ex, A L. et al.,

Proc. Nat$eNA¥ES qlatsshagas 9awga8ay e, yhunidherte M e vdingadt andmer ent
M crobi ol ogy 34:340-347, Oshima, M et al., Phytopathology 92 (1):75-80;
Fijinura,2fd éeqence gnegded by gausdieotisiessegapnce @ fshad shawt hgensonol ogy
to the os-1 gene was al so isolated from pl ant-pathogenic filamentous
fungus sUEs as IBSIYSAdt Wil daleeld staudibgeapdr bhist ighinse & inRssacifum sol ani
and the like, and its nucl eoti de sequence and an am no acid sequence
encoded ByWatrongedieeraly erguiblad wheyl. sydtem saichowt ttiat sgewed ilmeyi g shanol ogy
with the os-1 gene are specifically present in filanmentous fungus anmong
eukar yot i gha raafar is315l ¢ segiofhdhemednyd & e rGeneBanke d ceesspeat AE3AE82E,
AF435964, AAL37947, AAL30826; Fujimura, M et al., Pesticide Biochem
Physi ol . 18&gii25-i133onCemeBask dcc ehdichn aABA41641d sBAB4A4RE) composed
of about 90 amino acids and having homology to each other are
present repetitively about 6 times {see, for example, U.S.P.
NO 5,939,306; Genebank accession U50263, U53189, AAB03698,
ARAB01979; Alex, A.L. et al., Proc. Natl. Acd. Sci. USA
93:3416-3421; Schumacher, M.M. et al., Current Microbiology
34:340-347; Oshima, M. et al., Phytopathology 92 (1):75-80;
Fijimura, M. et al., J. Pesticide Sci. 25:31-36). A gene having
homology to the os~1genewas also isolated fromplant-pathogenic
filamentous fungus such as Botryotinia fuckeliana, Magnaporthe
grisea, Fusariumsolani and the like, and its nucleotide sequence
and an amino acid sequence encoded by the gene are published.
It is known that genes having homology with the os-1 gene are
specifically present in filamentous fungus among eukaryotic
organisms (see, for example, GeneBank accession AF396827,
AF435964, AAL37947, AAL30826; Fujimura, M. et al., Pesticide
Biochem. Physiol. 67:125-133; GeneBank accession AB041647,

BAB40497) .



2 SUMVARY OF THE | NVENTI ON An object of the present invention is to provide
a nethod of detecting the antifungal activity and a nethod of selecting

an antifungal conpound using the os-1 gene and a gene having honology with
t he gene. Under such the circunstances, the present inventor intensively
studied and, as a result, found a transfornmed cell wth enhanced
sensitivity to an antifungal conpound, and found a nethod of detecting the

antifungal activity using tdy f ¢n¥h d a nmethod of selecting
Sty éf%?féﬁé ongﬁﬂi%ﬁr,

an antifungal conpound wusing thi's which resulted in

1R Cranst or med. S5O RA oh CA oS hal BB 68 ThenBray RIS

1. Atransfornmed cel’l 1n whi ynuc

sequence i : in cikd sequence of an , osnpsensing histidine
ki nase hac\%flq%%qﬁ%&tl%;&ngwgn%?g%tu?%ﬁgﬁc 15 LN ANGHa T R 2 F SRLECEART f or m
into a cg&laeﬁ#§ient in at | east . one hybrid-sensor kinase; 2. The

t ransf or med 2e1 1T S GWPIHY A H5bV18L OSHe 98561 b PeGENGe hREVNEY a

nucl eoti de_sequence, encadi ng an anm no acid sequence of an osnpbsensi ng
hi sti di ngl%}oﬁas%’ H‘é\’v‘ﬁhgﬁiﬁ) ggqr?%nsrrerrbr ane region is a pol ynucl eotide

conpl ementi ng Eﬁe defi%{ency in hybrid-sensor kinase in the cell deficient
in at nder such the circumstances, the present inventor

intensively studied and, as a result, found a transformed cell
with enhanced sensitivity to an antifungal coempound, and found
a2 method of detecting the antifungal activity using this
transformedcellandanmthodofselectinganantifungalcompound
using this transformed cell, which resultéd in completion of
the present invention.

Thus, the present invention provides:
1. A transformed cell in which a polynucleotide having a.
nucleotide sequence encoding an amino acid sequenéé of an
osmosensing histidine kinase having no transmembrane region is
introduced in a functional form into a cell deficient in at least
one hybrid-sensor kinase;
2. The transformed cell according to the above 1, the
polynucleotide having a nucleotide sequence encoding an amino
acid sequence of an osmosensing histidine kinase having no
transmembrane region is a polynucleotidé complementing the
deficiency in hybrid-sensor kinase in the cell deficient in at
least one hybrid-sensor kinase in which the polynucleotide is

introduced;



| east one hybrid-sensor kinase in which the polynucleotide is introduced;

3 3. The

m croorgani sm 4. The transformed cel

transforned cell according to the above 1, wherein the cel

is a

according to the above 3, wherein

the mcroorganismis budding yeast; 5. The transforned cell according to
t he above 1, wherein the osnosensing histidine kinase having no
transnenbrane region is an osnosensing histidine kinase having no

t ransmenbs anerHegi-an s fyihdipybig Qc&lmghsnta‘bdh@a%'&!‘eeiSy@?—‘é}:é{@o"%ﬁe to any

of a dicarboxyimde antifungal conpoun

an "aromati c hydrocar

anti f ungakte conpound, Fg%ggggggﬁgpyrrole antifungal conpound to the cell;

6. The transformed ce

Ing to the above 5, wherein the osnbsensing

i st dineg i e chaxing 00 LaNSTEIDL A0E,Laal 9\ oB.Mh St g, Kitase

havi ng t he ani no aci

transf or

hi sti di ne ki'nase” havi ng

hi stidin

Sequence repr esen

dj to.the ab 1, wh i'n th '
o R oo bR R8P ARG T egion 19 an osmosensi g

ki pase,which is derived froma | ant - pat hogepi ¢ fil arentou
f ungus aﬁsd' hg‘zlengr?iaﬁ%?ﬁg‘ r‘éﬂgf FEH T ,H%Pterﬁilet)? ﬁggofnéﬂlec"e?’rnéé“@o
to the above 1 mhagﬁjn t.he

osmosénslng histidine kinase having no transmembrane region is
an osmosensing histidine kinase having no transmembrane region
and having a mutation which confers resistance to any of a

dicarboxyimide antifungal compound , an "aromatic hydrocarbon
antifungal compound™ and a phenylpyrrole antifungal compound

to the cell;

6. The transformed cell according to the above 5, wherein the

osmosensing histidine kinase having no transmembrane region is

a histidine kinase having the amino acid sequence represented
by SEQ ID NO: 13;

7. The transformed cell according to the above 1, wherein the
osmosensing histidine kinase having no transmembrane region is
an osmosensing histidine kinase which is derived from a
plant-pathogenic filamentous fungus and has no transmembrane
region;

8. The transformed cell according to the above 1, wherein the
osmosensing histidine kinase having no transmembrane region is
anosmosensinghistidinekinasewhichisderived fromBotryotinia
fuckeliana, Magnaporthe grisea, Fusarium oxysporum,

Mycospharella tritici, Thanatephorus cucumeris or Phytophthora

S
rdi ng



osnosensi ng hi stidine kinase having no transmenbrane region is an
osnosensi ng histidine kinase which is derived fromBotryotinia fuckeliana,
Magnaporthe grisea, Fusarium oxysporum Mcospharella tritici

-Thanat ephorus cucuneri s or Phytophthora 4 infestans, and has no
transnmenbrane region; 9. The transfornmed cell according to the abovel,
wherein the osnosensing histidine kinase having no transnenbrane region is

an osnosensi I stidipe.kinase _having no transnenbrane region which has
an ani no g@?ﬁgggﬁﬁéngéarQg?egénF£8n6$g§%63Pﬁ NGEHPRY SEQ ID NO 16, SEQ ID
NO 41, QI 55, SE D 1 68 or,, SEQ I D NGO, 90;,10.. The, transfor ned
cel | accgigdi nqg?l%Nerta%egfé)Drfg@ e nh8FEPRRE QﬁuEpﬁo?p?i‘ée%edﬂé‘?ﬁ%l%ngb?ji ng an
am no acig seguence q{ Hbe .osnnsensing hi sti di ne ki nase having, no

t r ansmenby 21" Tyt oA HiSt Wit (eagsgn SEHRB MR treprasarradepy e SEer s NO. 2,
SEQ ID NO_ 17, SEQ.ID EIO 42, SEQID NO 56 or SEQID NO 69; 11.

Arret hodofa%éggﬂ%?&gﬁﬁ@ hELEHAGS KHee$9iNaVis Rosthar sRembranmirgyion
conprises:. a first step of culturing the transformed cell as defined in

the above”Ni¢h Rawk 35 8ldnce agi dasegdensghseRABEENECEeBBNBER D N¥: pasuri ng
an anount_of intracellular signal transduction fromthe osnpbsensing

hi sti di ne®¥& ndddGraditng SFE ID HRsméAbr 8B EBgNOn eXprIBReLP iND 1 e or

transformed cell cul tured
SEQ ID NO: 90;

’

10. The transformed cell according to the above 1, wherein the
nucleotide sequence encoding an amino acid sequence of the
osmosensing histidine kinase having no transmembrane region is
a nucleotide sequence represented by SEQ ID NO: 2, SEQ ID NO:
17, SEQ ID NO: 42, SEQ ID NO: 56 or SEQ ID NO: 69;

11. Amethodof assaying the antifungal activity of a substance,
which compriseé:

a first step of culturing the transformed cell as defined in
the above 1 in the presence of a test substance;

a second step of measurihg an amount of intracellular signal
transduction from the osmosensing histidine kinase having no
transmembrane region expressed in the transformed cell cultured
in the first step or an index value having the correlation
therewith; and

a third step of assessing the antifungal activity of the test
substance based on a difference between an amount of
intracellular signal transduction or an index value having the

correlation therewith measured in the second step and a control;




in the first step or an index value having the correlation therew th; and
a third step of assessing the antifungal activity of the test substance
based on a di fference between an anount of intracellular signal
transduction or an index value having the correlation therew th neasured
in the second step and a control; 5 12. The nethod of assaying according to
the above 11, wherein the anount of intracellular signal transduction from

t he osnosensi | st di Lnase_havin o_tran nmbr ane gion or, the
i ndex va|32‘hé§?%3ﬁ Igg%g&}é?g?yéﬁgt%%?gﬁﬁf%g{§3zﬁﬁhﬁéﬁﬁﬁ ng PehEh of the
hod.of .searchi ng an antjfungal conpound, which

t f |13, A.net

conpri Ses (U8 BEPIRE 8 ANEFAOARI IBomTogh o SeaP AN ot (Rl
activity ﬁssessed.in t he assaying nethod as defined in the above 11; 14.
An antifu 8&‘?388%88&&11%@@&%& SEhBAY¥&RPCHY hgARSTEIPragEe 8BHLABIOT N t he

above 13; éS..An osnosensi ng hi stidine kinase having no. transnmenbrane

regi on, whBfel iR atadeiiaddhe sarrréntacpl Bherprihbgesi @an #ndEment ous
fungus; 16. An osnosensing histidine kinase having no transnenbrane

regi on, wWAfcBERYENaRtakARotAePafsaRaEneeldel ected from the group

consisting3fﬁiA method of searching an antifungal compound, which

’
comprises selecting an antifungal compound based on the
éntifungal activity assessed in the assaying method as defined
in the above 11;
14. An antifungal compound selected by the searching method
as defined in the abo%e 13;
15. An osmosensing histidine kinase having no transmembrane
region, wherein the kinase is derived from a plant-pathogenic
filamentous fungus;
16. An osmosensing histidine kinase having no transmembrane
region, which has an amino acid sequence selected from the group
consisting of:
(a) an amino acid sequence of an osmosensing histidine kinase
having no transmembrane region, which has an amino acid sequence
homology of 95% or more to the amino acid sequence represented
by any of SEQ ID NOs: 41, 55 and 68;
(b) an amino acid sequence of an osmosensing histidine kinase
ha&ing no transmembrane region, which is encoded by a DNA

amplified by a polymerase chain reaction using a Fusarium

oxysporum—derivechNAasatemplateandusinganoligonucleotide



(a) an am no acid sequence of an osnpbsensing histidine kinase having no

t ransnenbrane regi on, which has an am no acid sequence honol ogy of 95% or
nore to the am no acid sequence represented by any of SEQ ID NGs: 41, 55
and 68; (b) an am no acid sequence of an osnobsensing histidine kinase
havi ng no transnmenbrane region, which is encoded by a DNA anplified by a
pol ynerase chain reaction using a Fusarium oxysporumderived cDNA as a

t | at FUS l | I i 6 vin he .nucl eot i sequence

ot ecent Sa Sl Ml S e D BB a8 Y RO R e SR ot i e
sequence . D. NO, .53 as.priners: (c¢) an am no acjd
segﬂence 815 p%ﬁ§§§%§g%ﬁ§¥ﬁ§5%%ﬁn r%iﬁ(iansl%Otﬁ i%&’ﬁ%“??a’ﬁ%’é%‘?%%%d

a DNA anplified by a polynerase chain reaction

region, ,Chzhs rencoded b r

usi ng a n€¥o§EPa§§|ﬁ§- %ﬁi%ﬁc?ﬁdﬁF?V%d cDNA as a tenplate and using an
oligonuclgggide havig%?%ge nucl eoti de sequence represented by SEQ I D NO

64 and an" 6l THHILT RSt e SANSNTES RE AlcPeBPFaRS skgUehtel dbpt dsmarl by
SEQ I D NCh 65 _as Briners; &g) an am no aci d sequence of an.osnosensing

hi sti di ne R hB8e™ChhvPRGTABPERRRS FEFBCaNe "hdghod,s wicsitads hshcoddth by a DNA
amplified by a_polynerase_ chain reaction using a Thanapet horus

cucumer i sgﬂé}%ggaglﬁ?@aagatlﬁ?’rﬁlféﬁé i SR P rolBgbauR Mt athateshliang t he

nucl eoti de sequence represented b{ SEQ I D NO. 85 and
tritici-derived cDNA as a template and using an oligonucleotide

having the nucleotide sequence represented by SEQ ID NO: 64 and
an oligonucleotide having the nucleotide sequence represented
by SEQ ID NO: 65 as primers;

(d) an amino acid sequence of an osmosensing histidine kinase
having no transmembrane region, which is encoded by a DNA
amplified by a polymerase chain reaction using a Thanapethorus
cucumeris-derivedcDNAas atemplateandus inganoligonucleotide
having the nucleotide sequence represented by SEQ ID NO: B85 and
an oligonucleotide having the nucleotide sequence represented
by SEQ ID NO: 86 as primers;

(e) an amino acid sequence of an osmosensing histidine kinase
having no transmembrane region, which is derived from
Phytophthora infestans and has the amino acid segquence
represented by SEQ ID NO: 90;

(f£) the amino acid sequence represented by SEQ ID NO: 41;
(g) the amino acid sequence represented by SEQ ID NO: 55; and
(h} the amino acid sequence represented by SEQ ID NO: 68.

17. An osmosensing histidine kinase having no transmembrane



an ol i gonucl eoti de having the nucl eotide sequence represented by SEQ ID
NO 86 as priners; (e) an am no acid sequence of an osnbsensing histidine
ki nase having no transnmenbrane region, which is derived from Phytophthora
i nfestans and has the am no acid sequence represented by SEQ ID NGO 90;

(f) the am no acid sequence represented by SEQ ID NGO 41; (g) the am no
aci d sequence represented by SEQ ID NO 55; and (h) the am no acid

cequence tepasenebin 50 RIS 0B LM OISR AL M nese

havi ng no ttanshe

representged. by, S 4 SE L .RD SEQ ID NO 68; 18. A

pol ynucl elg(?'l d%lhgﬁg?%'\ﬁéd %Etf’ﬁgs@gqggn@'e%om ng an am no acid
sequencemﬁg a osgosenﬁli ng.fgi stidine Ki naﬁne havj n no transmenpr ane
region, whereihPPHETRFASSELHS RYIVEE PHOMCR L1 GRaneIPERRB RIHFRA ¥RY &Fent ous
fungus; 19.. A pol.ynucl eoti de having a nucl eoti de sequence encodi ng an

ani no aci%f“?é%@é?%ﬂ%&”@&‘:@doffr B THECIFHUPNE Shist st G HRE dfnasenagi igni no
aci d sequence of an osnobsensing histidine kinase having no transmenbrane
regi on, W CFRSNSHPLARS S i s ¥fgerde thensivg§eots Ipisrehdinem @ t he

am no aci d sequence represented by an1h¥1 of SEQ ID Nos: 41, 55 and 68; (b)
an ani no RIAM Rafharent bkl ysemsensi FgnGnsii di ne ki nase

19. A polynucleotide having a nucleotide sequence encoding an
amino acid sequence selected from the group consisting of:
(a) an amino acid sequence of an osmosensing histidine kinase
having no transmembrane region, which has an amino acid sequence
homology of 95% or more to the amino acid sequence represented
by any of SEQ ID NOs: 41, 55 and 68;

(b) an aminc acid sequence of an osmosensing histidine kinase
having no transmembrane region, which is encoded by a DNA
amplified by a polymerase chain reaction using a Fusarium
oxysporum-derivedcDNAasatemplate andusinganoligonucleotide
having the nucleotide sequence represented by SEQ ID NO: 52 and
“an oligonucleotide having the nucleotide sequence represented
by SEQ ID NO: 53 as primers;

(c) an amino acid sequence of an osmosensing histidine kinase
having no transmembrane region, which is encoded by a DNA
amplified by a polymerase chain reaction using a Mycospharella
tritici~derived cDNA as a template and using an oligonucleotide
having the nucleotide seguence represented by SEQ ID NO: 64 and

an oligonucleotide having the nucleotide sequence represented



havi ng no transnmenbrane region, which is encoded by a DNA anplified by a
pol ynerase chain reaction using a Fusarium oxysporunmderived cDNAas a
tenpl ate and using an oligonucl eotide having the nucleotide sequence
represented by SEQ ID NO 52 and an oligonucl eotide having the nucl eotide
sequence represented by SEQ ID NO 53 as priners; (c) an amno acid
sequence of an osnobsensing histidine kinase having no transnmenbrane

regi on, whiChphsrengededsbygsa p?éergnplified by a pol ynerase chain reaction
using a Mycospharella tritici-derivéd cDNA as a tenplate and using an

i I [ ' th t] ented by .SEQ | D NO

54 and an bl poniAL AR SR IERER, e BT SR o Tl SR 8 by

SEQ I D ' : I id. f [

st dine b g e Rt AR s AP AN G GRS BRFERSFS XanCodilt by a DNA
lifi haj t [ Th h

cueuner | S B R B e & R R8P ng O B o SEPEGRRISO MY ng

t he nuclqg%%gezgeqy nce rgghﬁéented bg SEQ 1D NQO 85 and an ,

ol i gonucl €ot e Hav Tyt T Pt FaRP $RGEERCN T B eAtaanUG) estddeD NO

86 as primers: %E) an @nino aci d sequence of an osnosensing histidine

kinase V% HIP hAS P RRiRehbRaREFURR R Famresrate by & I ¥Ry #hynsbht hor a

i nf est ans and .has tqe am no_aci d sequence .
anoligonucleotide having the nucleotide sequence represented

by SEQ ID NO: 86 as primers;

(e) an amino acid sequence of an osmosensing histidine kinase
having no transmembrane region, which is derived from
Phytophthora infestans and has the amino acid sequence
represented by SEQ ID NO: 90;

(f) the amino acid sequence'represented by SEQ ID NO: 41;
(g) the amino acid sequence represented by SEQ ID NO: 55; and
(h) the amino acid sequence represented by SEQ ID NO: 68;
20. A polynucleotide having a nucleotide sequence represented
by SEQ ID NO: 42, SEQ ID NO: 56 or SEQ ID NO:69;

21. Amethod of obtaining a polynucleotide having a nucleotide
sequenceencodinganaminoacidsequence of osmosensinghistidine
kinase which is derived from a plant-pathogenic filamentous
fungus and has no transmembrane region, which comprises a step
of amplifying a desired polynucleotide by Polymerase Chain
Reaction using an oligonucleotide having a nucleotide sequence
represented by any of SEQ ID NOs: 30 to 40, 52, 53, 64, 65, 85

and 86 as primers, and a step of recovering the amplified desired



represented by SEQ ID NO 90; (f) the am no acid sequence represented by
SEQ ID NO 41; (g) the amno acid sequence represented by SEQ I D NO 55;
and (h) the ami no acid sequence represented by SEQ ID NO 68; 20. A

pol ynucl eoti de havi ng a nucl eoti de sequence represented by SEQ ID NO 42,
SEQ ID NO 56 or SEQ ID NG 69; 21. A nethod of obtaining a polynucl eotide
havi ng a nucl eoti de sequence encoding an am no aci d sequence of

osnosensi nghi stidine kinase which is derived froma pl ant - pat hogeni c
filament YFUARRE kdrf R no transmenbrane regi on, which conprises a step
of anplifying a desired pol ynucl eoti de by Pol ynmerase Chain Reaction using
an ol i gorfifc| edhi dbiganiageat hdel woiclecwmpuises a nupleseridedsbyuanygeof SEQ
ID NCs: 30 to 40, 52, 53, 64, 65, 85 and 86 as prinmers, and a step of
recover i MRS enfsd PivedngtesEreR XD pllsn 36l eot 4de; 5anbR2.64An 65, 85

ol i gonucl eoti de which conprises a nucleotide sequence represented by any
of SEQ | BrO$6.30 to 40, 52, 53, 64, 65, 85 and 86. DETAI LED DESCRI PTI ON

OF THE PRESENT | NVENTI ON The present invention will be explained in detail
bel ow. The "transformed cell in which a polynucl eotide having a
nucl eoti de sequence encoding an am no aci d sequence of an osnpbsensing
hi stidine ki nas@HTAIIED MEIORTEITINIGH ErHE PRESEST INVENTION
The present invention will be explained in detail below.
The “transformed cell in which a polynucleotide having
a nucleotide sequence encoding an amino acid sequence of an
osmosensing histidine kinase having no transmembrane region is
introducéd in a functional form into a cell deficiént in at least
one hybrid-sensor kinase” is obtained by introducing a
polynucleotide having a nucleotide sequence encoding an aminc
acid sequence of an “osmosensing histidine kinase having no
transmembrane region” in a functional formintoa “celldeficient
in at least one hybrid-sensor kinase” which is a host cell.
Herein, “introduction of a polynucleotide in a functional form”
means that the polynucleotide is introduced so as to complement
the deficiency in hybrid-sensor kinase, in other words, that
the polynucleotide is introduced in such a form that a phenotype
of the cell caused by the deficiency in hybrid-sensor kinase
revert to a phenotype without the deficiency in hybrid-sensor
kinase. Specifically, for example, inthe case of budding yeast

(e.g. Saccharomyces cerevisiae), when SLN1 which is

hybrid-sensor kinase is deleted, the SLNl1-deficient yeast cell

10



introduced in a functional forminto a cell deficient in at |east one
hybri d- sensor ki nase"” is obtained by introducing a polynucl eotide having a
nucl eoti de sequence encoding an anmino acid sequence of an "osnbsensing

hi stidi ne kinase having no transnenbrane region” in a functional forminto
a "cell deficient in at |east one hybrid-sensor kinase" which is a host
cell. Herein, "introduction of a polynucleotide in a functional fornf

ot 1 o1 enoy e i BT R R S e Lo PR, A T T (R o2t

Caused by TRe aerT Areney e b SR 2 AT A e el pe
' the. cone bR iR REayBaty e Eog N a0tenaonycas BerBOrERas) Ona IS
el o T Qa s L L s e
conditio introduciQ%aﬁégolynucleotide havi ng. a nucl eoti de sequence

encodi ng M HoSERT A3 c®- ofPRERRLY; Lonkeddter BRTVBEEERAR P&ast into

the SLN1-deficient cell sqg._that SLNl is expressed (e.g. operably linked to
downst r edth GFC L by &?Ftﬁ &OL1 PRECKEE| PREESRES PBSIFH NP1y tHR BdERlt he

normal growing condition. The "cell deficient in at |east one

hybri d- seHsSYH K faRAi N he ThR aiGfdd, dorichaniplin &y It i ore

hybrid-sensor kinase” may be cbtained, for example, by deleting
at least one intrinsic hybrid-sensor kinase. First,

hybrid-sensor kinase will be explained below.

(Two-component regulatory system and hybrid-sensor kinase)
Two-component regulatory system is a signal transduction
system which is widely used in prokaryotic organisms and, since
thissystemisbasicallycomposedoftWoproteinscallaiasenso;
and a regulator, it is called two-component regulatory system.
‘In a typical two-component regulatory system, a sensor is
composed of an input region and a histidine kinase region, and
a regulator is composed of a receiver region and an output region.
When the input region senses an environmental stimulus, a
histidine residue in an amino acid sequence in the histidine
kinase region which is well conserved among organisms is
phosphorylated or dephosphorylated. Herein, phosphorylation
of the histidine residue is autophosphorylation utilizing ATP

as a substrate. This phosphate group is transferred to an
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at least one intrinsic hybrid-sensor kinase. First, hybrid-sensor kinase
w Il be explained bel ow. (Two-conponent regul atory system and hybri d-sensor
ki nase) Two-conponent regulatory systemis a signal transduction system
which is widely used in prokaryotic organisns and, since this systemis
basically conposed of two proteins called a sensor and a regulator, it is
call ed two-conmponent regulatory system In a typical two-conponent
regul at 0r¥s§¥§£§mda@i§%% l4deS i nCMmased Q%i&r!séﬂpe%cé 99 o0 and. & st
ki nase regi on, an a regulator is conposed of a receiver region and a
out put regj : t | t | senses. an enviyonment al st.inul us,
i sti di ne e aien s Fhe TR LRELED L ERTE B AR 4 SRPRR i ool T eg
which is |_,conserved .among organj sns, i s ospho ated or_, .
Gephosphob i e DG n B Buh ePh TP BREV LR LERE B ErffretFble dintd o
aut ophosphorylation u ikizi ATP, .as_a substrate. This phosphate group is
transferrﬁ%s¥%u3nrﬁiu;§ gﬁtgﬂeaéFBlyéngﬁg %heaﬁugﬁpﬁorﬁ@?@“@é&uéﬁ%@ in the

receiver _re 'Q€ i n ;Gg regul at or ich is well conserved anobng organi sns,
and phosphd gjr% ?bn fdb%ﬁ&sﬁ& IPHIKGF Y5 h @ TesPerit ddisd Outdsitdue

regul ates the activity of the output region in the regulator. In the case
of prokar9%9+%no+@aﬁigﬁi?sFﬁépBﬁPBuFengaFéﬁgi§a§tPFaH§cﬂﬁﬂﬁi§ﬁsﬁ§gulating

factor in fqag cases although there are exceptions, and the re%ulator
directly aithoéugh there are exceptions, and the regulator directly

i di ne
n

a
i on

controls gene expression through the aforementioned phosphoryl
transfer in response to stimuli sensed by the sensor.

A sensor takes a more complicated structure in some cases
unlike the aforemeﬁtioned.typical structure. For example, in
addition toastructure composedof aninput regionandahistidine
kinase region, following this, the sensor contains a receiver
region, which is observed in a regulator, on its C-terminal side
in some cases. In this case, the phosphorylay system of a
phosphate group becomes more complicated, and it is known that
a phosphate is transferred from the sensor to a regulator called
a response regulator via an intervening protein having a

' transmitter region called a phosphotransmitter. That is, When
the input region of the sensor senses stimuli, phospate is
transferred to mediate signal transduction from a histidine
residue of the histidine kinase region in the same molecule to
an aspartic acid residue of the receiver region in lthe same
molecule, then, toahistidine residueof thephosphotransmitter,

finally, to an aspartic acid residue of the receiver region in

12



control s gene expression through the aforenmentioned phosphoryl transfer in
response to stinmuli sensed by the sensor. A sensor takes a nore conplicated
structure in some cases unlike the aforenentioned typical structure. For
exanple, in addition to a structure conposed of an input region and a

hi stidine kinase region, followng this, the sensor contains a receiver
region, which is observed in a regulator, onits Ctermnal side in sone

cases. Ingthi ph Y stem of a hosphat e up becones
nor e conp?|€%§%§ﬁ§andé$§1898ﬁnoa%y‘%a%gy osp%%?%g?%n rﬁﬁg?g?g88yfron1the
sensor tog t c onse re ulator_via an |nterven g
protein ha |¢1§9L&§1ta%z’isr?scﬁid ed Wl %ﬁr(?gl PEATS1PRosPHEt PR % er S i s,
when th p ion o e.sensor _sepses stimyli, phospate is
transferﬁgggt%g%% ai%vgiﬁﬁgll?rﬁhgaﬁitFBﬂHFaBﬁFé°ﬂ|§V?GFWethF€§ﬁ@ue of the
hi sti di ne_Kkin region in the same nolecule to an aspartic acid residue
of the rdd& %JS qfq%gomedﬁglfe’gﬁpge RFeheiRdaM NN thési due
of the phosphotr smt finally, to an aspartic acid residue of the
recei ver HEiGHER ?%’é‘b‘”o’ﬁ‘é’éa%e@ﬂ?é@‘é?erl-ﬁkéct hPsrefasrednponest
regulator‘ryk1 SysS en1|s associated with three proteins in some cases. Such
the senso br%‘d# RENIE SLPAEE 't r dh¥REEd r een89s tkdmass budlvungheephodyl
transfer osed of three proteins and having the aforenentioned
structur d1n nB&P&é‘FéfPutéﬁ It brfed soimgn eukaryoticmicroorganism

such as yeast, a plant and the like, and is involved in respense
to a variety of stimuli or stresses.

Herein, an input region of a hybrid-sensor kinase is a
region present at the N-~terminal of the kinase, and have a
transmembrane region in many cases. The transmembrane region
can be revealed by a structure prediction analysis using a
structure prediction software, for example, TMpred program [K.
Hofmann & W. Stoffel, Biol. Chem. Hoppe-Seyler, 374, 166 {1993) ]
which is available, for example, from
http://www.ch.embnet.org/software/TMPRED form.html. A
histidine kinase regionofa hybrid-sensor kinase is, for example,
a region following the C-terminal of the input region, and is
a region characterized in that it has five conserved motifs
common to general histidine kinases as described in Parkinson,
J.S. & Kofoid, E.C. (1989) Annual Review of Genetics 23:311-336,
Stock, J.B.et.al. (1989) Microbiological Reviews 53(4) :450-490.
For example, in the hybrid—sensor kinase SLN1 of budding yeast,‘

a histidine kinase region is the region from amino acid residues
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"hybri d-sensor kinase". Hybrid-sensor kinase is found not only in a
prokaryotic organismbut also in an eukaryotic m croorganism such as
yeast, a plant and the like, and is involved in response to a variety of
stimuli or stresses. Herein, an input region of a hybrid-sensor kinase is a
region present at the N-term nal of the kinase, and have a transnmenbrane
region in many cases. The transnenbrane region can be revealed by a
structure edi.cthon sis _using a structure prediction software, for
exanpl e, %ﬁ%rgg %?%grggl%%Elqiﬁrﬁéb%?ﬁN?icﬁfQﬁ?r%§?ﬁ?n§9ﬁ;kl¢%%$éuéeyIen
374, 166 9 which is, ava l.able, f exanpl e, from o

ht t p: //vwm%v&%he%g et arigf &by %&H‘gpﬂeﬁ%&?o@ﬁn&%nako%‘:g?ikﬂ’isﬁe‘-q&r}%se
region of, a hgbridnsensor ki nase i.s, for exanple, a region follow ng the

C ter mi naft7° % AEGH0SUt 2P gisom FeHPN ShararbgrareaHdr hrbrithasithaemt it
has five conserved notifs comon to general histidine kinases as descri bed
in Par ki nShSeTYeEMORESG WD €0 IeneE9) hirftuial 1 ekl rav oF asslrad b ed
23:311-336, _Stock, J.B. et. al. (1989) M crobiol ogical Reviews

53(4) : 450t AJRTRFRFORx afpP e, &i KofRédhyBr Cd- d8nved Kenase SIENGegfethurdi ng
yeast, a_histidine kinase region is the region fromamno acid residues 13
556 to 9083 A ¥eddh (£289 bgi dhoek, alhPbr £l- sehsdi IRPNads ciropidlayismeadnpl e, a
region following the CGtermnal of the histidine kinase region, and is a
regi on chBERERETi Y2t n 454r490. ha® 1 lexample, in the hybrid-sensor

kinase SLN1 of budding yeast, a receiver region is the region
from amino acid residues 1088 to 1197.
Asasignaltransductionsystémafteraresponseregulator,
in addition to a simple system in which an output region of a
regulatorisatranscriptionregulating factorasdescribedabove,
as a more complicated system, there is known a system in which
a signal is transmitted to a transcription regulating factor
participating in control of gene expression, via MAP kinase
cascade which is associated with various controls in a cell.
Specific examples of a hybrid—senso: kinase and a signal
transduction systemwhich involves the hybrid-sensor kinasewill

be explained below.

(Hybrid-sensor kinase of budding yeast)

In budding yeast ({Saccharomyces cerrevisiae), the
hybrid-sensor kinase SLN1 is utilized for signal transduction
relating to osmolarity response. The SLN1 is a sole histidine

kinase found in budding yeast. SLN1 is an osmosensing histidine
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conservednotifs common to general histidine kinases as described in
Par ki nson, J.S. & Kofoid, E.C. Annual Review of Genetics 23:311-336(1989),
Stock, J.B. et. al.(1989) Mcrobiological Reviews 53(4): 450-490. For
exanple, in the hybrid-sensor kinase SLN1 of buddi ng yeast, a receiver
region is the region fromamno acid residues 1088 to 1197. As a signal
transduction systemafter a response regulator, in addition to a sinple

PYSU L | nkuRheh By Ohg M LGl LRI 1LS AORBIHBL Fhe there

regul ating factor as descri a nore

regu as” de: above,” &9 d more &8 i
aqulati T sarar @ BaPPPESpl et ol RbhRTOR FhRcrehrast o Ate e

regul ating

ki nase ¢ | i S _associated wit rious controls in a cell

Specific %gﬁg’ﬁé\é@ég rﬂ)&%ﬁ%‘rﬁ&-%&rt% ﬂgég antPH & gar oft the sdwddlon

systenmhighinvglvesthe ngr%d-sensor kinase will be explai ned bel ow.
0 u

(Hybri d- senadf TR Wb PR yEASEFIPNCOURESRE PElashreSakiRasesy ces
cerrevisi é& ? brid-sensor kinase SLNl is utilized for signa

t ransduct 7o ¢ ﬁ%élf ﬁg ‘%’%S%E‘H%?Iéﬁﬂ t §¢ eBPBhsUAPHhe LEERI tPs too¥dRE| st i di ne
ki nase found in buddin% yeast. SLN isan osnosensing histidine 14 kinase
havi ng a TFRERTRHIR &e Ie8GS oA WALVEd IRRATG L by adaPtatitimtarhas

phosphoryl_transfer. signal to the response regulator
glycercl biosynthesis and the like. he output region of the

response regulator SSK1 has an activity of phosphorylating SSK2.
The SSK1 isnegatively controled by phophorylation of an aspartic
acidresidueinits receiverregion, the phosphorylatingactivity
of whose output region is inhibited. Specifically, at a normal
osmolarity, a histidine residue in the histidine kinase region
of SLN1 is autophosphorylated, and the phosphate is subsequently
transferred to an aspartic acid residue of the receiver region
inthe samemolecule, then, toa hiétidine residueof YPD1, finally,
to an aspartic acid residue in the receiver region of SSK1. By
phosphorylation of an aspartic acid residue in the receiver
regionof S5K1, the phosphorylatingactivity of the output region
of SSK1 is suppressed, and the phosphate is not transferred to
a MAP kinase cascade composed of SSK2, PB3Z and HOGl, and then
expression of genes involved in osmolarity adaptation such as
glycerol biosynthesis and the like are not induced. On the other
hand, under a condition of high osmolarity, since
autophosphorylation of a histidine residue of the histidine

kinase region is inhibited in SLN1, the MAP kinase cascade
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SSK1 via the phosphotransmtter YPDL. Downstream of the signal
transducti on, MAP ki nase cascade conposed of three kinases SSK2( MAPKKK),
PBS2( MAPKK) and HOGL(MAPK) lies to regulate expression of genes involved
in osnolarity adaptation such as glycerol biosynthesis and the |ike. The
out put region of the response regulator SSK1 has an activity of
phosphoryl ati ng SSK2. The SSK1 is negatively control ed byphophoryl ati on of

on SSP (L tooBtld EeRie ity Uk LSSTCLoroplogy LG AhoseoiLatie

activity oSe out put rgélon_ls I'nhi D Ted: ( ; _
ool a1 e goll ol Ao, Leol ue i Lhe 01 Sk 1Ey Khnase, <0101, ot SN i
fo a hi st el FRTHR et SoRo SR BRI (antdapatt (4t adiid dog08de in
Fesi due MEUHE TLELi P44 218k on of 'SSKL the phosphoryl ating activity of the
output region of SSK1 is suppressed, and the phosphate is not transferred

to a MAP kinase cascade conposed of SSK2, PBS2 and HOGl, and then

expressiqgigf,genes invol ved in osnolarity adaptation such as glycerol
bi osynt he I LEAT IS 94 Kelnge ot fhesker. y&Sthe other hand, under a

condi tion of hH%P osnol arity, since autophosphorylation of a histidine
resi due of the TR flisfilnn vgafiseFethigrsarahn Bty ess iporseal, thecs/nP

ki nase cascade _15
kinds of hybrid-sensor kinases PHK1 (MAK2), PHK2 (MAK3) and PHK3

(MAKL) participate in requlationof cell cycle progression [G(2)
tc M phase transition] and oxidative stress response. In a
fission yeast, there is no histidine kinase other than PHKI,
PHKZ and PHK3. PHK1 and PHK2 are histidine kinases responsive
tooxidative stress such as hydrogen peroxide and the like (Buck,
V. et. al., Mol. Biol. Cell 12:407-419). Three kinds of
hybrid-sensor kinases PHK1l, PHK2 and PHK3 metiate a phosporyl
transfer signal to the response regulator MCS4 via the
phosphotransmitter SPY1l (MPR1). Downstream of this signal
transduction, a MAP kinase cascade composed of three kinases
WAK1 (MAPKKK), WISl (MAPKK) and STYl (MAPK) lies to regulate
expression of genes involved in regulation of cell cycle
progression and oxidative stress response. The output region
oftheresponseregulatorMCS4hasanactivityofphosphorylating
WAKLl. The MCS4 is negatively controled by phosphorylation of
an aspartic acid residue in its receiver region, the

phosphorylating activity of whose output region is inhibited.
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conposed of SSK2, PBS2 and HOGL is activated, and then expression of genes
involved in osnolarity adaptation such as glycerol biosynthesis and the

l'i ke is induced (Maeda, T. et. al. (1994) Nature 369: 242-245).

(Hybri d-sensor kinase of fission yeast) In fission yeast

(Scchi zosaccharonyces ponbe), three kinds of hybrid-sensor kinases PHK1
(MAK2), PHK2 (MAK3) and PHK3 (MAK1) participate in regulation of cell

cycle progpess@hal 8,2) unbi@ rMaphase atir ¥sidi tqrgn,a:e%é?’{i St v cglrr?

response. In a fission yeast, there IS no |st|d i‘nasé oth han

PHK1,  PHKZsaRdeBHKS. tHE'K?]l g@%?ﬁ@ dn S%e eﬁg ,?1% gfﬁﬁ-ﬁﬂﬂrﬁi ve to

oXi dat| ve st ress such rogen per oxi al .,
o ho! pyibhodpadariatah, e ek adsoRteelvhiy 436000 frrree'ggsaiezac%m

| at { h t [ SPY1 Do t f thi
signal 1 r%“%?éa%tc?g g hﬁﬁ?ﬁﬁé&“ﬁ%‘g@aﬁe zssag;a&a&no%h% RRBE NG TERES . WK1
MAPKK P STY1 t | at f
E:jenes |K)nvo vebl é(l)\m l%{ﬁ e o?e ?/Ilc %PS g %oeﬁ%%p&%%r}v‘g
stress response. The 0qul CS%&({ of t he resgonse regul ator MCS4 has an
activity o O RESHSRHAERRge e FRELIPADRL MSSAegalY W PRGRWAEP DY

phosphorylgtlon of _an asgc?\rtlc acid residue in its receiver region, the
phosphor y¥ t‘-’\rh@sgéfﬂﬂﬁlc Lo dphiRe (RRFSH 3 tegHion pEMCSE, the

phophorylating activity of the output region of MCS4 is
suppressed, and the phosphate is not transferred to a MAP kinase
cascade composed of WAK1, WISl and STY1l, and then expression
of genes involved in regulation cof cell cyele progression and
stress response are not induced. On the other hand, under a
stress condition, autophosphorylation of each of histidine
residues of the histidine kinase regions in PHK1 to PHK3 is
inhibited, a MAP kinase cascade composed of WAK1, WIS1 and STY1
is activated, and expression of genes involved in control of
cellcycleprogressionandoxidative stressresponseare induced.
As a result, it is observed such a phenotype that G(2) to M phase
transition in cell cycle progression of the fission yeast is
promoted, and that a dividing cell length becomes remarkably
shorter thanusual {Aoyama, K. et. al. (2001) Boisci. Biotechnol.

Biochem. 65:2347-2352).

{Hybrid-sensor kinase of bacterium)

In a prokaryotic organism Escherichia coli, the
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16 Specifically, under a normal condition, each of histidine residues in
t he histidine kinase regions of PHK1 to PHK3 is autophosphoryl ated, and

t he phosphates are transferred to each of aspartic acid residues of
receiver regions in the sanme nolecule, then, to a histidine residue of
SPY, finally, to an aspartic acid residue in the receiver region of MC$4.
By phosphorylation of an aspartic acid residue in the receiver region of

VoSt SRR s L L Rl SR Bt MRSy,
composed i8S MLt 30 e RO S BEE SRS e
O L1, AR "R RISl he SREER BRROAY EeshORICERIT A A ED S cech
00 ke M o Coneale, cOpose o it WSk ot STl %

progressign and oxi dative stress response are_induced. As a result, it is
observed W%Sﬁﬂ%tﬁﬁiﬁﬂtmr &BB 16 avtiita dEosphedsianisoi the e efad l\I:‘ycl e
progressi on of the fission yeast is pronmoted, and that a dividing cel

| engt h bet¥he Riarka®bign QhoReeR haanaBsasFivAGyaRd, 1IRAUEHENTal . (2001)

Boi sci. Biotechnol. Biochem 65:2347-2352). (Hybrid-sensor kinase of
bacterit”ﬁranscrlptlon of the cps operon. Specifically, under a normal

condition, a histidine residue in the histidine kinase region
of ResC is autophosphorylated, and the phosphate is transferred
to an aspartic acid residue of the receiver region in the same
molecule, then, to a histidine residue of YojN, finally, to an
aspartic acid residue in the receiver region of RcsB. By
phosphorylation of an aspartic acid residue in the receiver
region of RcsB, the cps operon transcription inducing activity
of the output region of RcsB is suppressed, and expression of
genes involved in capsular polysaccharide synthesis are not
induced. Ontheotherhand,underaconditionofhighosmolarity,
in ResC, autophosphorylation of a histidine residue in the
histidine kinase region is inhibited, the c¢ps operon
transcription inducing activity of the output region of RcsB
is activated, and expression of genes involved in capsular
polysaccharidesynthesisareinduced(Clarke,D.J.et.al.(2002)
J. Bactriol. 184:1204-1208). |

A bioluminescent marine microorganism Vibrio harveyi

emits fluorescent light generated in luciferase reaction




In a prokaryotic organi sm Escherichia coli, the 17 hybrid-sensor kinase
RcsC participates in control of expression of the cps operon involved in
capsul ar pol ysaccharide synthesis. RcsCis a histidine kinase having a
transnmenbrane region, and it is known that it nediates a phosphoryl
transfer signal to the response regulator RcsB via the phosphotransmtter
Yoj N  The output region of RcsB has an activity of inducing transcription

of the cPacoRgHeRy chatd beflddr1 Wil 3 NOLIRL ; LUUIOP n 8o DLSLI Gy ne

residue in the histidine kinase region ophosphory ed, and

egi on 1 n R &n bRRRoT R e il PR Rl o e

region in the sa nol*ecul €, . a . .
phosphor vt T SFERneaSs TR s BT el LS e Rt Raeer et Pog o dr
of ResB | RIpHT ELeie G et BAUIRT GeheenFReEPSER FoeRpRLI 0
pol ysaccharide ,synthesis. are not induced.. On the other hand, under a
condi ti onS%Ifls‘ﬁi]é‘{F 8§HD‘F%:|'ftC§ﬁn51itr¥'R¥s 1ALV bhRFPHESE 4NFoPeeFe RS HI"R i di ne
resi due |?+%agq£l% i diag&qksi/n(t%xsﬁ&;e :;ggé)ifs: iéggigbi tgd:.,L ;hrl\e cps 3(3 _‘10.”
transcrip i i g<outp efHbALBEUREEB ¢t vat ed,
and expressi on of genes involved in capsul ar ol ysacchari de synthesis are
i nduced (ﬁré?%,b LyxNgnd gﬂ_—-2(12@@g)nsed by Lux(?to convey cell-density

information. LuxNand LuxQmediate phosphoryl transfer signals

to the response regulator LuxO via the phosphotransmitter LuxU.

The output region of LuxC has an activity of inducing

transcription of the luciferase operon. To specifically

explain by referring to LuxN, when a cell density is low, since

AI-l in the environment is at low level and is not sensed by

the input regionlof LuxN, a histidine residue in the histidine

kinase regicn of LuxN is autophosophorylated. The phosphate is

transferred to an aspartic acid residue of the receiver region

inthe samemolecule, then, toahistidine residue of LuxU, finally,

to an aspartic acid residue in the receiver region of LuxC. By

phosphorylation of an aspartic acid residue in the receiver

region of LuxO, the luciferase operon transcription inducing

activity of the output region of LuxO is suppressed, and

expression of genea involved inbioluminescence are not induced.

On the other hand, under a high cell density condition, since

AI-1 in envircnment is at high level and is sensed by the input

region of LuxN, autophosphorylation of a histidine residue of
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J. Bactriol. 184:1204-1208). A biolum nescent marine m croorgani smVibrio
harveyi emts fluorescent |ight generated in luciferase reaction 18
depending on its own cell density. Hybrid-sensor kinases LuxN and LuxQ
parcipite in control of expression of a gene involved in this cel

densi ty-responsi ve bi ol um nescence. LuxN and LuxQ are histidine kinases
each having a transnenbrane region. To sense its own cell density, V.

harveyi p £ rets two. ki.nds ,of substances,(Al-1, Al:2) called
autoinducggg%%éﬁfgihgggﬁggﬁ{ﬁgfﬂ}ﬁséﬁ$ﬁﬁ%2?$%ngﬁﬁé%dtbﬁﬁﬂﬁ&f?%?%%nvey
cel | -densi iLnformation,.LuxN and LuxQ _nedi ate_phosphoryl transfer

si gnal s ngfﬁg Fe3RBREEP F AgRIHBICIE S PglFHéOBHQE%H%@%%H@H?E%@P‘Eaxu
The outpug r gion of Lgx has. an fctivit of i,nducing transcription of the
| uci f er as u5§ SRCtIYR §§Lﬁqu%ﬁ YLRSSEENGE e IRFered A5 TESTRGX N  Avhen a
cell densi%y &s Igw sinci Al-1 in the _environnent is at lowlevel and is
not sense8thdl-t heUPRpuMolegMdRrzobiodxN354 180 tiddiine resi due in the

hi stidine kinase region of LuxN is autophosophoryl ated. The phosphate is
transferred to an aspartic acid residue of the receiver region in the sane
mol ecul e, then, to a histidine residue of LuxU, finally, to an aspartic
aci d resi digbradrpenpesekisrspegforlentluxO By phosphoryl ation of an
aspartic acid residue in the receiver region of LuxQO the luciferase
operon transcri pRifopighet@lggt Arabadopsis thaliana, receptor proteins

CREl, AHK2 and AHK3 for a plant hormone cytokinin are
hybrid-sensor kinases. Receptor proteins CRE1l, AHK2 and AHK3
are all cytokinin-sensitive histidine kinase having a
transmembrane region {(Inoue, T. et. al. (2001) Nature
409:1060-1063) . CRElimediatesaiphosphoryl transfer signal to
response regulators ARR1, ARR2 and ARR10 via phosphotransmitters
AHP1 and AHP2. It is considered that output regions of ARRI,
ARRZ and ARR10 have an activity of inducing transcription of
cytokinin-inducing genes ARR4 to ARR7. Specifically, in the
presence of cytokinin, a hisitidine residue in the histidine
kinase region of CREl is autophosphorylated, and the phosphate
istransferred to anasparticacid residue of the receiver region
in the same molecule, then, to histidine residues of AHP1l and
AHPZ, finally, to aspartic acid residues in receiver regions
of ARRl, ARR2 and ARR10. By phosphorylaticn of aspartic acid
residues in receiver regions of ARR1, ARR2 and ARR10, a gene
transcription inducing activity of output regions of ARR1, ARR2

and ARR10 are promoted, and expression of cytokinin-responsive
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activity of the output region of LuxOis suppressed, and expression of
genea i nvolved in biolum nescence are not induced. On the other hand,

under a high cell density condition; since Al-1in environment is at high
| evel and is sensed by the input region of LuxN, autophosphorylation of. a
hi stidine residue of 19 the histidine kinase region is inhibited in LuxN,
the luciferase operon transcription inducing activity of the output region

of LuxO } t4 ' i.n e ks Lnduce F Ny A
et.al. (2%%1@?&&)}?1@&mrﬁg_ﬁoﬁh&%@fggﬁ%§8§, {[Hy%:%l-esrgné'o{ 1 asNea\l:o repI ant)
In a highg{3pé§ t @gﬁgadopsis thaliana, receptor proteins CRElL, AHK2 and
AHK3 for a plan % bne cytokinin are hybrid-sensor kinases. Receptor
proteins CREl, AHK2 and AHK3 are all cytokinin-sensitive histidine kinase
having a transnenbrane region (lnoue, T. et. al.(2001) Nature
409: 1060- 1063) . ,CREL, nedi at es,_a_phosphoryl transfer signal to_ response
regulatorégﬁgéﬂéit?zhﬁﬂ A@@ﬁ@giégﬁﬁﬁsﬁﬂﬁtP¥%§ﬁﬁfP§P§°rAﬁPPa§ﬁd AHP2. It is
consi der ed thag‘outpg%_regions of ARRL, ARR2 and ARRIO have an activity of
i nduci ng transcriipt €6t Lof ST EGEBRE dithak nkRAS thgngngar ikree oo pignase
Specifically, in the presence of cytokinin, a_hisitidine residue in the
hi sti di nd**&GHa3eerli bR BrierREiunstannophodphdryrht eae angriRéighosphat e
is transferred to an aspartic acid residue of the receiver region
ybrid-sensor kinase is lost. Examples of the cell include a

cell in which production of at least one intrinsic hybrid-sensor
kinase is deleted, suppressed or inhibited, a-cell in which
activity of at least one intrinsic hybrid-sensor kinase is
deleted, suppressed or inhibited, and the like. More specific
examples include budding yeast deficient in SLN1, fission yeast
deficient in all of three of PHK1, PHK2 and PHK3, Escherichia
colideficient inRcsC, V. harveyi deficient inLuxN, Arabidopsis
thaliana deficient in CREl, and the like.

In order to prepare the “cell deficient in at least one
hybrid-sensor kinase”, for example, deletion, addition,
substitutionorthelike of oneormorenucleotides are introduced
into the whole or a part of a promoter region or a coding region
of a gene encoding hybrid-sensor kinase to be deleted.
Specifically, for example, the SLNl-deficient budding yeast
strain TM182 can be prepared by the method described in Maeda,
T. et. al. (1994) Nature 369:242-245, the PHK1l, PHK2 and
PHK3-deficient fission yeast strain KIOll can be prepared by

the method described in Aoyama, K. et. al. (2001) Boisci.
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. in the same nol ecule, then, to histidine residues of AHP1 and AHP2,
finally, to aspartic acid residues in receiver regions of ARRL, ARR2 and
ARR10. By phosphoryl ation of aspartic acid residues in receiver regions of
ARRL. ARR2 and ARR10, a gene transcription inducing activity of output
regions of ARRL, ARR2 and ARRLO are pronoted, and expression of

cyt oki ni n-responsi ve 20 genes ARR4 to 7 is induced (Hwang, |I. & Sheen J.

(i nast) ~Re el okt FREGHEN n CBf 294450 508, nyr FACAERSDr “RPRate"  moans a
ot Bxabt s bF TEHBREGFPORRERaab® o 59 WiRCH 2p AOCKT S BIC | e

ot i vy ciee SRERORGERTE Lo dAcRu bRETT firn Ar B Py E0 deRLER R TS |5
il ude bUHETRGLy el WeT B e ASLIEANTfied k64 Spats RARY? £ GTHEAM a1 | of

three of PHﬁ% PHK2 and PHK3, Escherichia colideficient_in RcsC _V.
harveyi de¥bef AN PR PERRATAALDY ddiR e thosarpara 1R 1 dfesRRIoREL A and t he

like. In order_to prepare the "cell deficient in at |east one

hybrid-se%%orakinég%gg)fﬁﬁlexﬁﬁﬁPbioéeléﬁFéﬁ?‘éd@htiEﬁF PEEBSEingdt Bon or

the |like of one or nore nucleotides are introduced
CREl~deficient Arabidopsis thaliana, for example, a clone
defective in cytokine respon'se is selected from clones obtained
by mutagenesis of Arabidopsis thaliana‘ according to the method
described in Incue, T. et. al. (2001) Nature 409:1060-1063.
Genomic CRE1l gene fragmentlis amplified by PCR using a primer
designed based on the nucleotide sequence of the genomic CRE1
gene listed in Genebank accession AB049934 and using a genomic
DNA of the selected clone as a template, and its nucleotide
sequence is confirmed, whereby, a -CREl-deficient clone which
can not express CRE1l can be selected.

Alternatively,. a cell deficient in unknown hybrid-sensor

kinase besides the aforementioned kinases may be also prepared,
for example, by isQlating a hybrid-sensor kinase gene from a
desired cell, and deleting the gene harbored by the cell by
homologous recombination using the gene. For isolating a
hybrid-sensor kinase gene of a desired cell, the structural
characteristic of hybrid-sensor kinases can be utilized. For

example, amino acid sequences around the histidine residue tobe

autophosphorylated are conserved among hisitidine kinase
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into the whole or a part of a pronoter region or a coding region of a gene
encodi ng hybrid-sensor kinase to be deleted. Specifically, for exanple,

t he SLN1-deficient budding yeast strain TML82 can be prepared by the

met hod described in Maeda, T. et. al.(1994) Nature 369: 242-245, the PHK1,
PHK2 and PHK3-deficient fission yeast strain KI011l can be prepared by the
nmet hod descri bed in Aoyana, K et. al. (2001) Boisci. 21 Biotechnol

B e, ey 23AL 2B A0 aB0AIddce AW, FiSSTARI GLEN L Faghetl i Q.00 )

escribed TRESHF]

strain SRCl1 can be prepare
ﬁ'a'rvéi?‘)é%?ﬂhﬁ%sﬁhbs R pe s S SRerd Qﬁﬁﬁfa'ac'e%%%m
‘(JZRél dg;E i Tl ent rigé)%) d&/gy s% %)l%%%eél?%%&g%i%gl é[Feéfl'Elrag écetqs\per in

A abi dopst & PaIT Oiiéﬁﬁagﬁgfeﬁgmﬁﬁi"ﬁéﬁh%%“ a%cglsacwﬁéw”}’%%%ﬁé‘%%’r%p"ef et
by POR uSTHLA BRITEIO" dOSTGRUM S8R0 BRLERESAUEPoASI BE dcRaEABE 20T Lhe

genomi c Qﬁﬁ@ ri%?%ﬁé 8 in GB ank accessi on AB049934 and using a
genomi ¢ ) ?aagere %?éi%nﬁéw%l%ﬁewgnm@mml@@
coquence i ggf,,'eglg% AL B 2 O LT L Sl one L o o
express !
or a hybridization method using an oligonucleotide having a
nucleoﬁidesequénceencodingtheaforementionedconservedamino
gcid Sequences as a prove. By examining whether or not the
aforementioned structural characteristic is possessed based on
an amino acid sequence deduced from a nucleotide sequence'of
the isolated gene, it can be confirmed that the isolated gene
is a gene having a nucleotide sequence'encoding_an amino acid
sequence of a hybrid-sensor kinase. A specific example is a
PCRmethoddescribedinSrilantha,T.et.al.(1998)Microbiology
144:2715-2729. For.PCR and hybridization, for example, the
experimental conditions using upon isolation of the
“polynucleotide having a nucleotide sequence encoding an amino
acid sequence of osmosensing hisitidine kinase having no
transmembrane region” described later may be used.
Alternatively, a hybrid-sensor kinase gene may be also
isolated using, as an index, the functicnal complementation in

budding yeast in which expression of SLN1 is conditionally

suppressed, for example, according to the method described in
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Alternatively, a cell deficient in unknown hybrid-sensor kinase besides
the af orenenti oned ki nases may be al so prepared, for exanple, by isolating

a hybrid-sensor kinase gene froma desired cell, and deleting the gene
har bored by the cell by honol ogous reconbi nati on using the gene. For
isolating a hybrid-sensor kinase gene of a desired cell, the structural

characteristic of hybrid-sensor kinases can be utilized. For exanple,

ami no_acl fagaauences sar aundsihe fistlddiie Il diug, J ohgy . 4.ophosphor vl at ed
n

are conserved anong hisitidine kinase regi ons ani no” aci'd” sequences
around the aspartic acid residue to which a phosphate to be transferred
fromthe histidine residue are conserved anong receiver regions. Then, a

hybri d- se ' ; esj e || can_be isolated by a

ol yrer aseo eparheRag PSS L@ M4 Rl AP ok FotierBerge e dipan

ol i gonucl eot i de i b n_a_nucl.eotide sequence encodin t he
afo?enentioned ggﬁgéggg aﬁ?ﬁgsggﬁéngeéﬁgg&g§n§si&”ﬁﬁ%ﬂQ%V1Q9 é%

hybri di zat | sj.ng. an, ol igonucl eoti de, having a nucl eoti de sequence
encodi ng {:k%gg o&gg‘gﬁfgi% o ?eﬁ?/éld‘td:rﬁ edaépﬁosgﬁ%mn%ntal%%e. By
exanining“%gfihgr or.nog t he aﬁorenentio ed structural characteristic is
possessed bHased Ghr ARt antRo2hct 828kqABRCBYREAECEETSOEM*E NARE edtn de

seqguence gf C%’he ifotated ggge it can,be confirned that the isolated gene
is a gene Havrng a ntidfFBof ReqB¥RL81BRE0di ng. an amino acid

In filamentous fungus, a histidine kinase having a
structure similar to that of the aforementioned hybrid-sensor
kinase is isolated. The histidine kinase has ahistidine kinase
regionandar@ceiverregionwhichareobservedinhybfid—sensor
kinases, and has no transmembrane region, which is cobserved in
many hybrid-sensor kinéses, in its input region, and further
has a characteristic structure in which amino acid seqguences
composed of about 90 amine acids having the amino acid seguence
homclogy to each other are present repeatedly about six times,
in place of the transmembrane region. Although a signal
transduction pathway from this histidine kinase has not been
completely clarified, it is known that the signal transduction
participates in osmolarity response.

In the present invention, “homology” refers to identity
of sequences between two genes or two proteins. The “homology”
is determined by comparing two sequences aligned in the optimal
state, over a region of a sequence of a subject to be compared.

Herein, in optimal alignment of nucleotide sequences or amino
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sequence of a hybrid-sensor kinase. A specific exanple is a PCRrethod
described in Srilantha, T. et. al. (1998) M crobiology 144:2715-2729. For
PCR and hybridi zation, for exanple, the experinmental conditions using upon
i solation of the "pol ynucl eotide having a nucl eoti de sequence encodi ng an
am no acid sequence of osnpbsensing hisitidine kinase having no
transnenbrane regi on" described |ater nay be used. Alternatively, a
hybri d- sensor, ki nase geng be als i so] ated using, as an index, the
funct i onaﬁcégnﬁ?gﬁg%g?i B?lrgi% CORFdi Sy tioh GRi eRlekpPBssfof- GFABLNL i s
conditional ly sug&gegﬁﬁd, for example, according to the method described
in 23 Na§hfadHray e gl logablergoBycy ehebitamshpariscansbe 3z leylatridensi ng
hi sti di ne _kinase having no transmenbrane region) Then, the "osnpsensing
hi sti di nePKi RABRLAGY| #42 hps 1§ reHdmdridie aldginswntt vshagi atpoeuced dhto t he
aforementioned "cell deficient in at |east one hybrid-sensor kinase" in a
functi onaFAPERmiRRRIESEE éxpiamaad. Pred.i Nakent dgsidf.uSqis, Wi st,i di ne
ki nase having a structure simlar to that of the aforenentioned
hybri d- sea%g-%ﬂﬁéw%é]if sHLASBdAlTschilsetdiale Konase lhas Molkatliai ne
ki nase region and a receiver region which are observed in hybrid-sensor
ki nases, Bheldgs, ndlbr ah@redbd &h290 kYi oRLUSHAL W i [STobgesared Higg ek
hybri d- sensor kinases, in its input region, and further

Gibson, Nucleic Acid Research, 22, 4673-4680(19%94a)] and the

like. Theaboveprogramsareavailablet_othepublic, forexample,
inhomepage (http://www.ddbj.nig.ac.jp) of DNAData Bank of Japan
[international DNA Data Bank managed in Center for Information
Biology and DNA Data Bank of Japan {(CIB/DDBJ)) . Alternatively,
the “homology” may be also obtained by using commerc:ially
available sequence analysis. software. Specifically, the
homology can be calculated, for example, by performing homology
analysis with making alignment by the Lipman-Pearson method
(Lipman, D. J. and Pearson, W. R., Science, 227,

1435-1441, (1985)] using GENETYX-—WIN Ver.5 (manufactured by
Software Development Co., Ltd.).

Herein, as the “structure in which amino acid seguences
composed of about 90 amino acids having the amino acid sequence
homology to each other are repeatedly present about six times”,
for example, there is a repeat sequence region described in
Alex,L.A.et.al.(1996)Proc.Natl.Acad.Sci.USA93:3416—3421,
Ochiai, N. et. al. (2001) Pest Manag. Sci. 57:437-442, Oshima,

M. et. al. (2002) Phytopathology 92:75~80 and the like, and such
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has a characteristic structure in which am no acid sequences conposed of
about 90 am no acids having the am no acid sequence honology to each ot her
are present repeatedly about six tinmes, in place of the transmenbrane
region. Although a signal transduction pathway fromthis histidine kinase
has not been conpletely clarified, it is known that the signal
transduction participates in osnolarity response. In the present

i nventi ongphe @Qrpﬁj y | tity, of.sequences b n, tWwo, genes or
two protei ne SLHCT oerr%ﬁgjg:)r/e%e%?cségg?l grﬁm%%ﬁmb@a 5%&3%@%&%%%%3

al i gned ip; opt4.mal._ State, .over a region of a sequence of supject to
be conpar géﬁggﬁbrel:‘}gfg i e 25T SP“‘RSC?Ieélog%d%bg‘éEu%(ﬁ@é%l ani no
24 acid s ces to be.conpared, addition or deletion (e.g. gap etc.) may
be al | owa ?£&Q§uc% rtelgga.tﬁéﬂ& 8§§Seegna*5%u & ThItHES EJ?EIJIH%SI SYVEHRR ysi s
wi t h maki ng.@li nnment us%ng a program_of FASTA [ Pearson & Lipman, Proc.
Nat| . AcadCtS&HeIUIELe BotL 199&‘ Péahqut Blrari noacddsul s gteraatedour nal
of Mol ecuLar Biology, 215, 403-410(1990)], CLUSTAL W ][ Thonpson, Higgins &
G bson, NutY®icHes %&és%ﬁ%#,y 825 13k 3t 1eBER 109 /EGReAh FRIRENES K& - The
above prograns are available to the public, for exanple,

i nhonepaget™Es E90SR. d @] aRiLgcadciif) 8EIRRACERAt BAnk@tPJsparef about
[internat]onal DNA Data Bank managed in Center for Information Biology and
DNA Dat a Barfkn ot Japhes (£5 prepeatred. skt bimgsi fellyowed by a seventh

truncated repeat sequence (6.7 times repeat), and the like.
Specifically, in amino acid sequence of a histidine kinése of
the present invention, examples of the “a region in which amino
acid sequences composed of about 90 amino acids having the.amino
acid sequence homology to each other are present repeatedly about
six times” include a region from amino acid residues 190 to 707
in an amino acid sequence represented by SEQ ID NO: 1 (5.7 times
repeat), a region from amino acid residues 189 to 706 in an amino
acid sequence represented by SEQ ID NO: 16 (5.7 tirﬁes -repeat) ‘
a region from amino acid residues 176 to 693 in an amino acid
sequence represented by SEQ IDNO: 41 (5.7 times repeat), a region
from amino acid residues 192 to 709 in an amino acid sequence
represented by SEQ ID NO: 55 (5.7 times repeat), and a region
from amino acid residues 299 to 911 in an amino acid sequence
represented by SEQ ID NO: 68 (6.7 times repeat), and the like.

The “‘osmosensing histidine kinase havingno transmembrane
region” is the aforementioned histidine kinase characteristic

in filamentous fungus, and refers to a osmosensing protein having

26



t he "honol ogy" may be al so obtained by using commercially avail able
sequence anal ysis software. Specifically, the honology can be cal cul at ed,
for exanple, by perform ng honology analysis with making alignnent by the
Li pman- Pearson nethod [Lipman, D. J. and Pearson, W R, Science, 227,
1435- 1441, (1985)] using GENETYX-W N Ver.5 (manufactured by Software

Devel opnment Co., Ltd.). Herein, as the "structure in which amno acid

sequencesy 995@9§egﬁgﬁeﬂégu£e go g%?oaﬂfﬁgsa$ﬁyigg ﬁgﬁEégﬁééﬁﬁgégqgg uence

honol ogy to each other are repea y present about” SiX
(1006 pr oo Ret . AREER 2L IEURRES: LR ot Yea sp duadeeriong loghoot)
o5 5ot e SRt FranhalHShalIR b
N—terninag &e%ggn of tnfﬁhisiti e kinase. The "am no acid sequences

a

conposed © DUt 190" Ant A" SREFGE 28Fe TPEpEEt edl y present about six tines"
i ncl ude an aninﬁ? acid sequence, notif conposed of about 90 am no acids is

repeated five t7 MsFol toved by a ik it (Rupkeindaefds Lnfteme 45, 7

tinmes repeat% an, am.no aci d sequence notif conposed of about 90 amino
aci ds i s TEPRIERINY D15 EIIRS| FHNRIE hyehansrment af dhetsen sddpesity

seqguence %f.? tiges repeat), and the like. Specifically, in amno acid
sequence ALHT L5 YPRBOLkRRASY Dfress may be confirmed when the protein

(histidine kinase) is deleted from the cell. Alternatively,
it may be also confirméd that a protein (histidine kinase) is
osmosensing histidine kinase, by confirming that expression of
the protein in an osmosensing hybrid-sensor kinase
SLNl-deficient budding yeast cell results in a functional
complementation of the SLN1 and the budding yeast cell capable
of growing.

Among filamentous fungi, mainly, in Neurospora crassa
which is a model organism of filamentous fungus, a plant
pathogenic filamentous fungus which is a pathogenic
microorganism,ahostofwhichisaplant,orthelike,thepresence
of the “osmosensing histidine kinase having no transmembrane
region” is reported.

Examples of ﬁhe.“osmosensing histidine kinase having no
transmembrane region” of the present invention include an
osmosensing histidine kinase having no transmembrane region,
which has an amino acid sequence selected from the group

consisting of:
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the present invention, exanples of the "a region in which amno acid
sequences conposed of about 90 am no acids having the am no acid sequence
honol ogy to each other are present repeatedly about six tinmes" include a
region fromamno acid residues 190 to 707 in an am no acid sequence
represented by SEQID NO 1 (5.7 times repeat) , a region fromamno acid
residues 189 to 706 in an am no acid sequence represented by SEQ ID NO 16
(5.7 tine epgat) i f i i k . 3. in an
Sa'j RRalnino &IKIIS %uéeréfaé@y%?lz%ﬂl %qu%éﬁ%ﬁ_%geﬁ%&g?dige61?1pne%% "

am no aci sequence represe nes re
region f . A I i S 2 to 709.i.n an_am no aci,d sequence

repr esent égg%g@g%t?%h%@éﬁéggk{grfl l|Orrl%e’s Wrzéﬁ}éaﬁé)s B VTS e G Sﬁﬁgn‘seq Yhr&ni no
acid resi 1 .in_an am acid _sequence represented by SEQ ID
"o o (o HTEERY oR Y o uRle TR Hhel L pred e RN TR NS mase
havi ng no,transne e..region” is_the afaqrementioned histidine kinase
characterpgt 24 Pﬁb$?5aﬁgnﬁ§ﬁs #&ngég,agﬁﬂ%@éfeys to a osnbsensing protein
about 190 SR it FETO MM G SoHETAR Y. AE] CAIEReHERS o SRyPe BAR
other, a histidine kinase region and a receiver region, and having no

t r ansmenbl aheRP efP ohF2NANEIRERNE o LBGAPPY NivhREh & Spesteidecthdy thdNunct i on

of  osnobsens] ng, hi stidi ne kinase, enhancenent of the sensitivity of a cell
to osnol afPR{1 5t #dsRY ndyPRLYEBRRPENEHaWAeAeBREIpROMSILAY a Fusarium

OoXysporum-derivedcDNAas a templateandusinganoligonucleotide

having the nucleotide sequence represented by SEQ ID NO: 52 and
an oligonucleotide having the nucleotide sequence represented
by SEQ ID NO: 53 as primers;

(c) an amino acid sequence of an osmosensing histidine kinase
having no transmembrane region, which is encoded by a DNA
amplified by a polymerase chain reaction using a Mycospharella
tritici-derived cDNA as a template and using an oligonucleotide
having the nucleotide sequence represented by SEQ ID NO: 64 and
an oligonucleotide having the nucleotide sequence represented
by SEQ ID NO: 65 as primers;

(d) an amino acid sequence of an osmosensing histidine kinase
having no transmembrane region, which is encoded by a DNAl
amplified by a polymerase chain reaction using a Thanapethorus
cucumeris-derivedcDNAasatemplateandusinganoligonucleotide
having the nucleotide sequence represented by SEQ ID NO: 85 and
an oligonucleotide having the nucleotide sequence represented

by SEQ ID NO: 86 as primers;
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(histidine kinase) is deleted fromthe cell. Alternatively, it may be also
confirmed that a protein (histidine kinase) is osnosensing histidine

ki nase, by confirm ng that expression of the protein in an osnbsensing
hybri d- sensor ki nase SLNl-deficient budding yeast cell results in a
functional conplenentation of the SLNL and the buddi ng yeast cell capable
of growi ng. Anong filanmentous fungi, mainly, in Neurospora crassa which is

a model oqgpnisAmind id-aMEREUS nfeNg¥Sa , & S AU Sis)’?‘} Qﬁ%ﬁﬁ%ﬁé'@i@giﬁf or

fungus which is a pathogenic ™ mcroorganism a ho Isap
the like, hihenpreseresnsfbnbiena0 Si histidi .Ki_ nase havi ng no

t ransnenbr ane Eregion"nfs rep%??eggazggﬁppgéggfEﬁhgg%6§§§s§ﬁ§Whg hi sti di ne
i nvention include an

Ki hawi i " he. ]
nase narkifobRenbEANSPARLANE LAd' A0S eho! hR;RLCSEN, LAYENLIon, | ne ude a

osnmosensi ng hi'stidine kinase having no trans ane :
201 0 sequeTR e T R R o c¥Fame ki nase. havi ng no tranehenbrane.
o act i SegarbyEor len e e SRS P bp S SREPR P KOSEQ D 98 Tarkd 768: (b)
an am no P&)i dchsee%lrjr&rxll%ea%fi gegag%scgngielrjlgegieg%ggi Q}? Ski*;‘_.(slaIs[()3 NO: 55; and
(h) the amino acid sequence represented by SEQ ID NO: 68.
A preferred aminc acid sequence homology in the above (a)
may for example be about 95%, or higher such as about 98%. The
difference from the amino acid sequence represented by any of
SEQ ID : 41, 55 and 68 observed in the amino acid sequence of
the above (a) may for example be a variation such as the deletion,
substitution and addition of amino acids. Such a variation
includes a variation which can artificially be introduced by
means of a site-directed mutagenesis method or a mutagenic
treatment as well as a polymorphic variation which occurs
naturally suchasadifference inanamino acid sequence resulting
from the difference by the species or strains from which the
protein is derived. As the site-directed mutagenesis method,
for example, there is mentioned the method which utilizes amber
mutations (capped duplex method, Nucleic Acids Res., 12,
9441-9456 (1984)), the method by PCR utilizing primers for
introducing a mutation and the like.

At leastone, specificallyonetoseveral {(herein'"several"

means about 2 to about 10), or more amino acid residues may be
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havi ng no transnmenbrane region, which is encoded by a DNA anplified by a
pol ynerase chain reaction using a Fusarium oxysporumderived cDNA as a
tenpl ate and using an oligonucl eotide having the nucleotide sequence
represented by SEQ ID NO 52 and an oligonucl eotide having the nucl eotide
sequence represented by SEQ ID NO 53 as priners; (c) an amno acid
sequence of an osnobsensing histidine kinase having no transnmenbrane

" egi on, - whiehoiis i Aneadegbbyeay DA L aBRL Atk by it Pl HTPrASE Al N, pact i on

using a Mycospharella tritici-deriv cDNA as a tenp usi ng ‘an

i | et {-&e; ' h Lde. se en by SEQ I.D NO
54 9nd an ol | gonucl 2ot e RET RS Thel Aucbali Be Coionte U RIRYY by

SEQ | D NG n68nasoR! LIE' B m no aci d sequence of an osnobsensing
hi sti di ne kingseo ha%?ngen%g%sgggﬁénbrane region, which is encoded by a DNA

Heri ved cDlA a2t o TErar e stan BETRG AR orontEreatiRe T hat PRy the
navi ng. e et St Fo LR BERE CoPaRr LecRFRE T b paokD FheNBRLBE 46 I6F | ners: 28
{ Anemenbr e FEgh on I T ST c TS GRITPHEE oht 958 SRREST Bhs and has
the am'“%§g¥ékﬁ§%&§¥§§,charge,pK,stereo—structuralcharacteristic,
or the like are more preferably replaced with each other. For
example, such substitutable amino acids are in each of the
followinggroups:1)glycineandalanine;Z)valine,isoleucine,
and leucine; 3) aspartic acid, glutamic acid, asparagine, and
glutamine; 4) serine and threonine; 5) lysine and arginine; and
6) phenylalanine and tyrosine.
The“osmosensinghistidinekinasehavingnotransmembrane

region” will be further explained with the specific examples

shown below.

(Osmosensing histidine kinase having no transmembrane region
of Neurospora crassa)

A protein 0S-1 encoded by an os-1 gene isolated from an
osmosensing mutant os-1 of Neurospora crassa can be mentioned
as the “osmosensing histidine kinase having no transmembrane
region” (Schumacher, M. M. et. al. (1997) Current Microbiol.
34:340-347, Alex, L. A. et. al. (1996) Proc. Natl. Acad. Sci.

USA 93:3416-3421). Aminoacidsequencesof08-1andnucleotide

30



represented by SEQ ID NO 90; (f) the am no acid sequence represented by
SEQ ID NO 41; (g) the amno acid sequence represented by SEQ I D NO 55;
and (h) the am no acid sequence represented by SEQ ID NO 68. A preferred
am no aci d sequence honology in the above (a) nmay for exanple be about
95% or higher such as about 98% The difference fromthe amno acid
sequence represented by any of SEQ ID : 41, 55 and 68 observed in the

anino_aci £bARGISS S Otnel 96- ARRUE GaL JAYLLOh-EXAUMLR0 bR 1 WAL such

as the dele substitution and a on of am no aci

vari ati orcedéﬁérvﬁeéc@e%sg{mtwo%égb ER %gég gf ;ﬁi%gpgégglagi @%@%@g%%q bgs

means of a site-direct nut agenest s’ met reat nent
vell as a0l yipr Bl%l:%s\é%hg}é&é'sé"f‘b%'ﬁ1%%?‘frasnd G%}L‘iri%'y'%f%%l N dss1
difference 1n an amno aci d sequence resul'ting rom't he “di fferenc y the
species o strains_ fromwhich th rotekn is,derived.  As, tfq% site-directed
mut agenesi s ma h%%?ee?%)?gé&y ?r%%ofﬁaptlkgn%ﬁt?%%u‘?ﬂﬁﬁ (‘?&r\fv?ﬁeén
utilizes .an? r ti,ans (gapped. dupl ex nmet hod, Nucl ei Acif Res., 12,
0441- 04561 1853 12 nd0fat oty THCH QRRITS TG 55 RGFEnEPS  f ADaisi ng
mut at i on har%e Iikg.. A% Ieagt, gne, specjfically one to several é erein
"sever al "'t SeBBALL VALY S ARG ATHOL AT WHSE TERATHBRAR 3 e SF R¥L Ifay be
29 varied ., n the above variations. The anmi no acid residues my . .
strain, it has been found that 0S-1 is an osmosensing histidine
kinase involved in osmolarity adaptation in Neurospora crassa.
It is known that 0S-1 has the aforementioned structural
characteristic based on its amino acid sequence. In addition,
it is known that Neurospora crassamutant os-1 has the resistance
to fungicidés containing, as an active ingredient, a
dicarboxyimide antifungal compound, an "aromatic hydrocarbon
antifungal compound" or a phenylpyrrole antifungal compound.
Further, agenemutationwhich leads toanaminoacidsubstitution
in a characteristic repeat sequence region of 0S-1 was observed
in the os-1 mutant gene isclated from Neurospora crassa mutant
exhibiting the resistance to a fungicide containing a
dicarboxyimide antifungal compound as an active ingredient
(Miller, T. K. et. al. (2002) Fungl Gen. Biol. 35:147-155). From
‘the foregoing, it is predicted that an antifungal compound

contained as an effective ingredient in the aforementioned

fungicide targets 0S-~1 of Neurospora crassa.
(Osmosensing histidine kinase having no transmembrane region
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be varied in any nunbers as far as the effect of the present invention can
be observed. O the deletion, addition, and substitution, the substitution
is particularly preferred in the amno acid variation. Am no acids that
are simlar to each other in hydrophobicity, charge, pK, stereo-structural
characteristic, or the like are nore preferably replaced with each other.
For exanple, such substitutable amno acids are in each of the follow ng

gr oups: lafg@a@tfgtgﬁgaakggkgglg%ayal|ne i sol eucine, and |eucine; 3)
aspartic acid tam c acid, asparagine, and glutanmne; 4) serine and

throoni ne; 5) | e, 200 @Egnk BSnodBile sl RUePYLALaN ne, 200 Jyrpr e, The

"osnobsens ing histidine klnase rane
hi'sti di ne o ana it Ao PP a g réﬁég'r Qg%xf“oﬁrew%;ﬁ%%ﬂ%%i;?%
et o Nt BEDSPd et g%ﬂ”ciﬁbés%%@ﬁ?%%ﬁé%kgdgé%ﬁﬂ‘ogagm"ﬁéﬁﬁé's% 5 di e
&P?Zﬁt " G T R 8 nifsOF ol SCRHERGEE padonpi PPogCift [
Acad. Sci_, _ USA 93:3416- 4 no aci d, sequences of OS-|and nucl eoti de
30 sequences are pu hed n}nucfeotl e sequence: GeneBank

accession AF396287, AF435964, amino acid sequence: GeneBank
accession AAL37947, AAL30826). It is known that BcOS-1 has the
aforementioned structural characteristicbasedonitsaminoacid
sequence. In addition, in the Bc0S-1 gene isolated from a
Botryotihia fuckeliana strain resistant to a fungicide
containing a dicarboxyimide antifungal compound as an active
ingredient, a mutation which leads to amino acid substitution
in the characteristic repeat sequence region of BcOS-1 was
observed, as in the 0S-1 gene isolated from a Neurospora crassa
strain resistant to a fungicide con‘taining a dicarboxyimide
antifungal compound as an active ingredient. Further, since
an antifungal compdund-—resistant mutant deficient in the Bc0S-1
has the higher osmolarity sensitivity than that of awild strain,
it is known that Bc0S-1 is osmosensing histidine kinase (Oshima,
M. et. al. (2002) Phypotathology 92:75-80).

More specifically, examples of Bc0S-1 include BcOS-1

having an amino acid sequence represented by SEQ ID NO: 1 which

was isolated from Bc-16 strain described in Example.
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sequences of the os-1 gene are published (am no acid sequence: Genebank
accessi on AAB03698, AAB01979, nucl eotide sequence: Genebank accession
050263, 053189), and utility of OS-land os-1 gene in screening system for
antifungal conpounds is described in US 5, 939, 306. Since Neurospora
crassa, mutant os-1 has the higher sensitivity to high osnolarity stress
than that of a wild strain, it has been found that GS-i is an osnobsensi ng

hiStidine(Ogﬁﬁééﬁsiﬁ%9$¥§@i%fngsﬁgﬁégétﬁé&ﬁ tﬁgiﬁygdiaewﬁg%g%gg%%ﬁﬁgfssa'

It is known that OS-1 has the af orenenti oned structur iC

based on 5%qw§%§$§oﬁg§gtﬁggggg e. In addition, it is known that Neurospora

crassa nut ant e resistance to fungicides containing, as an
active ingredi di boxyim de antifungal, co und, an "aromatic
hydr ocar bon aﬁ%%?rﬂfﬁlg%l 6%?%63%r?dsmo(f’rerbsﬂ%’eﬁw%gtﬁq&&rge)q%ﬁaisﬁr?é’é’llrtgor‘?ﬁound.
Furt her, en tati on whigh.|l eadg t m no acid substjtutio in a
char act ert 5T LS UGHATS SERIGHE o PERPOR THHE LR 110RR 0B ERS & 1597 1 nass- 1
mut ant geng_j sol ated from Neurospora cras%ﬁafutant exhi biting the
resistang%fki)%?qﬁuhﬁ &i dBPEoRPEP HPAQUE EUINSHIRSRATR FF 3R i9urg & Cenpound
as an active_ingredi eng éhﬂller g. K. et. al. (2002) Fungl Gen. Biol.

35: 147- 153)9 @ NUELSRL 15 $H1eRfeR ART 3o pedf Secarnics 2 5 PHRLLAGRGaI

conpound , contained as an effective ingredient in the aforenentioned
f ungi ci de('flhcrn]g“eqfsl‘&-sf%ﬁ‘e%r GEpEPansr acsas st eB MMM hly WMtiRcd ki nase

havi ng no transnenbrane regi on , )
sequence: GeneBank accession BAB40947). It is known that HIK1

has the aforementioned structural characteristics such as lack
of the transmembrane region based on its amino acid sequence.
In addition, it is observed that Magnaporthe grisea deficient
in the hikl gene has the higher osmolarity sensitivity than that
of a wild strain, demonstrating that HIKl is an osmosensing
histidine kinase
(hppt://www.scli.saitama-u.ac.jp/seitai/iden/Japanese/Abst
Symp3.html} .

More specifically, examples of HIKl include HIK1 having
an amino acid sequence represented by SEQ ID NO: 16 which was

isolated from the P-37 strain described in Example.

(Definition of filamentous fungus and yeast)

In the present invention, the “filamentous fungus” means
fungi other than fungi which can be classified as yeast, among
fungi consisting of Myxomycota and Eumycota, described in

“Revised Edition, Classification and Identification of
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31 of Botryotinia fuckeliana) Exanples of the "osnosensing histidine kinase
havi ng no transnenbrane region" include BcOS-1 of Botryotinia f uckeliana.
The BcOS-1 gene was isolated as a gene honol ogous to Neurospora crassa
0S-1 gene, and nucl eoti de sequencez and ami no acid sequences are published
(nucl eoti de sequence: GeneBank accession AF396287, AF435964, am no acid
sequence: GeneBank accession AAL37947, AAL30826). It is known that BcOS-1
has the mf&rc@f?mi@a@i_(sbnuﬁbqr)ql e@heEaderiRbhsrianetoana,t Soakpy acid
sequence. In addition, in the BcOS-1 gene isolated froma éotryotlnla
fuckel i amupItilsMih g eHrtant ﬂgB&i(rHENfﬁiﬁ%zéiﬁﬁ§@DGP9.a%ﬁ?ﬁ?ﬂ&%%ﬁﬁ‘de

Ich lTeads to

antifungal conpound as an active ingredient, a nutation

BeCB 1 ves e e B el e e e pora crassa
oy LS d MBS CRDL oY & L EARNAI dFop 0L Lunon
ool ari AT AP R Aarddheqlf BRI 1S R THEE Becs |
03: 75 aor FbRY b Lttty PR sl ST AN X havi ng an
am no aCMQs%%%%%g%%t&%%ie%%ﬁ%%%d?’é?%?dd%éﬁ% ShﬁMﬂﬁ¥Eopus oryzae

belonging toZygomycotina, Neurospora crassa, Mycospharella

tritici, Erysiphe graminis, Linocarpon cariceti, Cochliobolus
miyabeanus, Botrytinia fuckeliana and Magnaporthe grisea
belonging'toAscomycoﬁina, Ustilago maydis, Puccinia recondite
and Thanatephorus cucumeris belonging toBasidiomycotina,
Cladosporium fulvum, Alternalia kikuchiana and Fusarium
oxysporum belonging to Deuteromycotina, and the like.

In addition, yeast means fungi in which they are grown
mainly by budding, a single cell generation is long, a colony
formed by growth of a single cell does not become hairy, but
becomeswhitebright paste-like” asdescribedin“RevisedEdition,
ClassificationandIdentificationofMicroorganisms(Volumel),
edited by Takeharu HASEGAWA, Society Publishing Center, 1984
(ISBN 4-7622-7399~6) ", Examples thereof include Saccharomyces
cerevisiae belonging to genus Saccharomyces,
Schizosaccharomyces pombe belonging to genus
Schizosaccharomyces, Phichia burtonii belonging to genus

Phichia, Candida albicans belonging to genus Candida, and the
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was isolated from Bc-16 strain described in Exanple. 32 (Gsnobsensing

hi sti di ne ki nase having no transnmenbrane regi on of Magnaporthe grisea)
Exanpl e of the "osnobsensing histidine kinase having no transnenbrane
region” include H K1 of Magnaporthe grisea. The hikl gene is a gene

honol ogous to Neurospora crass 0s-1 gene, and a nucl eotide sequence and an
am no aci d sequence are published (nucleotide sequence: CGenebank accession
AB041647,; arda no acid sequence: CGeneBank accession BAB40947). It is known
that HHK1I has the aforenentioned structural characteristics such as | ack
of the transnmenbrane region based on its am no acid sequence. |In addition,
it 1s observed that Magnaporthe grisea deficient in the hiki gene has the

I T
hppt: // .SCl.sait - u. | plseitai/iden/J [ / t Synp3.htnl).
(nppt 1wt sl et acc ol selL okl deplDepaneserAbst o Supa P )

sequence represented by SEQ ID NG _16 ich was isolated fromthe P-37
strain d Qﬁﬁfiqugé%ﬁﬁ .n(?¥ﬁ+$ﬁ?g%ﬂ PP PYadeRARGUBR RN GRY TERd Sy east )
In the present invention, the "filanmentous fungus" nmeans fungi other than
f ungi Wi SRR GO ad \RAINT AP gt ansmembrane region)

As a specific example of the “osmosensing histidine kinase
having no transmembrane region”, there can also be exemplified
“osmosensing histidine kinase having no transmembrane region”
having mutation which confers resistance to any of a
dicarboxyimide antifungal compound, an "aromatic hydrocarbon
antifungal compound” and a phenylpyrrole antifungal compound.
Specifically, there can be exemplified Bc0S-1 having an amino
acid sequence represented by SEQ ID NO: 13 which is described
in Example.

Herein, the dicarboxyimide antifungal compound is a
generic name of antifungal compounds having dicarboxyimide as
a basic structure, and examples thereof include antifungal
compounds described in Modern Selective Fungicide-Properties,
Applications, Mechanism of Action-2™ revised and enlarged
edition Lyr, H. ed. Gustav Fisher Verlag, New York, USA ISBN
3-334-60455-1 Chapter 6, p99%-118. Specifically, there are a
compound having a structure represented by the chemical formula
(1) (Procymidone: hereinafter, referred to as Compound (1) in

some cases), a compound having a structure represented by the
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fungi consisting of Myxonycota and Eunycota, described in "Revised

Edition, Cassification and lIdentification of 33 Mcroorganisnms (Volune 1),

edited by Takeharu HASEGAWA, Soci ety Publishing Center, 1984 (I SBN

4-7622-7399-6)". Exanples of filamentous fungus classified in Myxomycota

I ncl ude Pl asnodi ophora brassi cae bel onging to Pl asnodi ophoronycetes. In

addi tion, exanples of filanmentous fungus which is classified in Eumycota

i ncl ude Rhyd Pt hoFa-4d.nf £st-ans | 0. t E%@ﬁg' | ' S

stol oni fer and Rhi zopus or§§%e“ﬁﬁgﬁgﬁﬁﬁﬂglﬁ% ygo#;c0|;%§f Lﬁ%ﬁ%%%%y

crassa, nhag e ctrifici I phe ].ALS L ngcar pen riceti
'\%“? Li)a ih é@ﬁ%rﬁ?g‘%ﬁgz' Q g{ngghﬂd halcrk/glg ar RN G0 G

Cochl i obo m yabeanus, fuckel'tana an naporthe grisea

bel ongi n tin Usti | ago dis, . Pucginig.recondi.t.e and
Thanatep%g%ﬁéﬁ%%gﬁﬁgr#%a%% o) %?% C?ggégrﬂpéﬁyggbiﬁg}ncépéa&§ﬁdriun1fu|vun1
Al ternali,a kikuchi ana a Fusarium _oxyspor el onging to ut er coti na,
o't he. (i AR e R0 ED TR CREERN T S ron S rege ) i o
mai nl y by, huddi ng, single cell. generation is_long a colony forned by
grovth of ST ndPs CAHOTRISS AOHRSRRP AR EURASL LERERRE R 18 Br i ght
paste-like" as described in"Revised Edition, Cassification and

| dent i fi GRITN- 0PN PdorGEATFEREALVEPTIRBUNS hawipe @ REERH HURHASEGAVA,

Soci ety Publishing Center, 1984 (ISBN 4-7622-7399-6
i ncl ude QNékﬁﬂF

C 1 ". Exanpl es thereof
ture, and examples therecof include antifungal

compounds described in Modern Selective Fungicide-Properties,
Applications, Mechanism of Action-2™ revised and enlarged
edition Lyr, H. ed. Gustav Fisher Verlag, New York, USA ISBN
 3-334-60455-1 Chapter 5, p75-98. Specifically, there are a
compound having a structure represented by the chemical formula
(4) (Quintozene: hereinafter, referred to as Compound (4) in
some cases), a compound having a structure represented by the
chemical formula (5) (Tolclofos-methyl: hereinafter, referred
toasCompound (5) insomecases). Inaddition, thephenylpyrrole
antifungal compound is a generic name of antifungal compounds
having phenylpyrrole as a basic structure, and examples thereof
include antifungal compounds described in Modern Selective
Fungicide-Properties, Applications, Mechanism of Action-2™
revised and enlarged edition Lyr, H. ed. Gustav Fisher Verlag,
New York, USA ISBN 3-334-60455-1 Chapter 19, p405-407.
Specifically, thereareacompoundhavingastructure represented
by the chemical formula (6) (Fludioxonil: hereinafter, referred

to as Compound (6) in some cases), a compound having a structure
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cerevisiae belonging to genus Saccharonmyces, Schizosaccharonyces ponbe

bel ongi ng to genus Schi zosaccharonyces, Phichia burtonii belonging to
genus Phi chia, Candi da al bi cans bel onging to genus Candi da, and the 34

i ke. (Gsnpbsensing histidine kinase having nutation which confers

resi stance to any of dicarboxyimde antifungal conpound, aromatic

hydr ocar bon anti fungal conpound and phenyl pyrrole antifungal conpound, and

havi ng no-dsaasdmedd apg £68i OMnfSa8 8peRhiLC (¢xarPLapetibhe1’osnDsensing

hi stidi ne kinase having no transnenbrane region”, there can al so be

exenpl I 1 116dke{ OPMRSENTNG NS LOIN1E dBRRANY) N, BBkl BRSEENDI AN eeal on”
havi ng nmutation which confers resistanCe to any of a di car boxyl m de
anti fungal; gonpound, an "aromatic hydrocarbon antifungal conmpound” and a

phenyl pyrrol e antifungal conmpound. Specifically, there can be exenplified

BcOS-1 havi ) i S ID.NOQ .13 which i
describod. 1o BEARAR SR h SR LesRah e R R ca RSy R (o &
i ) tif I ; ds, havi di b im. basi
Irrtet ur G ANE HE T oo A RR e BREFTERGAPS EBMbOURAS descr . bed in
Nbder n Sel Getd e, Ful C@%@P%g,greééigs@tﬁp&égftegﬂgbu%ghgg'esgk%n

below.

(1) Compound having a structure represented by the chemical
formula (1) (Compound (1))

Chemical formula (1)
G; 0 CH,
Gl 0 CH,
(2) Compound having a structure represented by the chemical

formula (2} (Compound (2))

 Chemical formula (2)

“ 5\ N/H\N/thc"a
b

Ci 0

(3) Compound having a structure represented by the chemical
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edition Lyr, H ed. Gustav Fisher Verlag, New York, USA | SBN 3-334-60455-1
Chapter 6, p99-118. Specifically, there are a conpound having a structure
represented by the chemical fornmula (1) (Procym done: hereinafter,
referred to as Conpound (1) in sone cases), a conpound having a structure
represented by the 35 chemcal formula (2) (Iprodione: hereinafter,
referred to as Conpound (2) in sone cases), a conpound having a structure
representegrfly1 4 heschemmabuh@r gyl a (3) (Vinclozolin: hereinafter, referred
to as Conpound (3) in sone cases) and the |ike. The "aromatic hydrocarbon
antifungaldggﬁﬂyﬁﬂkdﬁﬁﬁiag@ﬂeric nanme of antifungal conpounds having a
benzene ring as a basic structure, and exanpl es thereof include antifungal
conpounds described in Mddern Sel ective Fungici de-Properties,

Appl i cati BAs, sm of Action-2nd revised and enlarged edition Lyr, H
ed. Custav fE==she , New York, USA | SBN.  3-334-60455-1 Chapter 5,
p75-98. Spg thjerg,are a conpound having a structure represented
by the chelg fb(cyintozene: hereinafter, referred to as

Conmpound (4 SO ca 8§L a conpound having a structure represented by
the chemeceal fornupa (59 (Tﬁﬁtlofos-nethyl: hereinafter, referred to as
Compound (5) in sonme cases) . In addition, the phenyl pyrrole antifungal
conmpound is a generic nanme of antifungal conpounds having phenyl pyrrole as
a basic structure, and exanpl es thereof

{(4) Compound having a structure represented by the chemical
formula (4) (Compound (4))
Chemical formula (4)

Ci
cl Gt

cl ol

N O,

(5} Compound having a structure represented by the chemical
formula (5) (Compound (5))
Chemical formula (5)
N
/
CHy o ocH
Haco

cl

(6) Compound having a structure represented by the chemical

formula (6) (Compound (6))
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i nclude antifungal conpounds described in Mdern Sel ective

Fungi ci de- Properties, Applications, Mechani smof Action-2nd revised and
enlarged edition Lyr, H ed. Gustav Fisher Verlag, New York, USA | SBN
3-334-60455-1 Chapter 19, p405-407. Specifically, there area conpound
having a structure represented by the chem cal fornmula (6) (Fludioxonil:
hereinafter, referred to as Conpound (6) in sone cases) , a conpound
having a s r nted by the chem cal formula (7)
(Fenpiclonéﬁgﬁiﬁéiefﬁg ng,?§2ferred to as Conpound (7) in sone cases) and
the |like. Chem cal formulas of the aforenentioned di carboxyi m de

anti fungal conpound, { aromatic hydrocarbon antifungal conpound” and

phenyl pyrrtl f upgak, conpounds are shown below. (1) Conpound having a

structure { the chemcal fornula (1) (Conpound (1)) Chem ca
formula (1) gff~ (2) Conpound having a structure represented
by the che formula (2) (Conmpound (2)) Chemcal formula (2) G p

(7) Compound having a structure represented by the chemical
formula (7) (Compound. (7))

Chemical formula (7)

The “mutation which confers resistance to any of a
dicarboxyimide antifungal compound, an aromatic hydrocarbon
antifungal compound and a phenylpyrrole antifungal compound”
indicates a mﬁtation which can be found in the “osmosensing
histidine kinase having no transmembrane region” produced by
a filamentous fungus mutant having resistance to any'of a
dicarboxyimide antifungal compound, an "aromatic hydrocarbon
antifungal compound" and a phenylpyrrole antifungal compound,
that is, substitution, addition or deletion of one or more amino

acids which confer resistance to a dicarboxyimide antifungal
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(3) Conpound having a structure represented by the chemcal 37 fornula (3)
(Compound (3)) Chemical fornmula (3) CDNCK c¢ct ¢ HCEO (4) Conpound
having a structure represented by the chemcal forrmula (4) (Conpound (4))
Chem cal formula (4) cl G C ci 01 MO02 (5) Conpound having a structure
represented by the chemcal formula (5) (Conpound (5)) Chem cal fornula
(5 1 ff OH)\ / 0011 H30 0O 01 (6) Conpound having a structure

representgfBynkiNeafhem Gahe 1 & Hi A Bod CHRINL A6 bmE8und” and a

phenylpyrrole antifungal compound, provided that mutation by
which the “osmosensing histidine kinase having no transmembrane
region” becomes not to functionashistidine kinaseiseliminated.
Herein, a mutant of filamentous fungus having resistance to any
of a dicarboxyimide antifungal compound, an "aromatic
hydrocarbon antifungal compound” and a phenylpyrroleantifungal
compound may be filamentous fungus isolated from the nature to
which any of a dicarboxyimide antifungal compound, an "aromatic
hydrocarbon antifungal compound" and a phenylpyrrole antifungal
compound was applied, or may be resistance-acquired filaméntous
fungus selected by artificially culturing filamentous fungus
in the presence of a dicarboxyimide antifungal compound, an
"aromatic hydrocarborﬁ antifungal compound" or phenylpyrrole
antifungal compound.

Specifically, in BcOS-1 in the “osmosensing histidine
kinasehavingno transmembrane region” of Botryotinia fuckeliana,
amino acid-substitution I365S which confers resistance to a
dicarboxyimide antifungal compound is reported in Oshima, M.
etal. (2002) Phytopathology 92:75-80 (herein, “I3655”means that
isoleucine at amino acid residue 365 is substituted with serine.
Hereinafter, amino acid substitution is described similarly).
As an amino acid substitution which confers resistance to a
dicarboxyimide antifungal compound in 0S-1 which is the

“osmosensing histidine kinase having no transmembrane region”
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Chemcal formula (6) N\ ~\ NH oxOF F (7) Compound having a structure
represented by the chemcal formula (7) (Conmpound (7)) Chem cal formula
(7) NNH C C The "mutation which confers resistance to any of a

di car boxyi m de antifungal conpound, an aromatic hydrocarbon antifungal
conpound and a phenyl pyrrole antifungal conmpound” indicates a nutation
whi ch can be found in the "osnobsensing histidine kinase having no

transm”bf@ﬁéufa?%B?éaﬂ e43hyp aqdféé@”%’atl%‘és,l 1.486US ABHAN cBYRNT

resistance to any o | car boxyi i de antifungal conpound, an "aromatic

Ny drocar oo AN A 14192 la CRPO WG 0 ARE L RIYRY LK LEhe AU Liligan scappound,

that is, i tutii od, “addit'i on or on of one nore am no aci

O ot Plnfing SR AMed ol K DXV IR Q01 PRl o) BoRDOURC. A

"aronaticnﬁﬁﬁ}pcar n ( compou and enyl pyriol e anti funga
Corrpound’alp.r(%vdodzejdﬂ}nhgaatl Egtn?téiocpl .b%5:147-155 {hereinafter, 680K means

that lysine at amino acid residue 680 is deleted. Hereinafter,
amino aciddeletionisdescribedsimilarly). Inaddition, amino
acid substitution which confers resistance to a phenylpyrrole
antifungal compound in the 0S-1 of Neurospora crassa, A78V,
G580R and L625P are reported in Ochiai, N. et al. (2001) Pest
Manag‘ement Sci. 57:437-442. |
Besides the aforementioned resistance mutation,

resistance mutation may be found by analyzing an amino acid
sequence of the “osmosensing hystidine kinase having no
transmembraﬁe region” isclated fromamutant filamentous fungus
havingresistancetoanyofadicarboxyimideantifungal compound,
an"aromatichydrocarbonantifungal compound” andaphenypyrrole
antifungal compound, and comparing with an amino acid sequence

of the protein in a sensitive wild strain.

(Preparationoftransformedcell inwhichapolynucleotidehaving
a nucleotide sequence encoding an amino acid sequence of
osmosensing histidine kinase having no transmembrane region is
introduced in a functional form into a cell deficient in at least
one hybrid-sensor kinase)

The transformed cell in which a polynuclectide having a
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whi ch the "osnobsensing histidine kinase having no transnenbrane region”
beconmes not to function as histidine kinase is elimnated. Herein, a

mut ant of filamentous fungus having resistance to any of a dicarboxyim de
anti fungal conpound, an "aromatic hydrocarbon antifungal conpound” and a
phenyl pyrrol e anti fungal conpound may be fil anentous fungus isolated from
the nature to which any of a dicarboxyimde antifungal conpound, an

" ar omat | uchyudiqear R9G, AN WH0Rl SN RNG. A phenyldycd abe anti f ungal

conpound was applie or nmaybe resi nce-acquire ment ous fungus

o oy by oho8Ehhe Aok sOlHliit dd HITANLR, el dde EgpICE Of @

I
. 5 .
di car boxyi an ungal” ¢ ound, aromat i ocar bon anti fungal

CRIPEUN (8 eBRSRYLRYT ok 8011 L O comond SR LRl ol 1,BE0> 1 11

the "os ransmenbrane regi

Bot ryot i ni_af uckel_i ana, i no .acid-syhstitution 1365S whi ch conf
resi 5tanEB ED! alSAIEATBGRTER 4 ARGA® Combbutd ] T ROTTaerT b bshi e,

M et al. (2002). Phytqgpathol ogy 92: 75-8Q (herein,"l365S" neans t hat
Sl euci HBTEPAREAG Hor BOTdBrGLEoTasle adIEG A B S T hR (o ence
Hereinafter, am no acid substitution is_described simlarly). .As ap am no
aci d subSPFPELPERMATEROGSHIEFEINERFE U EBSRF SPeTth Eé{ﬁﬁ&#ﬁ KRN3R f ungal

. conpound in OS-.1 which is the "osnobsensing histidine kinase having no
t r ans menBEdHE ﬂ.é&ieo.hmtq@ cell deficient inat least one hybrid-sensor

kinase” which is to be a host cell, as described below.
Examples of the “polynucleotide having a nucleotide
sequence enceding an amino acid sequence of the present hystidine
kinase” include a polynucleotide having a nucleotide sequence
encoding an amino acid sequence of the present hystidine kinase
which is derived from a plant-pathogenic filamentous fungus,
more specifically, for example, a polynucleotide having a
nucleotide sequence encoding an amino acid sequence selected
from the group consisting of:
{a) an amino acid sequence of an osmosensing histidine kinase
having no transmembrane region, which has an amino acid sequence
homology of 95% or more to the amino acid sequence represented
by any of SEQ ID NOs: 41, 55 and 68;
(b) an amino acid sequence of an osmosensing histidine kinase
having no transmembrane region, which is encoded by a DNA
amplified by a polymerase chain reaction using a Fusarium
oxysporum-derivedcDNAas a templateandusinganoligonucleotide

having the nucleotide sequence represented by SEQ ID NO: 52 and
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of Neuorspora crassa, T368P, (@88S, E418E, L459M A578V, Gb80R, [582M
M639V, A578V, (Gb80G and L625P are reported and, as an am no acid deletion,
680K is reported in MIler, T.K et al. (2002) Fungal Gen. Biol.
35:147-155 (hereinafter, 680K neans that |ysine at am no acid residue 680
is deleted. Hereinafter, amno acid deletion is described simlarly). In
addition, amno acid substitution which confers resistance to a

pheny! pyrarrobqllg@mcfl@mdecaap%ggth@ A8 &8 1 0fsd URSPOLREERRE R ASTEV,
GSBOR and L625P are reported in hiai, N et al. (2001) Pest Managenent

Sci . 57:437-A42. Iﬁ%d%% é?oﬁ%]%ﬂ pentioned resi stance nutati on,

resi stance mutation may y anal yzi ng an am no acid sequence of

e o MROnE Andhe o6 A% £8REe 01D Moo d AN TE181 089K IRa k30! 2t od

froma mutant frlanmentous gus " having resi *Stanc

Comound® % %%aaf%enypy”o R gl ‘@Bﬁ% g, © “éﬁagéﬁrﬁiﬁ‘eﬁéhék{?ﬂgik

f th t t .
(Pr opar ot o°n ki T BT e crrea%ee'cﬁm ErsEtRhyitib o o Rabrg 2
| eot d f
hi st di Ine e %ﬁ%ﬁe%ﬁb@@r I LG PGS ORCNG 21 1L BSRERRPRLde

functi on forn}:lbnto cel | defl CI ent in at |east. . one h br| d sensor

ki nase) et fe SEWTIIT ZEPEFFROCFERY FEHLYINY: £4 and

an oligonucleotide having the nucleotide sequence represented
by SEQ ID NO: 65 as primers;
{(d) an amino acid sequence of an osmosensing histidine kinase
having no transmembrane region, which is encodeel by e DNA
amplified by a polymerase chain reaction using a Thanapethorus
cucumeris-derivedcDNAasatemplateandusinganoligonucleotide
having the nucleotide sequence represented by SEQ ID NO: 85 and
an oligonucleotide having the nucleotide sequence represented
by SEQ ID NO: 86 as primers;
(e) an amino acid sequence of an osmosensing histidine kinase
having no transmembrane region, which is derived from
Phytophthora infestans and has the amino acid sequence
represented by SEQ ID NO: 90;
(f) the amino acid sequence represented by SEQ ID NO: 41;
(g) the amino acid seguence represented by SEQ ID NO: 55; and
(h} the amino acid sequence represented by SEQ ID NO: 68.
One example of a process for producing the transformed

cell will be shown below.
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41 nucl eoti de sequence encodi ng an am no acid sequence of osnobsensing

hi sti di ne ki nase having no transnenbrane region (hereinafter, referred to
as present histidine kinase in sonme cases) is introduced in functional
form can be obtained by introducing a "polynucleotide having a nucl eoti de
sequence encoding an am no acid sequence of the present hystidine kinase"
or the like into a "cell deficient in at |east one hybrid-sensor kinase"

which is Ff&tg?éhéyg%iéﬁﬂéf gescribed bel ow. Exanpl es of the

"pol ynucl eoti de "havi ng a nucleoti de sequence encoding an am no acid
sequence of theg.. e (WolB i "einc i avin

a gﬂcleotide sga&%ﬁéeEbgﬁ%égpgggg%r%EQﬁ%gagk §§g§%§828%¥nﬁﬁg§%§%g§ﬁ? e
hysti di i whi s derived f | ant - pat ic fi

fongus, SRR aMIbEany €F FhlGie iAo R R AN P Rh AL L LATRIGHS

nucl eot i equence _encodi ng an ani no aci d seqguence .sel ected,, from.t he

o oup. corfaI LT THG: O 20 AP S b no SABRE Oomel - o L SBerbselaPAg THEsti di ne
oot gy BFOTH . Ivor BOF R L AEAES GF ScHiASE Ch S SHESuhCaY 1oty iy of
SEQ I D : 41, 55 and 68; (p% an_am no, aci d seﬁuence of _an osnnsgnsing

hi stidin %“h&fseélroﬁé%ﬂ??g TR T Fan SRinbF i 2 efrohel vanen H129BARBIEH Sy a DNA

anplified by a polynerase chain reaction using a Fusarium .
. grisea, PHytophthora infestans, Thanadatephorus cucumeris,

Fusarium oxysporum, Mycospharella tritici, Thanatephorus
cucumeris, Thanatephorus cucumeris and the like, the collected
tissue is frozen in liquid nitrogen, and is physically ground
with a mortar or the like. ‘i‘hen, total RNA may be prepared by
the conventional method such as (a) amethod of adding a solution
containing guanidine hydrochloride and phenol or a solution
containing SDS and phenol to the resulting ground material, to
obtain total RNA, or (b) a method of adding a solution containing
guanidine thiocyanate to the aforementioned ground material,
and further adding CsCl, followed by centrifugation, to obtain
total RNA. Inthe procedures, a commercially available kit such
as RNeasy Plant Mini Kit (manufactured by QIAGEN) may be also
used.

Then, the thus prepared total RNA is used to prepare a
cDNA. For example, cDNA may be prepared by reacting a reverse
transcriptaseonthe total RNA after anoligo-dT chain or a random
primer is annealed to total RNA. In addition, further, a

double-stranded cDNA can be prepared, for example, by reacting

44



oxysporumderived cDNA as a tenplate and using an oligonucl eotide having
t he nucl eoti de sequence represented by SEQ ID NO 52 and 42 an

ol i gonucl eoti de having the nucl eoti de sequence represented by SEQ ID NO
53 as primers; (c) an am no acid sequence of an osnpsensing histidine

ki nase having no transnenbrane region, which is encoded by a DNA
anplified by a pol ynerase chain reaction using a Mycospharella

ucl eot | GO Ao ML Fan Bet AR by SE0 DR 6a and oo h PSR et 1 de.
(@ an bR R UG G3Rad Tl s HBEBrT M Ao A e RaS LI TRESETS no

chai n T odbt RAGLFAGE B PHAHABEPRBFL: SALOKRT Beaer iy (Bertalstr ol ace.
SEQ 1D 1B BSXBRG SHEQIdyorkid Sot FAUASYRTRCEhS Tife| Qe e Compeney
represented by SEQ ID NOQ as priners; an . amno acid %gaﬁence of an

86 ) )
o or e I AR ERIE MG a0 AT PR ST BURERE SaKaL: SORORE SR PeRG: o

derived from Phytophthora infestans and has the am no acid sequence
r epr esentdd SyrasEgane INGand@e (4324 he anmi no aci d sequence represented by

SEQ I D NO 41,
(2) Cloning

When a nucleotide sequence of a desired present histidine
kinase is known, a polynucleotide having a nucleotide sequence
encoding an amino acid sequence of the present histidine kinase
cén be obtained, for example, fromthe cDNA prepared as described
above, for example, by PCR using as a primer an oligonucleotide
having a partial nucleotide sequence of the known nucleotide
sequence, or a hybridization method using as a probe an

" oligonucleotidehavingapartial nucleotide sequenceof the known
nucleotide sequence.

A polynucleotide having a nucleotide sequence encoding
an amino acid sequence of BcOS-1 which is the present histidin
kinase can be prepared from a cDNA of Botryotinia fuckeliana,
for example, by PCR using as a primer an oligonucleotide having
a partial nucleotide sequence of the nucleotide sequence
represented by SEQ ID NO: 2, or a hybridization method using
as a probe an oligonucleotide having a partial nucleotide
sequence of the nucleotide sequence represented by SEQ ID NO:

2.
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(g) the am no acid sequence represented by SEQ ID NO 55; and (h) the

am no aci d sequence represented by SEQ ID NO 68. One exanple of a process

for producing the transforned cell will be shown below 43 (1) Preparation
of cDNA First, total RNA is prepared fromfilanmentous fungus, for exanple,
according to the nethod described in Ml ecular Aoning 2nd edition

aut hored by J. , Sanmbrook, E. , F. , Frisch, T. , Maniatis. Specifically,

for exanpl e, ap%.tad%fitélofnla@gg%@hgéﬂsokidg%{ggﬁgegml%&%@u [OSRNLAET assa,

Botrytinia fuckeliana, Magna grisea, op orain
Thanat eph - riSs~~F [ o) cos rellag tritici
Thanat eghgéggdgg ggﬁméﬁé?oﬁgﬁg!{%p géﬁégcégzﬁn%%s&é‘ﬁ%?t%% ﬁ(é%r%l%%ﬂt

|l ectedy, tissue.ihs f in Liquid nit ' hysi cal | y. d
wth s noft o 8YReid el bl o G L G R e PR et
conventi opal t hod such a) a_nethod of addi a solutjon .containin
guaxi di hegﬁflaerr;g%ﬁlﬁcﬁb i g’é( %ﬁ% L}(Jﬁfé}ﬁ)ﬁso? P&%%FP#&%‘E%@?@Q%@VM plhegol
to the resulti Jg;_jroung rTEt rial, to obtaigtotal RNA, or (b) a nethod of
adding a @oPﬁFPgﬁ cBHEaFA ﬁge §GIHPACRe CEnitbey BHSLeotd den S e G &ifent i oned
ground material, . a ﬂafurther addi n7<sg CsC, followed by centrifugation, to
obt ai n t6?3¥eﬁe?\£é\!'-~°-$ ¥ rEDLENAures, of byhrbddratipnaparngs wsknd asuich as

RNeasy Plant M ni Kit (manufactured by Q AGEN) may be_ al so
a probe an oligonucleotide having a partial nucleotide sequence

of the nucleotide sequence represented by SEQ ID NO: 17.

When a nucleotide sequence of a desired present histidine
kinase is unknown, apolynucleotide having a nucleotide sequence
encoding an amino acid sequence of the present histidine kinase
can be obtained by a hybridization method using as a probe an
oligonucleotide having a partial nucleotide sequence of the
nucleotide sequence of the present histidine kinase, the
nucleotide sequence of which is known, or by PCRusing as a primer
an oligonuclecotide designed based on a highly homologous amino
acid sequence in plural present histidine kinases, an amino acid
sequence of which is known. As the highly homologous amino acid
sequence among plural present histidine kinases, amino acid
sequences of which are known, for example, there can be
exemplified amino acid sequences of a conserved motifs observed
in the “repeat sequence region”, the “histidine kinase region”,
the “receiver region” and the like, characterized in the
structure of the present histidine kinase.

More specifically, when the Bc0S-1 gene of Botryotinia
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used. Then, the thus prepared total RNA is used to prepare a CcDNA For
exanpl e, cDNA may be prepared by reacting a reverse transcriptase on the
total RNA after an oligo-dT chain or a random priner is annealed to tota
RNA. In addition, further, a double-stranded cDNA can be prepared, for
exanpl e, by reacting 44 RNaseH, DNA Polynerase | on said cDNA In the
procedures, a comercially available kit such as SMARTTM PCR cDNA

Synt h U h th Actured
bi“TAEZ'RZf sﬁh%‘%%é‘ " BinEethy %"f’tﬁﬁs?fso R e iyl BNAC U ®
Phar maci aje Cgfg? %@xagpgéaso dg gm@ wégse Yienlcat a8 %@Itcan be

stidi ne

used. (2) en®a nucleoti de sequence of a des ed prese
ki nase is, I I a Ieot| nce codi ng an
am no aC|d5§§§%%ﬁ%8BgT¥?ﬁé %&%@gnlﬁ%lst%ﬁﬁﬁﬁyﬁfﬁg§% c&ﬁ L &F&@ﬁy fgr
exanpl e, e d_as,descri bed above npl PCR
uélgg as %é%rlne ng ? Bﬁ fﬁ%??ﬁ@g ﬁa6FH¢°8rp£F?P§ ﬂ@ﬁgbtp et yquence
of the kng nucl sequence, b i zatjon _method using as a
robe an Wn]i %chi? esoeiqucfer‘%ﬁet? & tﬁdap’{/ é@gerol? i LefBBne WieTRE known
gucleotlde seguence, c|g§:F§L havi ng a nuc| eoti de sequence encodi ng
a primer set. E‘.xa p&es of the prlmgr set include a set of an

oligonucleotide consisting of the nucleotide sequence
represented by SEQ ID NO: 3 and an oligonucleotide consisting
of the nucleotide sequence represented by SEQ ID NO: 4. A PCR
reaction solution to be used may be prepared by adding a reaction
solution designated by a commercially available DNA polymerase
or kit as described below to 250ng of a ¢cDNA. The PCR reaction
conditions can be appropriately changed depending on a primer
set to be used, and examples thereof include the condition of
maintaining a temperature at 94°C for 2 minutes, thenmaintaining
a temperature at about 8°C for 3 minutes and, thereafter,
repeating around 40 cycles of incubation, each cycle comprising
maintaining a temperature at 94°C for 30 seconds, then at 55°C
for 30 seconds, then at 72°C for 4 minutes, and the condition
of repeating 5 to 10 cycles of incubation, each cycle comprising
maintaining a temperature at 94 °C for 5 seconds, then at 72°C
for 4 minutes, and further repeating about 20 to 40 cycles of
incubation, each cycle comprising maintaining a temperature at
94°C for 5 seconds, thenat 70°C fordminutes. Fortheprocedures,

commerciallyavailable DNApolymerases contained in Heraculase™
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an am no acid sequence of BcOS-1 which is the present histidin Kkinase can
be prepared froma cDNA of Botryotinia fuckeliana, for exanple, by PCR
using as a priner an oligonucleotide having a partial nucl eotide seqguence
of the nucl eotide sequence represented by SEQID NO 2, or a hybridization
met hod using as a probe an oligonucleotide having a partial nucleotide
sequence of the nucl eotide sequence represented by SEQID NO 2. 45 In
addi ti on,E@méfcﬂwmmopégﬁn@ﬁa{é@gm@n@ﬂg&eg&éa_eb?_egwass_ cen¢edung,an anino
acid sequence of H KL which is the present histidine kinase can be

obt ai ned Ad-R o FONDRL ﬁ@l@%@@rm&nﬁf&éﬁéred@? €xXafetecnby BER using as a
primer an oligonucleotide having a partial nucleotide sequence of the

nucl eot i de,FRAUENCE v LeRHS3eNker: DY seel éPT')@ARWExgadT%@FEQ%gEhQ@dWH hod

using as a probe an oligonucleotide having a parti eot 1 de sequence

sequence R S L A P T o R R ol e aB el eot 1 e
Cequence o e el St R Py S B ELE " an FREOE Pln Ty "y 0808 €

hybri di zg%;’ orig’gghrg%dd ﬂ%nglﬁﬁ%g?%& b%eegé\%%ol i gonucl eotide having a parti al

nucl eot i ‘dequerice o uence of the present histidine

ki nase, the - nyleothd®3R95088 OF MilSbd AL Wh ! 1Y BB,

PCR, for example, oligonucleotides designed and synthesized
based on nucleotide sequences selected froma 5’ non~translation
region and a 3’ non-translation region, respectively, of the
nucleotide sequence represented by SEQ ID NO: 17 can be used
as a primer set. Examples of the primer set include a set of
an oligonucleotide comprising the nucleotide sequence
repreéented by SEQ ID NO: 18 and an oligonucleotide comprising
the nucleotide sequence represented by SEQ ID NO: 15%. A PCR
reaction solution and the reaction conditions as described above .
can be used to perform PCR, to obtain the hikl gene.

When a gene of the present histidine kinase, a nucleotide
sequence of which is not known, is obtained from Fusarium
oxXysporum, Mycospharella tritici, Thanatephorus cucumeris or
Phytophthora infestans, a pclynucleotide having a nucleotide
sequence encoding a part of an amino acid sequence of the present
histidine kinase (hereinafter, referred to as present gene
fragment in some cases) can be obtained by the following PCR.

As a primer set, for example, a set of oligonucleotides designed
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an ol i gonucl eoti de desi gned based on a highly honol ogous amno acid
sequence in plural present histidine kinases, an amno acid sequence of
which is known. As the highly honol ogous am no acid sequence anong pl ural
present histidine kinases, am no acid sequences of which are known, for
exanple, there can be exenplified am no acid sequences of a conserved
notifs observed in the "repeat sequence region”, the "histidine kinase

region”, add&yrtafdl MG RHQN orahitRe aldike s sehiahaelse birZgdchbAskRed
structure of the present histidine kinase. Mre specifically, when the

BcOS-1 gens g 58%%9&&@12%%6“%;;%‘% is%%girxb%eoPé&iHEd, PRy s E 9k 1 axanpl e,

ol i gonucl eot |1 des esi gne d esi ze ased” on nucl eoti de sequences of

about 20bp, 1.0, aboLL, ADDRM LI A1 564 e6h ednHD 2 B DRO: LERLS | aLed

region a non-transl ated region, “respectively, of e nucleotide
SeUENCe HEUESSDLEL: e FRUE NOo o2 S UE IR P o PUIPSSLoErap o
nucl eot i Sequence. r.e eres_e.nteed b SE(% D,NQ 3 anéj an | i gonucl eoti de
Cons! st | gTB 46 T e gt T S e e T &b o 8By PeE P FRRO 4. A Per
(o2t o SO L0 D, Y8 MR D D BLRG U B 00 2 T e2at g g0l on
bel ow ¢ 0 Z50n%. Qo2 8, The AR/ S0t Ln01 99041 80248708 s 2RPERRT T ately

nucleotide sequence represented by any of SEQ ID NOs: 35 to 40.

Specifically, in the case of Fusarium 6xysporum, for

example, using an oligonucleotide primer having the nucleotide

sequence represented by SEQ ID NO: 33 and an oligonucelotide

primer having the nucleotide sequence represented by SEQ ID NO:

38, and using KOD-Plus- (TOYOBO), amplification is performed

under the conditions in which a temperature is maintained at

94°C for 2 minﬁtes, and then 35 cycles of incubation are repeated,

each cycle comprising maintaining a temperature at 94°C for 15

seconds, then, at 55°C for 30 seconds and, further, at 68°C for

S minutes. In addition, in the case of Mycospharella tritici,

for example, using an oligonucleotide primer having the

nuclecotide seguence represented by SEQ ID NO: 31 and an

oligonucelotide primer having the nucl_eotide sequence

represented by SEQ ID NO: 40, and using KOD-Plus- (TOYOBO),

amplification is performed under the conditions in which a

temperature is maintained at 94°C for 2 minutes, and 35 cycles

of incubation are repeated, each cycle comprising maintaining
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set to be used, and exanples thereof include the condition of nmaintaining
a tenperature at 94C for 2 mnutes, then maiintaining a tenperature at
about 8C for 3 mnutes and, thereafter, repeating around 40 cycl es of

i ncubati on, each cycle conprising naintaining a tenperature at 94C for 30
seconds, then at 55C for 30 seconds, then at 72C for 4 mnutes, and the
condition repeating 5 to 10 cycles of incubation, each cycle conprising

mai nt ai mgpq&ap LIRS U0 Ak A% ol m peconds, 4h88:ateot26 Joro s

m nut es repeatlng abou es |ncubat|on each
70C Tor A BT B g EeE b ruR re%ﬁ@m%‘%# Lo P s
Pol Yor asey i 5‘% Fhahls, CRpERE TS0, thr doy SR %32%?% EBA PCR K t

TAKARA BT 1 %?sﬁ%%r%%im%mﬁ%ﬁ%“éh%we%l ?éh%b}s%ﬂxka}eh%ﬁ?r‘ﬁf PR SUPER
., E?S‘”i‘%?#%‘%%ﬁéyﬁ%@f&@‘f@%bem G e e e ”rg%ﬁt%%%%rb o Peea

S obtaln é&@1 for exanpl e, onucleotldes desi g 39 an %ynthe5|zed
based on & ﬁ@ﬁE@E‘c?e‘F%@f R RS EROHR 8C4ns Y atd 8§ on and

a 3 non-translatlon region, respectively, of the nucleotide sequence
r epr esent®P Byl WEG TR RRY) 1 728k becaséqn is performed under the

conditions in which a temperature is maintained at 24°C for 2
minutes, and 35 cycles of incubation are repeated, each cycle
comprising maintaining a temperature at 94°C for 15 seconds,
then, at 55°C for 30 seconds, further, at 68°C for 1 minute.
In addition, in the case of Phytophthora infestans, for example,
using an oligonucleotide primer having the ‘nucleotide sequence
represented by SEQ IDNO: 31 and an ocligonucelotide primer having
the nucleotide sequence represented by SEQ ID NO: 37, and using
KOD~Plus- (TOYOBO), amplification is performed under the
~conditions in which a temperature is maintained at 94°C for 2
minutes, and 35 cycles of incubation are repeated, each cycle
comprising maintaining a temperature at 94°C for 15 seconds,
then, at 55°C for 30 seconds and, further, at 68°C for 1 minute.
By such the PCR, a polynucleotide having a nu_cleotide sequence
encodingapart of anaminoacidseqguenceof thepresenthisitidine
kinase is amplified. A polynucleotide having a nucleotide
sequenceencodingafulllengthaminoacidsequenceofthepresent

histidine kinase can be obtained by RACE method by using, for
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as a prinmer set. Exanples of the priner set include a set of an

ol i gonucl eoti de conprising the nucl eoti de sequence represented by SEQ ID
NO 18 and an ol i gonucl eotide conprising the nucleotide sequence
represented by SEQ ID NO 19. A PCR reaction solution and the reaction
conditions as descri bed above can be used to performPCR, to obtain the
hi kI gene. When a gene of the present histidine kinase, a nucleotide

Foauence Sl kP RCkIRND b, SPL LR, KO SpHIAm RN
o P! IIUCLSade TR0 8, GELAEL A HATER-STAPOH S, RaBaiiygl 20 oo,
DL eSeT, GG AR | 1RSI, S36R), PRRgREEP! 2100, b (e ol ot ng P
Py heol 20, Dasgd OB AT N0, 80L SEIENCER L, SOTRSLISLodTUIL el

in the "repeat

regi on",the"recei ver region" and the like, characterized .in fhe structure
of the pré&flan NUGLRONdImEBIUERRCIRIGRENT & ERIGP AN QACHEr set

include a primer set of an oligonucl eotide having the nucl eoti de sequence

r epr esentSEEURICeRE d?heSEG?WWl%@l@bn%4kh‘hﬂS%n BYi §oRutP&BEi 88 havi ng

the nucleaotide sequence represented by any of SEQ ID NOs: 35 tqg 40.

Speci fi c@lbgonusealnt ids dafimysurkamt bxy spoFlegtige sequence of the

sequence as a primer, a polynucleotide having a nucleotide
sequence encoding an amino acid sequence of the present histidine
kinase may be also obtained.

Specifically, when a gene of the present histidine kinase
of Fusarium oxysporum (hereinafter, referred to Fo0S-1 gene in
some cases) is obtained by PCR, for example, oligonucelotides
designed and synthesized based on nucleotide sequences selected
froma5’~terminal regionanda 3’ -terminal region, respectively,
of the nucleotide sequence represented by SEQ ID NO: 42 can be
uéed as a primer set. Examples of the primer set include a set
of an oligonucleotide comprising the nucleotide sequence
represented by SEQ ID NO: 52 and an oligonucelotide comprising
the nucleotide sequence represented by SEQ ID NO: 53. A PCR
reaction solution and tﬁe reaction conditions as described above
are used to perform PCR, whereby, a polynucleotide having a
nucleotide sequence encoding an amino acid sequence of the
present histidine kinase derived from Fusarium oxysporum can

be obtained.
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exanpl e, using an oligonucl eotide primer having the nucl eotide sequence
represented by SEQ I D NO 33 and an oligonucel otide prinmer having the

nucl eoti de sequence represented by SEQ ID NO 38, and using

KOD- Pl us- (TOYOBO), anplification is perforned under the conditions in
which a tenperature is maintained at 94C for 2 mnutes, and then 35 cycles
of incubation are repeated, each cycle conprising maintaining a

temperature at GGahot:bh, SREANYerd el cAL MRGL0r G sRooNIN Ade

further, at 68C I m Aut es. dition, hn the case of Mycospharell a

nucl géh’h f’féfg&’éﬁ?%f%%&%é%%%%%‘ A S i b3 %ﬂﬂ?&“& ae

Ui ;‘;j KS&%P%@%“%%%&%% e“#‘SQSEfC.RdL?%%%%## 2 n:eéﬁﬁé’ IRetidRs tl
2

of | noubdiHI 53@‘&&3}%&%@%%38 5%8%?6& ﬁa‘eé;“%” %?%gei&ﬁe%yc .

tenperatu e at 94C for 15 seconds at 55C for_ 30 second

o Yoy ' Srina e on sd a1 b AEmPREY ¥ qith, rSPe’f%&ﬁfsﬁé’bhorus
| | oti th
ol aol i i cBe Bha TR R gR o e ERoR o s st T M 9D 8 98 e st i e

priner havin t he nucl eotide sequence represented b hK) 37 and
usi ng Kd§q5?e§ R EOYERY Sl Ef‘g@&lﬁén Eé:rf?epfr&%dgﬁﬁd& f‘ﬁ set

of an oligonucelectide comprising the nucleotide sequence
represented by SEQ ID NO .64 and an oligonucleotide comprising
the nucleotide segquence represented by SEQ ID NO: 65. A PCR
reaction solution and the reaction conditions as described above
are used to perform PCR, whereby, a polynucleotide having a
nucleotide sequence encoding an amino acid sequence of the
presenthistidinekinasederivedfromNWcosphareliatriticican
be obtéined.

In addition, when a gene of the present histidine kinase
of Thanatephorus cucumeris (hereinafter, referred toRs0OS-1gene
in some cases) is obtained by PCR, for example, oligonucelotides
designed and synthesized based on nucleotide sequences selected
froma5’-terminal regionanda 3’ -terminal region, respectively,
of the nucleotide sequence represented by SEQ ID NO: 69 can be
used as a primer set. Examples of the primer set include a set
of an oligonﬁcelctide comprising the nucleotide sequence
represented by SEQ ID NO: 85 and an oligonucleotide comprising

the nucleotide sequence represented by SEQ ID NO: 86. A PCR
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conditions in which a tenperature is maintained at 94C for 2 mnutes, and
35 cycles of incubation are repeated, each cycle conprising nmaintaining a
tenperature at 94C for 15 seconds, then, at 55C for 30 seconds, further,

at 68C for 1 'mnute. In addition, in the case of Phytophthora inf estans,

f or exanple, using an oligonucleotide priner having the nucleotide
sequence represented by SEQ ID NO 31 and an oligonucelotide primer having

t he nucle n nt ed nd us

KD PI s (TvoRy SETRor St T BR T e er%?%é’ hraed 43309 taPdaners
whi ch a tenperat ntab ah 94C for m nu nd. 35 .cycl es of
neubati oA ar uer e, Bt adbn Qﬁu Bhedshye 5 RGLMAPHLEOR MG Aovdmborar ur e
at 94C for f sec nds, then, 3 5C for 30,seconds and, furthe at 68C
for 1 minfe:®C %ﬁﬁ%%@cﬁlcg ngyﬁ{}cP%PPd@cﬁQv?ﬁ&ugnﬁﬁcIoéjott
seqguence encodlng a part of an am no acid sequence of the present .

hi sitidi RFEKFRadE Sl kdngge ASpoVFHUET EBY WﬁPQQQH 3 REQUEGTide

sequence encoding a full length am no acid sequence of the pr esent

hi sti di nec¥i 2@ eCebdinedobt ai ned by RACE nmethod by using, for 50 exanpl e,
SMART RACE cDNAAnplification Kit(CLONTECH) andpriners _designed based on a
nucl eoti de sequéire afhyhveldhpdtierdueplapgnie| edefdeclppésencagehe
fragnent). When the pol ynucl eoti de obtai ned as descri bed above has

reveal ed Renfereedi deos epaNRIe et rding fag Itheemgttioshides cadigd in

Molecular Cloning 2nd edition, authored by J., Sambrook, E.,
F., Frisch, T., Maniatis.

A probe used to obtain a gene of the present histidine
kinase can be obtained 5y synthesizing a DNA (around about 200 |
bases to about 500 bases in length) having a partial nucleotide
sequence of the nucleotide sequence represented by SEQ ID NO:
2, followed by radi'oisotope—labéling or fluorescently labeling
the DNA according to the conventional method. In such the
labeling of a DNA, commercially available kits such as Random
Primed DNA Labelling Kit (manufactured by Boehringer), Random
Primer DNA Labelling Kit Ver.2 (manufactured by TAKARA SHUZO
Co.,Ltd.), ECLDirectNucleicacidlLabellingandDetectionSystem
{(manufactured by Amersham Pharmacia), Megaprime DNA-labelling
system (manufactured by Amersham Pharmacia) and the like may
be utilized. The thus obtained probe can be used for cloning
ageneof thehistidine kinase suchas the BcOS1-gene of Botrytinia
fuckeliana, a nucleoctide sequence of which is known, or a gene

of the present histidine kinase, a nucleotide sequence of which
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sequence of the present histidine kinase, by PCR using an oligonucel otide
havi ng a partial nucleotide sequence of the sequence as a priner, a

pol ynucl eoti de having a nucl eoti de sequence encoding an am no acid
sequence of the present histidine kinase may be al so obt ai ned.
Specifically, when a gene of the present histidine kinase of Fusarium
oxysporum (hereinafter, referred to FOOS-1 gene in sone cases) is obtained
by PCR, for anpl,e, oligonucelotides designed and synthesized based on
nucl eoti de sequences selected froma 5 -term nal region anda 3' -termnal

regi on, respectiyel of _t nucl eot.i.de, sequence . represented by SEQ I D NO
42 can be use é%méisPiﬁérQSEt.YE%&H&F8§183 Ereditingy J0sludscithfe a set
of an oli onucleoEide onpri sing the nucl eotide sequence represented by
SEQ | D N& “52"&nt & Jr‘gg‘?fb'ceql G i $NRgCORARtRARI FRS B N brence
represented by SEQ ID NO 53. A PCR reaction solution and the reaction
condi t i onk" &$18IREEFRRER BDEWESCal@. USEHaEd, pbrG DMt PCrod inre cdihyrata) ,

pol ynucl eoti de having a nucleotide sequence encoding an am no acid
sequence OfPeHEArHreseptukicni 4P nedkivnuseFdepilked 0Py ofh. E&<arvum oxyspor um
can be obtained. 51 In addition, when a gene of the present histidine

ki nase doMNyerphRyerodidenei c. (hBbR) nalt 8%, (whFerIkRl dral SIOSHL /gdne i n

sonme cases) is obtained by PCR, for exanple, oligonucleotides
dénatured salmon sperm DNA, or in DIG EASY Hyb solution

(Boehringer Manheim) containing 100 ug/ml denatured salmon sperm
DNA, a temperature is maintained at 65°C, then a temperature
is maintainedlat room temperature for 15 minutes twice in the
presence of 1x5SC (0.15 M NaCl, 0.015 M trisodium citrate) and
0.5%8DS, further, a temperature is maintained at 68°C for 30
minutes in the presence of 0.1xSSC (0.015 M NaCl, 0.0015M
‘trisodium citrate) and 0.5%SDS.

Specifically, for example, for obtaining the BcOS-1 gene
of Botrytinia fuckeliana, PCR is performéd by using a Botrytinia
fuckeliana cDNA library phage solution (about 1,000,000 pfu)
as a template, and using TAKARA LA tag™ (manufactured by TAKARA
SHUZO Co.,Ltd.), and using an oligonucleotide comprising the
nucleotide sequence represented by SEQ ID NO: 9 and an
oligonucleotide comprising a nucleotide sequence complementary
to the nucleotide seqguence represented by SEQ ID NO: 10 as a
primer set, whereby, a DNA for a probe is amplified, which may
be collected. A PCRreaction solution to be usedmaybe prepared

by adding a reaction solution designated by a kit as described
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desi gned and synt hesi zed based on nucl eoti de sequences selected froma

5 -temnal region and a 3'-term nal region, repectively, of the nucleotide
sequence represented by SEQ ID NO 56 can be wused as a prinmer set.
Exanpl es of the primer set include a set of an oligonucel eotide conpri sing
t he nucl eotide sequence represented by SEQID NO. 64 and an

ol i gonucl eoti de conprising the nucl eotide sequence represented by SEQ ID

N0 S5 AR beashhanasal uhion a0d Lhe keaghion condid ies -as dasgri bed

above are used to pe re a potryntc avin

nucl eot i ence encodi an _am.nq acid sequence of the. present

st i ne AT P R P RaRE VAR SRt ThaBhratned. 1 n
addi tion, mﬂgﬂr%ﬁggpe of the present histidine kinasg of Thanatephorus
cucumer i PEHEEGTAP L BAINEALSANGd 3t beRBeRaFugEndt PH SdrE caBésytes,
obt ai ned by PCR, for exanple, oligonucelotides designed and synthesized
based on bt G Ve durhbie SePac xrPed F biva 49 cyebemiafalnpegRéAERd a 3
-term nal region, respectively, of the nucleotide sequence represented by
SEQ | D NOAE9CK¥ShebROMPELEiAg ARt aEninGta LRADeIIAESITSF abh@d 3 ifear 38et

i nclude a set of an oligonucel otide conprising the nucl eoti de sequence

r epr esentt€GORASSEQhED Net $5°andoan36| sgenndisesnidde thempr iasi H§°Ct fier

nucl eotide sequence represented by SEQ ID NO 8§. A PCR 52 reaction

sol uti on SaRd theSr-eafbfBn 2oREPPEohabatedestii bed gBBVRe pPrepared by

using the amplified and obtained DNA as a template, and using
Megaprime DNA-labelling system (Amersham Pharmacia) and using
a reaction solution designated by the kit. The thus prepared
probe is used to perform colony hybridization according to the
conventional method, in which a temperature is maintained at
65°Cinthe presence of 6xSSC (0.9MNaCl, 0.09Mtrisodiumcitrate,
5xDenharp’s solution (0.1%(w/v) Ficoll 400, 0.1%(w/v)
polyvinylpyrrolidone, 0.1%BSA), 0.5%(w/v)SDS and 100 pg/ml
denatured Salmon sperm DNA, or in DIG EASY Hyb solution
{BoehringerMannheim), containing 100 ug/ml denated Salmon sperm
DNA, then, a temperature is maintained at room temperature for
15 minutes twice in the presence of 1xSSC (0.15 M NaCl, 0.015M
trisodium citrate) and 0.5%SDS and, further, a temperature is
maintained at 68°C for 30 minutes in the presence of 0.1xSSC
(0.015 M NaCl, 0.0015 M sodium citrate) and 0.5%SDS, whereby,
a clone which hybridizes with the probe can be obtained.

In addition, a gene of the present histidine kinase having

a known nucleotide sequence may be also prepared by performing
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are used to perform PCR, whereby, a polynucl eotide having a nucleotide
sequence encodi ng an am no acid sequence of the present histidine kinase
derived from Thanat ephorus cucuneris can be obtai ned. Wien a hybridi zation
met hod i s used, cloning can be performed, for exanple, according to the
met hod described in Ml ecular Coning 2nd edition, authored by J.,
Sanbrook, E., F., Frisch, T., Maniatis. A probe used to obtain a gene of

Lhe presenlofl i s pklnase: oan, bo bl alned by Supiiesizi no. 2. NA qjearound

about 200 Pases  t bases i n T oti de
sequence of .the nucle tide.se resented b E Iomed
by raci o SocapeePuBeTigha: TTLEHIouiey Fobkhen i 58 e Y S

t he conve nal t ho I n s co rC|aIIy

avai | abl eﬂi‘i“f hﬁeﬁs%ﬂm %@%E&ﬁn r@a%\m (br?as:g.ap

Boehrlngenz Random Prlner DNA Label ling Kit Ver.2 (manufactured by TAKARA
SHUZO ?ﬁ?i@u%%i9ﬁi?%cfeﬂh%?%?c aC|d Label Iing and Detection System
(nanufactured b Anershan1Pharn30|a apri me DNA- Iabellln& system
(manuf act ur ed BARSANERSH R P eRACP yra%e @ﬁ*élqiekaamyg BentfilePiéde The

t hus obtai ned probe can be used for cloning a gene of the histidine kinase

such as tIRAURITSeRERE1BE WorPYRP AL d FeAURRIGAAA the PUes et hdetdddmence of

which is known, or a gene of the present histidine kinase, a nucl eotide
sequence l@}fnq,g}ﬁ ®BY be cloned into a vector according to the conventional

method described in “Molecular Cloning: A Laboratory Manual 2nd
edition” (19892), Cold Spring Harbor Laboratory Press, “Current
Protocols In Molecular Biology” (vl987} , John Wiley & Sons, Inc.
ISBNO-471-50338-X or the like. Examples of the vector to be
used include pBlueScript IT vector (manufacturedby Stratagene),
pUC18/19 vector (manufactured by TAKARA SHUZO Co.,Ltd.), TA
Cloning vector (manufactured by Invitrogen) and the like.

A nucleotide sequence of the cloned gene may be confirmed
bytheMaxamGilbertmethod {described inMaxam, A.M. & W.Gilbert,
Proc. Natl. Acad. Sci. USA, 74, 560, 1977 etc.) or the Sanger
method (described in Sanger, F.& A.R.Coulson, J.Mol.Biel., 94,
441, 1975, Sanger, F, & Nicklen and A.R.Coulson., Proc. Natl.
Acad. Sci. USA, 74, 5463, 1977 etc.). For the procedures,
commercially available kits such as Termo Segenase II dye
terminator cycle sequencing kit (manufactured by Amersham
Pharmacia), Dye Terminator Cycle Sequencing FS Ready Reaction
Kit (manufactured by PE Biosystems Japan) and the like can be

used.
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53 is unknown. Exanples of the hybridization condition include the
stringent condition, specifically, the condition under which, in the
presence of 6xSSC (0. 9 M NaCl, 0.09 Mtrisodiumcitrate) , 5xDenhart's
solution (0.1%wv) Ficoll 400, 0.1% w v) polyvinyl pyrrolidone, 0.1%BSA),
0.5% (wv) SDS and 100 g/m denatured sal non sperm DNA, or in DI G EASY Hyb
solution (Boehringer Manhei m)containing 100g/ M denatured sal non sperm

DNA, a tenpgya@gﬁgtf?%gpéﬁt@%ngg%gé?gfég %%g?ﬁg tenperature is maintained

at room tenperature r 15 m nut presence of 1xSSC (0.15 M
mai niai nod at. 6 Tov a0 RRnUEEEBnoFha Brednnedest e FadMo 15 m naa
obt ai ni ng” PRECEFERE 1oL aRRE ST oRePeT PPy Aleel Pans. SRS S e drifed by

o U) as BECERBF it MR S SPARRADE St e RRCRR AP UG GBS TORGHRA
cronce Pl A T UL I FOTDYL g bl oot e
nucleotigfiﬁggﬁgqge conpl enent ar to the nucl eoti de sequence _represented

by SEQ I g Hanhaftigy eCyhaF S IR DRAreA L Bl o obetbild sdast i i ed,

whi ch may .
by Cold Spring Harbor Laboratory Press etc.).

Forexample, Apolynucleotide having a nucleotide sequence
encoding an amino acid sequence of the present histidine kinase
may be incorporated into a vector which can be utilized in‘a
hostcelltobetransformed,forexample,avectorwhichcontains
genetic information required to be replicable in a host cell,
can replicates autonomously, can be isolated ahd‘purified from
a host cell, and has a detectéble marker (hereinafter referred
to as basic vector in some cases). As the basic vector,
specifically, when a bacterium such as Escherichia coli is used
as a host cell, for the example, a plasmid pUC119 (manufacture
d by TAKARA SHUZO Co., Ltd.), phagemid pBluescriptII
(manufactured by Stratagene) and the like may be used. When
yeast is used as a host cell, for example, plasmids pACT2
(manufactured by Clontech), p4l5 CYC (ATCC87382), p4l5 ADH
(ATCCB87374) and the like may be used. When a plant cell is used
as a host cell, for the example, a plasmid pBI221 (Clontech)
and the like may be used.

An expression vector which can express a polynucleotide
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be collected. A PCR reaction solution to be used may be prepared by adding
a reaction solution designated by a kit as described 54 above to 250ng of
a DNA library. Exanples of the PCR reaction condition include the
condition under which anplification is perforned by maintaining a
tenperature at 94C for 2 mnutes, then at 8C for 3 mnutes, and repeating
40 cycles of incubation, each cycle conprising maintaining a tenperature

at 94C fo second conds .and,_th at 68C for

5 m nut esﬁa§}2e% ga prJ(S)%O{?&ge?g%uéé%% %é%gc%r?lgberpparmelpna? eaci: Jb S,eL%Ui ﬂbce[ he
anplified,a .aS .a | at.e d S Vega

D&R— : albel 62€£€%%1S R%s dsin PAagiH) 2 tﬂg?ﬂg c 8%%&3”%{%% i on
desi gnat b e kit..The, thus re ar ed robe is used to perform col on
hybrigdi za onn %‘2 ?JEﬁWgn?o”ﬁ% it T fedR é’m’i e\%’t%f‘? &£3Vdhser at ﬁre
I s mai ntai ned C in the presence of 6xSSC (0. M NaCl, 0. O9M
trisodiunt (ﬂ"ﬁ%%tl %X'ife%flf%ﬁ‘ se%%?%%rﬂ%r?r( @W%%%lct@@aqem ofp thgg wi v)
pol yvi nyl rroI i done, 198SA), 0.5% w v)SDS and 100 denat ured Sal non

sperm erh Bﬁéléﬁ@? W@%%PH?Fé‘ﬁam(CBB‘éh%Fh@eﬁrmﬁﬁélf#ﬁctéﬁmaél ni ng

100 g/m den ted Salmon sperm DNA then, a tenperature is maintained at
room t enpet Si?rsé: ¢otl 1f5°9ﬁlfﬂ??3e3éltlwk€§1 -i nHereipr édenteperahkeddnkedis M

NaCl, 0.015M trisodiumcitrate) and 0.5%BDS and, further, a tenperature is
mai nt ai néF3Rs gbatridie BooRPRsrand A RNy PiGeicdohagingssaucleot ide

sequence enceding an amino acid sequence of the present histidine
kanase are ligated sothat the polynucleotide having a nucleotide
sequence encoding an amino acid sequence of the present histidine
kinase is expressed under control of the promoter in a host cell.
Examples of a promoter functional in a host cell include, when
a host cell is Escherichia coli, a promoter of a lactose operon .
(lacP} a promoter of tryptphan operon (trpP), a promoter of an
arginine operon (argP), a promotér of agalactose operon (galP),
tac promoter, T7 promoter, T3 promoter of Escherichia coli, a
promoter of A phage (A-pL, A-pR) and the like. In addition,
when a host cell is yeast, examples include an ADH1 promoter,
a CY¥C1 promoter and the 1ike. The ADH1 promoter can be prepared,
for example, by the conventional genetic engineering method from
a yeast expression vector p415 ADH (ATCC87374) harboring an ADH1
promoterandaCyYCl terminator. TheCYClpromotercanbeprepared
by the conventional genetic engineering method from p415CYC
(ATCC87382). Examples of the promoter include, when a host cell

is a plant cell, a nopaline synthase gene (NOS) promoter, an
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(0.015 M NaCl, 0.0015 Msodiumcitrate) and 0.5%BDS, whereby, a clone

whi ch hybridi zes with the probe can be obtained. In addition, a gene of the

present histidine kinase having a known nucl eoti de sequence may be al so

prepared by perform ng 55 chem cal synthesis of a nucleic acid, for

exanpl e, according to the conventional nethod such as a phosphite triester

nmet hod (Hunkapiller, M et al, Nature 310, 105, 1984), based on the known
nucl eoti de

| eotid t | ned I I ' havi
Coquence Soolt oS I b PR BB e e P hBR e d T e s

b I ' di to.t ) ' I t hod d i bed
oY vt echr G a8 Rt ol O8N O [ B ey @
Spring r.bor L]?bor atory Press, "Current Protocols In Ml ecular Biol ogy"
(1987), Jolh Wf®y* & Sons, Inc. |SBNO 471-50338-X or the |ike. Exanples of

the vector to b Eg;fd j nclude pBlueScript Il vector (manuf acturedby
Strat agene), pﬁtl ot 1%t &hﬁlﬁﬁmwwqmwr%@zeu@e&m&e) , TA

Cl oning vector (manufactured by Invitrogen) and the like. A nucleotide
sequence YTI4HERFEPBREE 15T MRINBEcdshisFwerice B thsep Maranbhilsddd inst hod
(described inMaxam A M & W Glbert, Proc. Natl. Acad. Sci. USA, 74,
560, 1977%EtasSy iginasrronaiad Inke RGO Y RE sl rpadyina rbunyarg apremoter

A. R Coul son, J.Mdl_.Biol., 94, 441, 1975, Sanger, F, & N cklen and
A. R Coul solctimnal iRa host cell, a gene of the present histidine kinase

may be inserted into downstreamof the promoter so that a promoter
harbored by the vector and a gene of the present histidine kinase
are operably linked. For the example, the aforementioned yeast
plasmid p41l5 ADH has an ADH-l promoter and, when a gene of the
present histidine kinase is inserted downstream of an ADH1
promoter of the plasmid, an expression vector which can express
a gene of the present histidine kinase in a budding yeast such
as Saccharomyces cerevisiae AH22 (IF010144) and TM182 (Maeda,
T. et al. (1994) Nature 369:242-245) can be constructed.
(4) Preparation of transformed cell

By introducing the constructed expression vector into a
host cell according to the conventional method, a transformed
cell expressing the present histidine kinase can be prepared.
As a host cell used for preparing such the transformed cell,
for example, there are bacterium, yeast, plant cell and the like.
As thebacterium, for example, there are Escherichiacoli, Vibrio
harveiy and the like. As the yeast, there are budding yeast

and diving yeast. More specifically, for example, there are
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Acad. Sci. USA, 74, 5463, 1977 etc.). For the procedures, comercially
avail able kits such as Ternop Segenase Il dye term nator cycle sequencing
kit (manufactured by Anersham Pharnacia), Dye Term nator Cycle Sequencing
FS Ready Reaction Kit (manufactured by PE Bi osystens Japan) and the like
can be wused. 56 (3) Construction of expression vector An expression vector
of a polynucleotide having a nucleotide sequence encodi ng an ani no acid
sequence of the  present histidine kinase may be constructed by a
convent i oXSRSLRePROANPLBE ERafpES FROSHQ IOBNVSEshesnus). Sanbrook, E., F.,
Frisch, T., Muniatis, Mlecular Coning 2nd edition, published by Cold
Spring Fh?hb?oﬁéﬁéhafémycpﬁés§h§téiﬁe-FoﬂSeXambﬁEﬁ bl y et estangel havi ng a
nucl eoti de sequence encoding an am no acid sequence of the present
hi sti di netkehase amlane ceddospohatedrahtidopsiectival ivma anchthbel ikd ) i zed
in a host cell to be transformed, for exanple, a vector which contains
geneti c i nf or med$ enmeghuoidr edl imt beduephd cableepire sa ibostreeebl, intarthe
replicates autononously, can be isolated and purified from a host cell,
and has aafieren¢enbienedriest (dedrlgi nakt eonveheiordl 1rcBsdbaphg nedisy in
sone cases). As the basic vector, specifically, when a bacterium such as
Escheri chtan éal appdiededepasdanhasd ackbbt doIl tehexaral ££o@mdt asiagt pUCL19
(manuf acture

- example, when bacterium is used as a host cell, the expression

vector can be introduced into a host cell by the conventional
introducing method such as a calcium chloride method and an
electroporation method described in Moleculer Cloning (J.
Sambrook et al., Cold spring Harbor, 1989). When yeast is used
as a host cell, for example, the expression vector can be
introduced into a host cell using Yeast transférmation kit
{(Clontech) based on a lithiummethod. In addition, when a plant
cell is used as a host cell, for example, the expression vector
can be introduced into a host cell using the conventional
introducing method such as an Agrobacterium infection method
(JP-B No.2~58917 and JP-A No.60-70080), an electroporaticn
method into a propoplast (JP-ANo. 60-251887 and JP-ANo. 5-68575)
and a particle gun method (JP~A No.5-508316 and JP-A

No.63-258525).

(Intracellular signal transducticn system regarding present
histidine kinase)

In the present invention, in order to measure an amount
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d by TAKARA SHUZO Co., Ltd.), phagem d pBluescriptll (manufactured by
Stratagene) and the |like may be used. When vyeast is used as a host cell,
for exanple, plasm ds pACT2 (nmanufactured by d ontech), p4l15 CYC
(ATCC87382), p415 ADH (ATCC87374) and the like may be used. Wen a pl ant
cell is used as a host cell, for the exanple, a plasmd pBl 221 (C ontech)
and the |ike nmay be used. An expression vector which can express a
am,no,.aci d

pol ynucl eQt . 7 i_n | eoti-de sequepce encoding a
sequence géﬁ%ﬁﬁé%ﬁéggéﬁfqﬁﬁ§@$§Fﬁ@“ﬁﬁﬁ&%@9¥h959%§§Fa%5? e%ﬁ#ﬁﬁ§%§ﬁﬂﬁructed
by incorpprating into a basic vector ol ynucl.eotide havin a nycl eoti de
sequence ]g}]%%%ﬁ %d(pd:r?sfrﬂ 6na1é$%let§eadlﬁeﬁ’c‘g“ec#°?ﬁr& PHrREER "f'ﬁgjteisd? 8¢ nase
upstream of which a pro terqun tional _in a host cell is operably |inked.
Herein, t#e°¥oper 4t y-195kd@-u S h4e FOLE TGN &RETE AN EA eoti de
havi ng a pucl eotj de. sequence encodin%,an am no acid sequence of the
present h&tidrdeltkahadd e tFRrBEEEGTEN fus teRSO Tid Lo ¥@imad ng a
nucl eoti de sequence encoding an am no aci d sequence of the present
hi stidi netn 1§ RS r£8ldxpredsiar upaeracbhd righe diramef orpdtesll may best
cell. Exanples of a pronoter functional in a host cell include, when a
host cel 9%kl EzRGer iFddmplest iof &hgr dntracedfudarasieve loerpsductiaer) a
promoter of tryptphan operon (trpP), a pronoter of an arginine operon
(argP), SYyrwmtdiidl eargfleastddd zeseioglug@l Ry, intracellular signal
transduction system regarding osmolarity responses of the
aforementioned budding yeast, an intracellular signal
transduction system regarding cell cycle progression and
oxidative stress response of fission yeast, an intracellular
signal transduction system regarding control of expression of
capsular polysaccharide biosynthesis operon inEscherichiacoli,
an intracellular signal transduction system regarding control
of cell density-sensitive luminescence of bioluminescent marine
microorganism Vibrio harveyi, an intracellular signal
transduction systemregarding cytokinin response of Arabidopsis
thaliana and the like.
When the aforementioned expression vector of the present
histidine kinase is introduced using the “cell deficient in at
least one hybrid-sensor kinase” as a host cell used for preparing
such the transformed cell, the produced present histidine kinase
functions in place of deleted hybrid-sensor kinase, and

intracellular signal is transmitted. In the case where a test

substance is contacted with the transformed cell, when signal
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tac pronoter, T7 pronoter, T3 pronoter of Escherichia coli, a pronoter of
X phage (X-pL, 2.-pR) and the like. In addition, when a host cell is

yeast, exanples include an ADHL pronoter, a CYCl pronoter and the |ike.
The ADH pronoter can be prepared, for exanple, by the conventi onal
genetic engineering nmethod from a yeast expression vector p415 ADH
(ATCC87374) harboring an ADHL pronoter and a CYCL term nator. The CYCL
pr onot er r t nyent i.o etic | neefr hod
P om PSR ST Eepr S8 e B ar et e Hherd & ihost

cell is
oct opi ne
-deri ved
addi ti on,
am no aci
vect or al

QR Rake Funec s pPoRgtor. AncAUPPRFoNer TABER C o FIE (CaMy

19S onot er CaMv-der,i ved 35S, pronp and the |ike
R N W LR AR L PR Y. o
sequence of the gresent hi stidine kinase is incorporated

¢ Rt BoPPAESaC bridib e i@ hrgHL L nCR2RE8L 1R 1l 2MPYden

the present hjstidine kinase may be_inserted into downstream of the
pronot er b RiRgyREhRdhbid @ RarbéFudapySERetIBER oD AP £eddne CHRNITe
present hjstidine kinase are_operably linked. For the exanple,  the
af or enenti®dAdREReEst ohngsabalpsns P abslawl ADIULF GRSt LN SfHdn

gene of the

pr onot er

Qﬂd’égé Lilkesog QUL 4R SO @38 DN Videseeh Rhedrsam anpnéddungal
activity of the test substance acting on the present histidine
kinase can be measured using change in an amount of growth of
the transformed cell, change in morphology, change in shape,
change in an amount of biosynthesis of a particular substance
in a cell, change in an amount of metabolism of a particular
substance and the like as an index.

On the other hand, when at least one intrinsic
hybrid-sensor kinase is not deleted in a host cell used for
preparing a transformed cell, there are both of signal
transduction from intrinsic hybrid-sensor kinases and
intracellular signal transduction from the introduced present
histidine kinase in intracellular signal transduction of the
transformed cell. Change in an amount of growth of the
transformed cell, change in morphology, change in shape, change
in am amount of biosynthesis of a particular substance in the
cell, change in an amount inmetabolismof a particular substance
in the cell énd the like reflecting an amount of intracellular

signal transduction fromthe introduced present histidine kinase
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a gene of the present histidine kinase in a budding yeast such as
Saccharonyces cerevisiae AH22 (I FOL0144) and TML82 (Maeda, T. et al.
(1994) Nature 369:242-245) can be constructed. (4) Preparation of
transforned cell By introducing the constructed expression vector into a
host cell according to the conventional nethod, a transfornmed cel
expressing the present histidine kinase can be prepared. As a host cel

used for prepar i%ﬁ%&%&ﬂ;@p&;ﬁ@ﬁ}ﬁé@@ &€ldn aﬁa{n«f%%@hera&g fg18%e

bacterium yeast, plant Cce _ Ike. As the bacterium for exanple,
there argg; e Sl R 8l {on \ﬁdr_f?d’rd Qnﬁﬁrnvs&_ﬂcy[{}yﬁq:fc{]ﬂesér#%% Jﬁ%ats'?eeé yegst,
there are buddi ng yeast and diving yeast. re specifically, for exanple,

th 5 : ' ! S .

i zosacams BreEoit T E A Rk U T PR I a5 dpasis
plant cell such as AraBiﬁggéLs thaliana and the Like As.a nethod of
|ntrodup|ﬁ§ éﬁ 5%8Fé§$ ¢ ct6f 5kt 6PA ’afb?%ﬂn ?%%%djhggt @SPP, t he
R SRR s el Rt L B eV
expressian ector can be,introduced %ﬁ% .a h?ﬁ%}cell t he convintional
"t r oducii SHEPRodCBARAaLha AR ARTRRE CHI BIORY WATHIF QtuaaRarticular
electrop%%E}ion nmet.hod _described in Ml ecul er Cloningf(éétaggf?ggogfet al .,

Col d spri 1 G CoAen SRARGS | B Aegamount

particularsubstanceinthecell andthe like reflectinganamount
of intracellularsignal transduction fromthe introducedpresent
histidine kinase become larger, the sensitivity of the
transformed cell to an antifungal compound is enhanced. Like
this, the transformed cell with the enhanced sensitivity to an
antifungal compound is useful for assaying thé antifungal
activity of a test substance and searching an antifungal compound
using the assay.

Specifically, when the present histidine kinase is
introduced in a Saccharomyces cerevisiae strain deficient in
hybrid-sensor kinase SLN1 (Maeda, T. et al. Nature:369 242-245
(1994) ), the present histidine kinase performs signal
tranéduction in place of deficient SLN1, whereby, an amount of
intracellular signal transduction from the introduced present
histidine kinase can be detected more clearly using an amount
of growth of host cell as an index. That is, when the test
substance acts on the present histidine kinase, and an amount

of signal transduction from the present histidine kinase in a
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as a host cell, for exanple, the expression vector can be introduced into
a host cell using Yeast transformation kit (C ontech) based on a lithium

nmet hod. In addition, when a plant <cell is used as a host cell, for
exanpl e, the expression vector can be introduced into a host cell using
t he conventional introducing nethod such as an Agrobacteriuminfection

met hod (JP-B No. 2-58917 and JP- A No. 60-70080), an el ectroporation nethod

| ntoapr opgpl astc (IR A 80 2SS LandIP: AN 0 REDIS) o200 0L Tl e oun

met hod (JP-A No. 5-50831 [ - 2585: _ racel | ular” signal
transductioonYat e/ 4 LA LB R ESEl co IS4 LAuATKIA3SE). | B UNgy Aresent

invention, 1n or 0 neasure an anoun ar signa
t ransduct j f the present, histigdine . kinase expressed in the

tr anst or rith Eegne I8 LRI Ea b idR e 380 TR i E dBnaitng e
correlation therewith, an _intracellylar signal transducti Syst.em

ori gi nal IS5 ’ntaafﬁaﬁlbflny%a%%g‘ttr@é'lq HﬁgéﬁngF Jp’?é%@ gla é#@gﬁféﬁﬁvﬂmd
cell may be utilize | es of the intracell ul ar, signal transdyction
Yt em ait P Oe G I JoBYFhel HBROERS P hPR achI' HH kO SgRY: SErmaduce | on
systemregarding ospolarity responses of the aforenentiogned buddi ng yeast,
an intracet %ﬁ%éh%iB%a?u¥¥a%%ﬁ%g%?ﬁﬁdsVéFEnFPéﬁéPaiﬁ§ €8t cycl e

progressu?n and o . . ‘ )
enslity-sensitive luminescence and an Arabidopsis thaliana

strain deficient in cytokinin receptor CREl can be exemplified
as one preferable aspect of the “cell deficient in at least one

hybrid-sensor kinase”.

{(Method of assaying antifungal activity of test substance)
In a method of assaying the antifungal activity of a test
substance, an embodiment of a first step of culturing a
transformed cell in which a polynucleotide having a nucleotide
sequence encoding an amino acid sequence of the present histidine
kinase introduced in the presence of a test substance includes
a method of contacting a test substance with the transformed
cell by culturing the transformed cell in a medium containing
the test substance.  Culturing the transformed cell may be any
formof liquid culturing in which the cell is cultured in a liquid
medium, solid culturing in which the ceil is culﬁured on a solid
medium prepared by adding agar or the like to liquid medium,
andthe like. The concentrationofatest substance inthemedium

is, for example, about 1 nm to about 1 mM, preferably about 10
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oxi dative stress response of fission yeast, an intracellular signal
transduction systemregardi ng control of expression of capsular

pol ysacchari de bi osynthesis operon in Escherichia coli, an intracellular
signal transduction systemregarding control of cell density-sensitive

| um nescence of biolum nescent marine mcroorganismVibrio harveyi, an

i ntracel lular signal transduction systemregardi ng cytokinin response of

Arabi dopsis _thalian d the like. Wien the aforenenti oned expression
veotor of MEHES frRsne O ied{ G Uy £ 6 oG (R e ARG
deficient,i.n at |east one_hybrid-sepnsor kinase! as hast ¢ used for
prepari ng- Sh $h °Pﬁ§ﬁéﬁ&$n§a°885|3 g%%sph%ﬂ%%%ﬁa$f%§§ﬁ u@ﬁiﬁiﬁﬂ%ﬁ? ki nase
frunctions, in plac f del eted hybrid-sensqr kipnase, and intracellul ar
signal ist? Pﬁﬁgﬁfjte% gﬁlysr W%t%t*&%éé‘%éﬁné et v ey RStRhedT iSURSHAAR ed
with the fransforned cell, when signal 61 transduction fromthe present

hi sti di netkPAgg¥eHs GSEALER IR Calie nEa testikiiancenangd biif ua9adnount

of growmh of the transformed cell, change in norphol ogy of the transforned
cel I, cHeRRReWMaf seRfeediunnBayrafskepfed cel |, change in an anount of

bi osynthesis of a particul ar substance in the cell, change in an anount of
met abol i sm of £paMouel 8E subsearééulart pbgpel | tramedugielon keraedde in

sone cases. In such the cases, an antifungal activity of the test
subst ancePzRIgHghbat L Henpkdgase expressedinatransformedcell cultured

in the first step or an index wvalue having the correlation
therewith is measured. And, the antifungal activity of a test
substance is assayed based on a difference between an amount
of intracellular.signal transduction or an index value having
the correlation therewith measured in the second step and a
control. For example, the antifungal activity of the test
substance can be assessed based on a difference obtained by
- comparing amounts of intracellular signal transduction or index
values having the correlation therewith, which are measured as
described above in sections in which different two or more
substances (for example, it is preferable that among different
twoornmresubstances,atleastonesubstancehasru:antifungal
activity) are independently used, respectively, as a test
substance.
Specifically, for example, when a transformed cell
preparedbyusing, as ahost cell, the TM182 (SLN1lA) strain (Maeda
T. et al. Nature:369 242-245(1994)) which is a SLN1

gene-deficient strain in which the PTP2 Tyrosine phosphatase
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ki nase can be neasured using change in an anmount of growth of the
transforned cell, change in norphol ogy, change in shape, change in an
anount of biosynthesis of a particular substance in a cell, change in an
anount of netabolismof a particular substance and the |ike as an index. .
On the other hand, when at l'east one intrinsic hybrid-sensor kinase is not
deleted in a host cell used for preparing a transforned cell, there are

both of segRal (oLtapedyel | BROE AMhI BLEL BShe BYDI bdsgensel kiiaages and
the’inffo

intracelltlar signal transduction from ucéd présént i stidine
Ki nase in;j l.ar_.signal Lon.qf, the _transfornped | 1.
Change i nlgﬁl%gﬁgog%%ﬁot?i aé:r %%t % %#ésﬁigyrﬁ%%%gfl grlrlrée‘él%%ltlh,e chan %OP%%at

nor phol og h | n, shape ange_.in,am unt _of biosynthesis of a
particula%e%%b gﬁ%%‘%% $EEQC§EVI,OgﬁﬁﬂbgePﬁggngﬁﬁBﬁHPc%ﬁ%HePgbﬁpisn1of a
articul ar_substanc in_th ell and the |like reflecti,ng an anount of
Pnt racel IJtﬁlg'?acifglﬁg?rFﬁgﬁégu‘%{?r&ﬁﬁﬁrpd?ﬁst% ?h?FbﬂﬁE@d‘lﬁ%&e@nfsﬁ’isﬁq'di ne
ki nase 62 _becone snal | er / t.he i nfluence of an anobunt of intracellul ar
si gnal ¢ r SRS AL S o ﬁ%%fs?enmme& PYKPAARE, 3§ 2%t H®dSesent
I nvention, by usin host cell deficient in at least one intrinsic

hybr i d-se%%%“%%%f 9LoHEE efahge Frenmiampedtcebt i aveddiun Hagar

transforned cell, change in norphol ogy, change in shape, change in an
anount ofm?ﬁwrﬂ%ééﬂglgfmﬁdbﬁms)i‘ﬁﬂ%f glucose as a carbon source, for

example, Glu-Ura-Leu medium. When a medium in which a test
substance is added to the Glu-Ura-Leu medium {(medium containing
no antifungal compound) is used, a test substance inhibiting
growth of the transformed ceil can be assessed to have the

antifungal activity. In addition, as a control, it is enocugh
to examine that growth of the transformed cell in a medium using
galactése in place of glucose as a carbon source, for example,.
Gal-Ura-Leu medium is observed regardless of the presence or
the absence of test substance.

When a transformed cell prepared by using, as a host cell,
fission yeast which is PHK1, PHK2 and PHK3 gene-deficient strain
(that is, a transformed cell in which cell cycle progression
isdirectly regulated by transduction of an intracellular signal
fromthe histidine kinase) is used, cell diviision of the fission
yeast may be observed under amicroscope. When amedium inwhich
a test substance is added to a medium containing no substance
having the antifungal activity is used, a test substance which

shortens a cell length of a dividing cell of the transformed
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substance in the cell, change in an anount of netabolismof particular
substance in the cell and the like reflecting an anount of intracellular
signal transduction fromthe introduced present histidine kinase becone

| arger, the sensitivity of the transfornmed cell to an antifungal conmpound
is enhanced. Like this, the transformed cell with the enhanced sensitivity
to an antifungal conpound is useful for assaying the antifungal activity

of a test st.ance and searchi ng an ti fungal compound. usjing the assay.
Speci 11 ATy WAt P g ecihihaf e et e R P AR tiua® o e
Sacchar onyces revisiae strain, deticient in, hybrid-sensor kinase.SLNL
(Vacda, T of HPCTNARFARSHRF 548 PYAGRHSY PY R 1Y eSont Mt Far A6 ki nase
performs signal transduction_ i | ace, of deficient. SLN1, er eby, an
anount off€§ Iﬂ%ﬂ%ﬂéaﬁiﬁl%ﬂﬁﬁﬁﬁéhégﬁﬁﬁﬁﬁt?Q&Ff%?ﬁW Hei PF o %Egd pr esent

hi sti di ne ki nase can be detected nore clearly using an amunt_  of éomﬁh of

host cel TdFosWGasyés uTpar Glopayalippmend: ofXined hitdy B6t QPBRTY

present histidine kinase, and an amount of signal transduction fromthe
present HisBRIRGRT KIedbEnqr & 39nast medinn Sehakbat alt- BaanteCeliarly
measured as change in an amount of growth of the transfornmed budding
yeast. | Fha@dioti-ort2: I HelchedG&hila: cdlhiensir segligar iigy efrigh & test
hybri d- sensor kinase RcsC, a fission yeast strain deficient in PHK1 to
PHK3 i nveuwpstance is added to a medium containing no substance having
the antifungal activity is used, a test substance which can make"
the transformed cell develop blue can be assessed to have the
antifungal activity.
| In addition, when a transformed celll prepared by using,
asahost cell, LuxNgene-deficient V. harveyi (i.e. atransformed
cell in which bioluminescence is directly regulated by
transduction of an intracellular signal from the present
histidine kinase) is used, the fluorescent light emitted by the
transformed microorganism may be observed. When a medium
containinga test substance andnot containing a substance having
the antifungal activity is used, a test substance which make
the transformed cell possible to emit the fluorescent light can
be assessed to have the antifungal activity.
Further, a substance having the antifungal activity can
be also searched by selecting an antifungal compound based on

the antifungal activity assessed by the aforementioned assaying

method.
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in control of cell cycle progression, a Vibrio harveyi strain deficient in
LuxN associated with control of cell density-sensitive |um nescence and an
Arabi dopsis thaliana strain deficient in cytokinin receptor CRE1 can be
exenplified as one preferable aspect of the "cell deficient in at |east
one hybrid-sensor kinase". (Method of assaying antifungal activity of test
substance) In a nethod of assaying the antifungal activity of a test
substanceﬂffan errbo%di nt, of aiifi rst step of culturing a transforned cell
v

in which=a peocftysnu% e% T e Jh%na nucl eoti de sequence encodi ng an am no

id th t histidi Ki i ptroduced in t
of a oSt SubsiHiCBTPRENEAULSHE T ROR BYCEOTE Aok PGS AOFdet SUbLIaRBe w

t he transforne celcl by culturing the transforned cell in a nmedium
cont ai ni rigte FES sgt%’sstléﬁé’é.tyo%lq G AG HHENGRan SPBPREG e A mﬁ&@l% any
formof liquid culturing in which the cell is cultured in a liquid nedium
solid culdfupssgviimavkhenanréiuegpli ackiviby &f oh b8 sSoB@ s tRPGeuRspPEpar ed
by adding agar or the like to liquid medium_ and the |ike. The
concentrg?theoﬁr@ﬂszfotré@td sebdranBe @ MO $manchingpanefafpfendabout 1
nmto about 1 mM preferably about 10 64 nmto about 100 M A culturing
time is, d@PANEhpleinadde methedir or | onger and around 3 days, preferably
about 25 hours to around 2 days. \Wen the antifungal activity of a test
subst ance

Examples
Thepresent inventionis furtherdescribedinthe following

Examples, which are not intended to restrict the invention.

Example 1
Isolation of Botryotinia fuckeliana BcQS-1 gene

Total RNA was prepared from Botryotinia fuckeliana. 100
mg of a hypha of Botryotinia fuckeliana strain Bc-16 grown on
a potato dextrose agar medium (PDA mediummanufactured by NISSUI
Pharmaceutical Co., Ltd.) was scratched off, and this was ground
inliquidnitrogenusingamortarandapestle. ARNAwasprepared
from frozen ground powder using RNeasy Plant Mini Kit (QIAGEN).
A frozen ground powder together with liguid nitrogen was
transferred to a 50 ml sample tube and, after liquid nitrogen
was all volatilized, a sclution obtained by adding 10 uL of
mercaptoethanol per 1 ml of a buffer RLC attached to kit was

added, followed by stirring. Further, ground powder was well

dispersed by a few of pipettings, and was incubated at 56°C for
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I s assayed, as a nmedium containing a test substance, anantifungal
conpound-free nedium may be used. An anount of intracellular signal
transduction fromthe presenthistidine kinase expressed in atrans forned
cell cultured in the first step or an index value having the correlation
therewith is neasured. And, the antifungal activity of a test substance is
assayed based on a difference between an anount of intracellular signal

t ransduct Lon, or, an i ndex val.ue hayin t he corre%ation t her ewit ured
i the SeRoRI STEp and F SHorti ol P tBXARH SONE AR ANEI T HGAr BRATOT Ly of
the test substance can b ssessed based on. a difference obtained. by
conpar | ng"RoURCRLETS | Y raTef FEFARCEi Rbt (TRREBAETHTES TR Vh Ues
having the correlation therewith, which are nmeasured as described above in
sections PRAwReRRrafrgedeat Bwl08r xgofer subdnatess (TBE ExakpRéEiont is
preferable that anong different two or nore substances, at |east_on
subst anceS PRSI RICARE i fAh FAANSHATEAT §P arkrsHussamdentibesad - 5-fol
respectiveIY, as a test substance. Specifically, for exanple, when a
t ransf or mé@l¢B¢ 1oL BPeparebhayolidiafgaddedatheseteeland the MARBPL e SMER)
strain (Maeda T. et al. Nature:369 242-245(1994)) which is a SLN1
gene- def i ¢eEhtmitedilty ibd patitdmnd he ThiP2mIgEsgseneaphdvapdbi e@ LS RNRARY (Ot a
et al, Proc.N A sic.USA 89, 2355-2359(1992))
mini spin column attached to the kit, and centrifuged at 8, 000xg
for lminute. The filtrate was discarded, the residue was added
700 pL of a buffer RW1 attached to the kit, and centrifuged at
8,000xg for 1 minute, and the filtrate was discarded. Further,
the residue was added 500 pL of a buffer RPE attached to the
kit, centrifuged at 8,000xg for 1 minute, and the filtrate was
discarded. This procedure was repeated twice. Finally, an
upper filter part was transférred toa freshsample tube, supplied
30 pL of RNase-free sterilized water attached to the kit, and
centrifuged at 8, 000xg for 1 minute, and total RNA was dissolved
out into the filtrate. This dissolution procedure was repeated
twice. The concentration of the resulting total RNA solution
was obtained from the absorbance at 260 nm to be 322 pg/ml.
Then, a cDNA was synthesized using ThermoScript RT-PCR
System (Invitrogen) while employing total RNA as a template.
A solution in which 2.7 uL of total RNA and 6.3 pulL of sterilized
distilledwaterweremixedintol.0QpuLof50mMOligo (dt)pattached
to the kit and 2.0 pL of 10 mM ANTP Mix was treated at 65°C for

5minute, and then rapidly cooled on ice. To this solution were
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introduced (that is, a transfornmed cell having the function that cel
gromh.is directly controlled by transduction of an intracellular signal
fromthe present histidine kinase) is used, the antifungal activity can be
measured by using, as an index, an amount of growth of the transforned
cell in a nmedium (agar nediumor |iquid nedium using glucose as a carbon
source, for exanple, G u-Ura-Leunedium Wen a nediumin which a test

subst ance | gdﬁdto the 3 u-Ua-Leu nmedi (rmediu nt ai ni ., no
anti f ungaf %%ﬁp Ph XG0 %¥q§§ﬁs%ﬁﬂﬁﬁégaﬁa 4Hqé) {h H**oﬂ-the
transforned cell can be assessed to have the antlfungal activit
addi ti on, Ma®% Ocdfy PEE, 1tME Liblise O3+ ek at et tIRTRR oK PR H’éld
transformed cell in a qedlunyusyn% gal actose in place of glucose as a
car bon sohrte 0ff gtestdiges digailiesl vateredtantpracbbtbeipedt r 2@ dlogss of
the presence or the absence of test substance. \Wen a transforned cel
prepar ed By TEEEgS aRda Heeaddiqr, theskeaft jeast swAFeRPrs IPHREA AR and
PHK3 gene-deficient strain (that is, a transfornmed cell in which cel
cycl e progresgient ats 8§ Cetet b ma@uult@tsed ByrthemsdacRidrobfa aemplate
intracellular signal fromthe histidine kinase) is used, cell diviision of
the fissiwas desastdarhyhe aglsbiery €ld winder R¥asiett esdamdedNren taarddituro n
which a test substance is added to a medi um contai ni ng no substance
havi ng t Bhiantrebotdeh sciuvioy drsd meddtadneess tsanipss matcer evisitcB7°GHont ens a
cell length of a dividing cell of the transforned

20 minutes, to obtain a cDNA.

A DNA having a nuclectide sequence encoding an amino acid
sequence of Botryotinia fuckiliana BcO0S-1 (hereinafter,
referred to as BcOS-1 DNA in some cases) was amplified by PCR
using this cDNA as a template. Using an oligonucleotide
comprising the nucleotide sequence represented by SEQ ID NO:

3 and an oligonucelotide consisting of the nucleotide sequence
represented by SEQ ID NO: 4 as a primer, a PCR was performed
to amplify a DNA having the nucleotide sequence represented by
SEQ ID NO: 2. The PCR was performed using KOD-Plus-(TOYOBO)
under theamplifyingconditions that atemperaturewasmaintained
at 94°C for 2 minutes and, thereafter, 35 cycles of incubation
were repeated, each cycle comprising maintaining a temperature
at 94°C for 15 secbnds, then, at 55°C for 30 seconds, then, at
68°C for éminutes. ThePCRreactionsolution (50ulL) wasprepared
by adding 2 uL of the aforementioned ¢DNA, 5 uL of 10xBuffer,
5 uL of 2 mM dNTPs, 2 pL of 25 mM MgSO,, each 1 uL of 10 pM

oligonucleotide primers, 33 pL of sterilized distilled water
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66 cell can be assessed to have the antifungal activity. Wen a transforned
cell prepared by using, as a host cell, RcsC gene-deficient Escherichia
coli in which cps-LacZ introduced is used, color devel opment of X-Gal may
be observed in an agar nmediumor a |iquid nmedium (Suzuki et al. Plant Cel
Physi ol . 42:107-113(2001)). Wen a nediumin which a test substance is
added to a nedi um contai ni ng no substance having the antifungal activity

is used, a test s ance whi ch_can ke the transfor cel |l devel op bl ue
can'be. acdubiit ShRARGBIERE" CAEERD AT Cortt vty 3 Har nid: HIGRE2Ghofing
transforne ell prepared b ing,..,as _a host cell, LuxN gene-deficient V.
nar eyt (oL an P naRed Bl ¢ MintoRorof Srhree i S € P |y
regul at ed by, transduction of an intracel]lular signal fromthe present

hi Sti di né TR 65839 1ERDrPBOREscoRt 1A% MO aTa R b RBOTE
transfornﬁg m croorgani sm may be observed. When a nedium containing a test
subst ancé&ard FotPontBEG 1y BNALTA 2P kit 394 the antifungal activity is
used, a test substance which make the transformed cell possible to emt
the fluorescent light can be assessed to have the antifungal activity.
Further, a substance having the antifungal activity can be also searched

by sel ecE%3Pd® @ntifungal conmpound based on the antif ungal activity

assessed by the aforenentioned assayi ng
Construction of expression plasmid of Botryotinia fuckeliana

BcOS-1 gene and preparation of transformed budding yeast
BcOS-1 DNA was cloned into a shuttle vector p4l15ADH

(ATCC87312) replicable in yeast and Escherichia coli. Abcut
4 kb of the aforementioned DNA (BcOS-1 DNA) was purified from
the PCR reacticn solution prepared in Example 1 using QIAquick
PCR Purification Kit (QIAGEN) according to the attached manual.
About 4 kb of the purified DNA (Bc0S-1 DNA) was digested with
restriction enzymes Spel and PstI and, on the other hand, the
shuttlevectorp4l5ADHwasalsodigestedwithrestrictionenzymes
Spel and PstI and, the;eafter, each of which was separated by
0.8% agarosegel electrophoresis, andapartof thegel containing
a desired DNA was excised. The Bc0S-1 DNA digested with Spel
-and PstI and the shuttle vector digested with Spel and PstI were
recovered from the gel u;sing QIAquick Gel ExtractionKit (QIAGEN)
according to the attached manual. The aforementioned BcOS-1
DNA was inserted between Spel site and PstI site in the
multicloning site of the shuttle vector using Ligation Kit Ver.2

(TaKaRa) according to the attached manual, to construct an
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met hod. 67 Effects of the invention . The present invention can provide a
transforned cell with the enhanced sensitivity to an antifungal conpound,
a nmethod of assaying the antifungal activity of a test substance using
the transforned cell, and a nethod of searching an antifungal conpound
using the nethod. Exanples The present invention is further described in
the following Exanples, which are not intended to restrict the invention.

Ex | 11 | at.i f Bat el kel i B -1 Tot a|
Crarbl L k30LL0 0L RO YaURLA Lcksl 30 BeCm.L Qe Tl le I vas
uckel ang L0, B6o18. g1 w0 on, 1 8 B0l 2L, 05X o3e, RaAp.gEdLym (PR medium

this was ground__in liquid nitrogen using nortar and a, pestle., .
ARNAvasprBBEFPed31PPonPPPOLER Bi-BaNAtEBRdoR EhEF NG FREAEYC BNt AP HEOK
(QACGEN. A frozen ground powder together with |liquid nitrogen was

t ransf er B8d4ngoBagByentesApRECTUBA - AndYCAft BRINPHGHBI R ERBY R 2RRLOR |

vol atilized, a solution obtained by adding 10 pL of mercaptoethanol per 1
m of a Kaff &pm@@@ﬁw@h@@eﬂ@>ka@cmﬁ@1nag®abefadma&b@ﬁ ppnyeleri hee

Further, ground powder was wel | _ . _
sequencing reaction was performed using an oligonucleotide

consisting of the nucleotide sequence represented by any of SEQ
IDNOs: 5 to 12 as a primer under the amplifying conditions that
30 cycles were repeated, each cycle comprising maintaining a
temperature' at 96°C for 10 seconds, then, at 50°C for 5 seconds,
then, at 60°C for 4 minutes. Asaresult, thenucleotide sequence
represented by SEQ ID NO: 2 was obtained, and it was confirmed
that the expression plasmid pADHBcOS1 harbored a DNA having a
nucleotide sequence encoding an amino acid sequence of BcOS-1.
The prepared expression plasmid pADHBcOS1 was introduced
intoeachofbudding yeast (Saccharomyces cerevisiae) AH22 strain
(IFO10144) andTM182 strain (MaedaT. etal. {(1994) Natureveol. 369,
pp242~245) according to the method described in Geitz RD & Woods
RA (1994) Moleculai‘: Genetics of Yeast: Practical Approaches ed.
Johnson JA, Oxford University Press ppl24-134. By utilizing
disappearance of leucine auxotrophy in the resulting transformed
budding yeast, the transformed budding yeast AH 22 strain
(AH22-Bc0S1}) was selected on a Glu-Leu agar medium, and the
transformed budding yeast TM182 strain (TM182-Bc0Sl) was

selected on a Gal-Ura-Leu agar medium. It was confirmed that
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di spersed by a few of pipettings, and was incubated at 56C for 68 3

m nutes. Thereafter, the solution containing ground powder was supplied to
Q Ashredder spin colum attached to the kit, and centrifuged at 8,000 xg
for 2 mnutes. The filtration supernatant was transferred to a fresh
sanple tube, a 0.5-fold volume of 99.5% et hanol was added thereto, and the
material was well m xed by pipetting. This m xture was supplied to RNeasy

m ni spin.,col yum. -attac ) it, and centrjfuged at 0Qx for 1
futer HE TR AR A S A0l 1ol e tRh e sl ot SafenTanBEt Ut =
buffer R’\%1 a_tUt ac_t}ed to the kit, and centrifuged at 8,000xg for 1 m nute,
and the fi1%rdte RfiscdPded. Further, the residue was added 500 L of a

buffer RPE attached to the kit, centrifuged at 8, 000xg for 1 m nute, and
the filtrate was discarded. This procedure was repeated twice. Finally, an
upper filter part. was transferred to afresh sanple tube, supplied 30 pL of
RNase- f r é&28¥di§ |13 zed water attached to the kit, and centrifuged at 8,
000xg for 1 minute, and total RNA was dissolved out into the filtrate.

Thi s di s$&tdfivawadr coampundasenepearveyy tastectThearshiesnedabhediog t he
resulting total RNA solution was obtained fromthe absorbance at 260 nmto
be 322 gNMPRSETHM 820 BINA was synt hesi zed using ThernoScript RT-PCR System
(I'nvitrogen) while enploying total RNA as a tenplate. A solution in which
2.7 L of total TRRAtawmsEogmedbusidinid jyesbt AHZ22-BcOS1 prepared in
Example 2 was cultured while shaking at 30°C for 18 hours in
a Glu-Leu medium. As a control, the AH22 strain was similarly
cultured while shaking at 30°C for 18 hours in a Glu medium.
The absorbance at 600 nm of each of the grown transformed budding
yeasts in a cell suspension was measured, and a cell suspension
diluted with sterilized distilled water to the absorbance of
0.1 was prepared. Further, a cell suspension in which the
aforementioned cell suspension of the transformed budding yeast
AH22-BcOS1 was diluted 200-fold with a Glu-Leu medium, and a
cell suspension in which the aforementioned cell suspension of
the AHZ22 strain was diluted 200-fold with a Glu medium were
prepared. A solution in which each of Compounds (1) to (3) was
dissolved in dimethylsulfoxide (DMSO) to the concentration of
60 ppm, a solution in which each of Compounds (4) and {5) was
dissolved in dimethylsulfoxide (DMSO) to the concentration of
2000 ppm, and a sclution in which each of Compounds (6) and (7)

was dissolved in dimethylsulfoxide (DMSO) to the concentration

of 20 ppm were prepared, and two microplates were prepared in
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distilledwaterwere mxed into 1.0L of 50mMdigo (dt) 20 attached to the
kit and 2.0 L of 10 M dNTP M x was treated at 65C for 5 mnute, and then
rapidly cooled on ice. To this solution were 69 added 4 L of 5xcDNA
Synthesis Buffer attached to the kit, 1 L of 0.1MDIT, 1 pL of RNase QUT
1 L of ThernmoScript RT and 1 L of sterilized distilled water, to react
themat 50C for 60 mnutes and, thereafter, the reaction was stopped by
heating treatnment at 85C for 5 minutes. Further, a RNA of a tenplate was
degr aded By FUGFHY 1210 L R &ig 1 ofché@ Comppang salatt iom $nceiMS%n
solution and nmaintained a tenperature at 37C for 20 _mnutes, to_obtain a
cCDNA. A DNAGhEOPHEO4 WEEER sbt FrRNIRGIST tERCBEL A - antaANfo M&EirdP lédfuence
of Botryotinia fuckiliana BcOS-1 (hereinafter, referred to as BcOS-1 DNA

in sone CHRWY) LREF asplnfZed Wy oECReldstugrens $00DNAE ddian tranpsliaraiedUsi ng
an ol igonucleotide conprising the nucleotide sequence represented by SEQ
ID NO  Pudiiingh Y546 o -aQiEl cdrigiisthath befent e apeglesbbivdd ideddence
represented by SEQID NO 4 as a prinmer, a PCR was perforned to anmplify a
DNA havi if tdes anidlesbebda eswggefiteperpeds canddcbit uSED D aN@owAndTke PCR
was performed using KOD- Pl us-(TOYOBO) under the anplifying conditions that
a tenper atarel was IHCntfarndd hatir84C for aRonheut mdcanglatker eathe20035
cycles of incubation were repeated, each cycle conprising maintaining a
t enper at wleof the cell suspensions of the control yeast AH22 strain which

had been prepared by dilution as described above was dispensed,

and cultured by allowing to stand at 30°C for 48 hours. After

culturing, the absorbance at 600 nm of each well was measured

with a microplate reader.

Similarly, the transformed budding yeast TM182-BcOS1

prepared in Example 2 was cultured at 30°C for 18 hours in a

Glu-Ura-Leu medium. The absorbance at 600 nm of the grown

transformed budding yeast in a cell suspension was measured,

and a cell suspension diluted with sterilized distilled water

totheabsorbancecf0.lwasprepared. Further, acellsuspension

in which the aforementioned cell suspension of the transformed

budding yeast TM182-BcOSlwasdiluted200-foldwithaGlu-Ura-Leu

medium and, as a control, a cell suspension in which the

aforementioned cell suspension was diluted 200-fold with a

Gal-Ura-Leu medium were prepared. A suspension in which each

of Compounds (1) to (3) wasdissolved indimethylsulfoxide (DMSO)

to the concentration of 60 ppm, a solution in which each of

Compounds (4) and (5} was dissolved in dimethylsulfoxide (DMSO)
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at 94C for 15 seconds, then, at 55C for 30 seconds, then, at 68C for 6

m nutes. The PCR reaction solution (50L) was prepared by adding 2 L of the
af orenenti oned cDNA, 5 L of |0xBuffer, 5 L of 2 nMdNTPs, 2 L of 25 niM
MySO4, each 1 L of 10 M oligonucleotide priners, 33 L of sterilized
distilled water 70 and 1 L of KOD-Plus-. After the reaction, a part of the
reaction solution was separated by 0.8% agarose gel el ectrophoresis, and

st ai ned w i di 1 de. S nfirped _that .about . kb of .a DNA
Chace ] DRy SR S or Bo¥BEEN AR b AL 18808 i R e D o
Botryoti nj kel i ana c(0S-,1 ne_and.preparati.on of transfarned buddin
Donst " b bR SUERREE B 4P e B BPERTER bR i heR e yo o
replicable_j east._.and Escherichia coli.. About 4 kb of the aforenentioned
DNA ( BeOs! TMERA) Coeie TRt T4 0HoD tHe A9CRETR AR % KRR b Kk ied | n
Exanpl e 1 using. Q Aquick PCR Purification Kit (Q AGEN) accordiﬂgg to the

att ached FhptePlatapdirre BasRArachd npuhieh kR ONA (BedsPerDRAY 1 vk tdiegest ed
with restriction enzynes Spel and Pstl and, on the other hand, the

shuttl e vVERTRPURA SEHATH Ahang RS Qiaged 1k 1 weer AésPensedzAmes twpel and

Pstl and, thereafter, each of which was separated by 0. 8% agarose gel
el ect rophéekb$ s, Tandre pereraflate apdng drhenni erch a2 @esih edf DAL has

exci sed. The BcOS-1 DNA digested wi th Spel
suspensions of the transformed budding yeast TM182-BcOS1 which

had been prepared by dilution with a Glu-Ura-Leu medium as
described above was dispensed, and cultured by allowing to stand
at 30°C for 67 hours. Inanothermicroplate, as described above,
asacontrol, eachZ200puLof thecell suspensionsofthetransformed
budding yeast TM182-BcOS1 which had been prepared by dilution
withaGal-Ura-Leumediumwas dispensed, andculturedbyallowing
to stand at 30°C for 67 hours. After culturing, the absorbance
at 600 nm of each well was measured with a microplate reader.

Degree of growths of both of the transformed budding yeasts
cultured under the presence of each of Compound (1) to (7) and
budding yeast as a control therefor are shown in Table 1. Degree
of growths of both of the transformed budding yeasts and budding
yeasts as a control therefor are expressed by a relative value
in percentage, letting the absorbance at 600 nm in a well having
the concentration of the aforementioned Compound of 0 ppm to
be 100. It was confirmed that an inhibiting degree of growth
of TM182-BcOS1 by each test substance was grater than an

inhibitingdegree of growthof AH22-Bc0S1 by each test substance,
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and Pstl and the shuttle vector digested with Spel and Pstl were recovered
fromthe gel using Q Aquick CGel Extraction Kit (Q AGEN) according to the
attached manual . The aforenentioned BcOS-1 DNA was inserted between Spel
site and Pstl site in the nulticloning site of the shuttle vector using
Ligation Kit Ver.2 (TaKaRa) according to the attached manual, to construct
an 71 expression plasm d pADHBcOS1. A nucl eoti de sequence of the resulting

expressi on pl asm n zed with a seguencer , el 3100, plied
b heyar enid e, TR ALY R L e D e BARr s oy e
Sequenci ng Ready Reaction Kit . | i ed Bi osystens) accordin o the
at?ached %%‘Pﬁﬂa‘? Lvirhe t%eﬁ’&eﬁ%Fhééggéét FBﬁpﬁéédp@Ff)ﬁPﬁﬁérﬁgi W tgn

ol i gonucl eotide consisting of the nucl eotide sequence represented by any
of SEQ 185 %&xeBcBS o 12 as a prinmer under the anplifying conditions that
30 cycles were repeated, each cycle conprising maintaining a tenperature
at 96C forfaldseconds, then, at 50C for 5 seconds, then, at 60C for 4

M nut es.Asa Tesutt;—the nucteotide—seguence —represented b%?SEQ_gE—NQ 2
was obtdined, and it was confir%%@re?hgg YRV e p gs@?@ﬂlﬁgag 8t pABHEC oSl

Cequoncd of BeCS 1 The prepardtieipr okason b ASNAD SABRECE] vas

(1010148 °nd AT rai n ( Nba T. ReTaIEoq Joc Yetur 4 wolUbe. | o "
(final concentration) |medium |medium Leu medium | Leu medium
Compound (1) (0.6 ppm) | 99 90 | 99 5
Compound (2) (0.6 ppm) | 99 92 98 11
Compound (3) (0.6 ppm) 98 93 98 10
Compound (4) (20 ppm) 96 45 102 10
Compound (5) (20 ppm) | 97 79 103 48
Compound (6) (0.2 ppm) 99 81 a9 8
Compound (7) (0.2 ppm) | 101 94 99 11
Example 4

Isolation of Botryotinia fuckeliéna mutant Bc0S-1 gene
exhibiting resistance to dicarboxyimide antifungal compound
A DNA having a nucleotide sequence encoding an amino acid
sequence of Botryotinia fuckeliana mutant BcOS-1 (Oshima, M.
et al. (2002) Phytopathology 92, pp75-80) exhibiting resistance
toadicarboxyimide antifungal compound (hereinafter, referred
to as mutant BoOS1 DNA in some cases) was prepared by PCR using
the cDNA prepared in Example 1 as a template. A ‘first time
PCR was performed using, as a primer, an oligonucelotide

consisting of the nucleotide sequence represented by SEQ ID NO:

76



pp242-245) according to the nethod described in Ceitz RD & Wods RA (1994)

Mol ecul ar Genetics of Yeast: Practical Approaches ed. Johnson JA Oxford

University Press ppl24-134. By utilizing disappearance of | eucine

auxotrophy in the resulting transformed budding yeast, the transforned

buddi ng yeast AH 22 strain (AH22-BcOSl1l) was selected on a 3 u-Leu agar

medi um and the transforned buddi ng yeast TML82 strain (TML82-Bc(OSl) was
a Gal t _was

sel ect ed Leu ag d ium. : t 72 the
Fesul U ngL TRRE BN AT SREREFARIT 5 fEE IS et Ut SO

medi um Exanple 3 An ompound s tivity test of .transforned

buddi ng @%%"E? @r%%% c@ﬂ}‘wﬁ’ ACHER IR U B I R SIS
prepared in s cultured while shaking at 30C for .18 hours in a
B o AR TR ShEed By rBRes MiHBCRRDBORL EPaIGAd SEmEPe: Fclantiaied whil o
shaking at 30C for 18 hours in a GQu nedium The absorbance at 600 nm of

each of tFRAYPLYH IGRERIV G BUSHNGD Peasté vas anelifiedperBivrGhas

measured, and a cell suspension diluted with sterilized distilled water to
the absorfahoRepformed wakngr EPRT BHUS FUFOKERO) ausdrr shepensildd viimdahi ch
the aforenentioned cell suspension of the transformed buddi ng yeast
AH22- Bc OStonsist thh 21t bd t 200efpé da i1 & wa sGhaikiisal medatirf4°&€ntb a2 minutes
and, thereafter, 35 cycles were repeated, each cycle comprising
maintaining a temperature at 94°C for 15 seconds, then, at 55°C
for 30 seconds, then, at 68°C for 6 minutes. The PCR reaction
solution (50 puL) was prepared by adding 2 uL of the aforementioned
cDNA, 5 pL of 10xBuffer, 5 puL of 2 mM dNTPs, 2 pL of 25 mM MgSO,,
each 1 pL of 10 puM oligonucleotide primers, 33 pL of sterilized
distilled water and 1 uL of KOD~Plus-. After the reaction, a
second PCR was performed using an cligonucleotide consisting
of the nucleotide sequence represented by SEQ ID NO: 3 and 1
pl. of the first time PCR reaction solution while using the c¢DNA
prepared in Example 1 as a template. The reaction conditions
were the same as those of the first time PCRandafter the reaction,
a part of the reaction solution was'separated by 0.8% agarose
gel electrophoresis, and stained with ethidium bromide. It was

confirmed that about 4 kb of the DNA (mutant BcOS-1 DNA) was

amplified.

Example 5

Construction of expression plasmid of Botryotinia fuckeliana
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cell suspension in which the aforenentioned cell suspension of the AH22
strain was diluted 200-fold with a Qu nediumwere prepared. A solution in
whi ch each of Conpounds (1) to (3) was dissolved in dinethylsulf oxide
(DMSO to the concentration of 60 ppm a solution in which each of
Compounds (4) and (5) was dissolved in dinethylsulfoxide (DVSO to the
concentration of 2000 ppm and a solution in which each of Conpounds (6)

and (7) ¥B§sdissQ ' ?i hyl.sul f oxi de Qr_DI\/B%)) to t.he concentyation of
20 ppm wer e’ pr epar’é%l,qgahgn mg%lg%ﬁﬁflgt &S SHEFENS e f&r 8 3T O?@J\Rﬂ#ech each
2.0 L per Jf h 5%0 ondslutionale\/Bﬂg as a_contro re
di spenseda%{\ﬁ %m? aivé? gggflﬁ oei’fégrﬁ]f:‘?%?ﬁaolgéona nbr?ﬁﬁﬁ?r@ﬁghkﬁéglﬁﬂ of
cell susp $si19ns of the transformed budding yeast AH22-BcOSl which had
been prepg ESy by dilution as described above was di spensed, and cul tured
by allowing to _stand at 30C for 48 hours. In another mcroplate, each 200
L of the cell duspihsiohe Brtenk BeRersl DYBayesarongdr apkowRi ¥8CtRad been
prepared by dilutjon as described above was di spensed, and cultured by
al | owi ng R &3l Rt BoCK G AFHORY.- ARbert dukl ef ridie A dBwdamdnce at
600 nm of_each well was measured with a microplate reader. Simlarly, the
t r ansf or P HURH hyya§ eastl ficb DT oo oBe serepitdtieiieRExeapt 2012 swadsitdwint ur ed
at 30C for 18 hours in a Qu-Ua-Leu nedium The absorbance at 600 nm of
t he growﬁmepared in Example 4 using QIAquick PCR Purification Kit
(QIAGEN) according to the attached manual. About 4 kb of the
purified DNA (mutant BcOS-1 DNA) was digested with restriction
enzymes Spel and PstI and, on the other hand, the vector
pBluescript IT SK(+) was also digested with restriction enzymes
Spel and PstI, each of which was separated by 0.8% agarose gel
electrophoresis, and a part of the gel containing a desired DNA
was excised. The mutant BcOS-1 DNA digested with SpeI and PstI
and the vector pBluescript IT SK(+) digested with SpeI and PstI
were recovered from the gel using QIAquick Gel Extraction Kit
{(QIAGEN) according to the attached manual. The aforementioned
mutant BcOS-1 DNA was inserted between Spel site and PstI site
inthemulticloning site of the vector pBluescript II SK(+) using
Ligation Kit Ver.2 (TaKaRa) according to the attached manual,
to construct a plasmid pBc0OS1-I 365S. A nucleotide sequence
of the resulting plasmid was analyzed with a DNA sequencer {Model
3100, Applied Biosystems) after a sequencing reaction using

BigDye terminator v3.0 Cycle Sequence FS Ready Reaction Kit

(Applied Biosystems) according to the attached manual. The
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transforned buddi ng yeast in a cell suspension was neasured, and a cel
suspension diluted with sterilized distilled water to the absorbance of
0.1 was prepared. Further, a cell suspension in which the aforenentioned
cell suspension of the transformed budding yeast TML82- BcOSl wasdi | ut ed
200-foldwmth a Qu-Ua-Leu nediumand, as a control, a cell suspension in
which the aforenentioned cell suspension was diluted 200-fold with a

Gal -Ura-L 4 . ' L n_whi each of Co d

(1) to (3 g Caor et o ene AR Yoot By @B Rl rat | on

f 60 At ' lch h.of  Co ds (4 d (5 di | ved

'n i not P o3 Pos P Aeof DRED) T4 FAELRE. REPRUNTT A1) G o700 ImpnaRe 8
| uti ' | h._af, Co ds (6 d (7 di | ved

i ot hyl SGEPoR! A0S Brky! % 8O R Ko RORAR] BE GATIo0k DO RSB proaned, and

two mcroplates meie prepared in which each 2.0 L per well of the
Conpound Sof ut’i ofiY Gn@s LEP53LEHY IICherelei SpepEbel rame ink@ indald s. I n

one mcroplate anong them_ each 200 .tL of cell suspensions of the

t r ansf or ne F HRFRATY LRk 2 6T B8 asicadththhad de260°Qfepas eddondt,| uti on
with a du-Ua-Leu nediumas described above was dispensed, and cul tured
by al | owi 3SR 0a&teh§ £t 4 FoUt®s 67A8Guresulh, drmet ecl edtidelsaigee s

descri bed above, as a control, each 200 EEL of the cell suspensions of the

t r ansf or fEtP L PRERT Y RedER Thud: Bloseswabehinad drdnl pregmicent fiymeid ut i on
that the plasmid pBcOS1-I 3658 harbored the mutant BcOS-1 DNA.

The mutant BcOS~1 DNA contained in the thus prepared
plasmid pBcOS1-I3655 was cloned into a shuttle vector p415ADH
replicable in yeast and Escherichia coli, to construct an
expressionplasmid. The plasmid pBcOS1-I365S was digestedwith
restriction enzymes Spel and PstI and, on the other hand, the
shuttlevectorp415ADHwasalsodigestedwithrestrictionenzymes
Spel and PstI. These were separated by 0.8% agarcse gel
electrophoresis,respectively,eachwngelpartscontainingthe
mutant BcOS-1 DNA digested with Spel and Psti and the shuttlé
vector p415ADH digested with Spel and PstI was excised, and the
mutant BcOS-1 DNA and the shuttle vector were recovered from
the gel using QIAquickGel Extraction Kit (QIAGEN) according to
the attachedmanual. Themutant BcOS-1 DNA was inserted between
Spel site and PstI site in the multicloning site of the shuttle
vector using Ligation Kit Ver.2 (TaKaRa) according to the
attached manual, to construct an expression plasmid

PADHBcOS1-I365S. A nucleotide sequence of the resulting
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with a Gal-Ura-Leu nmedi um was di spensed, and cultured by allowing to stand
at 30C for 67 hours. After culturing, the absorbance at 600 rim of each
wel | was neasured with a mcroplate reader. Degree of growths of both of

t he transformed buddi ng yeasts cultured under the presence of each of
Compound (1) to (7) and budding yeast as a control therefor are shown in
Table 1. Degree of growths of both of the transforned buddi ng yeasts and

buddi ; t her ef : dDb | at j I '

por contagt et B AT RU AReEY 4o BG i PIE 3 hene s Ipde L BigtT 1
ent | on. he_ af t d Co d of O t be 100. It

Cont i med Tha AP T 1T e e O DORINS 3PIPRESS. BEOB AYI0kEn | ost

subst ance_ was. grater an, a iL.nhi biting degree of growth of AH22- BcQOSI by
each testetesﬂﬁsr?aa%%re,végb gﬁ&q?hée?Wﬁﬁﬁ-enge%&é Reas &ifredABBLESRi th t he
enhanced _sensitivity to an antifungal conpound as conpared with

AH22- Bc OB OSEEH %) BEGREE IS §Pothh 3k Mpnpadst CHe SRAReNARRY- Be
TML82-BcOSl_ sl  Test substance Gu Gu-Leu Gal-Ura- Gal-Ua- (final

concent r 535D He deFnPREAPERELLRY it imare g Lrganuml ecsiplsuaeng istiog 6 ppn)

99 90 99 9 )
of the nucleotide sequence represented by any of SEQ ID NOs:

S5tol2 as aprimer under the amplifying conditions that 30 cycles
of incubation were repeated, each cycle comprising maintaining
a temperature at 96°C for 10 seconds, then, at 50°C for S seconds,

then, at 60°C for 4 minutes. Asaresult, the nucleotide seguence

represented by SEQ ID NO: 14 was ocbtained, and it was confirmed

that the expressionplasmidpADHBcOS1-I365S harboredaDNA having

a nucleotide sequence encoding an amino acid sequence of the
_mutant BcOS-1.

The prepared expression plasmid pADHBcOS1-I 365S was
introduced into the budding yeast TM182 strain according to the
method described in Example 2. By utilizing disappearance of
leucine auxotrophy in the resulting transformed budding yeast,
the transformed budding yeast TM182 strain (TM182-BcOS1-I1365s)
was selected on a Gal~-Ura-Leu agarose medium. It was confirmed
that the resulting TM182-Bc0OS1-I365S grows even when

transplanted to a Glu-Ura-Leu medium.

Example 6

Antifungal compound sensitivity test of transformed budding

80



Compound (2) (0.6ppm 99 92 98 11 Conpound (3) (0.6ppm 98 93 98 10
Compound (4) (20 ppnm) 96 45 102 10 Conpound (5) (20 ppm) 97 79 103 48
Compound (6) (0.2 ppnm) 99 81 99 8 Compound (7) (0.2 ppnm) 101 94 99 11
Exanpl e 4 Isolation of Botryotinia fuckeliana nutant BcOS-1 gene

exhibiting resistance to di carboxyi mde antifungal conpound A DNA having a
nucl eoti de sequence encodi ng an am no acid sequence of Botryotinia

fuckel i ang aut-aniy1BeOg-b(Oshiz-e M et al. (2002) Phytopathol ogy 92,
pp75- 80) g)%hi bi tlhng%rcésci%sstlgﬁcg%tso a di carboxyi m de antif ungal conpound

(hereinafter, r QB%%I 0_as t.ant BoQS Ln.s ) was_ prepared
by PCR usi ng tﬁfélgc Spércerﬁr?esfrctiagﬁ|cl lﬁﬁa‘{rﬁﬁs(]et m&baBFgggFj?zggﬁ’f?P%‘fefi me
PCR was per r med ugin , as.a Eriner, an ol i gonucel oti de consisting of the
nucl eot i d& s*g’a%%%% é’%ﬁe%%w eByASEHY LOIRD 1§ dotrsapa a1 geamdeteot i de
consistin e E the pucl eoti de sequence represented by SEQ ID NO 4, and a
DNA havi n‘g Hlel ettt APE @ a2t il s8hrédange bhse srpbeien 1981the 3948
of the nucleotigg sgguence represented by SEQ ID NO 14 was anplified. The
PCR was PEPYDr hEANESPRGCROPUBALEI( YORGBOY agnAeR streamand v mellondi ti ons
that a tenperature was_maintained at 94C for 2 mnutes

suspension diluted with sterilized distilled water to the

absorbance of 0.1 was prepared. Further, a cell suspension in

which the aforementioned cell suspension of the transformed

budding yeast TM182~BcOS1-I 3653 was diluted 200-fold with a

Glu-Ura-Leumedium and, as a control, a cell suspension in which

the cell suspension was diluted 200-fold with a Gal-Ura-Leu

medium were prepared. A solution in which each of Compound (1)

to (3) was dissolved in dimethylsulfoxide (DMSO) to the

concentration of 60 ppm, a solution in which each of Compounds

(4) and (5) was dissolved in dimethylsulfoxide (DMSO) to the

concentration of 2000 ppm, and a solution in which each of

Compounds (6) and (7) was dissolved in dimethylsulfoxide (DMSO)

tothe concentration of 20 ppmwere prepared, and twomicroplates

werepreparedinwhicheach2.QulLperwell of the Compoundsolution

and DMSO as a control were dispensed into two wells. In one

microplate among them, each 200 pL of cell suspensions of the

transformed budding yeast TM182-BcOS1-I365S which had been

preparedbydilutionwithaGlu-Ura-Leumediumas described above

was dispensed, and cultured by allowing to stand at 30°C for

67 hours. In another microplate, as a control, each 200 pL of
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and, thereafter, 35 cycles were repeated, each cycle conprising

mai ntai ning a tenperature at 94C for 15 seconds, then, at 55C for 30
seconds, then, at 68C for 6 mnutes. The PCR reaction solution (50 L) was
prepared by adding 2 pL of the aforenentioned cDNA, 5 pL of |OxBuffer, 5 L
of 2 MM dNTPs, 2 RL of 25 mM MgSH4, each 1 L of 10 M ol i ggonucl eoti de
primers, 33 RL of sterilized distilled water and 1 L of KOD- Plus-. After

th ti.QR; f d using, | i tid
consi sti g e TR E B TS SR e ee Rog Sebi 20 vay S B Nes Sl aha 1 L
Beamle 178858 TR A BEor R b CRaNORGHAh aerd e Sandvaa’ ¥hose of

the first tir’rg,PCR and after the reaction, a part of the reaction solution
was separ 4R8d%h§PONESHagardseuljured) byt pdpRYiagi §o atandt abnd8°Gi fow

et hi di um oa;ade. It ﬁzvas confirped that about 4 kb of the DNA (nutant
BcOS- 1 ? 4TS adt i ke e CU B ARDI S Stipndeserkanne odt e&kQP ovrieh eetni d of
Botryotinia Luckel iana 77 BcOS-I nutant gene exhibiting resistance to

di car boxyV&UL Yamt PeaagardcwAthuRd Tdsd oplessr aiasierof transfor med buddi ng
yeast First, the nutant BcOS-| DNA was cloned into a vector pBluescript Il
SK(+) (TOYOBO) .DedBees 40kbospwithe DEAbERDt @fit the transformed budding

yeasts cultured under the presence of Compounds (1) to (7) and
budding yeast as a control therefor are shown in Table 2. Degrees
of growths of both of the transformed budding yeasts and budding
yeast asacontrol areexpressedbyarelative valuein percentage,
letting the absorbance at 600 nm at the concentration of the
Compound of 0 ppm to be 100. It was confirmed that an inhibiting
degree of growth of the transformed budding yeast TM182-Bc0S1-I
365S by each test substance was grater than an inhibiting degree
of growth of the transformed budding veast AH22-BcOS1-I 365S
by each test substance, and the transformed budding yeast
TM182-BcOS1-I 3655 was a transformed cell with the enhanced
sensitivity to an antifungal compound as compared with »the

transformed budding yeast AH22-Bc0OS1-I365S.

82



BcOS-DNA) was purified fromronthe sectinme PCR reaction solution prepared
in Exanple 4 using Q Aquick PCR Purification Kit (Q AGEN) according to the
attached manual . About 4 kb of the purified DNA (nmutant BcOS-1 DNA) was
digested with restriction enzymes Spel and Pstl and, on the other hand,
the vector pBluescript Il SK(+) was also digested with restriction enzynes
Spel and Pstl, each of which was separated by 0.8% agar ose gel

el ectrophofgsis,oand a part of the gel containing a desired DNA was

exci sed. _-The nutant BcOS-1 DNA digested with Spel and Pstl and the vector

pBluescr|pt Il SK (+) digested %épegpg#rgp the WG 81 HECOLEE gd (f%romthe
gel usi ng—aHAgtHek—Cel—bBd+acti-on— %Eg accgp§| ng tg tﬁe__ax.ﬂached
manual . [The af orenenti oned rmﬁ ant BcQ EIZWC s inserted between Spgl
site and| Pstl site in the mult38%%ni ngP31tE36f| THEB2eBeOF1 pBBGESCY Lﬂt N
SK(+) using ljigation Kit Ver.2 (TaKaRajSaccording to the attached nual ,
to constirmgit aspbsamee PBCOSI -[IcBE55. Asylct,eot|igle ()ﬁ%encemﬁo%}g

resulting plasmd was anal yzed with a DNA sequencer del plied
Bi osyst errfs ing} epngessgasionig medivum omedivwy  |BigDye dienn| hen mredm&nﬂ Cycl e
Sequence actd o ApplTied, Biosygt ) accor/diyig to tt
attachedWT 57‘; mmnaré ng relaclion wds 99 erf ornmed usi ng _an
ol i gonucl@aﬂpcdmd cpzn)5| (sﬁ |p§1gn)of dthe nugleotide seq;lgences rep_[psent ed by any

tlanc
LALE™J

Ao £ 1o o Ao pava I
Of SEQ Id{)mpounc{ (3) J_L das> d NI T11ed ol UUSI CTIC |||§|2| | yriig - oRatt++6

{6 ppm) |87 7 9
Compound (4) (20 ppm) | 96 83 101 41
Compound (5) (20 ppm) | 80 64 76 13
Compound {6) (0.2 ppm) | 92 67 93 7
Compound (7) (0.2 ppm) | 91 79 90 22
Example 7

Isolation of Magnaporthe grisea HIKl gene

Total RNA was prepared frorﬁ Magnaporthe grisea. 100 mg
of a hypha of Magnaporthe grisea P-37 strai'n which had been grown
on a potato dextrose agar medium (PDA medium manufactured by
NISSUI Pharmaceutical Co., Ltd.) was scratched off, and this
was ground using a mortar and a pestle in liguid nitrogen. A
RNA was prepared from frozen ground powder using RNeasy Plant
Mini Kit (QIAGEN). A frozen ground powder together with liquid
nitrogen was transformed to a 50 ml sample tube and, after liquid
nitrogen was all volatilized off, a solution obtained by adding
10 pLof mercaptoethanol was addedper 1 ml of abuffer RLC attached

tothekitwasadded, followedbystirring. Further, afterground
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that 30 cycles were repeated, each cycle conprising maintaining a
tenperature at 96C for 10 seconds, then, at 50C for 5 seconds, then, at
60C for 4 mnutes. As a result, the nucleotide sequence represented by SEQ
ID NO 14 was obtained and it was confirnmed that the plasm d pBcOSlI-1 365S
harbored the nutant BcOS-1 DNA. The nmutant BcOS-1 DNA contained in the thus
prepared plasm d pBcCSl-1365S was cloned into a shuttle vector p415ADH

replicabl go{;8e¥€ Lchi;a coli._ tao .construct an_ expression
pl asni d. ?’ﬁeagi&fa‘g%d‘g%g%%gfé%%%&\%% HiEEP 'sctlﬁlgsr'eﬁ rtie&FFed:r‘?té“H'z%/rres
Spel and |_and._on the r .hand, the_shuttle vectorp4l5ADH was al so
di goested é\;’mﬁ% hmr%rg§?+%?$o§]t ﬁ&?n@gr gp‘&%-n'éﬁfls pstine gk ferde ssdpdrigired by
cont a1 i o CHEL N S0 OO TP NS, Tt P P I&REIE P 1apE har e
shuttle vector p415ADH di gested with Spel and Pstl was excised, and the

mut ant BcE-AC HhEenkisnuerd eandetivfuard @ty 8¢ 808Kadf ¢r dhmirtd agal usi ng

Q Aqui ckC&Le Ef(.t action Kit (Q AGEN) according to the attached nmanual. The
mut ant BcO& T O R Ep i wetds s tgnredit® Rstficesin samplshe

rrulticlonibar]:ge site . of the shuttle vector using Ligation Kit Ver.2 (TaKaRd)

accor di ng- ¥ 1 2 O ap TERkRdvehianal 0f t 89 edhsethrnohnwaspaddedon apdasiied

PADHBcOS1- 1 365S. A nucl egtide sequence of the resulting 79 expression
pl asni d SR Y 26¢ Wetld BiprA RE iR inpde IIGOmixtured solution

was supplied to RNeasy mini spin column attached to the kit,
and centrifuged at 8,000xg for 1 minute. The filtrate Qas
discarded, 700 uL of Buffer RW1 attached to the kit was added,
centrifuged at 8,000xg for 1 minute, and the filtrate was
discarded. Further, the residue was added 500 UL of Buffer RPE
attached to the kit, and centrifuged at 8,000xg for 1 minute,
and the filtrate was discarded. This procedure was repeated
twice. Finally, anupper filter part was transferred to a fresh
sample tube, supplied 30 puL of RNase~free sterilized water, and
centrifuged at 8,000xg for 1 minute, and total RNA was dissolved
into the filtrate. This dissolution procedure was repeated
twice.

Then, a cDNA was synthesized using ThermoScript RT-PCR
System (Invitrogen) while using total RNA as a template. A
solution in which 9.0 puL of total RNA was mixed into 1.0 uL of
50 mM Oligo(dt},y attached to the kit and 2.0 ML of 10 mM dNTP
Mix was treated at 65°C for 5 minutes, and rapidly cooled on

ice. Tothis solution were added 4 puL of 5xcDNA Synthesis Buffer
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Applied Biosystens) after a sequencing reaction using BigDye term nator
v3.0 Cycl e Sequence FS Ready Reaction Kit (Applied Biosystens) according
to the attached manual. The sequencing reaction was performed by using an
ol i gonucl eoti de consisting of the nucl eotide sequence represented by any
of SEQID NGs: 5 to 12 as a priner under the anplifying conditions that 30
cycles of incubation were repeated, each cycle conprising maintaining a

tenperatu 1Q .seconds, then, at 50C for 5 seconds, then, at
60C for 45%%?%53%%%% S‘eleul ,“f‘h%£n(ﬁ'c4%(ﬂm&e LséquehicRNaseféBent ¢d by SEQ

I D NO 14 | ned It s_confirnmed that the expression

pl asni dpAmqa%%@$ﬁ8f@dﬁ“mf halg gl L 2 bl ot vl sefieancao
encodi ng m _no_aci equence of the nutant BcOS-1. The prepared
Iaen%&agrk?ieal ﬁg%SO%‘?r 1688 gULEs andy rbrceal tex o thre rbaddiiog yeast

expressi on
TML82 strain Qccoraing to the nethod described in Exanple 2. By utilizing

di sappear‘4iic&BPPeRRICh At 40K StheRimeithat 186 Edut bimiguittreansf Sumetielryddi ng
yeast, the tr%gsf or med buddi ng yeast TML82 strain (TML82-BcCOSl-1365s) was
sel ect ed oHLaCEaRVepgH| atitagheesko el Ui t Iwasvasideshttior tbds rhatttibe

resultin ML82- BcOS1- | 365S grows even when transplanted to a G u-Ura-Leu

medi um &6 CAYR mMAkegala leo msoten dresertsict iati t377°CesbroR 0t manatesned

buddi ng 80
and a RNA as a template was degraded to obtain a cDNA.

A DNA having a nucleotide sequence encoding an amino acid
sequence of Magnaporthe grisea HIK1 (hereinafter, referred to
as HIK] DNA in some cases) was amplified by PCR using this cDNA
as a template. A PCR was performed using an oligonucleotide
consisting of the nucleotide sequence represented by SEQ ID NO:
18 and an oligonucleotide consisting of the nucleotide sequence
representedbySEQIDNO:19,toamplifyaDNAhavingthenucleotide
Sequence represented by SEQ ID NO: 17. The PCR was performed
using KOD-Plus- (TOYOBO) under the amplifying conditions that
atemperaturewasmaintainedat94%3for2ndnutesand,thereafter,
35 cycles of incubation were repeated, each cycle comprising
maintaining a temperature at 94°C for 15 seconds, then, at‘55°C
for 30 seconds, then, at 68°C for § minutes. ‘The PCR reaction
solution(SOpL)waspreparedbyaddinguLoftheaforementioned
cDNA, 5 UL of 10xBuffer, 5 pL of 2 mM dDNPs, 2 puL of 25 mM MgSO,,
each 1 puL of 10 uM oligonucleotide primers‘, 33 UL of sterilized

distilled water and 1 uL of KOD-Plus-. After the reaction, a

part of the reaction solution was separated with 1.0% agarose
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yeast TML82-BcCOSl -1-3655 The transformed buddi ng yeast TML82- BcOSl - 23655
prepared in Exanple 5 was cultured at 30C for 18 hours in a Qu-Ura-Leu
medi um The absorbance at 600 nm of a cell suspension of the grown
transforned buddi ng yeast was neasured, and a cell suspension diluted with
sterilized distilled water to the absorbance of 0.1 was prepared. Further,
a cell suspension in which the aforenentioned cell suspension of the

o o o PG F AR A R

G u-Ura-Léeu nmedium and,” as a control’, "a ce
suspensi o L 0-f.old 't% |- Ura-Leu di um were prepared. A
sol uti on ??\ \/\l%w{:@hhg%}g%t o%o(l‘btrrﬁloejc d° 1‘33}‘86?’8”*( é%IRESDHgSS”éﬁ/éH"HJﬁ&ECR

di met hyl sul foxide (DMSO to the concentration of 60 ppm a solution in

whi ch each of Conpounds (4) and (5) was di ssolved in dinethyl sul foxide

( DMSO) tog £§ %ogcentration of 2000 ppm and a solution in which each of
Conpounds )% p]a d (7) was dissolved in dinethylsulf oxide (DVBO to the
concentra‘téi on,_of JC20 gp were prepared, and two nmicroplates were prepared
in whi ch eeREBUEEHRN R&raMBKRPIEFSLRB Ritbishaf dFanarat thmdr by K la
control were dispensed into two wells. In one mcroplate anong them each
200 pL of 9EF 12 ‘gs%’é%%%%%l%lﬁ phetrenghervefebudddnonyepssst

TML82- BcOSl - 1 365S whi ch_had been prepared bﬁ dilution with a Qu-Ua-Leu
medi um as descrifed IEHoRA Wasscdpapanetl aantioning ekt by pElluesrigitto st and

at 30C for
SK II (+). About 4 kb of the aforementioned DNA (HIK1 DNA) was

purified from the PCR reaction solution prepared in Example 7
using QIAquick PCR Purification Kit (QIAGEN) according to the
attached manual. 2About 4 kb of the purified DNA (HIK1 DNA) was _.
digested with restriction enzymes of Spel and HindIII and, on
the other hand, after the cloning vecto:.; pBluescript SK II (t)
(manufactured by Stfatagene) was also digested with restriction
enzymes Spel and HindIII, each of which was separated with 1.0%
agarose gel electrophoresis, and a part of the gel containing
a desired DNA was excised. The NIK1 DNA digested with Spel and
HindIITI and the cloning vector digested with Spel and HindIII
were recovered form the gel using QIAquick Gel Extraction Kit
(QIAGEN) according to the attached manual. The HIK1 DNA was
inserted between Spel site and HindIII site in the multicloning
site of the cloning vector using Ligation Kit Ver.?2 (TaKaRa)
according to the attached manual, to construct a plasmid. -
pBlueHIKl. A nucleotide sequence of the resulting plasmid was

analyzed with a DNA sequencer {(Model 3100, Applied Biosystems)

86



67 hours. In another mcroplate, as a control, each 200 L of 81 cell
suspensi ons of the transfornmed buddi ng yeast TML82-BcCSl -1 3655 which had
been prepared by dilution with a Gal-Ua-Leu nmedium was di spensed, and
cultured by allowing to stand at 30C for 67 hours. After culturing, the
absor bance at 600 nm of each well was neasured with a m cropl ate reader.
Degrees of grow hs of both of the transforned budding yeasts cultured

e, e s ipIag s i [ it A AI) Bl B0 o

therefor are shown in Ta
transf or neg | Y, uddi east, as_a control are expressed by
e B80T R P i, KR 14558 BANE o8 GoocaRRBRa: he

a relative value I n percenhtage,

concent r at.i0 f und of ppmto be 100. It was confirnmed that an
i nhi biting ﬁ%érae’%ﬁﬁﬁheg%f g‘]\%ﬁﬁagr tﬂget AT R BREFEH IR Yeaskenfasre®dcOS| - |
of growth

365S by eagh te ubst ance was grater than an inhibiting degree
of the transflgr%% iﬂ-@é’d}%a-%%&&egﬂﬂgﬁ.lg@@gg_qﬁ%@s,nuggce@g@ﬁetmu@m'[ ance,
and the trrgﬁlsrggrngd b%ddi ng yeast _TML82-BcCSl -1 365S was a transforned
cel | it h"PRESBRHERACRY uhsit PBRy I NP Qi 2Bmyala padpesndndsrcmpar ed
with the a{qrgniforrred byddi ng yeast AH22-BcOS1-1365S. 82 Table 2 Degree of
growt h of 2 a.anggggplédpnsthat35cyclesof1ncubationwererepeated,
each cycle comprising maintaining a temperature at 96°C for 10
seconds, then, at 50°C for 5 seconds, then, at 60°C for 2 minutes.
.As a result, the nucleotide Sequence represented by SEQ ID NO:
17 was obtained, and it was confirmed that the plasmid pBlueHIK]1
harbored a DNA having a nucleotide sequence encoding an amino
acid sequence of HIKI1.
. Then, the HIK1 DNA was inserted into a shuttle vector
P415ADH (ATCC87312) replicable in yeast and Escherichia coli.
The plasmid pBlueHIK1 prepared as described above was digested
withrestrictionenzymesSpeIandHindIIIand,ontheotherhand,
after the shuttle vector p415ADH (ATCC87312) was also digested
with restriction enzymes SpelI and HindIII, each of which was
separated with 1.0% agarose gel electrophoresis, and a part of
the gel containing a desired DNA was excised. The HIK1 DNA
digested with Spel and HindIII and the shuttle vector digested
with SpeI and HindIII were recovered from the gel ﬁsing OTAquick
Gel Extraction Kit (QIAGEN) according to the attached manual.

The HIKl DNA was inserted between Spel site and HindITII site

in the multicloning site of the shuttle vector using Ligation
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AH22- Bc AH22 OS1-236 TML82- BcOS1-1365S 5S Test substance G u Q u-Leu
Gl -Ura- @u-Ura- (final concentration) nedi um nedi um Leu nedi um Leu nedi um

Compound (1) (6 ppn) 88 68 99 9 Compound (2) (6 ppn) 91 81 88 11 Conpound
(3) (6 ppm 87 75 92 9 Conpound (4) (20 ppm 96 83 101 41 Conpound (5)
(20 ppm 80 64 76 13 Conmpound (6) (0.2 ppm) 92 67 93 7 Conmpound (7) (0.2

ppm 91 79 90 22 Exanple 7 Isolation of Magnaporthe grisea H KI gene Tot al
of a hypha of Magnaport he

RNA was pr k r naporthe grisea. 100 ngy

i sea P STl T SRKERA B ST ITY bk et WA Itk aPanBens roveogRFORBA! um
(PDA nedi uf act.ured .by N SSUI Pharmaceutical Co., Ltd.) was scratched
of f, and 'té{lnl %ﬁgs&o&ﬁ&%ﬁ% pg‘%%ﬁ% and a pestle in liquid nitrogen. A

RNA was prepareg fromfrozen ground powder using RNeasy Plant Mni Kit
(Q AGEN). A fro2Bfi BFERAISHoRARFSEE86t PR SHAEPAPERINL was royerodased

transforned to,a 50 m sanple tube and, after liquid nitrogen was all
vol ati | i z&8t8f PUd1ing yepss dJSeaschad by casdioryeviGilaaf AHIZ aptoethanol was

added per } m of a buffer RLC attached
{ F010144)andTMlSZstrain(MaedaT.etal.(1994)Naturevol.369,

pp242-245) according to the method described in Geitz RD & Woods
RA(1994)MolecularGeneticscﬁerast:PracticalApproachesed.
Johnson JA, Oxford University Press ppl24-134. By utilizing
disappearanceofleucineauxotrophyintheresultingtransfbrmed
budding yeast, the transformed budding yeast AH22 strain
(AH21-HIK1l) was selected on a Glu-Leu agar medium, and the
transformedbuddingyeastTM182strain(TMlBZ—HIKl)wasselected
onaGlu-Ura~Leuagarmedium. Itwasconfirmedthat the resulting

TM1B2-HIK1 grows even transferred to a Glu-Ura-Leu medium.

Example 9
Antifungal compound sensitivity test of transformed budding
yeast TM182-HIK1 |

The transformed budding yeast AH22-HIK] prepared in
Example 8 was cultured while shaking at 30°C for 24 hours in
a Glu-Leu medium. As a control, the AH22 strain was similarly
cultured while shaking at 30°C for 24 hours in a Glu medium,
The absorbance at 600 nm of a cell suspension of each of the
grown transformed budding yeasts was measured, and a cell

suspension diluted with each medium to the absorbance of 0.1

88



to the kit was added, followed by stirring. Further, after ground 83
powder was wel | dispersed by a few pipettings, a tenperature was

mai nt ai ned at 56C for 3 mnutes. Thereafter, a solution containing ground
powder was supplied to Q Ashredderspin colum attached to the kit, and
centrifuged at 8,000xg for 2 mnutes. The filtration supernatant was
transferred to a fresh sanple tube, a 0.5-fold volune of 99.5% et hanol was

added, angth ey al 1 _m x g by _bi petting. Ttéi,s m_xt ur ed
sol uti on vvassgﬁg%%i ed tg%ﬁE%y i ﬁle? pISﬁSESF‘ﬁFrﬁnagPa&’ &G 6h€he kit, and
centrifuggd.a f Or m nute. The_ filtrate was gi scarded, 700 L of
Buf f er F\’V\% at t&é‘gﬁgg%%dt%%l%s%”ﬁ&&s GO %Eé%ﬁarr?%%%e puddopgxieask 1
" mnute, a h Ll trat S g sca ged, Further, the residue was added 500
gL of Buf g?REEMa"f?%é’ﬁel\éﬁteéi hé Rﬁ LR acehir Leudrern g 20008 £ b 1
m nut e, nd the,fi Itraltne, VP/‘as di scarded. This procedure was repeated
twi ce. FiRarPy I SaR 2 upp&nih B pEr¥enenrt ioned iaalleguspeasirasat Al e
t ube, supg{ii ed 30 L of RNase-free sterilized water, and centrifuged at 8,
000xg for>trAtAd{RS dHidhest 20-fRAAMEtRI & SFiw Bediun veraepteparade. AThi s
di ssolution procedure was repeated tw ce. Then, a cDNA was synt hesi zed
usi ng The? RPN RN PR chseachn® £ IGRMRNWES ) Mhitbe { 315 iwap doissio IR as a
tenplate., A solution in which 9.0 gL of total RNA was m xed into 1.0 L of
in dimethylsulfoxide (DMSO} to the concentration of 200 ppm,
a solution in which each of Compounds (4) to (5) was dissolved
in dimethylsulfoxide (DMSO) to the concentration of 600 ppm,
andasolutioninwhicheachofCompounds(6)and(7)wasdissolved
in dimethylsulfoxide (DMSO)} to the concentration of 20 ppm were
prepared, and two microplates were prepared in which each 1.0
HL per well of the Compound solution and DMSO as a control were
dispensed into two wells. In one microplate among them, each
100 pL of a cell suspension of the transformed budding yeast
AHZ2~hiki which had been prepared by dilution as described above
was dispensed, and cultured by allowing to stand at 30°C for
23 hours. In another microplate, each 100 uL of the cell
suspensions of control yeast AH22 strain which had been prepared

by dilution as described above was dispensed, and cultured by
allowing to stand at 30°C for 27 hours. After culturing, the
absorbance at 600 nm of each well was measured with a microplate
reader.

Similarly, the transformed budding yeast TM1B2-HIK1

prepared in Example 8 was cultured at 30°C for 24 hours in a

89



50 MM digo(dt)20 attached to the kit and 2.0 L of 10 nM dNTP M x was
treated at 65C for 5 mnutes, and rapidly cooled on ice. To this solution
wer e added 4 M. of 5xcDNA Synthesis Buffer 84 attached to the kit, 1 L of
- 0.1MDTT, 1 gL of RNase QUT, 1 L of ThernmoScript RT and 1 L of sterilized
distilled water, to react themat 50C for 60 m nutes and, thereafter, the
reaction was stopped by heating treatnment at 85C for 5 m nutes. Further,

1 gL of ex-at ; th i_t _was adde this reaction solution,
the mat e%ﬁsh&mgr%%%ggtlté‘%'at %Bgé%fs&r%f&cr% %ﬁ%@g A ohy cﬁiéil&wsé’?nz?%oé’hpl ate
was degr 0 [ A havi n nucl eoti de sequence encodi ng
an ami noaggjcgf © ggghgngﬁg%g%ﬁﬁgﬁj%%y ?gé? YExPERPS hafhera Gediler red
to as H in.s cases) was anplifjed by PCR using this cDNA as a
t enpl ate.ﬁs%\%\g@ %gf%‘?‘ire‘ﬂz‘i}%i%&éﬁ“ TP R It iadkso sAh§-é the
nucl eoti d . Sequence represe ted 3% SEQ ID NO 18 and an oligonucl eotide
consi st i n‘g OPTFRATER T edtiidd Sequeice! 1 repiranhtey by deEhEN® 19, to
anplify a é)NA havi ng thenucl eoti de sequence represented by SEQ ID NO 17.
The PCR v Orpeé?%*rh'g‘a“ G&ilgs e 1% irn SfTdvoBopngfesmetheudding fgasg
conditiogﬁnt{%}3H a tenperature was nmaintained at 94C for 2 m nutes and,

t her eaf t eril B wes ot liutechaPrénlaevethebddiedirasdein medismcengsi si ng
mai ntai ning a tenperature at 94C for 15 seconds, then, at 55C for 30
seconds, aﬁgw%ﬁ,onéﬂfoéza@ ¢okl susPROSASN iTheh PuRthesttipemsionwas diluted

50-fold with a Glu-Ura-Leu medium were prepared. A suspension
in which each of Compounds (1) to (3) was dissolved in

dimethylsulfoxide (DMSO) to the cdncentration of 200 ppm, a
solution in which each of Compounds (4) and (5) was dissolved
in dimethylsulfoxide (DMSO) to the concentration of 600 ppm,
andasolutioninwhicheachdfCompounds(6)and(7}wasdissolved
in dimethylsulfoxide (DMSO) to the concentration of 20 ppm were
prepared, and two microplates were prepared in which each 1.0
ML per well of the Compound DMSO solution and DMSO asla control
were dispensed into two wells. In one microplate among them,
each 100 pL of cell suspensions of the transformed budding yeast
TM182-HIK1 which had been preparedbydilutionwitha Glu-Ura-Leu
medimnasdescribedabovewasdispensed,andculturédbyailowing
tostandat 30°C for 27 hours. Inancthermicroplate, asdescribed
above, as a control, each 100 uﬁ of cell suspensions of the
transformed budding yeast TM182-HIK! which had been prepared
bydilutionwithaGal—UrauLeumediumwasdispensed,andcultured

by allowing to stand at 30°C for 27 hours. After culturing,
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solution (50 L) was prepared by adding 2 gL of the aforenentioned cDNA 5
L of 10xBuffer, 5 L of 2 mMMdDNPs, 2 L of 25 nM MgSH, each 1 pL of 10 M
ol i gonucl eotide priners, 33 L of sterilized distilled water and 1 L of
KOD- Pl us-. After the reaction, a part of the reaction solution was

separated with 1.0% agarose 85 gel el ectrophoresis, and stained with
ethidiumbromde. It was confirned that about 4 kb of the DNA (H KL DNA)

was anplifi e .8 nstructi.on an expression,_plasm d of

Nagnaport%féggpfss??g% Pt gée%r?lgmé’ %?%ng;#‘ﬁ&ﬁ“‘?ﬁ%lﬁ%%gﬂigﬁé@ iH yeast

The HI K1 ¥\@s cloned into a cloning vector pBluesripit SK Il (+). About
afo

4 kb of the fementi oned DNA (HI K1 DNA) was purified fromthe PCR
reaction solution prepared in Exanple 7_using Q Aqui ck PCR Purification
Kt (QAGEN) acCe?EPRE e THS AE PRIICRE FAR AN SHRATReSORESNINIRETRR | 11 ed
DNA (HI K1 w) V\@S, igested with restriction enzymes of Spel and H ndll|I
and, on SHe"OTR@riPamF REGIBNEh kI IRRERETL OF) P8 uedcdnst badding t)
(manufactured by Stratagene) was also digested with restriction enzynes
Spel and W%‘H%l% &R Whiner oty ssparhern wnthrhle0ds dpursss g

el ectrophoresis, and a part of the gel containing a desired DNA was

exci sed. FFRYMNIKICDRLE g&stha Wrans Spenedrieuddd mal yeasine arsk betdeting

vector digested with Spel and Hindill were recovered formthe gel using
Q Aqui ck &S Eas fccraw rRilt thereofor are shown by a relative value in

percentage, lettingthe absorbance of 600 nmat the concentration
of the Compound of 0 ppm to be 100. It was confirmed that an
inhibiting degree of growth of TM182-HIK1 by each test substance
was greater than an inhibiting degree of growth of AH22~HIK1
by each test substance, and the TM182-HIKl was a transformed
cell with the enhanced sensitivity to an antifungal compound

as ccmpared with AH22-HIK1.

Table 3
Degree of growth of budding yeast (%)
auz2 | RHP2H \maigaonxa
Test substance Glu Glu-Leu |Gal-Ura- Glu-Ura-
(final concentration) [medium |medium [ZLeu medium|Leu medium
Compound (1) (2.0 ppm} | 85 89 100 62
Compound (2) (2.0 ppm) | 96 84 94 79
Compound (3) (2.0 ppm) | 99 104 100 30
Compound (4) (6.0 ppm) | 97 92 97 63
Compound (5} (6.0 ppm) 93 99 106 22
Compound (6) (0.2 ppm) [ 101 98 104 11
Compound (7} (0.2 ppm) 89 102 B7 9
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(Q AGEN) according to the attached manual. The H K1 DNA was inserted

bet ween Spel site and Hindlil site in the multicloning site of the cloning
vector using Ligation Kit Ver.2 (TaKaRa) according to the attached manual,
to construct a plasmd pBlueH KL. A nucl eotide sequence of the resulting
plasm d was analyzed with a DNA sequencer (Mdel 3100, Applied Bi osystens)
86 after a sequencing reaction using BigDye termnator v3.0 Cycle Sequence

FS Readyé;aar@ié)nl&it (Applied Biosystens) according to the attached
manual . e sequenci ng reaction was perforned wusing an oligonucleotide

consi sti f.the nucleaqtide sequepnce. represented,by any of SEQ | D NGs: 20
(o 20" as Hudtitifalin P o SRur T The o S RREE SRNT fepemesr

i ncubation were repeated, each_cycle conprising maintaining a tenperature
at 96C for b Oe@%%’gnﬁjs,falf‘% 2S gt UBHESf or 5 seconds, then, at 60C for 2

m nut es. Qs a result, the_nucl epotide sequence represented by SEQ I D NO
17 was obthi FEPAREIIN veE Tl rEA ehaFupREiIBNagKYEPABRBeH K1  har bor ed
a DNA having a _nucl eotide sequence encoding an am no acid sequence of

H K1. Then, th&d3d1 RRAvREsPrABRFeddl T amof dsahinm X ¥aReBIM. p4HADE
(ATCC87312) replicable in yeast and Escherichia coli. The plasmd

pBl ueH KI®hRepiPbd 8§ BBSBFiBRICHIPVEURARINL gristakn asawn caser Petrse

enzymes Spel and Hindl Il and, on the other hand, after the shuttle vector
p415ADH (%magams%mqﬁm@eg&% medium, manufactured by NISSUI

Pharmaceutical Co., Ltd.) was collected, and this was ground
using a mortar and a pestle in liquid nitrogen. Total RNA was
prepared from frozen ground powder using RNeasy Plant Mini Kit
(QIAGEN) according to the method described in Example 1.
(2) Preparation of Total RNA of Mycospharella tritici
Total RNA was prepared from Mycospharella tritici. Spore
of Mycospharella tritici St-8 strain grown on a potato dextrose
agarose medium (PDA medium, manufactured by NISSUI
Pharmaceutical Co., Ltd.) was added to 100ml of PDbroth (DIFCC),
and this was cultured at 20°C and 150rpm for 4 days using a 500
ml volume Erlenmeyer flask. 8 ml of the culture solution was
centrifuged to remove the supernatant, and 300 mg of a wet weight
ofcellswere transferredtoamortarandgroundinliquidnitrogen
using apestle. Total RNAwas prepared from frozen ground powder
according to the method described in Example 1.
(3) Preparation of total RNA of Thanatephorus cucumeris
Total RNA was prepared from Thanatephorus cucumeris.

Hypha of Thanatephorus cucumeris Rs-18 strain grown on a potato
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with restriction enzynes Spel and HndlIl, each of which was separated
with 1. 0% agarose gel electrophoresis, and a part of the gel containing a
desired DNA was excised. The HHK. DNA digested with Spel and H ndill and
the shuttle vector digested wth Spel and H ndlil were recovered fromthe
gel using Q Aquick Gel Extraction Kit (Q AGEN) according to the attached
manual . The H K1 DNA was inserted between Spel site and Hindlil site in

th I tic| i it ft huyt t | t i Li gat | 87 Kit Ver. 2
(TakaRa) SCROFARG H6 T MEHFRER BTt FRBHATINCA dy KL on

plasm d péﬁHHl K1. 'Eheéﬂrcﬁgar d expressed plasm d pADHH K1 was introduced
i nto buddi'Ng*JEESE 8RR ol ed W2 8dAe{e) 1 00p3 of FRbxothy HRRIAAN) and

TML82 strain (Maeda T. et al. (1994) Nature vol. 369, pp242-245) according
to the meBREdCHESErPBeRYI AlEoWEAIRDOLSPBDdsatRASIA 9By Moiays|wsiGenetics
of Yeast: Practical Approaches ed. Johnson JA, Oxford University Press
pp124- 134208ymlt Yo yme dEr kpryppyen ik of 8 mlcphicthexorkuphy salitieon
resulting transfornmed budding yeast, the transforned buddi ng yeast AH22
strain (KRRt fuged selenel thesu@arnataryad0fed) ofa antl weieght
transforned buddi ng yeast TML82 strain (TML82-H K1) wassel ected on a
d u- Ur a- Le§ Byeban¥drantrensfasredntior aetotrhat,t kad exglurichg n TNERPEH K1
grows even transferred to a Gu-Ua-Leu nedium Exanple 9

nitrogen using a pestle. Total RNA was prepared from frozen

ground powder using Rneasy Plant Mini Kit (QIAGEN) according

to the method described in Example 1.

(4) Preparation of total RNA of Phytophthora infestans

Total RNA was prepared from Phytophthora infestans.

Hypha of Phytophthora infestans Pi-5 strain grown on a rye agar

medium (rye 60g, sucrose 15g, agar 20g/1L) was added to 20 ml

of a rye medium (rye 60g, sucrose 15g/1L), and cultured at 20°C

and 150rpm for 5 days using a 300 ml of volume Erlenmeyer flask.

20 ml of the culture solution was centrifuged to remove the

supernatant, a wet weight of 200 mg of cells were transferred

toamortar, and ground using a pestle in ligquidnitrogen. Total

RNA was prepared from frozen ground powder using RNeasy Plant

Mini Kit (QIAGEN) according to the method described in Example

1.

{5) Amplification of osmosensing histidine kinase gene fragment

by PCR

Using the total RNA of Magnaporthe grisea prepared in

Example 7, the total RNA of Fusariumoxysporumprepared in Example
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Anti fungal conpound sensitivity test of transforned budding yeast
TML82- HI K1 The transforned buddi ng yeast AH22-H K1 prepared in Exanple 8
was cul tured while shaking at 30C for 24 hours in a du-Leu nedium As a
control, the AH22 strain was simlarly cultured while shaking at 30C for
24 hours in a Gu nedium The absorbance at 600 nmof a cell suspension of
each of the grown transforned budding yeasts was neasured, and a cel

S?‘ZBSPZL%&ﬂlet etOEe% @Es%ﬁdéf‘ﬁ%‘ﬁ e I e B el

suspensi o 0 L ns u#ddll east AH22-H K1 was diluted 50-fold
wh e otk et St WS U T E RS onea

cel | suspgnsi o L AHéﬁ stra n was luted 50-fol d w G u nmedi um wer e
pr epar ed. ?Aam]gﬁgp Qsiohe | ﬂrwﬁ gntese BF‘IACB%SGﬁ&§pr)h°tr8 EBHESREANS ssol ved

i n di net hyl sul foxi de éDMSOgL to the concentration of Zooml?& a solution in
whi ch eacht 8p2e3fpbundsaralet 40 §f) wadmaildfaraédon pigembNRy heyingkiade
(DVMBO) to the concentration of 600 ppm and a solutjon in which each of
ConpoundsP¢&)eahide He RN e SFURENT ian PairirePRyRB LARER® FECIDMBAHENES he
concentration of 20 ppmwere prepared, and two nicroplates were prepared
in whi ch @acpsmosenpingepigpiriae khéa@@nﬁéanﬂeyfp@fﬂﬁé‘n and DMSO as a

control were dispensed into two wells. In one microplate anong them each
First, a cDNA was synthesized using ThermoScript RT-PCR

System (Invitrogen) and using each of total RNAs as a template.
A solution in which 4.0 pL of each of total RNAs and 5.0 pL of
sterilized distilled water were mixed intoc 1.0 uL of 50 mM

0ligo (dT) 2 attached to the kit and 2.0 pL of 10 mM dNTP Mix

was prepared, and a ¢DNA was synthesized according to the method
described in Example 1.

A PCR was performed using each c¢DNA as a template. As
primers, a primer pair shown in Table 4 was used. A size of
a DNA which is predicted to be amplified by PCR using each primer
pair based on the nucleotide sequence represented by SEQ ID NO:

2 is shown in Table 4.
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100 L of a cell suspension of the transforned buddi ng yeast AH22- hi ki

whi ch had been prepared by dilution as described above was di spensed, and
cultured by allowing to stand at 30C for 23 hours. In another mcroplate,
each 100 L of the cell suspensions of control yeast AH22 strain which had
been prepared by dilution as described above was di spensed, and cul tured
by allowing to stand at 30C for 27 hours. After culturing, the absorbance
at 600 nm gb % wel | was nmeasured with a microplate reader. Simlarly,

t he transforned uddi ng yeast TML82-HI K1 prepared in Exanple 8 was

cultured| at,30C for 24 hours in a 8Y @ u-Ua-TCeu ned gga dhepabsor bance at
600 nrof | BELBRF gﬁéﬁeﬁ?%ﬂ?rcﬁ the, gnﬁﬁime%nsforned @ﬁ&ﬁ g; ygast was
nmeasur ed janda celt S%E%ﬁﬁ ifun LUU VWLII Uabl re; .uu.uu fhRe-absor bance
of 0.1 wmas prepared e eII # h_whit$Ekhe
af orenment2oned cel | su.‘m@elmj (OB of3(1 hg sErgamsj Q{crred3¢)udd|3rg4wl§zast TML82- HI K1
was dil ufed 50-Tof dawW_ e o an conttrot— a cel
suspensi 3 in.which TP?E:éQﬁPD V\E?qu LﬁR é\lp u:‘b.T f ol aglé Eh a dlu-Ura-Leu
medi um e prepared, SBQSHSp@W&I@ﬂ i reBghi ITh Neac B of Chnﬂnﬂyds (J) to (3)
was di ssjpfved Tn Glnl %b h n% \Lg§§2 U fTe_Conoen| on—ofi 200 ppm
a sol utli-en—in—which h—Of Tale \ (53) S . | ved in
di met hyl|stl f oxi de ( EDD o te &dncd r:ﬂEQat]]mrNOQf ﬁOO P@M4bp

7 SEQ ID NO: 32 SEQ ID NO: 38 301%bp

8 SEQ ID NO: 32 SEQ ID NO: 40 3052bp

9 SEQ ID NO: 33 SEQ ID NO: 38 2927bp

10 SEQ ID NO: 33 SEQ ID NO: 40 2960bp

11 SEQ ID NO: 34 |SEQ ID NO: 38 |2867bp

12 SEQ ID NO: 34 SEQ ID NO: 40 2900bp

13 SEQ ID NO: 30 SEQ ID NO: 39 1424bp

14 SEQ ID NO: 30 SEQ ID NO: 40 1442bp

15 SEQ ID NO: 31 SEQ ID NO: 39 1415bp

lé6 SEQ ID NO: 31 SEQ ID NO: 40 1433bp

A PCR was performed using KOD-Plus- (TOYOBO) under the

amplifying conditions that a temperature was maintained at 94°C

for 2 minutes and, thereafter, 35 cycles of incubation were
repeated, each cycle comprising maintaining a temperature at
94°C for 15 seconds, then, at 55°C for 30 seconds further, at
68°C for 1 minutes. When primer pairs 1 to 6 were used, the
incubation at 68°C in the cycle was for 1 minutes. When the
primer pairs 7 to 12 were used, the incubation at 68°C in the

cycle was for 5 minutes. When the primer pairs 13 to 16 were

used, the incubation at 68°C in the cycle was for 3 minutes.
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and a solution in which each of Conpounds (6) and (7) was dissolved in

di net hyl sul foxi de (DVMSO to the concentration of 20 ppmwere prepared, and
two mcroplates were prepared in which each 1.0 L per well of the Conpound
DVSO sol uti on and DMSO as a control were dispensed into two wells. In one
m cropl ate anong them each 100 L of cell suspensions of the transforned
buddi ng yeast TML82-HI KI whi ch had been prepared by dilution with a

A u-Ua-Leu medium as described above was di spensed, and cul tured by

al | owi ng T PsFak@astt isme spdutirmd@Ss K n wasopkeramesr byl addings 0déscri bed
above, as_a control, each 100 L of cell suspensions of the transforned
buddi ng yéast tivesoDNR K12 whikdh dfad Obud ferepar 8duLl byE B mbt B B, t A . &

Gal - Ura- Leu nedi um was di spensed, and cultured by allowing to stand at 30C
for 27 héddraf 24 mék MgEPiueaed, 0. Sl lof 2030t bangenarlédt iseoprémelsyel | was
measured with am croplate reader. Degree of growths of both of the

t ransf or dddpbuddi ageyedsted dubtilded watke pndsén&eudfo€oNpDuRlssFl) to
(7) and budding yeast as a control therefor are shown in Table 3. Degrees
of growflhe BERperachion e liutdnst efired bhddiewcybars wa sandalydedichgitiieast as
a control thereofor are shown by a relative value in percentage, letting

t he absofRBance 46f ag@Gomeatgetlhe leartomphatésis . of t he Conmpound of O ppmto
be 100. It was confirmed that an inhibiting degree of growth of TML82-HI K1

by each test sWbshapceémer pairs 1, 2, 3, 4, 5 or 6 were used and a cDNA
of Magnaporthe grisea was used as a template, amplification of
predicted size of DNA was observed. When primer pairs 2, 3,,
7, 8, 9, 10, 11 or 12 were used, and a cDNA of Fusarium oxysporum
was used as a template, amplification of a predicted size of
DNA was observed. When the primer pairs 3, 5, 6, 13, 14, 15
or 16 were used, and cDNA of Mycospharella Tritici was used as
atemplate, amplification of predicted size of DNA was observed.
Whenprimer pairs 2, 3, 5 or 6 were used, and cDNA of Thanatephorus
cucumeris was used as a template, amplification of a predicted
size of a DNA was observed. When the.primer pairs 5 or 6 were
used, and cDNA of Phytophthora infestans was used as a template,

amplification of predicted size of DNA was observed.

Example 11

Isolation of Fusarium oxysporum Fo0S-1 gene

(1) Analysis of Fusarium oxysporum FoOS-1 gene fragment
The amplified DNA was purified from the reaction solution

of PCR which had been performed by using a cDNA of Fusarium
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was greater than an inhibiting degree of growth of AH22-H K1 by each test
substance, and the TML82-H K1 was a transfornmed cell with the enhanced
sensitivity to an antifungal conmpound as conpared with AH22-H K1. Table 3
Degree of growh of budding yeast ($) AH22 AH22-H TML82-HI K1 Test
substance Au Gu-Leu Gal-Ua- du-Ua- (final concentration) nedi um nmedi um
Leu nmedium Leu nedi um Conpound (1) (2.0 ppm 85 89 100 62 Conpound (2)

2.0 4 94 79 d (3),(2.0 99 104 100 30, Co d (4
(6.0 hom°89588-89 43 = BRIALE (390 (& TP R0 b 2 LCBRIRIG (&)
0.2 01,98 104 11__Co d (7) .(Q9.2 89 102 87 .9 91 Exanple 10
,(Arrpl i PP?aH}o(#)df “Séﬁﬁsé%%%%?g?%ﬁ %p?r&%&gaﬁﬁ%?sglge@}}qg&Woqq?rrp gt her
filanmentas fungus 1'('1%bPre aration of Total RNA of Fusarium oxysporum Tot al
RNA was p?%p‘glll%da? ¥ Ed s bR Ek¥8Borum 100 ny of a hypha of Fusarium

oxyporum RIN1 strain grown on a got ato_ dextrose agarose nmedi um ( PDA
medi um nanuf a&%w%wa’q gdded to the 3’ -terminal of the purified DNA

using ExTaqg (TaKaRa) (hereinafter, referred toas 3'Aaddition}.
The reaction solution (20 pL) for 3’ A addition was prepared
by adding 15.3 uL of a solution of the aforementioned purified
DNA, 2.0 UL of 1Oxbuffer, 2.5 puL of 10 mM dNPTs and 0.2 uL of
Ex Taq, and this was maintained at 72°C for 30 minutes.
Thus the 3’A-added DNA and the pCR2.1~TOPO cloning vector
(Invitrogen) were ligated according to the instruction attached
to the cloning vector, after that, which was introduced into
Escherichia coli JM109 (TaKaRa). A plasmid DNA was purified
from the resulted Escherichia coli transformant using QIAprep
SpinMiniprepKit (QIAGEN). Anucleotide sequenceof theplasmid
DNA was analyzed with a DNA sequencer (Model 3100, Applied
Biosystems) after a sequencing reaction employing the resulting
plasmid DNA as a template, and using an oligonucleotide
consisting of the nucleotide sequence represented by any of SEQ
IDNOs: 28, 29, and45to 48 asaprimer, andusingBigDye Terminator
v3.0 Cycle Sequencing Ready Reaction Kit (Applied Biosystems
Japan} according to the instruction attached to the kit. The
sequencing reaction was performed under the amplifying
conditions that 35 cycles of incubationwere repeated, eachcycle

comprising maintaining a temperature at 96°C for 10 seconds,
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Phar maceutical Co., Ltd.) was collected, and this was ground using a
nortar and a pestle in liquid nitrogen. Total RNA was prepared fromfrozen
ground powder using RNeasy Plant Mni Kit (Q AGEN) according to the nethod
described in Exanple 1. (2) Preparation of Total RNA of Mycospharella
tritici Total RNA was prepared from Mycospharella tritici. Spore of
Mycospharella tritici St-8 strain grown on a potato dextrose agarose

medi um ( PDA rredl ug ganufactured b NI SSUI Phar maceytical Co., Ltd.) was

added to m3 o OpC: bt 3% P (15 %ﬁﬁhqnnséﬁmé9 €u¢96r%dmavu§e@ and
150rpmfqr_ 4 d u5|n a 500 voI unme Erlenneyer flask. 8 m of
culture gﬁﬁat¥%% S RO PP BB LR TR kY B35S BHEDSED mg of

a wet V\ele%{i eIIs were transferred to a nortar and ground in liquid
ni t r ogen .ﬁg3é3ﬁegﬁ|éhETBPa#eRNAdﬂa§eapéﬁaﬁeaepFéﬁ?anﬁeﬁygs89naDpomuer
accordin to t he net hod described in Exanple 1. (3) Preparation of total
RNA of T H@rsusfe(ﬁ%urrerl s Total RNA was prepared from Thanat ephorus
cucurmeris. Hypha of Thanat ephorus cucuneris Rs-18 strain grown on a potato
92 dextrdge Afarymdei 0 {PDA kanytUmFaRsmil sengr ed Bysar Sgu oxpape Hadeut i cal
Co., Ltd.) was added to 100 m of PD broth (DIFCO , and cultured by

al l owi ng to st &n@Nat hasénfjop Audigstiudengeqguesod aktentliine Eetandeyer
flask. 8 mM of the culture solution was centrifuged to renove the

super nat &ie, S300p$f nefara negtiomeifgiim a nucleotide number 663 of the

nucleotide sequence rep;esented by SEQ IDMo. 42 was cloned using
SMART RACE cDNA Amplification Kit (CLONTECH} according to the
instruction attached to the kit. 1.0 pL of CDS-primer attached
to the kit, and 1.0 pL of SMART IIA Oligo were mixed into 3 uL
(230ng) of the total RNA prepared in Example 10 {1) to prepare
a reaction solution. The reation sclution was maintained at
70°C for 2 minutes and maintained on ice for 2 minutes. To the
reaction solution were added 2 pL of 5 x First-Strand buffer
attached to the kit, 1 pL of 20 mM DTT, 1 pL of 10 mM dNPT Mix
and 1 uL of PowerScript Reverse Transcriptase and mixed, and
themixturewasmaintainedat 42°C for 1.5 hours. Tothe reaction
solution after temperature maintenance was added 100 pL of

Tricine-EDTA buffer attached to the kit, and a temperature was
maintained at 72°C for 7 minutes to prepare 5’ RACE ready cDNA.
PCR amplifying 5’ upstream region was performed by using this
5¢ RACE ready cDNA as a template. A PCR reaction solution was
obtained by adding 5.0 pL of 10x Advantage 2 buffer, 1.0 puL of

10mMdNTPMixand1l.0uL of 50x Advantage 2 PolymeraseMix attached
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of hypha were transferred to a nortar, and ground in liquid nitrogen using
a pestle. Total RNA was prepared fromfrozen ground powder using Rneasy
Plant Mni Kit (Q AGEN) according to the' nethod described in Exanple 1

(4) Preparation of total RNA of Phytophthora infestans Total RNA was
prepared from Phytophthora infestans. Hypha of Phytophthora infestans Pi-5
strain grown on a rye agar nedium (rye 60g, sucrose 15g, agar 20g/1lL) was

added to af rye di r 0g, sucrose 15g/1L) , and cultured at
20C and 1%gotrrﬂpemkflé:r %g %a?/gﬁua n (a %E?dg‘?ﬁ‘%bf‘:% GRe IE?*?‘féﬂgre%}“e‘?mff sk, 20
m of the s Itugg olutiog M@s_centrifu ed to renove the supernatant, a
wet wei ght %+n% ‘iﬂﬂbpfb PrUniEeESe L sHBe ¥ Y Mikoagtashesdr to e diidund
using a pestle in liquid nitrogen. Total RNA was prepared fromfrozen
ground powtiErPERE, Rhdy Optlamit a MOhkMgal ytdoxeer) ameddgeinvg Liee tilde net hod

described in Exapple _ 1. (5) Anplification of osnobsensing histidine kinase
gene frag‘f‘%rfﬁls‘bggﬁﬁg ERE MY G IRCt s cANansE R/ﬁ@ﬁ@ﬁ@ﬁtﬁ@%@t SEQaIDMN&ar ed in

Exanple 7,_the total RNAof Fusariunoxysporunprepared in Exanple 93 10 (1)
. the tothl: RQA 6fde80§bﬁ§iLél1Fadtcﬁ#%%/bfl%@éb%ﬁ%timamm)l amamy 2 t he
total RNA of ‘Thanat ephorus cucuneris prepared in Exanple 10 (3), or the
total RNAGMIPhyThpEt hepatinheseinsion was subjected to repetition of

5 cycles of ingubation, each cycle comprising maintaining a
temperature at 94°C for 5 seconds, then, at 72°C for 2 minutes,
further repetition of 5 cycles of incubation, each cycle
comprising a maintaining a temperature at 94°C for 5 seconds,
then, at 70°C for 10 seconds, then, at 72°C for 2 minutes, fui:ther
repetition of 25 cycles of incubation, each cycle comprising
maintaining a temperature at 94°C for 5 seconds, then, at 68°C
for 10 seconds, then, at 72°C for 2 minutes, followed by
maintainingatemperatureat 72°C for 7Tminutes. The PCRreaction
solution and the pCR2.1-TOPO cloning vector {Invitrogen) were
ligated according to the instruction attached to the cloning
vector, after that, which was introduced into Escherichia coli
JM109 (TaKaRa). A plasmid DNA was purified from the resulting
Escherichia coli transformant using QIAprep Spin Miniprep Kit
(QIAGEN) . A nucleotide sequence was analyzed using the
resultingplasmidDNAasatemplate,andusingaprimerconsisting
of the nucleotide sequence represented by any of SEQ ID NOs:
29, 49‘and 54 according to the method described in Example 11

(1). As a result, a nucleotide sequence represented by
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prepared in Exanple 10 (4), anplification of a DNA having a nucleotide
sequence encoding a part of an am no acid sequence of osnpsensing

hi stidine kinase was perfornmed. First, a cDNA was synthesized using
ThernoScri pt RT-PCR System (I nvitrogen) and using each of total RNAs as a
tenplate. A solution in which 4.0 L of each of total RNAs and 5.0 p.L of
sterilized distilled water were mxed into 1.0 L of 50 nM d i go(dT)20

attached to the kit and, 2.0 gL Ofﬁ’é& m(\}AdNTP M was_ prepared, and a cDNA
was synt n8ed §EALEO PRSP0 1 e FEPNGE e SHEP T R DaHIENcE A PCR vas
per f or med gsi ng egcg &DNA as _a tenplate. As prinmers, a prinmer pair shown
in Tabl e A°RASSHRERT RYsPER dP NR:DHA WRiSckeas-predicted to be anplified by
PCR using each prinmer pair based on the nucleotide sequence represented by
SEQ ID NO 2 i8UEhBRAi @ PHAI BaxingsaTaycd eptpdenseamancepaxtandiridrer DNA
to be anplified 1 SEQID NO 30 SEQID NO 35 368bp 2 SEQ ID NO 30 SEQ
ID NO 36t87abp txgt [ NG S BoeSET ST NOL rIm 388bpotddSEQuNpE NGS5 B SEQ
ID NO 35 359bp 5 SEQ ID NO 31 SEQ ID NO 36 365bp

of thenucleotide sequence representedby SEQIDNO: 42 was cloned.

1.0 uL of CDS-primer attached to the kit and 1.0 pL of sterilized

distilled water were mixed into 3 pL (230ng) of the total RNA

prepared in Example 10 (1), the mixture was maintained at 70°C

for 2 minutes, and maintained on ice for 2 minutes. 3’ RACE

ready cDNA was prepared using the reaction solution as in

preparation of 5’ RACE ready ¢cDNA. PCRamplifying 3’ downstream

region was performed using this 3’ RACE ready cDNA as a template.

A PCR reaction solution was prepared by mixing 5.0 pL of 10x

Advantage 2 buffer attached to the kit, 1.0 puL of 10 mM dNTP

Mix and 1.0 pL of 50x Advantage 2 Polymerase Mix into 2.5 uL

of 3’ RACE ready cDNA, adding 5.0 puL of 10xUniversal Primer A

Mix attached to the kit as a primer, and 1.0 pL of a 10 uM solution

of an oligonucleotide consisting of the nucleotide sequence

represented by SEQ ID NO: 42, and adding sterilized distilled

water to a total amount of 50 puL. This reaction solution was

subjected to repetition of 5 cycles of incubation, each cycle

comprisingmaintaining a temperature at 94°C for 5 seconds, then,

at 72°C for 2minutes, furtherrepetitionof 5cyclesof incubation,

each cycle comprising maintaining a temperature at 94°C for 5

seconds, then, at 70°C for 10 seconds, then, at 72°C for 2 seconds,
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6 SEQ ID NO 31 SEQ ID NO 37 374bp 7 SEQ ID NO 32 SEQ ID NO. 38 3019bp
8 SEQ ID NO 32 SEQ ID NO 40 3052bp 9 SEQ ID NO 33 SEQ ID NO 38 2927bp
10 SEQ ID NO 33 SEQ ID NO 40 2960bp 11 SEQ ID NO 34 SEQ ID NO 38

2867bp 12 SEQ ID NO 34 SEQ ID NO. 40 2900bp 13 SEQ ID NO 30 SEQ I D NO
39 1424bp 14 SEQ ID NO 30 SEQ ID NO. 40 1442bp 15 SEQ ID NO 31 SEQ ID
NO 39 1415bp 116 SEQ ID NO 31 SEQ ID NO 40 1433bp A PCR was per for med

usi ng KOD:=Plus-( TOYOBO), under .t anplifyi_ng conditions that a tenperature
s ol nATHEIE St TRACE L b S0 f fat GACRRR. SENPEAPRGHoRss Sl 63

I ncubation were  repeated, each cycle conprisi ngo mai ntai ning a tenperature
at  94C fOPMBRLIILRDAGINARBANTA L5BRRKEI UZe el brfdsor ir shEPRdaL thETE for 1

mnutes. Wien prinmer pairs 1 to 6 were used, the incubation at 68C in the
cycl e wast¥ f8°f AprKut8sseppast hehepyi abr719dE fo17 2 ainmtsye fedd@wache
I ncubation at 68C in the cycle was for 5 mnutes. Wen the prinmer pairs 13
to 16 werky madtaiming neubenpenatereseti iethdwyd emimstdonr Thei MGRes. 95
The PCR reaction solution (25 M.) was prepared by adding 0.5 L of the
cDNA, 2. Freagfiamxgefdieion 2amd | tihe BCRRA NTPBQ ¢loning vector
(Invitrogen) were ligated to the vector according to the
instructionattachedtothekit,afterthat,whichwasintroduced
intoEscherichiacoli JM109 (TaKaRa). AplasmidDNAwaspurified
from the resulting Escherichia coli transformant using QIAprep
Spin Miniprep Kit (QIAGEN) . Anucleotide sequence was analyzed
using the resulting plasmid DNA as a template, and using a primer
consisting of the nucleotide sequence represented by any of SEQ
IDNOs: 29, 50 and 54, according to themethod described in Example
11 (1). As a result, a nucleotide sequence represented by
nucleotide humbers 3535 to 3882 of the nucleotide sequence
represented by SEQ ID NO: 42 was read.
All analyzed nucleotide sequences were joined and, as a
result, the nucleotide sequence represented by SEQ ID NO: 42
was obtained. The nucleotide sequence represented by SEQ ID
NO: 42 consists of 3882 bases (including termination codon},
and was a nucleotide sequence encoding 1293 amino acid residues
(SEQ ID NO: 41). A molecular weight of a protein having the
amino acid sequence represented by SEQ ID NO: 41 was calculated

to be 141818 Da.

(3) Isolation of full length Fusarium oxysporum FoOS1l gene
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L of 25 mM MgSO4r each 0. 5 L of 10 Moligonucl eotide prinmers, 17 M of
sterilized distilled water and 0.5 L of KOD-Plus-. The PCR reaction
solution after the reaction was anal yzed with 1% or 4% agarose gel

el ectrophoresis. Wien priner pairs 1, 2, 3, 4, 5 or 6 were used and a cDNA
of Magnaporthe grisea was used as a tenplate, anplification of predicted

si ze of DNA was observed. \Wen priner pairs 2, 3,, 7, 8, 9, 10, 11 or 12
| at e

wer e used, and . _Fusariym ox orum _ was used as a te .,
o B o L B PR RS BT R T R Bifidher

anplification

airs 3, 13, 15. or 16 were d cDNA _of cospharel | a

‘Fl)'ri tici Wg%q'g%%agaostl%}isfagﬁﬂfna?@fS%%‘I”Ff ioggit]i ZHeBFlBPSBPEMeHeE‘gEEe%ft%NA was
observed. :/}\‘h iner .,pairs 2, 3, 5 or 6 were used, and cDNA of '
Thanat ephd? U0 Kk (G A8 HASS LR SE VA3 empdis ey PERcaTiBS Wre &'

pr edi ct egR% Lze oé a DNA was observed. Wien the priner pairs 5 or 6 were
used, an %?ﬁ PIEpRIsREF ahids EEATPkEs Liséd) a3s 2 tiamplatke. By

anplification of predicted size of DNA was observed. Exanple 11 Isolation
of Fusar iRfF bX58pey uin Fosigigene2s 13 RRANGE; sabf ofbganigheexysisor um FoOS- 1
gene fragnent The anplified DNA was purified fromthe reaction solution

of PCR \/\A‘ﬁ%‘hsh%fﬁlfb%é’? poe ferReaP yde SeAygeaceDNP v¢ s gusad B EQ6L R APspor um

as a tenplate and using a _prinmer pair 9 in Exanple
2 and an oligonucleotide consisting of the nucleotide sequence

represented by SEQ IDNO: 53, a DNAhaving the nucleotide sequence
representedby SEQ IDNO: 42was amplified. The PCRwas performed
using KOD-Plus- (TOYOBO) under the amplifying conditions that
atemperaturewasmaintainedat 9‘4°C for 2minutes and, thereafter,
35 cycles of incubation were repeated, each cycle comprising
maintaining a temperature at 94°C for 15 seconds,. then, at 55°C
for 30 seconds, further, at 68°C for 6 minutes. The PCR reaction
solution (50 puL) was prepared by adding 2.5 pL of 5 a RACE ready
CDNA, 5.0 pL of 10xbuffer, 5.0 puL of 2 mM dNTPs, 2.0 pL of 25
mM MgS0s, each 1.0 pL of 10 puM oligonucleoctide primers, 32.5
HL of sterilized distilled water and 1.0 puL of KOD Plus—-. After
the reaction, a part of the PCR reaction solution was separated
by 1% agarose gel electrophoresis, and stained with ethidium
bromide. It was confirmed that about 4 kb of the DNA (FoOSl

DNA) was amplified.

Example 12

Construction of expression plasmid of Fusarium oxysporum FoOS1
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10 (5), using Q Aquick PCR Purification Kit (Q AGEN) according to the
attached instruction. Adenine was added to the 3'-termnal of the purified
DNA using Ex Taq(TaKaRa) (hereinafter, referred to as 3" A addition). The
reaction solution (20 L) for 3" A addition was prepared by adding 15.3 L
of a solution of the aforenentioned purified DNA, 2.0 gL of |Oxbuffer, 2.5

L of 10 MM dNPTs and 0.2 L of Ex Taq, and this was maintained at 72C for
- TOPO cl oni ng vector

??n\r/nl ?%3 %r)jg\r/]\glﬁgtfllsl%é?g-a%gggg?g\lﬁﬁgfqgf%gg‘eﬁﬁgﬂ%pﬁ%f‘igoﬁ(e&F'ttach_ed to the
chom g vect of il elocy il CloBs L OUee | lLe Epcherichie coll
cequence bHTYHE RFShT § SRAUE dBbaREl YRedh § RoRSDUDRSG Uk BHTEHESS 3100,
o Bsm d CNEBENS POk oA L Ghd OIS HG AT OPAGOrOY GSRFELe Lontlktiagsol {he
nucl eoti de_sequence represented by any of SEQ 1D NOs : 28, 29, and 45 to
48 as a &¥W%c%n%c%s$ 1%1@@\;@0%@%&@@@%3. eccyctiéngeoehbeng Ready
At achod ARHEKION AACKedfunciin ' idact SR addipéoRoNRBdPaRGorTEH
anplifying conditions that 35 cycles of incubation were repeated, each
cycl e ~cotpRPskgl neh wfathenpual £ bap Mt (FeOSt-19BNAT rcd@rdionorids the

method described in Example 11 (1). The 3'A-added about 4 kb

DNA (FoOS-1DNA) and the pCR2.1-TOPO cloning vector (Invitrogen)

were ligated according to the manual attached to the cloning

vector to construct a plasmid pCRFo0OS1. A nucleotide sequence

of the resulting plasmid was analyzed according to the method

‘described in Example 11(1). As a primer, an oligonucleotide

consisting of the nucleotide sequence represented by any of SEQ

IDNOs: 29, 43 to 51, and 54 was used. As aresult, the nucleotide

sequence represented by SEQ ID NO: 42 was obtained, and it was

confirmed that the plasmid pCRFoOS1 was a plasmid containing

the Fo0S-1 DNA. |

The FoOS-1 DNA contained in the thus prepared plasmid

PCRF00S]1 was cloned into a shuttle vector p415ADH replicable

inyeastand Escherichia coli to construct an expression plasmid.

The plasmid pCRF00S1 was digested with restriction enzymes Spel

and PstI and, on the other hand, the shuttle vector p4d15ADH was

also digested with restriction enzymes Spel and PstI. Each of

them was separated by 0.8% agarose gel electrophoresis, a part
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97 then, at 50 C for 5 seconds, further, at 60C for 2 mnutes. As a
result, a nucleotide sequence represented by base nunbers 663 to 3534 of

t he nucl eoti de sequence represented by SEQ ID NO 42 was read. (2)

Anal ysis of full length FoOS-1 gene of Fusarium oxysporum A DNA having a
nucl eoti de sequence extending toward to the 5 wupstreamregion froma

nucl eoti de nunber 663 of the nucleotide sequence represented by SEQ ID M.

42 was cl usi §?ART.RA%§ C AgQ;'ficati n Kit éClChWEC}D accordi ng
Co the (i SEERSBPOCA AN (8% RROR ¢ DV BEGeaRRa0e pf Sha aTE R 1o
the kit, n& .0 pL . of SMART I1A Oigo were mxed into 3 gL 230ng) of the
t ot al RNAQIE) e%her gg‘lﬁt%lﬁgﬁﬁf;8r1@4%§8‘f{dx\%%%?% with o8&l eRdsBs et iveHE The
reation solution was q?intained at 70C for 2 mnutes and naintained on ice
for 2 mintf®s5890 AFEhe ESOSIdPIHbRDEI e ABREt ABFEF TP Were g acarad Strand
buffer agtached to the kit, 1 gL of 20 M DTT, 1 L of 10 mM dNPT M x and
1 gL of 8hE g5l wevRd Od Atudirk$e bExs saghdoniBidd ( QARAGEN} Rearindire was
mai ntai ned at 42C for 1.5 hours. To the reaction solution after
t enper at ur® RS i erred veanwalkied THEo FoOs-1 DNAC iWes- EDFA e dretatdeached to
the kit, and a tenperature was maintained at 72C for 7 minutes to prepare
5' RACE r&ely sdtrazndritrR hrgdltief fhnghs muigsialemmnegiide odstipestorode by
using this 5" RACE ready cDNA as a tenplate. A PCR reaction solution was

vector using Ligation Kit Ver.2 (TaKaRa) according to the manual

attached to the kit, whereby, an expression plasmid pADHFo0S1

was constructed. A nucleotide sequence of the resulting

expressionplasmidwasanalyzedaccordingtothemethoddescribed

in Example 11 (1). As a primer, an oligonucleotide consisting

of the nucleotide sequence represented by any of SEQ ID NO: 43

to53wasused. Asaresult, thenucleotide sequence represented

by SEQ ID NO: 42 was obtained, and it was confirmed that the

expression plasmid pADHF00S1 harbored a DNA having a nucleotide

sequence encoding an amino acid sequence of Fo0OS-1.

The prepared expression plasmid pADHFo0OS1 was introduced

into budding yeast AH22 strain and TM182 strain according to

the method described in Example 2. By utilizing the

disappearanceof leucine auxotrophyinthe resultingtransformed

budding yeast, the transformed budding yeast AH22 strain

(AH22-Fo0S1) was selected on a Glu-Leu agar medium, and the

transformed budding yeast TM182 strain (TM1B2-Fo0S1l) was

selected on a Gal-Ura-Leu agar medium. It was confirmed that

the resulting TM182-FoOS1 grows even when transplanted to a
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obtained by adding 5.0 L of 10x Advantage 2 buffer, 1.0 L of | O nmM dNTP
Mx and 1.0 L of 50x Advantage 2 Pol ynerase M x attached 98 to the kit to
2.5 pL of 5° RACE ready cDNA and m xing them and adding 5.0 L of
10xUni versal Primer A Mx attached to the kit as a primer, and 1. 0 gL of
a 10 M solution of an oligonucleotide consisting of the nucl eotide
sequence represented by SEQ ID NO 43, and adding sterilized distilled
water to @l&gégé_ﬁngrngtedg%m_ 50 L. This reaction solution was subjected to
cles I

repetition of cy ncubation, each cycle conprising maintaining a

tenperature at 94C for 5 seconds, then, at 72C for 2 minutes, further
repetition of 5 cycles of incubation, each cycle conprising a nmaintaining
a tenperg}r:ure ft %Cfor 5 seconds, then, at 70C for 10 seconds, then, at
72C for 2*¥TPMRt®s!>further repetition of 25 cycles of incubation, each

cycle conprisin mai ntaining a tenperature at 94C for 5 seconds, then, at
68C for?@t%%%'@g%%,f:@fﬂ%wn%t SERG Flotv Wi tRAte 9T falansirind ovelding ni ng a

tenperature at 72C for 7 mnutes. The PCR reaction solution and the

pCR2. 1- TOFR T o kB2 vEe®dt (I nvitrogen) were ligated according to the

instruction attached to the cloning vector, after that, which was

i ntroduced int onEéc‘tWéﬁ“P%fﬁm%‘élbUd8M99Y€¢aKaR&¥2-ROQSésl?ifép@NAdW@L@

purified fromthe resulting Escherichia coli transformant using Q Aprep

Spi n M nilprane e t12 @sAGEN)tunedwhlidet iste kiaguenc80fast @anal § 2ed:nssiimg t he
a Glu-Leu medium. As a control, the AH22 strain was similarly
cultured while shaking at 30°C for 18 hours in a Glu medium.
The absorbance at 600 nm of each grown transformed budding yeast
in a cell suspension was measured, and‘ cell suspension diluted
with sterilized distilled water to the absorbance of 0.1 was
prepared. Further, a cell suspension in which the
aforementioned cell suspension of the transformed budding yeastl
ARH22-F0o0S1 was diluted 50-fold with a Glu-Leu medium, and a cell
suspension in which the aforementioned cell suspension of the
AH22 strain was diluted 50-fold with a Glu medium were prepared.

A solution in which each of Compounds (1) to (3) was

dissolved in dimethylsulfoxide (DMSO) to the concentration of
600 ppm, a solution in which each of Compounds (4) and {5) was
dissolved in dimethylsulfoxide (DMSQ) to the concentration of
2000 ppm, and a solution in which Compounds (6) and (7) was
dissolved in dimethylsulfoxide (DMSC) to the concentration of

20 ppm were prepared, and two microplates were prepared in which

each 1.0 pl.per well of the Compound solution and DMSO as a control
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resulting plasmd DNA as a tenplate, and using a prinmer consisting of the
nucl eoti de sequence represented by any of SEQ ID NOs: 29, 49 and 54
according to the nethod described in Exanple 11 (1). As a result, a

nucl eoti de sequence represented by 99 nucl eotide nunbers 1 to 662 of the
nucl eoti de sequence represented by SEQ ID NO 42 was read. Further, a DNA
havi ng a nucl eoti de sequence extending toward to the 3' downstream region
from nucl eot i de, nunber 3534 of the nucl eotide sequence represented by SEQ
|DNO 42 WEES GFGTRETSSd: 0 1 GRecBBSEPPIaF caf FABACHAEB:  #ECRi 108 £F 0 gl

of sterilj distilled r re mxed into 3 L (230n of the.total RNA
pr epar ed %%fgxsaun%ﬁeensfoo?i\)ﬂé’,a%t m%mw&?ﬁ%%gﬁaﬁ%) PHEZ SO

m nut es, and intained on ice for 2 mnutes. 3 RACE _ready cDNA was

pr epar ed @%%?é?h?\Eb%%&tPﬁﬁpéﬁ?%t?5ndh%uFhonpﬁépgﬁéFFéﬁeéfa OVRAREST eady

cDNA. PCR anplifying 3' downstream region was performed using this 3' RACE
ready cDNA$RERS§dnANE eultarpdrbieatitvhngot aitdtmdvad poefrfad BY6 .16 xi ng
5.0 L of 1Ox Advantage 2 buffer attached to the kit, 1.0 L of 10 nM dNTP
M x and 1h@ugg. oflnsgrondenm beeoRl Fob y rercts d 00 MLi of @2 15 sbispehs3'onRACE
ready cDNA, adding 5.0 L of | OxUniversal Prinmer A° Mx attached to the kit
as a pri thehrantprl wyast WHAR setxaivnwhbthahadl bgenupkeptirdd by
consi sting of the nucleotide sequence represented by SEQ 1D NO 42, and
addi ng st®riuiipy af sies¢ribed above was dispensed, and cultured by

allowing to stand at 30°C for 24.5 hours. After culturing, the

absorbance at 600 nm of each well was measured with a microplate

reader.

Similarly, the transformed budding yeast TM182-Fo0S1

p;epared in Example 12 was cultured at 30°C for 18 hours in a

Glu-Ura-Leu medium. The absorbance at 600 nm.of the grown

transformed budding yeast in a cell suspension was measured,

and a cell suspension diluted with sterilized distilled water

totheabsorbanceof 0.lwasprepared. Further, acell suspension

in which the transformed budding yeast TM182-Fo0OS1 was diluted

50-fold with a Glu—Ura—LeLi medium and, as a control, a cell

suspension in which the yeast was diluted 50-fold with a

Gal-Ura-Leu medium were prepared.

A solution in which each of Compounds (1) to (3) was
dissolved in dimethylsulfoxide (DMSQ) to the concentration of
600 ppm, a solution in which each of Compounds (4) and (5) was

dissolved in dimethylsulfoxide (DMSO) to the concentration of

2000 ppm, and a solution in which each of Compounds (6) and (7)
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water to a total amount of 50 ML. This reaction solution was subjected to
repetition of 5 cycles of incubation, each cycle conprising maintaining a
tenperature at 94C for 5 seconds, then, at 72C for 2 m nutes, further
repetition of 5 cycles of incubation, each cycle conprising maintaining a
tenperature at 94C for 5 seconds, then, at 70C for 10 seconds, then, at
72C for 2 seconds, 100 further repetition of 25 cycles of incubation, each

cycle copprisin | nt.ai ni. n e ratyre 94C for 5 seconds, then, at
68C for 1ggS§%E%%%g?e?H@halggtsﬁéﬁggsoﬁlﬁFnUﬁgg?)g%ﬂ?%?mﬁPHQ%Pqﬁﬁ?ﬁ?ﬂrﬂ ng a
tenperaturg)g@ 72C for 7 ninuaﬁﬁ. The PCR ,reaciion solution and the
pCR2. 1- TOPO Y dHMJ A PHEPALSHi BPGgERP REFECPL§EEEdEHE tIeeRAETSrin
according to the instruction attached to the kit, after that ,which was
i nt r oducedP1fht 82e8cheli khi ReEorel I MIDI herdlamround-ONFQ TR lHtDNm and
waspurified fromthe resulting Escherichia coli_ transformant using Q Aprep
Spi n M ni B¥EP a8 & ccataEnyera FSUIEN B ueRtEs was raRRE Y ORISItR) t he
resulting plasmd DNA as a tenplate, and using a primer consisting of the
nucl eot i démergudirie, reaRted&ft pH &f calyl ehsBEQsibDsNGE th@ 3 r a5 fmnel,
according to the nethod described in Exanple 11 (1). As a result, a
nucl eot i deudeing ricea ettt BeP DY whidl betli deenupbepared 3ty tdd 13882mf t he
nucl eotide sequence represented by SEQ ID NO 42 was read. Al analyzed
nucl eot i déiskgueheelraeteu)nedizem asddeasr dbed above was dispensed, and
cultured by allowing to stand at 30°C for 25 hours. In another
microplate, as described above, as a control, each 100 uL of
cell suspensions of the transformed budding yeast TM182-Fo0S1
which had been prepared by dilution with a Gal-Ura-Leu medium
was dispensed, andculturedat 30°C for 5lhours. Afterculturing,
theabsorbanceat 600 nmof eachwell wasmeasuredwithamicroplate
reader.
A degree of growth of each transformed budding yeast
cultured in the presence of Compounds (1) fo (7) is shown in
Table 5. A degree of growth of the transformed budding yeast
is expressed as a relative value in percentage, letting the
absorbance at 600 nm at the concentration of the Compound of
0 ppm to be 100. It was confirmed that an inhibiting degree
of growth of the transformed budding yeast TM182-Fo0S1 by each
test substance was grater than an inhibiting degree of growth
of the transformed budding yeast AH22-Fo0S1 by each test
substance, and the transformed budding yeast TM182-Fo0S1 was

atransformedcell withthe enhanced sensitivitytoanantifungal
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result, the nucl eotide sequence represented by SEQ ID NO 42 was obtai ned.
The nucl eoti de sequence represented by SEQ ID NO 42 consists of 3882
bases (including term nation codon), and was a nucl eoti de seguence

encodi ng. 1293 anmino acid residues (SEQ ID NO 41) . A nolecul ar wei ght of
a protein having the amno acid sequence represented by SEQ I D NO 41 was
calculated to be 141818 Da. (3) Isolation of full length Fusarium

oxyspor um.k e ?z% DINA | nucl sequyence _encpdi ng an
am no acrd qﬁ%ngg;o J@érlunroxygg%?Bﬁ?%%ﬁgﬁ ﬁe?%&ﬁé??e¥?aFgferred to
as FoCs- 1, §§ne cases) was anplified by PCR using the 5° RACE ready

cDNA prepared |n anple 11 (2) as a tenplate. By performng a PCR using,
ol i gonucl eotide consisting of the nucl eotide sequence

as a pringr,,an
representedb%§ %EQIIDP«) 52 and an oligonucleotide consi sting of the

ol oot i ldo_sequence _t apr esent kUPBRCSEYT | B REEN 43F AS gmB. YPRAC The PCRas
Fgrformad usi ng KOD- Pl us- (TCNQK% und?eHZZhan jdééll nd| tions that a
nperatiure was _mai ntai ned at or 2081 nut eg ere fter 35 Jcycl es

?Ln;agfgfﬁ‘ﬁ%@gty\g‘i%%ﬁ@%egécgﬁéd%?yflhe%,f@%‘?,sé%r or St 2econng furlt her,
at 66C florfigrad ganesntThs iPGR |rmeedturon maedliun i drigbed) unasLeu mpdrladl by
adding 24.5,f,8a 517 B EpkfFadss 81 116 26

Compoud (2) (6 ppm) 91 91 87 55

Compoud (3) (6 ppm) 87 86 99 22

Compoud (4} (20 ppm) |96 90 104 20

Compoud (3) (20 ppm) |80 71 80 57

Compoud (6) (0.2 ppm) | 92 69 99 7

Compoud (7) (0.2 ppm) |91 88 8% 21

Example 14

Isolation of Mycospharella tritici StOS-1 gene
(1) Analysis of Mycospharella tritici St0S-1 gene fragment
The amplified DNA was purified from the reaction solution
of PCR which had been performed using a primer pair 16 and using
a cDNA of Mycospharella tritici as a template in Example 10 (4),
using QIAquick PCR Purification Kit (QIAGEN) according to the
instruction attached to the kit. 3’A addition was performed
on the purified DNA according to the method described in Example
11 (1). The 3’A-added DNA and the pCR2.1-TOPC clening vector
(Invitrogen) were ligated according to the instruction attached

to the cloning vector, and this was introduced into Escherichia
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cDNA, 5.0 L of |Oxbuffer, 5.0 L of 2 mMMdNTPs, 2.0 L of 25 nM MySQH4, each
1.0 gL of 10 Moligonucleotide prinmers, 32.5 L of sterilized distilled
water and 1.0 pL of KOD Plus-. After the reaction, a part of the PCR
reaction solution was separated by 1% agarose gel el ectrophoresis, and
stained with ethidium bromde. It was confirned that about 4 kb of the DNA

(FoCS1 DNA) was anplified. Exanple 12 Construction of expression plasmd
of Fusari ppy @Xy§R\LUME 102 gene and preparation of transfornmed

buddi ng yeast Tﬁegéoggf%)v\as cloned into a pCR2. 1-TOPO cl oni ng vect or
(I'nvitrogen). t k f th (FoGS-1 DNA), wa rified fraomthe PCR
reaction sol ut ﬁgﬁﬂp}vésa 3§1Fﬁeéx?#§fnet%f (’@S”&glﬁ‘@ %@%}tﬁfi%ﬁ"wdl
Purificat]j ' AGEN) accordi tQ the instruction attached to the
it oA SaAnPEREERE TR ol PO usaad B A G (e RBRAILs cdTBRAGEOCS 1
DNA) according.to tgé met hod described in Exanple 11 (1). The 3' A-added
about 4 kbS2BRRCPFEEsUEIPRANLaNHLY heagCRZEPBIROPDYC Mgmiimg edt (il of

(1 nvitrogfﬁ) were ligated according to the nmanual attached to the cloning
vector tolCONSEFREL 4 9P atfmiaf JORMYOSNT BA,nG6LEopL def sy ubng 1S ofeddte
resulting plasm d was anal yzed according to the method described in

Exanpl e 14(4)RL & & }9 imtbsolatisn génaci ebijoructensideicmnoist ey of

nucl eotidehse%uence represented by any of SEQ
the nucleotide sequence represented by SEQ ID NO: 66 and a 10

UM solution of an oligonucleotide consisting of the nucleotide
Sequence represented by SEQ ID NO: 67, and 10.3 uL of sterilized
distilled water, and adding a part of the Escherichia coli
transformant cblony thereto. PCR was performed- under the
amplifyingconditions that this reactionsolutionwasmaintained
at 97°C for 2 minutes and, thereafter, 35 cycles of incubation
were repeated, each cycle comprising maintaining a temperature
at 97°C for 15 seconds, then, at 55°C for 15 seconds, then, at
72°C for 3 minutes. The amplified DNA was purified from the
PCR reaction solution after temperature maintenance using
QIAquick PCR Purification Kit (QIAGEN) according to the
instruction attached to the kit. A nuclectide sequence was
analyzed using oligonucleotides consisting of nucleotide
séquences represented by SEQ ID NOs: 29 and 54 as a primer and
employing the purified DNA as a template according to the method
described in Example 11 (1). As aresult, a nucleotide sequence
represented by base numbers 2241 to 3603 of the nucleotide

sequence represented by SEQ ID NO: 56 was read.
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| DNGs: 29, 43 to 51, and 54 was used. Asa result, the nucleotide sequence
represented by SEQ I D NO 42 was obtained, and it was confirnmed that the
pl asm d pCRFoOS1 was a plasmid containing the FoOS-1 DNA. The FoOS-1 DNA
contained in the thus prepared plasmd pCRFoOS1 was cloned into a shuttle
vector p415ADH replicable in yeastand Escherichia coli to construct an
expression plasmd. The plasm d pCRFoOS1 was digested with restriction

enzymes Spegl st | op_th her _hand he shuit] e vector p415ADH
vas” ot sorah ST b PlLeTebEn WSS S A e S 5 hem
was separ at ed 8% agar ose gel, el ectrophoresis, a t 103 of, the gel
cont ai Ircl)i ng the%o’:&\- ﬁaﬂ%&‘%iag Cé'(?o\ﬁltc{? §%g|uem ﬁé&tle%%é'lw freagd. eg
vect or p4l5ADH di gested wit el and Ps S .excised, and the FoGOS-1 DNA
and theps%ﬁlf%jérQ%%tr&gJﬁ@r%g] 7 ggé\?é} erré%ﬁr%ﬁéﬂbeemufa%%@éf AGHHER el
Extraction Kit (%AGI%I}?S according to the attached manual . The FoOS-1 DNA

was i nsertf Bt e Pt HOaneo péds shaned maing ANART REGENGDYNA e of

the shuttle  vector using Ligation Kit Ver.2 (TakKaRa) according to the
nmanual aat”lpéc‘ffédwﬂblqrhe[{ktidém%@?), apcexpirgstontheasnrarpsbFBOS]  was
constructed. A nucleotide sequence of the resulting expression plasmd was

anal yzed HIEGHRhEotd e kétrethsgagsdon selut ianmamprepratedy mAgiagpri mer,
an ol igonucl eotide consisting of the nucleotide sequence represented by
any of SEQO BLNeX @BS-primer and 1.0 pL of SMART IIA Oligo attached to
the kit into 3 pL (230ng) of total RNA prepared in Example 10
(2), a temperature was maintained at 70°C for 2 minutes, and
maintained on ice for 2 minutes. To the reaction sclution were
added 2 uL of 5xFirst-Strand buffer attached to the kit, 1 ui.
of 20 mM DTT, 1 puL of 10 mM dNTP Mix and 1 puL of PowerScript
Reverse Transcriptase, to mix them, and the mixture was
maintained at 42°C for 1.5 hours. Tothe reaction solutionafter
temperature maintenance was added 100 pL of Tricine-EDTA buffer
attached to the kit, a temperature was maintained at- 72°C for
7minutes, thus 5 RACE ready cDNA was prepared. PCRamplifying
5’ upstream region was performed using this 5’ RACE ready cDNA
as a template and usihg KOD-plus- (TOYOBO) . The PCR reaction
solution was prepared by mixing 2.5 uL of 5’ RACE ready cDNA,
5.0 pL of 10xbuffer, 5.0 pL of 2 mM dNTPs, 2.0 pL of 25 mM MgSO4
and 1.0 uL of KOD-Plus, adding 5.0 pL of 10x Universal Primer
A Mix attached to the kit and 1.0 uL of a 10 uM solution of an

oligonucleotide consisting of the nucleotide sequence

represented by SEQ ID NO: 43 as primers, and adding sterilized
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to 53 was used. As a result, the nucl eotide sequence represented by SEQ ID
NGO 42 was obtained, and it was confirnmed that the expression plasmd
pADHFoOSI harbored a DNA havi ng a nucl eoti de sequence encodi ng an am no
aci d sequence of FoOS-1. The prepared expression plasm d pADHFoOSI was

I ntroduced into budding yeast AH22 strain and TML82 strain according to
the nmet hod described in Exanple 2. By utilizing the disappearance of

| euci ne agxg%&gghﬁ in the resulting t ransf or ned buddLng_yeast, t he

t r ansf or med-baddFHg“§ESET tRHZ2 EOEAI AMOPRIR 9IFE8sH) -waShsE| EBREF1ER a

G u-Leu gggi gediunl and, the_  transformed budding yeast TML82 strain
(TML82- FOCBIY haE Wed| BatBEaened &hl 2HrGa Ay agdmyhes umnd 3wy B@# i r med
that the resulting TML82- FOOS1 grows even when transplanted to a 104

G u- Ur a- L8G Thsat OTEY&HSI ’éeli%ag\%‘fli fERTTarY € SRTRAMRE b2HIY fMadinta inddtg of
transforned budding yeast TML82-FoOS1 The transfornmed buddi ng yeast

AH22- FoOS? tsmgsaraddiienat Béarpiar 12 skecndd t bhed, wii 168°6 Hfaki Hgniatut3GC for 18
hours in _a GQu-leu medium As a control, the AH22 strain was simlarly
cul tured WATI3Rhakied DA s9e porifseHofirenithe RYR nesditimn sPHatdlsor bance
at 600 nm of each grown transfornmed budding yeast in a cell suspension was
nmeasur ed, Y3hed QIAIE Gp &R EHrdifigasdon Kit (QIAGEN) according to the

instruction attached to the kit, and then, 3'A addition was
performed on the DNA according to the method described in Example
11(1). The 3’A-added DNA and the pCR2.1-TOPO cloning vector
(Invitrogen)wereligatedaccordimgtotheﬁmstructionattached
to the cloning vector, after that, which was introduced into
Escherichia coli JM109 {TaKaRa). & plasmid DNA was purified
from the resulting Escherichia coli transformant using QIAprep
Spin Miniprep Kit (QIAGEN). A nucleotide sequence was analyzed
using the resulting plasmid DNA as a template and using primers
consisting of nucleotide sequences represented by SEQ ID NOs:
29, 54, and 59 to 61 according to the method deScribed‘ in Example
11(1). As a result, a nucleotide sequence represented by base
numbers 1 to 2240 of the nucleotide sequence represented by SEQ
ID NO: 56 was read.

Further, a DNA having a nucleotide sequence extending
toward to the 3’ downstream region from nucleotide number 3603
of thenucleotide sequence represented by SEQ IDNO: 56 was cloned.
1.0 pL of CDS-primer attached to the kit and 1.0 pL of sterilized

distilled water were mixed into 3 pL (230ng) of the total RNA
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with sterilized distilled water to the absorbance of 0.1 was prepared.
Further, a cell suspension in which the aforenentioned cell suspension of

t he transformed buddi ng yeast AH22-Fo0OS1 was diluted 50-fold with a

G u-Leu nedium and a cell suspension in which the aforenentioned cel
suspension of the AH22 strain was diluted 50-fold with a G u nmedi um were
prepared. A solution in which each of Conpounds (1) to (3) was dissolved

i n di methyl sul foxjde é to the concentration of 600 ppm a solution in
whi ch eack 6P 3E6Mpdln §3TH%65H% %@y %@@ ma¥§§6PV%%Sﬂ?ﬁ%ﬂ?ﬁﬁ&@déﬁqﬁ X¢ de
(DMSO) to,the concentratlog and a solution in which Conpounds
(6) and (7f wés HEE51 v 88 |ﬁlac}Pﬁ€tlﬁﬁdsﬁ>Pf i6%i der( BVBOpUESSt hed” RACE
concentratlo %L pn1mere prepared, and two microplates were prepared
in which 83 DH RESRATEA U5 NS iU it 60 iHd OVES dan a
control 105 were disp ensed I n one mcroplate among them each, 100 gL of
cel | suspBﬁ?PBﬁé‘t&Pnt%5t Pt seAEY P n§CRezmpli F3b oW xkathad

been prepared by dilution as described above was dispensed, and cultured
by al | owi R§IEENStAMBEECIOeE YBin@6h3 s HWoBASE nendincDNarasdreys lattes . each
1.00 L of cell suspensions of the control yeast AH22 strain which had been
prepar ed ByPCRi Featohonssodestphbedsapoepavad dispersed, 5adduTwt ured by
allowing to stand at 30C for 24.5 hours. After culturing, the absorbance
at 600 nnhd¥arbafiewd| bufdsrneasackddwtbhthe kLt ppl ad eul. of 10 mM dNTP

Mix and 1.0 pL of 50x Advantage 2 Polymerase Mix into 2.5 HL

of 3’ RACE ready c¢DNA, adding 5.0 uL of 10xUniversal Primer A

Mix attached to the kit as a primer, and 1.0 uL of a 10 pM solution

of an oligonucleotide consisting of the nucle&tide sequence

represented by SEQ ID NO: 58, and adding sterilized distilled

water to a total amount of 50 pL. This reaction solution was

subjected to repetition of 5 cycles of incubation, each cycle

comprisingmaintaining a temperature at 94°C for 5 seconds, then,

at 72°C for 4 minutes, further repetitionof 5cycles of incubation,

each cycle comprising maintaining a temperature at 94°C for 5

seconds, then, at 70°C for 10 seconds, then, at 72°C for 4 minutes,

further repetition of 25 cycles of incubation, each cycle

comprisingmaintaining a temperature at 94°C for 5 seconds, then,

at 68°C for 10 seconds, then, at 72°C for 4 minutes, followed

by maintaining a temperature at 72°C for 7 minutes. The PCR‘

reaction solution and the pCR2.1-TOPO cloning vector

(Invitrogen) were ligated to the vector according to the

instructionattachedtothekit,afterthat,whichwasintroduced
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reader. Simlarly, the transforned buddi ng yeast TML82- FobSI prepared in
Exanple 12 was cultured at 30C for 18 hours in a du-Ua-Leu nmedium The
absorbance at 600 nm of the grown transforned budding yeast in a cell
suspensi on was neasured, and a cell suspension diluted with sterilized
distilled water to the absorbance of 0. 1 was prepared. Further, a cell
suspension in which the transfornmed buddi ng yeast TML82- FoOSI was dil uted

50-fold w -Ura-.Leu ned] w.aS . a cqont.rol . || _suspensjion in
o on ¢ helyea gt el Eot Bh el A uar HE e
repared. - A sqlution in.which each of Conpounds (1) to (3),wa di ssol ved
P et oA QT P AR Bl ST e e R oy SERDA CoFmogs0 S SEARAR 1 on i n
whi ch each of Conpounds, (4 5 was dissolved in dinethyl sul foxjde
(DVB0) 1 SR e MESTBEAE: i+ o B0 M FSaares Serubr Yoo d h of
Conmpounds ég#agg%% 106 was dissol ved in dinethyl sulfoxide (DMSO to the
concent r at t Whi D Pd a5 FhP Y 2 saf ¢ omid- aticer 3pH ASdNdne B iFs8par ed
in which each 2.0 L per well_ of the Conpound-DMSO sol ution and DMSO as a
control v%‘?réshﬁ*'sﬂé‘h@égthﬁtfbl@%Jr%% SERVGREenT epBpranteddnbagyt PEMEQach
100 gL of_cell suspensions of the transfornmed budding yeast TML82- FoOS1
whi ch had!H&Es pPeneéddbyasrruding taithe metheduiasceibaddinmxagrdéescri bed

above was di spensed, and
11 As a result, a nucleotide sequence represented by

nucleotide numbers 3604 to 3924 o_f the nucleotide segquence
represented by SEQ ID NO: 56 was read.

All analyzed nucleotide sequences were joined and, as a
result, the nucleotide sequence représented by SEQ ID NO: 56
was obtained. The nucleotide sequence represented by SEQ ID
NO: 56 consists of 3924 bases (including termination codon),
and was a nucleotide sequence encoding 1307 amino acid residues
(SEQ ID NO: 55). A molecular weight of a protein having the
amino acid sequence represented by SEQ ID NO: 55 was calculated
to be 143276 Da.

(3) Isolation of full length Mycospharella tritici St0S-1 gene

A DNA having a nucleotide sequence encoding an amino acid
sequence of Mycospharella tritici St0S-1 (hereinafter, referred
to as StOS-1 DNA in some cases) was amplified by PCR using the
5’ RACE ready cDNA prepared in Example 14 (2) as a template.
By performing a PCR using, as a primer, an oligonucleotide
consisting of the nucleotide sequence represented by SEQ ID NO:

64 and an oligonucleotide consisting of the nucleotide sequence
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cultured by allowng to stand at 30C for 25 hours. In another mcroplate,
as descri bed above, as a control, each 100 L of <cell suspensions of the
transforned buddi ng yeast TML82- FoOS1 which had been prepared by dilution
with a Gal-Ura-Leu nmedium was dispensed, and cultured at30C for51hours.
After culturing, the absorbance at 600 nnof eachwell was neasured
mﬁthanicroplate reader. A degree of growth of each transformed budding

east ¢ ounds shown in _ Table
2082 seoripiftel fod RE SHERENDE Our SR h%&aa%%%%éfgo TR et
relative value |n rce tti t he Yo} ce at 600 nm at .t he
concent r at Yo " qeﬁ %ﬁgﬁgﬁ‘@ 3{‘% é%gﬁ’ﬁst 6“%’3 fé'@ /| RAFL LGHF iRt hat an
inhibitin e row h of the _trapsforned buddi ng yeast TML82- FoOS1
by each tglogi&%fséﬁ O\Nae Branete ddahdbn it oF tt#ﬁgr%@@%enofa &kt h  of
t he transforned buddi ng yeast AH22-FoOS1 by each test substance, and the

t r ansf or rRfd BRI FGRy Tpeadtl oPVBSANEGOSL Waks SeRpatadnst brndd agRrome Fethe
enhanced sensitivityto an antifungal 107 conpound as conpared with the

t r ansf or Rt BURRIRF st angioot #bost . wirkh| etbigeygrebremigeowt Kt ofaduddi ng

yeast AH2 .
confirmed that about 4 kb of the DNA {St0S-1 DNA) was amplified.

Example 15
Construction of expression plasmid of Mycospharella tritici
St0S-1 gene and preparation of transformed budding yeast
The St0S-1 DNA was cloned int.o apCR2.1-TOPCcloning vector
(Invitrogen). About 4 kb of the DNA (StOS-1 DNA) was purified
from the PCR reaction solution prepared in Example 14 {3) using
QIAquick PCR Purification Kit (QIAGEN} according to the
instruction attached to the kit. 3'A addition was performed
on about 4 kb of the purified DNA (St0S-1 DNA) according to the
method described in Example 11 (1). The 3’A-added about 4 kb
DNA (StOS-1 DNA) and the pCR2.1-TOPO cloning vector (Invitrogen)
were ligated according to the manual attached to the cloning
vector to construct a plasmid pCRStOSl.I A nucleotide sequence
of the resulting plasmid was analyzed according to the method
described in Example 11(1). As a primer, an oligonucleotide
consisting of the nucleotide sequence represented by any of SEQ
IDNCs: 29, 54, and 58 to 63 was used. BAs aresult, the nucleotide

sequence represented by SEQ ID NO: 56 was cobtained, and it was

114




S12- FO TML82- FoOSI  AH22 O Test substance Qu G u-Leu Gl -Ura- @ul-Ur a-
(final concentration) nedi um nmedi um Leu nedi um Leu nmedi um Conpoud (1) (6
ppm 88 81 116 26 Conpoud (2) (6 ppm) 91 91 87 55 Conpoud (3) (6 ppm 87
86 99 22 Conpoud (4) (20 ppm) 96 90 104 20 Conpoud (5) (20 ppnm) 80 71 80
57 Conpoud (6) (0.2 ppm) 92 69 99 7 Conpoud (7) (0.2 ppn) 91 88 89 21

Exanpl e 14 Isol ation of Mycospharella tritici St0OS-1 gene (1) Anal ysis of
Mycosphar g} a; kbl €l 5 StQaSs cfr e. ampliifi ed, DNA.was .purified
fromthe reac%%oéral s@?%ﬁ%ﬁe ]%J?ae%%ré Wsa%%eseﬁa |5)elr (?rlr%EotTgiaﬁgrlléxgpri mer
pair 16 USLRG_1 & DPNA of Mycospharella tritici as a tenplate in Exanple
10 (4) , aeﬁ%i %tj@ q}allgck PCR Purification Kit (Q AGEN) according to the

ur i 11 od DA ackiTaT RO Th WS FeRboinadsti oa ThoBxRrRPaTed: BEaptithe
accor di ncP TR TRRE (1R FUCTTosh LU S HEHodn g Pt GEP LA AR © s
intr oduce](_jn iygggtggcc:ihfﬂesrcihcehriiachilaogoli to construct an expressionplasmid.
TheplasmideRStOSlwasdigestedwithrestrictionenzymesépel
and HindIII and, on the other hand, the shuttle vector p415ADH
was also digested with restriction enzymes Spel and HindIII.
Each of them was separated by 0.8% agarose gel electrophoresis,
a part of the gel containing the St0S-1 DNA digested Qith Spel
and HindIII and the shuttle vector p415ADH digested with Spel
and HindIII was excised, and the St05-1 DNA and the shuttle vector
were recovered from the gel using QIAquick Gel Extraction Kit
(QIAGEN) according to the attached manual. The St0S~1 DNA was
inserted between Spel site and HindIII site in the multicloning
site of the shuttle vector using Ligation Kit Ver.2 (TaKaRa)
according to the manual attached to the kit, whereby, an
- expression plasmid pADHStOS1 was constructed. A nucleotide
sequence of the resulting expression plasmid was analyzed
according tothemethoddescribed in Example 11 (1). Asaprimer,
an oligonucleotide consisting of the nucleotide sequence
represented by any of SEQ ID NO: 58 to 65 was used. As a result,
thenucleotide sequence representedby SEQIDNO: 56 was obtained,

and it was confirmed that the expression plasmid pADHStOS1

harbored a DNA having a nucleotide sequence encoding an amino
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coli JMLO9 (TaKaRa). DNA was purified fromthe resulting Escherichia coli
transformant by col ony PCR using Ex Tag HS (TakKaRa). The PCR reaction
solution (15 L) was prepared by mxing 1.5 L of 10xbuffer, 2.25 L of 10 mM
dNTPs, 0.15 L of Ex Tag HS, each 0.4 L of a 10 Msolution of an

ol i gonucl eoti de consisting of the nucl eotide sequence represented by SEQ
ID NO 66 and a 10 M solution of an oligonucl eotide consisting of the

nucl eoti dg,;ge epere ed by SEQID NO 67, and 10.3 L of sterilized
distilled \?\étaerggsgﬁgcédgl%né%g%pgr't of the Escherichia coli transformant

col ony thereto. s .performed under, the, —angplifying conditions that
this reaction sgﬁ%r\(;&??a\/\r/geso{ narntafned pjais@%pgg)ﬁsﬁ%ﬁiqn‘ﬁ?%slwduced
thereafte cycles of _inc ion were repeated, each cycle conprising
i Nt ai i OES RERGbER (ratt RS Hea I nd SBRHS Sorr acawaing s
seconds, 1'L’hen @%ﬂ 7$C for 3 mnutes. The anplified DNA was purified from
the PCR MaDPFEROLoREFFPALEAt &R FEAPRLEt Ar e B WEEhbALRIUENAG  Q Aqui ck
PCR Purification Kit (Q AGEN) according to the instruction attached to the
kit. A nuttERPIRILIBGTEACE U aREPHTeEhVdnidi o e gohtiinestiedss cgmest st i ng
of nucleatide sequences represented by SEQ ID NGs: 29 and 54 as a priner
and enpl 9 hecHputi fHed Pranasornednphrddingcrerdtndtd sheamst hod

described in Exanple 11 (1) . As a result, a nucleotide sequence
r epr esent B9 hufiderseboatied c0R683GoR-Lhe agareveddsn, and the

transformed budding yeast TM182 strain (TM182-St0OSl) was
selected on a Gal-Ura-Leu agar medium. It was confirmed that
the resulting TM182-StOS1 grows even when transplanted to a

Glu-Ura~Leu medium.

Exémple 16
Antifungal compound sensitivity test of transformed budding
yeast TM1B2-St0S1

The transformed budding yeast AH22-St0S1 prepared in
Example 15 was cultured while shaking at 30°C for 18 hours in
a2 Glu-Leu medium. As a control, the AH22 strain was similarly
cultured while shaking at 30°C for 18 hours in a Glu medium.
The absorbance at 600 nm of each grown transformed budding yeast
in a cell suspension was measured, and cell suspension diluted
with sterilized distilled water to the absorbance of 0.1 was
prepared. Further, a cell suspension in which the
aforementioned cell suspension of the transformed budding yeast

AH22-St0S1 was diluted 50-fold with a Glu~-Leu medium, and a cell
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sequence represented by SEQ ID NO 56 was read. 109 (2) Analysis of full

| ength Mycospharella tritici StOS-1 gene A DNA having a nucl eotide
sequence extending toward to 5 upstreamregi on of a base nunber 2241 of

t he nucl eotide sequence represented by SEQ ID NGO 56 was cl oned using
SMART RACE cDNA Anplification Kit (CLONTECH) according to the instruction
attached to the kit. A reaction solution was prepared by mxing 1.0 gL of

CDS- pri QL sqf igo attached ta the kit intq 3 L
(230ng) of oea R By HIEPRG AR HARE e ettperiaiabogacns

mai nt ai nedyab 0L {9 ' : _r;d intained on jce for 2 mnutes. To
the reaction so‘ff:)ut|Ior‘?"_:l\%/eér%(‘aTH{zhigée‘r’cp,Jl qt Vlébp? %S'P-mﬁqja‘%wﬁﬁﬁf%?e%ﬁ%@hed to
the kit, 1 L o DIT,, 1 L .0of 10 dNTP M x and 1 gL of Power Scri pt
Reverse Tr anscr%p%gggyltog rhnxwﬁ'&?\ eﬁﬂ%%%@%@) ed ntHi s at 42C
for 1.5 hqurs,,TJQ .the reaction solution after tenperature maintenance was
added 1OOQEs§91¥39c%ﬂé5¥&ﬁ995ﬁ?¥ﬁfoxh ¢ adiePk Fa Reeksencantsapépatef e was
naintaineg at 72C f0£ 7 mnutes, thus 5° RACE ready cDNA was prepared. PCR
anpl i fyi n§ PB™ uPstPelht PREBNVIASH pR7Elor AE dComPAGNEHi 645" alRACES ¥ ey cDNA
as a tenplate ind usi ng, KOD- pl us- TO.YCBOR. The PCR reaction solution was
prepared BYSHPXVRG 21 stimefhyis FéadPMINALo she comtenoxaduiérrgf 5. 0
giL of 2 €ﬁ$€hWPs, 2.0 L of 25 "M MySO4 and 1.0 L of KOD-Plus, adding 5.0
L of 10x PBEt PRfngr solution in which Compounds (6) and (7) was

dissolved in dimethylsulfoxide (DMSO) to the concentration of

20 ppm were prepared, and two microplates were prepared in which

each 1.0 puLper well of the Compound solution and DMSO as a control

were dispensed. In one microplate among them, eaéh 130 pL of

cell suspensions of the transformed budding yeast AH22-5t0S1

which had been prepared by dilution as described above was

dispensed, and cultured by allowing to stand at 30 °C for 28

hours. In another microplate, each 100 puL of cell suspensions

of the control yeast AH22 strain which had been prepared by

dilution as described above was dispensed, and cultured by

allowing to stand at 30°C for 24.5 hours. After culturing, the

absorbance at 600 nm of each well was measured with a microplate

reader.

Similarly, the transformed budding yeast TM182-St0S1

prepared in Example 15 was cultured at 30°C for 18 hours in a
Glu-Ura-Leu medium. The absorbance at 600 nm of the grown
transformed budding yeast in a cell suspension was measured,

and a cell suspension diluted with sterilized distilled water
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A Mx attached to the kit and 1.0 giL of a 10 Msolution of an

ol i gonucl eoti de consisting of the nucleotide sequence represented by SEQ
ID NO 43 as prinmers, and adding sterilized 110 distilled water to a total
amount of 50 M.. This reaction solution was maintained at 94C for 2

m nutes, and 35 cycles of incubation were repeated, each cycle conprising
mai ntaining a tenperature at 94C for 15 seconds, then, at 68C for 5

m nut es. tghﬁkéal%yﬁﬁed q/vg]rs] ﬁuri fied fromthe PCR reaction solution
usi ng Q Aqui ¢ Ar PP &at ! onRF PrEBRAGEN) BBEBREFnG 4%k plespensienct i on
attached Lo &{}e git and then, 3' A addition was perforned on the DNA
accor di ng Fo" FhE™ Tt h S e GrmschbpAdERanpRast TMIH2 - SRS BwAsadibdt ©NA and
the pCR2. 1-.T cl gni ng vector 30‘&: nvitrogen) were |igated according to the
i nstructi ér‘?‘ggggc%&h o Glive laoiaty maskitum and .t ers thatontwhdth avasell
i ntroduced into Escherichia coli JMI09 (TakKaRa). A plasm d DNA was
purified SPEBRPEAETY éfuMhiled Edeherbastt arasoldi tutzrd fodnEoitd usitiy £ Aprep
Spin M ni Erep Kit (QAGEN) . A nucleotide sequence was anal yzed using the
resul ti ngCpradFraleNAmgsliam eeyleatoeepactadsi ng priners consisting of
nucl eoti de sequences represented by SEQ ID NOs: 29, 54, and 59 to 61
according to th® #elubdodedor whédhi eaEhanmil €Compbiubids Ad)a deesul)t ,was
nucl eotide sequence represented by base nunbers 1 to 2240 of the
nucl eot i déisegleadel n apimesthitlexshi bijo:5@ (DNIND tobthBScéeeehtration of
6 ppm, a solution in which each of Compounds (4) and (5) was
dissolved in dimethylsulfoxide (DMSO) to the concentration of
2000 ppm, and a solution in which each of Compounds (6) and (7)
was dissolved in dimethylsulfoxide (DMSO) to the concentration
of 20 ppm were prepared, and two microplates were prepared in
which each 2.0 uL per well of the Compound-DMS0O solution and
DMSO as a control were dispensed into 2 wells. Inone microplate
ameng them, each 100 UL of cell suspensions of the transformed
budding yeast TM182-5t0S1 which had been prepared by diluticn
with a Glu-Ura-Leu medium as described above was dispensed, and
cultured by allowing to stand at 30°C for 26.5 hours. In another
microplate, as described above, as a control, each 100 pL of

cell suspensions of the transformed budding yeast TM182-5t0S1

which had been prepared by dilution with a Gal-Ura-Leu medium

was dispensed, and cultured at 30°C for 49.5 hours. After
culturing, the absorbance at 600 nm of each well was measured
with a microplate reader.

A degree of growth of each transformed budding yeast
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Further, a DNA having a nucl eoti de sequence extending toward to the 3
downstream regi on from nucl eoti de nunber 3603 of the nucl eotide sequence
represent edby SEQ IDNO 56 was cloned. 1. O pL of CDS-prinmer attached to
the kit and 1.0 L of sterilized distilled water were mxed into 3 M
(230ng) of the total RNA 111 prepared in Exanple 10 (2), the m xture was
mai ntai ned at 70C for 2 mnutes, and maintained on ice for 2 mnutes. 3
RACE rea s prepared using_the reaction_solution as in '
preparatigﬁlgﬁyédwgﬁcgﬁ?eﬁﬁ§sEﬁﬂﬁ.gﬁdﬁ?ﬁﬂﬁPF@?iﬁbk'tﬁo&ﬁ%t¥%aﬁ@0W%gl@n was
perfornedngth thpiéﬁ' RACEfread% %DNA as a tenplate. A PCR reaction

sol ution Was preparedIHFSH Singrevsh ost thext ramstrrngs buddingryeastached
to the kitS 1.0 EL of 10 MM dNTP M x and 1.0 L of 50x Advantage 2

Pol ymer as&>MPXPFRESSS. 85 @ splatimacralegdyine DRACeaddiasy Sedtirgs the
ICXLMiversgl Primter A Mx attached to the kit as a priner, and 1. O L of a
10 M sol uRPBRTPBRCENaEI QR k| Hotihe eumamtitaki ol ¢hehmQemduted seuence
representﬁd by SEgJIDr«) 58, and adding sterilized distilled water to a
total amurkPBitEPe 10t s teads eenddinmsdorthas ans ulnjhettiod i deapatd ti on
of 5 cycles of incubation, each cycle conprising maintaining a tenperature
at 94C f oro5 H&utiuef thertranafaoed duddimgyeast TMI8hesto8pehy tdaeh of 5
cycles of incubation, each cycle conprising nmaintaining a tenperature at
94C for Stesedomptandrewasagra®erf ohatlasetunisitiherdedted 23 fg@owkn

m nut es,
of the transformed budding yeast AH22-St0S1 by each test
substance, and the transformed budding yeast TM182-St0S1 was

atransformedcellwiththeenhancedsensitivitytoanantifungal

compound as compared with the transformed budding yeast

AH22-5t0s1.
Table 6

Degree of growth of budding yeast

AH22-5t

AH22 081 TM182-5t0s81
Test substance Glu Glu-Leu | Gal-Ura- Gul-Ura-
{final concentration) { medium | medium Leu medium | Leu medium
Compoud (1) (0.6 ppm) | 99 101 101 67
Compoud (2) (0.6 ppm) | 94 100 97 23
Compoud (3) (0.6 ppm) | 96 98 94 19
Compoud (4) (20 ppm) |96 91 89 7
Compoud (5) (20 ppm) |80 76 74 6
Compoud {6) (0.2 ppm) | 92 93 97 6
Compoud (7) (0.2 ppm) {91 91 91 9
Example 17

Isolation of Thanatephorus cucumeris RsOS-1 gene
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further repetition of 25 cycles of incubation, each cycle conprising

mai ntai ning a tenperature at94C for5 seconds, then, at 68C for 10 seconds,
then, at 72C for 4 mnutes, followed by naintaining a tenperature at 72C
for 7 mnutes. The PCR reaction solution and the pCR2. 1- TOPO cl oni ng
vector (Invitrogen) were ligated to the vector according to the

i nstruction attached to the kit, after that, which was introduced 112 into

Escheri chi i A plasmi d DNA ified fromth
rosul L g EACRRrTERr Shl Tt arEr R AR CHsP Rt B AT SIRF M K 1
AGEN) . A tj de se lL.yzed_ using th It | asni d
DNA a5 & t el ol 50 SR el DA R BRE LESRE) SH9RG T TORGE MBI
t f SEQ 1D NOs: 29 and 54, ding to th
veihod deSEbA LA RSATEeT PP HEEMeRk U LAgenliet L BegoD) Hd Setilhce

represented@\yA n %]eotide nunbers 3604 to 3924 of the nucl eotide sequence
represent 2d° §:‘% NBRGERSE Liss CHEHASTAIS agnal Sompl ate | o th el ddhces

wer e join?g and,, as a_result, the nucleotide sequence represented by SEQ
ID NO 56 haditaRABEL iTkePER dusis iea sleju Eidde (QERFENmeTo bYiBF®d D NO
56 consists of 3924 bases (including term nation codon), and was a

nucl eot i de'® éRFERYE taREHE PREhSY Lodhabisci d3 tReiddids on(SEQPED NOmeE) . A
mol ecul ar wei ght of a protein having the am no acid sequence represented
by SEQ I PaOhegunhEl d DNA ateedrding to the method described in Example

11 (1). The 3’A-added DNA and the pCR2.1-TOPO cloning vectoer
(Invitrogen) were ligated according to the instruction attached
to the cloning vector, and this was introduced into Escherichia
coli JM109 (TaKaRa).

DNA was purified from the resulting Escherichia coli
transformant by coleny PCR using Ex Taq HS (TaKaRa) . The PCR
reaction solution'(ls RL) was prepared by mixing 1.5 uL of
10xbuffer, 2.25 pL of 10 mM dNTPs, 0.15 pL of Ex Tag HS, each
0.4 pL of a 10 pM solution of an oligonucleotide consisting of
the nucleotide sequence represented by SEQ ID NO: 28 and a 10
HM solution of an oligonucleotide consisting of the nucleotide
sequence répresented by SEQ ID NO: 29, and 10.3 pL of sterilized
distilled water, and adding a part of the Escherichia coli
transformant colony thereto. PCR was performed under the
amplifyingconditionsthat this reactionsolutionwasmaintained
at 97°C for 2 minutes and, thereafter, 35 cycles of incubation

were repeated, each cycle comprising maintaining a temperature

at 97°C for 15 seconds, then, at 55°C for 15 seconds, then, at
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to be 143276 Da. (3) Isolation of full Iength Mycospharella tritici StOS-1
gene A DNA having a nucl eoti de sequence encoding an am no acid sequence
of Mycospharella tritici St0OS-1 (hereinafter, referred to as St0S-1 DNA in:
sone cases) was anplified by PCR using the 5 RACE ready cDNA prepared in
Exanple 14 (2) as a tenplate. By performng a PCR using, as a priner, an
ol i gonucl eotide consisting of the nucl eoti de sequence represented by SEQ

IDNO 6 | i gonucl eot j de cons)i sti of the nucl eotide sequence

113. repr ‘e}gﬁgfe%flbﬁg rg%bnﬁ)s mf%,a“épqﬂ\fsﬁqgg?% "a% Bt dqd dewe ce

repr esent b LD 6 was .anplified, according to the nethod

descri bedglgﬁ é?ggrrg énl%&g%lpnAthglert REMPEZELUGS, MR IhdeRansie (e CR
reaction tiQ epar.ated by 1% agarose gel electrophoresis, and

st ai ned vﬁ%&%%ﬁpdp@% EPEH&&?QFP}/’\A&‘C JBAPPEIR ] SERAEaBEUT ol B of the DNA
(StCs-1 DNA% was angl i1 f|ed Exanpl e 15 Construction of expression plasnd
of MycospharefHatiPit REFaChpeste §bRekahid phepasherbhdefseqannter wad

buddi ng yeasi The StOS-1 DNA was cloned into a pCR2. 1- TOPO cl oni ng vector
(I nvi t r ogehF LY 2BIuEs ¥¥po bl IPRECHRAL L deescenprar ings ofunukiledt iideom t he PCR

reaction solution prepared in Exanple 14 (3) using Q Aquick PCR
Purifi cat TR ¥ $e ¢ AR e Herd Y FFQ 6Dt ¥es : 2k angc Poas at tracimesr tamd he

kit. 3'A addjtion was perforned
employing the purified DNA as a template according to the method

described in Example 11 (1). Asa result, a nucleotide sequence
represented by base numbers 2838 to 3165 of the nucleotide
sequence represented by SEQ ID NO: 69 was read.
(2) Analysis of full length Thanatephorus cucumeris RsOS-1 gene
A DNA having a nucleotide sequence extending toward to
3’ downstream region of a base number 3165 of the nucleotide
sequence represented by SEQ ID NO: 69 wés cloned using SMART
RACE cDNA Amplification Kit (CLONTECH) according to the
instruction attached to the kit. A reaction solutién was
prepared by mixing 1.0 uL of CDS-primer and 1.0 uL of sterilized
distilled water attached to the kit into 3 ML {253ng) of total
RNA prepared in Example 10 (3), a temperature was maintained
at 70°C for 2 minutes, and maintained on ice for 2 minutes. To
the réaction solution were added 2 uL of 5xFirst-Strand buffer
attached to the kit, 1 uL of 20 mM DTT, 1 ML of 10 mM ANTP Mix
and 1 pL of PowerScript Reverse Transcriptase, to mix them, and
themixture wasmaintained at 42°C for 1.5hours. To the reaction

solution after temperature maintenance was added 100 uL of
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on about 4 kb of the purified DNA (StOS-1 DNA) according to the nethod
described in Exanple 11 (1). The 3' A-added about 4 kb DNA (St0S-1 DNA) and
the pCR2.1- TOPO cl oning vector (Invitrogen) were |ligated according to the
manual attached to the cloning vector to construct a plasmd pCRStOS1. A
nucl eoti de sequence of the resulting plasm d was anal yzed according to the
nmet hod described in Exanple 11(1). As a prinmer, an oligonucl eotide

consi sti ngr9tithkermaal eQtd repr.ese b of SEQ | D NGCs:
29, 54, anch: SéL to 63 mg)gﬂu%grd%%gdh%?su , Qzlﬁtffcléleo“tal er%%léu ned®

represent gd. . I o6z Was, oht ai_.ned, and it 114 confirmed that
the plas mﬁglg&iﬁgé 5)\J%/al\ls(?2 aépﬁod%% El%eﬁ'nit%&s ?heﬁgﬁ&rfam?D}fﬁeW%% oS- 1
DNA cont aj L.a4t he u epared p)asnm d CRStOSl ., was cloned_into a
shuttle VE(E:}I:8 ?5‘5215/4 r%m jliﬁg%f%g ?n @%‘ﬁg?%ﬁﬁmﬁs’éﬁ%’r?'&h‘i’%s RFTERrBeMhst r uct
an expressi p md, pl asm d St OSI was digested with restriction
enzynes S%é?lqga%gilg—ﬁ gdl Ft}gggn&eagﬁ HPZ“ ffer HETPLatte Ahit4sd Yect or
p415ADH al so dj Wi restriction enzynes Spel and Hindill. Each
of them MR@EEB aﬁa?igg%ggxstyig‘aa%%éega&tlafeépﬁ&ﬁﬁ&neyaér,prapaaefi RY the
gel cont ai ni ng the St OS-1 DNA diEg\;sted with Spel and Hindlil and the
shuttl e VBEFSRIpA1BAEH f gs FAFEMTeiRdSpeDNAang - i nlI ¢f Wsbwkbesed;. @nd t he

St0S-1 DNA and the shuttle vector were recovered fromthe gel using
Q Aqui ck KI1o% % FYcENBRSK £-0 L of 25 mM MgSO4 and 1.0 pL of KOD-Plus,

adding 5.0 pL of 10x Universal Primer A Mix attached to the kit
and 1.0 pL of a 10 uM solution of an oligonucleotide consisting
ofthenucleotidesequencerepresentedbySEQIDNO:TDasprimers,
and adding sterilized distilled water to a total amounf of 50
L. This reaction solutionwasmaintained at 94°C for 2 minutes,
and 35 cycles of incubation were repeated, each cycle comprising
maintaining a temperature at 94°C for 15 seconds, then, at 68°C
for 6 minutes. The amplified DNA was purified from the PCR
reaction solution using QIAquick PCR Purification Kit (QIAGEN)
according to the instruction attached to the kit, and then, 3'A
addition was performed on the DNA according to the method
‘described in Example 11(1). The 3’A-added DNA and the
PCR2.1-TOPO cloning vector (Invitrogen) were ligated according
to the instruction attached to the cloning'veCtor, after that,
which was introduced into Escherichia coli JM109 (TaKaRa). A
plasmid DNA was purified from the resulting Escherichia coli
transformant using QIAprep Spin Miniprep Kit (QIAGEN). A

nucleotide sequence was analyzed using the resulting plasmid
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(Q AGEN) according to the attached manual. The StOS-1 DNA was inserted

bet ween Spel site and HindllIl site in the multicloning site of the shuttle
vector using Ligation.Kit Ver.2 (TaKaRa) according to the manual attached
to the kit, whereby, an expression plasm d pADHSt OSI was constructed. A
nucl eoti de sequence of the resulting expression plasmd was anal yzed
according to the nethod described in Exanple 11 (1) . Asa prinmer, an

ol i gonucl Bk igle £onsistdng Hd the AW e0Hd SREIYg [P ed hy any

of SEQID NO 58 to 65 was used. As a result eot i de seqguence

[ epr esent selyn SEQrbB; M3 AP LB EL. peanh 14,43 COREIIIIRA Jfay the

expression plasm d pADHSt OS ar bore aving a nucl eotide sequence
ol asm A paDHEroae a2 e 55 E 0 "R, BhaBbag: 4 (Jlastoa B2 €orhih ind Ths2
G sappear ance T2 AR SRETIST T ey et P ot b 2 Shdddi g
AT AR Ch R s St i che SRR Y R e
(TML82- St OS1) Was.. sel ect on a Gal -éJr a- qu a gr medium It was confirned
that the resulti nd‘eﬁ\mgaz?[gipog? Hriohs® NN ?\Sﬂ‘éﬁ Tr3RIPFRfAtegxtgngding
A u-Ura- l\‘;eouwanrl'3 ituomthe 5’ upstream region from nucleotide number 2838

of thenucleotide sequence representedby SEQ IDNO: 69 was cloned.

1.0 uL of CDS-primer att;ached to the kit and 1.0 pL of SMART

IIA Oligo were mixed into 3 uL (253ng) of the total RNA prepared

inExample 10 (3), themixturewasmaintainedat 70°C forZ2minutes,

and maintained on ice for 2 minutes. 5’ RACE ready cDNA was

prepared using the reaction solution as in preparation of 3’

RACE ready cDNA. | PCRamplifying 5’ upstreamregionwas performed

using this 5’ RACE ready cDNA as a template and using

KOD-plus- (TOYOBO}. The PCR reaction solution was prepared by

mixing 2.5 pL of 5’ RACE ready cDNA, 5.0 pL of 1lOxbuffer, 5.0

ML of 2 mM dNTPs, 2.0 pL of 25 mM MgSO; and 1.0 pL of KOD-Plus,

adding 5.0 uL of 10x Universal Primef A Mix attached to the kit

and 1.0 pL of a 10 pM solution of an oligonucleotide consisting

of thenucleotide sequence representedby SEQ IDNO: 71 as primers,

and adding sterilized distilled water to a total amount of 50

MBL. This reaction solutionwasmaintainedat 94°C for 2 minutes,

and 35 cycles of incubation were repeated, each cycle comprising

maintaining a temperature at 94°C for 15 seconds, then, at 68°C
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Exanpl e 16 Antifungal conpound sensitivity test of transfornmed buddi ng
yeast TML82- St OSI The transfornmed buddi ng yeast AH22-St OS1 prepared in
Exanpl e 15 was cultured while shaking at 30C for 18 hours in a du-Leu
medium As a control, the AH22 strain was simlarly cultured while shaking
at 30C for 18 hours in a Qu nedium The absorbance at 600 nm of each
grown transforned budding yeast in a ceII _suspensi on mas neasured and

cell suspgagi gnmehlvbgd wiihgStgsi t £ he absorbance
of 0.1 was prepared. Furthellrgg a ce % suspe s%%%eﬁ% é% % utlo

aforenenthQ@%§ygﬂé gﬁ@p@§§é 15&§giﬁgfg§§8%g%itﬁ%pbggg%gast AH2 - St OSl

was dil uted d with -Leu nedi UM an in
which th f t f th AH22 st dItd
S0t o o vPEHAE TR S Bt SRHRBERR D - R 1k R 2o AVRREE 2 SQOM 6T
Co d d t hyl sul f de (DMSO to th
coneont 1 570 B agsO Aad o & BR R b B a1 0o tnRpoaNtL (eneaid (5)
was diss Ived in ﬂ rrﬁ ah{__sulfom de (DVMSO to the concentration of 2000
ppm and ’sIB‘FEt‘?B 2Fhedhi e nt ks nfburid (5)0 dHe C(ﬁ)av%é)sumusgémw iaf

di et hyl s 0)..to the concentrati on of ppm wer e prepared, and
two i croéllll' %ﬁg%??ébg?eﬂo{lﬁl%?ﬁﬂ OéaéhelnuGlﬁoﬁéF{e\Aélelqu@Fl%e

Gonpound ggglnruéslé)ﬂ]tgg%y%g %SD I\?O:C%nZt ragl primers, and adding sterilized
distilled water to a total amount of 50 pL. This reaction
solution was maintained at 94°C for 2 minutes, and 20 cycles
ofiincubation:were repeated, each cycle comprising maintaining
a temperature at 94°C for 15 Seconds, then, Vat 68°C for 6 minutes.
The PCR ;eaction solution and the pCR2.1-TOPO cloning vector
(Invitrogen) were ligated to the vector according to ﬁhe
instructionattachedtothekit,afterthat,whichwasintroduced
inthscherichiacoliJMlO9(TaKaRa). AplasmidDNAwaspurified
from the resulting'Escherichia,coli'transformant_using'QIAprep
Spin Miniprep Kit (QIAGEN). A nucleotide sequence was analyzed
using the resulting plasmid DNA as a template, and using a primer
consisting of the nucleotide sequence represented by any of SEQ

- ID NOs: 28, 29, and 77 to 82, according to the methed described
inExample 11 (1). Asaresult, anucleotide sequence represented
by nucleotide numbers 1 to 3042 of the nucleotide sequence
represented by SEQ ID NO: 69 was read.

All analyzed nucleotide sequences were joined and, as a

result, the nucleotide sequence represented by SEQ ID NO: 69

124



wer e di spensed. In one nicroplate anong them each 100 gL of cel
suspensi ons of the transfornmed buddi ng yeast AH22-St OSI  whi ch had been
prepared by dilution as described above was dispensed, and cul tured by
allowing to stand at 30 C for 28 hours. In another mcroplate, each 100 L
of cell suspensions of the control yeast AH22 strain which had been
prepared by dilution as described above was di spensed, and cultured by
al | owi ng t@sstandiakg30Crfar culLturing, the sor bance
at 600 nmof each well was n%géagg Qaétﬁeéhgng?oﬁ?ﬁfgseagﬁﬁe?y §£91¥%rly,
the transigr.ngd ygas medlnfaa e 15 was
?ggg%ggﬁ 62 H3I@ﬂ§§ Cﬁ% ?ﬁwlﬁﬁkfg%sﬁﬁ%%mke at

cultured at 30C ours'in

600 f f d b dd t |1

reasured, 2Pand el EEAR 4 peng iees %%3@ T nag i a8 Ehamt or
117 to th sorbance 1 ared. Further, a cell suspension in
whi ch the?tr% 9 ﬁ 6§Ld %&@Aﬁ%%‘ffﬁﬁvs%l%ﬂmfm@mﬂ%@dvawq dhewith a
G u- Ur a- Le nedlu as a control, a cell uspensi on in which the yeast
was dil ut e’ﬁlga o Rt e Peranken e GEaT HaKS SBopas Gl ouissian | on i n

whi ch eac ds (1) to (3) was dissolved in dinethylsulfoxide
(DVMSO) to ?h% ngggﬁgrgﬁlon of 6 ppm a solution in which each of

Conpounds 54& aqd g .
(3) Iso attmuoffulllengthThanatephoruscucumerisRsOS—lgene

A DNA having a nucleotide sequence encoding an amino acid
sequence of Thanatephorus cucumeris Rs0S-1 {(hereinafter,
referred to as RsOS-1 DNA in some cases) was amplified by PCR

- using a cDNA of Thanatephorus cucumeris prepared in Example 10
(3) as a template. By performing a PCR using, as a primer, an
oligonucleotide consisting of the nucleotide sequence
represented by SEQ ID NO: 85 and an oligonucleotide consisting
of the nucleotide sequence represented by SEQ ID NO: 86, a DNA
having the nucleotide sequence represented by SEQ ID NO: 69 was.
amplified, according to the method described in Example 11 (3).
After the reaction, a part of the PCR reaction solution was
separated by 1% agarose gel electrophoresis, and stained with
ethidium bromide. It was confirmed that about 4 kb of the DNA

(RsOS~1 DNA) was amplified.

Example 18
Construction of expression plasmid of Thanatephorus cucumeris

Rs0S-1 gene and preparation of transformed budding yeast
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di ssolved in dinethyl sul foxide (DMSO) to the concentration of 2000 ppm
and a solution in which each of Conpounds (6) and (7) was dissolved in

di ret hyl sul f oxide (DMSO to the concentration of 20 ppm were prepared,
and two mcroplates were prepared in which each 2.0 L per well of the
Conpound- DMSO sol uti on and DMSO as a control were dispensed into 2 wells.
In one mcroplate anong them each 100 L of cell suspensions of the

t f d buggi = . Whi .ed by diluti
W ih a G Ura: Loo oot an S ecery ey Abs AP oRE: BT EoRREaR R Bar e ur o
b | | ow t 6.~ I h ' | at e,

dbsri bod ABeoe: PAeR A0our 4 HBTRY, 68¥ w1 R<PEPT Bliep over g it adic

t f ' t. TML82-St OSI  which had b d by diluti
W ih o Col - BRac i CRLRE A H i iR B CFRRE P e 1 90651 ol iR 5

hours. Af tyrLng, _the absorbance at 600 nm of each well was neasured
@%B}@E% Pégdgp?lglﬁé re8 Sty @iAREYN eserrdiavsiter e buddi ng

with a m€ro
east 118 cultured in the presence of Compounds (1) to (7) is shown in
¥ab| e 6. %nag’g’%@l% @F%}%hgﬂft?h’éh?r%%fg?% atsisi(}di)h@ y((@ef)stpenf@r@)qsi essed

as a rel ati\cl?f?vatl e jn percentage, letting the absorbance at 600 nmat the
concent r at RGPV £hkd Bust Ligdpiid t & 4SS oONA) t ageerdbngi teddiet hat an

i nhibiti ng dﬁgrec? of , growth of the transforned buddi ng yeast TML82- St OS1
ethod described in Example 11 (1). The 3'A-added about 4 kb

by each

DNA (RsOS-1 DNA) and the pCR2.1-TOPOcloning vector (Invitrogen)
were ligated according to the manual attached to the cloning
vector to construct a plasmid pCRRSOS1. A nucleotide sequen.ce
of the resulting plasmid waé analyzed according to the method
described in Example 11(1). As a primer, an oligonucleotide
consisting of the nucleotide sequence represented by any of SEQ
ID NOs: 28, 29, 70 to 73, 75, 77, 78, and 81 to 84 was usec_i.
As a result, the nucleotide sequence represented by SEQ 1D NO:
69 was obtained, and it was confirmed that the plasmid pCRRs0S1
was a plasmid containing the Rs0S-1 DNA.

The Rs0S-1 DNA contained in the thus prepared plasmid
PCRRs0S1 was cloned into a shuttle vector p415ADH replicable
inyeastand Escherichia coli to construct an expressionplasmid.
The plasmid pCRRsOS1 was digested with restriction enzymes Spel
and HindIII and, on the other hand, the shuttle vector p415ADH
was also digested with restriction enzymes Spel and HindIII.

Each of them was separated by 0.8% agarose gel electrophoresis,

a part of the gel containing the RsOS-1 DNA digested with Spel
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test substance was grater than an inhibiting degree of growmh of the
transf ornmed buddi ng yeast AH22- St OS1 by each test substance, and the
transforned buddi ng yeast TML82-StOSI was a transformed cell with the
enhanced sensitivity to an antifungal conpound as conpared with the
transforned buddi ng yeast AH22-StOS1. Table 6 Degree of growth of budding
yeast AH22 OS12-St TML82- St OS1 Test substance Gu du-Leu Gl -Ura-

(D) (06 B guThbh it SRy e TR B R L Sh 8 B Bsthoua
(5) (2° AREY30:3E o8 B, SO L) 30 Il 36,20, SOt () (20
o e BT e PSP TR SR PR S SR e 10
e vas: pietLeg) rom Lhe 1 eact) on, sol 4t19n of FOR which bad, heen performed
inserted between Spel site and HindIII site in the multicloning
site of the shuttle vector using Ligation Kit Ver.2 (TaKaRa)
according to the manual attached to the kit, whereby, an
expression plasmid pADHRs0S1 was constructed. A nucleotide
sequence of the resulting expression plasmid was analyzed
accordingtothemethoddescribedinExémple11 (1). Asaprimer,
an oligonucleotide consisting of the nucleotide sequence
represented by any of SEQ ID NO: 70 to 73, 75, 77, 78, 81 to
84, 87 and B8 was used. BAs a result, the nucleotide seguence
represented by SEQ ID NO: 69 was obtained, and it was confirmed
that the expression plasmid pADHRsOS1 harbored a DNA having a
nucleotide sequence encoding an amino acid seguence of Rs0S-1.
The prepared expression plasmid pADHRs0S1 was introduced
into budding yeast AH22 strain and TM182 strain according to
the method described in Example 2. By utilizing the
disappearance of leucine auxotrophy in the resulting transformed
budding yeast, the transformed budding yeast AH22 strain
(AH22-Rs0S1) was selected on a Glu-Leu agar medium, and the
transformed budding yeast TM182 strain (TM1B2-Rs0S1l) was

selected on a Gal-Ura-Leu agar medium. It was confirmed that

the resulting TM182-Rs0S1 grows even when transplanted to a
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a cDNA of Thanat ephorus cucuneris as a-tenplate in Exanple 10 (5), using
Q Aquick PCR Purification Kit (Q AGEN) according to the instruction
attached to the kit. 3" A addition was performed on the purified DNA
according to the nethod described in Exanple 11 (1). The 3' A-added DNA and
the pCR2.1-TOPO cl oning vector (lnvitrogen) were |igated according to the
instruction attached to the cloning vector, and this was introduced into

Escheri chia . _ i . TaKaRa). DNA was purified fromthe resulting
Escheri-chlt;guclfjﬂ")lLl L%%ﬁ%fi%y%m by col ony PCR using Ex Taq HS (TaKaRa). The

PCR reaction solution (15 L) was prepared by mxing 1.5 L of |Oxbuffer,
2.25 L of 10 mM dNTPs, 0.15 L of Ex Tag HS, each 0.4 L of a 10 Msolution

of an oli gnucgeoibde consisting of the nucleotide sequence represented by
SEQ I D NO**2?BPafid*7a 10 M sol ution of an oligonucl eotide consisting of the

nucl eot i SIE qurlljenﬁe represented by SEQ ID NO 29, and 10.3 L of sterilized
di stil | ed*Wat LP93hLCHHIPREa L GIviTe Eehafd dmansdnumed fasigdigroarant

colony thereto. PCR was perforned under the anplifying conditions that
this reacfdt sMI8£oRS@@3 maintained at 97C for 2 ninutes and,
thereafter, 35 cycles of incubation were repeated, each cycle conprising
mai nt ai ni ng a tEefranyEormed dy@idbng 19esstohHa2-RrOAL arepsCetionnls
seconds, then, at 120 72C for 3 minutes. The anplified DNA was purified
fromthe Example 18 was cultured while shaking at 30°C for 1B hours in
a Glu-Leu medium. As a control, the AH22 strain was similarly
cultured while shaking at 30°C for 18 hours in a Glu medium.
The absorbance at 600 nm of each grown transformed budding yeast .
in a cell suséension was measured, and cell suspensiﬁn diluted
with sterilized distilled water to the absorbance of 0.1 was
prepared.r Further, a cell suspension in which the
afbremehtionedcellsus?ensionofthetransformedbuddingyeast
AH22-Rs0S1 was diluted 50-fold with a Glu-Leu medium, and a cell
suspension in which the aforementioned cell suspension of the
AHZ22 strain was diluted 50-fold with a Glu medium were prepared.

A solution in which each of Compounds (1) to (5) was
dissolved in dimethylsulfoxide (DMSO) to the concentration of
GOOppm,andasolutioninwhichCompounds(G)and(7)wasdissolved
in dimethylsulfoxide (DMSQ) to the concentration of 60 ppm were
prepared, and two microplates were prepared in which each 1.0
L per well of the Compound solution and DMSO as a control were

dispensed. In one microplate among them, each 100 pL of cell

suspensions of the transformed budding yeast AH22-Rs0S1 which
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PCR reaction solution after tenperature maintenance using d Aquick PCR

Purification Kit (Q AGEN) according to the instruction attached to the

kit. A nucleotide sequence was analyzed using oligonucl eotides consi sting

of nucleotide sequences represented by SEQ ID NGs: 28 and 29 as a prinmer

and enploying the purified DNA as a tenplate according to the nethod

described in Exanple 11 (1) . As a result, a nucleotide sequence

repr esent ase _nunber,s 2838 t.0 3165, of | eoti de , sequenc

' epr esent L7 By LERFPRARR Be A g S(%S%%%?an’ﬁ FBF 194 RGPS

Thanat ephorys cucuneri s RsOS-1 gene A DNA having a nucl eoti de sequence

ext endi ng? ?%Wﬁf'tq%? §M’@é%ﬁ§FFéhﬁPr§§P6ﬁ Bf %Ubgééoﬁuﬁﬁeﬁ 133653 of Kthe

nucl eoti de sequence represented b ID NO 69 was cl oned using SMART

RACE cDNAADRDIEF MeSEPEA akey G(ﬁfdﬁfé@ll)o cedt giusgers oms of iberagottinml

attached to the kit. A reaction solution was repared by mxing 1. O L of

CDS- pr i me¥eafiaAiZ 2 tr agm wh ke h hpgdipernipsepared bud ek utai e B sl o itesd ki t

into 3 L (253ng) of total RNA prepared in Exanple 10 (3), a tenperature

~was mai ntapee’] wagt digeehsed2 andutedtuaed bmiaitlawied do stentoat 230Atut es.
To the reaction solution were added 2 L of SxFirst-Strand buffer attached

to the ki¥or £4.&bhopgswm Bftericpltoking, nbheNaipsatkanaadat 60®fnm of

Power Scri pt Reverse Transcriptase, to mix them and the m xture was

mai nt ai netPEh Wkl fwrs messwred switlh aheiceaplave reaeetion after

t enper ature mai ntenance was added 100 L of
Similarly, the transformed budding yeast TM182-RsOS1

prepared in Example 18 was cultured at 30°C for 18 hours in a
Glu-Ura-Leu medium. The absorbance at 600 nm of the grown
transformed budding yeast- in a cell suspension was measured,
and a cell suspension diluted with stérilized distilled water
tothe absorbanceof 0.1wasprepared. Further, acellsuspension
in which the transformed budding yeast TM182-RsOSl was diluted
50-foldwithaGlu-Ura-Leumedium. Asacontrol, thetransformed
budding yeast TM182-Rs0S1 was cultured at 30°C for 18 hours in
a Gal-Ura-Leu medium. The absorbance at 600 nm of the grown
transformed budding yeast in a cell suspension was measured,
and a cell suspension diluted with sterilized distilled water
totheabsorbanceofo,1wasprepared. Further, acell suspension
in which the transformed budding yeast TM182-Rs0S1 was diluted
50-fold with a Gal-Ura-Leu medium.

A solution in which each of Compounds (1) to (5) was
dissolved in dimethylsulfoxide (DMSC) to the concentration of

600 ppm, and a solution in which each of Compounds (6) and (7)
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121 Tricine-EDTA buffer attached to the kit, a tenperature was maintained
at 72C for 7 mnutes, thus 3' RACE ready cDNA was prepared. PCR anplifying
3' downstreamregion was performed using this 3 RACE ready cDNA as a
tenpl ate and usi ng KOD pl us- (TOYOBO . The PCR reaction sol ution was
prepared by mxing 2.5 pL of 3" RACE ready cDNA, 5.0 L of 10xbuffer, 5.0
L of 2 MMdNTPs, 2.0 L of 25 MM MJSO4 and 1.0 L of KOD-Plus, adding 5.0 L

f 10 Unj jmer A M d ' d 1.0 L of a 10 gM
ol ut) on B S HTT SR GBI EbAST EPrge UPE chubre s Do

repr esent SEQ 1D NO_ 70 as, priners, and adding sterilized distilled
water to §9t§¢(apfpr%lr’ﬁﬁﬁﬁ P&EPEEEd, . a?ﬁ?%“’?e%ﬁ??%l§5? Y ORe VRIECRRE $F dithed at

94C for Z‘jlr;rilnut es, and 35 cycles of incubation were repeated, each cycle

conpri si nN1FRI BRENNE ng Bl iR erek birel dihe fommaunts DMSCo sl utiiman art ~ 68C
for 6 m nﬁégs. The anplified DNA was purified fromthe PCR reaction
sol ution BG s Agaitae lPer paiispeaseidoln ke £ W3 IeENI D are sridiaapliadsea he
instruction attached to the kit, and then, 3'A addition was performed on
t he DNA a@®RonditHierto adedh F8Ohek oftiesdidi bedpensiraspd £ thd HranEfo3ed added
DNA and the pCR2.1-TOPO cl oni ng vector (Invitrogen) were |igated according
to the inRedditry oreadt JEHER FeQHe whileni hgdvkesnrpragared thatdilugdioch was
introduced into Escherichia coli JMI09 (TaKaRa). A plasmd DNA was
purified ¥¥ema héurésariendgnabiohe piscté scrbbéd above was dispensed, and
cultured by allowing to stand at 30°C for 26.8 hours. In another
microplate, as described above, as a control, each 100 ML of
cell suspensions of the transformed budding yeast TM182~Rs0S1
which had been prepared by dilution with a Gal-Ura-Leu medium
was dispensed, and cultured at 30°C for 42.5 hours. After
culturing, the absorbance at 600 nm of each well was measured
with a microplate reader.
A degree of growth of each transformed budding yeast
cultured in the presence of Compounds (1) to (7) is shown in
Table 7. A degqree of growth of the transformed budding yeast
is expressed as a relative value in percentage, letting the
absorbance at 600 nm at the concentration of the Compound of
O ppm to be 100. It was confirmed that an inhibiting degree
of growth of the transformed budding yeast TM182-~RsOS1 by each
test substance was grater than an inhibiting degree of growth
of the transformed budding yeast AH22-Rs031 by each test
substance, and the transformed budding yeast TM182-Rs0OSl was

atransformedcell with the enhanced sensitivitytoanantifungal
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transformant using Q Aprep Spin Mniprep Kit (QAGEN . A nucleotide
sequence was anal yzed using the resulting plasmd 122 DNA as a tenplate and
usi ng priners consisting of nucleotide sequences represented by SEQ | DNGs:
28, 29, and 73 to 76 according to the nethod described in Exanple 11(1).
As a result, a nucleotide sequence represented by base nunbers 3119 to
4317 of the nucl eotide sequence represented by SEQ I D NO 69 was read.

Furt her, VI eotid s uence ext endi toward to _the 5'
upst r eam TP ORERY A, ot £ o {n D SRS ER 5 AR e 8] Vet e uence
represent&gzgy S(Eégll DNO 69 was cloned. 1.0 L of CDS-priner attached to
the kit an % of SMART IIA Adigo were mxed into 3 M. (253ng) of the
total %ﬁgaﬁ in Exanple 10 (3) , the mixture was maintained at 7 0C
for and mai ntained on ice for 2 mnutes. 5 RACE ready cDNA was
prepared using the reactron sofytion as T Dr ady
cDNA. PCR_anplifying 5' upstrea 0 ‘ 5. _|RACE
ready CONA as a tenplate and USAﬁ'%z OO pH2a= CR reactidgn

b s

solution was prepared by mxi Ll ©815' y , b. 0 L gf
k%’g’g{LngesZt gle}] 5&3 n1VI dNTP%)hl versL?Pf?lﬁér%r AA\% X atta Cg:'ed 0 the Kit
and 1.0 M_fJGfaJaCQOCths@rtutomdn roéd m o] mgdhue | ddie uleeddnsi [stewngedadafimt fhe
nucl eot i a@omp uncen(cB (eep Oépépmﬁt é\aaé)y SEQ ié)é\lu 71 16058 priTTeT 15

Compoud (2) (6.0 ppm) |92 101 96 11

Compoud (3) (6.0 ppm) |82 101 101 27

Compoud (4) (6.0 ppm) | 83 89 88 17

Compoud (5) (6.0 ppm) |78 85 101 19

Compoud (6) (0.6 ppm} |79 79 100 12

Compoud (7) (0.6 ppm) |85 101 99 31

Example 20

Isolation of a gene of the present histidine Kinase of
Phytophthora infestans (hereinafter, referred to PiOS-1 gene)
(1) Analysis of Phytophthora infestans Pi0OS-1 gene fragment
The amplified DNA was purified from the reaction solution
of PCR which had been performed using a primer pair é and using
a cDNA of Phytophthora infestans as a template in Example 10(5),
using QIAquick PCR Purification Kit (QIAGEN) according tc the
instruction attached to the kit. 3'A addition was performed
on the purified DNA according to the method described in Example
11 (1). The 3’A added DNA and the pCR2.1-TOPO cloning vector

(Invitrogen) were ligated according to the instruction attached
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and adding sterilized distilled water to a total anmount of 50 M.. This
reaction solution was maintained at 94C for 2 mnutes, and 35 cycl es of

i ncubation were repeated, each cycle conprising maintaining a tenperature
at 94C for 15 seconds, then, at 68C 123 for 6 mnutes. Using the resulting
PCR reaction solution as a tenplate, the PCR reaction solution for a
futher PCR was prepared by adding 5.0 gL of |Oxbuffer, 5.0 L of 2 mM
dNTPs, 2.0 L_of 5 MMMSO4 and 1.0 L of KOQ-Plus, 1.,0 L of 10 M Nested
uni ver sal gop?ﬁﬁe?f%ﬂ%%&%lq%rth%%f(?lf SRE 1. P ECRivas TP MGIRT o't an
ol i gonucIEot Lde,consi st ;ing of the nucleotide sequence represented by SEQ
ID NO 72E8SPBFimare, cghd dHdPrg (TeEpRR)zed distilled water to a total
amount of 50 giL. This reaction solution was naintai ned at 94C for_ 2
mnutes, and 20°CNA é@s grpliddisat fespmuehe Fepehtdag Baeherlehda &k i si ng
mai ntaining a tenperature at 94C for 15 seconds, then, at 68C for 6

m nut es. tTaesPormephchy otekonvitiEh Uaida B pemHE- TOPKRBRORI he RGRr
(Invitrogen) were ligated to the vector according to the instruction
attached reachkoki s¢latien that pLivhiveh paspiamedothyced xiingt d .Esgfierifchi a

col i JMLO9( TaKaRa). Aplasm d DNAwas purified fromthe resulting Escherichia
coli trans®ormiierus? S @QIAprfed 0 S ANEPsI, pOepSKUL ¢ BFNq HS nuwda@ot i de

sequence was analyzed wusing the resulting plasnmid DNA as a tenplate, and
usi ng a p@i4éeul, odoaslBtuMgodiuttier piicheadl eomeglent de epresient By yf any of
SEQ

the nucleotide sequence represented by SEQ ID NO: 28 and a 10

UM solution of an oligonucleotide consisting of the nucleotide
sequence represented by SEQ ID NO: 29, and 10.3 puL of sterilized
distilled water, and adding a part of the Escherichia coli
transformant colony thereto. PCR was performed under the
amplifyingconditions that thisreactionsolutionwasmaintained
at 97°C for 2 minutes, and 35 cycles of incubation were repeated,
each cycle comprising maintaining a temperature at 97°C for 15
seconds, then, at 55°C for 15 seconds, further, at 72°C for 3

minutes. The amplified DNA was purified from the PCR reaction
solution after temperature maintenance using QIAquick PCR

purification Kit (QIAGEN) according to the manual attached tc
the kit. A nﬁcleotide sequence was analyzed using the purified
DNA as a template and using oligonucleotides consisting of the
nucleotide sequence represented by any of SEQ ID NOs: 28 and
29 as primers according to themethod described in Example 11(1).
As a result, a nucleotide sequence represented by SEQ ID NO:

89 containing a nucleotide sequence of an oligonucleotide used
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I D NGs: 28, 29, and 77 to 82, according to the nmethod described in

Exanpl e1l1(1). Asa result,a nucl eotide sequence represented by nucl eotide
nunbers 1 to 3042 of the nucl eotide sequence represented by SEQ ID NO 69
was read. All analyzed nucl eoti de sequences were joined and, as a result,
t he nucl eotide sequence represented by SEQ ID NO 69 124 was obtained. The
nucl eotide sequence represent ed by SEQID NO 69 consists of 4317 bases

(i ncluding.ter o] and Jras a nucl eoti de sequence encodi ng 1438
am no aci gsrgs g@ék ?gé%g rgg) A nol ecul ar weight of a protein

having th 0 acid ce r sent by SEQ_I D _NO_ 68 cal cuI ated
having Do\ HIIR, 2L 8 ceguence raprasy B e SR AP ES RGP S R ae it

RsCOS-1 gene a nucl eoti de sequence encodi ng, an am no_aci d
sequence of Thm%&%&%%?%‘&% s%‘{"??é?%‘? Rt ding e?‘e’faf're‘éi % as
RsCs- 1 I n some cases) was anplified PCR using a cDNA o

Thanat eph &?%&ﬁﬁﬂwﬁglmﬁgr%m%% éeﬂeen(:e) raeraseaﬁﬁfﬂa% SER
perform ng a_PCR using,_as a primer, hg)onucl eotide consisting of the
nucl eoti d Ds%@]ue%%elsr%b@%@@n?éanﬁysgéé'rl BA cBYRa Aeed fdigagdmic I¥edt i de
consi sti ngc of the nucl eotide sequence represented by SEQ ID NO 86, a DNA

havi ng t hECHIRTRGR | RCGRERERE Lo cpte s ieth ML SEQ 1R ol d 60 vihe kirkol i fi ed,

according to the nethod described in Exanple 11 (3).
A reaction solution is prepared by mixing 1.0 pL of CDS-primer

attached tothe kit and 1.0 pL of SMART IIAOligo into 3 uL {200ng)
of the total RNA prepared in Example 10 (4), a temperature is
maintained at 70°C for 2 minutes, and is maintained on ice for
2 minutes. To the reaction solution are added 2 uL of
5xFirst-Strand buffer attached to the kit, 1 uL of 20 mM DTT,
lpuLof 10mMdNTPMix and 1 pL of PowerScript Reverse Transcriptase
tomix them, and the mixture is maintained at 42°C for 1.5 hours.
- To the reaction solution after temperature maintenance is added
100 puL of Tricine-EDTA buffer attached to the kit, a temperature
is maintained at 72°C for 7 minutes, and 5’ RACE ready c¢DNA is
prepared. PCRamplifying5’ upstream region is performed using
this 5’ RACE ready cDNA as a template andusing KOD-plus- {TOYOBO) .
The PCR reaction solution is prepared by mixing 2.5 uL of 57
- RACE ready cDNA, 5.0 uL of i10Oxbuffer, 5.0 pL of 2 mM dNTPs, 2.0
pL of 25 mM MgSQO4 and 1.0 pL of KOD-Plus-, adding 5.0 pL of
10xUniversal primer A Mix attached to the kit as a primer and
1.0 uL of a 10 uM solution of an oligonuclectide consisting of

20 to 30 bases selected from complementary sequences of the
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After the reaction, a part of the PCR reaction solution was separated by
1% agar ose gel el ectrophoresis, and stained with ethidiumbromde. It was
confirmed that about 4 kb of the DNA (RsCS-1 DNA) was anplified. Exanple
18 Construction of expression plasmd of Thanat ephorus cucuneris RsCS-1

gene and preparation of transforned buddi ng yeast 125 The RsOS-1 DNA was
cloned into a pCR2. 1- TCPO cl oni ng vector (I nvi trogen) About 4 kb of the

DNA ( RsOS; %YQ Sg S tion, prepared in
Exanpl e 17&2 lsei{\%g qU| (C:%< % (fl I%Yolt Egﬂcj{é % %l GEI@ da drﬁgng to
the instruct aét ched fﬁo the kit. 3"A addjtion was J‘_performed on about
4 kb of thepurtFTRFPNA H SO TRAC dt dH R hFRYR T Y HEe dd8dS bed i n
Exanple 11 (1). The_ 3' A-added about 4 kb DNA (RsOS-1 DNA) and the

PCR2. 1- TFB T Hﬁﬁal%&PBrlS(%w*%%@%ﬁ)at %fie"ycefcrlr ISR t&Hor e Ay Htd ethe
manual Oisac%éejg]ﬁté t he, Cl‘ﬁ@l‘ ng vector to construct a plasm d pCRRsOS1. A
nucl eot i ot ?%@hl@?%grﬁpﬁéﬁ?‘af \A&@c}anﬁh"Si%SdC&E‘Eélléllﬁ@ to the
met hod described in Exanple 11(1) EI’I mer, an ol igonucl eoti de

consi sti Mpigrtaeing e é@mpaﬁat,@qaean%&%"@p 5 vt ¢ Clopdany thEnSEY: §85CNGs :

28, 29, 70 to 73, 75, 77, 78, and 81 to 84 was used. As a result, the

nucl eot i d?%eiqwer%prgﬁnta@@lﬂaflﬁbm@ NG P fied obfem e BAR it was

confirned that the El asm d pCRRsCS|
reaction solution uSLng QIAquick PCR Purification Kit (QIAGEN)

accordingtothe instructionattachedtothe kit, and3'Aaddition
is performed on the DNA according to the method described in
Example 11 (1). 3"A added DNA and the pCR2.1-TOPQ cloning vector
{Invitrogen) are ligated according to the instruction attached
to the cloning vector, after that, which is introduced into
Escherichia coli JM109 (TaKaRa). A plasmidDNA is purified from
the resulting Escherichia coli transformant using QIAprep Spin
Miniprep Kit (QIAGEN). A nucleotide sequence is analyzed using
the resulting plasmid DNA as a template and using primers
consisting of the nucleoti'de sequence represented by any of SEQ
ID NOs: 28, 29, and the like according to the method described
in Example 11(1). As a result, a nucleotide sequence of the
5’ -terminal region including a translation initiation codon of
an os-1 homologous gene of Phytophthora infestans, that is, gene
of Phytophthora infestans éncoding osmosensing histidine kinase
having no transmembrane region (Pi0S1) can be read.

Further, a DNA having a nucleotide sequence extending to

3’ downstream region of the nucleotide sequence represented by
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was a plasm d containing the RSOS-1 DNA. The RsOS-1 DNA contained in the
thus prepared plasmd pCRRsOCSI was cloned into a shuttle vector p415ADH
replicable in yeastand Escherichia coli to construct an expression
plasm d. The plasm d pCRRsOS1 was digested with restriction enzynes Spe2
and Hindlil and, on the other hand, the shuttle vector p4l15ADH was al so
digested with restriction enzynes Spel and H ndlll. Each of them was

separ at ed % _ agar ose gel el ectrophoresi a, part_ of the gel

cont ai ni n%é)(%{ﬁgj %ééoosg? bRriAC r@%@t eg i 5&( S e¢f§31%lf§%’a é}-ﬁ‘i‘}ﬁﬂfﬁd%?ﬂ%
shuttl e vector 1 di_gested_ w t el . _and H ndl Il was excised, and the
P01 DN AR e it OEGSLEEL bt 2eReRLoF bLEVAr Ghl F GHha Fe-H5e ipsichg

Q Aqui ck I traction Kit (Q AGEN) according to the_attached manual. The
RsOS- 1 Ungls et el detderh BRI Pspparaddin Fuprplei L8 i(A)vna
multicloning site of the shuttle vector using Ligation Kit Ver.2 (TaKaRa)
accor di ngt PP IGRE Wedh g maginteadied 26 70Re fort2 mpheEedy angnls BRpRESIRER

pl asm d pADHRsOSI was constructed. A nucleotide  sequence of the resulting
expr essi G pLEsHPE W "atas zed’ BREBIAHY CHNPhES mteRAr et seriinsedhien
Exanple 11 (1). As a priner, ~an oligonucleotide consisting of the

nucl eot | dE&HEGRInER L Utdpredsnirearepazayion SEQ | RAND ready ¢DMN8. 78CR77, 78,
81 to 84, 87 and 88 was used. As a result, the nucleotide sequence

r epr esent@P IHESEG BD deynsorerm reigigdimad perfbinedws iognthi s RACE

ready cDNA as a template. The PCR reaction solution is prepared
by mixing 5.0 pL of 10xAdvantage 2 buffer attached to the kit,
1.0 uL of 10 mM dNTP Mix and 1.0 uL of 50xAdvantage 2 polymerase
Mixinto 2.5 uL of 5’ RACE ready cDNA, adding 5.0 pLof 10xUniversal

Primer A Mix attached to the kit, and 1.0 pL of a 10 uM solution

of an oligonucleotide consisting of 20 to 30 bases selected from
the nuclecotide sequence répresented by SEQ IDNO: 89 as primers,

and adding sterilized distilled water to a total amount of 50
HL. Thisreactionsolutionissubjectedtorepetitionof5cycles
of incubation, each cycle comprising maintaining a temperature
at 94°C for 5 seconds, then, at 72°C for 4 minutes, further |
repetition of 5 cycles of incubation, each cycle comprising
maintaining a temperature at 94°C for 5 seconds, then, at 70°C
for 10 seconds then, at 72°C for 4 minutes, further repetition
of 25 cycles of incubation, each cycle comprising maintaining
a temperature at 94°C for 5 seconds, then, at 68°C for 10 seconds,

then, at 72°C for 4 minutes, followedbymaintaining a temperature

at 72°C for 7 minutes. The PCR reaction solution and the
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that the expression plasm d pADHRsSOSI harbored a DNA having a nucl eotide
sequence encodi ng an am no aci d sequence of Rs(OS-1. The prepared expression
pl asm d pADHRsCSI was introduced into budding yeast AH22 strain and TML82
strain according to the nethod described in Exanple 2. By utilizing the

di sappearance of |eucine auxotrophy in the resulting transfornmed budding
yeast, the transforned budding yeast AH22 strain (AH22-RsOSl) was sel ected

on a Gu aga . t tr nsforned buddi ast_ TML82. strain
(This2- R Be?  SaToPE o O L e e (T e T e o (O Lol | 1 e
t hat the Le uIt| 82- Rs even en trans Iante 0 27

G u- Ura- L&C ér:rhedl u UII\—f:/ﬂj: %@%&V\?ﬁnﬂ?ﬁ \g[g)rﬂ:f'cﬂﬁ] ﬁ§|’t'? Jf/ttaf'éas i

t ransf or ned. buddi n e The, transf or din east
AH22-RsOSngngé§e(gjnFJr¥‘uog SfiptBC 25 SREe b br caonh TR 8Rakl RE8E S0 for 18
hours in A u- control, the AH22 strain was simlarly

cul tured RE?F@lghﬁwﬁngsaPu§6élP§rffgmhéﬁﬁsreﬁqéqaqgr%ﬁﬁhﬂﬁlChHﬂaﬁ&kbrbance
at 600 nn1of each grown transforned budding yeast in a cell suspension was

measur ed, tRRARS E@FRABEsBEABPORIAPKEEPe 8P 1R Nﬁn§@@ﬁ9|5&&jﬁﬁlﬂﬁﬂN)ed fater to

t he absorbance of 0.1 was prepared. Further, a cell suspension in which
t he nucleotide sequence is analyzed us:.ng the resulting plasmld DNA

as a template and using primers consisting of the nucleotide
sequence represented by any of SEQ ID NOs: 28, 29, and the like
according to themethoddescribed inExample 11 (1). As arersult,
a nucleotide sequence of the 3’'-terminal region including a
translation termination codon of a Phytophthora infestans PiOS1
gene is read.

By ligating all analyzed nucleotide sequences, full
nucleotide sequence of Phytophthora infestans PiQ0S-1 gene
including nucleotide sequence represented by SEQ ID NO: 89 is
confirmed.

{3) Isplation of full length Phytophthora infestans PiOS1 gene

A DNA having a nucleotide sequence encoding an amino acid
sequence of Phytophthora infestans Pi0S1 (hereinafter, referred
to as Pi0S-1 DNA) is amplified by PCR using the cDNA prepared
in Example 10 (4) as a template. Using as primers an
oligonucleotide comprising a nucleotide sequence in which a
nuclectide sequence ACGACAGT is added to the 5'-terminal end
of a nucleotide sequence from the 5’-terminal end to the 20t

base including the initiation codon of a nucleotide sequence
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aforenentioned cell suspension of the transforned buddi ng yeast AH22-RsCOS|
was diluted 50-fold with a Qu-Leu nmedium and a cell suspension in which
the aforenentioned cell suspension of the AH22 strain was diluted 50-fold
with a du nmediumwere prepared. A solution in which each of Conpounds (1)
to (5 was dissolved in dinmethylsulf oxide (DVMSO) to the concentration of
600ppm and a solution in which Conpounds (6) and (7) wasdissolved in

di et hyl syl-f gx]j Q. to_the congceniration of 60, wer e repar ed, and
two i >c/r ogka?]}eﬂs’g%é%Fépﬁ?gasgﬁnﬁhﬁéﬁgégc%e’i‘? OObEabggg]v\?eq‘lE%?rEE%g “dnpound
sol ution as a,control re i spensed. In one mcroplate anon
t hem eacﬂEﬁOggg% of 8&F9°n§18§5’\§ﬁ§fﬂ§ngaﬁ“€hé PSSR Scﬁig{ﬁf}ﬁf yeas'?
AH22- RsOS1 vvh;l‘%h 28 had been gre ared by dilution as described above was

di spensed M BhG ROFEEY elCbY BT veP hede osedepRcatiBovid hra 201l antikde | n

another mcroplate, each 100 L of cell suspensions_of the control yeast
AH22 str a?%qﬂg?EﬁAﬁ&&TB‘Qé\r@ it apdedd aheiB [ nEpomiasleeste f peviclasdvialaas

di spensed, and cul tured b%/ allowing to stand at 30C for 24.8 hours. After
cul turi ngSSIRRNGH Yy BarBethe Footewmbial exchteethe 2@ fesseied Widing
mcroplate reader. Simlarly, the transfornmed budding yeast TML82- RsOS1
prepar ed Fe Bedinatignasdenl e firedugt eddddeoseq8ehoarat iBnya opB@tincdira- Leu
medi um The_ absorbance at 600 nm of the grown transformed budding yeast in
a cel | suspenstams WBkOhehsaere, obtained in Example 20 (2), a PCR is

performed according to the method described in Example 11 (3).
DNA containing a nucleotide sequence encoding an amino acid
sequence of Phytophthcra infestans Pi0OS-1, and having a
recognition sequence of a restriction enzyme Spel immediately
- before an initiation codon, and having a recognition seguence
of a restriction enzyme HindIII immediately after a termination
coden is amplified. A part of the PCR reaction solution after
the reaction is separated by 1% agarose gel electrophoresis,
and stained with ethidium bromide. It is confirmed that the

about 4 kb PiOS-1 DNA is amplified.

‘Example 21

Construction. of expression plasmid of Phytophthora infestans

PiOS-1 gene and preparation of transformed budding yeast
The Pi0S-1 DNA is cloned into the pCR2.1~TOPO cloning

vector (Invitrogen). Anabout 4 kb DNA (Pi0S-1 DNA) is purified

from the PCR reaction solution prepared in Example 20 (3) using

QIAquick PCR Purification Kit (QIAGEN) according to the manual
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and a cell suspension diluted with sterilized distilled water to the
absorbance of 0. 1 was prepared. Further, a cell suspension in which the
transforned buddi ng yeast TML82- RsOS1 was diluted 50-fold with a

G u-Ura-Leu nmedium Asa control, the transfornmed budding yeast TML82- RsOS1
was cultured at 30C for 18 hours in a @Gl-Ura-Leu nmedium The absorbance
at 600 nmof the grown transforned budding yeast in a cell suspension was

nmeasur ed, cell S si ogy gi ed. with sterilized distilled ter
to the abgggggﬂ%g g? Bﬁglg\%gé gé]e%aér&e%%g%tﬂserse% %%T?gs%%p%lh%i%?]m\{\?n
whi ch t heyt . di TML82- RsOS1 was di I ut ed, -fold with a
Gal - Ur a- Léu}Eﬁl ﬁ%’nﬁﬁ%i ?o u%?gﬂ¥§%§‘§h¥%§b€a8‘ﬁ%d§ﬁﬁ85ﬁggg(3151 I,SE?"’@IQ%J)E was

di ssol ved+in,di met sul f oxi de ) tg th oncentration of 600 ppm and
a solutio%hiﬁg&hiéﬂ¥%d% °%¢ %bh%ggﬁﬁgaggﬁda Hﬁ(?§1o§2 Rﬂé)d?§§oFg§d in

di met hyl s Xi d O) to the concentration of 60 ppm were prepared, and
two m cro%#%?é% @8%% I GG LEN T ZoNeRr) 0a ke pekIaked astcanting
Conmpound- solu%ion and DMSO as a control were dispensed into 2 wells.
In one i &Y oPISatBS L EHGRGCPfEry 2 Saeh trobhe TFonidld vegEpensyonsely, tihe
transfornef bugdin yeast, TML82- RsOSlI whi ch had been prepared by dilution
with a QR-HWRLERE UmiEsCaRSEFBEEdahdy @uRde dilsise Fearenggdof dita ur ed
by allowing to stand at 30C for 26.8 hours. In another mcroplate, as
deser i bedtSBbhELNG D12 W }prnady@edipy thegprethod described in Example

11 (1). As a primer, oligonucleotides consisting of the
nucleotide sequence represented by any of SEQ ID NOs: 28 and
29 are used. As a result, it is confirmed that the plasmid
PCRPiOS1 is a plasmid harboring Pi0OS-1 DNA containing the
nucleotide sequence represented by SEQ ID NO: 89.

The Phytophthora infestans Pi0S-1 gene contained in the
thus prepared plasmid pCR Pi0S1 is cloned into a shuttle vector
P415ADH replicable in yeast and Escherichia coli, whereby, an
expression plasmid is constructed. The plasmid pCRPiOS1 is
digested with restriction enzymes Spel and HindIII and, on the
other hand, the shuttle vector p415ADH is also digested with
restriction enzymes Spel and HindIII. These are separated by
0.8% agarose gel electrophoresis, respectively, thereafter, a
part of the gel containing the PiOS-1 DNA digested with
restriction enzymes Spel and HindIII and the shuttle vector
p415ADH digested with Spel and HindIII is excised, and the Pi0S-1
DNA and the shuttle vector are recovered from the gel using

QIAquick Gel Extraction Kit (QUAGEN) according to the manual
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cell suspensions of the transforned buddi ng yeast TML82-RsCSl which had
been prepared by dilution with a Gl -Ura-Leu nmedium was di spensed, and
cultured at 30C for 42.5 hours. After culturing, the absorbance at 600 nm
of each well was neasured wth a mcroplate reader. A degree of growh of
each transfornmed budding yeast cultured in the presence of Conpounds (1)
to (7) is showmm in Table 7. A degree of growh of the transfornmed buddi ng

yeast o SseXBLasaad ese dikel Al yeg VaLUR 1R IR PERL A00arhBL I d Ly

absorbance at 600 nm at the concentr tion o oun

100. 1t weg EH@fméﬁ@QltMﬁ%%’%S%gf ﬁ&qtdeghsegle gr@% Qflr{sfher ted

t ransf or nmed buddi ng yeast by "éa tance wasS grater

e, 20 cHBEReL o g0l o 0kt ol s S 30shts PR Bl e

T R e i rog o, A e ot aeel ot

02 RSO, THRLELTPag o5, oh, QTGN Dagl, gty yeost M2 aiE P
exXpressionplasmidis analyzed according to themethod described
in Example 11 (1). As a primer, oligonucleotides consistiné
of the nucleotide seguence represented by any of SEQ ID NOs:
28 and 29 are used. As a result, it is confirmed that the
expression plasmid pADHPiOS1 is a plasmid harboring the PiOS-1
DNA containing the nucleotide sequence represented by SIQ ID
NO: 89.

The prepared expression plasmid pADH PiOS1 is
gene-introduced into budding yeast AH22 strain and TM182 strain
according to the method described in Example 2. By utilizing
disappearance of leucine auxotrophy intheresulting transformed
budding yeast, the transformed budding yeast BH22 strain
(AH22-Pi0S1) is selected on a Glu-Leu agar medium, and the
transformedbuddingyeastTM182strain(TN182;Piosl)isselected
muaGal—Ura—Leuagarmedium. It is confirmed that the resulting

TM182-PiOSlgrowsevenwhentransplantedtoaGlu-Ura-Leumedium.

Example 22
Antifungal compound sensitivity test of transformed budding

yeast TM182-Pi0OS1
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(final concentration) nmedi um nedi um Leu nedi um Leu nedi um Conpoud (1) (6.0
ppn) 88 103 108 15 Conpoud (2) (6.0 ppm) 92 101 96 11 Conpoud (3) (6.0
ppnm) 82 101 101 27 Conpoud (4) (6.0 ppm) 83 89 88 17 Conpoud (5) (6.0
ppm 78 85 101 9 Conpoud (6) (0.6 ppm 79 79 100 12 Conpoud (7) (0.6 ppm
85 101 99 31 Exanple 20 Isolation of a gene of the present histidine kinase
of Phytophthora infestans (hereinafter, referred to PiGS-i gene) (1)

Anal ysi f Ph h ' t R OS- f Th | j f.i ed DNA

wms purified 116t hoopase s A s R R A e BEET S5k D o
[ ' j.r.6 ' . f Ph ht{ h i nf estans, as a

Lemplat o KEERARA bt 26 L8 2o Het g THNGHTER PR CPLR (A P EUT PR MadL ity AGEN)

di ' [ ttached to,the_ kit. 3'A additi

por for o> S e AREr bt e DA EBA5r LR AL OSEhE Tk RGP BRE F P Exan e

11 (1). The ;jﬁ added DNA and the ECRZ.l-TCPO cloning vector_ (Ilnvitrogen)

vere | i gafbd® h&edmin§itomERd Umnst Fhet #brorbaneneat 439 np aheadhmhg

vector, after that, which W@ﬁdjntroduced into_ _Escherichia coli JMLO9
( TaKaRa) . TEOHRATALS EoAPRrb WA 11 g et SidsuCel AP ERINF 1 ¥hi a MeFsured,

and a cell suspension diluted with sterilized distilled water
tothe absorbanceof 0.1 is prepared. Further, acell suspension
inwhichtheaforementionedsuspensionof the transformedbudding
yeast AH22-PiOS1 is diluted 50-fold with a Glu-Leu medium, and
a cell suspension in which the aforementionea suspension of the
AH22 strain is diluted 50-fold with a Glu medium are prepared.

AsolufioninwhicheachofCompounds(1)to(7)isdissolved
in dimethylsulfoxide (DMSQO) is prepared, and two microplates
are prepared in which each 1.0 pL per well of each of the Compound
Solution and DMSO as a control are dispensed into two wells.
In one microplate among them, each 100 pL of cell suspensions
of the transformed budding yeast AH22-Pi0S1 which has been
prepared by dilution as described above is dispensed, and is
cultured by allowing to stand at 30°C. In another microplate,
each 100 pL of cell suspensions of the control yeast AH22 strain
which has been prepared by dilution as described above is
dispensed, and is cultured by allowing to stand at 30°C. After
cﬁlturing, the absorbance at 600 nm of each well is measured
with a microplate reader.

Similarly, the transformed budding yeast TM182-PiOS1
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transformant by col ony PCR using Ex Tag HS (TaKaRa). The PCR reaction
solution (15 .1L) was prepared by mxing 1.5 L of |Oxbuffer, 2.25 gL of 10
mv dNTPs, 0.15 L of Ex Taqg HS, each 0.4 L of a 10 Msolution of an

ol i gonucl eoti de consisting of the nucl eotide sequence represented by SEQ
ID NO 28 and a 10 pl4 solution of an oligonucl eotide consisting of the
nucl eoti de sequence represented by SEQ ID NO 29, and 10.3 L of sterilized

distilled ddi . t.of t richi it f t
o st 11 ecvabere ank adinon eack, oL Lhe Shpert chla sol L Ly anglgrmen
(A5 reackl gn.SabubLgn a5 TNLA N, AL JTC L0 B m o 0 o 35, cvel s

tenperatu at .97C fo ., _seconds, ,then, at 55C for 15 seconds, further,
at 72C fo?ggnsﬁ?ﬁﬁ?gsgu%aéngnﬁ??FEeﬂs[%@@%%Ee ur?Re et §-oln IHPPER $kact i on

solution after tenperature, ppi ntenance using Q Aquick PCR purification Kit
(Q AGEN) géi‘d{iaﬁn@?é %Tn%rhgﬁaaﬁ At ththeadi bateretkithe mhspremrseyet

2F?uence @af_anal zed using thg purified DNA as a'teanate'and usi ng
gonucl 2ot | #8sPEBREFSHr ngF ¥ thee, Auepbbt pUsPSBELERCENr Bpicbeited by any
of SEQ ID NGs: 28 and 29 as priners according to the nethod described in
Exanpl e 13f@i§mentpgngdcedy suspensépeat tbe faquafernashbuaddhned/4RstSEQ | D
NO. 89 containing a nucl eotide sequence of an oligonucl eotide used 132 as
a primer %%}$2BP§§§1r%§“giluted 50-fold with a Glu-Ura-Leu medium and,

as a control, acell suspension in which the aforementioned cell

suspension is diluted 50-fold with a Gal-Ura-Leu medium are

prepared.

Asolutioninwhicheachof Compounds (1) to (7) isdissolved

in dimethylsulfoxide (DMSO) is dissolved is prepared, and two

microplates are prepared in which each 1.0 ML per well of the

Compound solution and DMSO as a control are dispensed. In one

microplate among them, each 100 pl of cell suspensions of the

transformed budding yeast TM182-Pi0S1 which has been prepared

by dilution with a Glu-Ura-Leu medium as described above is

dispensed, and is cultured by allowing to stand at 30°C. 1In

énother microplate as described above, as a control, each 100

UL of cell suspensions of the transformed budding yeast

TM182-P10S1 which has been prepared by dilution with a

Gal-Ura-Leu medium is dispensed, and is cultured by allowing

to stand at 30%1 After culturing, the absorbance at.600 nin

of each well is measured with a microplate reader.

It is confirmed that an inhibiting degree of growth of
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(2) Analysis of full Iength Phytophthora infestans PiOS-1 gene A DNA
havi ng a nucl eoti de sequence extending toward to 5' upstreamregion of a
nucl eoti de sequence represented by SEQ ID NO 89 is cloned using SVART
RACE cDNA Anplification Kit (CLONTECH) according to the instruction
attached to the kit. A reaction solution is prepared by mxing 1. O L of
CDS-prinmer attached to the kit and 1. O L of SMART IlADigo into 3 RL

(200ng)  ehethent=AAlmdAN REER ry%%r?i NpNEX@STp é‘Pb&A' ac}?gégggsﬁfba%égnecé. S

mai ntai ned at 70C for 2 m nutes, I's mai ntarned on i m hut es.
To th i j f ' 3 St huf f ttached
o the k1o oroR SR Aok ASEth ok, Se o Rk R RN DL RS £t asdlad v po
R Ti ' i X d th i xt [ intajned at 42C
For 1.6 noar g e A b by P s el Fohperichve 300l Atthance i s
e sl o R B S35 e {0 M donad TR ALY @, 0
anpl i fyi 5' upstreamre ion.ié gerforned usin this 5 RACE ready cDNA
as a tenprates &ICL?sqaﬁﬁnﬁ 18 G- TP ROV EBEE L UN IR CPRROPBIR T GRTEALRT on i s

prepared by .m xing 2.5 of 5. RACE ready cDNA, 5.0 L of 10xbuffer, 5.0 L
of 2 chﬁﬁ#g,géﬁgtrin% Oﬁ%eaﬂpﬂﬂgﬁﬂgaﬁﬁaﬁ?OAﬂzﬁflﬂééJPIus-, adding 5.0 gL
of 10xUnivers§h5$riner A Mx attached to the kit as a primer and 1.0 L of
a 10 Msolutio COPRASgorAits &bt mgdisonsedtinghy pregard dnvisadden

selected fromco enentary sequences of the
arerHesc ibgg belgﬁ. g

(a) Glu-medium

Becto-yeast nitrogen base without amino acids 6.7 g, Glucose
20 g, Drop-out mix(1l) 2.0 g, bistilled water 1000 ml

(b) Glﬁ—Leu medium

Bacto-yeast nitrogen base without amino acids 6.7 g, Glucose
20 g, Drop-out mix(2) 2.0 g, Distilled water 1000 ml

(¢) Glu-Ura~Leu medium

Bacto-yeast nitrogen base without amino acids 6.7 g, Glucose
20 g, Drop-out mix (3) 2.0 g,

Distilled watér 1000 ml

(d} Gal-Ura-Leu medium

Bacto-yeast nitrogen base without amino acids 6.7 g,
Galactose 20 g Drop-out mix (3) 2.0 g,

Distilled water 1000 ml

Brop-out mix (1):

Adenine 0.5 g, Lysine 2.0 g, Alanine 2.0 g, Methionine
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133 nucl eoti de sequence represented by SEQ I D NO 89, and addi ng
sterilized distilled water to a total amount of 50 L. This reaction
solution is nmaintained at 94C for 2 mnutes, and further 35 cycles of

i ncubation are repeated, each cycle .conprising naintaining a tenperature
at 94C for 15 seconds, then, at 68C for 5 mnutes. The anplified DNA is
purified fromthe PCR reaction solution using Q Aquick PCR Purification

R § on E1Y g AREGEALNG 4 % 1o RALANERLBRABLLREDES (P A Ak raflned
Tt b A e AT o

SM00( Tartreystalneot b ok l&eparﬁfq Pitsing 2" P R e 20 D i
ESQL&EZ”@E%H?%}E%% %Apr B PBERPDERG 11 S i L TAUE 25 0o n ENEPHLE and

usi ng pri conS|st|n%%of t he nucl eoti de sequence represented by any of
SEQ ID 9281“-521'91 B 4 edt Vet di ér Hi g TRe SERe Inet Rt éegéﬁPSéEre in
Exanpl e 11(1 As a result, a_nucleotide sequence of the 5'-term nal

regi on i r?c-lQJ(Hrné’ré*qlrlar?slOatgroﬁ‘eiuﬁlﬂeatlloorﬁ) godOh sbi1igd U§tlerhé|919loo§'éus gene
of Phytophthora infestans, that is, gene of Phytophthora infestans
encodi ng CHAPSONS Y % (€0)i:diDF@DRioNEs Bl ¥h W) ngXFEPEr AREneRBEARE {A§iOn
(Pi OS1) c%n be read.
g

Drop-out mix (3): Drop-out mix (1) except for uracil (2.0 g)

and leucine (10.0 g)

(e) Glu-agar medium

S0lid medium in which 2%(W/V) agar 1s added to a medium (a)
(£) Glu-Leu agaf medium

Solid medium in which 2% (W/V) agar is added to a medium (b)
(g) Glu-Ura-Leu agar medium

Solid medium in which 2% (W/V) agar is added to a medium (c)
(h) Gal-Ura-Leu agar medium

Solid medium in which 2%{W/V) agar is added to a medium {(d)
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Further, a DNA having a nucl eotide sequence extending to 3" downstream
regi on of the nucl eotide sequence represented by 134 SEQID NO 89 is
cloned. 1.0 L of CDS-prinmer attached to the kit and 1.0 L of sterilized
distilled water are mxed into 3 L (200ng) of the total RNA prepared in
Example 10 (4), a tenperature is nmaintained at 70C for 2 mnutes, and is
mai ntained on ice for 2 mnutes. 3 RACE ready cDNA is prepared using the
reaction ggbu&bogoqg in preparation of 5 RACE ready cDNA. PCR anplifying
3" downstreamregion is perfornmed using this 3 RACE ready cDNA as a

tenpl ate. [ L.on Lution_ i.s prepared. by mxing 5.0 L of
10xAdvant gégfgﬁgﬁf pERGERARIRE hs  Pratell 8% S5 aqudbeThl 1Y GNP Mx and 1.0
L of 50XAS¥ n&@gﬁ 2.polymerase Mx into 2. 5 L of 5 RACE ready cDNA,
addi ng 5. gL f PCQUniversaI Primter A Mx attached to the kit, and 1. 0 L
of a 10 solutiﬁn of an Ii%oaucleotide consi sting ,of 20 to 30 bases

sel ected PFONP EReChUEPRECLERTLEGuBReBEFefPEsERENETHYISEQ ID NO. 89 as
priners, g@d addip? sterilized distilled water to a total amount of 50 L.
This reactr®ni€o¥@t¥on is subj ected to repetition of 5 cycles of

i ncubation, each cycle conprising maintaining a tenperature at 94C for 5
seconds, YeehINed FbEIPBRCAeRthdEeBripgrt hEX SEEPERCEngn of 5 cycles of

i ncubation, each cycle conprising maintaining a tenperature at 94C for 5
seconds, THenIPa¥O¥®C for 10 seconds then, at 72C for 4 ninutes, further

repetition
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SEQ ID NO:12
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Designed oligonucleotide primer for sequencing
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of 25 cycles of incubation, each cycle conprising maintaining a
tenperature at 94C for 5 seconds, then, at 68C for 10 seconds, then, at
72C for 4 minutes, followed by nmaintaining a tenperature at 72C for 7

m nutes. The PCR reaction solution and the 135 pCR2. 1- TOPO cl oni ng vect or
(I'nvitrogen) are ligated according to the instruction attached to the
cloning vector, after that, which is introduced into Escherichia col

JMLO9 (Ta ; i N i fied f .esul ting Escherichia

col i traﬁggg?ﬂgét°Eg§§gh%ﬁ§§@é€%s #%hﬁrngﬁFép ?féﬁﬁéEN). A nucl eoti de

sequence gﬁQa@gINéggzusing the resulting plasmd DNA as a tenplate and

using priners consisting of the nucleotide sequence represented by any of
to the nmethod described in

SEQ I D : 9 ik accordi
Exanplehgﬁe?%?n?aAglgaggégﬁF?tlgenafﬁggfi%grséﬁﬁgﬁ@glﬁﬁ‘the 3' -terninal
regi on ingéﬁgiﬁgN . éranslation term nation codon of a Phytophthora

i nf est ans ge% is read. By ligating all anal yzed nucl eoti de
sequences ence ,of Phytophthora infestans Pi OS-1 gene

B full nugleotidﬁ squ
i ncl udi ng”HttyRBYi AL IRRUEAERELERr BEAREEITRY SEQUERCROY 89 is confi r med.
(3) Isolgﬁﬁgn @f éy&l | engt h Phytophthora infestans Pi OSI gene A DNA
havi ng a | £3t ¥ e %equence encodi ng an am no acid sequence of

Phytophtqgra,inf estans Pi OS1 (hereinafter, referred
esigned oligonucleotide primer for sequencing

SEQ ID NO:25

Designed oligecnucleotide primer for sequencing
SEQ ID NO:26
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SEQ ID NO:27
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to as PiICS-1 DNA) is anplified by PCR using the cDNA prepared in Exanple
10 (4) as a tenplate. Using as prinmers an oligonucl eotide conprising a

nucl eoti de sequence in which a nucleotide sequence ACGACAGT is added to
the 5 -termnal end of a nucleotide sequence fromthe 5 -termnal end to
the 20th base including the initiation codon of a nucleotide sequence 136
of Phytophthora infestans PiOS-1 gene obtained in Exanple 20 (2), and an
ol i gonucl gebi de havkag a nucl eotide sequence conplenentary to a nucl eotide
sequence in which a nucl eotide sequence AAGCTTCAG is added to the 3

'ter”i”alDégg?ﬁédaoTQghgﬂkﬁggti§%9§§Q%%ég%dEr%ﬂhfhe 3" -termnal end to the

20t h base i ncludi ng ermnati on codon of @ hucl eoti de sequence of
Phyt opht hggg thnfigsgans Pi GS-1 gene obtained in Exanple 20 (2), a PCRis
perfornmed according to the nethod described in Exanple 11 (3) . DNA

contai nin ; eot | S nce _encodi ng .an 1.no acid sequence of

Phytophthg?gl?ﬁ%ésgg%ggﬁP%gg%FlgﬁdpﬁéWﬁﬁgfgr ?g%bgnition sequence of a
restrictigg efﬁyﬁg_ﬁgel i medi ately before an initiation codon, and having
a recogni |%n Sequéence of a restriction enzyme Hndl Il imrediately after a

term nati . codon s anplified. A part of the PCR reaction solution after
t he react?% l?%ege%%%%?ggckﬁogégﬁgagb§8rggpreP@@trophoresis, and st ai ned

with ethigi r.om . It is confirned that the about 4 kb PiOS-1 DNA is
IR Sl S ik
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Exanpl e 21 Construction of expression plasm d of Phytophthora infestans

Pi OS-1 gene and preparation of transforned budding yeast The PiOS-1 DNA is
cloned into the pCR2.1-TOPO cl oning vector (lnvitrogen) . An about 4 kb DNA
(PiCs-1 DNA) is purified fromthe PCR reaction solution prepared in
Example 20 (3) using Q Aquick PCR Purification Kit (Q AGEN) according to
the manual 137 attached to the kit. 3 A addition is perfornmed on the about

4 kb puri BeadoRiA 3aegeding 11 (3). The
about 4 kb 3 - added %NA ? e%%ltdgoﬁ%i and %%SCHNPC%%WI oni ng vect or
(I'nvitrogep)y apeynbi.gated according to the instruction attached to the

cl oning vector, whereby, the plasmd pCRPIiOSI is constructed. A nucleotide

d t h t.hod d bed

Exampl e %5%?? AR R B iRl s B A B the

nucl eoti d eqgyense-nepresented by any of SEQ ID NGs: 28 and 29 are used.
8e8eAHeRGe S

As a resu nfirmed that the plasmd pCRPiCSI is a plasmd
har bori ng cont a nucl eotide sequence represented by SEQ
"5 o sePehEER %ﬂm@bﬁ?mﬁ? SRt BRdMBroEor JoRe SSMERTHES | n the thus
pr epar ed g&@Sf@ %@' PiOSl is cloned into a shuttle vector p415ADH
e

replicabl nd Escherichia coli, whereby, an expression plasmd

is constrHct he Iasnlf gCRPlCSl is
signed gonucleotide primer for DNA sequencing
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digested with restriction enzynes Spel and HindlIl and, on the other hand,
the shuttle vector p415ADH is also digested with restriction enzynes Spel

and HindlIl. These are separated by 0.8% agarose gel el ectrophoresis,
respectively, thereafter, a part of the gel containing the Pi0S-1 DNA
digested with restriction enzymes Spel and Hi ndl Il and the shuttle vector
p415ADH di gested with Spel and HindlIl is excised, and the PiGCS-1 DNA and

t he shutt@gﬁyqqiqﬁhqﬁp recovered fromthe gel using Q Aquick Ge

Extraction Kit (QUAGEN) according to the manual 138 attached to the kit.
t he manual] attached to the

Usi ng Li gafisQKidt r accordi t
kn,theFﬁ&&&ﬁ¢¥¥éﬁgﬁﬁ§@%ﬁﬁﬂﬁf g 01 SSGHPASTR | | site in the
nulticlong@% %btﬁoq%4 the shuttle vector, whereby, the expression plasmd
pADHPI OS1 ~ I's constructed. A nucl eotide sequence of the resulting

expressi o .asm.d i.s anal yzed .according to the nmethod described in
Exanpl e 1?e%&§gegso&lﬁpp ?Ogﬂgﬁoﬁﬁ if®&s E&nsi sting of the nucl eotide

sequence Fﬁgr?@eﬂbeg by any of SEQ ID NGs: 28 and 29 are used. As a
result, i sTBoNPi Pted that the expression plasmd pADHPi OSI is a plasmd

har bori ng th EL%S-}. DNA cont ai ni ng the nucleotide sequence represented by
SIQ ID NeFSgenednglppepurdgotiprepsiswrpltasniPEROADH Pi OS1 i s
gene-intrggac%g k8286bUdding ygast AH22 strain and TML82 strain
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according to the nethod described in Exanple 2. By utilizing disappearance
of | eucine auxotrophy in the resulting transforned budding yeast, the
transforned buddi ng yeast AH22 strain (AH22-PiCSl) is selected on a

G u-Leu agar medium and the transforned buddi ng yeast TML82 strain
(TN182-Pi OS1) isselected on a Gal-Ura-Leu agar nedium It is confirned
that the resulting TML82- PiCSlgroms even when transplanted to a

A u- Ur a- LeedTR@iddMo 1 FH 4t nd sensitivity test of
transforned buddi ng yeast TNﬂ82 PI%%#&%g ansforned buddi ng yeast
AH22- Pi CSlsmy Q@arNepl 7gh  Exanple 21 is cul tur ed whil e shaking at 30Cin a

A u-Leu nedi um a control, the AH22 strain is simlarly cultured while
gr own

shaking @l s3QGeln The absor @at 600 nm of each of
transfornedsbgggrnéﬁﬁggg?ﬁﬁgﬁHgk%%l éﬁ§73%3 s neasured, and a cel
suspensi og gr tﬁ%\y§rlsterrlrzed drstrlled water to the absorbance of O.

1lis prepared Further a cell suspensron i nwhi ch the aforenenti oned

suspensi o trans forme east AH22-PiOSl is diluted 50-fold
with a @ B‘*%Ra“%@d L]Ir]f';goé?ﬁl&le %&é’ﬁ p§d§%sﬁ°&n BGR whi ch the af orementi oned
suspensi og 8 ﬁhﬁ . 22 strain is diluted 50-fold with a G u nedium are

pr epar ed. E s% u |0 in whi ch each of Conpounds (1) to (7) is dissolved 1in

dlﬁEthy|Snggéhg8 gE@gg%uEieg%gggrgglmggdggg)gg;woplates
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are prepared in which each 1.0 L per well of each of the Conpound Sol ution
and DVBSO as a control are dispensed into two wells. In one mcroplate
anong them each 100 pL of cell .suspensions of the transfornmed buddi ng
yeast AH22-Pi OS1 whi ch has been prepared by dilution as described above is
di spensed, and is cultured by allowng to stand at 30C. |In another

m croplate, each 100 pL of cell suspensions of the control yeast AH22

strain whihgp has repared by dilution as described above is
di spensed, and ?scgﬁﬁﬁﬁgeggby allowing to stand at 30C. After culturing,

t he absorbance at 60 ac LI 1S ured . with a mcroplate
reader. Sinil ar?y, %%é:%ﬂsg%r (?rér}g\(%ﬁ%uaai ‘ﬁgféﬁa%tpoﬁﬁﬁ%mﬁ%l € %Pl?d”pﬂ'%par ed
in Exanpl ¢ cigogultured at 30C in.a Ju-Ua-Leu nedium_ The abhsorbance
at 600 rah OFCa" REHe sTERRREFSn SBFoHABIgPABWAT P ASHE: SEFUSENE vF Péast is
neasured, and a cell suspension, diluted with sterilized distilled water to
t he absor%%rﬂ%%e%?ln%.hf%%'glcgféepgrl&&.seéﬁ?‘(h‘ég notransmepbransi 6RI AN vt ch t he
aforenentioneqicell.sus ensign of the transformed budding yeast

TML82- Pi GBI TR Ehia SENCHPNRY FORM dnbof £ ldudrbartri i, at deast
control, a cg{l suspension in which the aforenentioned cell suspension is
di l uted 507% MPHEFSITRF - kkB2B8y nedium are prepared. A solution in

whi ch each of Conpounds (1) to (7) is dissolved

2. The transformed cell according to claim 1, the
polynucleotide having a nucleotide sequence encoding an amino
acid sequence of an osmosensing histidine kinase having no
transrembrane region is a polynucleotide complemenfing the
deficiency in hybrid-sensor kinase in the cell deficient in at
least one hybrid-sensor kinase in which the polynucleotide is

introduced.

3. The transformed cell according to claim 1, wherein

the cell is a microorganism.

4. The transformed cell according to claim 3, wherein

the microorganism is budding yeast.

5. The transformed cell according to claim 1, wherein
the osmosensing histidine kinase having no transmembrane region
isanosmosensinghistidine kinasehavingnotransmembrane region

and having a mutation which confers resistance to any of a
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in dinethylsulfoxide (DVBO) is dissolved is prepared, and two mcropl ates
are prepared in which each 1.0 L per well of the Conpound solution and
DMSO as a control are dispensed. In one microplate anong them each 100 L
of cell suspensions of the transforned buddi ng yeast TML82-Pi OSI whi ch has
been prepared by dilution with a G u-Ura-Leu nmedi um as descri bed above is
di spensed, and is cultured by allowing to stand at 30C. In another

m cropl at g; @8 -H6261hoad L0k, s

suspensi oné o;‘: thg trans?@?ﬁgangﬁég?ﬁﬁﬂé%gét' %2- |t&8+ %O}lgﬁé%%)so%een
or epar ed . Con wi . . L , .

cul tured %ﬁtgﬂlgg\né%gc%%ggﬁgn a(% L%g)geq&fl@&l 1t:HJJ}ét usarn:jénlg, {%?dﬁgggbdﬁ%e at
600 nm of egﬁg g\gi% is neasured with a mcroplate reader. It is confirnmed
that an i RRi biti ng degree of growh of 141 the transformed buddi ng yeast

TMLB2- Pi OSl by each test substance is greater than an inhibiting degree of
grom h of the transfornmed budding yeast AH22-Pi OS1 by each test substance,

and the transfor byddi n east TML82-Pi OF]. s transformed cell, with
The emranced schsl st A Saal OO i 4 R S e HaR I t ho
transformed buddin east, AHZ- Pi .. The coppositions of nmedia used in the
oresont. | TNRAEFER e OdbEat T BERS BAPane 145119 ROrErARRembrane region
isahistidine kinase having the amino acid sequence represented

by SEQ ID NO: 13.

7. The transformed cell according to claim 1, wherein
theosmosensinghistidinekinasehavingru:transmembraneregion
is an osmosensing histidine kinase which is derived from a
plant-pathogenic filamentous fungus and has no transmembrane

region.

8. The transformed cell according tc claim 1, wherein
the osmosensing histidine kinase having no transmembrane region
is an osmosensing histidine kinase which is derived from
Botryotinia fuckeliana, Magnaporthe grisea, Fusarium oxysporum,
Mycospharella tritici, Thanatephorus cucumeris or Phytophthora

infestans, and has no transmembrane region.

9. The transformed cell according to claiml, wherein the
osmosensing histidine kinase having no transmembrane region is

an osmosensing histidine kinase having no transmembrane region
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Bect o-yeast nitrogen base without amno acids 6.7 g, ducose 20 g,
Drop-out mx(1) 2.0 g, Distilled water 1000 m (b) G u-Leu nedi um

Bact o- yeast nitrogen base without amno acids 6.7 g, ducose 20 g,
Drop-out mx(2) 2.0 g, Distilled water 1000 M (c) du-Ura-Leu nmedium
Bact o- yeast nitrogen base without amno acids 6.7 g, ducose 20 g,
Drop-out mx (3) 2.0 g, Distilled vvater 1000 M (d) GaI-Ur a-Leu medi um

Bact o- yeasf ennb t 7 $e 0
Dr op- out mh;@(}%l)h%% 5" Qﬁ%n}é"][%%'f&' %%%?r se odp boyu §§ g\deni ne

0.5 5, Lyssge s o o8 05T %%?a‘lg.f’ﬁéﬁ%fgﬂo ey ERAAPnES '”' gigof 7 &

par a- Am nobenzoi

Aspartic %‘J}bg (R]_Pg oIine20 g, Cysteine 2.0 g, Serlne20g,

G ut am ne g, Ihreonine 2.0 g, Qutamc acid 2. 0 g, Tryptophan 2. 0 g;
Gycine 2. 0 g, Tyrosine 2.0 g, Histidine 2.0 g, Valine 2.0 g, Inositol
2.0 g, Isoleucine 2.0 g, Uacil 2.0 g, Leucine 10.0 g, Distilled water

1000 m DrOp_OﬁJ.m.'fhézgra Pc?r ué celxl alc)coe?\:)c(:lcler}l%t t]::nocr:llair%ml?ewlf(lel}(:)efn 9
the nucleotide sequence encoding an amino acid sequence of the
osmosensing histidine kinase having no transmembrane region is
a nucleotide sequence represented by SEQ ID NO: 2, SEQ ID NO:

17, SEQ ID NO: 42, SEQ ID NO: 56 or SEQ ID NO: 69.

11. A method of assaying the'antifungal activity of a
substance, which comprises:

a first step of culturing the transformed cell as defined
in claim 1 in the presence ‘of a test substance;

a second step of measuring an amount of intracellular
signaltransductionfromtheosmosensinghistidinekinasehaving
ne transmembrane region expressed in the transformed cell
culturedinthe first steporanindexvaluehavingthe correlation
therewith; and

a third step of assessing the antifungal activity of the
test substance based on a difference between an amount of
intracellular signal transduction or an index value having the

correlation therewith measured in the second step and a control.

12. Themethod of assaying according to claim 11, wherein
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Drop-out mx (3): Drop-out mx (1) except for uracil (2.0 g) and |eucine
(10.0 g) (e) Qu-agar nedium Solid nmediumin which 24WYV) agar is added to
a nedium(a) (f) Gu-Leu agar medium Solid mediumin which 2% (WV) agar
is added to a nmedium (b) (g) G u-Ura-Leu agar nedium Solid mediumin which
2% (WV) agar is added to a nedium(c) (h) Gal-Ura-Leu agar mnmedium Solid
medi umin which 2%WYV) agar is added to a nedium (d) Free text in
Sequence thest iange8HQ | &F NO 3t Besé bheblavl | gbgngl eot raesguchienf of rPER tBEQ
| D NO 4 Designed ol onuclgotidg.grinekgfor PCR 143 SEQ. D NO 5 Designed
ol i gonuc| Yt HHFeR L ot SEBGuBAEPAG PEEO™PD IO TR 87 i HoALST eBFi de
primer farhsegy@agi ¥a1usEQaR IO tthdesbgrelael baokteeatiictie iy | 481 ahélnt
sequencing SEQ I D NO 8 Designed ol igonucl eotide prinmer for sequencing

of growth of the transformed cell.

13. A method of searching an antifungal compound, which
comprises selecting an antifungal compound based on the
antifungal activity assessed in the assaying method as defined

in claim 11.

14. An cosmosensing histidine kinase having no
transmembrane region, which has an amino acid sequence selected
from the group consisting.of:

(a) an amino acid sequence of an osmosensing histidine kinase
having no transmembrane region, which has an amino acid
sequence homology of 958 or more to the amino acid sequence
represented by any of SEQ ID NOs: 41, 55 and 68;

(b) an amino acid sequence of an osmesensing histidine kinase
having no transmembrane region, which is encoded by a DNA
amplified by a polymerase chain reaction using a Fusarium
oxysporum-derived cDNA as a template and using an
oligonucleotide having the nucleotide sequence represented by
SEQ ID NO: 52 and an oligonuclecotide having the nucleotide
sequence represented by SEQ ID NO: 53 as primers;

(c) an amino acid sequence of an osmosensing histidine kinase
having no transmembrane region, which is encoded by a DNA
amplified by a polymerase chain reaction using a Mycospharella
tritici-derived cDNA as a template and using an oligonucleoctide
having the nucleotide sequence represented by SEQ ID NO: 64 and
an oligonuclectide having the nucleotide sequence represgented
by SEQ ID NO: 65 as primers;

(d) an amino acid sequence of an osmosensing histidine kinase

having no transmembrane region, which is encoded by a DNA
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SEQ I D NO 9 Desi gned ol igonucl eotide priner for sequencing SEQ ID NO 10
Desi gned ol i gonucl eotide prinmer for sequencing SEQ ID NO 11 Desi gned

ol i gonucl eotide priner for sequencing SEQ ID NO 12 Desi gned

ol i gonucl eotide priner for sequencing SEQ ID NO 15 Desi gned

ol i gonucl eotide prinmer for PCR SEQ ID NO 18 Desi gned ol i gonucl eoti de
primer for PCR SEQ ID NO 19 Designed oligonucl eotide primer for PCR SEQ
| D NO 20 el giier] oby ganpeolyoeirdeepchasm frracaiqreresing SEChadaNecRoruds

Desi gned coIi onucl e tilde ri or ssequenci n ch D NO 22 Dﬁgii ned an

ol 1 gonucl SETTE 7 19 T scttiihci rte 'S | PRRF 23 bos! Ghad  o2i88

ol i gonuclsitdsieudiiddeidé OhasedyenHaNdnuShedt LidlOs24uence represented by
SEQ ID NO: 85 and an oligonucleotide having the nucleotide
sequence represented by SEQ ID NO: 86 as primers;
{e) an amino acid sequence of an osmosensing histidine kinase
having no transmembrane region, which is derived from
Phytophthora infestans and has the amino acid sequence
represented by SEQ ID NO: 90;
(£) the amino acid segquence represented by SEQ ID NO: 41;
{g) the amino acid seguence represented by SEQ ID NO: 55; and
{h) the amino acid seguence represented by SEQ ID NO: 68.

15. An osmosensing histidine kinase having no
transmembrane region, which has an amino acid sequence

represented by SEQ ID NO: 41, SEQ ID NO: 55 or SEQ ID NO: 68.

16. A polynucleotide having a nucleotide sequence
encoding an aminc acid sequence selected from the group
consisting of:

(a) an amino acid sequence of an osmosensing histidine kinase
having no transmembrane region, which has an amino acid
sequence homology of 95% or more to the aminc acid sequence
represented by any of SEQ ID NOs: 41, 55 and 68;

{(b) an amino acid sequence of an osmosensing histidine kinase
having no transmembrane region, which is encoded by a DNA
amplified by a polymerase chain reaction using a Fusarium
oxysporum-derived cDNA as a template and using an
oligonuclectide having the nucleotide sequence represented by
SEQ ID NO: 52 and an oligonucleotide having the nucleotide
sequence represented by SEQ ID NO: 53 as primers;

(¢) an amino acid seguence of an osmosensing histidine kinase

having no transmembrane region, which 1is encoded by a DNA
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Desi gned ol i gonucl eotide priner for sequencing SEQ ID NGO 25 Desi gned

ol i gonucl eotide primer for sequencing SEQ ID NO 26 Desi gned

ol i gonucl eotide priner for sequencing SEQ ID NO 27 Desi gned

ol i gonucl eotide priner for sequencing SEQ ID NO 28 Desi gned

ol i gonucl eotide primer for sequencing SEQ ID NG 29 Designed

ol i gonucl eotide prinmer for sequencing SEQ ID NO 30 Designed

ol i gonuclaeqtl dEt gt | ber af polPGRraS8eQdha iNO 13h dieisimgnesliod | goMycbephadel la

pr e o PO, 560150 3, Degl gnedol Lognicheot e gL for B S0
ol i gonuclmiiég tHd Micf &bt PR s hE: Nk Sbe bBATL 0By 05 EGONBCNEOt kdeand
primer f2L1Poligonucleotide having the nuclectide seguence represented
by SEQ ID NO: 65 as primers;
(d) an amino acid sequence of an osmosensing histidine kinase
having no transmembrane region, which is encoded by a DNA
amplified by a polymerase chain reaction using a Thanapethorus
cucumeris-derived cDNA as a template and using an
oligonucleotide having the nucleotide sequence represented by
SEQ ID NO: 85 and an oligonucleotide having the nucleotide
sequence represented by SEQ ID NO: 86 as primers;
(e} an amino acid sequence of an osmeosensing histidine kinase
having no transmembrane region, which is derived from
Phytophthora infestans and has the amine acid seguence
represented by SEQ ID NO: 90;
(£) the amino acid sequence represented by SEQ ID NO: 41;
(g) the amino acid seqguence represented by SEQ ID NO: 55; and
(n) the amino acid sequenée represented by SEQ ID NO: 68.

17. A polynucleotide having a nucleotide sequence

represented by SEQ ID NO: 42, SEQ ID NO: 56 or SEQ ID NO: 65.

18. A method of obtaining a polynucleotide having a
nucleotide sequence enceding an amino acid sequence of
osmosensing histidine kinase which is derived from a plant-
pathogenic filamentous fungus and has no transmembrane region,
which comprises a step of amplifying a désired pelynucleotide
by Polymerase Chain Reaction using an oligonucleotide having
nucleotide sequence represented by any of SEQ ID NOs: 30 to 40,
52, 53, 64, 65, 85 and 86 as primers, and a step of recovering

the amplified desired polynucleotide.
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SEQ I D NO 36 Designed oligonucleotide prinmer for PCR SEQ ID NO 37 Desi gned
ol i gonucl eotide prinmer for PCR SEQ I D NO 38 Desi gned ol i gonucl eoti de
prinmer for PCR SEQ ID NO 39 Designed oligonucleotide primer for PCR SEQ

| D NO 40 Designed oligonucleotide prinmer for PCR SEQ I D NO 43 Desi gned

ol i gonucl eotide prinmer for PCR SEQ ID NO 44 Designed ol igonucl eotide
primer for PCR SEQ I D NO 45 Desi gned ol igonucl eotide prinmer for DNA
sequenci ng SEF! D NO 461bgehgnédoblidgonudiiedt i deongrisss f on DNAc3eguedei ng
SEQ I D NO. 47 Designed oligonucleotide priner. for DNA sequencin EQ LD
NOUB 1T TRP T SORALPHOt e Y | H6r CFor TRATSR G aRo g 4 BEG D Rer 49

64, &5, B5 and 8s6.
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Desi gned ol i gonucl eotide primer for DNA sequencing SEQ ID NGO 50 Designed
ol i gonucl eotide prinmer for DNA sequencing SEQ ID NGO 51 Designed

ol i gonucl eotide prinmer for DNA sequencing SEQ ID NO 52 Designed,

ol i gonucl eotide priner for PCR SEQ I D NO 53 Desi gned ol i gonucleotide
primer for PCR SEQ I D NO 54 Designed ol igonucl eotide priner for DNA
sequencing SEQ ID NO 57 Designed oligonucleotide priner for PCR SEQ ID
NO 58 Desi gned oligonucteotide primer for PCR SEQ I D NO 59 Desi gned

ol i gonu€k p@él§ﬂﬁﬂér for DNA sequencing SEQ ID NO 60 Designed

ol i gonucl eotide prinmer for DNA sequencing SEQ ID NO 61 Desi gned

ol i gonu€l Hpt Burei tomd nGvemfical ONA ddgduenci ng SEQ | D NO 62 Desi gned

ol i gonucl eotide priner for DNA sequencing 147

<120> TRANSFORMED CELL WITH ENHANCED SENSITIVITY TO ANTIFUNGAL COMPOUN
D AND USE THEREOF

<130>
{160> 90

210> 1
<211> 1315
<212> PRT

{213> Botryotinia fuckeliana

<400> 1
Met Glu Asp Ser Thr Ile Ala His Thr Thr Ala Ile Leu Gln Thr Leu
1 5 10 15
Ala Leu Ser Ser Ile Asp Leu Pro Leu Thr Asn Val Tyr Gly Asn Lys
20 25 30
Gly Ile Arg Leu Pro Gly Ala Asp Thr Ala Glu Lys Leu Ala Leu Glu
35 40 45
Arg Glu Leu Ala Ala Leu Val Ser Afg Val Gln Arg Leu Glu Ala Arg
50 65 60

Ala Ile Thr Val Asn Asn Gln Thr Leu Pro Asp Thr Pro Asn Glu Leu
65 70 - 75 80
Gly Ala Pro Ser Ala Phe Ala Asp Val Leu Thr Gly Ala Pro Ser Arg
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SEQ I D NO 63 Desi gned ol i gonucl eotide prinmer for DNA sequencing SEQID

NG 64 Desi gned ol i gonucleotide prinmer for PCR SEQ I D NO 65 Desi gned

ol i gonucl eotide prinmer for PCR SEQ ID NO 66 Designed oligonucl eoti de
primer for DNA sequencing SEQ ID NO 67 Designed oligonucl eotide primer for
DNA sequencing SEQ ID NO 70 Designed oligonucl eotide prinmer for PCR  SEQ

| D NO 71 Designed oligonucleotide prinmer for PCR SEQ ID NO 72 Desi gned

ol i gonucl eotide prinmer. for PCR SEQ ID NO 73 Desi gned ol igonucl eoti de
prinmer for PCR SEQ | B5NO 74 Desi gned 80P gonucl eotide pPPner for PCR SEQ

I D NO 7 i gn i [ [ . S|

ol i goonug1£e§2; esgﬁg | O?’ﬁ'ﬁ’l Eg;tqlﬂeg Elrr{ G ;1 E,eour Vapﬁsnsge ILE:)uwgu?(S Desi gned

100 105 110
Ala Ala Arg Glu Ala Pro Thr Gly Gly Glu Arg Pro Pro Lys Phe Thr
115 120 125 |
Lys Leu Ser Asp Glu Glu Leu Glu Ala Leu Arg Glu His Val Asp His
130 135 140
Gln Ser Lys Gln Leu Asp Ser Gln Lys Ser Glu Leu Ala Gly Val His
145 150 155 160
Ala Gln Leu Phe Glu Gln Lys Gln Arg Gln Glu Gln Ala Leu Asn Val
165 | | 170 175
Leu Glu Val Glu Arg Val Ala Aia Leu Glu Arg Glu Leu Lys Lys His
180 185 190
Gln Gln Ala Asn Glu Ala Phe Gln Lys Ala Leu Arg Glu Ile Gly Glu
195 200 205
Ile Val Thr Ala Val Ala Arg Gly Asp Leu Ser Lys Lys Val Gln Ile
210 215 220
His Ser Val Glu Met Asp Pro Glu Ile Thr Thr Phe Lys Arg Val Ile
225 230 235 240
Asn Thr Met Met Asp Gln Leu Gln Ile Phe Ser Ser Glu Val Ser Arg
245 250 255
Val Ala Arg Glu Val Gly Thr Glu Gly Ile Leu Gly Gly Gln Ala Lys
260 266 270
Ile Ser Gly Val Asp Gly Thr Trp Lys Glu Leu Thr Asp Asn Val Asn
275 280 285
Val Met Ala Gln Asn Leu Thr Asp Gln Val Arg Glu Ile Ala Ser Val
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SEQ I D NO 77 148 Designed ol igonucl eotide prirmer for PCR SEQ ID NO 78
Desi gned ol i gonucl eotide prinmer for PCR SEQ ID NGO 79 Desi gned

ol i gonucl eotide prinmer for PCR SEQ ID NO 80 Designed oligonucl eotide
primer for PCR SEQ ID NO 81 Designed oligonucleotide primer for PCR SEQ
| D NO 82 Designed oligonucleotide prinmer for PCR SEQ I D NO 83 Desi gned

ol i gonucl eotide prinmer for PCR SEQ I D NO 84 Designed ol i gonucl eotide
primer for PCR SEQ I D NO 85 Desi gned oligonucl eotide priner for PCR SEQ
| D NO: 86 Ded¥Yned ol i gonucl etd de priner for MR SEQ I D NO 87 Desi gned

ol gonuqllhtla‘o,hilrdﬁlgr‘}'a Ala].c risplﬁl?r AsSE%eLDThI\II’OG?r? Lys Ile Glu Arg Pro
| 305 310 315 320
Ala Gln Gly Glu Ile Leu Gln Leu Gln Gln Thr Ile Asn Thr Met Val
325 330 335
Asp Gln Leu Arg Thr Phe Ala Ala Glu Val Thr Arg Val Ala Arg Asp
340 345 350
Val Gly Thr Glu Gly Ile Leu Gly Gly Gln Ala Glu Ile Glu Gly Val
355 360 365
Gln Gly Met Trp Asn Thr Leu Ile Val Asn Val Asn Ala Met Ala Asn
370 375 380
Asn Leu Thr Thr Gln Val Arg Asp Ile Ala Ile Val Thr Thr Ala Val
385 390 ' 395 400
Ala Lys Gly Asp Leu Thr Gln Lys Val Gln Ala Glu Cys Lys Gly Glu
405 410 415
Ile Lys Gln Leu Lys Glu Thr Ile Asn Ser Met Val Asp Gln Leﬁ Gln
420 425 430
Gln Phe Ala Arg Glu Val Thr Lys Ile Ala Arg Glu Val Gly Thr Glu
435 440 445
Gly Arg Leu Gly Gly Gln Ala Thr Val His Asp Val Glu Gly Thr Trp
450 455 460
Arg Asp Leu Thr Glu Asn Val Asn Gly Met Ala Met Asn Leu Thr Thr
465 | 470 475 480
Gln Val Arg Glu Ile Ala Lys Val Thr Thr Ala Val Ala Arg Gly Asp
485 490 : 495
Leu Thr Lys Lys Ile Glu Val Glu Val Gln Gly Glu Ile Ala Ser Leu
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Desi gned ol i gonucl eotide primer for PCR 149 What is clained is: 1. A
transforned cell in which a polynucl eotide having a nucl eotide sequence
encodi ng an am no acid sequence of an osnobsensing histidine kinase having
no transmenbrane region is introduced in a functional forminto a cel
deficient in at |east one hybrid-sensor kinase. 2. The transforned cel
according to claim1, the polynucleotide having a nucl eotide sequence
encodi ng an am no acid sequence of an osnobsensing histidine kinase having
no transmenbrane 808gi on is a pol yrd@6l eoti de conpl e®dfting the - defici ency
in hybrid-sensor kinase in the cell deficient in at |east _one

hybri d- deashse khndde Asn Jdhr Mett Kal depyhnec LewtSeaeThes PhprdkaoBheed. 3. The

transforned cell _according to claim1l, wherein the cell is a
mi croor gani sm 9¥% The transfornBél cel | according®® claim3, wherein the

m cr oor gani L.s huddj ng yeast. 5. The, transfor |1, acgording to claim
1, wher &?H ?théelbgﬁés@sid@ ﬂﬁ"lgsgf‘ﬂivﬁz (k]iynig% ﬁ?&\%f?’g%ﬁﬁ It%ﬁg-‘(renbr ane region
is anosnosgaﬂgnghistidine kgﬁgse havi ng no t&ﬁgsnenbrane regi on and having
a mutation ich confers rest®tance to any o 150

Gly Gln Ala Gln Val Asp Asn Val Glu Gly Lys Trp Lys Asp Leu Thr
545 550 555 560
Glu Asn Val Asn Thr Met Ala Arg Asn Leu Thr Thr Gln Val Arg Gly
565 570 575
Ile Ser Thr Val Thr Gln Ala Ile Ala Asn Gly Asp Met Ser Gln Lys
580 585 590
Ile Glu Val Ala Ala Ala Gly Glu Ile Leu Ile Leu Lys Glu Thr Ile
595 600 605
Asn Asn Met Val Asp Arg Leu Ser Ile Phe Ser Asn Glu Val Gln Arg
610 615 620
Val Ala Lys Asp Val Gly Val Asp Gly Lys Met Gly Gly Gln Ala Asp
625 630 635 640
Val Ala Gly Ile Gly Gly Arg Trp Lys Glu Ile Thr Thr Asp Val Asn
645 650 655
Thr Met Ala Asn Asn Leu Thr Thr Gln Val Arg Ala Phe Gly Asp Ile
660 665 670
Thr Asn Ala Ala Thr Asp Gly Asp Phe Thr Lys Leu Ile Thr Val Glu
675 680 685
Ala Ser Gly Glu Met Asp Glu Leu Lys Arg Lys Ile Asn Gln Met Val
690 695 700
Tyr Asn Leu Arg Asp Ser Ile Gln Arg Asn Thr Leu Ala Arg Glu Ala
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di car boxyi m de antifungal conpound , an aromati c hydrocarbon antifungal
conpound and a phenyl pyrrole antifungal conpound to the cell. 6. The
transforned cell according to claimb5, wherein the osnbsensing histidine
ki nase having no transmenbrane region is a histidine kinase having the
am no aci d sequence represented by SEQ ID NO 13. 7. The transfornmed cel
according to claiml1l, wherein the osnbsensing histidine kinase having no
transnmenbrane region 1is _an osnosensing- histidine kinase which is derived
froma ’BPant-pathogeni c 891 ament ous fungdddand has no trahdbrenbrane

region. 8. The transforned cell according to claiml, wherein the

0s m)senéiﬂgclh'i E%? 31%“% ﬁgg?'l‘ia(ﬁ%&eﬁomtur Ehe henpt ndspdiatoperi s an
osnosensi ng hi sti di ne,ki nase whi ch isﬁﬂ;rived from Bot*&Ptinia fuckel i ana,
Magnaporthe grisea, FU$arium oxysporu Mycospharel | a itici,

(r anormnb 10 TSR 1 Po Je¥ BRCRS7 e oLt PLN00S: SPRGotef 2t m . wherein
the osnosensing :ﬁtidine ki nase QQ%ing no transnezgéane region is an
osnosensi ng hi stidi'ne kinase having ho transmnmenbran egion 151 which has

an afl?q%gge%ﬁﬁ%%ggfsprsg%s WEBHITHY NP AP el LePHSn! BN 16, SEQID
755 760 765
Val His Asn Leu Ala Asn Ser Leu Leu Thr Ile Ile Asp Asp Iie Leu
770 775 _ 780
Asp Leu Ser Lys Ile Glu Ala Asn Arg Met Ile Met Glu Glu Ile Pro
785 790 R 795 800
Tyr Thr Leu Arg Gly Thr Val Phe Asn Ala Leu Lys Thr Leu Ala Val
805 810 815
Lys Ala Asn Glu Lys Phe Leu Asp Leu Thr Tyr Arg Val Asp Ser Ser
820 825 830
Val Pro Asp His Val Val Gly Asp Ser Phe Arg Leu Arg Gln Val Ile
835 840 845
Leu Asn Leu Val Gly Asn Ala Ile Lys Phe Thr Glu His Gly Glu Val
850 - 855 860
Ser Leu Thr Ile Gln Lys Ala Glu Gln Asp His Cys Ala Pro Asn Glu
865 870 875 880
Tyr Ala Val Glu Phe Cys Val Ser Asp Thr Gly Ile Gly Ile Gln Ala
885 890 - 895
Asp Lys Leu Asn Leu Ile Phe Asp Thr Phe Gln Gln Ala Asp Gly Ser
900 905 910
Met Thr Arg Lys Phe Gly Gly Thr Gly Leu Gly Leu Ser Ile Ser Lys
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SEQ ID NO 90. 10. The transfornmed cell according to claim1, wherein the
nucl eoti de sequence encodi ng an am no acid sequence of the - osnpbsensing

hi sti di ne ki nase having no transnmenbrane region is a nucl eotide sequence
represented by SEQID NO 2, SEQID NO 17, SEQID NO 42, SEQ ID NO 56
or SEQID NGO 69. 11. A nethod of assaying the antifungal activity of a
subst ance, which conprises: a first step of culturing the transfornmed cel
as defined in claiml in the presence of a test substance; a second step
of neasuring afl@nmount of intra88®lular signal ®2&nsduct ion fromthe
osnosensi ng hi stidi ne kinase having no transnenbrane regi on expressed in

the trarfdBoketbyathan LewMetirdng Ghy thse Yak Jepsfadplys S 6Hudyrval ue having

t he correlaﬁéon t herew t h; d athird step of assessing the antifungal
activity of the test subst e based on a di¥4%rence between an amount of

her o et B £ St R oS e s "t T il R LoRA bR e o or - "
assayi ng,,according to c 11, erein t he anpbunt o tracel lul ar

[ %42 di I %ﬁ] wh [ %ﬁ% h fg'hg | I ul
signal transduction from"the osnobsensing stidi ne ki nase vi ng no

transmeri-ang feg1sap Mle 110GIERK 1R U5 BPY P 11° GIRTERY) AL on therewith
965 970 975
Asn Val Leu Phe Ile Asp Lys Gly Gln Thr Gly His Gly Lys Glu Ile
980 985 990
Ile Thr Met Leu Thr Gln Leu Gly Leu Val Pro Val Val Val Asp Ser
995 1000 1005
Glu Gln His Thr Ile Leu Leu Gly Asn Gly Arg Thr Lys Glu Lys Ile
1010 1015 1020
Ala Ser Thr Tyr Asp Val Ile Val Val Asp Ser Ile Glu Ser Ala Arg
1025 1030 1035 1040
Lys Leu Arg Ser Ile Asp Glu Phe Lys Tyr Ile Pro Ile Val Leu Leu
1045 1050 1055
Ala Pro Val Ile His Val Ser Leu Lys Ser Ala Leu Asp Leu Gly Ile
1060 1065 1070
Thr Ser Tyr Met Thr Thr Pro Cys Leu Thr Ile Asp Leu Gly Asn Gly
1075 1080 1085
Met Ile Pro Ala Leu Glu Asn Arg Ala Ala Pro Ser Leu Ala Asp Asn
1090 1095 1100
Thr Lys Ser Phe Asp Ile Leu Leu Ala Glu Asp Asn Ile Val Asn Gln
1105 1110 1115 1120

Arg Leu Ala Val Lys Ile Leu Glu Lys Tyr His His Val Val Thr Val
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of growth of the transforned cell. 13. A nethod of searching an antifungal
conpound, which conprises selecting an antifungal conpound. based on the
antifungal activity assessed in the assaying nethod as defined in claim
11. 14. An osnpbsensing histidine kinase having no transnmenbrane region,
whi ch has an am no acid sequence selected fromthe group consisting of:
(a) an am no acid sequerice of an osnopsensing histidine kinase having no
t ransmenbrane regi on, which has an am no acid sequence honol ogy of 95% or
nmore to the amino aciléd2&equence repréddhted by any of 188 | D NOs: 41, 55
and 68; (b) an am no acid_sequence of .an osnosensing histidi ne ki nase

havi ng nélt thndse flvabbn (dyi ble LemiAse Ala dhedersdGhby lesDAve Tanpl i fied by a
pol ymerase chain yreaction using a Fusarium oxysporumderived cDNA as a
tenpl ate and usiﬁb@gn ol i gonucl ecti%@e havi ng t he nd®Peoti de sequence

represente Y+, SEQ | 52 .a ol i gonuc| eot.| de,_hayi ng.t he nucl eoti de
sequencé‘spgﬁqegéﬁﬁgﬁ @?/tNgEQ Yz’-ﬂ ﬂl&‘%{;ﬁ éﬂ%" SE? ﬁ*?rts&ix %}13’:%’% ttho acid
sequence of an gnosensing hiséﬁ&éne ki nase haY' no transmenbr ane

regi on, which ﬂg encoded by a anplified by L&%olynerase chain reaction

se1o o MUCHRRRRE ond Bk Bl S DM T o T BABRE, S, T
64 and 1179 1175 1180 |
Thr Pro Ile Ile Ala Leu Thr Ala His Ala Met Leu Gly Asp Arg Glu
1185 1190 1195 1200
Lys Cys Ile Gin Ala Gln Met Asp Glu Tyr Leu Ser Lys Pro Leu Lys
1205 1210 | - 1215
Gln Asn His Leu Ile Gln Thr Ile Leu Lys Cys Ala Thr Leu Gly Gly
1220 1225 1230
Ala Leu Leu Glu Lys Gly Arg Glu Val Arg Gln Ser Ala Asn Glu Glu
1235 1240 1245
Ser Pro Asn Ser Gln Asn Gly Pro Arg Gly Thr Gln His Pro Ala Ser
1250 1255 1260
Ser Pro Thr Pro Ala His Met Arg Pro Ala Ile Glu Pro Arg Ala Tyr
1265 1270 1275 1280
Thr Thr Thr Gly Pro Ile Asn His Gly Ser Ala Glu Ser Pro Ser Leu
1285 1290 1295
Val Thr Ala Asp Ala Glu Asp Pro Leu Ala Arg Leu Leu Met Arg Ala
1300 1305 1310
His Ser Ser

1315
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an ol i gonucl eotide having the nucl eoti de sequence represented by SEQ ID
NO 65 as priners; (d) an am no acid sequence of an osnbsensing histidine

ki nase having no transnmenbrane region, which is encoded by a DNA 153
anplified by a polynmerase chain reaction using a Thanapet horus
cucuneris-derived cDNA as a tenplate and using an oligonucl eotide having

t he nucl eoti de sequence represented by SEQ ID NO 85 and an

ol i gonucl eoti de havi ng the nucl eotide sequence represented . by SEQ I D NO
86 as priners; (e) an amno acid sequence of an osnosensing histidine

ki nase rfgavin no transmenbrane region, which is derived from Phytophthora
i nf est af®l®hd has the ami no acid sequence  represented by SEQ ID NO 90;

(f) the ghpg géid sequence represented by SEQ ID NGO 41; (g) the am no
acid sed@ te? presented by SEQ ID NO 55; and (h) the am no acid

sequence Efprgﬁented by SEQ ID NO 68. 15. An osnosensing histidine kinase
havi ng ng tP snenbrane regi on, which has an am no acid sequence

represe . i - SEQ ID NO 55 or SEQID NO 68. 16. A

pol ynuclr@g?}i ?étﬁg"\%hga ggﬁhé}]’lé"%i de sequence encoding an amno acid
sequence selected fromthe group consisting of: (a) an am no acid sequence
of an osnosensing histidi ne kinase

<220>
<221> CDS
222> (1).. (3948)

<400> 2
atg gag gat tct aca ata gct cat act act gcg atc ctg caa act cte 48
Met Glu Asp Ser Thr Ile Ala His Thr Thr Ala Ile Leu Gln Thr Leu

1 5 10 15

gca tta tcg agec atc gat ctt cca ctg acg aat gtt tac ggc aac aag ' 96
Ala Leu Ser Ser Ile Asp Leu Pro Leu Thr Asn Val Tyr Gly Asn Lys
20 25 30

ggg att agg tta cca ggt gca gat acg gca gag aag ctt gec ctc gaa 144
Gly Tle Arg Leu Pro Gly Ala Asp Thr Ala Glu Lys Leu Ala Leu Glu
35 40 45

cga gaa ctt gecg gee ttg gta tcc aga gtc caa aga tta gaa geca agg 192
Arg Glu Leu Ala Ala Leu Val Ser Arg Val Gln Arg Leu Glu Ala Arg

50 b5 : 60
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havi ng no transnenbrane regi on, which has an am no acid sequence honol ogy
of 95% or nore to the am no acid sequence represented by any of SEQ ID
NGs: 41, 55 and 68; (b) an am no acid sequence of an osnobsensing histidine
ki nase having no transnenbrane region, which is encoded by a DNA
anplified by a polynerase chain reaction using a Fusarium
oxysporumderived cDNA as a tenplate and using an oligonucl eoti de havi ng
t he nucl eoti de sequence represented by SEQ ID NO 52 and an

ol i gonucl eoti de having the nucl eotide sequence represented by SEQ I D NO
53 as primers; (c) an am no acid sequence of an osnpbsensing histidine

ki nase B88Aifgand Ztcasatihesbrendcase gitenccorBit ncgscenheatieghabfta DNA40 154

anplified by a_polynerase chain reaction using a M/cospharella

tritici érfk?eiﬁgw?él\ Asn Ask drip) Bre Lan Pries Aspy '&Mﬁ Rrg 4sndiuebet de  having the
nucl eot i g sequence reprez&nted by SEQID NO 64 and an ol jgonucl eotide
havi ng t nucl eoti de sequence represented?by SEQ ID NO 6% as priners;

(d) an ami no acid sequence of an osnpsensing histidine kinase having no
transmenbrane region, which is encoded by a DNA anplified by a pol ynerase

ra ne region,’ which is e NA am !
and st R e ot g8, BoecBPF 285K Mo S WEE ea Aot st TP ant ea by

SEQ ID by 83 Prf s3p Al sROusheRy 981 Nav ff 61§ AUChESSedearg
85 90 - 95

gee tca aag agt act aca tcc cga caa cag ctc gta aat tcg ttg ctt 336
Ala Ser Lys Ser Thr Thr Ser Arg Gln Gln Leu Val Asn Ser Leu Leu
100 105 110

BCC gCC aga gaa geg ccc acc ggc ggt gaa aga cct cet aaa ttt acg 384
Ala Ala Arg Glu Ala Pro Thr Gly Gly Glu Arg Pro Pro Lys Phe Thr
115 120 125

aaa tta agt gac gag gaa ctc gaa gca ctc cge gaa cat gtec gac cat 432
Lys Leu Ser Asp Glu Glu Leu Glu Ala Leu Arg Glu His Val Asp His
130 135 140

caa tcg aaa caa ctc gat agt caa aaa tct gag ctg gecc ggt gta cat 480
Gln Ser Lys Gln Leu Asp Ser Gln Lys Ser Glu Leu Ala Gly Val His

145 150 155 160

gct caa ctg ttt gag cag aag cag aga caa gaa caa gca ctc aac gtt 528
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sequence represented by SEQID NO 86 as prinmers; (e) an amno acid
sequence of an osnosensing histidine kinase having no transnmenbrane
region, which is derived from Phytophthora infestans and has the am no
acid sequence represented by SEQID NO 90; (f) the am no acid sequence
represented by SEQ ID NO 41; (g) the am no acid sequence represented by
SEQ ID NO 55; and (h) the am no acid sequence represented by SEQ I D NO
68. 17. ap ynucl eoti de having a nucl eoti de sequence represented by SEQ

I D NO. Lew Ry Chg Bp kx0Glp Axg 0o Glui@ln AladiemodswiVadbt ai ni ng a

pol ynucl eoti de havi ng g%nucleotide seqYﬁgce encodi ng an ino acid sequence
of osnobsensi ng hi sti &®he ki nase which derived fron1yﬁg]ant- pat hogeni c

filanmentous fungus and has no transnenbrane region, which conprises a step
of anplifying a desired polynucleotide by Polynerase Chain Reaction using

Ns: 30 08 g et edctbd i Yl SRR ERURE el B BN 3L 0% 00
| 53." 64 & 8 § oy

of  gonuc ot GI LT A ad el K50 R EUFAEE el 1B Pon M et ca by any

of SEQ ID NGs: 30 figg 40, 52, 53, G45 65, 85 and 86.49456

caa caa gcc aac gag gct ttc caa aaa get cta cgg gaa ata gga gag 624
Gln Gln Ala Asn Glu Ala Phe Gln Lys Ala Leu Arg Glu Ile Gly Glu
195 200 205

att gtc aca get gta gct agg ggt gat ctc agt aag aag gta caa ate 672
Ile Val Thr Ala Val Ala Arg Gly Asp Leu Ser Lys Lys Val Gln Ile
210 215 220

cac tcc gtg gag atg gac cct gag att aca act ttc aag cgt gtt att 720
His Ser Val Glu Met Asp Pro Glu Ile Thr Thr Phe Lys Arg Val Ile
225 230 235 240

aat act atg atg gat caa ctt cag ata ttc tct agt gag gtt tct cgt 768
Asn Thr Met Met Asp Gln Leu Gln Ile Phe Ser Ser Glu Val Ser Arg
245 250 255

gta gct aga gag gtc ggc aca gaa ggt att ctc ggt gga caa gec aag 816
Val Ala Arg Glu Val Gly Thr Glu Gly Ile Leu Gly Gly Gln Ala Lys
260 265 270
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SEQUENCE LI STI NG <110> Sum tono Chem cal Co., Ltd. <120> TRANSFORVED CELL
W TH ENHANCED SENSI TI VI TY TO ANTI FUNGAL COVPOUN D AND USE THEREOF <130>
<160> 90 <210> 1 <211> 1315 <212> PRT <213> Botryotinia fuckeliana
<400> 1 Met G u Asp Ser Thr Ile Ala H's Thr Thr Ala Ile Leu An Thr Leu 1
510 15 Ala Leu Ser Ser Ile Asp Leu Pro Leu Thr Asn Val Tyr Ay Asn Lys 20
25 30 dy lle Arg Leu Pro Gy Ala Asp Thr Ala Qu Lys Leu Ala Leu Qu 35
40 45 Arg Qu Leu Ala Ala Leu Val Ser Arg Val A n Arg Leu Gu Ala Arg 50
55 60 Ala lle Thr vVal Asn Asn G n Thr Leu Pro, Asp Thr Pro Asn Qu Leu 65
70 75 80 dy Ala Pro Ser Ala Phe Ala Asp Val Leu Thr Ay Ala Prg Ser Arg
1/ 161 85Atgotek egt gtt gat ggt aca tgg aag gag ttg act gac aat gtc aac 864

Ile Ser Gly Val Asp Gly Thr Trp Lys Glu Leu Thr Asp Asn Val Asn

275 280 285

gtt atg gca caa aat ctc acc gat caa gtc cga gaa att get tcc gtc 912
Val Met Ala Gln Asn Leu Thr Asp Gln Val Arg Glu Ile Ala Ser Val
290 295 300

act act gct gta get cat gga gat ctc aca caa aag att gag aga cca 960
Thr Thr Ala Val Ala His Gly Asp Leu Thr Gln Lys Ile Glu Arg Pro
305 310 315 320

gcc cag ggt gag ata ctc caa ctg caa caa act atc aat acc atg gtg 1008
Ala Gln Gly Glu Ile Leu Gln Leu Gln Gln Thr Ile Asn Thr Met Val
325 330 335

gat caa ttg aga acg ttc gec gee gag gtc ace cge gta geca aga gat 1056
Asp Gln Leu Arg Thr Phe Ala Ala Glu Val Thr Arg Val Ala Arg Asp
340 345 350
gta gga act gaa ggt att ctt ggg ggt caa geca gaa atc gaa gge gtc 1104
Val Gly Thr Glu Gly Ile Leu Gly Gly Gln Ala Glu Ile Glu Gly Val
355 360 365

cag ggc atg tgg aac aca ttg ata gtg aac gtc aac gct atg gec aat 11562

11/161




Ala Ser Lys Ser Thr. Thr Ser Arg G n G n Leu Val Asn Ser Leu Leu 100 105 110
Ala Ala Arg du Ala Pro Thr Ay Ay Gu Arg Pro Pro Lys Phe Thr 115 120
125 Lys Leu Ser Asp Gu Qu Leu u Ala Leu Arg Gu H's Val Asp Hs 130
135 140 dn Ser Lys G n Leu Asp Ser Gn Lys Ser Au Leu Ala Gy Val Hs
145 150 155 160 Ala G n Leu Phe Au @n Lys An Arg Gn AQu Gn Ala Leu
Asn Val 165 170 175 Leu Gu Val Qu Arg Val Ala Ala Leu u Arg Qu Leu
Lys Lys His 180 185 190 A n A n Ala Asn Qu Ala Phe G n Lys Ala Leu Arg
du 1l e@nyGly Het iyp 2oo Thodey ke Val Asn Val AsvaflaMat e &89 Asp Leu Ser
Lys Lys Val dn Ile 210 215 220 His Ser Val Qu Met Asp Pro Gu Ile Thr
Thr Phe Lys3%& g Val 225830 235 240 Asrm8fhr Met Met Asp G n Leu G n
Ile Phe Ser Ser Qu Val Ser Arg 245 250 255 Val Ala Arg Qu Val @y Thr
Gu dy lle Leu dy Ay @n Ala Lys 260 265 270 Ile Ser Gy Val Asp Ay
Thr Tr paLXSct%l gcc':' ea%aTQa{a c%scngéécalatésgncc aZ? 2t%oacza aca gct gtc - 1200

Asn Leu Thr Thr Gln Val Arg Asp Ile Ala Ile Val Thr Thr Ala Val

385 395 400

gca aag gga gac ctg act caa aag gtc caa gca gaa tgt aag ggt gaa 1248

Ala Lys Gly Asp Leu Thr Gln Lys Val Gln Ala Glu Cys Lys Gly Glu

410 415
atc aag cag ttg aag gag act ata aat tcc atg gtg gac caa tta caa 1296
Ile Lys Gln Leu Lys Glu Thr Ile Asn Ser Met Val Asp Gln Leu Gln
425 430
caa ttt gcg cga gaa gtc acg aag att gct agg gag gtc ggt acc gaa 1344
Gln Phe Ala Arg Glu Val Thr Lys Ile Ala Arg Glu Val Gly Thr Glu
435 440 445
ggt aga ctg ggt gga caa gca aca gtg cat gat gtt gaa ggc act tgg 1392
Gly Arg Leu Gly Gly Gln Ala Thr Val His Asp Val Glu Gly Thr Trp
450 455 460

aga gac ctc acc gaa mpat gtg aat ggt atg gcc atg aat ctt acg aca 1440

Arg Asp Leu Thr Glu Asn Val Asn Gly Met Ala Met Asn Leu Thr Thr |

465 475 480

i aate= a% g o n
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Val
295
305
Met
Al a
I'le
Asn
Ile
Val
I'le
Thr

Met Ala G n Asn Leu Thr Asp G n Val Arg Qu Ile Ala Ser Val 2/161 290
300 Thr Thr Ala vVal Ala Hs Ay Asp Leu Thr An Lys Ile Qu Arg Pro
310 315 320 Ala dn dy u Ile Leu dn Leu dn d@n Thr Ile Asn Thr
Val 325 330 335 Asp G n Leu Arg Thr Phe Ala Ala Gu Val Thr Arg Val
-Arg Asp 340 345 350 Val Ay Thr Qu Ay Ile Leu Ay Ay Adn Ala Qu
GQu dy Val 355 360 365 A n @y Met Trp Asn Thr Leu Ile Val Asn Val
Ala Met Ala Asn 370 375 380 Asn Leu Thr Thr @n Val Arg Asp Ile Ala
Val Thr Thr Ala Val 385 390 395 400 Ala Lys Ay Asp Leu Thr @ n Lys
An Ala u Cys Lys Ay Qu 405 410 415 Ile Lys A n Leu Lys du Thr
Asn Seér gtaetchaaagAsbt @ca a_am g8 racc42qr 426 30 meRhggailgat Ar d488u Val
Lys Ile Ala Arg G u Val y Thr Au 435 440 445 GlyArg Leu dy Gy
A = O Valafreiuakle Ve Vel hrnthrrAds 450 Abs ArectlmAgiAsp Lo Thr

Asn Val Asn Gy I\/&g Ala Met Asn Le.:lfgoThr Thr 195

ttg acc aag aag att gaa gtc gag gtt cag gga gaa atc gect tcg ctg 153_6‘
Leu Thr Lys Lys Ile Glu Val Glu Val Gln Gly Glu Ile Ala Ser Leu
500 505 510 '

aaa gat acc atc aac acc atg gtg gac aga ctt agt aca ttc gct ttt 1584
Lys Asp Thr Ile Asn Thr Met Val Asp Arg Leu Ser Thr Phe Ala Phe
515 520 525

gag gtt agc aaa gtc gec agg gag gtc gga act gat ggg act ctt ggt 1632
Glu Val Ser Lys Val Ala Arg Glu Val Gly Thr Asp Gly Thr Leu Gly
530 535 540

gga caa gcg caa gtt gat aac gtc gaa gga aag tgg aaa gac ctc act 1680
Gly Gln Ala Gln Val Asp Asn Val Glu Gly Lys Trp Lys Asp Leu Thr
645 550 555 560
gaa aat gtg aac acc atg gcc aga aac ttg act act caa gta cga ggt 1728
Glu Asn Val Asn Thr Met Ala Arg Asn Leu Thr Thr Gln Val Arg Gly

565 570 575

atc teg act gtt aca caa gect att gec aat gga gac atg agt cag aag 1776
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465 470 475 480 dn
Gy Asp 485 490 495

Val Arg Qu Ile Ala Lys Va
Leu Thr Lys Lys Ile Gu Va

Ala Ser Leu 3/161 500 505 510 Lys Asp Thr Ile
Ser Thr Phe Ala Phe 515 520 525 Gu Val Ser Lys Val Ala Arg Gu Val Qy
Thr Asp Ay Thr Leu Ay 530 535 540 Gy @n Ala An Val Asp Asn Val Qu

Gy Lys Trp Lys Asp Leu Thr
dn Val Arg 565 570 575

Arg Asn Leu Thr Thr

Thr Thr Ala Val Ala Arg
GQu Val dn dy Qu lle
Asn Thr Met Val Asp Arg Leu

545 550 555 560 G u Asn Val Asn Thr Met Al a

Ile Ser Thr Val Thr dn

Al a 1| e JeaSexsAh al Aty Gdn ﬂs}@r I@ rAlayAssn 68p sesMepSer| elrclysval Al a Al a
Ala Ay Qu Ile Leu Ile Leu Lys Qu Thr Ile 595 600 605 Asn Asn Met Va
Asp Arg Leu Ser 11380phe Ser Asn @ ®8Fal A n Arg
Asp Val Ay Val Asp Ay Lys Met Ay Gy @n Al a
Ala Gy Ile dy Gy Arg Trp Lys Gu Ile Thr Thr

att gag gtt get
Ile Glu Val Ala
585

aat aac atg gta
Asn Asn Met Val
610

gtc gee aaa gat
VYal Ala Lys Asp
625

gtt get ggg att
Val Ala Gly Ile

acc atg get aac
Thr Met Ala Asn
660

act aac gec gea
Thr Asn Ala Ala
675

e ggtandte e

gct geg ggt gaa ata ctc ata cta
Ala Ala Gly Glu Ile Leu Ile Leu
600

gac aga ttg agt atc ttc tec aac
Asp Arg Leu Ser Ile Phe Ser Asn
615 620

gtg ggt gtg gat ggt aag atg ggt
Val Gly Val Asp Gly Lys Met Gly
630 635

ggc ggc cgt tgg aaa gag atc aca
Gly Gly Arg Trp Lys Glu Ile Thr
645 650

aac ttg aca acc caa gtg cgc gcc
Asn Leu Thr Thr Gln Val Arg Ala
665

acc gat ggc gac ttc aca aaa ttg
Thr Asp Gly Asp Phe Thr Lys Leu

680
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610 %95 620 Val Al a Lys
Asp 625 630 635 640 Val
Asp Val Asn 645 650 655

aag gaa acc ata 1824
Lys Glu Thr Ile
605

gaa gtg caa aga 1872
Glu Yal Gln Arg

ggc caa gct gac 1920
Gly Gln Ala Asp
640

acg gat gtc aat 1968
Thr Asp Val Asn
655

ttt ggt gat ata 2016
Phe Gly Asp Ile
670

atc act gtc gag 2064
Ile Thr Val Glu

685




Thr Met Ala Asn Asn Leu Thr Thr Gn Val Arg Ala Phe Ay Asp Ile 660 665
670 Thr Asn Ala Ala Thr Asp Ay Asp Phe Thr Lys Leu Ile Thr Val Qu 675
680 685 Ala Ser Ay Gu Met Asp Gu Leu Lys Arg Lys Ile Asn G n Met Va
690 695 700 Tyr Asn Leu Arg Asp Ser Ile @n Arg Asn Thr Leu Ala Arg G u
Ala 4/161 705 710 715 720 Ala GQu Phe Ala Asn Arg Thr Lys Ser du Phe Leu
Ala Asn Met Ser 725 730 735 His Qu Ile Arg Thr Pro Met Asn Ay Ile lle
Gy Met Thr A n Leu 740 745 750 Thr Leu Asp Thr Asp Leu Thr A n Tyr @n
Arg Gu Met Leu Asn Ile 755 760 765 Val Hi s Asn Leu Ala Asn Ser Leu Leu
Thr Ile Ile Asp Asp Ile Leu 770 775 780 Asp Leu Ser Lys Ile Au A a Asn
Arg Met grpetatiegeagas At Bpk 2goct e/ 988 D 285 agooRacTyrE TAtE EB8 ARYl4 y Thr

Val Phe Asn, Ala L s Thr lLeu Ala Val 805 0 815 Ly Asn G u Lys
Phe Leu%;}‘%@s‘rﬁﬁu%t Kf@ Cb/su L%Svsirgslﬁs Eﬁzoﬂ%lzﬁle %1 pro Asp Hi s
Val Vval 4 yﬁgﬁsp Ser Phe Argalggu Arg G n Val |7|08

tac aat ctg agg gac agt att caa aga aac acc ttg gct agg gag get 2160
Tyr Asn Leu Arg Asp Ser Ile Gln Arg Asn Thr Leu Ala Arg Glu Ala
705 710 ' 715 720

gcc gaa ttc gee aat agg acg aag tct gaa tte ttg get aac atg tet 2208
‘Ala Glu Phe Ala Asn Arg Thr Lys Ser Glu Phe Leu Ala Asn Met Ser
725 730 ' 735

cac gag att cga aca cct atg aac ggt atc att ggt atg act cag ttg 2256
His Glu Ile Arg Thr Pro Met Asn Gly Ile Ile Gly Met Thr Gln Leu
740 745 750

aca ctc gaé acc gat ctt act caa tat caa cga gaa atg ctc aac att 2304
Thr Leu Asp Thr Asp Leu Thr Gln Tyr Gln Arg Glu Met Leu Asn Ile
7565 760 765
gtt cac aac ttg gcc aac agt tta ttg acc atc att gat gat att ctc 2352
Val His Asn Leu Ala Asn Ser Leu Leu Thr Ile Ile Asp Asp Ile Leu
770 715 780

gat tta tca aag atc gza gca aac cgt atg atc atg gag gag att cca 2400
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835
Val

Asn
Ay
dn
Ay

Phe
I'le
I'le
Leu
Hi s

840 845 Leu Asn Leu Val Ay Asn Ala Ile Lys Phe Thr GQu Hs Ay Qu
850 855 860 Ser Leu Thr Ile Adn Lys Ala Gu @n Asp His Cys Ala Pro
Au 865 870 875 880 Tyr Ala Val Qu Phe Cys Val Ser Asp Thr Ay Ile
Ile An Ala 885 890 895 Asp Lys Leu Asn Leu Ile Phe Asp Thr Phe Gn
Ala Asp Ay Ser 900 905 910 Met Thr Arg Lys Phe Ay Ay Thr Ay Leu
Leu Ser Ile Ser Lys 5/161 915 920 925 Arg Leu Val Asn Leu Met Arg Gy
Val Trp Val Lys Ser A n Tyr 930 935 940 dy Lys Ay Ser Ser Phe Tyr
Thr AspslemBewdivsaile Gdu AMlaaAthArgois die E%SGBB(GIU Rsp 11e Ser Phe
An_Lys An Leu Lys Pro Tyr An Ay H.s 965 970 975 Asn Val Leu Phe
Asp™B9s @y d@n Thr @) Hs Gy Lys G78511e 980 985 980011 e Thr Met
Thr A n Leu Gy Leu Val Pro Val Val Val Asp Ser 995 1000 1005 Gu dn
Thr Ile Leu Leu Gy Asn Ay Arg Thr Lys Ju Lys Ile 1010 1015 1020

tac act ctt aga gga acc gtc ttc aac gec ctec aag act cte get gte 2448
Tyr Thr Leu Arg Gly Thr Val Phe Asn Ala Leu Lys Thr Leu Ala Val
805 810 815

aag gca aat gag aag ttc cta gac ctc act tac cgc gta gat age tca 2496
Lys Ala Asn Glu Lys Phe Leu Asp Leu Thr Tyr Arg Val Asp Ser Ser
820 825 830

gtt cca gat cac gtg gtt ggt gat tca ttc cgt ctt cga caa gtt att 2544
Val Pro Asp His Val Val Gly Asp Ser Phe Arg Leu Arg Gln Val Ile
835 - 840 845

ctc aac ttg gtt gga aac gct atc aag ttc aca gag cat ggt gaa gtt 2592
Leu Asn Leu Val Gly Asn Ala Ile Lys Phe Thr Glu His Gly Glu Val
850 855 860

tcg ttg acc atc caa asa gcc gag caa gat cat tgt geg ceg aac gaa 2640
Ser Leu Thr Ile Gln Lys Ala Glu Gln Asp His Cys Ala Pro Asn Glu
865 870 875 880

tat gca gtc gag ttt tgt gtt tct gac act ggt atc ggt atc caa get 2688
Tyr Ala Val Glu Phe Cys Val Ser Asp Thr Gly Ile Gly Ile Gln Ala
885 890 895

16/161




Al a

Ser Thr Tyr Asp Val Ile Val Val Asp Ser Ile Gu Ser Ala Arg 1025 1030

1035 1040 Lys Leu Arg Ser Ile Asp Qu Phe Lys Tyr Ile Pro Ile Val Leu Leu
- 1045 1050 1055 Ala Pro Val Ile H's Val Ser Leu Lys Ser Ala Leu Asp Leu Gy

Ile
Asn
Leu
Asn
Lys
du
Met

Lys
Pro

1060 1065 1070 Thr Ser Tyr Met Thr Thr Pro Cys Leu Thr Ile Asp Leu Gy
dy 1075 1080 1085 Met Ile Pro Ala Leu Ju Asn Arg Ala Ala Pro Ser
Ala Asp Asn 1090 1095 1100 Thr Lys Ser Phe Asp Ile Leu Leu Ala G u Asp
Ile Val Asn G n 1105 1110 1115 1120 Arg Leu Ala Val Lys Ile Leu Qu
Tyr Hs Hs Val val Thr val 6/161 1125 1130 1135 Val dy Asn Ay Gn
Ala Leu Asp Ala Ile Lys Gu Lys Arg Tyr 1140 1145 1150 Asp Val 1le Leu
Asp 8941 aa@ atqveat PbiE BER tWet 4G wcl sitan@a @ag gqt18ac 1gBBOtan 652A8& Thr Al a
Ile Ar GQu Tyr Qu Arg Ser Leu G hr A n Arg 1170 1175 1180 Thr
|1 e ASp YAl laELLéﬁﬂ'I{I'ﬁ“ Ale FhesAsg dh heLGLn Gly MepApp Jlg Ser 1185 1190 1195

1200 L I n Ala @ n Mt Au Tyr Leu Ser_Lys Pro Leu Lys
ys Cys eggﬁ eﬁg u Ty u S, y u Ly

atg acg agg aaa tic gga ggt act ggt cta ggt cta tca att tcg aag 2784
Met Thr Arg Lys Phe Gly Gly Thr Gly Leu Gly Leu Ser Ile Ser Lys
915 920 925

aga ctt gta aac ctc atg cgt gga gat gtt tgg gtt aag agt cag tac 2832
Arg Leu Val Asn Leu Met Arg Gly Asp Val Trp Val Lys Ser Gln Tyr
930 935 940

gga aaa ggc agt tca ttc tac ttc acg tgt acc gtc cge ctc geca ace 2880
Gly Lys Gly Ser Ser Phe Tyr Phe Thr Cys Thr Val Arg Leu Ala Thr
945 950 955 960

tca gat atc agt tte att cag aaa caa ctc aag cca taf caa ggt cac 2928
Ser Asp Ile Ser Phe Ile Gln Lys Gln Leu Lys Pro Tyr Gin Gly His
965 970 : 875
aat gtt ttg ttt atc gac aaa gga cag act ggc cat ggc aaa gaa ata 2976
Asn Val Leu Phe Ile Asp Lys Gly Gln Thr Gly His Gly Lys Glu Ile
980 985 990 |

atc act atg ctt aca caa ctt ggt ttg gta ccc gtt gtt gtt gac tct 3024
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1205 1210 1215 dn Asn His Leu Ile dn Thr Ile Leu Lys Cys Ala Thr Leu Gy
Ay 1220 1225 1230 Ala Leu Leu u Lys Ay Arg Gu Val Arg Gn Ser Ala Asn
Gu Gu 1235 1240 1245 Ser Pro Asn Ser A n Asn Ay Pro Arg Ay Thr @n
H's Pro Ala Ser 1250 1255 1260 Ser Pro Thr Pro Ala H's Met Arg Pro Ala lle
Gu Pro Arg Ala Tyr 1265 1270 1275 1280 Thr Thr Thr Ay Pro Ile Asn H's
Gy Ser Ala Qu Ser Pro Ser Leu 1285 1290 1295 Val Thr Ala Asp Ala Qu Asp
Pro Leu Ala Arg Leu Leu Met Arg Ala 1300 1305 1310 His Ser Ser 1315 7/161
<210> 2 Ilezlmgisgdfeu Hznﬁindbw Gd1 eupfal Yoo iValaValded! Asm&er<220> <221>

CDS <222> (1). 4ol 3948)  <400> 2 1005

gag cag cac act att ctt ctc gge aat gga aga acc aag gag aag att 3072
Glu Gln His Thr Ile Leu Leu Gly Asn Gly Arg Thr Lys Glu Lys Ile
1010 1015 1020

get tca act tat gac gtg att gtt gtg gac tca att gag tcc get cga 3120
Ala Ser Thr Tyr Asp Val Ile Val Val Asp Ser Ile Glu Ser Ala Arg
1025 1030 1035 1040

aaa ctg cga tca atc gat gag ttc aag tat att cca att gtt ctc tta 3168
Lys Leu Arg Ser Ile Asp Glu Phe Lys Tyr Ile Pro Ile Val Leu Leu
1045 1050 1055

get cce gtt att cat gtc age tta aag tct got ttg gat ctt ggt atc 3216
Ala Pro Val Ile His Val Ser Leu Lys Ser Ala Leu Asp Leu Gly Ile
1060 1065 1070

act tet tac atg acc act cca tgt tta acg atc gat ctt ggc aat ggt 3264
Thr Ser Tyr Met Thr Thr Pro Cys Leu Thr Ile Asp Leu Gly Asn Gly
1075 1080 1085

atg att cct gct ttg gag aat cga gct gea ccc tca ttg geg gac aac 3312
Met Ile Pro Ala Leu Glu Asn Arg Ala Ala Pro Ser Leu Ala Asp Asn

1090 1095 1100
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atg

tcg
Ile
cca
Ay
ttg
Val
aat
Adn
ttc
Al a As
tee
Arg d
acc
Ay

gag gat tct aca ata get cat act act gcg ate ctg caa act etc 48 Mt Qu
Ser Thr Ile Ala Hi's Thr Thr Ala Ile Leu An Thr Leu 1 5 10 15 gca tta
age ate gat ctt cca ctg acg aat gtt tac gge aac aag 96 Ala Leu Ser Ser
Asp Leu Pro Leu Thr Asn Val Tyr Gy Asn Lys 20 25 30 ggg an agg tta
ggt gca gat acg gca gag aag ctt gcc etc gaa 144 Gy Ille Arg Leu Pro
Ala Asp Thr Ala GQu Lys Leu Ala Leu Gu 35 40 45 <cga gaa ctt geg gcc
gta tec aga gtc caa aga tta gaa gca agg 192 Arg Gu Leu Ala Ala Leu
Ser Arg VaI Gn Arg Leu G u Ala Arg 50 55 60 8/161 gag ate aca gtc aat
caa ace ccc gat a aat gaa tta 240 Ala Ile Thr Val Asn Asn

Thr q_cgua@ CRSHECTRAC I@tg %t@ BOCe o Bat0asgs akp StggaatgcgaccB3POt get
gca at et ee cc a 288 Ala Pro Ser Al a Phe
L’?%gefhﬁ‘e&iW g@qﬁ g‘?‘blﬁé 1Rr§1‘8 SQOA%I%eV 1; Asn 5’2@ agt act aca
cga cag etc gta tog ttg ctt Al a Ser Lys Thr Thr Ser
@@ﬁ Leu Val é@b Leu Leu 100 %3 5110 gee gee igéogaa gcg coo
gge ggt gaa aga cot cot aaa ttt acg 384 Ala Ala Arg Gu Ala Pro Thr
Gy GQu Arg Pro Pro. Lys Phe Thr

Ccgc tta gcg gtg aag att cta gaa aag tat cac cac gtc gtc aca gtec 3408
Arg Leu Ala Val Lys Ile Leu Glu Lys Tyr His His Val Val Thr Val
1125 1130 1135

gtt ggc aat ggt caa gaa gca cta gat gct atc aag gag aaa cga tac 3456
- Val Gly Asn Gly Gln Glu Ala Leu Asp Ala Ile Lys Glu Lys Arg Tyr
1140 1145 1150

gat gtt att ctc atg gac gtt caa atg cca att atg gga gga ttc gaa 3504
Asp Val Ile Leu Met Asp Val Gln Met Pro Ile Met Gly Gly Phe Glu
1155 1160 1165

gca acc gct aag att aga gag tac gaa cgg agt ctt gega acg caa aga 3552
Ala Thr Ala Lys Ile Arg Glu Tyr Glu Arg Ser Leu Gly Thr Gln Arg

1170 1175 1180
acg cct att atc gca ctt aca gca cac get atg ttg ggt gat cge gaa 3600
Thr Pro Ile Ile Ala Leu Thr Ala His Ala Met Leu Gly Asp Arg Glu
1185 1180 1195 1200

aaa tgt att caa goc caa atg gat gaa tat ctt tct aag cct ctg aaa 3648
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115 120 125 aaa tta agt gac gag gaa etc gaa gca etc ego gaa cat gtc gac
cat 432 Lys Leu Ser Asp Gu GQu Leu Qu Ala Leu Arg Qu H's Val Asp H s
130 135 140 caa tog aaa caa etc gat agt caa aaa tot gag ctg gee ggt gta cat
480 dGn Ser Lys An Leu Asp Ser An Lys Ser Gu Leu Ala Ay Val H's 145

150 155 160 get caa ctg ttt gag cag aag cag aga caa gaa caa gca etc aac
gtt 528 9/161 Ala Gn Leu Phe Gu An Lys G@n Arg An Gu An Ala Leu Asn
“Val 165 170 175 ctt gaa gtc gaa cgc gta gca get ctc gaa aga gaa ctg aag
aag cat E&6Cysdle@ln W GnuMet dsyabluATpr Alea Sexu L@ Pr&r feilysLeu Lys Lys
His 180 185 190 caa caa gee aac gag get ttc caa aaa get cta egg gaa ata
gga gag 624 GAn AnlBfa Asn Gu Ala PERE0OG n Lys Ala Lé8i%rg Au lle Ay

G u 195 200 205 att gtc aca get gta get agg ggt gat etc agt aag aag gta
caa ate 672 |Ile Val Thr Ala Val Ala Arg Ay Asp Lau Ser Lys Lys Val dn

Ile 210 215 220 cac tee gtg gag atg gac cct gag att aca act ttc aag cgt gtt
att 720 °ag dakgat\gft aft ool avEgterdeceen (tee 0% agnctbhgsa st Ar FO60RI 11 e

225 230 5,30 365 A D8Ton B B ARORE bl fng 200 0°0 91

1220 1225 1230

gca ttg ctc gag aag ggt agg gag gtt agg caa tcc get aat gaa gag 3744
Ala Leu Leu Glu Lys Gly Arg Glu Val Arg Gln Ser Ala Asn Glu Glu
1235 1240 1245

agc ccc aat tcg caa aat ggt cct cge ggt aca cag cat cct geca teca 3792
Ser Pro Asn Ser Gln Asn Gly Pro Arg Gly Thr Gln His Pro Ala Ser
1250 1255 1260

agt ccc aca cca gec cat atg aga ceg get atc gaa cct cgt gea tac 3840
Ser Pro Thr Pro Ala His Met Arg Pro Ala Ile Glu Pro Arg Ala Tyr
1265 1270 1275 ‘ 1280

acg acc act ggc cct ata aat cat gga agt gca gag agt cct tca ctt ~ 3888
Thr Thr Thr Gly Pro Ile Asn His Gly Ser Ala Glu Ser Pro Ser Leu
1285 1290 1295

gta acg gca gat gect gag gat cca ctt geg agg ctt cta atg cgt geg 3936
Val Thr Ala Asp Ala Glu Asp Pro Leu Ala Arg Leu Leu Met Arg Ala

1300 1305 1310
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Asn Thr
Ala Arg Qu Va

Ile Ser Ay Val
gtt atg gca caa aat ctc
Met Ala G n Asn Leu Thr
act get gta got cat gga
Ala Val Ala H's G’é;ASp
gcc cag tRft agagest taset c
AGn @y éﬂu Ile Leu Gn
gat caa FisySeyaekicg ttc
A n Leu Arg Thr _Phe Al a

gga act galélggt at t
Thr Au Ay lle Leu

Asp Ay Thr
acc
Asp
gat
Leu
caa
Leu
gcc
Al a
ctt
Ay

<210> 3
211> 36
<212> DNA

220>

<400> 3

210> 4
<211> 33
<212> DNA

{213> Artificial Sequence

220>

Trp
gat
Adn
ctc
Thr
ctg
Adn
gcc
du

(o]e]s]
Ay

{213> Artificial Sequence

Val

aca caa
A n Lys
caa caa
@ n Thr

gag gtc

Val

ggt caa
An A a

Leu Thr
cga gaa
Aulle
aag att
Ile Qu
act atc
Il e Asn
acc cgc
Arg Val
gca gaa
Aulle

Asp
att
Al a
gag
Arg
aat
Thr
gta
Al a
atc
du

Arg

Thr

<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

tattcagaga ctagtatgga ggattctaca atagca

<223> Description of Artificial Sequence:Designed
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Met Met Asp G n Leu An lle Phe Ser Ser A u Val
gta get aga gag gtc ggc aca gaa ggt att ctc ggt gga caa gee aag 816 Val

Asn
got

Ser

aga
Pro
acc
Met

gca
Arg
gaa
Ay

Ser

Val
tcc
Val
cca
305
atg
Val
aga
Asp
ggc
Val

Arg 245 250 255

Gy Thr du dy Ile Leu Ay Ay dn Ala Lys 260 265 270

10/ 161 att tct ggt gtt gat ggt aca tgg aag gag ttg act gac aat gtc aac 864
Lys Qu
caa gtc

Asn 275 280 285
gtc 912 Val
290 295 300 act
960 Thr Thr
310 315 320
gtg 30468 Al a
325 330 335

gat 1056 Asp
340 345 350
gtc 1104 \Val
355 360 365

36



cag ggc atg tgg aac aca ttg ata gtg aac gtc aac get atg gcc aat 1152
11/161 A n Gy Met Trp Asn Thr Leu Ile Val Asn Val Asn Ala Met Ala Asn 370

375 380 aac ctc acc aca caa gtg cgc gat ata gcc att gtc aca aca get gtc
1200 Asn Leu Thr Thr G@n Val Arg Asp Ile Ala Ile Val Thr Thr Ala Val 385
390 395 400 gca aag gga gac ctg act caa aag gtc caa gca gaa tgt aag ggt
gaa 1248 Ala Lys Ay Asp Leu Thr @ n Lys Val @n Ala Qu Cys Lys Ay GQu
405 410 415 ate aag cag ttg aag gag act ata aat tee atg gtg gac caa tta
caa 1296 || eoligen@leotide pyimed GomCRI | e Asn Ser Met Val Asp G n Leu Gn

420 425 430 caa ttt gcg cga gaa gtc acg aag att get agg gag gtc ggt acc
gaa 1344 dn Phe Ala Arg Qu Val Thr Lys Ile Ala Arg Au Val Ay Thr GQu

435 440 46&? gt aga ctg ggt gga caa gca aca gtg cat gat gtt gaa ggc act
tgg 13954 y’*gArg Lleu Gy Gy Gn Ala Thr Val Hs Asp Val Gu Gy Thr Trp

450 455 460 aga gac ctc acc gaa aat gtg aat ggt atg gcc atg aat ctt acg aca
1440 Aﬁégé\gﬁf‘%ﬁsutgﬂ#ﬁ@&ﬁ ayBFEASREG y Met Ala Met Asn Leu Thr3dhr 465
470 475 480 12/161 caa gta cga gag att gea aag gtt ace ace get gtc gee aga
gga gat 1488 (

210> 5

<211> 30

<212> DNA

<213> Artificial Sequence

220>
223> Description of Artificial Sequence:Designed

oligonucleotide primer for sequencing

<400> 5

gatgtactca ctggtgccce atcecgagee 30

<210> 6

211> 30

{212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed

22/161



Adn
ttg
Thr

aaa

gtt
Ser
geg
Adn
aat
Val
tcg

Val
ace
Lys
gat
Thr
age
Lys
caa
Val
gtg
Asn
act

Arg Gu
aag aag
Lys Ile
ace ate
Il e Asn
aaa gtc
Val Al a

Ile Ala Lys Val Thr Thr Ala Val Ala Arg Ay Asp 485 490 495
att gaa gtc gag gtt cag gga gaa ate get tcg ctg 1536 Leu
GQu Val du val Adn @Ay GQu Ile Ala Ser Leu 500 505 510
aac ace atg gtg gac aga ctt agt aca ttc get ttt 1584 Lys
ThrMet Val Asp Arg Leu Ser Thr Phe Al a Phe 515 520 525 gag
gee agg gag gtc gga act gat ggg act ctt ggt 1632 du Va
Arg Qu Val @y Thr Asp Ay Thr Leu Gy 530 535 540 gga caa

gtt gatigepeclposidmarimer £ay segyoneiaggac ctc act 1680 Gy Gn Al a

Asp Asn
aac ace

é¥@>a ;

Ile Ser T

590
Il e

hr Val . T d
att %tﬁraaﬁc?ﬁgtggéagﬁg?g@egafﬁﬁg"@ﬁ% ata etc ata cta aag gaa acc a

Au

Val Al a

210> 7
<211> 30
<212> DNA

<220>

Val Au Ay Lys Trp Lys Asp Leu Thr 545 550 555 560 gaa
atg gee aga aac ttg act act caa gta cga ggt 1728 du Asn
Ala Arg Asn Leu Thr Thr A n Val Arg Gy 565 570 575 atc
caa get att gee aat gga gac atg agt cag aag 1776 13/161
Ile Ala Asn Ay Asp Met Ser A n Lys 30585
1824
Ala Ala Ay Gu Ile Leu Ile Leu Lys Au Thr Ile 595 600 605

<213> Artificial Sequence

<223> Description of Artificial Sequence:Designed

oligonucleotide primer for sequencing

<400> 7

210> 8

211> 30
<212> DNA

acagaaggta ttctcggtgg acaagccaag 30

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed

23/161



aat aae
Asn Met
gec aaa
Lys Asp
gtt get
Ala Ay
acc atg
Met Al a
act aac
Asn Ala A

14/ 161 g

Al a Ser
tac aat

Asn Leu %
gee gaa ttc gee aat agg acg aag tct gaa ttc

atg
Val
gat
Val
ggg
I'le
get
Asn
gcc

Gy
ey dieati:

Ct

gta
Asp
gtg
Ay
att
Gly

gac aga ttg agt ate ttc

Arg Leu
ggt gtg
Val Asp
ggc ggc
Ay Arg
aac tt

Ser |le
gat ggt
Gy Lys
cgt tgg
Trp Lys
aca acc

Phe Ser
aag atg
Met Gy
aaa gag
AQulle
caa gtg

tec aac
Asn du
ggt ggc
Gy A@n
ate aca
Thr Thr
cgc gec

A@lﬂgee'ep}ﬁ@ idgypraper Far swagentiagPhe
gca acc gat ggc gac ttc aca aaa ttg

a Thr Asp Gy Asp Phe Thr
gga gag atg gat gag ctg aag cga aag ate aac cag atg gtg 2112
u Met Asp Qu Leu Lys Arg Lys

G u Phe Ala Asn Arg Thr

<210> 9
211> 30

<212> DNA

&o8g AEAl

att

Lys Ser

<213> Artificial Sequence

220>

Lys

d u Phe

Leu Ile

Leu

Leu

gtg
Adn
get
Asp
gat
Val
gat
Asp
ate act
Thr Val

<223> Description of Artificial Sequence:Designed

oligonucleotide primer for sequencing

<400> 9

atcttctcca acgaagtgea aagagtcgec

<210> 10
{211> 30
<212> DNA

<213> Artificial Sequence

<2205

<223> Description of Artificial Sequence:Designed

24/161

caa
Arg
gac
625
gtc
Asn
gat

Ile
gte
Au

Ile Asn A n Met Va

€ ﬁga aac ace ttg get agg gag get 2

$ Thr Ala Arg Gu Ala 705 7
ttg get aac atg tct 2208 Ala
Ala Asn Met Ser

aga 1872 Asn
610 615 620 gtc
1920 Val A a
630 635 640

aat 1968 Vval
645 650 655

ata 2016 Thr
660 665 670

gag 2064 Thr
675 680 685

690 695 700

0 Tyr
715 720

30



725 730 735 <cac gag att cga aca cot atg aac ggt etc att ggt atg act cag
ttg 2256 H's Qu lle Arg Thr Pro Met Asn Ay Ile lle Ay Met Thr A n Leu
740 745 750 aca etc gac ace gat ctt act caa tat caa cga gaa atg etc aac
att 2304 Thr Leu Asp Thr Asp Lou Thr An Tyr Adn Arg Gu Met Lou Asn Ile
755 760 765 gtt cac aac ttg gee aac agt tta ttg ace ate att gat gat att
etc 2352 Val Hi s Asn Lou Ala Asn Ser Lou Leu Thr Ile Ile Asp Asp Ile Leu
770 775 780 g ttqﬁf ate % a gca aac cgt atg ate atg gag gag att .cca
2400 15/ 161 opy egéﬂ 1981 Tor Sequenoidis Arg Met Ile Met Gu Gu lle
Pro 785 790 795 800 tac act ett aga gga ace gtc tte aac gee etc aag act
etc get gtc 2448 Tyr Thr Leu Arg Gy Thr Val Phe Asn Ala Leu Lys Thr Leu
Al a Val 0 815 aag gca aat gag aag ttc cta gac etc act tac ego gta
gat age %ca 2496 Lys Ala Asn A u Lys Phe Leu Asp Leu Thr Tyr Arg Val Asp

Ser Ser é%% 8 c gtg gtt ggt gat tca ttc cgt cga
caa gtt at g%%ﬁ g’%ﬁcg&’%%teigﬁg%aag Val Gy Asp Ser Phe Arg Leu%hrg Gn
Val Ile 835 840 845 etc aac ttg gtt gga aac get ate aag ttc aca gag cat
ggt gaa gtt 2592 '

210> 11

211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for sequencing

<400> 11

atcgacaaag gacagactgg ccatgge 27

<210> 12
<211> 30
<212> DNA
213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed

25/161




Leu Asn Leu Val Ay Asn Ala Ile Lys Phe Thr Qu Hs Ay du Val
tcg ttg ace ate caa aaa gee gag caa gat cat tgt gcg ccg
Leu Thr

Al a Val

850 855 860

aac gaa 2640 Ser

Ile An Lys Ala Qu G n Asp Hs Cys Ala Pro Asn A u 865 870 875 880
tat gca gtc gag ttt tgt gtt tet gac act ggt ate ggt ate caa get 2688 Tyr
G u Phe Cys Val Ser Asp Thr Ay Ile Ay Ile Gn Ala 885 890 895

16/ 161 gat aag etc aat ttg att ttc gac act ttc caa caa get gac gga tot 2736
Asp Lys Leu Asn Leu_Ile Phe Asp Thr Phe G n G n Ala Asp Ay Ser 900 905 910 .
atg acg agg #dasenusclgelidggprimer feft seqvengdh8cta tca att tog aag 2784 Met
Thr Arg Lys Phe Gy Ay Thr Gy Leu Ay Leu Ser Ile Ser Lys 915 920 925
aga ott gta aac etc atg cgt gga gat gtt tgg gtt aag agt cag tac 2832 Arg

Leu Val Qg& Ilgu Met Arg Gy Asp Val Trp Val Lys Ser A n Tyr 930 935 940 gga
aaa ggc a tte tac ttc acg tgt ace gtc cgc etc gea acc 2880 dvy Lys
Gy Ser Tyr hr s Thr Val Arg Leu Ala Thr 945 950 9 960
tca gat & F%caélg? %’gggggqa 588 etc aag cca tat caa ggt cac 2928 Ser

Asp Ile Ser Phe Ile @n Lys G@n Leu Lys Pro Tyr An Gy H's 965 970 975

RO L

<210> 13
<211> 1315
<212> PRT

(213> Botryotinia fuckeliana

<400> 13
Met Glu Asp Ser Thr Ile Ala His Thr Thr Ala Ile Leu Gln Thr Leu
1 5 10 15

Ala Leu Ser Ser Ile Asp Leu Pro Leu Thr Asn Val Tyr Gly Asn Lys
20 25 30

Gly Ile Arg Leu Pro Gly Ala Asp Thr Ala Glu Lys Leu Ala Leu Glu

35 40 45
Arg Glu Leu Ala Ala Leu Val Ser Arg Val Gln Arg Leu Glu Ala Arg
50 55 60

Ala Ile Thr Val Asn Asn Gln Thr Leu Pro Asp Thr Pro Asn Glu Leu

65 70 75 80

Gly Ala Pro Ser Ala Phe Ala Asp Val Leu Thr Gly Ala Pro Ser Arg

85 80 95

Ala Ser Lys Ser Thr Thr Ser Arg Gln Gln Leu Val Asn Ser Leu Leu

100 105 110

26/161
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aat gtt ttg ttt ate gac aaa gga cag act ggc cat ggc aaa gaa ata 2976 Asn
Val Leu Phe Ile Asp Lys Ay @n Thr Ay Hs Ay Lys Gu Ile 980 985 990

ate act atg ctt aca caa ctt ggt ttg gta ccc gtt gtt gtt gac tet 3024
17/161 Ile Thr Met Leu Thr A n Leu Gy Leu Val Pro Val Val Val Asp Ser 995

1000 1005 gag cag cac act att ctt etc ggc aat gga aga ace aag gag aag att
3072 GQu d@n Hs Thr Ile Leu Leu Ay Asn Ay Arg Thr Lys Gu Lys Ile 1010
tt gtg gac tea att gag tcc get cga

1015 1020 g tea act tat_gac gtg att
3120 Al%lasgia Te iy Abg Proafhy |va\ﬁ“ahv b ARgpPrePro|lescPhe 36 Ala Arg 1025

1030 1035 10401 aa ctg ega tea be gat gag ttc agg tat att cca att gtt etc.
tta 3168 Lys i Arg Ser Ile Aég G u Phe Lys Ty# le Pro Ile Val Leu Leu

1045 105Q 1055 el c t att .cat,.gtg age t a t ,get .ttg gat ott ggt
ate s2107Ag Set A Oy Sy €00 078 il Fel et B IR i A isp Doty 110
1060 1065 lﬁip act tct tac ﬁkg ace act ccat tta acg ate gat ctt ggc aat
ggt 3264 Thr Ser Tyr Met Th hr Pro Cys Le r- lle Asp Leu Ay Asn Ay

1075 090i88 g By 95b 955 St Sy 4 BEL A5 HFPRRL S L L0000

145 150 155

Ala Gln Leu Phe Glu Gln Lys Gln Arg Gln Glu Gln Ala Leu Asn Val

165 170 175
Leu Glu Val Glu Arg Val Ala Ala Leu Glu Arg Glu Leu Lys Lys His
180 185 | 190
Gln Gln Ala Asn Glu Ala Phe Gln Lys Ala Leu Arg Glu Ile Gly Glu
195 200 205
Ile Val Thr Ala Val Ala Arg Gly Asp Leu Ser Lys Lys Val Gln Ile
210 215 220
His Ser Val Glu Met Asp Pro qu Ile Thr Thr Phe Lys Arg Val Ile
225 230 235 240
Asn Thr Met Met Asp Gln Leu Gln Ile Phe Ser Ser Glu Val Ser Arg
245 250 255
Val Ala Arg Glu Val Gly Thr Glu Gly Ile Leu Gly Gly Gln Ala Lys
260 265 270
Ile Ser Gly Val Asp Gly Thr Trp Lys Glu Leu Thr Asp Asn Val Asn
275 280 285
Val Met Ala.Gln Asn Leu Thr Asp Gln Val Arg Glu Ile Ala Ser Val
290 295 300

Thr Thr Ala Val Ala His Gly Asp Leu Thr Gln Lys Ile Glu Arg Pro
305 310 315 320
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1090 1095 1100 18/161 aca aaa tcc tte gac att etc ttg gee gaa gat aac ate

aat caa 3360 Thr Lys Ser Phe Asp Ile Leu Leu Ala Qu Asp Asn Ile Va
G n 1105 1110 1115 1120 <cgc tta gcg gtg aag att cta gaa aag tat cac
gtc gtc aca gtc 3408 Arg Leu Ala Val Lys Ile Leu Qu Lys Tyr Hs H's
Val Thr Val 1125 1130 1135 gtt ggc aat ggt caa gaa gca cta gat get ate
gag aaa cga tac 3456 Val Ay Asn Ay Adn Ju Ala Leu Asp Ala Ile Lys

Lys Arg. Tyr 1140 1145 1150 gat gtt att etc atg gac gtt caa atg cca att
gga Jgablin E1lyddusblm Lendpim/bheu (Gla @y ThiatIlaspsydhrdfet Vel Pro 11e Met
Gy Phe Qu 1155 é%go 1165 gca acg get aag att aga gag tac gaa egg agt
gga acg caa aga 3 Ala Thr Ala ¥¥% lle Arg G u'ﬁﬁ% G u Arg Ser Leu

Thr G n.;Arg 1170 1175 1180 ct,atf, ate g t aca gca cac get atg
ggt A@BtG@bge‘bé&gBéﬁoﬁhef apggglcl 2 ‘fqaletrb&' aqrgeff‘aleaﬁﬁré AFR Ala Met Leu
Asp Arg Gu 1?@5 1190 1195 120% aaa tgt att cagsgfc caa atg gat gaa
ctt tct aag cCt ctg aaa 3648 é?lGl Lys Cys I n Ala Adn Mt Asp

YT VaPB1y°End ¥3u €0 ¥PY Le¥Sc1y €99 GinlR14d B1R Ser G1u 61y val
355 360 365

Gln Gly Met Trp Asn Thr Leu Ile Val Asn Val Asn Ala Met Ala Asn

370 375 380

Asn Leu Thr Thr Gln Val Arg Asp Ile Ala Ile Val Thr Thr Ala Val

385 390 395 400

Ala Lys Gly Asp Leu Thr Gln Lys Val Gln Ala Glu Cys Lys Gly Glu

405 410 415
Ile Lys Gin Leu Lys Glu Thr Ile Asn Ser Met Val Asp Gln Leu Gln
420 425 430

Gln Phe Ala Arg Glu Val Thr Lys Ile Ala Arg Glu Val Gly Thr Glu
435 440 445

Gly Arg Leu Gly Gly Gln Ala Thr Val His Asp Val Glu Gly Thr Trp

450 455 ' 460

Arg Asp Leu Thr Glu Asn Val Asn Gly Met Ala Met Asn Leu Thr Thr

4865 470 475 480

Gln Val Arg Glu Ile Ala Lys Val Thr Thr Ala Val Ala Arg Gly Asp

485 490 495
Leu Thr Lys Lys Ile Glu Val Glu Val Gln Gly Glu Ile Ala Ser Leu
500 505 510

Lys Asp Thr Ile Asn Thr Met Val Asp Arg Leu Ser Thr Phe Ala Phe

515 520 525
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caa aat cat ctt att cag acg ate ttg aaa tgt gca ace ctt gga ggt 3696 dn
Asn H's Leu Ile @dn Thr Ile Leu Lys Cys Ala Thr Leu Ay Ay 1220 1225 1230

gca ttg etc gag aag ggt agg gag gtt agg caa tee get aat gaa gag 3744 Ala
Leu Leu Gu Lys Ay Arg Qu Val Arg A n Ser Ala Asn Gu G u 1235 1240 1245

age ccc aat tcg caa aat ggt cot ego ggt aca cag cat cot gca tca 3792 Ser
Pro Asn Ser An Asn Ay Pro Arg Gy Thr Adn H's Pro Ala Ser 1250 1255 1260
agt ccc aga cog get ate gaa cot cgt gca tac 3840 Ser

Pro Thr gfleAfaS% ng@mﬁa PF® GAuaVal 6l Thrpher Aly BimleyGly2es 1270 1275

1280 acg agggact ggc cot ataﬁgat cat gga agt afa gag agt cot tca ott 3888
Thr Thr Thr y Prolle Asn Ay Ser Ala P40 Ser Pro Ser Leu 1285 1290

1295 01076 95, PR el Bk GLSTREPTag et I, C7La050, 3020
1310 20@&@1 cat agc agc 5%9 3948 His Ser, ger 1315 <210>5%0<211> 36
Glu Asn Val Asn' Thr Met Ala Arg Asn Lea Thr Thr Gln Val Arg Gly
565 570 575

Ile Ser-Thr Val Thr Gln Ala Ile Ala Asn Gly Asp Met Ser Gln Lys

580 585 590
Ile Glu Val Ala Ala Ala Gly Glu Ile Leu Ile Ley Lys Glu Thr Ile
595 600 605
Asn Asn Met Val Asp Arg Leu Ser Ile Phe Ser Asn Glu Val Gln Arg
610 615 | 620

Val Ala Lys Asp Val Gly Val Asp Gly Lys Met Gly Gly Gln Ala Asp

625 630 635 640

Val Ala Gly Ile Gly Gly Arg Trp Lys Glu Ile Thr Thr Asp Val Asn
645 650 655

Thr Met Ala Asn Asn Leu Thr Thr Gln Val Arg Ala Phe Gly Asp Ile

660 665 670
Thr Asn Ala Ala Thr Asp Gly Asp Phe Thr Lys Leu Ile Thr Val Glu
675 680 685
Ala Ser Gly Glu Met Asp Glu Leu Lys Arg Lys Ile Asn Gln Met Val
690 695 700

Tyr Asn Leu Arg Asp Ser Ile Gln Arg Asn Thr Leu Ala Arg Glu Ala

705 710 715 720

Ala Glu Phe Ala Asn Arg Thr Lys Ser Glu Phe Leu Ala Asn Met Ser
725 730 735
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<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial

Sequence: Desi gned oligonucleotide prinmer for PCR <400> 3 tattcagaga

ctagtatgga ggattctaca atagca 36 <210> 4 <211> 33 <212> DNA <213>

Artificial Sequence <220> <223> Description of Artificial _

Sequence: Desi gned 21/161 oligonucl eotide priner for PCR <400> 4

cagatgaatc tgcagctagc tgctatgcgc aeg 33 <210> 5 <211> 30 <212> DNA <213>
tign of Artificial

SequencdlseCRra8 Aot Thortaer ok Age Gt ot HarChe et binGin Lou
740 745 | 750
Thr Leu Asp Thr Asp Leu Thr Gln Tyr Gln Arg Glu Met Leu Asn Ile
755 760 | 765
Val His Asn Leu Ala Asn Ser Leu Leu Thr Ile Ile Asp Asp Ile Leu
770 775 | 780
Asp Leu Ser Lys Ile Glu Ala Asn Arg Met Ile Met Glu Glu Ile Pro
785 790 795 800
Tyr Thr Leu Arg Gly Thr Val Phe Asn Ala Leu Lys Thr Leu Ala Val
805 810 815.
Lys Ala Asn Glu Lys Phe Leu Asp Leu Thr Tyr Arg Val Asp Ser Ser
820 825 830
Val Pro Asp His Val Val Gly Asp Ser Phe Arg Leu Arg Gln Val Ile
835 840 845
Leu Asn Leu Val Gly Asn Ala Ile Lys Phe Thr Glu His Gly Glu Val
850 855 860
Ser Leu Thr Ile Gln Lys Ala Glu Gln Asp His Cys Ala Pro Asn Glu
865 870 875 880
Tyr Ala Val Glu Phe Cys Val Ser Asp Thr Gly Ile Gly Ile Gln Ala
885 890 895
Asp Lys Leu Asn Leu Ile Phe Asp Thr Phe Gln Gln Ala Asp Gly Ser
900 905 910
Met Thr Arg Lys Phe Gly Gly Thr Gly Leu Gly Leu Ser Ile Ser Lys
915 920 925
Arg Leu Val Asn Leu Met Arg Gly Asp Val Trp Val Lys Ser Gln Tyr
930 935 940

30/161



<400> 5 g
<213> Artificial Sequence <220> <223> Description of Artificial

. Sequence: Desi gned 22/161 ol igonucl eotide prinmer for sequencing
ct caaacagt tgagcatgta caccggccag 30 <210> 7 <211> 30 <212> DNA <213>

Artifici

Sequence: Desi gned

gatgtactca ctggtgcccc atcccgagcc 30 <210> 6 <211> 30

al Sequence <220> <223> Description of Artificial

ttctcgg%ﬂg acaa ccaag _30_<210> 8 <211> 30 <212> DNA

¥ Lys GIy Ser Ser Phe Tyr Phe Thr Cys Thr Val Arg Leu Ala Thr
945 950 955 960

Ser Asp Ile Ser Phe Ile Gln Lys Gln Leu Lys Pro Tyr Gln Gly His_

965 970 975
Asn Val Leu Phe Ile Asp Lys Gly Gln Thr Gly His Gly Lys Glu Ile
980 985 990
Ile Thr Met Leu Thr Gln Leu Gly Leu Val Pro Val Val Val Asp Ser
995 1000 1005
Glu GIn His Thr Ile Leu Leu Gly Asn Gly Arg Thr Lys Glu Lys Ile
1010 1015 | 1020 |
Ala Ser Thr Tyr Asp Val Ile Val Val Asp Ser Ile Glu Ser Ala Arg
1025 1030 1035 1040
Lys Leu Arg Ser Ile Asp Glu Phe Lys Tyr Ile Pro Ile Val Leu Leu
1045 1050 1055
Ala Pro Val Ile His Val Ser Leu Lys Ser Ala Leu Asp Leu Gly Ile
10690 1065 : 1070
Thr Ser Tyr Met Thr Thr Pro Cys Leu Thr Ile Asp Leu Gly Asn Gly
1075 1080 1085
Met Ile Pro Ala Leu Glu Asn Arg Ala Ala Pro Ser Leu Ala Asp Asn
1090 1095 1100
Thr Lys Ser Phe Asp Ile Leu Leu Ala Glu Asp Asn Ile Val Asn Gln
1105 1110 1115 1120
Arg Leu Ala Val Lys Ile Leu Glu Lys Tyr His His Val Val Thr Val
1125 1130 1135
Val Gly Asn Gly Gln Glu Ala Leu Asp Ala Ile Lys Glu Lys Arg Tyr
1140 1145 1150
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<213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Desi gned 23/161 oligonucl eotide prinmer for sequencing <400> 8
gct agggagg tcggtaccga aggtagactg 30 <210> 9 <211> 30 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial

Sequence: Desi gned ol igonucl eotide priner for sequencing <400> 9 atcttctcca
acgaagt gca aagagtcgcc 30 <210> 10 <211> 30 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: Designed 24/161
ol i gonudis@oYaldd1prlaveMet dﬁps&:}uéhtiﬂe@ Pro Ile Met Gly Gly Phe Glu

1155 1160 1165

Ala Thr Ala Lys Ile Arg Glu Tyr Glu Arg Ser Leu Gly Thr Gln Arg
1170 . 1175 1180
Thr Pro Ile Ile Ala Leu Thr Ala His Ala Met Leu Gly Asp Arg Glu
1185 | 1190 1195 1200
Lys Cys Ile Gln Ala Gln Met Asp Glu Tyr Leu Ser Lys Pro Leu Lys
1205 1210 1215
Gln Asn His Leu Ile Gln Thr Ile Leu Lys Cys Ala Thr Leu Gly Gly
1220 _ 1225 1230
Ala Leu Leu Glu Lys Gly Arg Glu Val Arg Gln Ser Ala Asn Glu Glu
1235 1240 1245
Ser Pro Asn Ser Gln Asn Gly Pro Arg Gly Thr Gln His Pro Ala Ser
1250 1255 1260
Ser Pro Thr Pro Ala His Met Arg Pro Ala Ile Glu Pro Arg Ala Tyr
1265 1270 1275 1280
Thr Thr Thr Gly Pro Ile Asn His Gly Ser Ala Glu Ser Pro Ser Leu
1285 1290 1295
Val Thr Ala Asp Ala Glu Asp Pro Leu Ala Arg Leu Leu Met Arg Ala
1300 1305 1310
His Ser Ser

1315

<210> 14
<211> 3948
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<400> 10 gaggagattc catacactct tagaggaacc 30
<220> <223> Description of Artificial

ol i gonucl eotide priner for sequencing <400> 11
<210> 12 <211> 30

<220> <223> Description of Artificial
Sequence: Desi gned 25/161 oligonucl eotide prinmer for sequencing

<213> Artificial Sequence

Sequence: Desi gned

at cgacaaag gacagactgg ccatggc 27

Artificial Sequence

<210> 11 <211> 27

<212> DNA

<212> DNA <213>

<400> 12

atgccaatta t aggatt cgaagcaacc 30 <210> 13 <211> 1315 <212> PRT
g <212>gﬁﬁi 99 gaag

{213> Botryotinia fuckeliana

{220>
<221> CDS
<222> (1)..(3948)

<400> 14

atg gag gat tct aca ata gct

Met Glu Asp Ser Thr Ile Ala
1 5

gea tta tcg age ate gat ctt
Ala Leu Ser Ser Ile Asp Leu
20

ggg att agg tta cca ggt gca
Gly Ile Arg Leu Pro Gly Ala
35

cga gaa ctt geg gee ttg gta
Arg Glu Leu Ala Ala Leu Val
80 55

gcg atc aca gtc zat aat caa

Ala Ile Thr Val Asn Asn Gln

cat act act gcg atc ctg caa act cte

His Thr Thr Ala Ile Leu Gln Thr Leu

10

cca ctg acg aat gtt tac ggc aac aag

15

Pro Leu Thr Asn Val Tyr Gly Asn Lys

25

30

gat acg gca gag aag ctt gcc ctc gaa

Asp Thr Ala Glu Lys Leu Ala Leu Glu

40

45

tce aga gtc caa aga tta gaa gca agg

Ser Arg Val Gln Arg Leu Glu Ala Arg

acc ctg ccc gat acg ccg aat gaa tta

Thr Leu Pro Asp Thr Pro Asn Glu Leu

33/161
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96

144

192

240



<213> Botryotinia fuckeliana <400> 13 Met Qu Asp Ser Thr Ile Ala H's Thr
Thr Ala Ile Leu @n Thr Leu 1 5 10 15 Ala Leu Ser Ser Ile Asp Leu Pro Leu
Thr Asn Val Tyr @y Asn Lys 20 25 30 Gy Ile Arg Leu Pro Gy Ala Asp Thr
Ala Gu Lys Leu Ala Leu Gu 35 40 45 Arg Qu Leu Ala Ala Leu Val Ser Arg
Val Gn Arg Leu Gu Ala Arg 50 55 60 Ala Ile Thr Val Asn Asn G n Thr Leu
Pro Asp Thr Pro Asn Qu Leu 65 70 75 80 dy Ala Pro Ser Ala Phe Ala Asp
Val Leu Thr Gy Ala Pro Ser Arg 85 90 95 Ala Ser Lys Ser Thr Thr Ser Arg
Gn dn B8 val Asn Ser Lé0 Leu 100 105 176 26/161 Ala AlaB®hrg Gu Ala Pro
Thr Ay Ay Gu Arg Pro Pro Lys Phe Thr 115 120 125 Lys Leu Ser Asp Gu
GQu Leu u Ala Leu Arg G u H s Val Asp H's 130 135 140 dn Ser Lys G@n
Leu Asp Ser G n Lys Ser Leu a @y Val H's 145 150 155 160 gja an
Leu Phe %&REE ﬁ%yf&tagﬁt Ma &sans@ @t@ ﬁatcArast 188} ASG oga|tec cga 28

Gly Ala Pro Ser Ala Phe Ala Asp Val Leu Thr Gly Ala Pro Ser Arg
85 90 95

gce tca aag agt act aca tcc cga caa cag cte gta aat tcg ttg ctt 336
Ala Ser Lys Ser Thr Thr Ser Arg Gln Gln Leu Val Asn Ser Leu Leu
100 105 110

gcc gee aga gaa gCg ccc acc ggc ggt gaa aga cct cct aaa ttt acg 384
Ala Ala Arg Glu Ala Pro Thr Gly Gly Glu Arg Pro Pro Lys Phe Thr
115 120 125

aaa tta agt gac gag gaa ctc gaa gca ctc cgc gaa cat gtc gac cat 432
Lys Leu Ser Asp Glu Glu Leu Glu Ala Leu Arg Glu His Val Asp His
130 135 140

caa tcg aaa caa ctc gat agt caa aaa tct gag ctg gec ggt gta cat 480
Gln Ser Lys Gln Leu Asp Ser Gln Lys Ser Glu Leu Ala Gly Val His
145 150 155 160

gct caa ctg ttt gag cag aag cag aga caa gaa caa gca ctc aac gtt 528
Ala Gln Leu Phe Glu Gln Lys Gln Arg Gln Glu Gln Ala Leu Asn Val
165 ‘ 170 175
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170 175 Leu Qu Val Qu Arg Val Ala Ala Leu Gu Arg Gu Leu Lys Lys
180 185 190 A n G n Ala Asn Qu Ala Phe A n Lys Ala Leu Arg Qu lle
Gu 195 200 205 Ile vVal Thr Ala vVal Ala Arg Gy Asp Leu Ser Lys Lys
An lle 210 215 220 His Ser Val Qu Met Asp Pro Au Ile Thr Thr Phe
Arg Val Ile 225 230 235 240 Asn Thr Met Met Asp A n Leu @ n Ile Phe

Ser Au Va

| Ser Arg 245 250 255 Val Ala Arg Gu Val Ay Thr Gu dy

Leu Ay Gy Gn Ala Lys 260 265 270 Ile Ser Ay Val Asp Ay Thr Trp

G u ¢8ugadh
Adn Val A
Asp lesyGith

BtAsgraAsgc \&tla #en gel 73 c28fa 235 gadlcthbdaghhag Gan AsiBTéeu Thr
% GQu lle Ala Ser Val 290 295 300 Thr Thr Ala Val Ala His
at (lu vzg |Vad HaiAde d.emr 6lu 208 GoLsuLys2bys Hi4161 Ala A n

GQu lle Leu Gn Lleu dn Gn Thr Ile Asn Thr Met Val 325 330 335 Asp
Leu Arg Thr Ph80Ala Ala A u Vvall8Phr Arg Vval Al al&8g Asp 340 345 350

caa caa

Gln Gln

att gtc
Ile Val
210

cac tecc
His Ser

225

aat act

Asn Thr

gta gect
Val Ala

att tct
Ile Ser

gce aac gag get tte caa aaa get cta cgg gaa ata gga gag 624
Ala Asn Glu Ala Phe Gln Lys Ala Leu Arg Glu Ile Gly Glu
195 200 205

aca gct gta gct agg ggt gat ctc agt aag aag gta caa ate 672
Thr Ala Val Ala Arg Gly Asp Leu Ser Lys Lys Val Gln Ile
215 220 .

gtg gag atg gac cct gag att aca act ttc aag cgt gtt att 720
Val Glu Met Asp Pro Glu Ile Thr Thr Phe Lys Arg Val Ile
230 235 240

atg atg gat caa ctt cag ata ttc tect agt gag gtt tct cgt 768
Met Met Asp Gln Leu Gln Ile Phe Ser Ser Glu Val Ser Arg
245 250 255

aga gag gtc ggc aca gaa ggt att ctc ggt gga caa gec aag 816
Arg Glu Val Gly Thr Glu Gly Ile Leu Gly Gly Gln Ala Lys

260 265 270

ggt gtt gat ggt aca tgg aag gag ttg act gac aat gtc aac 864
Gly Val Asp Gly Thr Trp Lys Glu Leu Thr Asp Asn Val Asn
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Val Ay Thr Gu Ay Ile Leu Ay Gy G@n Ala Au Ser Qu Gy Val 355 360 365
Gn dy Met Trp Asn Thr Leu Ile Val Asn Val Asn Ala Met Ala Asn 370 375
380 Asn Leu Thr Thr @n Val Arg Asp Ile Ala Ile Val Thr Thr Ala Val 385
390 395 400 Ala Lys Ay Asp Leu Thr A n Lys Val An Ala Qu Cys Lys Ay
G u 405 410 415 Ile Lys A n Leu Lys Qu Thr Ile Asn Ser Met Val Asp A n
Leu A n 420 425 430 A n Phe Ala Arg Qu Val Thr Lys Ile Ala Arg- G u Va
Gy Thr Qu 435 440 445 Gy Arg Leu Ay Ay G@n Ala Thr val H's Asp Val
Gu @y Thr Tr 27850, 455 460 Ar80Asp Leu Thr G @ghsn Val Asn Ay Met Al a
Met Asn Leu Thr Thr 465 470 475 480 dn Val Arg Gu Ile Ala Lys Vval Thr
Thr Ala Val Ala Arg Ay Asp 485 490 495 Leu Thr Lys Lys Ile Gu VvVal Qu
Val AGn Ay GQu Ile Ala Ser Leu 500 505 510 Lys Asp Thr Ile Asn Thr Met
Val Asp artrtgatewcgetvaarmtm #¢a gRhecaabgbc 128 &b atRYct6tcgtcVal 93gr Lys

Val Ala Arg u Val Gy Thr Asp Gy Thr Leu Gy
Val Met Ala Gln Asn Leu Thr Asp Gln Val Arg Glu Ile Ala Ser Val
290 295 300

act act get gta gct cat gga gat ctc aca caa aag att gag aga cca 960
Thr Thr Ala Val Ala His Gly Asp Leu Thr Gln Lys Ile Glu Arg Pro
305 310 315 320

gcc cag ggt gag ata ctc éaa ctg caa céa act atc aat acc atg gtg 1008
Ala Gln Gly Glu Ile Leu Gln Leu Gln Gln Thr Ile Asn Thr Met Val
325 330 335

gat caa ttg aga acg ttc gcc gec gag gtc ace cge gta geca aga gat 1056
Asp Gln Leu Arg Thr Phe Ala Ala Glu Val Thr Arg Val Ala Arg Asp
340 345 350

gta gga act gaa ggt att ctt ggg ggt caa gca gaa agc gaa ggc gtc 1104
Val Gly Thr Glu Gly Ile Leu Gly Gly Gln Ala Glu Ser Glu Gly Val
355 360 365

cag ggc atg tgg aac aca ttg ata gtg aac gtc aac gect atg gec aat 1152

Gln Gly Met Trp Asn Thr Leu Ile Val Asn Val Asn Ala Met Ala Asn
370 375 380
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535
550
Ay

dn

a
a
a

< cc

Au
dn

540 Ay Adn Ala @n Val Asp Asn Val Qu Gy Lys Trp Lys Asp Leu Thr
555 560 du Asn Val Asn Thr Met Ala Arg Asn Leu Thr Thr d n Val
565 570 575 1Ile Ser-Thr Val Thr G n Ala lle Ala Asn Gy Asp Mt
Lys 580 585 590 Ile Qu Val Ala Ala Ala Ay Gu Ile Leu Ile Leu

Thr Ile 595 600 605 Asn Asn Met Val Asp Arg Leu Ser

Il e Phe Ser

Val Gdn Arg 610 615 620 Val Ala Lys Asp Val dy Val Asp Ay Lys
Gy G@n Ala Asp 625 630 635 640 Val Ala Ay He Ay Ay Arg Trp

dde cThrackhacd\zRa \ilg A6 g@45a€a5 cO%xt %7oah@tac‘él gcbSrcAsmdgau Thr

Val Arg Ala Phe Gy Asp Ile 660 665

Thr Asn Ala Ala Thr Asp

Asp HreL&inrThirySht 6ln IVad Kby A¥pl 1Xd Wla 6% WO TRBSThrARRa SRl Gy G u Met

Gu Leu Lys Arg Lys Ile Asn A n Mt Val

690 695 700 Tyr Asn Leu Arg

Ser 38% A n Arg Asn T390 Leu Ala Arg G3ags5Ala 705 710 7490720 Ala Gu
Ala Asn Arg Thr Lys Ser Ju Phe Leu Ala Asn Met Ser

gca aag gga gac ctg act caa aag gtc caa gca gaa tgt aag ggt gaa
Ala Lys Gly Asp Leu Thr Gln Lys Val Gln Ala Glu Cys Lys Gly Glu
405 ‘ 410 415

atc aag cag ttg aag gag act ata aat tcc atg gtg gac caa tta caa
Ile Lys Gln Leu Lys Glu Thr Ile Asn Ser Met Val Asp Gln Leu Gln
420 425 430

caa ttt gcg cga gaa gtc acg aag att get agg gag gtc ggt acc gaa

Gln Phe Ala Arg Glu Val Thr Lys Ile Ala Arg Glu Val Gly Thr Glu
435 440 445

ggt aga ctg ggt gga caa gca aca gtg cat gat gtt gaa ggc act tgg
Gly Arg Leu Gly Gly Gln Ala Thr Val His Asp Val Glu Gly Thr Trp
450 455 460

aga gac ctc acc gaa aat gtg aat ggt atg gecc atg aat ctt acg aca

Arg Asp Leu Thr Glu Asn Val Asn Gly Met Ala Met Asn Leu Thr Thr

465 470 475 480

caa gta cga gag att gca aag gtt acc acc gect gtc gec aga gga gat

Gln Val Arg Glu Ile Ala Lys Val Thr Thr Ala Val Ala Arg Gly Asp
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725 730 735 29/161 Hs Gu Ile Arg Thr Pro Met Asn Ay Ile lle Gy Mt Thr
A@n Leu 740 745 750 Thr Leu Asp Thr Asp Leu Thr An Tyr G n Arg A u Mt
Leu Asn Ile 755 760 765 Val His Asn Leu Ala Asn Ser Leu Leu Thr Ile Ile

~Asp Asp. Ile Leu 770 775 780 Asp Leu Ser Lys Ile Au Ala Asn Arg Met Ile
Mt Qu Qu Ile Pro 785 790 795 800 Tyr Thr Leu Arg Ay Thr Val Phe Asn
Ala Leu Lys Thr Leu Ala Val 805 810 815. Lys Ala Asn Qu Lys Phe Leu Asp
Leu Thr Tyr Arg Val Asp Ser Ser 820 825 830 Val Pro Asp His Val Val Qy
Asp Ser Phe Arg Leu AH85G n Val Ile 8380840 845 Leu Aggsleu Val Ay Asn
Ala Ile Lys Phe Thr Qu Hs Gy GQu Val 850 855 860 Ser Leu Thr Ile dn
Lys Ala Qu @n Asp Hs Cys Ala Pro Asn Qu 865 870 875 880 Tyr Ala Val
G u Phe Cys Val Ser Asp Thr Ay Ile Ay Ile @n Ala 885 890 895 Asp Lys
Leu Asn 1t8ua¢q @apraegpapt Bep e gak retd paghigga /e aty g8¢r tc®@Bg 9095980

Leu Thr Lys Lys Ile Glu Val Glu Val Gln Gly Glu Ile Ala Ser Leu
500 505 510

aaa gat acc atc aac ace atg gtg gac aga ctt 'agt aca ttc gct ttt 1584
Lys Asp Thr Ile Asn Thr Met Val Asp Arg Leu Ser Thr Phe Ala Phe
515 520 - b25

gag gtt agc aaa gtc gecc agg gag gtc gga act gat ggg act ctt ggt 1632
Glu Val Ser Lys Val Ala Arg Glu Val Gly Thr Asp Gly Thr Leu Gly
530 535 540

gga caa gecg caa gtt gat aac gte gaé gga aag tgg aaa gac ctc act 1680
Gly Gln Ala Gln Val Asp Asn Val Glu Gly Lys Trp Lys Asp Leu Thr
545 550 555 560

gaa aat gtg aac acc atg gcc aga aac ttg act act caa gta cga ggt 1728
Glu Asn Val Asn Thr Met Ala Arg Asn Leu Thr Thr Gln Val Arg Gly
565 570 575

atc teg act gtt aca caa get att gec aat gga gac atg agt cag aag 1776
Ile Ser Thr Val Thr Gln Ala Ile Ala Asn Gly Asp Met Ser Gln Lys
580 585 590
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Met Thr Arg Lys Phe Ay Ay Thr Gy Leu Ay Leu Ser Ile Ser Lys 915 920

925
935
Thr
An
Ay
Val

Arg Leu Val Asn Leu Met Arg Gy Asp Val Trp Val Lys Ser @n Tyr 930
940 30/161 Ay Lys Ay Ser Ser Phe Tyr Phe Thr Cys Thr Val Arg Leu Al a

945 950 955 960 Ser Asp Ile Ser Phe Ile G n Lys G n Leu Lys Pro Tyr
Ay Hs 965 970 975 Asn Val Leu Phe Ile Asp Lys Ay Gn Thr Gy H's
Lys Qu Ile 980 985 990 Ile Thr Met Leu Thr A n Leu Gy Leu Val Pro
Val Val Asp Ser 995 1000 1005 du @n His Thr Ile Leu Leu Gy Asn Ay
Thr aftse@ wtitysct lget 18:80gd 0 ¥aald20ctAlaaaSeta Bag day adsmt¥al 1g2e¢ Val Val

Ser 1le Gu Ser Ala Arg 1025 1030 1035 1040 Lys Leu Arg Ser Ile Asp
Phe IlesGiyVal| dlapAdaldle Ghy Gleullecled 046 NOHQy40EHT Tt d1Bro Val Ile His
Ser Leu Lys Ser Ala Leu Asp Leu Ay Ile 1060 1065 1070 Thr Ser Tyr Met
Thr Pro Cy$9%eu Thr 11e Aspb0Bu Ay Asn Ay 60875 1080 1085 Met Ile
Ala Leu Qu Asn Arg Ala Ala Pro Ser Leu Ala Asp Asn

aat aac atg gta gac aga ttg agt atc ttc tcc aac gaa gtg caa aga 1872

Asn Asn Met Val Asp Arg Leu Ser Ile Phe Ser Asn Glu Val Gln Arg

610 615 620

gtc gec aaa gat gtg ggt gtg gat ggt aag atg ggt ggc caa gct gac 1920
Val Ala Lys Asp Val Gly Val Asp Gly Lys Met Gly Gly Gln Ala Asp
625 . 630 635 640

gtt get ggg att gge gge cgt tgg aaa gag atc aca acg gat gtc aat 1968
Yal Ala Gly Ile Gly Gly Arg Trp Lys Glu Ile Thr Thr Asp Val Asn
645 650 655

acc atg gct aac aac ttg aca acc caa gtg cge gec ttt ggt gat ata 2016
Thr Met Ala Asn Asn Leu Thr Thr Gln Val Arg Ala Phe Gly Asp Ile
660 665 670

act aac gcc gea acc gat gge gac ttc aca aaa ttg atc act gtc gag 2064

Thr Asn Ala Ala Thr Asp Gly Asp Phe Thr Lys Leu Ile Thr Val Glu
675 680 685

gca tct gga gag atg gat gag ctg aag cga aag atc aac cag atg gtg 2112
Ala Ser Gly Glu Met Asp Glu Leu Lys Arg Lys Ile Asn Gln Met Val
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1090 1095 1100 Thr
1105 1110 1115 1120 Arg Leu Al a Val

Adn
Val
Lys
Met
Tyr
Leu
Ile
Asn
Al a

Val
du
Pro
Au
Thr
dn
Hi s
Leu

1245 Ser

Phe Asp Ile Leu Leu Ala Gu Asp Asn Ile Val Asn
Lys Ile Leu Qu Lys Tyr H's H's
1125 1130 1135 Val Ay Asn Gy Gdn AQu Ala Leu Asp Ala lle
1140 1145 1150 31/161 Asp Val Ile Leu Met Asp Val dn
Ile Mt Ay Ay Phe Gu 1155 1160 1165 Ala Thr Ala Lys Ile Arg GQu
Arg Ser Leu dy Thr An Arg 1170 1175 .1180 Thr Pro lle Ile Ala
Ala Hs Ala Met Leu Ay Asp Arg Gu 1185 1190 1195 1200 Lys Cys

Al aggg n Met Asp G u ghgr Leu Ser Lys Pryp Leu Lys 1205 1210 1215 dn
Leu Ile @n Thr Ile Leu Lys Cys Ala Thr Leu Ay Gy 1220 1225 1230
Leu Au Lys Ay Arg Gu Val Arg A n Ser Ala Asn Qu GQu 1235 1240
Pro Asn Ser A n Asn Ay Pro Arg Ay Thr G@n H's Pro Ala Ser 1250

Lys Ser

Thr Val
Lys Arg Tyr

1255 126Q@c £ar ctl agghgadagt Atd Ehs alktady cdridghbdt lalep gdgug¥ O Q\I&D A a Tyr

1265 12

70 1275 1280
Tyr Asn Leu Arg Asp Ser Ile Gln Arg Asn Thr Leu Ala Arg Glu Ala

705 710 715 720

gce gaa tte gec aat agg acg aag tet gaa ttc ttg get aac atg tet
Phe Leu Ala Asn Met Ser

2208

Ala Glu Phe Ala Asn Arg Thr Lys Ser Glu

725

cac gag att cga aca cct
His Glu Ile Arg Thr Pro
740

aca ctc gac acc gat ctt
Thr Leu Asp Thr Asp Leu

755

gtt cac aac ttg gcec aac

Val His Asn Leu Ala Asn Ser Leu Leu Thr

770

gat tta tca aag atc gaa gca aac cgt atg

730

att
Ile

atg aac ggt atc
Met Asn Gly Ile
745

act caa tat caa
Thr GIn Tyr Gln
760

cga

Arg

atc

Ile

agt tta ttg acc

778

ate

Asp Leu Ser Lys Ile Glu Ala Asn Arg Met Ile

785 790

795
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735

ggt atg act cag ttg
Gly Met Thr Gln Leu
750

gaa atg ctc aac att
Glu Met Leu Asn Ile
765

att gat gat att ctc
Ile Asp Asp Ile Leu
780

atg gag gag att cca
Met Glu Glu Ile Pro
800

2256

2304

2362

2400



Thr Thr Thr Ay Pro Ile Asn Hs Gy Ser Ala GQu Ser
Thr Ala Asp Ala Gu Asp Pro Leu Ala Arg Leu Leu Met Arg Ala 1300
<210> 14 <211> 3948 32/161 <212> DNA <213>

(3948)

1295 Val

1305 1310 His Ser
Botryotinia fuckeliana

Ser Thr

Ser

1315

<220> <221> CDS <222> (1)..

Ile Ala Hs Thr Thr Ala Ile Leu @ n Thr
age ate gat ctt cca ctg acg aat gtt tac ggc aac aag 96 Ala Leu Ser Ser

Asp Leu H0a4€¢t{ M 38 VRL d +B yaaf%S 5-36%0

ggt gca gat acg gca gag aag Ctt gcc Ct
Ala Asp Thid THY Refd Ard 85y lTBY W12Phe Wk k'lagie&q_.fysThr Leu Ala Val

aag gca

Lys Ala

gtt cca
Val Pro

cte aac
Leu Asn

850

teg ttg

Ser Leu

865

tat gca

Tyr Ala

gat aag

Asp Lys Leu Asn Leu Ile Phe Asp

aat

Asn

gat
Asp
835

ttg

Leu

acc

Thr

gte
Val

ctc

gag
Glu
820

cac

His

gtt
Val

atc

Ile

gag
Glu

aat

805

aag ttc cta

Lys Phe Leu

gtg gtt ggt
Val Val Gly

gga aac gect
Gly Asn Ala
855

caa aaa gcc
Gln Lys Ala
870

ttt tgt gtt
Phe Cys Val

885

ttg att tte

810

gac ctc act
Leu Thr

825

Asp

tca ttc
Ser Phe

gat
Asp
840

aag ttc
Lys Phe

atec

Ile

gag caa gat
Glu Gln Asp

tct gac act

Ser Asp Thr
890
act ttec

gac

Thr Phe
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Pro Ser

Leu 1285 1290

<400> 14 atg
gag gat tot aca ata get cat act act gcg ate ctg caa act ctc 48 Mt QA u Asp

Leu 1 5 10 15 gea tta tog

Ile
ta cca
%ﬁzéﬁf%t %%Leu ?o Gy
815
tac cgc gta gat age tea 2496
Tyr Arg Val Asp Ser Ser
830
cgt ctt cga caa gtt att 2544
Arg Leu Arg Gln Val Ile
845
aca gag cat ggt gaa gtt 2592
Thr Glu His Gly Glu Val
860
cat tgt gcg ccg aac gaa 2640
His Cys Ala Pro Asn Glu
875 880
ggt atc ggt atc caa get 2688
Gly Ile Gly Ile Gln Ala
895
caa caa gct gac gga tet 2736
Gln Gln Ala Asp Gly Ser



cga gaa ctt geg goo ttg gta tee aga gtc caa aga tta gaa gca agg 192 Arg
GQu Leu Ala Ala Leu Val Ser Arg Val G@n Arg Leu Gu Ala Arg 50 55 60 gcg

ate aca gtc aat aat caa ace ctg ccc gat acg cog aat gaa tta 240 Ala lle
Thr Val Asn Asn G n Thr Leu Pro Asp Thr Pro Asn Qu Leu 33/161 65 70 75 80

gga gcg cca tet get ttc gca gat gta etc act ggt gee cca tee cga 288 dy
Ala Pro Ser Ala Phe Ala Asp Val Leu Thr Gy Ala Pro Ser Arg 85 90 95 gee
tca aag agt act aca tee cga caa cag etc gta aat tcg ttg ctt 336 Ala Ser
Lys Ser Thr Thr S&00Arg G n G n Le®09al Asn Ser Leu9léu 100 105 110 gee
gee aga gaa gcg ccc acc ggc ggt gaa aga cct cct aaa ttt acg 384 Ala Al a
Arg Qu Ala Pro Thr Ay Ay GQu Arg Pro Pro Lys Phe Thr 115 120 125 aaa
tta agt gac gag gaa etc gaa gca etc cgc gaa cat gtc gac cat 432 Lys Leu
Ser Asp atE(RCE agt adaG ¢ AEa dsduady geU etaHggt \tdh o aki stcg38agd 3527189 caa tcg

aaa caa etc_gat agt caa aaa tct gag.ctg gee ggt gta cat 480 dn Ser Lys
An LeuMAEpThSeﬂrf{ﬁ-ﬂSL%géY ('(]JYuTlEéglNl@UGGiIY &&u s IlaSersbyss5 160 get

caa ctg ttt gaﬁ {ag aag cag aga_caa gaa caa gca etc aac gtt 528 Ala Gn
Leu Phe Gu G At ys An Arg a nd98 u An Ala Leu ¥ val

aga ctt gta aac ctc atg cgt gga gat gtt tgg gtt aag agt cag tac 2832
Arg Leu Val Asn Leu Met Arg Gly Asp Val Trp Val Lys Ser Gln Tyr
930 935 940

gga aaa ggc agt tca ttc tac ttc acg tgt acc gtc cgec ctec gea acc 2880
Gly Lys Gly Ser Ser Phe Tyr Phe Thr Cys Thr Val Arg Leu Ala Thr
945 950 955 960

tca gat atc agt ttc att cag aaa caa ctc aag cca tat caa ggt cac 2928
Ser Asp Ile Ser Phe Ile Gln Lys Gln Leu Lys Pro Tyr Gln Gly His
965 970 975

aat gtt ttg ttt atc gac aaa gga cag act ggc cat ggc aaa gaa ata 2976
Asn Val Leu Phe Ile Asp Lys Gly Gln Thr Gly His Gly Lys Glu Ile
980 985 990

atc act atg ctt aca caa ctt ggt ttg gta ccc gtt gtt gtt gac tet 3024
Ile Thr Met Leu Thr Gln Leu Gly Leu Val Pro Val Val Val Asp Ser
995 1000 1005
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165
aag
H s
gga
du
caa
Ile
att
225
tct
Arg
gee
Lys
gte
Asn

170
cat

180
gag
195
ate
210

260 265 270 att tct ggt gtt gat ggt

175 34/161 ctt gaa gtc gaa cgc gta gea get etc gaa aga gaa ctg aag

576 Leu du Va

GQu Arg Val Ala Ala Leu Gu Arg Qu Leu Lys Lys

185 190 caa caa gee aac gag get ttc caa aaa get cta egg gaa ata
624 An A@n Ala Asn Au Ala Phe Gn Lys Ala Leu Arg Gu Ile Ay
200 205 att gtc aca get gta get agg ggt gat etc agt aag aag gta
672 1le Val Thr Ala Val Ala Arg Gy Asp Leu Ser Lys Lys Val dn
215 220 cac tcc gtg gag atg gac cet gag att aca act ttc aag cgt gtt
720 galgi sagSenc\adt @t clvbtcths pgfraatGga ks ader addrgaghgad st Ar goval Ile
230 235 240 aat act atg atg gat caa ctt cag ata ttc tct agt gag gtt
cgt GAegGlmdlins THhr Kbt LektLetsflBAsnlély Grp THreLPh&16ekysSdled u Val Ser
245 250 255 gta get aga gag gtc ggc aca gaa ggt att etc ggt gga caa
aag 818010val Ala Arg A1WNal Gy Thr Auld@y Ile Leu Ay Ay Gn A a

aca tgg aag gag ttg act gac aat

aac 864 Ille Ser Ay Val ‘Asp Gy Thr Trp Lys Qu Leu Thr Asp Asn Val

35/

161 275 280 285
gct tca act tat gac

Ala Ser Thr Tyr Asp
1025

aaa ctg cga tca atc
Lys Leu Arg Ser Ile
1045

gct cec gtt att cat
Ala Pro Val Ile His
1060

act tct tac atg acc
Thr Ser Tyr Met Thr
1075

atg att cct get tig
Met Ile Pro Ala Leu
1090

aca aaa tecc ttec gac

Thr Lys Ser Phe Asp

N R R LI - SR o

gtg att gtt gtg gac tca att gag tec get cga 3120
Val Ile Val Val Asp Ser Ile Glu Ser Ala Arg

1030 1035 1040

gat gag ttc aag tat att cca att gtt ctc tta 3168
Asp Glu Phe Lys Tyr Ile Pro Ile Val Leu Leu
‘ 1050 1055

gtc agec tta aag tct get ttg gat ctt ggt atc 3216
Val Ser Leu Lys Ser Ala Leu Asp Leu Gly Ile
1065 1070

act cca tgt tta acg atc gat ctt ggc aat ggt 3264
Thr Pro Cys Leu Thr Ile Asp Leu Gly Asn Gly
1080 1085

gag aat cga gct gca ccec tca ttg geg gac aac 3312
Glu Asn Arg Ala Ala Pro Ser Leu Ala Asp Asn

1095 1100

att ctc ttg gcc gaa gat aac atc gtc aat caa 3360
Tle Leu Leu Ala Glu Asp Asn Ile Val Asn Gln
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gtt atg gca caa aat etc ace gat caa gtc cga gaa att get tcc gtc 912 Val
Met Ala G n Asn Leu Thr Asp A n Val Arg Qu-Ile Ala Ser Val 290 295 300 act
act get gta get cat gga gat ctc aca caa aag att gag aga cca 960 Thr Thr
Ala Val Ala Hs Gy Asp Leu Thr Gn Lys Ile Gu Arg Pro 305 310 315 320
gcc cag ggt gag ata ctc caa ctg caa caa act ate aat ace atg gtg 1008 Ala
Gn dy u lle Leu dn Leu dn dn Thr Ile Asn Thr Met Val 325 330 335
gat caa ttg aga acg ttc gcc gcc gag gtc ace cgc gta gca aga gat 1056 Asp
A n Leu A0O§ Thr Phe Ala JAllea Au Val Thr AngsVal Ala Arg Agp2840 345 350
gta gga act gaa ggt att ctt ggg ggt caa gca gaa age gaa ggc gtc 1104 Val
Ay Thr Au dy Ile Leu dy Ay Adn Ala Qu Ser Qu Ay Vval 355 360 365
cag ggc atg tgg aac aca ttg ata gtg aac gtc aac get atg gcc aat 1152 dn
Ay Met CEeptiEsgcdiatgleag bite otal gds magatatAcac Alag pbt ghtaadisgt370 33085 380

36/ 161 aac etc ace aca caa %ﬁg ?e gat ata gcc att %tc aca aca get gtc 1200
Asn Leu ATErLemAlagVigl\kys Alg Gly dyal Byn Hés Vidls Walr VahrThat ¥alal 385 390 395

400 gca aag gga gac ﬁﬁg act caa aag gtc caa gca gaa tgt aag ggt gaa 1248
Ala Lys Ay Asp Leu o @ n Lys val dW0aa du oys LyEl&&y G u

gtt ggc aat ggt caa gaa gca cta gat get atc aag gag aaa cga tac 3456
Val Gly Asn Gly Gln Glu Ala Leu Asp Ala Ile Lys Glu Lys Arg Tyr
1140 1145 1150

gat gtt att ctc atg gac gtt caa atg cca att atg gega gga ttc gaa 3504
Asp Val Ile Leu Met Asp Val Gln Met Pro Ile Met Gly Gly Phe Glu
1155 1160 1165

gca acc gct aag att aga gag tac gaa cgg agt ctt gga acg caa aga 3552
Ala Thr Ala Lys Ile Arg Glu Tyr Glu Arg Ser Leu Gly Thr Gln Arg
1170 1175 1180

acg cct att atc gca ctt aca geca cac get atg ttg ggt gat cge gaa 3600
Thr Pro Ile Ile Ala Leu Thr Ala His Ala Met Leu Gly Asp Arg Glu
1185 1190 1195 1200

aaa tgt att caa gcc caa atg gat gaa tat ctt tct aag cct ctg aaa 3648
Lys Cys Ile Gln Ala Gln Met Asp Glu Tyr Leu Ser Lys Pro Leu Lys
1205 1210 1215

44/161




405 410 415 etc aag cag ttg aag gag act ata aat tee atg gtg gac caa tta
caa 1296 Ile Lys A n Leu Lys Qu Thr Ile Asn Ser Met Val Asp An Leu G n
420 425 430 caa ttt gcg cga gaa gtc acg aag att get agg gag gtc ggt ace
gaa 1344 dn Phe Ala Arg Qu Val Thr Lys Ile Ala Arg Gu Val Gy Thr Qu

435 440 445 ggt aga ctg ggt gga caa gea aca gtg cat gat gtt gaa ggc act
tgg 1392 Ay Arg Leu dy Ay An Ala Thr Val H's Asp Val GQu Ay Thr Trp

450 455 460 aga gac etc ace gaa aat gtg aat ggt atg gcc atg eat ctt acg aca
1440 Arepanspt leat Tt aG wagsacg/altcAsty Ghy et godl acbbittAgpa Lyt THaeoGhr 465
470 475 480 caa gta cg: %ag att gca aag gtt ace ace get gtc gcc aga gga
gat 1488GLlnchsn Vil lgwgIG Flnl BhaldeUyest Vs CYarAlehThallzuvEly Alg Arg Ay Asp
37/ 161 485 490 495 ttg ace aag aag att gaa gtc gag gtt cag gga gaa ate get
tcg ctg 1536 Leuld Lys Lys Ile 1825 val Gu val Q380Gdy Gu Ile Ala Ser

Leu 500 505 510 aaa gat acc ate aac ace atg gtg gac aga ctt agt aca ttc
get ttt 1584 Lys Asp Thr Ile Asn Thr Met Val Asp Arg Leu Ser Thr Phe Al a

Phe 515 520, 525 a tt age aaa gtc gcc a a tc a act gat act
ctt ggt &E3bte ctcgﬁé% gag gg% agg gag gttgagg can é%cgggk aa ggaa gagg 37 gg
Ala Leu Leu Glu Lys Gly Arg Glu Val Arg Gln Ser Ala Asn Glu Glu

1235 1240 1245

agc ccc aat tcg caa aat ggt cet cge ggt aca'cag cat cct gca tca 3792
Ser Pro Asn Ser Gln Asn Gly Pro Arg Gly Thr Gln His Pro Ala Ser
1250 . 1265 1260

agt ccc aca cca gcc cat atg aga ccg get atc gaa cct cgt gea tac 3840
Ser Pro Thr Pro Ala His Met Arg Pro Ala Ile Glu Pro Arg Ala Tyr
1265 1270 1275 1280

acg acc act ggc cct ata aat cat gga agt gca gag agt cct tea ctt 3888
Thr Thr Thr Gly Pro Ile Asn His Gly Ser Ala Glu Ser Pro Ser Leu |
1285 1290 1295

gta acg gca gat gct gag gat cca ctt gcg agg ctt cta atg cgt gcg 3936
Val Thr Ala Asp Ala Glu Asp Pro Leu Ala Arg Leu Leu Met Arg Ala
1300 1305 1310

cat agc agc tag 3948

His Ser Ser
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Gu Val Ser Lys Val Ala Arg Qu Val dy Thr Asp Gy Thr Leu Ay 530 535 540
gga’'caa gcg caa gtt gat aac gtc gaa gga aag :tgg aaa gae ctc act 1680 Qdy
G@n Ala Adn Val Asp Asn Val Qu Ay Lys Trp Lys Asp Leu Thr 545 550 555 560
gaa aat gtg aac ace atg gee aga aac ttg act act caa gta cga ggt 1728 Qu
Asn Val Asn Thr Met Ala Arg Asn Leu Thr. Thr A n Val Arg Gy 565 570 575

atc tcg act gtt aca caa get att gcc aat gga gac atg agt cag aag 1776 He

Ser Thr Val Thr An Ala lle Ala Asn Ay Asp Met Ser A n Lys 580 585 590
38/161 att gagldbt get get gcg ggt gaa ata ctc ata cta aag gaa ace ata 1824
Ile Qu Val Ala Ala Ala Ay Qu Ile Leu Ile Leu Lys Au Thr Ile 595 600 605
aat aac atg gta gac aga ttg agt ate ttc tcc aac gaa gtg caa aga 1872 Asn
Asn Met Val Asp Arg Leu Ser Ile Phe Ser Asn Au Val @dn Arg 610 615 620 gte
gcc aaa gat gtg ggt gtg gat ggt aag atg ggt ggc caa get gac 1920 Val Ala
Lys Asp b>§y Val Asp Ay Lys Met Ay Ay G n Ala Asp 625 630 635 640

gtt get % ggc ggc cgt tgg aaa gag ate aca aeg gat gtc aat 1968 Va

Al a Gy&l%%oy Ay Arg Trp Lys Gu Ile Thr Thr Asp Val Asn 645 650 655

<212> DNA

(213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 15

ggtcaagcag aaagcgaagg cgtccaggge 30

<210> 16
211> 1307
<212> PRT

<213> Magnapotrthe grisea

<400> 16
Met Ala Asp Ala Ala Thr Leu Ala Ala Val Ala Ala Ile Val Glu Asn
1 5 10 15
Ile Ala Thr Asn Ser Gly Ala Pro Gly Lys Asn Ala Ser Phe Arg Ser
20 25 30
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ace
Met
act
Asn
gca
Ser
700
Tyr
720
Al a
cac
du
aca
Leu

gtt
Hi s

atg get aac
Al a Asn Asn
aac gcc gca
Ala Ala Thr
tct gga gag
Ay Au Mt

aac
Leu
ace
Asp
atg
Asp

ttg aca
Thr Thr
gat ggc
Gy Asp
gat gag
A u Leu

ace
Adn
gac
Phe
ctg
Lys

caa
Val

ttc
Thr
aag
Arg

gtg
Arg
aca
Lys
cga
Lys

cgc
Al a
aaa
Leu
aag
I'le

gee ttt
Phe Ay
ttg ate
Ile Thr
ate aac
Asn A n

ggt gat ata 2016 Thr
Asp Il e 660 665 670
act gtc gag 2064 Thr
Val @ u 675 680 685
cag atg gtg 2112 A a

Met Val

39/ 161 690 695

tac aat ctg agg gac agt att caa aga aac ace ttg get agg gag get 2160
Asn YaguThy JynsfalS6in (lew Bya GAy PrasGldiber Leksp Ala IAsgLdd G1Al a 705 710 715
gee gaa ttc_gee aat agg acg aag tct gaa ttc ttg get aac atg tot 2208
A u Phe Al a3Asn Arg Thr Lys $r du Phe Leu A& Asn Met Ser 725 730 735
gag att ega aca cot atg aac_ggt ate att t atg act cag ttg 2256 His

I e laugbhthAreuvbeu Ada &ay Lo dayl) quyﬁoyg%gal Gihn C@nLems%lMo 745 750

tat caa cga gaa atg ctc aac att 2304 Thr

ctc gae gce gat ctt act c
Asp Thr ‘Asp Leu Thr G n G@n Arg Qu Leu Asn Ile 755 760 765
cac

G2 B0l 1455028 30 BT Dol 1L AP © 292 Ve

65 70 75 80
Glu Thr Ala His Ser Leu Phe Gly Asp Asp Ser Ser Ser Pro Thr Ser

85 90 95
Ser Ser Ser Gly Arg Glu Pro Lys Arg Leu Lys Ser Ala Ser Ser Thr
100 105 110
Thr Arg Asn Gly Phe Thr Thr Asp Gly Arg Pro Ser Lys Leu Asn Ala
115 120 125
Ile Thr Asp Glu Glu Leu Glu Gly Leu Arg Glu His Val Asp Gly Gln
130 135 140
Ser Arg Leu Leu Asp Ser Gln Arg Ala Glu Leu Asp Gly Val Asn Ala
145 150 155 160
Gln Leu Leu Glu Gln Lys Gln Leu Gln Glu Arg Ala Leu Ala Ile Ile
165 170 175
Glu Gln Glu Arg Val Ala Thr Leu Glu Arg Glu Leu Trp Lys His Gln
180 185 190
Lys Ala Asn Glu Ala Phe Gln Lys Ala Leu Arg Glu Ile Gly Ser Ile
195 200 205
Val Thr Ala Ala Ala Arg Gly Asp Leu Ser Lys Arg Val Lys Ile Asn
210 215 220

Pro Ile Glu Met Asp Pro Glu Ile Thr Thr Phe Lys Arg Thr Met Asn
226 230 235 240
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770 775 780 gat tta tca aag atc gaa gca aac cgt atg atc atg gag gag att cca
2400 Asp Leu Ser Lys Ile Qu Ala Asn Arg Met Ile Met Qu Qu Ile Pro 785
790 795 800 40/161 tac act ctt aga gga ace gtc ttc aac gee etc aag act etc
get gtc 2448 Tyr Thr Leu Arg Ay Thr Val Phe Asn Ala Leu Lys Thr Leu Al a
Val 805 810 815 aag gca eat gag aag ttc cta gee etc act tac cgc gta gat
age tca 2496 Lys Ala Asn Qu Lys Phe Leu Asp Leu Thr Tyr Arg Val Asp Ser

Ser 820 825 830 gtt cca gat cac gtg gtt ggt gat tca ttc cgt ctt ega caa

gtt att 4 i y Arg dn Va
Ile 835 %%0“?4)5@%%: gﬁlzq'te? g§1 %]ggégilea%:ﬁ/ge mlt%gvggrés% tIJtA\{\:'g%ca gag cat ggt

gaa gtt 2592 Leu Asngheu Val Ay Asn fd@ Ile Lys Phe Thds G u Hs Gy GQu
Val 850 855 860 tog ttg ace ate caa aaa gee gag caa gat cat tgt gcg ccg aac

gaa 264Q1aSkrg Ged VHLr Gl ghid G1U-68y Alla @i ¢H '61ASR1ATASaQYm Alla Pro Asn Gu
865 870 875 880 tat gca gtc gag ttt tgt gtt tot gac act ggt ate ggt ate
caa get 2688 Tyr 28oa Val A u Phe @ps Val Ser Asp Th7ody Ile Ay Ile A@n
Ala 885 890 895 gat aag etc eat ttg att ttc gee act ttc caa caa get gac
gga tct G243Ely Val Asp Gly Thr Trp Lys Glu Leu Thr Asp Asn Val Asn Val

275 280 285 _

Met Ala Gln Asn Leu Thr Asp Gln Val Arg Glu Ile Ala Ser Val Thr

290 295 300

Thr Ala Val Ala His Gly Asp Leu Thr Gln Lys Ile Glu Ser Ala Ala

305 | 310 315 320

Lys Gly Glu Ile Leu Gln Leu Gln Gln Thr Ile Asn Thr Met Val Asp

325 330 | 335
Gln Leu Arg Thr Phe Ala Ser Glu Val Thr Arg Val Ala Arg Asp Val
340 345 _ 350

Gly Thr Glu Gly Met Leu Gly Gly Gln Ala Asp Val Glu Gly Val Lys
355 360 365

Gly Met Trp Asn Glu Leu Thr Val Asn Val Asn Ala Met Ala Asn Asn

370 375 380

Leu Thr Thr Gln Val Arg Asp Ile Ile Asn Val Thr Thr Ala Val Ala

385 390 395 400

Lys Gly Asp Leu Thr Gin Lys Val Gln Ala Glu Cys Arg Gly Glu Ile

405 410 415
Phe Glu Leu Lys Asn Thr Ile Asn Ser Met Val Asp Gln Leu Gln Gln
420 425 430

Phe Ala Arg Glu Val Thr Lys Ile Ala Arg Glu Val Gly Thr Glu Gly

435 440 445
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Asp Lys Leu Asn Leu Ile Phe Asp Thr Phe A n Gn Ala Asp Ay Ser 41/161 900

905 910 atg acg agg aaa ttc gga ggt act ggt eta ggt eta tca att tcg aag
2784 Met Thr Arg Lys Phe Ay Gy Thr AyLeu Ay Leu Ser Ile Ser Lys 915
920 925 aga ctt gta aac etc atg cgt gga gat gtt tgg gtt aag agt cag tac
2832 Arg Leu Val Asn Leu Met Arg Ay Asp Val Trp Val Lys Ser G n Tyr 930
935 940 gga aaa ggc agt tca ttc tac tte acg tgt ace gtc cgc ctc gea ace
2880 Ay Lys Ay Ser Ser Phe Tyr Phe Thr Cys Thr Val Arg Leu Ala Thr 945

950 955 AgOLled Gdygaly 6le Algt Thrt VadtHisCASp 3Ad GCHAGLY CTIRAUrS @ggt at caa ggt
cac 2928 Ser Asp Ile Ser Phe Ile An Lys Gn Leu Lys Pro Tyr Gn Gy Hi's

965 970 97545(at gtt ttg ttt43f e gac aaa gga 460y act gge cat ggc aaa gaa
ata 2976 Asn Val Leu Phe Ile Asp Lys Gy @n Thr Ay Hs Ay Lys Qu lle
980 985 90Lewilbrddliu Asm ValtAscflydietcAla Mgt AsngLet &hecThiGingtt gtt gac
tct 3024 Ile Thr Met Leu Thr G n Leu Gy Leu Val Pro Val Val Val Asp Ser

995 100(#6%005 42/ 161 gad7@ag eac act att 485t etc ggc aat 488 aga ace aag
gag aag Va&t 307% GQu dn His Thr Ile Leu Leu Ay Asn Ay Arg Thr Lys-du
al Arg Glu Tle Ala Asn Val Thr Ser Ala Val Ala Ala Gly Asp Leu

Lys Ile

485 490 495

Ser Lys Lys Ile Arg Val Glu Val Lys Gly Glu Ile Leu Asp Leu Lys

500 | 505 510
Asn Thr Ile Asn Thr Met Val Asp Arg Leu Gly Thr Phe Ala Phe Glu
515 520 525
Val Ser Lys Val Ala Arg Ala Val Gly Thr Asp Gly Thr Leu Gly Gly
530 535 540

Gln Ala Gln Val Glu Asn Val Glu Gly Lys Trp Lys Asp Leu Thr Glu

545 550 555 560

Asn Val Asn Thr Met Ala Ser Asn Leu Thr Ser Gln Val Arg Gly Ile
565 ' 570 575

Ser Thr Val Thr Gln Ala Ile Ala Asn Gly Asp Met Ser Arg Lys Ile

580 585 590
Asp Yal Glu Ala Lys Gly Glu Ile Leu Ile Leu Lys Glu Thr Ile Asn
595 600 605
Asn Met Val Asp Arg Leu Ser Ile Phe Cys Asn Glu Val Gln Arg Val
610 615 620

Ala Lys Asp Val Gly Val Asp Gly Ile Met Gly Gly Gln Ala Asp Val

625 630 635 640

Ala Gly Leu Lys Gly Arg Trp Lys Glu Ile Thr Thr Asp Val Asn Thr
645 650 655
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1010 1015 1020 get tea act tat gac gtg att gtt gtg gac tea att gag tee get
cga 3120 Ala Ser Thr Tyr Asp Val Ile Val Val Asp Ser Ile Qu Ser Ala Arg

1025 1030 1035 1040 aaa ctg cga tea ate gat gag ttc aag tat att cca att
gtt etc tta 3168 Lys Leu Arg Ser Ile Asp Gu Phe Lys Tyr Ile Pro Ile Va
Leu Leu 1045 1050 1055 get ccc gtt att cat gtc age tta aag tet get ttg gat
ctt ggt ate 3216 Ala Pro Val Ile Hs Val Ser Leu Lys Ser Ala Leu Asp Leu
Gy Ile 1060 1065 1070 act tct tac atg acc act tea tgt tta acg ate gat ctt

ggc aat Mgt ABP@4n ABw L&eThfyAlaVeln Mal Akg APaOPHey 61yt @dpThle IThe Asp Leu Gy
Asn Ay 1075 1080 1085 atg att cot get ttg gag eat cga get gca ccc tea ttg
gcg gac aac 3312 648t Ile Pro Ala 16668 G u Asn Arg AGZ0Al a Pro Ser Leu Al a
Asp Asn 1090 1095 1100 aca aaa tcc ttc gac att etc ttg gcc gaa gat aac ate
gt c aat AsnaAl3e@da Thirr Asty $18ekspPRlee Abp Lywe LeeWaleblaVal Glu A¥p Asn |le Val
Asn G n 43/161 1105 1110 1115 1120 cgc tta gcg gtg aag att eta gaa aag
tat cac cac gt&79tc aca gtc 340880 Arg Leu Ala Vab8iys Ile Leu Qu Lys Tyr
Hs Hs Val Val Thr Val 1125 1130 1135 gtt ggc aat ggt caa gaa gca eta gat
get ate SgagG]gragltéé{g clgp 1(}&@ Leyskys Arg Lys Ile Asn Gln Met Val Tyr

690 695 700
Asn Leu Arg Asp Ser Ile Gln Arg Asn Thr Gln Ala Arg Glu Ala Ala
705 710 715 720
Glu Leu Ala Asn Lys Thr Lys Ser Glu Phe Leu Ala Asn Met Ser His
725 730 735 -
Glu Ile Arg Thr Pro Met Asn Gly Ile Ile Gly Met Thr Gln Leu Thr
740 745 750
Leu Asp Thr Asp Leu Thr Gln Tyr Gln Arg Glu Met Leu Asn Ile Val
755 760 765
Asn Asn Leu Ala Met Ser Leu Leu Thr Ile Ile Asp Asp Ile Leu Asp
770 776 780
Leu Ser Lys Ile Glu Ala Lys Arg Met Val Ile Glu Glu Ile Pro Tyr
785 790 795 800
Thr Leu Arg Gly Thr Val Phe Asn Ala Leu Lys Thr Leu Ala Val Lys
805 810 815
Ale Asn Asp Lys Phe Leu Asp Leu Thr Tyr Arg Val Asp Ser Ser Val
820 825 830
Pro Asp His Val Ile Gly Asp Ser Phe Arg Leu Arg Gln Ile Ile Leu
835 840 845
Asn Leu Val Gly Asn Ala Ile Lys Phe Thr Glu His Gly Glu Val Ser
850 855 860
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Val Gy Asn Ay G@n Qu Ala Leu Asp Ala Ile Lys GQu Lys Arg Tyr 1140 1145
1150 gat gtt an ctc atg gac gtt caa atg cca att atg gga gga ttc gaa 3504
Asp Val Ile Leu Met Asp Val G n Met Pro Ile Met Ay Ay Phe Gu 1155 1160
1165 gee ace get aag att aga gag tac gaa egg agt ctt gga aeg caa aga 3552
Ala Thr Ala Lys Ile Arg GQu Tyr Gu Arg Ser Leu Gy Thr dn Arg 1170 1175
1180 aeg cct att ate gca ctt aca gca cac get atg ttg ggt gat cgc gaa 3600
Thr Pro lle Ile Ala Leu Thr Ala Hs Ala Met Leu Ay Asp Arg Gu 1185 1190

1195 12deu HuallgtGlat Ly<&dygen Asm Val gllgaCygdaut Bto dsh Glai Tgag cct ctg aaa
3648 Lys Cys Ile Gn Ala G n Met Asp Qu Tyr Leu Ser Lys Pro Leu Lys 1205
1210 12B85 44/ 161 caa aaB7@at ctt att cag8aEg ate ttg aaa 888 gca acc ctt
gga ggt 3696 dn Asn Hs Leu Ile An Thr Ile Leu Lys Cys Ala Thr Leu Ay
Gy 1228etoblm GhyFhegbal Vel SercAspmJhudlygdie &g By PyetThaghsmaa tcc get aat
gaa gag 3744 Ala Leu leu u Lys Ay Arg Gu Val Arg Gn Ser Ala Asn G u
G u 1235 1240 1245 a% ccc aat tcg cB0eat ggt cot cgd9gt aca cag cat cot

goa L Sauie dey G geu’1le Pns Hsp Hir PRE Gln’cln A14' Asp Gly Sar Mt o 0 A2

900 905 : 910 |

Thr Arg Lys Phe Gly Gly Thr Gly Leu Gly Leu Ser Ile Ser Lys Arg

915 920 925
Leu Val Asn Leu Met Gly Gly Asp Val Trp Val Lys Ser Gln Tyr Gly
930 935 940

Lys Gly Ser Ser Phe Tyr Phe Thr Cys Arg Val Arg Leu Ala Asp Val

945 950 955 960

Asp Ile Ser Leu Ile Arg Lys Gln Leu Lys Pro Tyr Lys Gly His Gln

965 970 975

Val Leu Phe Ile Asp Lys Gly Lys Thr Gly His Gly Pro Glu Val Gly
980 985 990

Gln Met Leu Gly Gln Leu Gly Leu Val Pro Ile Val Leu Glu Ser Glu

995 1000 1005
Gln Asn His Thr Leu Thr Arg Val Arg Gly Lys Glu Cys Pro Tyr Asp
1010 1015 1020

Val Ile Val Val Asp Ser Ile Asp Thr Ala Arg Arg Leu Arg Gly Ile

1025 1030 1035 1040

Asp Asp Phe Lys Tyr Leu Pro Ile Val Leu Leu Ala Pro Thr Val His

1045 1050 1055

Val Ser Leu Lys Ser Cys Leu Asp Leu Gly Ile Thr Ser Tyr Met Thr

1060 1065 1070 '
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agt ccc aca cca gcc cat atg aga ccg get ate gaa cct cgt gca tac 3840 Ser
Pro Thr Pro Ala Hs Met Arg Pro Ala Ile Qu Pro Arg Ala Tyr 1265 1270 1275

1280 acg ace act ggc cct ata aat cat gga agt gca gag agt cot tea ctt 3888
Thr Thr Thr Ay Pro Ille Asn Hs Gy Ser Ala GQu Ser Pro Ser Leu 1285 1290

1295 gta acg gca gat get gag gat cca ctt gcg agg ctt cta atg cgt gcg 3936
Val Thr Ala Asp Ala Qu Asp Pro Leu Ala Arg Leu Leu Met Arg Ala 1300 1305
1310 cat age age tag 3948 Hs Ser Ser 45/161 1315 <210> 15 <211> 30
<212> DWet<PusLyarlyist Lei dlle Sexqpubac &ly<@2081 g IREA>VEE Febi pld deuof Artificial
Sequence: Desi gned ol igonucl eotide priner for PCR <400> 15 ggt caagcag
aaagcgaagg cgtl@édgggc 30 <2103086 <211> 1307 1085

Glu Asn Arg Ala Thr Pro Ser Leu Ser Asp Asn Thr Lys Sef Phe Glu
1090 1095 1100 |

Ile Leu Leu Ala Glu Asp Asn Thr Val Asn Gln Arg Leu Ala Val Lys

1105 1110 1115 - 1120

Ile Leu Glu Lys Tyr Asn His Val Val Thr Val Val Ser Asn Gly Ala

1125 1130 ' 1135
Glu Ala Leu Glu Ala Val Lys Asp Asn Lys Tyr Asp Val Ile Leu Met
1140 1145 1150
Asp Val Gln Met Pro Val Met Gly Gly Phe Glu Ala Thr Ala Lys Ile
1155 1160 1165

Arg Glu Tyr Glu Arg Ser Leu Gly Thr Gln Arg Thr Pro Ile Ile Ala
1170 1175 1180

Leu Thr Ala His Ala Met Met Gly Asp Arg Glu Lys Cys Ile Glu Ala

1185 1190 1195 1200

Gln Met Asp Glu Tyr Leu Ser Lys Pro Leu Gln Gln Asn His Leu Ile

1205 1210 1215
Gln Thr Ile Leu Lys Cys Ala Thr Leu Gly Gly Ala Leu Leu Glu Gln
1220 1225 1230
Asn Arg Glu Arg Glu Leu Glu Leu Ala Arg His Ala Glu His Lys Gly
1235 1240 1245

Gly Leu Ser Thr Asp Pro Ala Arg Ala Ser Ser Val Met Arg Pro Pro
1250 1255 1260

Leu His His Arg Pro Val Thr Thr Ala Glu Ser Leu Ser Gly Gly Ala

1265 1270 1275 1280
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<212> PRT <213> Magnapotrthe grisea

Al a
Pro
Leu
Al a
Al a
Ser

Ala Val Ala Ala lle vVal Qu Asn ‘1 5 10 15 Ile Ala Thr Asn Ser

Gy Lys Asn Ala Ser Phe Arg Ser 20 25 30 46/161 Ser Thr Tyr Val

<400> 16 Met Ala Asp Ala Ala Thr Leu

Ay Ala
Adn

Pro Gy Pro Qu Ser Asp Qu Lys Lys Adn 35 40 45 Leu Gu Arg Qu Leu :
Ala Leu Val Ile Arg Val G n dn Leu Au 50 55 60 Thr Arg Ala Asn Ala -
Pro Ala Thr Ile Phe Pro Asp Thr Pro Asn 65 70 75 80 du Thr Ala H's
Leu Phe Gy AsgeAsp Ser Ser Sler Pro Thr Ser 85 90 95 Ser Ser Ser Gy

A u FwSey Prar

Phe Thr Thr Asp Gy Arg Pro Ser Lys Leu Asn Ala 115 120 125
§5Leu Arg G u HlIZal Asp Ay d A2930 135 140 Ser

Gu du Leu Gu a2

1 deulMes Sba AshaASeGlBdluThsp PEOOILEOB1A MagThr Arg Asn

Ile Thr

Leu Leu Asp Ser A n Arg Ala Gu Leu Asp Ay Val Asn Ala 145 150 155

a Arg Ser Ser Leu Ser Glu Pro Gly Cys Leu
1300 1305

<210> 17
<211> 3924
<212> DNA

<213> Magnapotrthe grisea

<220>
<221> CDS
222> (1).. (3924)

<400> 17

atg gcg gac geg geg act ctg gea get gte get geg att gtg gag aat

Met Ala Asp Ala Ala Thr Leu Ala Ala Val Ala Ala Ile Val Glu Asn
1 5 10 15

atc get acc aac tcg ggg geoc cct gga aam aat get tca ttt 'cgc tce
Ile Ala Thr Asn Ser Gly Ala Pro Gly Lys Asn Ala Ser Phe Arg Ser

20 25 30

agt acc tat gtc cag ctt ccc ggt ccg gaa tecc gac gag aag aaa cag

Ser Thr Tyr Val Gln Leu Pro Gly Pro Glu Ser Asp Glu Lys Lys Gln
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An Leu Leu Qu A@n Lys An Leu @n Gu Arg Ala Leu Ala Ile Ile 165 170 175
GQu dn Qu Arg Val Ala Thr Leu Qu Arg Qu Leu Trp Lys Hs G n 180 185
190 Lys Ala Asn Qu Ala Phe G@n Lys Ala Leu Arg Gu Ile Ay Ser Ile 195
200 205 Val Thr Ala Ala Ala Arg Gy Asp Leu Ser Lys Arg Val Lys Ile Asn
210 215 220 Pro lle u Met Asp Pro GQu Ile Thr Thr Phe Lys Arg Thr Met
Asn 225 230 235 240 47/161 Ala Met Met Asp A n Leu Ay Val Phe Ser Ser
Gu Val Ser Arg Val 245 250 255 Ala Arg Qu VvVal Ay Thr Gu Gy Ile Leu
Ay Ay An Ala3n Ile 260 2654270 Gu Ay Val4®sp Gy Thr Trp Lys GQu
Leu Thr Asp Asn Val Asn Val 275 280 285 Met Ala G n Asn Leu Thr Asp Gn
Val Arg Qu Ile Ala Ser val Thr 290 295 300 Thr Ala Val Ala Hs Ay Asp
Leu Thr A n Lys Ile Qu Ser Ala Ala 305 310 315 320 Lys Ay GQu lle Leu
A n Leu adcnga® ©gTgagl £et Aon gdo CMtgtHaataAsag% 839 c3@B5ctaGEAaleu IQBg Thr
Phe Ala Ser G u Val Thr Arg Val Al a Ar

Leu Glu Arg Glu Leu Ala Ala Leu Val fﬁe Arg Val Gln Gln Leu Glu

50 55 _ 60

acc cgt gec aac geg get cet get aca ata tte ccc gac aca ccc aac 240
Thr Arg Ala Asn Ala Ala Pro Ala Thr Ile Phe Pro Asp Thr Pro Asn
65 70 75 80

gaa act gca cat tca ctc ttt ggec gat gat age tcg tce cct ace agt 288
Glu Thr Ala His Ser Leu Phe Gly Asp Asp Ser Ser Ser Pro Thr Ser
85 90 95

tcg age tca ggc cgg gag cct aaa cga ctg aag tcg gea tce age aca 336
Ser Ser Ser Gly Arg Glu Pro Lys Arg Leu Lys Ser Ala Ser Ser Thr
100 105 110

acg agg aat ggt ttc act acg gac ggt cgt cca tca aag ¢tc aac gea 384
Thr Arg Asn Gly Phe Thr Thr Asp Gly Arg Pro Ser Lys Leu Asn Ala
116 120 125

atc acc gat gag gag ctc gaa ggc ttg cgc gaa cat gtt gac ggc cag 432

Ile Thr Asp Glu Glu Leu Glu Gly Leu Arg Glu His Val Asp Gly Gln
130 135 140
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340 345 350 Ay Thr Gu Ay Met Leu Ay Gy Gn Ala Asp Val Gu Gy Val Lys
355 360 365 Gy Met Trp Asn Qu Leu Thr Val Asn Val Asa Ala Met Ala Asn
Asn 370 375 380 Leu Thr Thr A n Val Arg Asp Ile Ile Asn Val Thr Thr Ala
Val Ala 385 390 395 400 Lys Ay Asp Leu Thr A n Lys Val Gn Ala Qu Cys
Arg Ay Qu Ile 405 410 415 Phe Gu Leu Lys Asn Thr Ile Asn Ser Met Va
Asp G n Leu An A@n 420 425 430 Phe Ala Arg Qu Val Thr Lys Ile Ala Arg
Au Val Ay Thr Qu Ay 435 440 445 48/161 Arg Leu dy Ay An Ala Thr
Val His Pepceymict@l etcGgac Tage tap afgggecd 8o 435 4460 ghspgtcedailpced u 489n Val
Asn Ay Met Ala Met Asn Leu Thr Thr G n 465 470 475 480 Val Arg Qu lle
Al a Asn %&1 AmglegeheunAap \Ber Blm AxkaAl@ Glndpulhsp £3% WdOAs9RlaSer Lys Lys
Ile Arg Val GQu Val Lys Ay Qu Ile Leu Asp Leu Lys 500 505 510 Asn Thr
Ile Asn % Met val Asp Alr% Leu Ay Thr PH&5Ala Phe Gu 5160520 525

caa ctc ttg gag cag aag cag ctg caa gag cgc gcc ctt gecc ata atc 528
Gln Leu Leu Glu Gln Lys Gln Leu Gln Glu Arg Ala Leu Ala Ile Ile
165 170 175

gag cag gaa cgt gta gcc act ttg gag aga gag cta tgg aaa cat caa 576
Glu Gln Glu Arg Val Ala Thr Leu Glu Arg Glu Leu Trp Lys His Gln
180 185 190

aag gcc aac gag gee ttc cag aag get ctec cgg gag att gga teg ata 624
Lys Ala Asn Glu Ala Phe Gln Lys Ala Leu Arg Glu Ile Gly Ser Ile
195 200 205

gtg acc gct gea gee cgg ggt gac ctc tet aag agg gtc aag ata aac 672
Val Thr Ala Ala Ala Arg Gly Asp Leu Ser Lys Arg Val Lys Ile Asn
210 215 220

ccg att gag atg gac cct gaa atc acc aca ttc aag agg acc atg aac 720

Pro Ile Glu Met Asp Pro Glu Ile Thr Thr Phe Lys Arg Thr Met Asn
225 230 235 240

gce atg atg gat caa ctt gge gtc ttc tct agt gaa gtc teg cga gtg 768
Ala Met Met Asp Gln Leu Gly Val Phe Ser Ser Glu Val Ser Arg Val
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Val Ser Lys Val Ala Arg Ala Val Gy Thr Asp Ay Thr Leu Gy @y 530 535 540
G@n Ala dn Val Qu Asn Val Qu Ay Lys Trp Lys Asp Leu Thr Gu 545 550
555 560 Asn Val Asn Thr Met Ala Ser Asn Leu Thr Ser G@n Val Arg Ay Ille
565 570 575 Ser Thr Val Thr Gn Ala lle Ala Asn Ay Asp Met Ser Arg Lys
Ile 580 585 590 Asp Val Qu Ala Lys Ay Gu Ile Leu Ile Leu Lys GQu Thr
Ile Asn 595 600 605 Asn Met Val Asp Arg Leu Ser Ile Phe Cys Asn Qu Va
G@n Arg Val 610 615 620 Ala Lys Asp Val Ay Vval Asp Ay Ile Met Ay Ay
G@n Ala Asp-Val 625 880 635 640 Al a %3y Leu Lys Ay Mg Trp Lys Gu lle
Thr Thr Asp Val Asn Thr 645 650 655 49/161 Met Ala Asn Asn Leu Thr Ala Gn
Val Arg Ala Phe Ay Asp Ile Thr 660 665 670 Asn Ala Ala Thr Asp Ay Asp
Phe Thr Lys Leu Val Qu Val Gu Ala 675 680 685 Ser Ay Qu Met Asp Gu
Leu Lys &0acpgaygag [gsclhege @oo ddt gitalatdyrtab8Qt GRa T4 gedstag atic Ar g8I&p Ser
Ile@n Arg Asn Thr A n Ala Arg Qu Ala Al a

Ala Arg Glu Val Gly Thr Glu Gly Ile Leu Gly Gly Gln Ala Gln Ile

260 265 270

gag gga gtg gac ggc acg tgg aaa gaa ctg acg gac aat gtc aac gtc 864
Glu Gly Val Asp Gly Thr Trp Lys Glu Leu Thr Asp Asn Val Asn Val
275 280 285

atg gcg cag aac ctg acc gac caa gtc cgec gaa atc gec tca gtc act 912
Met Ala Gln Asn Leu Thr Asp Gln Val Arg Glu Ile Ala Ser Val Thr
290 295 300

aca gct gtg gec cac gga gat ttg acc caa aag att gag agt geg gec 960
Thr Ala Val Ala His Gly Asp Leu Thr Gln Lys Ile Glu Ser Ala Ala
305 310 315 320

aag gga gaa atc cta cag ctt caa caa act ata emat acc atg gtg gac 1008
Lys Gly Glu Ile Leu Gln Leu Gln Gln Thr Ile Asn Thr Met Val Asp
325 330 335

caa cta cgc aca ttt gct tca gag gtt acc cgt gtc gee cgt gac gte 1056
Gln Leu Arg Thr Phe Ala Ser Glu Val Thr Arg Val Ala Arg Asp Val
340 345 350

56/161




705 710 715 720 du Leu Ala Asn Lys Thr Lys Ser Qu Phe Leu Ala Asn Mt
Ser Hs 725 730 735 Gu Ile Arg Thr Pro Met Asn Ay Ile Ile Ay Mt Thr
G@n Leu Thr 740 745 750 Leu Asp Thr Asp Leu Thr An Tyr G n Arg Au Mt
Leu Asn Ile Val 755 760 765 Asn Asn Leu Ala Met Ser Leu Leu Thr Ile Ile
Asp Asp Ile Leu Asp 770 775 780 Leu Ser Lys Ile Gu Ala Lys Arg Met Va
Ile Qu Au He Pro Tyr 785 790 795 800 Thr Leu Arg Gy Thr Val Phe Asn
Ala Leu Lys Thr Leu Ala Val Lys 805 810 815 Ala Asn Asp Lys Phe Leu Asp

Leu Thr gBgrach galWaggaAapg See S ghiflcag8eér §d6 A3I0ghi @gpSprdinge Valilbhe Ay
Asp Ser Phe Arg Leu Arg An lle Ile Leu 835 840 845 Asn Leu Val dy Asn

Al a |l e QlysTiRh&1THILlyQHet Hes GlyyGLy G1WaklaSasp 960 655 (3¢0Wals04d61 Leu Thr Ile
G@n Lys Ay Asn Asp Val Thr Cys Leu Pro Asn Gu Tyr 865 870 875 880 Met
Ile Au Phe VaBb%al Ser Asp Thr3@y Ile Ay Ile 8% Thr Asp 885 890 895

ggc atg tgg aat gag ctg acg gtc aac gtc aac geec atg gee aac aat 1152
Gly Met Trp Asn Glu Leu Thr Val Asn Val Asn Ala Met Ala Asn Asn
370 375 380

tta aca acc caa gtg cgc gac atc atc aac gtt acc aca gec gte gea 1200
Leu Thr Thr Gln Val Arg Asp Ile Ile Asn Val Thr Thr Ala Val Ala
385 390 395 400

aag gega gat ctt aca caa aag gtg cag gcg gaa tgt cge gge gag att 1248
Lys Gly Asp Leu Thr Gln Lys Val Gin Ala Glu Cys Arg Gly Glu Ile
405 410 ‘ 415

ttt gag ctc aag aac acg atc aat tcc atg gtg gac cag ctg cag caa 1296
Phe Glu Leu Lys Asn Thr Ile Asn Ser Met Val Asp Gln Leu Gln Gln
420 425 430

ttt get cge gag gtt acc aag atc gec aga gag gtt ggt acc gaa gga 1344
Phe Ala Arg Glu Val Thr Lys Ile Ala Arg Glu Val Gly Thr Glu Gly
435 440 445

Cgg ctg ggC ggc caa gea act gtt cac gat gta cag gga act tgg cga 1392
Arg Leu Gly Gly Gln Ala Thr Val His Asp Val Gln Gly Thr Trp Arg
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Lys Leu Gy Leu Ile Phe Asp Thr Phe G n G n Ala Asp Gy Ser Met 900 905
910 Thr Arg Lys Phe Ay @y Thr Ay Leu Ay Leu Ser Ile Ser Lys Arg 915
920 925 Leu Val Asn Leu Met Ay Gy Asp Val Trp Val Lys Ser A n Tyr Ay
930 935 940 Lys Gy Ser Ser Phe Tyr Phe Thr Cys Arg Val Arg Leu Ala Asp
Val 945 950 955 960 Asp Ile Ser Leu Ile Arg Lys G n Leu Lys Pro Tyr Lys
@y Hs @dn 965 970 975 Val Leu Phe Ile Asp Lys Ay Lys Thr Ay Hs Gy
Pro Qu Val dy 980 985 990 G n Met Leu Gy G n Leu Ay Leu Val Pro lle
Val Leu G u4®dr Gu 995 1004651005 G n Asn H80 Thr Leu Thr Arg Val Arg Gy
Lys Gu Cys Pro Tyr Asp 1010 1015 1020 Vval Ile Val Val Asp Ser Ile Asp Thr
Ala Arg Arg Leu Arg Ay Ile 1025 1030 1035 1040 Asp Asp Phe Lys Tyr Leu
Pro Ile V I_{eu Leu Ala Pro Thr Val His 1045 1050 1055 Val Ser Leu Lys Ser
Cys Leu 885pC1%dcety P8 pac AR s 99 atgpgctriats asdo0ta @65 am70as1/ 1640 Met Pro

Cys Lys Al‘s%uLéul %ths(ﬁungn gﬁ }ésnnGﬁr )‘leli\:/e lav?dlet.PAfscr)l LAIet;le Tlﬁz(?u'l'h.r Gln

465 470 ‘ 475 480

gta cga gag ata gec aat gtt acc agt gee gtc get gea ggc gac cta 1488
Yal Arg Glu Ile Ala Asn Val Thr Ser Ala Val Ala Ala Gly Asp Leu
485 490 495

tcc aag aag atc agg gta gag gtc aag ggc gag att ctg gac ctc aaa 1536
Ser Lys Lys Ile Arg Val Glu Val Lys Gly Glu Ile Leu Asp Leu Lys
500 505 510

aat acc atc aac acc atg gtt gac cgc ctc gga act ttc gee tte gaa 1584
Asn Thr Ile Asn Thr Met Val Asp Arg Leu Gly Thr Phe Ala Phe Glu
515 520 525

gtc agc aaa gta gee cga gcc gtc gge aca gat gge act ctt ggt get 1632
Val Ser Lys Val Ala Arg Ala Val Gly Thr Asp Gly Thr Leu Gly Gly

530 535 540
cag gct caa gtt gag aat gtg gag ggc aaa tgg aaa gac ctc ace gaa 1680

Gln Ala Gln Val Glu Asn Val Glu Gly Lys Trp Lys Asp Leu Thr Glu
545 550 555 560
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1075 1080 1085 G u Asn Arg Ala Thr Pro Ser Leu Ser Asp Asn Thr Lys Ser Phe .
Gu 1090 1095 1100 Ile Leu Leu Ala Qu Asp Asn Thr Val Asn G n Arg Leu
Ala Val Lys 1105 1110 1115 1120 1Ile Leu GQu Lys Tyr Asn H's Val Val Thr
Val Val Ser Asn Gy Ala 1125 1130 1135 du Ala Leu Gu Ala Val Lys Asp Asn
Lys Tyr Asp Val Ile Leu Met 1140 1145 1150 Asp Val Gn Met Pro Val Met Gy
Ay Phe Gu Ala Thr Ala Lys Ile 1155 1160 1165 Arg Qu Tyr G u Arg Ser

Leu Gy Thr Gn Arg Thr. Prolle Ile Ala 1170 1175 1180 Leu Thr Ala His

Ala Met At gEbyastspcdiag@ag kys daysctd @actl thtAbsy ghdBhpgl b9R 4:k95 12Q0 G n
Met Asp GQu Tyr Leu Ser Lys Pro Leu Gn Gn Asn H's Leu Ile 1205 1210 1215
Gn Thr Asre Vaims_nyihmfsmm Jor AsaulLéH YhelSerAGin Vel ArguGGyUIlei n 1220 1225
1230 Asn Arg Qu Arg Qu Leu Qu Leu Ala Arg His Ala GQu His Lys Ay 1235
1240 1245 Gy Leu Sed6Fhr Asp Pro Al a5Mg Ala Ser Ser ¥& Met Arg Pro Pro
1250 1255 1260 Leu H's H's Arg Pro Val Thr Thr Ala Gu Ser Leu Ser Ay Gy

Al a
tca acc gtg aca caa gcc atc geg aac ggt gac atg age cga aag ate 1776

Ser Thr Val Thr Gln Ala Ile Ala Asn Gly Asp Met Ser Arg Lys Ile
580 585 590

gac gtg gaa gcc aag gge gag ata cta atc ctc aag gaa act atc aac 1824.
Asp Val Glu Ala Lys Gly Glu Ile Leu Ile Leu Lys Glu Thr Ile Asn
595 600 . 605

aac atg gtt gat cgt ctg tcg ata ttc tge aat gaa gta caa cga gtc 1872
Asn Met Val Asp Arg Leu Ser Ile Phe Cys Asn Glu Val Gln Arg Val
610 615 ' 620

gca aaa gat gta ggc gtt gat ggc att atg ggg gga caa gec gac gtt 1920
Ala Lys Asp Val Gly Vel Asp Gly Ile Met Gly Gly Gln Ala Asp Val
625 630 635 640

gca ggt ctc aag ggeg cga tgg aag gag att acc acc gat gtec aac ace 1968
Ala Gly Leu Lys Gly Arg Trp Lys Glu Ile Thr Thr Asp Val Asn Thr
645 650 655

atg gecc aac aat ctt acg geg caa gta cge got ttc gga gat ata ace 2016

Met Ala Asn Asn Leu Thr Ala Gln Val Arg Ala Phe Gly Asp Ile Thr
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1265 1270 1275 1280 52/161 GQu Ser Pro Ser Leu Met Ala Asn Asp Ay G u Asp
Prolle An Arg 1285 1290 1295 Ala Arg Ser Ser Leu Ser Qu Pro Ay Cys Leu
1300 1305 <210> 17 <211> 3924 <212> DNA <213> Magnapotrthe grisea <220>
<221> CDS <222> (1)..(3924) <400> 17 atg gcg gac gcg gcg act ctg gca get
gtc get gcg att gtg gag aat 48 Met Ala Asp Ala Ala Thr Leu Ala Ala Val Al a
Ala lle Val Au Asn 1 5 10 15 ate get ace aac tcg ggg gcc cot gga aaa aat
get tca ttt cgc tee 96 Ile Ala Thr Asn Ser Ay Ala Pro Ay Lys Asn Ala Ser

Phe Arg Ser 20 25 860 agt ace tat gegscag ctt ccc ggg7ccg gaa tee gac gag
aag aaa cag 144 Ser Thr Tyr Val Gn Leu Pro Ay Pro Gu Ser Asp Qu Lys

Lys A n 53/161 35 40 45
aat gec get acc gac gga gac ttc acc aag ctg gtc gag gtt gag geg 2064

Asn Ala Ala Thr Asp Gly Asp Phe Thr Lys Leu Val Glu Val Glu Ala
675 680 685

tcg ggc gaa atg gac gaa ctg aag cgec aag atc aat caa atg gtc tac 2112
Ser Gly Glu Met Asp Glu Leu Lys Arg Lys Ile Asn Gln Met Val Tyr
690 695 700

aat ctc cga gac agt atc caa aga aac acg caa gca aga gaa gcc gea 2160
Asn Leu Arg Asp Ser Ile Gln Arg Asn Thr Gln Ala Arg Glu Ala Ala
705 710 715 - 720

gaa ttg gec aac aag acg aag tcg gag ttc ctec get aac atg tece cac 2208
Glu Leu Ala Asn Lys Thr Lys Ser Glu Phe Leu Ala Asn Met Ser His
725 730 735

gaa atc cgc aca ccc atg aac ggt atc atc gge atg aca caa ctt act 2256
Glu Ile Arg Thr Pro Met Asn Gly Ile Ile Gly Met Thr Gln Leu Thr
740 745 750

ctt gat aca gat ttg acg caa tac caa cgc gaa atg ctc aac att gte 2304
Leu Asp Thr Asp Leu Thr Gln Tyr Gln Arg Glu Met Leu Asn Ile Val
755 760 765
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ctc gag
Gu Arg
cgt gec
Al a Asn
act gca
Ala H's
tca ggc
Ay Arg
aat ggt
Ay Phe
gat gag
Au GQu
egg ctg
Leu Leu
caa etc
Leu Leu

cgc gag ott gcc gcc ctg gtg ata agg gta cag cag etc gaa 192

GQu Leu Ala Ala Leu Val Ile Arg Val Gdn d@n Leu Gu 50 55 60

aac gcg get cet get aca ata tte ccc gac aca ccc aac 240 Thr

Ala Ala Pro Ala Thr Ile Phe Pro Asp Thr Pro Asn 65 70

cat tca etc ttt ggc gat gat age tcg tcc cct ace agt 288 du

Ser Leu Phe Gy Asp Asp Ser Ser Ser Pro Thr Ser 85 90

75 80

Leu
ace
Arg

‘gaa

Thr

95 tcg age

egg gag cct aaa oga ctg aag tog gca tce age aca 336 Ser Ser

Weuady otbysccAnte logn ¢t cBerackl atSartc Sedc Ehe atROcdHZat 10 23829 agg

ttc act ;;%Igac %%t cgt cca tca aag Etc aac gca 384 Thr Arg Asn
g

A Asth LepslaCigt
gag_ctc gaa ggc ttg ego gaa cat gtt gac ggc cag 432

Leu"@ u Gy Leu Arg Hs Val Asp @82 G n 130 135 140 54/161 tee

Ser

Few Lo rThry §14 dde Assp Abp IIB5LAPAsp25 ate ace

Ile Thr Asp

etc gac age caa agg gcc gag ctg gac ggc gtc aat gcc 480 Ser Arg
Asp Ser An Arg Ala Qu Leu Asp Ay Val Asn Ala 145 150 155 160
ctg caa gag cgc gcc ctt gcc ata atc 528 dn

ttg, gag cag.,aag ca
LU AOE PEECRIE #6E 2980 ces BLAr B EARKC (838 P9E attecqa gac
Leu Ser Lys Ile Glu Ala Lys Arg Met Val Ile Glu Glu Ile Pro Tyr
785 790 795 800

acg tta cga gga acg gtc ttc aac gea ctg aag act ttg gcg gtc aag
Thr Leu Arg Gly Thr Val Phe Asn Ala Leu Lys Thr Leu Ala Val Lys
8056 810 815

gcg aac gac aag ttt ttg gat ctc acg tac cgt gtg gac age tca gtt
Ala Asn Asp Lys Phe Leu Asp Leu Thr Tyr Arg‘VaI Asp Ser Ser Val
820 826 830

cct gac cac gtc atc ggt gac tcg tte cgt ctg cge cag att atc ctg
Pro Asp His Val Ile Gly Asp Ser Phe Arg Leu Arg Gln Ile Ile Leu
835 840 845

aac ctg gtt gge aat gecec atc aaa ttec ace gag cat gga gag gtc age
Asn Leu Val Gly Asn Ala Ile Lys Phe Thr Glu His Gly Glu Val Ser

850 865 860

ctt act atc cag aag ggc aac gac gtg acg tgc ctg cca aac gag tac

2400

2448

2496

2544

2592

2640

Leu Thr Ile Gln Lys Gly Asn Asp Val Thr Cfs Leu Pro Asn Glu Tyr
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165 170 175 gag cag gaa cgt gta gcc act ttg gag aga gag cta tgg aaa cat
caa 576 Gu A@n du Arg Val Ala Thr Leu Qu Arg Qu Leu Trp Lys Hs @n
180 185 190 aag gcc aac gag gec tte cag aag get etc egg gag att gga tcg
ata 624 Lys Ala Asn Gu Ala Phe G n Lys Ala Leu Arg Qu Ile Ay Ser Ile
195 200 205 gtg ace get gca gcc egg ggt gac. etc tct aag agg gtc aag ata
aac 672 Val Thr Ala Ala Ala Arg Gy Asp Leu Ser Lys Arg Val Lys Ile Asn
210 215 220 ccg att gag atg gac cct gaa ate ace aca ttc aag agg ace atg aac
720 Pro®8% e Gu Met Asp 8o Gu Ile Thr BiF Phe Lys Arg TH80Met Asn 225

230 235 240 gcc atg atg gat caa ctt ggc gtc ttc tct agt gaa gte tcg ega
gtg 768 Ala Met Met Asp G n Leu Ay Val Phe Ser Ser Qu Val Ser Arg Va

55/ 161 245 250 255 gca a gtc ggc ace gag ggc ate tta ggt a cag gcc
cag ate 368t %IgéaATrtg} &b ¢, 87| tog o PATHACECEEL @ty saaeagtewc@ 9CaZAC G 26R8a Gn

Ile 260 t t gt
aac gt aaliect it %%f&i%s%ﬁs%%&m#ﬁv 138 @0rleronfhndgr acn val Asn
;]/?L 22;5 S?(Z) 285 atg g&9 cag aac ctg a&fo gac caa .gtc cgggsgaa ate gee tca

aaa ctg ggt ctc atc ttc gac aca ttc cag cag gect gat gga tcc atg 2736
Lys Leu Gly Leu Ile Phe Asp Thr Phe Gln Gln Ala Asp Gly Ser Met
900 905 910

aca cgc aag ttt ggec gga acc ggg ctt ggt ctg tct att tcc aag agg 2784
Thr Arg Lys Phe Gly Gly Thr Gly Leu Gly Leu Ser Ile Ser Lys Arg
915 920 ' 925

ctc gtc aac ctc atg ggc ggt gac gtg tgg gtc aag tca caa tac ggc 2832
Leu Val Asn Leu Met Gly Gly Asp Val Trp Val Lys Ser Gln Tyr Gly
930 935 940

aag gec agc tcg tte tac ttc act tgt cgt gtec cge ctc gec gac gtg 2880
Lys Gly Ser Ser Phe Tyr Phe Thr Cys Arg Val Arg Leu Ala Asp Val
945 950 955 960

gat atc tca ctc atc agg aag cag ctg aag cct tac aag gga cac cag 2928
Asp Ile Ser Leu Ile Arg Lys Gln Leu Lys Pro Tyr Lys Gly His Gln
965 870 975
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Met Ala Gn Asn Leu Thr Asp G n Val Arg Qu Ile Ala Ser Val Thr 290 295 300
aca get gtg gcc cac gga gat ttg ace caa aag att gag agt gcg gcc 960 Thr
Ala Val Ala Hs Gy Asp Leu Thr An Lys Ile Qu Ser Ala Ala 305 310 315 320
aag gga gaa ate eta cag ctt caa caa act ata eat ace atg.gtg gac 1008 Lys
Gy Qu lle Leu dn Leu @n A@n Thr Ile Asn Thr Met Val Asp 325 330 335
caa eta cgc aca ttt get tca gag gtt ace cgt gtc gee cgt gac gtc 1056 dn
Leu Arg Thr Phe Ala Ser Qu Val Thr Arg Val Ala Arg Asp Val 340 345 350

56/ 161 g§kr &te @&ga@ggaat@agcggc J9€ Ay geagragergyaccods ghe gppg R¥6aag 1104
GIyThr?uGl Met_ Leu Gy @n Ala Asp Val Gu @y Val Lys 355 360 365

ggc atg @]gLa‘étPh@abl%ﬁgpab@ @13(: LascThy 61ndtisgely &rg GocVahdilyat 1152 Gy
Met Trp Asn.@u Ley Thr Val Asn Val Asn Ala Met Ala Asn Asn 370 375 380 tta

aca acc caa gtg cg ano ate ate aacgﬁtt ace aca gee W gca 1200 Leu Thr
Thr G n Val Arg Asp Ile Ile Asn Val Thr Thr Ala Val Ala 385 390 395 400 -

aag gga gat ett aca caa aag gtg cag gcg gaa tgt ego ggc gag att 1248 Lys
dn Ala du AQu Ile 405 410 415
Ay Asp é‘aegua;;rgh rctcg s?chXag %g ggtn ttg agtg cccqétc gtgg cté, gaautcc egag 3024

Gln Met Leu Gly Gln Leu Gly Leu Val Pro Ile Val Leu Glu Ser Glu
995 1000 1005

caa aat cac acc ctg acg cgg gtg cgc gge aag gaa tgt cce tac gac 3072
Gln Asn His Thr Leu Thr Arg Val Arg Gly Lys Glu Cys Pro Tyr Asp
1010 1015 1020

gtg ata gtt gtc gac tca atc gac aca gcc cgg cge ctg aga gga att 3120
Val Ile Val Val Asp Ser Ile Asp Thr Ala Arg Arg Leu Arg Gly Ile
1025 1030 1035 1040

gac gac ttc aag tat ctg ccc atc gtt ctc ctg geg cca act gtc cac 3168
Asp Asp Phe Lys Tyr Leu Pro Ile Val Leu Leu Ala Pro Thr Val His
1045 1050 1055

gtc age ctg aaa tcc tge ttg gac ttg ggt att acc tcg tat atg acg 3216
Val Ser Leu Lys Ser Cys Leu Asp Leu Gly Ile Thr Ser Tyr Met Thr

1060 1065 1070

atg ccc tgc aag ctc atc gac ctc gge aat ggt atg gtt cec got ctt 3264
Met Pro Cys Lys Leu Ile Asp Leu Gly Asn Gly Met Val Pro Ala Leu
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ttt
Au
ttt
Al a
€d9
Leu
460
Asp
480
Val
tcc
Lys
aat
Thr
gtc
Ser

T S

gag ctc aag aac acg ate aat tec atg gtg gac cag ctg cag caa 1296 Phe
Leu Lys Asn Thr Ile Asn Ser Met Val Asp G n Leu An G n 420 425 430

get cgc gag gtt ace aag ate gcc aga gag gtt ggt ace gaa gga 1344 Phe
Arg Gu Val Thr Lys Ile Ala Arg Gu Val Ay Thr Qu Ay 435 440 445

ctg ggc ggc caa gca act gtt cac gat gta cag gga act tgg ega 1392 Arg
Gy Ay An Ala Thr Val H's Asp Val Gn Ay Thr Trp Arg 57/161 450 455
gat etc aca gaa aac gtg aac gga atg get atg aat etc acc aca caa 1440
Leu Thr G197Bsn Val Asn G yo8et Ala Met Asnibem Thr Thr A n 465 470 475
gta cga gag ata gcc aat gtt ace agt gcc gtc get gca ggc gac cta 1488
Arg Qu Ile Ala Asn Val Thr Ser Ala Val Ala Ala Ay Asp Leu 485 490 495
aag aag ate agg gta gag gtc aag ggc gag att ctg.gac etc aaa 1536 Ser
Lys dageagyr ggVasccGhcr Yah toascGh \tc@l gad laec Lt Asp ticgutto/gas00 3308 510

acc ate aac acc at %;t &ac cgc etc gga act ttc gcc ttc gaa 1584  Asn
| | e AYyAsthArgptlaviir Rep Serglee $ed 4soThsn Fie bys SenePl@ G1615 520 525

age aaaggata gcc cga gcc gte ggc aca gat %%% act ctt ggt ggt 1632 Val
Lys ValO® a Arg Ala Vall@®@5y Thr Asp Gy Leu Ay Qy

att ctg ctg gcc gag gac aac acc gtc aac cag cgc ctg gee gtt aag 3360
Ile Leu Leu Ala Glu Asp Asn Thr Val Asn Gln Arg Leu Ala Val Lys
1105 1110 1115 1120

att ctt gaa aag tac aac cac gtt gtg acg gta gtc agc aac ggt get 3408
Ile Leu Glu Lys Tyr Asn His Val Val Thr Val Val Ser Asn Gly Ala
1125 1130 1135

gaa gct ctt gaa get gtc aag gat aac aaa tac gat gtg atc ctg atg 3456
Glu Ala Leu Glu Ala Val Lys Asp Asn Lys Tyr Asp Val Ile Leu Met
1140 1145 1150

gat gtt caa atg cct gtc atg ggt gga ttt gag gcg acg gca aag att 3504
Asp Val Gin Met Pro Val Met Gly Gly Phe Glu Ala Thr Ala Lys Ile
1155 1160 1165

cgt gaa tac gag cgc agce ctg gEC aca cag agg aca cca até atc gecg 3652
Arg Glu Tyr Glu Arg Ser Leu Gly Thr Gln Arg Thr Pro Ile Ile Ala
1170 1175 1180
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530

535 540 cag get caa gtt gag aat gtg gag ggc aaa tgg aaa gac etc acc gaa

1680 dAn Ala @dn Val Au Asn Val Qu Gy Lys Trp Lys Asp Leu Thr G u 545

550
gga
Ile
aag
Ile
ate
Asn
cga
Val
gtt
625
aac
Thr
at a

B T R P A L

555 560 58/161 aac gte aac ace atg gcg tea aac etc act tct cag gtc agg
ata 1728 Asn Val Asn Thr Met Ala Ser Asn Leu Thr Ser G n Val Arg Ay

565 570 575 tea ace gtg aca caa gcc ate gcg aac ggt gac atg age cga
ate 1776 Ser Thr Val Thr A n Ala lle Ala Asn Gy Asp Met Ser Arg Lys

580 585 590 gac gtg gaa gee aag ggc gag ata cta ate etc aag gaa act
aac ck82dcc Asp d&l gbd wthl etg ¥ac @ay EFtl ghheadgpt laRcl@dy ks G3e0dhr 1le
595 600 605 aac atg gtt gat cgt ctg tcg ata tte tgc aat gaa gta caa

gt c Le87thr A3a Hist AlaMeAMetAGYy lAsp Gy GLhdysheyieBlu fla Val G n Arg -
610 615 620 gea aaa gat gta ggc gtt gat ggc att atg ggg gga caa gcc gac
192018Al a Lys Asp VdAll9® y Val Asp A \1bbe Met Ay Qyl@h Al a Asp Val

630 635 640 gea ggt etc aag ggg cga tgg aag gag att ace ace gat gtc
ace 1968 Ala Ay Leu Lys Ay Arg Trp Lys Qu Ile Thr Thr Asp Val Asn

645 650 655 atg gcc aac aat ctt acg gcg caa gta cgc get tte gga gat
ace 28138 gac gag tac ctg tcg aag cct ctg cag cag aac cac ttg ata 3648
‘Gln Met Asp Glu Tyr Leu Ser Lys Pro Leu Gln Gln Asn His Leu Ile

1205 1210 1215

caa aca att ctc aag tgt gca acg ctg ggt ggec gecec ttg ttg gaa caa 3696
Gln Thr Ile Leu Lys Cys Ala Thr Leu Gly Gly Ala Leu Leu Glu Gln
1220 1225 1230

aat cgt gag cgc gag ctt gaa cta gca agg cat gcc gaa cac aaa gga 3744
Asn Arg Glu Arg Glu Leu Glu Leu Ala Arg His Ala Glu His Lys Gly
1235 1240 1245

gga ctg tct acg gac ccg gcg agg geca tcg tecg gta atg cgt ccg cca 3792
Gly Leu Ser Thr Asp Pro Ala Arg Ala Ser Ser Val Met Arg Pro Pro
1250 1256 1260

cta cac cac cga ccg gtg act aca gcc gag tcg ctt tct ggt gge gee 3840
Leu His His Arg Pro Val Thr Thr Ala Glu Ser Leu Ser Gly Gly Ala
1265 1270 1275 1280

gaa agc ccc teg ttg atg geca aat gac gge gaa gat cca ata caa agg 3888

Glu Ser Pro Ser Leu Met Ala Asn Asp Gly Glu Asp Pro Ile Gln Arg
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Met Ala Asn Asn Leu Thr Ala Gn Val Arg Ala Phe Gy Asp Ile Thr 59/161 660
665 670 aat gee get ace gac gga gac ttc ace aag ctg gtc gag gtt gag gcg
2064 Asn Ala Ala Thr Asp Gy Asp Phe Thr Lys Leu Val Qu VvVal Au Ala 675
680 685 tcg ggc gaa atg gac gaa ctg aag cgc aag ate aat caa atg gtc tac
2112 Ser Ay Gu Mt Asp GQu Leu Lys Arg Lys Ile Asn A n Met Val Tyr 690
695 700 aat etc cga gac agt ate.caa aga aac acg caa gca aga gaa gee gca
2160 Asn Leu Arg Asp-Ser Ile A n Arg Asn Thr Gn Ala Arg Gu Ala Ala 705

710 715 720 gaa ttg1@8e aac aag acg 3ggotog gag tte etpgget aac atg tee
cac 2208 du Leu Ala Asn Lys Thr Lys Ser GQu Phe Leu Ala Asn Met Ser Hi s

725 730 735 gaa ate cgc aca ccc atg aac ggt ate ate ggc atg aca caa ctt

act 2256 Au lle Arg Thr Pro Met Asn Ay Ile Ile Ay Met Thr Gn Leu Thr
740 745 smeOcgetagegadt ata tgat gdd gcaqggacage tcda twA Ccgc gaa atg et @9gac att
gtc 2304 Leu Asp Thr Asp Leu Thr A n Tyr Gn Arg Gu Met Leu Asn Ile Va
755 760 MesArgGerclerabeu der @hcPyedilat Gyadeuctg etc acc att ate gac gac ate
etc gat 2352 Asnlﬁﬁp Leu Ala Met Eﬁg Leu Leu Thr Ile Ile Asp Asp Ile-Leu

Asp

{210> 18
211> 34
<212> DNA
<213> Artificial Sequence

<2207
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 18

acgactagta tggeggacge cgegactctg geag - 34

<210> 19
211> 34
<212> DNA

<213> Artificial Sequence

<220>
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770
tac
785
gtc
Lys
t ea
Val
ate
Leu
gte
Ser
tac

775
240
790
aag
805
gtt

820
ctg
835
age
850

780, ctg tea aag att gag get aag egg atg gtt ate gag gag att cca

O Leu Ser Lys Ile Qu Ala Lys Arg Met Val Ile Qu Qu Ile Pro Tyr
795 800 aeg tta cga gga acg gtc ttc aac gca ctg aag act ttg gcg
2448 Thr Leu Arg Ay Thr Val Phe Asn Ala Leu Lys Thr Leu Ala Va
810 815 geg aac gac aag ttt ttg gat etc acg tac cgt gtg gac age
2496 Al a Asn Asp Lys Phe Leu Asp Leu Thr Tyr Arg Val Asp Ser Ser.
825 830 cct gac cac gtc ate ggt gac tcg ttc cgt ctg cgc cag att
222 DESsripstontof Malifié@1Chyqthee Wisikiiy Arg Leu Arg Gn lle lle
840 845 aac ctg gtt ggc aat gcc ate aaa ttc ace gag cat gga gag

2592 oHgonkeleoValle @riméeFo PCR | € Lys Phe Thr Gu Hs Gy Gu Val
855 860 ett act ate cag aag ggc aac gac gtg acg tgc ctg cca aac gag

2640 Leu Thr Ile Adn Lys Ay Asn Asp Val Thr Cys Leu Pro Asn A u Tyr
61/ 161 865 870 875 880 atg ate gaa ttt gtc gtg tcg gac aeg ggc ata gga att

cca acg §H9>2688 Met Ile G'u Phe Val Val Ser Asp Thr Gy Ile Ay lle Pro
Thr Asp 885 890 895 aaa ctg ggt etc ate ttc gac aca ttc cag cag get gat
gga tcc @ﬁggagqtﬂ; tataggcatc ctgtttcaga gaga 34

<210> 20

<211> 25

<212> DNA

<213> Artificial Sequence

220>
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for Sequencing

<400> 20

ttcactacgg acggtcgtcc atcaa 25

210> 21
C11> 25
<212> DNA

<213> Artificial Sequence

<220>
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Lys Leu
aca cgc
Arg Lys
etc gtc
Val Asn
ggc age
Ser Ser

gat ate {228> didscalftidfdoR At FAG il &

Il e Ser

Val Leu Phe Ile
cag atg etc ggc

Met Leu

Ay
aag
Phe
aac
Leu
tcg
Phe

Leu Ile
ttt ggc
dy dy
etc atg
Met Gy
ttc tac
Tyr Phe

Phe
gga

Thr .

ggc
Ay
ttc
Thr

Cys

Thr Phe
ggg ctt

- Leu Ay

gac gtg
Val Trp
tgt cgt
Arg Val

Leu Ile Arg Lys A n Leu Lys
62/ 161 gtc ctaligbsuclett DRt pABrIB6r 38gudfdingda cac ggg ccc gag gtg ggg 2976

a

Asp Lys Ay Lys Thr Gy
cag ctg ggt ttg gtg ccc

Gn Leu Ay Leu Val Pro

An dn

ggt ctg
Leu Ser

tgg gtc
Val Lys
gte cgc
Arg Leu

Il e Val

Al a
tct

11e

aag
Ser
etc
Al a

Ans et

Lys

Asp
att
Ser
tca
Adn
gcc
Asp

dad
od v

Ay
t he
Lys
caa
Tyr
gac
Val

gga
H s

Leu A u Ser

Ser
aag
Arg
tac
dy
gtg
945
cac
An

Hs Gy Pro Qu Va
ate gtg ctg gaa tee gag 3024 dn

Au

Met 900 905 910
agg 2784 Thr
915 920 925

ggc 2832 Leu
930 935 940 aag
2880 Lys Ay
950 955 960

cag 2928 Asp
965 970 975

Ay 980 985 990
995 1000 1005

caa aat <d480> &de ctg acg egg gtg cgc ggc aag gaa tgt ccc tac gac 3072 Gn

Asn

ttaggtggac aggcccagat cgagg

210> 22
<211> 25
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for sequencing

<400> 22

tcaagaacac gatcaattcc atggt

<210> 23
211> 25
<212> DNA

<213> Artificial Sequence

<220

68/161
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gtg ata gtt gtc gac tea ate gac aca gcc egg cgc ctg aga gga att 3120 Val
Ile Val Val Asp Ser Ile Asp Thr Ala Arg Arg Leu Arg Ay Ile 1025 1030 1035
1040 gac gac ttc aag tat ctg ccc ate gtt etc ctg gcg cca act gte cac 3168
Asp Asp Phe Lys Tyr Leu Pro Ile Val Leu Leu Ala Pro Thr Val H's 1045 1050

1055 gtc age ctg aaa tee tgc ttg gac ttg ggt att ace tcg tat atg acg 3216
Val Ser Leu Lys Ser Cys Leu Asp Leu Ay Ile Thr Ser Tyr Met Thr 1060 1065
1070 atg ccc tgc aag etc ate gac etc ggc aat ggt atg gtt ccc get ctt 3264

Met Pro €RE8Xpesdidytide ofSRrtific{dly SéqienchDdfifnd@! Pro Ala Leu 63/161 1075
1080 1085 gag aac cgt gee aca cca tea eta tea gac aac act aag tcg ttc gaa

3312 du AsnoNgynAtbeotide RrdmSerforeseqd@icd® Asn Thr Lys Ser Phe G u 1090
1095 1100 att ctg ctg gee gag gac aac acc gtc aac cag cgc ctg gee gtt aag
3360 Ile Leu Leu Ala A u Asp Asn Thr Val Asn A n Arg Leu Ala Val Lys 1105

1110 1115 1120 att ctt gaa aag tap aac cac gtt gtg acg gta gte age aac ggt
get 3408<4000>e23eu G u Lys Tyr Asn His Val Val Thr Val Val Ser Asn Ay Al a

1125 1130 1135 gaa get ctt gaa get gtc aag gat aac aaa tac gat gtg ate ctg
at g 34568ta@pacoycaagetitctrag Ataag/al Lys Asp Asn Lys Tyr Asp Val |leg2keu Met

<210> 24

<211> 25

<212> DNA

<213> Artificial Sequence

<2207
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for sequencing

<400> 24

ccaacaagac gaagtcggag ttcet 25

<210> 25
<211> 25
<212> DNA

<213> Artificial Sequence

<220»

69/161
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1140 1145 1150 gat gtt caa atg cct gtc atg ggt gga ttt gag gcg.acg gca aag
att 3504 Asp Val A n Met Pro Val Met Ay Gy Phe Qu Ala Thr Ala Lys Ile
1155 1160 1165 «cgt gaa tac gag cgc age ctg ggc aca cag agg aca cca ate atc
gcg 3552 Arg Qu Tyr Gu Arg Ser Leu Ay Thr A n Arg Thr Pro Ile Ile Ala
1170 1175 1180 64/161 ctt ace get cac gea atg atg ggc gac cgt gag aag tgt
ate gag gcc 3600 Leu Thr Ala H's Ala Met Met Ay Asp Arg Qu Lys Cys Ile
Gu Ala 1185 1190 1195 1200 cag atg gac gag tac ctg tcg aag cct ctg cag

cag aac ezmt hascHipt RRA8r Aledretal1”s Délsibfay Ser Lys Pro Leu Gn Gn.
Asn Hs Leu lle 1285 1210 1215 é%a ﬁ%ﬁ%ﬁ?ﬁ*@ ‘%%g tgt gca acg ctg ggt ggc

gcc ttg ttg gahigaac R99de GrimdPfol! SoquehcingS COys Ala Thr Leu Ay Gy Ala
Leu Leu Gu A n 1220 1225 1230 aat cgt gag cgc gag ctt gaa eta gca agg cat

gcc gaa cac aaa gga 3744 Asn Arg Qu Arg Gu Leu Qu Leu Ala Arg H's Ala
Gu Hs Lys Ay 1235 1240 1245 gga ctg tct acg gac ccg gcg agg gca tcg tcg
gta atg ©40>c2i cca 3792 Ay Leu Ser Thr Asp Pro Ala Arg Ala Ser Ser Va
Met Arg Pro Pro 1250 1255 1260 eta cac cac cga cog gtg act aca gcc gag tcg
ctt tct egjEaggtrcgcte®@ddfcg agtac - 25

<210> 26

211> 25

<212> DNA

<213> Artificial Sequence

{220>
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for sequencing

<400> 26

atagttgtcg actcaatcga cacag : 25

<210> 27
<211> 25
<212> DNA

<213> Artificial Sequence

<220>

70/161
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Leu Hs Hs Arg Pro Val Thr Thr Ala Qu Ser Leu Ser Gy Gy Ala 1265 1270
1275 1280 gaa age ccc tcg ttg atg gca aat gac gge gaa gat cca ata caa agg
3888 du Ser Pro Ser Leu Met Ala Asn Asp Gy GQu Asp Pro Ile @n Arg

65/ 161 1285 1290 1295 gca cgt age agt etc tct gaa cca gga tgc cta taa 3924
Ala Arg Ser Ser Leu Ser Au Pro Ay Cys Leu 1300 1305 <210> 18 <211> 34
<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Desi gned ol igonucl eotide priner for PCR <400> 18 acgact agta

t ggcggace3z dugaei tiondeRAr8ificidl Geqhifnce? bésighed <212> DNA <213>
Artificial Sequence <220> 66/161
oligonucleotide primer for sequencing

<400> 27

acagaggaca ccaatcatcg cgett 25

<210> 28

211> 17

<212> DNA

<213> Artificial Sequence

<2207
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for sequencing

<400> 28

gttttcccag tcacgac 17

<210> 29
211> 17
<212> DNA

<213> Artificial Sequence

<220>
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<223> Description of Artificial Sequence:Designed oligonucleotide priner
for PCR <400> 19 ctgaagcttt tataggcatc ctgtttcaga gaga 34 <210> 20 <211>
25 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence:Designed oligonucleotide primer for Sequencing <400>
20 ttcactacgg acggtcgtcc atcaa 25 <210> 21 <211> 25 <212> DNA <213>
Artificial Sequence <220> 67/161 <223> Description of Artificial .
Sequence: Desi gned ol igonucl eotide priner for sequencing <400> 21

t t aggt ggi23adipsee fgrioncof gt 2Hicis? 1SbqudRce :Designed

oligonucleotide primer for sequencing

<400> 29

caggaaacag ctatgac ' 17

<210> 30
<211> 26
<212> DNA

(213> Artificial Sequence

220>
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for PCR

<400> 30

aacatgtcce acgarattcg macace 26

<210> 31
<211> 26
<212> DNA

<213> Artificial Sequence
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<211> 25 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Designed oligonucleotide priner for sequenci ng <400>
22 tcaagaacac gatcaattcc atggt 25 <210> 23 <211> 25 <212> DNA <213>
Artificial Sequence <220> 68/161 <223> Description of Artificial
Sequence: Desi gned ol igonucl eotide priner for sequencing <400> 23

gt caaacctc agcttctcag gtcag 25 <210> 24 <211> 25 <212> DNA <213>

Artificial Sequence <220> <223> Description of Artificial
SequencexBe3y DB&tiption of Artificial Sequence : Designed

oligonucleotide primer for PCR

<400> 31

cacgagattc gvacacccat gaaygg 26

<210> 32

{211> 25

<212> DNA

<213> Artificial Sequence

220>
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for PCR

<400> 32

aggccttcca aaaggetctv cggea 25

<210> 33

<211> 23

<212> DNA

<213> Artificial Sequence

<220>

73/161
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ol i gonucl eoti de priner for sequencing <400> 24 ccaacaagac gaagtcggag ttcct
25 <210> 25 <211> 25 <212> DNA <213> Artificial Sequence <220> 69/161
<223> Description of Artificial Sequence:Designed oligonucleotide prinmer
for sequencing <400> 25 cgtgacgtgc ctgccaaacg agtac 25 <210> 26 <211> 25
<212> DNA <213> Artificial Sequence <220> <223> Description of Art|f|C|aI
Sequence: Desi gned ol igonucl eotide prinmer for sequencing <400> 26
atagttgtcg actcaatcga cacag 25 <210> 27 <211> 25

{223> Description of Artificial Sequence : Designed

oligonucleotide primer for PCR

<400> 33

gagatggacc ctgaaatcac mac 23

<210> 34
- <211> 26
<212> DNA
<213> Artificial Sequence

£220>
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for PCR

<400> 34

cagatattct cyagygaagt ytckeg 26

<210> 35
<211> 28
<212> DNA

<213> Artificial Sequence

<220>
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<212> DNA <213> Artificial Sequence <220> 70/161 <223> Description of
Artificial Sequence: Designed oligonucleotide priner for sequenci ng <400>
27 acagaggaca ccaatcatcg cgctt 25 <210> 28 <211> 17 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial
Sequence: Desi gned ol igonucl eotide priner for sequencing <400> 28
gttttcccag tcacgac 17 <210> 29 <211> 17 <212> DNA <213> Artifici al
Sequence <220> 71/161 <223> Description of Artificial Sequence:Designed

<223> Description of Artificial Sequence : Designed

oligonucleotide primer for PCR

<400> 35

atagcrttge caacmaggtt magaataa 28

<210> 36

<211> 26

<212> DNA

<213> Artificial Sequence

220>
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for PCR

<400> 36

aacttgatgg crttkccaac maggtt 26

<210> 37

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
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ol i gonucl eotide prinmer for sequencing <400> 29 caggaaacag ctatgac 17 <210>
30 <211> 26 <212> DNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence : Designed oligonucleotide prinmer for PCR <400> 30
aacatgtccc acgarattcg nmacacc 26 <210> 31 <211> 26 <212> DNA <213>
Artificial Sequence <220> 72/161 <223> Description of Artificial Sequence
Designed oligonucleotide prinmer for PCR <400> 31 cacgagattc gvacacccat

gaaygg 26 <210> 32 <211>.25
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for PCR

<400> 37

ctetgtgaac ttgatrgert tkecaac 27

<210> 38
211> 26
<212> DNA
<213> Artificial Sequence

220>
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for PCR

<400> 38

atacactttt cncggtcacc catcat 26

<210> 39
<211> 26
<212> DNA
<213> Artificial Sequence

<2200
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<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence Designed oligonucleotide prinmer for PCR <400> 32 aggccttcca
aaaggctctv cggga 25 <210> 33 <211> 23 <212> DNA <213> Artificial Sequence

<220> 73/ 161 <223> Description of Artificial Sequence Designed

ol igonucl eotide priner for PCR <400> 33 gagat ggacc ctgaaatcac nmac 23 <210>
34 <211> 26 <212> DNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence Designed oligonucleotide priner for PCR

<223> Description of Artificial Sequence : Designed

oligonucleotide primer for PCR

<400> 39

tccatctgbg cctggataca cttttce _ 26

- £210> 40
<211> 26
<212> DNA
<213> Artificial Sequence

{220>
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for PCR

<400> 40

ggcttvgava gatactecgte catctg , 26

<210> 41
<211> 1293
<212> PRT

<213> Fusarium oxysporum

<400> 41
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<400> 34 cagatattct cyagygaagt ytckcg 26 <210> 35 <211> 28 <212> DNA
<213> Artificial Sequence <220> 74/161 <223> Description of Artificial
Sequence Designed oligonucleotide prinmer for PCR <400> 35 atagcrttgc
caacmaggtt magaataa 28 <210> 36 <211> 26 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence Designed

ol i gonucl eotide prinmer for PCR <400> 36 aacttgatgg crttkccaac naggtt 26

<210> 37 <211> 27 <212> DNA _
‘Met Val Asp Asp Ala Ala Leu Ala Ala Ala Ala Ser Ile Val Ala Ser

1 5 10 15
Ile Ala Pro Asp Pro Arg Leu Pro Asn Ser Ile Pro Val Gly Vai Ala
20 25 ' 30
Ser Gln Val Gln Leu Pro Gly Pro Asp Thr Pro Ala Lys Arg Lys Leu
35 40 45
Glu Leu Glu Leu Gln Asn Leu Ala Leu Arg Val Gly Lys Leu Glu Ser
50 55 60
Gln Ala Ser Ala Thr Ser Pro Phe Pro Glu Thr Pro Asn Glu Val Ile
65 70 75 80
Asp Thr Leu Phe Gly Glu Glu Ala Gln Ala Val Ala Val Arg Pro Lys
85 90 95
Pro Lys Val Phe His Ala Gln Gly Ser Leu His Ser Pro His Leu Pro
100 105 110 |
Ser Tyr Gln Leu Thr Glu Glu Ala Leu Glu Gly Leu Arg Glu His Val

115 120 125
Gln Arg Gln Glu Leu Ala Gly

2]

Asp Asp Gln Ser Lys Leu Leu Asp Se
130 135 140
Val Asn Ala Gln Leu Leu Glu Gln Lys Gln Leu Gln Glu Arg Ala Leu
145 150 155 160
Glu Ile Leu Glu Gln Glu Arg Ile Ala Thr Leu Glu Arg Glu Leu Trp
165 170 175
Lys His Gln Lys Ala Asn Glu Ala Phe Gln Lys Ala Leu Arg Glu Ile
180 185 190
Gly Glu Ile Val Thr Ala Val Ala Arg Gly Asp Leu Thr Met Lys Val
195 200 205 '
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<213> Artificial Sequence <220> 75/161 <223> Description of Artificial
'Sequence Designed oligonucleotide prinmer for PCR <400> 37 ctctgtgaac
ttgatrgcrt tkccaac 27 <210> 38 <211> 26 <212> DNA <213> Artifici al
Sequence <220> <223> Description of Artificial Sequence Designed

ol i gonucl eotide prinmer for PCR <400> 38 atacactttt cncggtcacc catcat 26
<210> 39 <211> 26 <212> DNA <213> Artificial Sequence <220> 76/161 <223>
Description of Artificial Sequence Designed oligonucleotide prinmer for PCR

Arg Met Asn Thr Val Glu Met Asp Pro Glu Ile Thr Thr Phe Lys Arg
- 210 215 220
- Thr Ile Asn Ala Met Met Asp Gln Leu Gln Ile Phe Ala Ser Glu Val
225 ' 230 235 240
Ser Arg Val Ala Arg Glu Val Gly Thr Glu Gly Leu Leu Gly Gly Gln |
245 250 255
Ala Arg Ile Gly Gly Val Asp Gly Thr Trp Lys Glu Leu Thr Asp Asn
260 265 270
Val Asn Val Met Ala Gln Asn Leu Thr Asp Gln Val Arg Glu Ile Ala
275 280 285
Ser Val Thr Thr Ala Val Ala His Gly Asp Leu Thr Lys Lys Ile Glu
290 295 | 300
Arg Pro Ala Arg Gly Glu Ile Leu Gln Leu Gln Gln Thr Ile Asn Thr
305 310 315 1320
Met Val Asp Gln Leu Arg Thr Phe Ala Ser Glu Val Thr Arg Val Ala
325 330 335
Arg Asp Val Gly Thr Glu Gly Met Leu Gly Gly Gln Ala Asp Val Gly
340 345 350
Gly Val Gln Gly Met Trp Asn Asp Leu Thr Val Asn Yal Asn Ala Met
355 360 365
Ala Asn Asn Leu Thr Thr Gln Val Arg Asp Ile Ile Lys Val Thr Thr
370 375 380
Ala Val Ala Lys Gly Asp Leu Thr Gln Lys Val Gln Ala Asp Cys Arg
385 390 395 400
Gly Glu Ile Phe Glu Leu Lys Ser Thr Ile Asn Ser Met Val Asp Gln
405 410 415
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<400> 39 tccatctgbg cctggataca cttttc 26 <210> 40 <211> 26 <212> DNA

<213> Artificial Sequence <220> <223> Description of Artificial Sequence
Desi gned oligonucleotide prinmer for PCR <400> 40 ggcttvgava gatactcgtc

catctg 26 <210> 41 <211> 1293 <212> PRT <213> Fusarium oxysporum <400>
41 77/ 161 .Met Val Asp Asp Ala Ala Leu Ala Ala Ala Ala Ser Ile Val A a Ser
1510 15 1le Ala Pro Asp Pro Arg Leu Pro Asn Ser Ile Pro Val Gy Val Al a
20 25 30 Ser Adn Val Gn Leu Pro Ay Pro Asp Thr Pro Ala Lys Arg Lys Leu

35 40 45LeuCGln 64y FReIALEUrE G1AYR1LEHF Ay HEUAKY dryad1uGyy] lpf§ Leu G u Ser
420 425 430
Thr Glu Gly Arg Leu Gly Gly Gln Ala Thr Val His Asp Val Glu Gly
435 440 445
Thr Trp Arg Asp Leu Thr Glu Asn Val Asn Gly Met Ala Met Asn Leu
450 455 460
Thr Thr Gln Val Arg Glu Ile Ala Lys Val Thr Thr Ala Val Ala Lys
465 470 | 475 480
Gly Asp Leu Thr Lys Lys Ile Gly Val Glu Val Lys Gly Glu Ile Ala
485 490 495
Glu Leu Lys Asn Thr Ile Asn Gln Met Val Asp Arg Leu Gly Thr Phe
500 505 510
Ala Val Glu Val Ser Lys Val Ala Arg Glu Val Gly Thr Asp Gly Thr
515 520 525
Leu Gly Gly Gln Ala Gln Val Ala Asn Val Glu Gly Lys Trp Lys Asp
530 535 540
Leu Thr Glu Asn Val Asn Thr Met Ala Ser Asn Leu Thr Val Gln Val
545 550 555 560
Arg Ser Ile Ser Thr Val Thr Gln Ala Ile Ala Asn Gly Asp Met Ser
665 570 575
Gln Lys Ile Lys Val Glu Ala Asn Gly Glu Ile Gin Val Leu Lys Glu
580 585 590
Thr Ile Asn Asn Met Val Asp Arg Leu Ser Ser Phe Cys Tyr Glu Val
595 600 605
GIn Arg Val Ala Lys Asp Val Gly Val Asp Gly Lys Met Gly Ala Gln
610 615 620
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50 55 60 G n Ala Ser Ala Thr Ser Pro Phe Pro Qu Thr Pro Asn Qu Val Ile
65 70 75 80 Asp Thr Leu Phe Ay GQu Qu Ala @dn Ala Val Ala vVal Arg Pro
Lys 85 90 95 Pro Lys Val Phe Hs Ala Gn Ay Ser Leu Hs Ser Pro H s Leu
Pro 100 105 110 Ser Tyr A n Leu Thr Qu Qu Ala Leu Gu Gy Leu Arg GQu
H's Val 115 120 125 Asp Asp.Gn Ser Lys Leu Leu Asp Ser dn Arg Gn Qu
Leu Ala Gy 130 135 140 Val Asn Ala A n Leu Leu Au G@n Lys An Leu dn
Gu Arg Ala Leu 145 150 155 160 GQu lle Leu Gu dn du Arg Ile Ala Thr

Lau G u MagA§p ¥aleblyTGby 180 AsH) G1¥ ArelTp Hiys @mﬂysrhé\' Phragp G U Al a Phe
GnlLlys Ala Leu Arg Gu Ile 180 185%9%"(? Guile Val Thi’Ala Val Ala

Arg Gy 6%p Leu Thr Met 1839 Val 195 200 395 78/ 161 Arg MgigAsn Thr Val
Gu Met Asp Pro Qu Ile Thr Thr Phe Lys Arg 210 215 220 Thr Ile Asn Al a
Met Met VadpAsH Aht MetGila ISee BineLéh hBeThrGGln il A12§3133E119235r 240

645 650 655
Asp Ile Thr Asn Leu Ala Thr Asp Gly Asp Phe Thr Lys Leu Val Asp
660 665 670
Val Glu Ala Ser Gly Glu Met Asp Glu Leu Lys Arg Lys Ile Asn Gln
675 680 685
Met Ile Ser Asn Leu Arg Asp Ser Ile Gln Arg Asn Thr Gln Ala Arg
690 695 700
Glu ﬁla Ala Glu Leu Ala Asn Lys Thr Lys Ser Glu Phe Leu Ala Asn
705 710 715 720
Met Ser His Glu Ile Arg Thr Pro Met Asn Gly Ile Ile Gly Met Thr
725 730 735
Gln Leu Thr Leu Asp Thr Asp Leu Thr Gln Tyr Gln Arg Glu Met Leu
740 745 750
Asn Ile Val Asn Asn Leu Ala Asn Ser Leu Leu Thr Ile Ile Asp Asp
755 760 7657
Ile Leu Asp Leu Ser Lys Ile Glu Ala Arg Arg Met Val Ile Glu Glu
770 775 780
Ile Pro Tyr Thr Leu Arg Gly Thr Val Phe Asn Ala Leu Lys Thr Leu
785 790 795 800
Ala Val Lys Ala Asn Glu Lys Phe Leu Asp Leu Thr Tyr Lys Val Asp
805 810 815
Ser Ser Val Pro Asp Tyr Val Ile Gly Asp Ser Phe Arg Leu Arg Gin
820 825 830
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Ser Arg Val Ala Arg Gu Val Ay Thr Gu Ay Leu Leu Ay Gy G n 245 250 255
Ala Arg lle dy Ay Val Asp Ay Thr Trp Lys Qu Leu Thr Asp Asn 260 265
270 Val Asn Val Met Ala Gn Asn Leu Thr Asp Gn Val Arg u Ile Ala 275
280 285 Ser Val Thr Thr Ala Val Ala Hs Ay Asp Leu Thr Lys Lys Ile Qu
290 295 300 Arg Pro Ala Arg Ay Gu Ile Leu A n Leu Gn @n Thr Ile Asn
Thr 305 310 315 320 Met Val Asp G n Leu Arg Thr Phe Ala Ser Qu Val Thr
Arg Val Ala 325 330 335 Arg Asp Val Ay Thr Gu Gy Met Leu Ay Gy dn-

A a Asp Vbt IGeyleu3dén 348 RAOGH AsMaAl{aMe Qs Mes ThePGRSRidSPILeu Thr Val
Asn Val Asn Ala Met 355 360 365 Ala Asn Asn Leu Thr Thr @n Val Arg Asp

Ile Ile Lys Val83bhr Thr 370 375830 Ala Val Alagygs Ay Asp Leu Thr A n
Lys Val @dn Al a ASE Cys Arg 385 390 395 400 Ay Gu lle Phe Au Leu Lys
Ser Thr ¢lweVabSesekendhr \EHie bpp GEunSetOMed IH y4Gh AZR/AhlVaBurg n G n Phe Al a

Arg du Vval 8%’5” Lys Ile Ala 8Asrsg A u Val Gly. 860
Pro Gly Glu Tyr Ala Val Glu Phe Val Val Glu.Asp Thr Gly Ile Gly
865 870 875 880
Ile Ala Gln Asp Lys Leu Asp Leu Ile Phe Asp Thr Phe Gln Gln Ala
885 890 895
Asp Gly Ser Met Thr Arg Lys Phe Gly Gly Thr Gly Leu Gly Leu Ser
900 905 910
Ile Ser Lys Arg Leu Val Asn Leu Met Gly Gly Asp Leu Trp Val Asn
915 920 925
Ser Glu His Gly Lys Gly Ser Glu Phe His Phe Thr Cys Leu Vai Lys
930 935 940
Leu Ala Pro Asp Asp Ala Ala Leu Ile Glu Gln Gln Ile Arg Pro Tyr
945 950 955 960
Arg Gly His Gln Val Leu Phe Val Asp Lys Ala Gln Ser Gln Asn Ala
965 970 975
Thr Ser Ile Lys Pro Met Leu Glu Lys Ile Gly Leu Lys Pro Val Val
980 985 990
Yal Asp Ser Glu Lys Ser Pro Ala Leu Thr Arg Leu Gln Ser Gly Gly
995 1000 1005
Ser Leu Pro Tyr Asp Ala Ile Leu Val Asp Ser Ile Asp Thr Ala Arg
1010 1015 1020
Arg Leu Arg Ala Val Asp Asp Phe Lys Tyr Leu Pro Ile Val Leu Leu
1025 1030 1035 1040
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420
435
Leu
Al a
dy
Arg
Val
Val
“Al a
Thr
du
Met
Al a

425 430 Thr Gu Gy Arg Leu Ay Ay Gn Ala Thr Val Hs Asp Val Gu dy
440 445 Thr Trp Arg Asp Leu Thr A u Asn Val Asn Ay Met Ala Met Asn
450 455 460 Thr Thr dn Val Arg Qu Ile Ala Lys Val Thr Thr Al a Val
Lys 465 470 475 480 Gy Asp Leu Thr Lys Lys Ile @y Val Ju Val Lys
AQu lle Ala 485 490 495 du Leu Lys Asn Thr Ile Asn G n Met Val Asp
Leu Ay Thr Phe 500 505 510 Ala Val Qu Val Ser Lys Val Ala Arg G u
Gy Thr Asp Ay Thr 515 520 525 Leu Ay Ay G@n Ala Gdn Val Ala Asn

G u Ely Prysvalr Pal HisA¥gl 58P [235LPSGer Ly Thi AShULABG1Yat1eASn Thr Met
Ser Asn Leu Thr Val G n Val 545 550 555 560 rg Ser Ile Ser Thr Val

Gn Alalle Ala AK4b3 y Asp Met Sau05665 570 575 dipskys Il e Lys Val
Ala Asn Ay Gu Ile Gn Val Leu Lys u 580 585 590 Thr Ile Asn Asn

Val FRempSer dyireMetsdhr Siir Phe OgsLyky Le@ lleVasp La8561508s6G@y G n Arg Val
Lys Asp Val Glla/GOVaI Asp Ay Lyfoﬁl\élet Ay A a _GI nlOTO
Met Ile Pro Aia Leu Glu Asn Arg Ala Thr Pro Ser Leu Ala Asp Asn
1075 1080 1085
- Thr Lys Ser Phe Glu Ile Leu Leu Ala Glu Asp Asn Thr Val Asn Gln
1090 . 1095 1100 .
Arg Leu Ala Val Lys Ile Leu Glu Lys Tyr His His Val Val Thr Val
1105 1110 1115 1120
Val Gly Asn Gly Trp Glu Ala Val Lys Ala Val Gln Ser Lys Lys Phe -
1125 1130 1135
Asp Val Ile Leu Met Asp Val Gln Met Pro Ile Met Gly Gly Phe Glu
1140 : 1145 1150
Ala Thr Gly Lys Ile Arg Glu Tyr Glu Arg Gly Ile Gly Ser His Arg
1155 ' 1160 1165
Thr Pro Ile Ile Ala Leu Thr Ala His Ala Met Met Gly Asp Arg Glu
1170 1175 _ 1180
Lys Cys Ile Gln Ala Gln Met Asp Glu Tyr Leu Ser Lys Pro Leu Gln
1185 1190 1195 1200
Gln Asn His Leu Ile Gln Thr Ile Leu Lys Cys Ala Thr Leu Gly Gly
1205 1210 1215
Pro Leu Leu Glu Lys Asn Arg Glu Arg Glu Leu Ala Leu His Ala Glu
1220 1225 . 1230
Thr Lys Ser Lys His Lys Glu Gly Gly Gln Gly Leu Leu Arg Pro Thr
1235 1240 1245
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610
Thr
Arg
Thr
Lys
Adn
Thr
Thr
Thr
Asn
Leu
Tyr

e e g s e

615
Asp
Al a
Lys
Arg
Arg
Lys
Pro
Asp
Leu
Ser
Thr

620 80/161 Ala Asp Val Gy Ay Leu Asp Gy Arg Trp Lys Qu Ile Thr

625 630 635 640 Val Asn Thr Met Ala Ser Asn Leu Thr Thr dn Val
Phe Ser 645 650 655 ‘Asp Ile Thr Asn Leu Ala Thr Asp Ay Asp Phe
Leu Val Asp 660 665 670 Val Qu Ala Ser Ay Gu Met Asp Au Leu
Lys Ile Asn G n 675 680 685 Met Ile Ser Asn Leu Arg Asp Ser lIle
Asn Thr An Ala Arg 690 695 700 du Ala Ala Gu Leu Ala Asn Lys
Ser Qu Phe Leu Ala Asn 705 710 715 720 Met Ser His Qu lle Arg

DMt GPs1Sefd Ard ISer PR Thy SWetArghGlu Fro7Bél 130 GIF Ask@lyThr Leu Asp
Leu Thr A n Tyr Gn Arg Qu Met Leu 740 745 750 Asn Ile Val Asn

Al d4238n Ser Leu LeulTs Ille Ile Asp #8§0 755 760 765 |Ile Leu Asp
Lys Ile GQu Ala Arg Arg Met Val Ile Au Qu 770 775 780 1le Pro
LysuGly $ed BroTAla \idle Ree AAsThal Asp @lulysp Pio LeewAla3%g790 795 800
1265 - 1270 1275 1280

Ala Arg Leu Asp Leu Ser Asp Met Arg Ser Leu Thr Asn

1285 1290

<210> 42
<211> 3882
<212> DNA

<213> Fusarium oxysporum

220>
221> CDS
<222> (1).. (3882)

<400> 42
atg gtt gac gac ch gee cte gec get geg get teg att gte gec teg 48
Met Val Asp Asp Ala Ala Leu Ala Ala Ala Ala Ser Ile Val Ala Ser

1 5 10 15

att gct cca gat ccc cgt ctg ccc aat tcg ata ccg gtt ggt gta get 96
Ile Ala Pro Asp Pro Arg Leu Pro Asn Ser Ile Pro Val Gly Val Ala
20 25 30
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Ala Val Lys Ala Asn Qu Lys Phe Leu Asp Leu Thr Tyr Lys Val Asp 805 810 815
Ser Ser Val Pro Asp Tyr Val
830 81/161 Ille Ile Leu Asn Leu Val
835 840 845 A u Val Ser Leu

. @y 865 870 875 880
Gn Gn Ala 885 890 895 Asp Ay Ser

lle Ay Asp Ser

Thr 1le Lys A u Ser
850 855 860 Pro dy Gu Tyr Ala Val du Phe Val Va
Ile Ala G n Asp Lys Leu Asp Leu Il e Phe Asp Thr Phe
Met Thr Arg Lys Phe Ay Gy Thr Ay

Phe Arg Leu Arg G n

820 825

Gy Asn Ala Ile Lys Phe Thr u Hs Ay

Met Ay G@n Asn Asn Val Arg
Glu. Asp Thr Ay Ile

Leu Gy deaucdieigtg 92 805 cRa0gdd @cdedatlist Al ¢RUa¥@lcgbsangd 8cMet 1@y Gy
Asn 915 920 925 Ser u Hs Ay Lys Gy Ser Au Phe Hs

Phe Thr SeysGlie¥aVallnLysu P26 C35PP4 QsplBur Ara Ar0LfSArdslysALauAl a Leu Ile
945 950 955 960 Arg Ay His dn Val Leu Phe

Asp Leu Trp Val

GQu dndnille Arg Pro Tyr

Val Asp Lys Ala3&dn Ser An Asn #0a 965 970 975 4%r Ser Ile Lys Pro Met

Leu Gu.Lys Ile Ay Leu Lys Pro Va

gaa ctc
Glu Leu
50

cag gcc
Gln Ala
65

gac act

Asp Thr

cct aaa

Pro Lys

tect tat

Ser Tyr

gac gac

Asp Asp

e e g

gag ctt cag aac

Glu Leu Gln Asn

tca get acc tet
Ser Ala Thr Ser
70

ctt ttt gge gaa
Leu Phe Gly Glu
85

gte ttt cac gece
Val Phe His Ala
100

cag ctg acc gaa
GIn Leu Thr Glu
115

caa tcc aag tta

Gln Ser Lys Leu

ctt gct
Leu Ala
55

cca ttc

Pro Phe

gag gect
Glu Ala

caa ggt
GIln Gly

gaa gcce
Glu Ala
120

ctc gat

Leu Asp

Val

cta cgt
Leu Arg

cca gaa

Pro Glu

cag gct
Gln Ala
90

age ctg
Ser Leu

105
ctt gaa

Leu Glu

agt cag
Ser Gln

gtt gga aag ctc gag agce
Val Gly Lys Leu Glu Ser
60

acg ccc aac gag gtt att
Thr Pro Asn Glu Val Ile
75 80

gtg gcg gtc cgt ccc aag
Val Ala Val Arg Pro Lys
95

cac tct ceg cat ctg cca
His Ser Pro His Leu Pro

110

gga ctt cga gaa cat gtg
Gly Leu Arg Glu His Val
125

cgc cag gaé ctc get ggt
Arg Gln Glu Leu Ala Gly
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192

240

288

336

384

432



990 Val Asp Ser Qu Lys Ser Pro Ala Leu Thr Arg Leu dn Ser Ay Qy.

Val Val Hi s Val Ser

Leu Pro Tyr Asp Ala Ile Leu Val Asp Ser Ile Asp Thr Al a

Asp Asp Phe Lys Tyr Leu Pro Ile Val

Leu Lys

1080 1085 Thr Lys Ser
1@90 1095 1100. Arg Leu Al a

980 985
995 1000 1005 Ser

Arg 1010 1015 1020 Arg Leu Arg Ala Val

Leu Leu 1025 1030 1035 1040 82/161 Ala Pro

Ser Cys Leu Asp Leu Gy Ile 1045 1050 1055 Thr Ser Tyr Met Thr Thr
Lys Leu Ile Asp Leu Ay Asn Ay 1060 1065 1070 Met
Asn Arg Ala Thr Pro Ser Leu Ala Asp Asn 1075

Ile Leu Leu 180a G u Asp Asn TBs Val Asn dn

Val Lys Ile Leu Qu Lys Tyr His Hs Val Val Thr Va
Val Ay Asn Ay Trp Qu Ala Val Lys Ala Val d@n Ser
1135 Asp Val

Pro Cys

Ile Pro Ala Leu Au

Phe G u

1105 1110 1115 1120
Lys Lys Phe 1125 1130

|le Leu Met Asp Val G n Met Pro lle Met Gy Gy Phe Gu 1140

1145 1150tnaatTent Ghy dtystid eafrapgChag Tpg Haucdd gagl ygd Igec @ot Ser4g8d s Arg
1155 1160 1165

Val Asn Ala Gln Leu Leu Glu Gln Lys Gln Leu
145 ‘ 150 155

gag atc ctc gag cag gaa cgt att gct act ctg
Glu Ile Leu Glu Gln Glu Arg Ile Ala Thr Leu
165 170

aag cat cag aaa gcc aac gag gct ttc caa aag
Lys His Gln Lys Ala Asn Glu Ala Phe Gln Lys
180 185

gega gag att gtt aca gcc.gtt get cge ggt gat
Gly Glu Ile Val Thr Ala Val Ala Arg Gly Asp
195 200

cgc atg aac act gtt gaa atg gac cct gaa atc
Arg Met Asn Thr Val Glu Met Asp Pro Glu Ile
210 215

act atc aac gct atg atg gac cag ctg caa ata
Thr Ile Asn Ala Met Met Asp Gln Leu Gln Ile
225 230 235
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Gln Glu Arg Ala Leu
160

gag cgc gag ctt tgg
Glu Arg Glu Leu Trp
175

get cta cga gaa att
Ala Leu Arg Glu Ile
190

ttg acc atg aag gtt
Leu Thr Met Lys Val
205

aca aca ttc aag cge

Thr Thr Phe Lys Arg
220

ttt get age gaa gte
Phe Ala Ser Glu Val
240

528

676

624

672

720



Thr

Prollelle Ala Leu Thr Ala Hs Ala Met Met Ay Asp Arg Gu 1170 1175
1180 Lys Cys Ile dn Ala @dn Met Asp Qu Tyr Leu Ser Lys-Pro Leu An 1185

1190 1195 1200 dn Asn His Leu Ile dn Thr Ile Leu Lys Cys Ala Thr Leu Gy

Ay
Al a
Arg
Pro
Asp
Asp

1205 1210 1215 Pro Leu Leu Gu Lys Asn Arg Qu Arg Gu Leu Ala Leu His
Gu 1220 1225 1230 Thr Lys Ser Lys Hs Lys Gu Gy Ay Adn Ay Leu Leu-
Pro Thr 1235 1240 1245 83/161 Leu Qu Ser Arg Ser Phe Thr Ser Arg Gu
Leu Leu Gy Asn Ay 1250 1255 1260 Lys G u Ser Pro Ala Ile Leu Ala Thr

A u Asp dgaogtelgctl tPEsa ¢heOpatl 440 ghd/Pyal 28 rehcl£4h ASprggu Ser
Met Arg Ser Leu Tt A 1%85&1290 g?'<a21 g 42&%@1@@8@5 S%25212;‘7%83&% <213>

Fusar i umSex ygovalmAla28@>6k2 ¥kt CISTHEZAR 61y Leu (IR8B8ly Gly Gln

245 250 255

gee cgt atc gge gge gtc gac gga aca tgg aag gaa ttg act gac aac 816
Ala Arg Ile Gly Gly Val Asp Gly Thr Trp Lys Glu‘Leu Thr Asp Asn
260 265 270

gta aac gtt atg gcc cag aat ctt act gat caa gtg agg gag ata gea 864
Val Asn Val Met Ala Gln Asn Leu Thr Asp Gln Val Arg Glu Ile Ala
275 280 : 285

tcg gtt acc acc gee gtg gee cac gge gat ctg act aaa aag atc gaa 912
Ser Val Thr Thr Ala Val Ala His Gly Asp Leu Thr Lys Lys Ile Glu
290 295 300

cga cct gec aga ggc gag ata ttg caa tta caa caa acg att aac acc 960
Arg Pro Ala Arg Gly Glu Ile Leu Gln Leu Gln Gln Thr Ile Asn Thr
305 310 315 320

atg gtg gac caa tta cga aca ttt get tct gaa gtc aca cgt gta geg 1008
Met Val Asp Gln Leu Arg Thr Phe Ala Ser Glu Val Thr Arg Val Ala
325 330 335

aga gat gtc ggg acc gaa ggc atg tta gge gge caa gec gat gtt gegg 1056
Arg Asp Val Gly Thr Glu Gly Met Leu Gly Gly Gln Ala Asp Val Gly
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<400> 42 atg gtt gac gac gcg gcc eté gcc get gcg get tcg att gtc gec tcg 48

Met Val
att get
Pro Asp
tct cag
dn Val
etc gag
A u Leu
tea get
Al a Thr
ctt ttt
Phe Gy
ttt cac
H s Al a
ctg ace

Asp Asp Ala Ala Leu Ala Ala Ala Ala Ser Ile vVal Ala Ser 1 5 10 15

cca gat ccc cgt ctg ccc aat tcg ata ccg gtt ggt gta get 96 Ile Ala
Pro Arg Leu Pro Asn Ser Ile Pro Val Ay Val Ala 20 25 30 . 84/ 161

gtg caa etc cca ggg cca gat act ccc gcc aag cgc aag etc 144 Ser
A@n Leu Pro @y Pro Asp Thr Pro Ala Lys Arg Lys Leu 35 40 45 gaa.
ctt cag aac ctt get cta cgt gtt gga aag etc gag age 192 du Leu
A n Asn Le3g0Al a Leu Arg Vala4dy Lys Leu Gu g8y 50 55 60 cag gcc
acc tct cca ttc cca gaa acg ccc aac gag gtt att 240 Gn Al a Ser
Ser Pro Phe Pro Qu Thr Pro Asn Qu Val Ile 65 70 75 80 gac act
ggc gaa gag get cag get gtg gcg gtc cgt ccc aag 288 Asp Thr Leu
Baugtd wagl ggcChtg Algg Mad gAt actdahcArggcPrat kys £ 96c Utg cdiiogaa gtc
éfc caa ggt age ctg cac tct ccg cat ctg cca 336 Pro Lys Val Phe
inVa GlacGlyl Met Hiry Sov ABp d.ei Shit dal Ptsm ¥8D A@SAld GMett ct tat cag

aa gaa gcc ctt gaa a ctt cga gaa cat gtg 384
g g 35g J 99 360 98 9 gﬁg

gcc aac aac ttg acg act caa gtg cgc gac att atc aag gtt acc aca 1152
Ala Asn Asn Leu Thr Thr Gln Val Arg Asp Ile Ile Lys Val Thr Thr
370 375 380

get gte gec aag gga gat ctt aca caa aag gtc caa gec gat tgc agg 1200
Ala Val Ala Lys Gly Asp Leu Thr Gln Lys Val Gln Ala Asp Cys Arg
385 390 395 400

gga gag ata tic gag ctc aag tca acc atc aac tcc atg gtt gac cag 1248
Gly Glu Ile Phe Glu Leu Lys Ser Thr Ile Asn Ser Met Val Asp Gln
405 410 415

ctg caa cag ttc gec cgc gag gtt acc aag att gecc cgt gaa gtc gga 1296
Leu Gln Gln Phe Ala Arg Glu Val Thr Lys Ile Ala Arg Glu Val Gly
420 425 430

acc gaa gga cgc ctg gga ggg cag gec act gtg cat gat gtt gaa ggc 1344
Thr Glu Gly Arg Leu Gly Gly Gln Ala Thr Val His Asp Val Glu Gly
435 440 445
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Ser

gac
Asp
140
Val

160
Au
aag
Hi s
gga
du
cgc
Met
ate
Asn

Tyr

gac caa tee
dn Ser
gta aat get
Asn Ala A n

Thr Au Au Ala Leu u dy
aag tta etc gat agt cag cgc
Leu Leu Asp Ser A n Arg @n
cag etc ttg gag cag aag cag
Leu Leu Gu Gn Lys dn Leu

d n Leu

Lys

Leu Arg Gu H s Val
cag gag etc get ggt 432 Asp
Qu Leu Ala Gy 85/161 130 135
eta.caa gag cga gcc etc 480

Gn Gu Arg Ala Leu 145 150 155

115 120 125

gag ate etc gag cag gaa cgt att get act ctg gag cgc gag ctt tgg 528

Ile Leu Qu G@n Gu Arg Ile Ala Thr

cat aegt@naggcgataaty Gieg §af ahé Gteadadagc g QL@ AgaasRatatl t 1398
Arg Gu Ile 180 185

An Lys Ala Asn Gu Ala Phe An Lys Ala Leu
gag Bt Txpt Aradsspgbeu Jht Gjlet AsyVadoAsrg8ly tMeg

Il e Val

Thr Ala Val Ala Arg Ay Asp Leu Thr

atg aacddkt gtt gaa atg 4@c cct gaa ate ab@

Asn Thr Val

Gu Met Asp Pro Qu Ile Thr Thr

aac get atg atg gac cag ctg caa ata ttt get
Ala Met Met Asp G n Leu An lle Phe Ala Ser

acc act caa gtg cga gaa att gcc aag gtt aca aca
Thr Thr Gln Val Arg Glu Ile Ala Lys Val Thr Thr

465 470 475

‘g8t gac ttg aca aag aag att ggg gtt gag gtc aag

Gly Asp Leu Thr Lys Lys Ile Gly Val Glu Val Lys
485 490

gaa ctg aag aac acc att aac cag atg gtg gat cgt
Glu Leu Lys Asn Thr Ile Asn Gln Met Val Asp Arg
500 505
gee gtt gag gtg age aag gta gec agg gaa gta gge
Ala Val Glu Val Ser Lys Val Ala Arg Glu Val Gly
615 520

ttg ggt gga cag gct caa gtt gec aat gtt gaa ggt
Leu Gly Gly Gln Ala Gln Val Ala Asn Val Glu Gly
530 535 540

ctc aca gaa aac gtc aac aca atg gcg tca aat cte

Leu Thr Glu Asn Val Asn Thr Met Ala Ser Asn Leu
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Leu Gu Arg Qu Leu Trp 165

At® MetoAsnfegt t 624
195 200

aca ttc aag cgc 672
Phe Lys Arg 210 215
age gaa gtc 720 Thr
225 230 235 240

Met Lys Val

d u Val
get gte gee aaa

Ala Val Ala Lys
480

get gaa att gca
Gly Glu Ile Ala
495

ctt ggt acg ttt
Leu Gly Thr Phe
510

aca gat gga aca
Thr Asp Gly Thr
b25

aaa tgg aag gat

Lys Trp Lys Asp

aca gtc cag gtc

Thr Val Gln Val

170 175
Lys
190
Ay
205
Arg
220 act
Ile

1440

1488

1536

15684

1632

1680

I SR N TN




86/ 161 teg cga gtc get cgt gaa gtc ggt ace gaa gga ttg ctt ggt ggc caa 768
Ser Arg

gcc
Arg
gta
Asn
tcg
Val
cct
Al a
atg
Val
aga
Asp

cgt
Ile
aac
Val
gtt
Thr
gcc
Arg

gtg g
CEMmage tAr teaThca Rt Akt cSergdd at¥agegThac Arg dad afy agd25 338 335

c atg tta ggc ggg caa gcc gat gtt ggg 1056 Arg
1 Thuw GEhyAl@ JleAlaAlsn Adp Adpl M&t \BeB7/ 161 340 345

350 gga gtg cag ggc atg tgg aac gat e%goace gtc aat gtg7;at gec atg 1104

Asp
gat
Val

Val Al a
ate ggc
Gy Gy
gtt atg
Met Al a
ace acc
45 Al a
aga ggc
Ay Qu
ac caa

Arg
ggc
Val
gee
Adn
gec
Val
gag
I'le
tta

Au
gtc
Asp
cag
Asn
gtg
Al a
at a
Leu
cga

Val

gac
Ay
aat

Ay Thr
gga aca
Thr Trp
ctt act
Leu Thr Asp
gee cac ggc gat ctg act
H30 Ay Asp Leu ThgsgLys
ttg caa tta caa caa acg
An Leu dn dn Thr Ile
aca ttt get tct gaa gtc

Gu Ay Leu
tgg aag gaa
Lys Qu Leu
gat caa gtg
A@n val Arg

Leu

ttg
Thr

agg
Au
aaa
Lys
att

Asn
aca

Gy Ay dn
gac aac
Asn 260
ata gca
Al a 275
ate gaa
Ile G usga90
aac ace 960
Thr 305 310

cgt gta gcg

act

Asp
gag
I'le
aag

ace gaa

d dergThr

%}c 999

cag aag atc aag gtc gaa gca aat gga gag ata caa gtg ctg aaa gaa
Gln Lys Ile Lys Val Glu Alae Asn Gly Glu Ile Gln Val Leu Lys Glu
580 585 590

acc atc aat aac atg gtt gac cgt ttg tet age ttc tgt tac gaa gtg
Thr Ile Asn Asn Met Val Asp Arg Leu Ser Ser Phe Cys Tyr Glu Val

595 600 605
cag cga gtt gcc aag gat gtg gegt gtt gat gga aag atg ggt get caa
Gln Arg Val Ala Lys Asp Val Gly Val Asp Gly Lys Met Gly Ala Gln

610 615 620
gcc gac gta ggt ggt cta gac ggc cgec tgg aaa gag atc acc aca gat
Ala Asp Val Gly Gly Leu Asp Gly Arg Trp Lys Glu Ile Thr Thr Asp
625 630 635 640
gtc aac aca atg get agt aac ctg act aca caa gtg cge gee tte teca
Val Asn Thr Met Ala Ser Asn Leﬁ Thr Thr Gln Val Arg Ala Phe Ser
645 650 655 .
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T T T TR T

245 250 255
816 Ala
265 270
864 Val
280 285
912 Ser
295 300 cga

Arg Pro
315 320
1008 Met

1776

1824

1872

1920

1968



Ay
gec
Asn
gtc
Al a
gga
Au
ctg
Adn
ace
du

Val dn
aac aac
Asn Leu
gcc aag
Lys Gy
gag ata
Il e Phe

Ay
ttg
Thr
gga
Asp
ttc
Au

Met Trp Asn
aeg act caa

Thr
gat

Leu Thr

dn Val
ctt aca
dn

gag etc aag
Leu Lys Ser

Asp
gtg
Arg
caa
Lys
tca
Thr

Thr

gac
Ile
gtc
Adn
ate
Asn

Leu
cgc
Asp
aag
Val

ace
Ile

Val Asn
att ate
Ile Lys
caa gec
Al a Asp
aac tee
Ser Met

Val Asn
aag gtt
Val Thr
gat tgc
Cys Arg
atg gtt
Val Asp

Ala Met 355 360 365
ace aca 1152 Al a

Thr 370 375 380 get

agg 1200 Al a Vval
385 390 395 400
gac cag 1248 dy
A n 405 410 415

caa gagati &c@CacGtglad @t gaccg@AgatiitcIase Gak &aaag% Ggagga J486 Leu

A n Phe Ala Arg

Thr

d u Val Lys |

le Ala Arg Au Val Ay 420 425 430

gaa bgaltgdhet fsmdeuctia Thg ASPOGIAChsYRheCHir 08k Ighi VSRAsgOC 1344 Thr

Gy Arg Leu dy Ay dn Ala Thr Val

Hi s Asp Val

A u Gy 435 440 445

88/ 161 ace tgg aggb@ht ctg acg gag G68c gtc aac ggc a7 gcc atg aac ttg

1.392 Thr Trp Arg Asp Leu Thr Gu Asn Va

Asn Gy Met Ala Met Asn Leu 450

455 460 ace act caa gtg cga.gaa att gcc aag gtt aca aca get gte gcc aaa

1440 Thr Thr

Thr Thr Al a Val

G@n Val Arg Au Ile Ala Lys Va

470 475 #4g08aa gca tcg ggt gag atg gac gag ctc aag cgc aag atc aac cag

Val Glu Ala Ser Gly Glu Met Asp Glu Leu Lys Arg Lys Ile Asn Gln

675 680 685

atg att tca aat ctg cge gat tct att cag cgt aat act cag gcc agg
Met Ile Ser Asn Leu Arg Asp Ser Ile Gln Arg Asn Thr Gln Ala Arg
690 695 700
gaa gct gec gaa ctt gec aac aag acc aag tca gag ttc ctc gec aac
Glu Ala Ala Glu Leu Ala Asn Lys Thr Lys Ser Glu Phe Leu Ala Asn
705 710 715 720
atg tcc cat gaa att cga acg ccg atg aac ggt atc atc gga atg act
Met Ser His Glu Ile Arg Thr Pro Met Asn Gly Ile Ile Gly Met Thr

725 730 735

caa ctg aca ttg gac acc gat ctg act caa tat cag agg gag atg ctt

Gln Leu Thr Leu Asp Thr Asp Leu Thr Gln Tyr Gln Arg Glu Met Leu
740 745 750

aac att gtc aat aat ctt gecc aat age ctc ttg acg ata att gac gat

Asn Ile Val Asn Asn Leu Ala Asn Ser Leu Leu Thr Ile Ile Asp Asp
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Al a Lys 465
2064

2112

2160

2208

2256

2304



ggt
Asp
gaa
Leu
gcc
Val
ttg
Ay
aca
du
560
Arg
cag
Lys
ace
Ile

PR o

gac ttg aca aag aag att ggg gtt gag gtc aag ggt gaa att gca 1488 dy
Leu Thr Lys Lys Ile Ay Val Au Val Lys Ay GQu Ile Ala 485 490 495

ctg aag aac ace att aac cag atg gtg gat cgt ctt ggt acg ttt 1536 du
Lys Asn Thr Ile Asn A n Met Val Asp Arg Leu Ay Thr Phe 500 505 510

gtt gag gtg age aag gta gee agg gaa gta ggc aca gat gga aca 1584 Al a
Gu Val Ser Lys Val Ala Arg Gu Val @y Thr Asp Gy Thr 515 520 525

ggt gga cag get caa gtt gcc aat gtt gaa ggt aaa tgg aag gat 1632 Leu
Ay Gn Al&seln Val Ala Asn7gal Qu Gy Lys Tgp Lys Asp 530 535 540 etc
gaa aac gtc aac aca atg gcg tea aat etc aca gtc cag gtc 1680 Leu Thr
Asn Val Asn Thr Met Ala Ser Asn Leu Thr Val dn Val 89/161 545 550 555
cga agt ate tca aca gtt act caa gee att geg aac ggc gac atg age 1728
Ser dtcet@pmaThettVate Hag @ in gAh gdtl egdlagalsty Gry aAtpgddigager 2363 570 575

aag ate aa Ste gaa gca eat gga gag ata caa gtg ctg aaa gaa 1776 dn
Ile H_ysL«va spl keuaBer %an ﬂeyG%l WAllal ArgAmg \Medt Vali 1lesGld 61680 585 590

ate aat_aac atg gtt gac cgt ttg tct age ttc tgt tac gaa gtg 1824 Thr
Asn Asn’fkt val Asp Arg T%u Ser Ser Phe G8 Tyr G u Val

att cct tac aca ctg cgt gga acc gtc ttec aat geec ctc aag act ctc 2400
Ile Pro Tyr Thr Leu Arg Gly Thr Val Phe Asn Ala Leu Lys Thr Leu
785 790 795 800

gct gtc aag gca aat gag aag ttc ttg gat cte acc tac aag gtc gat 2448
Ala Val Lys Ala Asn Glu Lys Phe Leu Asp Leu Thr Tyr Lys Val Asp
805 810 815

agc tcc gtg cct gac tac gtt att gge gac tec tte cgt ctc aga caa 2496
Ser Ser Val Pro Asp Tyr Val Ile Gly Asp Ser Phe Arg Leu Arg Gln
820 825 830

att atc ctc aac ctt gtt ggc aat gct atc aag ttc aca gag cat ggt 2544
Ile Ile Leu Asn Leu Val Gly Asn Ala Ile Lys Phe Thr Glu His Gly
835 840 845

gag gtc agc cta acg atc aag gag agc atg ggg caa aac aat gtc cga 2592

Glu Val Ser Leu Thr Ile Lys Glu Ser Met Gly Gln Asn Asn Val Arg
850 855 860
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595 600 605 <cag cga gtt gcc aag gat gtg ggt gtt gat gga aag atg ggt get
caa 1872 dn Arg Val Ala Lys Asp Val Ay Val Asp Ay Lys Met Ay Ala G@n
610 615 620 gcc Sac gta ggt ggt cta gac ggc cgc tgg aaa gag ate ace aca gat
1920 Ala Asp Val dy Ay Leu Asp Gy Arg Trp Lys GQu Ile Thr Thr Asp 625

630
tca
645
eta
Val
ate
Asn
cag
Al a
gee
Asn
gga

635 640 Ste aac aca atg get agt aac ctg act aca caa gtg cgc gee ttc
1968 Val Asn Thr Met Ala Ser Asn Leu Thr Thr A n Val Arg Al a Phe Ser
650 655, 90/.161 gat ata acc aac ttg gcc ace gee ggg gat ttc ace aag

gtc gelc gghlgag A6 gehegiihgad\witlgte Altd gy gdS Rl ychaba Rl Thisdoys Leu
Asp 660 665 670 gte gaa gca tcg ggt gag atg gac gag etc .aag cgc aag
aac RrgGRoadu Tt AGhWaAl 615Phe Gyl Gall Ot AdS|(ThEl GlyLEle Gl Arg Lys Ile
Gn 675 680 685 atg att tca eat ctg cgc gat tct att cag cgt eat act
gee ¥y 2112 Met |1 878er Asn Leu Arg88p Ser Ile G n M8§ Asn Thr An
Arg 690 695 700 gaa get gee gaa ctt gee aac aag ace aag tca gag ttc etc
aac 2160 Gu Ala Ala GQu Leu Ala Asn Lys Thr Lys Ser A u Phe Leu Al a
705 710 715 720 atg tcc cat gaa att cga aeg ccg atg aac ggt ate ate
at g afct 8o (¥ga gat aaa ctg gat ttg atc ttc gac acg ttc caa caa geg 2688

Ile Ala Gln Asp Lys Leu Asp Leu Ile Phe Asp Thr Phe Gln Gln Ala

885 890 895

gat‘ggt tcc atg acg cgc aag ttt ggec gga aca ggt cta ggt cta tet 2736
Asp Gly Ser Met Thr Arg Lys Phe Gly Gly Thr Gly Leu Gly Leu Ser
900 905 910

att tcg aaa cga ctc gtc aat ctec atg ggt ggt gat ctc tgg gta aac 2784
Ile Ser Lys Arg Leu Val Asn Leu Met Gly Gly Asp Leu Trp Val Asn
915 920 925

agt gaa cat ggc aag ggc agt gaa ttt cac ttc aca tgc tta gtc aag 2832
Ser Glu His Gly Lys Gly Ser Glu Phe His Phe Thr Cys Leu Val Lys
930 635 940

ctt gect cct gac gat get get ctg atc gag caa cag atc cge cec tac 2880
Leu Ala Pro Asp Asp Ala Ala Leu Ile Glu Gln Gln Ile Arg Pro Tyr
945 850 955 960

cga ggt cat caa gtg cta ttc gtc gac aag gcc cag tcg cag aac gcc 2928
Arg Gly His Gln Val Leu Phe Val Asp Lys Ala Gln Ser Gln Asn Ala
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Met Ser Hs Qu Ile Arg Thr Pro Met Asn Ay Ile Ile Ay Met Thr 725 730 735
caa ctg ace ttg gee ace gat ctg act caa tat cag agg gag atg ett.2256 dn
Leu Thr Leu Asp Thr Asp Leu Thr A n Tyr A n Arg Gu Met Leu 740 745 750

aac att gtc aat aat ctt gee aat age etc ttg aeg ate att gac gat 2304 Asn
Ile Val Asn Asn Leu Ala Asn Ser Leu Leu Thr Ile Ile Asp Asp 91/161 755 760
765 ate ttg gat ctt tee aag att gaa get egg aga atg gtc att gag gag 2352
Ile Leu Asp Leu Ser Lys Ile Qu Ala Arg Arg Met Val - Ile Gu GQu 770 775 780

att cct tac aca ctg c@6bgga ace gtc ttg7mat gee ctc aaggmgt ctc 2400 lle
Pro Tyr Thr Leu Arg Gy Thr Val Phe Asn Ala Leu Lys Thr Leu 785 790 795 800
get gtc aag gea aat gag aag tte ttg gat etc ace tac aag gtc gat 2448 Al a
Val Lys Ala Asn Qu Lys Phe Leu Asp Leu Thr Tyr Lys Val Asp 805 810 815

age tee acgtenatgangt act gite ettt sggragastd gegtdiy aag cetcgiaggttaa 28466 Ser
Ser Val Pro Asp_Tyr Val lle Ay Asp Ser Phe Arg Leu Arg A n 820 825 830

att ate WrcSeradleiliysgPro Mgt Lewt Ghetlyst Bleafgy thent bys PgagVadaVabgt 2544 |le
Ile Leu Asn Leu VaglsoGy Asn Al a Ilegslgys Phe Thr d uggg)s Gy 835 840 845

gtg gat tcg gag aag agt cct geg ctg act cgt ctt caa age ggt gge 3024
Val Asp Ser Glu Lys Ser Pro Ala Leu Thr Arg Leu Gln Ser Gly Gly
995 1000 1005

tce ctt cec tat gat get atec cte gtec gat tec atc gac act geg aga 3072
Ser Leu Pro Tyr Asp Ala Ile Leu Val Asp Ser Ile Asp Thr Ala Arg
1010 1015 1020

agg tta aga gec gtg gac gat ttc aag tac ctt cct atc gte ttg ctg 3120
Arg Leu Arg Ala Val Asp Asp Phe Lys Tyr Leu Pro Ile Val Leu Leu
1025 1030 1035 1040

Bca cca gtt gtt cac gtt agt ctg aag tcg tgc ttg gat ctg gga att 3168
Ala Pro Val Val His Val Ser Leu Lys Ser Cys Leu Asp Leu Gly Ile
1045 10560 1055

acg tcg tat atg acc acg cca tgec aag ctc att gat cta gga aat ggc 3216
Thr Ser Tyr Met Thr Thr Pro Cys Lys Leu Ile Asp Leu Gly Asn Gly
1060 1065 1070
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gag gtc age eta acg ate aag gag age atg ggg caa aac aat gte ega 2592 Qdu
Val Ser Leu Thr Ile Lys Qu Ser Met Ay A n Asn Asn Val Arg 850 855 860

92/ 161 cct gga gag tat gcg gtt gag ttt gte gtg gag gac acg ggc ate gga 2640
Pro Gy Gu Tyr Ala Val GQu Phe Val Val Qu Asp Thr Ay Ile Ay 865 870 875

880 ate gcc caa gat aaa ctg gat ttg ate ttc gac acg ttc caa caa gcg 2688
Ile Ala G n Asp Lys Leu Asp Leu Ile Phe Asp Thr Phe G n @ n Ala 885 890 895
gat ggt tee atg acg cge aag ttt ggc gga aca ggt eta ggt eta tct 2736 Asp
Ay Ser addgtaffhrecérgrtlysc Bag £3cy ck \ecEhiicadCeyt Lina &ty detUgfHeaa®00 3365 910

att teg aaa cga ctc gte eat etc atg ggt ggt gat ctc tgg gta aac 2784 lle
Ser Lys MetglleBrivallaAbeu Géu Adet A \A1Gl ThrA8po [Sexr Tep AVal AdkssAsR15 920 925

agt gaa cat ggc aag ggc agt gaa ttt cac ttc aca tgc tta gtc aag 2832 Ser
GQu Hs Ay Ly878y Ser Gu Phd08@s Phe Thr Cysl08u Val Lys 930 935 940 ctt
get cct gae gat get get ctg ate gag caa cag ate cgc ccc tac 2880 Leu Al a
Pro Asp Asp Ala Ala Leu Ile Au @n dn lle Arg Pro Tyr 945 950 955 960

cga ggt cat caa gtg eta ttc gtc gae aag gcc cag tcg cag aac gcc 2928 Arg
dy H's ?egna%ItCEetch&?@ LY pcgﬁygcm ERACERC SOF W EASAaN gaa 3312

Thr Lys Ser Phe Glu Ile Leu Leu Ala Glu Asp Asn Thr Val Asn Gln
1090 1095 1100

cga tta gca gtg aaa att ctc gag aag tat cac cat gtg gta aca gté 3360
Arg Leu Ala Val Lys Ile Leu Glu Lys Tyr His His Val Val Thr Val
1105 1110 1115 1120

gtt ggt aac ggc tgg gaa get gtc aaa gec gtc caa agc aag aaa ttc 3408
Val Gly Asn Gly Trp Glu Ala Val Lys Ala Val Gln Ser Lys Lys Phe
1125 1130 1135

gat gtc att ctt atg gat gta caa atg ccg atc atg gga ggec ttc gaa 3456
Asp Val Ile Leu Met Asp Val Gln Met Pro Ile Met Gly Gly Phe Glu
1140 1145 1150

gcc acg ggc aag att cga gaa tac gaa cgt ggc ata ggg age cac cgc 3504
Ala Thr Gly Lys Ile Arg Glu Tyr Glu Arg Gly Ile Gly Ser His Arg
1155 1160 1165

aca ccc atc att get cta acg gcc cac gec atg atg ggt gac cga gag 3552
Thr Pro Ile Ile Ala Leu Thr Ala His Ala Met Met Gly Asp Arg Glu
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93/ 161 965 970 975 ace tea ate aag cct atg ett gag aag ate ggg ctg aag cot
gte gtt 2976 Thr Ser Ite Lys Pro Met Leu Qu Lys Ile Ay Leu Lys Pro Va

Val 980 985 990 gtg gat tcg gag aag agt cot gcg ctg act cgt ctt caa age
ggt ggc 3024 Val Asp Ser Qu Lys Ser Pro Ala Leu Thr Arg Leu Gn Ser Ay

Gy 995 1000 1005 tce ctt ccc tat gat get ate etc gte gat toe ate gac act
gcg aga 3072 Ser Leu Pro Tyr Asp Ala Ile Leu Val Asp Ser Ile Asp Thr Al a
Arg 1010 1015 1020 agg tta aga gcc gtg gac gat ttc aag tac ctt cct ate gtc
ttg ctg 312r0 Arg Leu Arg AllgsVal Asp Asp Phggbys Tyr Leu Pro Ile Val Leu
Leu 1025 1030 1035 1040 gca eca gtt gtt cae gtt agt ctg aag tcg tgc ttg
gat ctg gga att 3168 Ala Pro Val Val H's Val Ser Leu Lys Ser Cys Leu Asp
Leu Ay Ile 1045 1050 1055 acg teg tat atg ace aeg cca tge aag etc att gat
et a ggaaaattgggatB2a8 gcEhcadbartgTyac Weg thBir tighrtcPranaCysc Lty tay | B&OOASp Leu
Gy Asn dy 1060 1065 1070 94/161 atg att cog get etc gag aac cgg gcg aca
cot tcalws Cygolleyfdnafda BDeMetMutp Gle Tywoled Set dysCGPuo Asu By Al a Thr Pro

Ser Leu Ala Asp Asn 1075 1080 1085
1185 1190 1195 1200

| caa aac cat ctc atc cag acg atc ctc aaa tge geg acg ctc gge gge 3648
6ln Asn His Leu Ile Gln Thr Ilé Leu Lys Cys Ala Thr Leu Gly Gly
1205 1210 1215

cct ttg ctt gaa aag aat cgt gaa cgg gaa ctg geca ctt cat gec gag 3696
Pro Leu Leu Glu Lys Asn Arg Glu Arg Glu Leu Ala Leu His Ala Glu
1220 . 1225 1230

acg aaa tcg aag cac aag gag ggg gga cag ggt ctg cta cga ccc aca 3744
Thr Lys Ser Lys His Lys Glu Gly Gly Gln Gly Leu Leu Arg Pro Thr
1235 1240 1245

ctc gag agce cge tca ttc aca agt cga gaa cct ctg ttg gga aat gge 3792
Leu Glu Ser Arg Ser Phe Thr Ser Arg Glu Pro Leu Leu Gly Asn Gly
1250 1255 1260

aag gag agc cct gee att ctg get act gat gag gat ccc ctg gea aga 3840

Lys Glu Ser Pro Ala Ile Leu Ala Thr Asp Glu Asp Pro Leu Ala Arg
1265 1270 1275 1280
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acg aaa tct ttc gaa att ctg etc gec gaa gac aac acc gtc aac caa 3312 Thr
'Lys Ser Phe Qu Ile Leu Leu Ala Qu Asp Asn Thr Val Asn dn 1090 1095 1100
cga tta gca gtg aaa att etc gag aag tat cac cat gtg gta aca gtg 3360 Arg
Leu Ala Val Lys Ile Leu Qu Lys Tyr His Hs Val Vval Thr Vval 1105 1110 1115
1120 gtt ggt aac ggc tgg gaa get gtc aaa gcc gtc caa age aag aaa ttc 3408
Val Ay Asn Ay Trp Qu Ala Val Lys Ala Val dn Ser Lys Lys Phe 1125 1130
1135 gat gtc att ctt atg gat gta caa atg cog ate - atg gga ggc tte gaa 3456

Asp Val daecdteetdatacAsc ek @thabpteddr agd loet Mje Ghy tday Phe G u 38840 1145
1150 gcc acg ggc aag att cga gaa tac gaa cgt ggc ata ggg age cac cgc 3504
Al a Thr AbayAsgySel | ASpALen Geur Agp MEE Wrdr SerCGLyu I Te &y Ser H's Arg 1155 1160
1165 aca ccc ate att get cta acg gcc cac gec atg atg ggt gac cga gag 3552
Thr Pro Ile Ile Ala B8 Thr Ala H s Al200vet Met Ay Asp Arg Gu 95/161 1170
1175 1180 aag tgt ate caa get cag atg gac gag tat ttg tee aaa ccc ttg cag
3600 Lys Cys Ile Gn Ala A n Met Asp Gu Tyr Lou Ser Lys Pro Lou G n 1185
1190 1195 1200 caa aac cat etc ate cag acg ate etc aaa tgc gcg acg etc ggc
ggc 3648 Gn Asn His Lou Ile An Thr Ile Lou Lys Cys Ala Thr Lou Ay dy

<210> 43

{211> 29

<212> DNA

<213> Artificial Sequence

220>
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for PCR

<400> 43

tcagatcgece gtgggeccacg geggtggta 29

210> 44
211> 28
<212> DNA

<213> Artificial Sequence

{2200
'<223> Description of Artificial Sequence : Designed

oligonucleotide primer for PCR
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1205 1210 1215 cct ttg ctt gaa aag oat cgt gaa egg gaarctg gca ctt cat gcc
gag 3696 Pro Lou Lou Gu Lys Asn Arg Qu Arg Gu Lou, Ala Lou Hs Ala Qu

1220 1225 1230 aeg aaa tcg aag cac aag gag ggg gga cag ggt ctg cta ega ccc
aca 3744 Thr Lys Ser Lys Hs Lys Gu Gy Gy Gn @y Lou Lou Arg Pro Thr
1235 1240 1245 etc gag age cgc tca ttc aca agt cga gaa cct ctg ttg gga aat
ggc 3792 Lou Qu Ser Arg Ser Phe Thr Ser Arg Gu Pro Lou Lou Ay Asn Gy

1250 1255 1260 aag gag age cct gcc att ctg get act gat gag gat ccc ctg gca
aga 3840 Lys Qu Ser Pro Ala Ile Lou Ala Thr Asp Qu Asp Pro Lou Ala Arg

1265 1270 1275 1280 96/161 gca cgt ctt gac ctc tct gat atg cga agt ctt acc
aac taa S882 44 a Arg Leu Asp Leu Ser Asp Met Arg Ser Leu Thr Asn 1285 1290
<210> 43 <211> 29 <212> DNA <213> Artificial Sequence <220> <223>

Descri pt tgatasfgclr tagliogicaga Segomvee : Designed ol igonucl eotide 28iner for
PCR

<210> 45

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for DNA sequencing

<400> 45

aagtttgegcg gaacaggtct aggtctate ' 29

<210> 46
<211> 29
<212> DNA
<213> Artificial Sequence

<2205
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for DNA sequencing
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<400> 43 tcagatcgec gtgggccacg gcggtggta 29 <210> 44 <211> 28 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence
Desi gned oligonucleotide prinmer for PCR 97/ 161 <400> 44 cgacaaggcc

cagt cgcaga acgccacc 28 <210> 45 <211> 29 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial. Sequence Designed

oli gonucl eotide prinmer for DNA sequencing <400> 45 aagtttggcg gaacaggtct

aggtctatc 29 <210> 46 <211> 29 <212> DNA

<400> 46

tgccagcaag acgataggaa ggtacttga 29

210> 47

<211> 28

<212> DNA

{213> Artificial Sequence

220>
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for DNA sequencing

<400> 47

cctcaccatg ctectgtgaac ttgatage 28

<210> 48

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence :@ Designed

oligonucleotide primer for DNA sequencing
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<213> Artificial Sequence <220> <223> Description of Artificial Sequence :
Desi gned oligonucleotide primer for DNA sequencing 98/ 161 <400> 46

t gccagcaag acgataggaa ggtacttga 29 <210> 47 <211> 28 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence
Designed oligonucleotide prinmer for DNA sequencing <400> 47 cctcaccatg
ctctgtgaac ttgatagc 28 <210> 48 <211> 29 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence : Designed

ol i gonucl eotide prinmer for DNA sequencing 99/161 ‘

<400> 48

gccattgtgt tgacatctgt ggtgatcte 29

<210> 49
<211> 30
<212> DNA

<213> Artificial Sequence

£220>
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for DNA sequencing

<400> 49

gatgcttcca aagectcgege tccagagtag ' 30

<210> 50

<211> 30

<212> DNA

213> Artificiel Sequence

<2200
<223> Description of Artificial Sequence :@ Designed

oligonucleotide primer for DNA sequencing
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<400> 48 gccattgtgt tgacatctgt ggtgatctc 29 <210> 49 <211> 30 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence
Designed oligonucleotide prinmer for DNA sequencing <400> 49 gatgcttcca
aagctcgcgc tccagagtag 30 <210> 50 <211> 30 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence : Designed

ol i gonucl eotide prinmer for DNA sequencing 100/.161 <400> 50 ccgaagacaa

caccgtcaac caacgattag 30 <210> 51 <211> 28 <212> DNA

<400> 50

ccgaagacaa caccgtcaac caacgattag 30

<210> 51

<211> 28

<212> DNA

213> Artificial Sequence

<2200
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for DNA sequencing

<400> 51

ggaccctgaa atcacaacat tcaagcege ' 28

<210> 52

<211> 32

<212> DNA

213> Artificial Sequence

220>
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for PCR
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<213> Artificial Sequence <220> <223> Description of Artificial Sequence :
Desi gned oligonucleotide primer for DNA sequencing <400> 51 ggaccctgaa
at cacaacat tcaagcgc 28 <210> 52 <211> 32 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence Designed

ol i gonucl eotide priner for PCR 101/161 <400> 52 tgcactagta tggttgacga
cgcggececctc gc 32 <210> 53 <211> 33 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence Designed oligonucleotide

primer for PCR <400> 53

<400> 52

tgcactagta tggttgacga cgeggececte ge 32

<210> 53

211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for PCR

<400> 53

gagctgcagt tagttggtaa gacttegeat ate 33

<210> 54

<211> 16

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for DNA sequencing
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gagct gcagt tagttggtaa gacttcgcat ate 33 <210> 54 <211> 16 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence :

Desi gned ol igonucleotide priner for DNA sequencing 102/161 <400> 54

gt aaaacgac ggccag 16 <210> 55 .<211> 1307 <212> PRT <213> Mycospharell a
tritici <400> 55 Met Leu A n GQu Qu Thr Ser Ala Ala Val Ala Ser Ile Leu
Ser Asn 1 5 10 15 Phe Ala Lys A n Tyr Ala Pro Leu Qu Ala Asp Ser Phe Pro
Ala Lys 20 25 30 Ala lle Ala Asn Gy Ile Lys Asn Thr Lys he Ala Leu Pro
Gy Asp 35 40 45 Asp Ser Val Qu Lys Arg Thr Leu Qu Arg Qu Leu Thr Ser
Leu Ala 50 55 60

<400> 54

gtaaaacgac ggccag 16

{210> 55

211> 1307

<212> PRT

<213> Mycospharella tritici

<400> 55
Met Leu Gln Glu Glu Thr Ser Ala Ala Val Ala Ser Ile Leu Ser Asn
1 5 10 15

Phe Ala Lys Gln Tyr Ala Pro Leu Glu Ala Asp Ser Phe Pro Ala Lys
20 25 30

Ala Ile Ala Asn Gly Ile Lys Asn Thr Lys Ile Ala Leu Pro Gly Asp

35 _ 40 45
Asp Ser Val Glu Lys Arg Thr Leu Glu Arg Glu Leu Thr Ser Leu Ala
50 55 60

Thr Arg Ile Gln Phe Leu Glu Ala Arg Ala Thr Ser Gly Thr Ser Ser

65 70 75 80

Leu Pro Ile Thr Pro Asn Glu Pro Leu Ser Ser Ala Phe Ser Glu Asp

85 90 95

Thr Ser Ser Pro Arg Ser Ala Ala Asn Gln His Arg Gln Arg Ser Ser
100 105 110

Ser Trp Val Asn Asn Leu Leu Ala Lys Ser Glu Gly Glu Pro His Pro
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Thr Arg
80 Leu
95 Thr
105 110
103/ 161
Hs Ile
Ile Asp
Thr Lys
dn Leu
Tyr G n

Ile G@n Phe Leu Qu Ala Arg Ala Thr Ser Ay Thr Ser Ser 65 70 75
Pro Ile Thr Pro Asn Gu Pro Leu Ser Ser Ala Phe Ser Gu Asp 85 90
Ser Ser Pro Arg Ser Ala Ala Asn A n Hs Arg @n Arg Ser Ser 100
Ser Trp Val Asn Asn Leu Leu Ala Lys Ser Qu Ay GQu Pro His Pro
115 120 125 Arg Gn Leu Thr Gu Gu A n Phe Ser Phe Leu Arg GQu
Asp 130 135 140 dAn dn Ala dn Qu lle Arg Thr A n Lys du -Phe
Gy lle 145 150 155 160 Lys Ser A n Leu Thr Hs Gn An Thr Al a
Ala Al gqlseu Asp 165 170 é?S Thr Leu Gy hsn Ser Gn Ser lle du
Lys Arg Gu Ile Qu 18& 85 190 Lys Asn adnille Asn Ala Thr

A GYRILakeThaACu @1tk b11P Prd 2P0 0B 43 I o Fe 1S, Thr A @ Val

Ala Asn Ay Asp Leu Ser Lys Lys Val 210 2
Lys Asp ProiSbu Ile Ala Arg P Lys His 225 24P 235 240 Thr Ile Asn Lys

Met Val

Asp G n Leu @Gn Gu Phe Ala Ser An Va
Gln Gln Ala Gln Glu Ile Arg Thr Gln Lys Glu Phe Ile Asp Gly Ile

145 150 155 160
Lys Ser Gln Leu Thr His Gln Gln Thr Ala Thr Lys Ala Ala Leu Asp
165 170 175
Thr Leu Gly Asn Ser Gln Ser Ile Glu Gln Leu Lﬁs Arg Glu Ile Glu
180 185 190
Lys Asn Ala Gln Ile Asn Ala Thr Tyr Gln Lys Val Leu Arg Glu Ile
_ 195 200 205
Gly Thr Ile Ile Thr Ala Val Ala Asn Gly Asp Leu Ser Lys Lys Val
210 215 220
Leu Ile His Ala Thr Glu Lys Asp Pro Glu Ile Ala Arg Phe Lys His
225 230 235 240
Thr Ile Asn Lys Met Val Asp Gln Leu Gln Glu Phe Ala Ser Gln Val
245 250 255
Thr His Leu Ala Lys Glu Val Gly Thr Glu Gly Arg Leu Gly Gly Gln
260 265 270
Ala Val Val Pro Gly Val Asp Gly Ile Trp Ala Glu Leu Thr Gln Asn
275 280 285
Val Asn Val Met Ala Gln Asn Leu Thr Asp Gln Val Arg Glu Ile Ala
290 295 300
Val Val Thr Thr Ala Val Ala Gln Gly Asp Leu Ser Arg Lys Ile Gln
305 310 315 320

Arg Pro Ala Arg Gly Glu Ile Leu Gln Leu Gln Gln Thr Ile Asn Ser
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245 250 255 Thr His Leu Ala Lys Gu Val Ay Thr AQu Gy Arg Leu dy Ay
260 265 270 Ala vVal Val Pro Ay Val Asp Ay Ile Trp Ala Qu Leu Thr

Adn
Adn
du
Arg
Adn
Phe
Ay
Trp
Thr
Al a
du

Asn

11 e

Lys
Adn
Al a
Val
Ser
Al a
Arg
Ile

275 280 285 Val Asn Val Met Ala G n Asn Leu Thr Asp Gn Val Arg
Al a. 290 295 300 Val Val Thr Thr Ala Val Ala Gn Gy Asp Leu Ser
Il'e G@n 305 310 315 320 Arg Pro Ala Arg Ay GQu Ile Leu G n Leu
Thr Ile Asn Ser 104/161 325 330 335 Met Val Gy An Leu Arg Thr
Thr G u Val Thr Arg Val Ser 340 345 350 Arg Asp Val Ay Thr Qu
Leu Ay Ay AgpsAla A n Ile A 4g4355 360 365 G%§3¥a| Gn dy Mt
Asp Leu Thr Val Asn Val Asn Al a Mt 370 375 38 Ala Asn Asn Leu

B VYalGlAr g1\ Ryl A £ PHaUAMAIThE 10T R (@E;;S %ZQ, 400 Ala Val
€] yVXsBp )I?eg Thru(';‘llﬁg ghn P\?g MI\_@ls Al a1 an AL 33%5510 415 Qy
Leu Al a Led@ys Thr Thr IIe34§n Ser Met Val ¥k G n 420 425 430
Arg Asp Val Gly Thr Glu Gly Val Leu Gly Gly Gln Ala Cln Ile Glu

355 360 365

'Gly Val GIn Gly Met Trp Ser Asp Leu Thr Val Asn Val Asn Ala Met

370 375 380
Ala Asn Asn Leu Thr Ala Gln Val Arg Asp Ile Ala Glu Val Thr Thr
385 390 395 400
Ala Val Ala Arg Gly Asp Leu Thr Gln Gln Val Lys Ala Gln Cys Lys
405 410 415
Gly Glu Ile Leu Ala Leu Lys Thr Thr Ile Asn Ser Met Val His Gin
420 425 430
Leu Arg Gln Phe Ala His Glu Val Thr Lys Ile Ala Arg Glu Val Gly
435 440 445
Thr Glu Gly Arg Leu Gly Gly Gln Ala Thr Val His Gly Val Glu Gly
450 455 460 _
Thr Trp Lys Asp Leu Thr Glu Asn Val Asn Gly Met Ala Met Asn Leu
465 470 475 480
Thr Thr Gln Val Arg Glu Ile Ala Glu Val Thr Thr Ala Val Ala Gln
485 490 495
Gly Asp Leu Ser Lys Lys Val Glu Ala Glu Val Lys Gly Glu Ile Leu
500 505 510
Ala Leu Lys Ser Thr Ile Asn Ser Met Val Asp Arg Leu Gly Thr Phe
515 520 525
Ala Phe Glu Val Ser Lys Val Ala Arg Glu Val Gly Thr Glu Gly Val
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Leu
445
455
465
Al a
Au
Leu

Asn
Thr
Val
Val
Asp

Arg

Thr

An Phe Ala Hs Gu Val Thr Lys Ile Ala Arg Au Val Gy 435 440
GQu dy Arg Leu dy Ay @n Ala Thr Val Hs dy Val Qu dy 450

460 Thr Trp Lys Asp Leu Thr Qu Asn Val Asn Gy Met Ala Met Asn Leu

470
Adn
I'le
Ay
Thr
Val
Met
Thr
Hi s
Met

475 480 Thr Thr Adn Val Arg Qu Ile Ala Qu Val Thr Thr Al a Val
485 490 495 dvy Asp Leu Ser Lys Lys Val Qu Ala Qu Val Lys Ay
Leu 500 505 510 Ala Leu Lys Ser Thr Ile Asn Ser Met Val Asp Arg
Thr Phe 515 520 525 Ala Phe Qu Val Ser Lys VvVal Ala Arg G u Val

A ugghy Val 105/161 §§9 535 540 Leu gég Ay dn Ala du Val Ala
Gu dy Lys Trp Lys 545 550 555 Leu Thr Asp Asn Val Asn

p
Po GA$ G1AS 01494 THT N g efs | € Ser Asp
€] n(‘ﬁ?a lI@Ise Al aaAr g"l %¥ A%pa%gtvaggglpggﬁqé%;@ggy% %SDArg Ile Lys
Mm Gn Gy Gu Iggy An Thr Leu LysssAsp 595 600 6Qgg Thr Ile Asn
Val Thr Arg Leu Asp Ala Trp Ser Leu Al a Val

Leu Thr Asp Asn Val Asn Thr Met Ala Asn Asn Leu Thr Gly Gln Vai
565 570 575

Arg Ser Ile Ser Asp Val Thr Gln Ala Ile Ala Arg Gly Asp Met Ser

580 | 585 590
Gln Arg Ile Lys Val His Ala Gln Gly Glu Ile Gln Thr Leu Lys Asp
595 600 605
Thr Ile Asn Asp Met Val Thr Arg Leu Asp Ala Trp Ser Leu Ala Val
610 615 ' 620

Lys Arg Val Ala Arg Asp Val Gly Val Asp Gly Lys Met Gly Gly Gln

625 630 635 640

Ala Glu Val Glu Gly Ile Thr Gly Arg Trp Lys Glu Ile Thr Thr Asp
645 650 | 655

Yal Asn Ile Met Ala Gln Asn Leu Thr Ser Gln Val Arg Ala Phe Ala

660 665 670
Asp Ile Thr His Ala Ala Met Lys Gly Asp Phe Thr Lys Met Ile Asn
675 680 685
Val Glu Ala Ser Gly Glu Met Asn Glu Leu Lys Asn Lys Ile Asn Lys
690 695 700 |

Met Val Leu Asn Leu Arg Glu Ser Ile Gln Lys Asn Asn Gln Ala Arg

705 710 715 720

Glu Ala Ala Glu Leu Ala Asn Lys Thr Lys Ser Glu Phe Leu Ala Asn
725 730 735

Met Ser His Glu Ile Arg Thr Pro Met Asn Gly Ile Ile Gly Met Thr
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610
Adn
Thr
Arg
Thr
Lys
Adn
Lys
Thr
Leu
Val
Leu
800

615 620 Lys Arg Val Ala Arg Asp Val Gy Val Asp Ay Lys Met Ay dvy
625 630 635 640 Ala Qu Val Qu @y Ile Thr Ay Arg Trp Lys Qu lle
Thr Asp 645 650 655 Val Asn Ile Met Ala A n Asn Leu Thr Ser A n Va
Ala Phe Ala 660 665 670 Asp Ile Thr Hs Ala Ala Met Lys Ay Asp Phe
Lys Met Ile Asn 675 680 685 Val GQu Ala Ser Ay Gu Met Asn GQu Leu
Asn Lys Ile Asn Lys 690 695 700 Met Val Leu Asn Leu Arg Qu Ser Ile

Lys Asn Asn G n Arg 705 710,%%5 720 Qdu Alagéba G u Leu Ala Asn
Thr Lys Ser Gu e Leu Ala Asn 7 730 735 Met Hs Gu lle Arg

ncp TrotrEe of iy ek Ehe K GRERRR O A0 AER MLl "\ 70 O

Phe Ser Leu Asn Ser Leu L Thr Ile Ile As p 770 775 780 lle
Asp Il e Ser ﬁ?g Ile Qu Ala Agﬁoﬂwg Met Ile Legﬁ%?u Au 785 790 795

Asn Jle Val Phe Ser Leu Ala Asn Ser Leu Leu Thr Ile Ile Asp Asp
770 775 780

Ile Leu Asp Ile Ser Lys Ile Glu Ala Asn Arg Met Ile Leu Glu Glu

785 790 795 800

Glu Pro Phe Ser Leu Arg Gly Leu Val Phe Asn Ser Leu Lys Ser Leu

805 810 815
Ala Val Arg Ala Asn Glu Lys Asp Ile Ser Leu Val Tyr Asp Thr Asp
820 825 830
Ser Ser Val Pro Asp Tyr Ile Val Gly Asp Ser Phe Arg Leu Arg Gln
835 840 845

Ile Ile Leu Asn Leu Ala Gly Asn Ala Ile Lys Phe Thr Glu His Gly
850 | 855 860 |

Glu Val Arg Val Lys Ile Phe Ser Asp His Ser Thr Arg Cys Thr Asp

865 ‘ 870 875 880

Ser Glu Val Val Val Lys Phe Ala Val Ser Asp Thr Gly Ile Gly Ile

885 890 895
His Ser Asn Lys Leu Asp Leu Ile Phe Asp Thr Phe Gln Gln Ala Asp
900 905 910
Gly Ser Thr Thr Arg Lys Phe Gly Gly Thr Gly Leu Gly Leu Ser Ile
915 920 925

Ser Arg Arg Leu Val Thr Leu Met Arg Gly Lys Met Trp Val Glu Ser
930 935 940

Asn Tyr Gly Ser Gly Ser Thr Phe Phe Phe Thr Xaa Val Val Arg Leu
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Phe

Phe

Pro Phe Ser Leu Arg Ay Leu Val Phe Asn Ser Leu Lys Ser Leu 805 810 815
Val Arg Ala Asn Qu Lys Asp Ile Ser Leu Val Tyr Asp Thr Asp 820 825
Ser Ser Val Pro Asp Tyr Ile Val Ay Asp Ser Phe Arg Leu Arg A n 835
845 1le Ile Leu Asn Leu Ala Gy Asn Ala Ile Lys Phe Thr u Hs Ay
855 860 G u Val Arg val Lys Ile Phe Ser Asp H's Ser Thr Arg Cys Thr
865 870 875 880 Ser du Val Vval Val Lys Phe Ala Val Ser Asp Thr vy

Gy Il 85 890 895 Hig.Ser Asn Lys Le p Leu Il e Phe p Thr Phe
dn Alg‘“’isp 900 905 9%Q'y ser Thr Th&sﬁfg Lys Phe Gygéiy Thr Q'

Ay Le I 9 N A g, Ar u | ~fhroley Met Arg Gy
Met Trgheg‘%n (grgj %?é)rl %géq%é%gz{is ";fstnﬁﬁ@/r(ﬁ@ﬁusgfn &-[9 TSYgr 5i‘ﬁ"ﬁr Phe Phe
Thr Xaa Val Val Ar g gkeu 107/ 161 9454850 955 960 €] Yg7sn Pro Asp Val
Lys Ile Met Pro Gn Leu Gn Gn In Arg 965 970 975 Lys His Asn Val Leu

Val  AspyARTs Wsh VN LI PhESPa1S85p Fh 6y Asn Thr Asp Ser Ser Glu
980 985 990

Glu Ile Ala Ala Gly Ile Arg Ala Leu Asp Leu Val Pro Cys Val Val

995 1000 10056
Gly Lys Gly Lys Val Pro His Ser Glu Ile Ser Pro Asp Asp Gln Tyr
1010 1015 1020

Asp Cys Val Ile Ile Asp Asn Ser Glu Thr Ala Gln Lys Leu Arg Ser

1025 1030 1035 1040

Leu Glu Arg Phe Lys Tyr Ile Pro Ile Val Met Val Ala Pro Ala Ile

1045 1050 | 1055

Ser Val Asn Phe Lys Thr Ala Leu Glu Asn Gly Ile Ser Ser Tyr Met
1060 1065 1070

Thr Thr Pro Cys Leu Pro Ile Asp Leu Gly Asn Ala Leu Val Pro Ala

1075 1080 1085
Leu Glu Gly Arg Ala Ala Pro Met Ser Ala Asp His Ser Arg Thr Phe
1090 1095 1100

Asp Ile Leu Leu Ala Glu Asp Asn Ala Val Asn Gln Lys Leu Ala Val

1105 1110 1115 © 1120

Lys Ilé Leu Thr Lys His Asn His Thr Val Thr Val Ala Asn Asn Gly

| 1125 1130 1135

Leu Glu Ala Phe Glu Ala Ile Arg Lys Lys Arg Phe Asp Val Val Leu
1140 1145 1150

Met Asp Val Gln Met Pro Val Met Gly Gly Phe Glu Ala Thr Ala Lys
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980
995
Tyr
Arg
Val
Ay
Ay
Met
Asp
Thr
Al a
Asp

985 990 Qu Ile Ala Ala Gy Ile Arg Ala Leu Asp Leu Val Pro Cys Val Va
1000 1005 Gy Lys Ay Lys Val Pro Hs Ser Au Ile Ser Pro Asp Asp Gn
1010 1015 1020 Asp Cys Val Ile Ile Asp Asn Ser Gu Thr Ala G n Lys Leu
Ser 1025 1030 1035 1040 Leu GQu Arg Phe Lys Tyr Ile Pro Ile Val Met
Ala Pro Ala Ile 1045 1050 1055 Ser Val Asn Phe Lys Thr Ala Leu G u Asn
Ile Ser Ser Tyr Met 1060 1065 1070 Thr Thr Pro Cys Leu Pro Ile Asp Leu
Asn Al a Leu V%I Pro Ala 1075 é 80 1085 Leu gﬁg Gy Arg Ala Ala Pro
Ser Ala Asp H98 ser Arg Thr P8% 1000 1095 110 plle Leu Leu Ala Qu

Asn Al a Val n.Gn s, Le a Val 11 1110,1115 1120.,Lys Ile Leu

Lys Hi Brondre (Gl ’%fr 6 fargpthrghis )ity %&%%iérﬁlr@ yen £38 1Ele55 Lo & u
Phe G u @H\OI le Arg Lys I(_}l 5Arg Phe Asp Vi 1 al Leu 1140 1145 1150 Met
Val Gn Pro Val Met §7Gy Phe Au A hr Ala Lys 108/161 1155

1160 1165 p14 Leu Thr Ala His Ala Met Leu Gly Asp Arg Glu Lys Cys Ile Gln

1185 1190 1195 1200
Ala GIn Met Asp Glu Tyr Leu Ser Lys Pro Leu Lys Xaa Asn Gln Leu
1205 1210 1215
Ile Gln Thr Ile Leu Lys Cys Ala Thr Leu Gly Gly Ala Leu Leu Asp
1220 1225 1230
Arg Arg Asn Asp Gly Arg Gly Leu Leu Met Glu Glu Asp Lys Pro Val
1235 1240 1245
Ser Asp Asn Ser Ser Leu Pro Ala Asp His Asn Arg Leu Leu Thr Pro
1250 1255 1260
Pro Lys Arg Pro Gly Val Asp Arg Gly Tyf Thr Glu Asn Gly Pro Pro
1265 1270 . 1275 1280
Gly Leu Glu Ser Pro Ala Ile Val Thr Asp Asp Gln Asp Asp Pro Met
1285 1290 1295
Ile Arg Glu Ser Leu Val Arg Ala His Ser Ser
1300 1305

<210> 56
{211> 3924
<212> DNA

213> Mycospharella tritici
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Ile Arg Qu Tyr Qu Arg Thr His Gu Leu Ala Arg Ser Pro Ile Ile 1170 1175
1180 Ala Leu Thr Ala Hs Ala Met Leu Gy Asp Arg Qu Lys Cys Ile dn 1185
1190 1195 1200 Ala G n Met Asp Gu Tyr Leu Ser Lys Pro Leu Lys Xaa Asn G n
Leu 1205 1210 1215 1Ile dn Thr Ile Leu Lys Cys Ala Thr Leu Ay Ay Ala Leu
Leu Asp 1220 1225 1230 Arg Arg Asn Asp Ay Arg Gy Leu Leu Mt Au Gu Asp
Lys Pro Val 1235 1240 1245 Ser Asp Asn Ser Ser Leu Pro Ala Asp H's Asn
Arg Leu Leg Thr Pro 1250 1255 1260 Pro Lys Arg Pro Ay Val Asp Arg Ay Tyr
Thr Gu Asf®@? Pro Pro 1265 1270 1275 1280 Gy Leu Gu Ser Pro Ala lle

Val Thr Asgzﬁépc&n Asp Asp Pro Met 1285 1290 1295 1Ile Arg Qu Ser Leu Val
Arg Ala Hi r r 1300 1305 <210> 56 <211> 3924 <212> DNA <213>

Mycosphar ekéz'bt I‘(i)tl %9}4‘39/ 161 <220>

<400> 56
atg ctg caa géa gag act tcg gca get gig gee age ate cte tec aac 48
Met Leu GIn Glu Glu Thr Ser Ala Ala Val Ala Ser Ile Leu Ser Asn

1 -5 10 15

ttc gee aag cag tat get cet ctg gaa gcg gat tca ttc cct geca aag 96
Phe Ala Lys Gln Tyr Ala Pro Leu Glu Ala Asp Ser Phe Pro Ala Lys
20 25 30

gee ate geg aat gga att aag aac acc aaa att get cta ccg gge gat 144
Ala Tle Ala Asn Gly Ile Lys Asn Thr Lys Ile Ala Leu Pro Gly Asp
35 40 45

gat tca gtg gag aag cgt act cta gag cgec gag ctg act agc ctt geg 192
Asp Ser Val Glu Lys Arg Thr Leu Glu Arg Glu Leu Thr Ser Leu Ala

50 55 60
acg cgg atc cag ttt ctc gag gect cge get aca agc gga acc agt tecg 240
Thr Arg Ile Gln Phe Leu Glu Ala Arg Ala Thr Ser Gly Thr Ser Ser

65 70 75 80

tta ccc atc act ccc aac gag cca ctt tct tcg geca tte tcg gag gac 288
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<221> CDS <222> (1).. (3924) <400> 56 atg 'ctg caa gaa gag act tcg gca get
gtg gcc age ate etc tcc aac 48 Mt Leu Gn QQu GQu Thr Ser Ala Ala vVal Al a
Ser Ile Leu Ser Asn 1 5 10 15 ttc gcc aag cag tat get cct ctg gaa gcg gat
tca ttc cct gca aag 96 Phe Ala Lys G n Tyr Ala Pro Leu Gu Ala Asp Ser Phe
Pro Ala Lys 20 25 30 gcc ate gcg aat gga att aag aac ace aaa att get cta
ccg ggc gat 144 Ala lle Ala Asn Ay Ile Lys Asn Thr Lys Ile Ala Leu Pro

Gy Asp 35 40 _45 tca gt g_aag cgf act cta g .cgc.gaqg ctg act age
ctt geg 197U R&® Iégﬁhraﬁr@;gﬁf%@@ Rr@gtweﬁré%ﬁee fhlaAPES Set GRUASRr “ser Lou
Ala 50 55 60 acg egg ategéag ttt etc gag get cgc get aca gga ace agt
tcg 240 Thr Arg Ile A n°Phe Leudu Al a Ala Thr Ser A% Thr Ser Ser 65

70 75 80 tta ccc ate act ccc aac gag cca ctt tct tcg gca ttc tcg gag gac
288 110/161 Leu Pro Ile Thr Pro Asn Qu Pro Leu Ser Ser Ala Phe Ser Qu

Asp 85 90_95 cg.t c..ac C;. L0 ag tea
Loy 330 THE LK Tep b B0 R B0 R ua Oalkle e, B cRECHqERE I W
Thr Ser Ser Pro Arg Ser Ala Ala Asn Gln His Arg Gln Arg Ser Ser
100 105 110

tca tgg gtc aac aac ctc ctg gct aag agc gag ggc gag cct cat cet 384
Ser Trp Val Asn Asn Leu Leu Ala Lys Ser Glu Gly Glu Pro His Pro
115 120 125

cga caa ctc act gaa gaa caa ttt tca ttt cta cgt gag cac atc gac 432
Arg Gln Leu Thr Glu Glu Gln Phe Ser Phe Leu Arg Glu His Ile Asp
130 135 140

caa caa gcg caa gag att cgg act cag aag gaa ttt atc gac ggt atc 480
Gln Gln Ala Gln Glu Ile Arg Thr Gln Lys Glu Phe Ile Asp Gly Ile
145 150 155 160

aaa tcg cag ctg acg cac cag caa acc gct aca aaa gct gea ctc gat 528
Lys Ser Gln Leu Thr His Gln Gln Thr Ala Thr Lys Ala Ala Leu Asp
165 170 175

acc ttg ggc aac tcg cag tca atc gag cag ctg aag cgg gag att gag 576
Thr Leu Gly Asn Ser Gln Ser Ile Glu Gln Leu Lys Arg Glu Ile Glu
180 185 190
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100
cct
115
gac
130
480
150
gat
165
gag
180
cga

aag
Lys
aag

105
384
120
432
135

110 tea tgg gtc aac aac ctc ctg get aag age gag ggc gag cct cat

Ser Trp Val Asn Asn Leu Leu Ala Lys Ser Qu Ay GQu Pro H's Pro
125 <cga caa etc act gaa gaa caa ttt tea ttt cta cgt gag cac ate
Arg Gn Leu Thr Gu Au A n Phe Ser Phe Leu Arg Qu His Ile Asp
140 caa caa gcg caa gag att egg act cag aag gaa ttt ate gac ggt ate

Gn dn Aadnddulle Arg Thr An Lys Qu Phe Ile Asp Ay Ile 145

155
528
170
576
185
gag
I'le
aaa
Val

cac

160 aaa teg cag ctg acg cac cag caa ace get aca aaa get gca ctc
Lys Ser G n Leu Thr Hs An Gn Thr Ala Thr Lys Ala Ala Leu Asp

e Bt AR e R 1E oB el Red o5 AFE D 1RE4G
a0 7 AYCORETIA AR TG A7 OB 1otk B i BOC AT TG0 v

195 200 2%? ggc ace ate $%h aca get gtc geggaat gga gat etc age
gtg 672 y Thr Ile lle rr-Ala Val Ala Asn" Ay Asp Leu Ser Lys

210 215 220 etc att cat gcc acg gag aaa gat cog gag att gcg agg ttc
720
ggc acc atc att aca gect gtc gec aat gga gat ctc agc aag aas gtg 672

Gly Thr Ile Ile Thr Ala Val Ala Asn Gly Asp Leu Ser Lys Lys Val
210 215 220

ctc att cat gecc acg gag aaa gat ccg gag att gcg agg ttc aag cac 720
Leu Ile His Ala Thr Glu Lys Asp Pro Glu Ile Ala Arg Phe Lys His
225 230 235 240

acg atc aac aag atg gtg gac cag ttg caa gag ttt get agt caa gta 768
Thr Ile Asn Lys Met Val Asp Gln Leu Gln Glu Phe Ala Ser Gln Val
245 250 255

aca cat ttg geg aaa gag gtg gga aca gaa gga cge ctc gga gga caa 816
Thr His Leu Ala Lys Glu Val Gly Thr Glu Gly Arg Leu Gly Gly Gln

260 : 265 270
gee gtc gtg cct gge gtc gac ggt att tgg geg gag ctt acg caa aac 864
Ala Val Val Pro Gly Val Asp Gly Ile Trp Ala Glu Leu Thr Gln Asn

275 280 285

gtg aac gtc atg gecc caa aat ttg acc gac cag gtg cga gaa atc geca 912
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Leu Ile Hs Ala Thr Qu Lys Asp Pro Gu Ile Ala Arg Phe Lys Hs 225

230 235

240 acg ate aac aag atg gtg gac cag ttg caa gag ttt got agt caa gta 768

Thr Ile Asn Lys Met Val Asp A n Leu G n GQu Phe Ala Ser @ n Val 245

aca cat ttg gcg aaa gag gtg gga aca gaa gga cgc etc gga gga caa 816
Hs Leu Ala Lys Au Val Gy Thr Qu Ay Arg Leu Gy Gy dn 260 265

gcc gtc gtg cct ggc gtc gac ggt att tgg gcg gag ctt aeg caa aac 864
Val Val Prg Ay V le Trp Ala G u euv hr G'ég Af)(r; ZS 280
otg aae ot babidndbd lsAde Gl §mdbu ol 63 B galohrg ualte 13 510
112/ 161 Val Aﬁn Val Met Al a Gggsn Leu Thr Asp O?n Val Arg Qu lle
290 295 300 ¢ $0 gta acc acc gc tt gca caa ggtvgat ctg age cgc aag

250 255
Thr
270
Al a
285

Al a
att caa

960 Val Val Thr Thr Ala Val Ala Gn Gy Asp Leu Ser Arg Lys Ile @ n 305
310 315 320 cga cca gcc aga ggc gag att etc caa ctt caa cag act ate aac

éle

tcc

325 330 33% 1’955 a&c a(bcggg%zﬁj*e?%a ecaa %egﬁ (?Q@I(;aezf%ac b2 B gﬁ]racg aga gtg

Ser

teg 1056 tvé(f"rh%h wfa 48Y A1 GIR"GITNRsf L Bu SUr fiby! L‘é@' 11614 g Val  Ser

340 345 35 .
305 310 315 320

cga cca gec aga gge gag att ctc caa ctt caa cag act atc aac tcc 1008

Arg Pro Ala Arg Gly Glu Ile Leu Gln Leu Gln Gln Thr Ile Asn Ser
325 330 335

atg gtg gga cag ctc cgg ace ttec gea acg gaa gtt acg aga gtg tcg 1056

Met Val Gly Gln Leu Arg Thr Phe Ala Thr Glu Val Thr Arg Val Ser
340 345 . 350

cge gat gtc gge acg gag ggt gtt ctt gga gegt caa get caa atc gaa 1104

Arg Asp Yal Gly Thr Glu Gly Val Leu Gly Gly Gln Ala Gln Ile Glu
355 360 365

gge gta cag gge atg tgg agc gac ctt act gtg aac gtg aat get atg 1152

Gly Val Gln Gly Met Trp Ser Asp Leu Thr Val Asn Val Asn Ala Met
370 375 380

gca aac aat ctc act gcc cag gtg cga gat att gcg gag gtg aca aca 1200

Ala Asn Asn Leu Thr Ala Gln Val Arg Asp Ile Ala Glu Val Thr Thr
385 390 395 400
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cgc gat gtc ggc aeg gag ggt gtt ctt gga ggt caa get caa ate gaa 1104 Arg
Asp Val Ay Thr Qu dy Val Leu Ay Ay @dn Ala dn Ile u 355 360 365

ggc gta cag ggc atg tgg age gae ctt act gtg aac gtg aat got atg 1152 dy
Val Gn Ay Met Trp Ser Asp Leu Thr Val Asn Val Asn Ala Met 370 375 380 gca

aac aat ctc act gee cag gtg ega gat att gcg gag gtg aca aca 1200 Al a Asn
Asn Leu Thr Ala @ n Val Arg Asp Ile Ala Gu Val Thr Thr 385 390 395 400

113/ 161 gcc gtg gec cga ggc gac etc acg cag cag gtt aaa geg caa tgt aag
1248 A a Val Ala Arg Gy Asp Leu Thr Gn @ n Val Lys Ala A n Cys Lys 405

410 415 ggg gag ate ct ee ttg aaa ace ace ate aac tee at tg cag

1296 Ay B, B 200 BaNERS 1836 £U BPR;CaR,Fo8 1655080 ¢ 993 LG A8RI s AR 450

425 430 c aa,tt cg cat a gtc.ac a t ,gag gtc ggg

1344 Leu N VaE ABnaree1? o Bey 308, lapTe JoT s e YR 688 1982 %9, %955

440 445 aca gaa ggt cggogta ggt gga caaéﬁﬁa aca gtt cac ggg gte gag ggc
u al

1392 Thr Au @y Arg L Gy dy dn A hr Val Hs Gy Gu dy 450

455 460 aca tgg aaa gac ttg acg gag aac gta aat ggc atg gee atg aat ctg
1440 Thr Trp Lys Asp Leu Thr A u Asn Val Asn Ay Met Ala Met Asn Leu

ggg gag atc ctg gec ttg aaa ace acc atc aac tcc atg gtg cac cag 1296
Gly Glu Ile Leu Ala Leu Lys Thr Thr Ile Asn Ser Met Val His Gln
420 425 430

cta cgg caa ttc gcg cat gaa gtc acc aag atc gCé cgt gag gtc geg 1344
Leu Arg Gln Phe Ala His Glu Val Thr Lys Ile Ala Arg Glu Val Gly
435 440 445

aca gaa ggt cge cta gegt gga caa gca aca gtt cac gga gtc gag ggc 1392
Thr Glu Gly Arg Leu Gly Gly Gln Ala Thr Val His Gly Val Glu Gly
- 450 455 460

aca tgg aaa gac ttg acg gag aac gta aat ggc atg gcc atg aat ctg 1440
Thr Trp Lys Asp Leu Thr Glu Asn Val Asn Gly Met Ala Met Asn Leu
465 470 475 480

acc acc caa gtg cge gag atc gea gaa gte aca acc gee gte geg caa 1488
Thr Thr Gln Val Arg Glu Ile Ala Glu Val Thr Thr Ala Val Ala Gln
485 490 495

gga gat ctc agc aaa aag gtc gag gec gaa gtc aag ggt gaa att ttg 1636
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465
gcg
Gn
att
du
ctg

ace
Au
tgg
Lys
act

gac
Met
ttg

470
caa
485

ttg
I'le

ggt

Thr
gaa ¢

aaa
Asp
ggt
Adn
atg a
Ser
aag ¢

475 480 ace ace caa gtg cgc gag ate gca gaa gte aca ace gee gtc
1488 Thr Thr Gdn Val Arg Qu Ile Ala Qu Val Thr Thr Ala Val Al a
490 495 gga gat ctc age aaa aag gtc gag gee gaa gtc aag ggt gaa
1536 114/161 Ay Asp Leu Ser Lys Lys Val Qu Ala Gu Val Lys Ay
Leu 500 505 510 gcc ttg aag age ace ate aat tee atg gtt gac cgt
acg ttt 1584 Al a Leu Lys Ser Thr Ile Asn Ser Met Val Asp Arg Leu

ooy teo TeurSeratad s bat 808 Mlacof0Gal shbe Y IE LIS O, T

val 530 535 0O ttg ggc gga g% gca gag gtt g¢ aat gtc gaa gga aaa
gat 1680 Le y Ay dn A u Val Ala Asn | Gu Ay Lys Trp

545 550 555 560 <ctt ace gac aat gte aac ace atg gcc aac aac ttg
cag gtg 1728 Leu Thr Asp Asn Val Asn Thr Met Ala Asn Asn Leu Thr

agieer 7 BeR, apcar Mg 8, UL hatp PRIl Gl ey g 1YY, D30 DO
5819[ g%.l 239 séP¥nF 33 M%én 388 P&Egvﬂaﬁsﬁqrgcﬁ& %97 HAIPR4t cag aca
515 520 525

get tte gag gtt age aag gtc gcg aga gaa gtc gga acc gaa gga gtt 1632
Ala Phe Glu Val Ser Lys Val Ala Arg Glu Val Gly Thr Glu Gly Val
530 535 | 540

ttg ggc gga caa gca gag gtt gcc aat gtc gaa gga aaa tgg aaa gat 1680
Leu Gly Gly Gln Ala Glu Val Ala Asn Val Glu Gly Lys Trp Lys Asp
545 550 555 560

ctt acc gac aat gtc aac acc atg gcc aac aac ttg act ggt cag gtg 1728
Leu Thr Asp Asn Val Asn Thr Met Ala Asn Asn Leu Thr Gly Gln Val
565 570 575

cgg agc att tca gac. gtc aca cag gec att gea cge ggt gac atg age 1776
Arg Ser Ile Ser Asp Val Thr Gln Ala Ile Ala Arg Gly Asp Met Ser
680 585 590

cag cga atc aag gtg cac gct cag gga gag att cag aca ttg aag gac 1824
Gln Arg Ile Lys Val His Ala Gln Gly Glu Ile Gln Thr Leu Lys Asp
595 600 605
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An Arg Ile Lys Val HHs Ala Gn Ay GQu Ile An Thr Leu Lys Asp 595 600 605

115/ 161 acg etc aac gac atg gtg aeg cga ctg gac get tgg tca etc gcg gtg
1872 Thr Ile Asn Asp Met Val Thr Arg Leu Asp Ala Trp Ser Leu Ala Val 610
615 620 aag egg gtg get cgt gac gtc ggt gtc gac ggc aag atg ggt gga cag
1920 Lys Arg Val Ala Arg Asp Val Gy Val Asp Ay Lys Met Ay Ay G n 625
630 635 640 gca gaa gtc gaa ggc ate act ggt cgc tgg aag gag ate acg ace
gat '1968 Ala Qu Val Qu Ay Ile Thr Gy Arg Trp Lys Qu Ile Thr Thr Asp
645 650 655 gtg aac att atg get caa aat ttg ace tcg caa gtg aga got ttt

ee 2016 Val Asn Ile Mt a d@n Asn Leu Thr. Ser d n Val Al a
860 665 67358 o daf Fhgoate 418 A0 GO SHE Bac At 188,500 £TS BBttty MU at b

2064 Ve Met Ile As
2?1:5 680 68'@ls p %S%Q‘SQFBBE ?l??g'@gaﬁ%tl’ﬁ S&aéyﬁggg %3% &g'g 1?c/é:alagt at eeaacn
aag 2112 \Val uAIa Ser Gly6§1u Met Asn Gu g Lys Asn Lys Ile Asn Lys

690 695 700 a?g gtc etc aac ttQg cgc gaa agt ate cag aag aac aat caa gee aga
2160 116/161 Met Val Leu Asn Leu Arg Gu Ser Ile Gn Lys Asn Asn A n Al a

Arg
aag cgg gtg gct cgt gac gtc ggt gtc gac ggec aag atg ggt gma cag 1920

Lys Arg Val Ala Arg Asp Val Gly Val Asp Gly Lys Met Gly Gly Gln
625 630 635 640

gca gaa gtc gaa gge atc act ggt cge tgg aag gag atc acg acc gat 1968
Ala Glu Val Glu Gly Ile Thr Gly Arg Trp Lys Glu Ile Thr Thr Asp
645 650 655

gtg aac att atg get caa aat ttg acc tcg caa gig aga get ttt gece 2016
Val Asn Ile Met Ala Gln Asn Leu Thr Ser Gln Val Arg Ala Phe Ala
660 665 - BT0

gac att acc cac gcg gec atg aaa gga gat ttc acc aag atg atc aat 2064
Asp Ile Thr His Ala Ala Met Lys Gly Asp Phe Thr Lys Met Ile Asn

675 680 685
gtc gaa geg tct gge gaa atg aac gag ctg aag aac aag atc aac aag 2112
Val Glu Ala Ser Gly Glu Met Asn Glu Leu Lys Asn Lys Ile Asn Lys

690 695 700

atg gtc ctc aac ttg cgc gaa agt atc cag aag aac aat caa gca aga 2160
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705
gca
Asn
atg
Thr

atg
Leu
gat

Asp
gaa
785
tca
Leu
“tat

Asp
cga

710 715 720 gag gcc gcc gag ttg gcc aac aag aeg aaa tcg gag ttc ctg
aac 2208 Qu Ala Ala Qu Leu Ala Asn Lys Thr Lys Ser Qu Phe Leu Ala
725 730 735 atg tee cac gag att cga aca cct atg aac gga ate ate gga
aca 2256 Met Ser Hs Qu lle Arg Thr Pro Met Asn Ay Ile lle Ay Mt
740 745 750 cag ctt ace ttg gac ace gag ctt gag cag aac caa egg gac
etc 2304 dA@n Leu Thr Leu Asp Thr GQu Leu Gu A@n Asn A n Arg Asp Mt

755 760 765 aac ate gte ttc teg etc_gcc aac age Eia ﬁﬁg acg att att
gac 2363 Valshey Asnvbeu pre Way Seedla Glnakys d6p A Clafilenird e 11e Asp

770 77 780 ate ttg ga% tt tee aag att gfa gca aat cgc @(19_ ate cta gag
2400 ‘Me Leu Asp lle & Lys Ile Qu AP Asn Arg Met Il eu Au Gu

790 795 800 gag ccg ttc tca ctg cga ggt etc gtc ttc aac age tta aag
ctt 2448 du Pro Phe Ser Leu Arg Ay Leu Val Phe Asn Ser Leu Lys Ser

007 SaBeEk AP A TP B O USR0S 8

T 8 0

Thr A.520, 25 (180600 YRR BH9TRELARS! Ruh b0 MHOAgRC tee tC
725 730 735

atg tce cac gag att cga aca cct atg aac gga atc atc gga atg aca 2256
Met Ser His Glu Ile Arg Thr Pro Met Asn Gly Ile Ile Gly Met Thr
740 745 750

cag ctt acc ttg gac acc gag ctt gag cag aac caa cgg gac atg ctc 2304
Gln Leu Thr Leu Asp Thr Glu Leu Glu Gln Asn Gln Arg Asp Met Leu
755 760 765

aac atc gte ttc tcg'ctc gcc aac age tta ctg acg att att gat gac 2352
Asn Ile Val Phe Ser Leu Ala Asn Ser Leu Leu Thr Ile Ile Asp Asp
770 775 780

atc ttg gac att tcc aag att gaa gca aat cge atg atc cta gag gaa 2400
Ile Leu Asp Ile Ser Lys Ile Glu Ala Asn Arg Met Ile Leu Glu Glu
785 790 _ 795 800

gag ccg ttc tca ctg cga ggt cte gtc ttc aac age tta aag tca ctt 2448

Glu Pro Phe Ser Leu Arg Gly Leu Val Phe Asn Ser Leu Lys Ser Leu
805 810 815

117/161



Ser
ate
Ile
gtg
Arg
agt
Au
tee
Asn
tcg

925
Ser
aat:
Tyr

Ser
att
Lou
cgt
Val
gag
Val
aac

Val Pro Asp Tyr Ile Val Ay Asp
ctc aat ctc gcc ggc aac gcc ate
Asn Lou Ala Gy Asn Ala Ile Lys
gtt aag ata ttc tct gac cac agt
Lys Il e Phe Ser Asp H's Ser Thr
gtt gtc gtc aaa ttc gcc gtc tee
Val Val Lys Phe Ala Val Ser Asp
aag ttg gat ttg ate ttc gac acg

Lys Lou As

Ser
t ot
Arg
t at

Ser Phe Arg Lou Arg G n 835 840 845
aaa ttc ace gag cac ggg 2592 lle
GQu Hs Ay 850 855 860 gaa

Phe Thr

aca cga tgc ace gat
Arg Cys Thr Asp 865

gat act

Thr Gy

ggt att ggc

ttt cag cag get gac

L | Phe Asp Thr P d Al Asp. 900
bR 528 dacmant BaEARELBRe RIS 44, i Bt FRt SR ke

ace ad%

2640 du Va
870 875 880
ate 2688 Ser

He Ay Ile 885 890 895 cac

2736 Hi s Ser
905 9 gag
g, 249,792,

canaafaL 268 HEair i Aip §5L§§3§té¢‘é§v5@ BE (ca 2052
Lys Met Trp V@ho
ggc tca ggc age aca ttc ttc ttc acc tgk gtt gta cgg

Arg Leu Val gﬁy Leu Met Arg

Ser Gy Ser Thr Phe Phe Phe Thr

Xaa Val

Val Arg Leu

agc tca gtg ccc gac tac atc gtg gegc gac tec tte cga ctt cga

Ser 930 935 940
ctg 2880 Asn
945 950 955 960

cag 2544

Ser Ser Val Pro Asp Tyr Ile Val Gly Asp Ser Phe Arg Leu Arg Gln

836 ' 840

845

atc att ctc aat ctc gcc ggc aac gec atc aaa ttc acc gag cac

Ile Ile Leu Asn Leu Ala Gly Asn Ala
850 855

gaa gtg cgt gtt aag ata ttc tct gac

Ile Lys

cac agt

Phe Thr Glu His
860

aca cga tge acc

Glu Val Arg Val Lys Ile Phe Ser Asp His Ser Thr Arg Cys Thr

865 870
agt gag gtt gtc gtc aaa ttc gee gte
Ser Glu Val Val Val Lys Phe Ala Val

885

cac tcc aac aag ttg gat ttg atec tte

875
tcc gat
Ser Asp.

890

gac acg

His Ser Asn Lys Leu Asp Leu Ile Phe Asp Thr

900 905

gegg tcg acc aca cgg aag ttc gga ggt

act gga
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act ggt att gge
Thr Gly Ile Gly
895

ttt cag cag gct
Phe Gln Gln Ala
910

ttg ggc ctg tog

geg 2592
Gly
gat 2640
Asp
880
atc 2688

Ile

gac 2736
Asp
atc 2784



aat
Pro
cac
Asn
ate
Al a

ggc
Asn

aag
Hi s
gag
Il e

cog gat gtt gee,
Asp Val Ala Lys Ile Met Pro @ n
aac gtg ctc ttt gtc gac aac ggt
Val Leu Phe Val Asp Asn Ay Asn
gcg get ggc atc cga get ttg gat
Ala Gy Ile Arg Ala Leu Asp Leu

aaa ate atg cca caa cta cag cag tat cga 2928 dy

970 975
2976 Lys
985 990
3024 du
1000 1005
3072 dy

Leu dn d@n Tyr Arg 965
aat acg gac agt tog gag
Thr Asp Ser Ser du 980
ctg gto cot tgt gtg gtg
Val Pro Cys Val Val 995

gge aag gga aag t cot cac tee gaa ate e cc C C

Lys Gy Lyelwapr %ﬁha Hors Ang (Lye Bhe Fiv ﬁ}gr Gi\&& g!sﬁgl Uﬁaﬂ% E‘b/ 161 1010
1015 1020 gac tgeglgtg ate ate gat 9%20 age gag aeg cag aag ttg cgc age
3120 Asp Cys Val’*Fle Ile Asp Asn r Au Thr Ala Lys Leu Arg Ser 1025
1030 1035 1040 ttg gaa cgt ttc aag tac att ccc ate gte atg gtg gcg ccg gee

ate 3168 Leu Gu Arg Phe Lys Tyr Ile Pro Ile Val Met Val Ala Pro Ala Ile

atg 3216 ?é%la%%s%g%ﬁig‘@?%ﬁ‘%& 3F Belent A B U FRBEE ORI
gca 3264 %‘%79%%‘% Laeﬁp&éfi%‘% %‘f FRSOTLIEN R P B O RS
940

aat tat ggc tca ggc agc aca ttc tte ttc acc tgk gtt gta cgg ctg 2880
Asn Tyr Gly Ser Gly Ser Thr Phe Phe Phe Thr Xaa Val Val Arg Leu
945 950 955 960
ggc aat cog gat gtt gca aaa atc atg cca caa cta cag cag tat cga 2928
Gly Asn Pro Asp Val Ala Lys Ile Met Pro Gln Leu Gln Gln Tyr Arg
965 970 975
aag cac aac gtg ctc ttt gtc gac aac ggt aat acg gac agt tcg gag 2976
Lys His Asn Val Leu Phe Val Asp Asn Gly Asn Thr Asp Ser Ser Glu
980 985 990
gag atc geg get gge atc cga get ttg gat ctg gte cet tgt gtg gtg 3024
Glu Ile Ala Ala Gly Ile Arg Ala Leu Asp Leu Val Pro Cys Val Val
995 1000 1005
ggc aag gga aag gtt cct cac tcc gaa atc age cca gac gac cag tac 3072
Gly Lys Gly Lys Val Pro His Ser Glu Ile Ser Pro Asp Asp Gln Tyr
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1075 1080 1085 ctc gag ggc cgc gca gca ccc atg tca gcc gac cac agt egg aca
ttc 3312 Leu Qu Ay Arg Ala Ala Pro Met Ser Ala Asp His Ser Arg Thr Phe

1090 1095 1100 gat ate ctc ctc gca gaa gac aac gcg gtg aat caa aaa ctc gcc
gtc 3360 Asp Ile Leu Leu Ala Qu Asp Asn Ala Val Asn A n Lys Leu Ala Va
1105 1110 1115 1120 120/161 aag ate ctg ace aag cac aac cac aca gtg aca
gtc gee aac aac ggc 3408 Lys Ile Leu Thr Lys H's Asn Hi's Thr Val Thr Val
Ala Asn Asn Gy 1125 1130 1135 <ctt gaa gee ttt gaa gcg att cgc aag aag cgc
ttc gat gte gtQlO0etc 3456 Leu l@la Ala Phe Gu AD201le Arg Lys Lys Arg Phe
Asp Val Val Leu 1140 1145 1150 atg gac gtg caa atg ccc gtc atg gga ggg ttc
gaa gcg acg gee aag 3504 Mt Asp Val Gn Met Pro vVal Met Gy Ay Phe . Qu
Ala Thr Ala Lys 1155 1160 1165 att cgc gaa tac gaa cga act cac gag _eta gca
cgt tcg ccéaattigcatie stsate| gat Apg aBCUBAR BCEI S LACRE FBE Higs c&F Peceu JARR Arg

Ser Prolle Ile 70_1175 1180 gee etc agce gca cac gee atg ctf gge gac cgc
gag aag tggs%tcé(stl:\&ﬁ éé‘b(ﬁe,ﬂ@%’ A&l Serr Gly ihﬂi%s}-aAﬁ s [L%UR{S yvelsp Arg G u
Lys Cys 1| n 1185 1190 5 1200 geg c tg gac gag tat Cc tee aaa
ccc etc aagoéic aat cag et 48 %%ﬁ% ldﬁ)

ttg gaa cgt ttc aag tac att ccc atc gtec atg gtg geg ccg gee atc 3168
Leu Glu Arg Phe Lys Tyr Ile Pro Ile Val Met Val Ala Pro Ala Ile
1045 1050 1055

tcg gtg aac ttc aag acc'gcg ttg gag aac gga atc tca agc tac atg 3216
Ser Yal Asn Phe Lys Thr Ala Leu Glu Asn Gly Ile Ser Ser Tyr Met
1060 : 1065 1070

act acg cca tgc ctt cca atc gac ctg ggc aat get ctg gtg ccc gca 3264
Thr Thr Pro Cys Leu Pro Ile Asp Leu Gly Asn Ala Leu Val Pro Ala
1075 1080 1085

ctc gag ggc cgc gca gea ccc atg teca gec gac cac agt cgg aca ttc 3312
Leu Glu Gly Arg Ala Ala Pro Met Ser Ala Asp His Ser Arg Thr Phe
1090 : 1095 1100

gat atc ctc ctc gca gaa gac aac gcg gtg aat caa aaa ctc gec gtc 3360

Asp Ile Leu Leu Ala Glu Asp Asn Ala Val Asn Gln Lys Leu Ala Val
1105 1110 1115 1120
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Ala A n Met Asp Gu Tyr Leu Ser Lys Pro Leu Lys Xaa Asn G n Leu 1205 1210
1215 att cag acg ate ctg aaa tgt gcg ace eta ggc ggt geg tta ctt gae 3696
Ile An Thr Ile Leu Lys Cys Ala Thr Leu Ay Gy Ala Leu Leu Asp 121/161
1220 1225 1230 egg agg aac gat ggg cgc ggt ttg ctc atg gaa gag gac aaa ccc
gtt 3744 Arg Arg Asn Asp Ay Arg Ay Leu Leu Met u G u Asp Lys Pro Val
1235 1240 1245 tct gat aat tcg agt ctt cct gca gat cac aat egg ttg ctc acg
ccc 3792 Ser Asp Asn Ser Ser Leu Pro Ala Asp His Asn Arg Leu Leu Thr Pro
1250 1255 a3petedsares a8 c@@ga@cgtcagta;agatg €98 &F§getm@ancapcyde’ aaf4ha ccg
ccc 3840 ProLsAr Pro Gy Val AspAr‘cr] K‘)/ Thr Au Asn. Gy Pro Pro
1265 1270 hys7dl ‘12‘89 ﬂ{j’gﬁ% tHgsg%t%[l Hig ThegVejcdhniValodle Ase ApicOhhc” cag gat
gat ccg atg 3888 @y IﬁgﬁGu Ser Pro AI Il e Val. Thr As&ﬁ%sp @ n Asp Asp
Pro Met 1285 1290 1295 e aga gag agt q gtt cgt gee age age tga
3924 Ile Arg Qu Ser Leu Val Arg Ala H's Ser Ser 1300 1305 <210> 57 <211>

28 <212> DNA

ctt gaa gce ttt gaa geg att cge aag mag cge ttc gat gtc gtt ctc 3456
Leu Glu Ala Phe Glu Ala Ile Arg Lys Lys Arg Phe Asp Val Val Leu
1140 1145 1150

atg gac gtg caa atg ccc gtc atg gga geE ttc gaa gcg acg gec aag 35604

Met Asp Val Gln Met Pro Val Met Gly Gly Phe Glu Ala Thr Ala Lys

1165 1160 1165

att cgc gaa tac gaa cga act cac gag cta gca cgt tcg ccc att atc 3552

Ile Arg Glu Tyr Glu Arg Thr His
1170 1175
gce cte acc geca cac gee atg ctt
Ala Leu Thr Ala His Ala Met Leu
11856 1180

gcg caa atg gac gag tat ctc tee
Ala Gln Met Asp Glu Tyr Leu Ser

1205

att cag acg atc ctg aaa tgt gcg
Ile Gln Thr Ile Leu Lys Cys Ala

Glu Leu Ala Arg Ser Pro Ile Ile
1180

ggc gac cgc gag aag tgt atc caa
Gly Asp Arg Glu Lys Cys Ile Gln
1185 1200

aaa ccc cte aag ycc aat cag ctc
Lys Pro Leu Lys Xaa Asn Gln Leu

1210 1215

acc cta ggc ggt geg tta ctt gac
Thr Leu Gly Gly Ala Leu Leu Asp
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3648

3696



122/ 161 <213> Artificial
Sequence Desi gned
cgcccacgat gtagtcgg 28

Sequence

ol i gonucl eoti de prinmer for
<210> 59 <211> 30
Description of Arti{ééa al Sequence

Sequence

<220> <223> Description of

DNA sequenci ng

CEg agg aac gat ggg cge ggt tig
Arg Arg Asn Asp Gly Arg Gly Leu
1235 1240

tct gat aat tcg agt ctt cct gea
Ser Asp Asn Ser Ser Leu Pro Ala
1250 1255
ccg aaa cga ccg ggt gtc gat cgt
Pro Lys Arg Pro Gly Val Asp Arg
;265 1270
ggt ttg gaa agt ccg gcg ata gta
Gly Leu Glu Ser Pro Ala Ile Val
1285

atc aga gag agt ctt gtt cgt gce
Ile Arg Glu Ser Leu Val Arg Ala
1300

210> 57
<211> 28
{212> DNA

ol i gonucl eoti de primer for
<210> 58 <211> 28

<212> DNA 123/161 <213> Artificial
:léggsigned oIigoqﬂgbeotide prinmer for

Artificial

Sequence

ctc atg gaa gag gac aaa ccc gtt
Leu Met Glu Glu Asp Lys Pro Val
1245

gat cac aat cgg ttg ctc acg cce
Asp His Asn Arg Leu Leu Thr Pro
1260

ggg tac acg gag aat gga cCg ccc

Gly Tyr Thr Glu Asn Gly Pro Pro

1275 1280

acc gac gac cag gat gat ccg atg
.Thr Asp Asp Gln Asp Asp Pro Met

1290 1295

cat agc agc tga

His Ser Ser

1306
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<220> <223> Description of Artificial
PCR <400> 57 cggaaggagt
<212> DNA <213> Artificial
Sequence Desi gned

PCR <400> 58 cat ggtggcg ccggccatct cggtgaac 28

<220> <223>

3744

3792

3840

3888

3924



<400>-59 tcgccagacg cttcgacatt gatcatcttg 30 <210> 60 <211> 30 <212> DNA

<213> Artificial Sequence <220> <223> Description of Artificial Sequence
Designed oligonucleotide prinmer for DNA sequencing <400> 60 ttcatggcca
tgccatttac gttctccgtc 30 <210> 61 <211> 30 <212> DNA 124/161 <213>
Artificial Sequence <220> <223> Description of Artificial Sequence :

Desi gned oligonucl eotide primer for DNA sequencing <400> 61 tacaagcgga

accagttcgt tacccatcac 30 <210> 62 <211> 30 <212> DNA
<213> Artificial Sequence

220>
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for PCR

<400> 57

cggaaggagt cgcccacgat gtagtegg 28

<210> 58

<211> 28

<212> DNA

213> Artificial Sequence

<2200
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for PCR

<400> 58

catggtggeg ccggecatet cggtgaac 28

<210> 59
<211> 30
<212> DNA
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<213> Artificial Sequence <220> <223> Description of Artificial Sequence :
Designed oligonucleotide prinmer for DNA sequencing <400> 62 gactccttcc
gacttcgaca gatcattctc 30 <210> 63 <211> 28 <212> DNA 125/161 <213>
Artificial Sequence <220> <223> Description of Artificial Sequence :
Designed oligonucleotide priner for DNA sequencing <400> 63 tccgtgtggt
cgacccgtca gcctgetg 28 <210> 64 <211> 30 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence Designed

ol i gonucl ec@idke Aptifieial GeqBbiRe<400> 64

220>
<223> Description of Artificial Sequence :@ Designed

oligonucleotide primer for DNA sequencing

<400> 59

tcgceagacg cttcgacatt gatcatcttg 30

<210> 60

<211> 30

<212> DNA

<213> Artificial Sequence

220>
223> Description of Artificial Sequence : Designed

oligonucleotide primer for DNA sequencing

<400> 60

ttcatggeea tgecatttac gttetcegte 30

<210> 61
<211> 30
<212> DNA
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cccactagta tgctgcaaga agagacttcg 30 <210> 65 <211> 30 <212> DNA 126/161
<213> Artificial Sequence <220> <223> Description of Artificial Sequence
Designed oligonucleotide prinmer for PCR <400> 65 cctaagcttc tcagctgcta
tgggcacgaa 30 <210> 66 <211> 30 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence Designed oligonucleotide
primer for DNA sequencing <400> 66 caggaaacag ctatgaccat gattacgcca 30

<210> 67 <211> 30 <212> DNA 127/161
<213> Artificial Sequence

220>
<223> Description of Artificial Sequence :@ Designed

oligonucleotide primer for DNA sequencing

<400> 61

tacaagcgga accagttcgt tacccatcac 30

210> 62

<211> 30

<212> DNA

<213> Artificial Sequence

220>
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for DNA sequencing

<400> 62

gactccttee gacttcgaca gatcattcte 30

<210> 63
<211> 28
<212> DNA
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<213> Artificial Sequence <220> <223> Description of Artificial Sequence :
Desi gned oligonucleotide primer for DNA sequencing <400> 67 tgtaaaacga
cggccagtga attgtaatac 30 <210> 68 <211> 1438 <212> PRT <213>

Thanat ephorus cucuneris <400> 68 Met Ala Ay Thr Thr Ay Gy H s Pro Phe
Thr Ala H's Leu Val Ala 1 5 10 15 Val Leu Ser Ile Tyr Gu Leu Ay Pro Ay
Arg Pro Val Arg Ala Leu 20 25 30 Pro Thr Arg Ser Ser His Ser H's Ser Ser
Ser Gy Ser Arg Hs Ala 35 40 45 Arg Ala Leu Ser Val Pro Pro Phe Pro Pro
Pro Pro Prd&2her Astifieial SeQuéike60 Pro Asn Ala Pro Ile Asp Tyr Val Ay Al a
Ala Pro Leu Pro Arg Tyr 65 70 75 80 128/161 Asp Gy Pro Arg Asp Trp G n
Thr Asp Ala Val Qu Arg Ala Lou Ay 85 90 95

220>
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for DNA sequencing

<400> 63

teegtgtget cgaccegtea gectgetg 28

<210> 64
<211> 30
<212> DNA

<213> Artificial Sequence

220>
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for PCR

<400> 64

cccactagta tgctgcaaga agagactteg 30

<210> 65
<211> 30
<212> DNA
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Arg
110
120
130
145
Asp
Pro
Lys
Met

Pr.o
Val

Ay

Val

Ala Ala Arg Met Tyr Ala Ala Qu Ala G n Lou Gn Asp Lou 100 105

Lou Ser Arg Qu Ser Ser Thr Ser Thr Pro Asp Pro Ala Lou Ser Pro 115

125
135
150
Lys
Thr
Pro
Pro
Al a
Val
Al a
Asp

Arg Ser Asn Gy Lou Lys Lys Arg Arg Gu Asn Pro Ay Thr Pro Asp
140 Gu Arg Asp Pro Trp A n Thr Val Arg Phe An Gu Val Ay Asp An
155 160 Asp Met Asp Pro Qu Pro Asp Thr Pro Val Ala Arg Pro Lys
165 170 175 Val Lys Pro Ay Thr Ile Asp Lou Ser Thr Lou Ser dn
Pro 180 185 190 Lou Ser Lys Val Ala Thr Asp Asn Pro Val Lou Pro
QA y2RroArtidic PAI0 SB@fencArg Ser Ala Pro Thr Ser Ser Val Ay Ser lle
Pro Phe Thr 210 215 220 Cys His Ser Cys Gy Arg Pro Mt An Gy
Ala Pro Asp Val 225 230 235 240 Ile Hs Ala Pro Ay Pro Leu Asp
Thr_ Pro Ala Lou Gy Met 245 250 255 dvy Lou Gy Lou Ser Asp His
Al 824y Lou Arg G n Lys Lou 260 265 270 Gy Phe Ay Asp Hs Gu

Thr %‘l)y Ser Pro Lou Val Lou Pro 275 280 285
223> Description of Artificial Sequence : Designed

oligonucleotide primer for PCR

<400> 65

cctaagette tcagetgeta tgggcacgaa 30

<210> 66
<211> 30
<212> DNA

<213> Artificial Sequence

220>
<223> Description of Artificial Sequence : Designed

oligonucleotide primer for DNA sequencing

<400> 66

caggaaacag ctatgaccat gattacgcca 30

<210> 67
<211> 30
<212> DNA
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129/ 161
290 295
305 310
Thr 325
Ile Asn
Thr Arg
Adn Al a
Thr Val
Arg Gy
Ser Lys
Lys Asn
Gy Gu
Leu Gy

Pro Gy Pro Leu Ser Ala Ala Ala Phe Ju Ser Ala Pro Ay Mt Ser
300 Ala Val Qu GQu Leu Lys Leu Leu Lys Ala dn Val @n Asp Val Al a
315 320 Arg Val Cys Lys Ala Val Ala Qu Gy Asp Leu Ser A n Lys He
330 335 Val Pro Val G@n dy Pro Val Met Val dn Leu Lys Asp Va
340 345 350 Thr Met Val Asp Lys Leu Ay Arg Phe Ala G n Gu Va
Val 355 360 365 Ser Leu Qu Val Ay Thr Au Gy Arg Leu Gy Ay
Ile Val 370 375 380 Arg Asp Val Arg Ay Thr Trp Ser G u Leu Thr
Val<Zh&n Antif ic385 S8qier®5 400 Leu Ala Ala Asn Leu Thr Ser dn Val
Ile Ala GQu Val Thr 405 410 415 Lys Ala Val Ala Lys Ay Asp Leu
Anlle Ay Val Asp Ala 420 425 430 Lys Ay GQu Ile Leu Qu Leu
Thr,_Val Asn Thr Met Val Val 435 440 445 Arg Leu Arg Met Phe Al a
Vak23r Arg Val Ala Leu Asp Val 450 455 460 Ay Ser Arg Ay Ile
G¥%nNaIr\m Pro Asp Val GQu
223> Description of Artificial Sequence : Designed

oligonucleotide primer for DNA sequencing

<400> 67

tgtaaaacga cggccagtga attgtaatac 30

<210> 68
<211> 1438
<212> PRT

<213> Thanatephorus cucumeris

<400> 68
Met Ala Gly Thr Thr Gly Gly His Pro Phe Thr Ala His Leu Val Ala
1 5 10 15
Val Leu Ser Ile Tyr Glu Leu Gly Pro Gly Arg Pro Val Arg Ala Leu
20 25 30
Pro Thr Arg Ser Ser His Ser His Ser Ser Ser Gly Ser Arg His Ala
35 40 45
Arg Ala Leu Ser Val Pro Pro Phe Pro Pro Pro Pro Pro Met Ser Pro
50 55 60

Pro Asn Ala Pro Ile Asp Tyr Val Gly Ala Ala Pro Leu Pro Arg Tyr
65 70 75 80
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465 470 475 480 dy Val Trp A n du Leu Thr Asp Asn Val Asn Arg Met Cys
Ser Asn 485 490 495 130/161 Leu Thr Asn G n Val Arg Ser Ile Ala Leu Va
Thr Thr Ala Val Ala 500 505 510 Qu Gy Asp Leu Thr Arg Lys Ile GQu Ile
Qu Val Qu Gy Gu Met 515 520 525 Leu Thr Leu Lys Asn Thr Val Asn Ser
Met Val Asp A n Leu Ser Thr 530 535 540 Phe Ala Ser u Val Thr Arg Va
Alra Leu Qu Val Gy Ser Met Gy 545 550 555 560 Ile Leu Ay Ay A n Ala
A n Val Val Lys @y Thr Al a 565 570 575 Asp Leu Thr Arg Asn

Gu d Tr
Val Asn AShSIVELY Ara &t Ase TrocGLmAhr Ase Ala Vaballushes 998 hawl Gly g Ser |16
Ala Lys Val Thr Thr Ala Val Ala Hs Gy @%f Leu 595 600 605 Arg G n Phe
Val du Val Asp Val Adn 8y Qu Mt Leu Leu Lys 610 689 620 Asn Thr

Val Asn Se t.Val Ala . dn Leu Asp Thr Leu Ala Ser G u 625 630 635 640
Val Ser ackre/iel Ala Alaiacs devalyrcila ihle @AtR BIn bey Ginchsp bRy 645 650 655
100 105 110
Leu Ser Arg Glu Ser Ser Thr Ser Thr Pro Asp Pro Ala Leu Ser Pro
115 120 125
Arg Ser Asn Gly Leu Lys Lys Arg Arg Glu Asn Pro Gly Thr Pro Asp
130 135 140
Glu Arg Asp Pro Trp Gln Thr Val Arg Phe Gln Glu Val Gly Asp Gln
145 150 155 160
Asp Met Asp Pro Glu Pro Asp Thr Pro Val Ala Arg Pro Lys Asp Lys
165 170 175
Val Lys Pro Gly Thr Ile Asp Leu Ser Thr Leu Ser Gln Pro Thr Pro
180 185 190
Leu Ser Lys Val Ala Thr Asp Asn Pro Val Leu Pro Lys Pro Gly Pro
195 200 205
Arg Ser Ala Pro Thr Ser Ser Val Gly Ser Ile Met Pro Pro Phe Thr
210 215 220
Cys His Ser Cys Gly Arg Pro Met Gln‘Gly Pro Ala Ala Pro Asp Val
225 230 _ 235 240
Ile His Ala Pro Glj Pro Leu.Asp Val Val Thr Pro Ala Leu Gly Met
245 250 255
Gly Leu Gly Leu Ser Asp His Gly Ala Ala Glu Leu Arg Gln Lys Leu
260 265 270
Gly Phe Gly Asp His Glu Asp Asp Thr Gly Ser Pro Leu Val Leu Pro
275 , 280 285
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Gn Ala Val val Adn dy Val Qu Ay Val Trp Lys Val Leu Thr Asp 660 665
670 Asn Val Asn Leu Met Ala Leu Asn Leu Thr Thr @dn Val.Arg Ser Ile 675
680 685 Ala Ala Val Thr Thr Ala Val Ala Arg Ay Asp Leu Ser Lys Asn Ille
690 695 700 131/161 Asp Val Asp Val Lys Ay GQu Ile Leu Asp Leu Lys Ile
Thr Val Asn 705 710 715 720 Arg Met Thr Asp Ser Leu Arg Ile Phe Ala Ala
Gu VvVal Thr Arg val 725 730 735 Ala Arg Au Val Ay Thr Leu Ay Arg Leu
Gy Ay GAn Ala Phe Val 740 745 750 Pro Ay Val Ala Ay Val Trp Lys Asp

Leu Thr AsgFradiy\Bie Asn Séxl Ala’A%a 7@ FI6H GlVSerAhba Ara RISNMbESeFhr Leu G n
Val Arg Ala Ile Ala Arg Val Thr 770 775 780 Thr Ala Val Ser Val Gy Asp
Leu Thr Thr Ly0val du Ay I18&%sp 785 790 793000 Val Ala Ay Qu lle
Leu Asp Leu_Val Asn Thr Ile Asn Gy Met Val 805 810 815 Asp Gn Leu Al a
Val Phe Al &laValdrly Ghe Lonrlyw GewdieuAlys Alg GlinuValsB0ngap ¥ED AVal Gy Thr

Gu Gy Ar goé_eu dy val d n31%| a Arg val d u3CfI5y Met 320
Arg Val Cys Lys Ala Val Ala Glu Gly Asp Leu Ser Gln Lys Ile Thr
| 325 330 335
Val Pro Val Gln Gly Pro Val Met Val Gln Leu Lys Asp Val Ile Asn
340 345 | 350
Thr Met Val Asp Lys Leu Gly Arg Phe Ala Gln Glu Val Thr Arg Val
355 360 365
Ser Leu Glu Val Gly Thr Glu Gly Arg Leu Gly Gly Gln Ala Ile Val
370 375 380
Arg Asp Val Arg Gly Thr Trp Ser Glu Leu Thr Thr Val Val Asn Arg
385 390 395 400
Leu Ala Ala Asn Leu Thr Ser Gln Val Arg Gly Ile Ala Glu Val Thr
405 | 410 415
Lys Ala Val Ala Lys Gly Asp Leu Ser Lys Gln Ile Gly Val Asp Ala
420 : 425 430
Lys Gly Glu Ile Leu Glu Leu Lys Asn Thr Val Asn Thr Met Val Val
435 440 445 |
Arg Leu Arg Met Phe Ala Gly Glu Val Thr Arg Val Ala Leu Asp Val
450 455 460
Gly Ser Arg Gly Ile Leu Gly Gly Gln Ala Tyr Val Pro Asp Val Glu
465 470 475 480
Gly Val Trp Glr Glu Leu Thr Asp Asn Val Asn Arg Met Cys Ser Asn
485 490 495
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835 840 845 dAn dy Ser Trp Gn Ala Ile Thr Vval Ser Val Asn Thr Met Al a
Ala 850 855 860 Asn Leu Thr Ser dn Val Arg Ay Phe Ala An Ile Ser Al a
Ala Ala 865 870 875 880 Thr Asp Gy Asp Phe Thr Arg Phe Ile Thr Val Qu
Ala Ser Ay Gu 885 890 895 Met Asp Ser Leu Lys Thr Gn Ile Asn A n Met
Val Tyr Asn Leu Arg 900 905 910 132/161 GQu Ser Ile Gn Arg.Asn Thr Al a
Ala Arg Qu Ala Ala Qu Lau Ala 915 920 925 Asn Arg Ser Lys Ser @ u Phe
Leu Ala Asn Met Ser Hs Qu Ile Arg 930 935 940 Thr Pro Met Asn Ay Ille
Ile Gy Mkeurfihr Asp GbuVahrArgeSerAdpe Ria LOAFaDShrOBar 368 Val sldeu Thr Arg
Thr G n Lys Qu Asn Leu Leu Lou Val Hs @ n Leu 965 970 975 Ala Lys Ser

Leu Leu Lou Ile Ile b Asp Ile Leu A9 Ile Ser Lys 980 985 990 Ile Qu
Thr A% PHEGE)y se LetThy dreniyal dle Vi 24 Ghw g2k Glu by @lu W40 1015 1020°
515 520 625
Leu Thr Leu Lys Asn Thr Val Asn Ser Met Val Asp Gln Leu Ser Thr
530 535 540
Phe Ala Ser Glu Val Thr Arg Val Ala Leu Glu Val Gly Ser Met Gly
545 650 555 560
Ile Leu Gly Gly Gln Ala Gln Val Glu Gly Val Lys Gly Thr Trp Ala
565 570 875
 Asp Leu Thr Arg Asn Val Asn Asn Met Ala Ser Asn Leu Thr Asn Gln
580 585 590
Val Arg Ser Ile Ala Lys Val Thr Thr Ala Val Ala His Gly Asp Leu
595 600 605
Arg Gln Phe Val Glu Val Asp Val Gln Gly Glu Met Leu Met Leu Lys
610 615 620
Asn Thr Val Asn Ser Met Val Ala Gln Leu Asp Thr Leu Ala Ser Glu
625 630 635 640
Val Ser Arg Val Ala Leu Glu Val Gly Ile Glu Gly Arg Leu Gly Gly
645 650 | 655
Gln Ala Val Val Gln Gly Val Glu Gly Val Trp Lys Val Leu Thr Asp
660 665 670
Asn Val Asn Leu Met Ala Leu Asn Leu Thr Thr Gln Val Arg Ser Ile
675 680 ' 685
Ala Ala Val Thr Thr Ala Val Ala Arg Gly Asp Leu Ser Lys Asn Ile
690 695 700
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@ n Asn Leu Asn Leu Phe Tyr Qu Val Asp Pro Gu Ile Pro Asp dn 1025 1030
1035 1040 Val Ile Ay Asp Ser Leu Arg Leu Arg G n Val Ile Thr Asn Leu Va
1045 1050 1055 dvy Asn Ala Ile Lys Phe Thr Pro Ser Lys Pro Asn Lys Lys Gy
Met 1060 1065 1070 Val Cys Leu Ser Cys Lys Leu Ile Ser Met Asp Gu A n Asn
Val Thr 1075 1080 1085 Val Arg Phe Cys Val Gu Asp Thr Ay Ile Gy lle
A@n Asp Lys 1090 1095 1100 Leu Ala lle Ile Phe Asp Thr Phe Cys A n Al a
Ay Ser Thr Thr 1105 1110 1115 1120 133/161 Arg Gu Tyr Gy dy Thr
Lou G 4sp ¥al Sep VdleLFeGliyGluAT e Ueu AsplRou ILWIOINel Thr Vil Bem Lou Met Asn
An Met Trp Val Gu Ser Gu Val Ay Val 1140 1145 1150 Gy Ser Arg
Tyr Ph&5Thr Ile Thr Ald1B u Ile Ser Arg7Pio Asn 1155 116020165 Mt Al a
Ser Lou A n Lys Val Ala lle Tyr Lys Qu Arg Thr Ile 1170 1175 1180 Lou
Phe Val AsireThet (Tou AgpySews penrdreséie Ghy Akal Al 10l ValaThr IArg VAl85 1190 1195
1200 GQu GQu Lou dn L%J5 Arg Pro Phe Va_I{30VaI Arg Asp Ile73§er dn Val

Ala Arg Glu Val Gly Thr Leu Gly Arg Leu Gly Gly Gln Ala Phe Val

740
Pro Gly Val Ala Gly Val Trp Lys
755 760
Met Ala Ala Asn Leu Thr Leu Gln
770 775
Thr Ala Val Ser Val Gly Asp Leu
785 790
Val Ala Gly Glu Ile Leu Asp Leu
805
Asp Gln Leu Ala Val Phe Ala Ala
820
Val Gly Thr Glu Gly Arg Leu Gly
835 840
Gln Gly Ser Trp Gln Ala Ile Thr
850 855
Asn Leu Thr Ser Gln Val Arg Gly

865 870

Thr Asp Gly Asp Phe Thr Arg Phe

885
Met Asp Ser Leu Lys Thr Gln Ile
900

745 750
Asp Leu Thr Asp Asn Val Asn Val
765
Val Arg Ala Ile Ala Arg Val Thr
780 .

Thr Thr Lys Val Glu Gly Ile Asp
795 800

Val Asn Thr Ile Asn Gly Met Val

810 815

Glu Val Thr Arg Val Ala Arg Glu

825 830

Val Gln Ala Arg Val Glu Gly Met

845
Val Ser Val Asn Thr Met Ala Ala
860

Phe Ala Gln Ile Ser Ala Ala Ala
875 880

Ile Thr Val Glu Ala Ser Gly Glu

890 895
Asn Gln Met Val Tyr Asn Leu Arg
905 - 910
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1205 1210 1215 Ala Asp Lys Ala Lys Ile Pro Phe Ile Asp Thr Val Ile Val Asp
1220 1225 1230 Lou A u Val Thr Qu Lys Lou Arg Gu Lou Asp H's Lou Arg

Ser
Tyr
Asn
Thr
Lys
Asp
Adn
H s
Val

Thr
Lou
Pro
Ay
Val

Arg
Thr

Lys

1235 1240 1245 Pro Ala Val Lou Lou Thr Pro Val Met Pro Arg Lou
Thr Trp 1250 1255 1260 Cys Lou GQu Asn Phe Ile Ser Ay Hs Val A a
Ser Ser Lou 1265 1270 1275 1280 Asp Asp Lou Ala Qu Ala Lou Al a
Lou Gu Ala Asn Ala Ser 1285 1290 1295 dn Pro GQu Val Thr Pro Ser
Ala Tyr Asp Ile Lou Lou Ala 1300 1305 1310 du Asp Asn Val Val Asn
VagluAber ak ¢S A c§ Q\shUPhrqwa 'A\Iﬁ A3 6Dy ]AQZOAF@@% [ed4Aldl Phe dy
Val Anille Ala u Asn G n Phe Ala Val Asp 1330 1335 1340 Ala
Ala Arg 96 Gu Gn GQu ngo Met Phe Asp Vapeg le Leu 1345 1350 1355

1360 Met Asp Val Ser Met Pro Phe Met Ay Ay Met Gu Ala Thr Au Ile 1365
1370 1375 Ashl &rgASer Alyas Blwe GHiUPHey BeuGAla LAsh Wby SelreHiAr GléivdeThwg Pro Ile Ile
1380 1385 1390

930 935 940
Thr Pro Met Asn Gly Ile Ile Gly Met Thr Asp Leu Thr Leu Asp Thr
945 950 955 960
Glu Leu Thr Arg Thr Gln Lys Glu Asn Leu Leu Leu Val His Gln Leu
965 970 975
Ala Lys Ser Leu Leu Leu Ile Ile Asp Asp Ile Leu Asp Ile Ser Lys
980 985 990
Ile Glu Ala Gly Arg Met Thr Met Glu Gln Val Thr Tyr Ser Leu Arg
995 1000 1005
Gly Thr Ala Phe Gly Ile Leu Lys Thr Leu Val Val Arg Ala His Gln
1010 1015 1020
Gln Asn Leu Asn Leu Phe Tyr Glu Val Asp Pro Glu Ile Pro Asp Gln
1025 1030 ' 1035 1040
Yal Ile Gly Asp Ser Leu Arg Leu Arg Gln Val Ile Thr Asn Leu Val
1045 1050 1055
Gly Asn Ala Ile Lys Phe Thr Pro Ser Lys Pro Asn Lys Lys Gly Met
1060 1065 1070
Yal Cys Leu Ser Cys Lis Leu Ile Ser Met Asp Glu Gln Asn Val Thr
1075 1080 1085
Val Arg Phe Cys Val Glu Asp Thr Gly Ile Gly Ile Lys Gln Asp Lys
1090 1095 1100
Leu Ala Ile Ile Phe Asp Thr Phe Cys Gln Ala Asp Gly Ser Thr Thr
1105 1110 1115 | 1120
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Ala Leu Thr Ala Hs Ala Met Ile Ay Asp Arg Au Arg Cys Ile @ n 1395 1400
1405 Ala Ay Met Asp Qu H's Val Thr Lys Pro Leu Arg Arg Thr Asp Leu 1410
1415 1420 Val Ser Ala Ile Lys Arg Leu Val Thr Pro Hs Ay Ala H's 1425
1430 1435 <210> 69 <211> 4317 <212> DNA <213> Thanat ephorus cucuneris
<220> <221> CDS <222> (1).. (4317) <400> 69 135/161 atg gea ggt aca acg
ggg gga cac ccg ttt acg gcg cac cta gtt gcg 48 Mt Ala Ay Thr Thr Ay Ay
Hs Pro Phe Thr Ala Hs Leu Val Ala 1 5 10 15 gtg ctg agt ate tat gag tta
gga ccg ggarggducha Glyg GAgcTigc8letigudBly Vak SeeulleSet|IgsThFg Gew Leu Gy Pro
Gy Arg Pro Val Arg Ala Leu 20 25 30 ccg ace egg age tca cat tee cat tcc
tct tee ggt tce cgc catllgeg 144 Pro Thil3eg Ser Ser H s1B&F H s Ser Ser

Ser Gy Ser Arg His Ala 35 40 45
Val Ser Leu Met Asn Gly Gln Met Trp Val Glu Ser Glu Val Gly Val
1140 1145 1150
Gly Ser Arg Phe Tyr Phe Thr Ile Thr Ala Glu Ile Ser Arg Pro Asn
1155 1160 1165
Met Ala Gln Ser Leu Gln Lys Val Ala Ile Tyr Lys Glu Arg Thr Ile
1170 1175 1180
Leu Phe Val Asp Thr Leq Gly Asp Arg Ser Gly Val Ala Glu Arg Ile
1185 1190 - 1195 1200
Glu Glu Leu Gln Leu Arg Pro Phe Val Val Arg Asp Ile Ser Gln Val
1205 1210 1216
Ala Asp Lys Ala Lys Ile Pro Phe Ile Asp Thr Val Ile Val Asp Ser
1220 1225 - 1230
Leu Glu Yal Thr Glu Lys Leu Arg Glu Leu Asp His Leu Arg Tyr Thr
1235 1240 1245
Pro Ala Val Leu Leu Thr Pro Val Met Pro Arg Leu Asn Leu Thr Trp
1250 1255 1260
Cys Leu Glu Asn Phe Ile Ser Gly His Val Ala Thr Pro Ser Ser Leu
1265 1270 1275 1280
Asp Asp Leu Ala Glu Ala Leu Ala Lys Gly Leu Glu Ala Asn Ala Ser
1285 1290 1295
Gln Pro Glu Val Thr Pro Ser Asp Val Ala Tyr Asp Ile Leu Leu Ala
1300 1305 1310
Glu Asp Asn Val Val Asn Gin Arg Val Ala Val Lys Ile Leu Glu Lys
1315 1320 1325
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cgt gcg
Leu Ser
gea ccg
Prolle
ccg cat
Arg Asp
gcg €gg
Arg Met
age cgc
Arg GQu
tee aac
Asn Ay
gat cog
Pro Trp
atg gat
Asp Pro

ctg tct gtg ccg ccg no cca cca ccg cca ccg atg tct ccg 192 Arg Ala
Val Pro Pro Phe Pro Pro Pro Pro Pro Met Ser Pro 50 55 60 ccg aac
ate gac tac gta ggc get get ccg ctg ccc ega tac 240 Pro Asn Al a
Asp Tyr Val Gy Ala Ala Pro Leu Pro Arg Tyr 65 70 75 80 gat gga
gac tgg cag acg gat gcg gte gag cga gca ctg ggc 288 Asp Ay Pro
Trp G n Thr Asp Ala Val GQu Arg Ala Leu Gy 85 90 95 cgt gtt gcc
atg tac geg gcc gag gec cag ctg cag gac ctg 336 Arg Val Ala Al a
TyPhal EyAies Ghn ValaGld dlecilaGilu Asp QleuGl3Phd 121091 W8p 110 ctg
gag tog age aca tee ace ccc gat ccc get ctc tog ccc 384 Leu Ser
Ser OThr Ser Thr PA83%sp Pro Ala Leli3®er Pro 115 120 125 cgc

ggc_.etc _aaa aaa ego aga gag aac cog gga aca ccc gat 432 Arg Ser
Lealiﬂ@l Lips Abay Ang gTyg GluxéﬂnFGhl Gy M%I’hrPh%r éspHal1Ble 186 140 gag ego

tg g act gtg cgc ttt caa gag gtc ggt gac cag 480 du Arg Asp
d 234?% Val Arg PhB%€ n qu val G y13%gp G n 145 150 1888 160 gac

CoRo i S5 S0 oo ey BRI E R, T P
1365 1370 1375

Ile Arg Ala Phe Glu Lys Glu Lys Gly Ile Arg Arg Thr Pro Ile Ile

1380 1385 1390
Ala Leu Thr Ala His Ala Met Ile Gly Asp Arg Glu Arg Cys Ile Gln

1395 1400 1405
Ala Gly Met Asp Glu His Val Thr Lys Pro Leu Arg Arg Thr Asp Leu
1410 1415 - 1420

Val Ser Ala Ile Lys Arg Leu Val Thr Pro His Gly Ala His
1425 1430 1435

<210> 69
<211> 4317
<212> DNA

<213> Thanatephorus cucumeris

<220>
<221> CDS
<222> (1).. (4317)

<400> 69
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165 170 175 'gtc aag cot ggt ace an gac ctg agt aca etc toe cag ccc act cog
576 Val Lys Pro Ay Thr Ile Asp Leu Ser Thr Leu Ser G n Pro Thr Pro 180

185 190 <ctc tee aag gtg goo acg gac aat ccg gtg ctg ccc aag cot ggt ccc
624 Leu Ser Lys Val Ala Thr Asp Asn Pro Val Leu Pro Lys Pro Gy Pro 195

200 205 137/161 ego age gca ccc ace age agc gtc gga toe ate atg cot ccc
-ttc acg 672 Arg Ser Ala Pro Thr Ser Ser Val GQy Ser Ile Met Pro Pro Phe
Thr 210 215 220 tgc cac tcg tgc gga cgc ccc atg cag ggc ccc get gcc ccc gat
gtc 720 Gi® BFs 284ra@yecisge/ggp Pao dugt t acfgegPrar Aka @Altagdy o A4 Val

225 230 235 240 ata cac gca ccc ggt ccc etc gac gtt gtc ace cct gca ctt
ggc atg 76¥et fla GlysThy AhpGdy @ ly Bio PreuPhs phivaila\iis Thu VeloAld a Leu Gy

Met 245 250 255 ggc etc ggt etc tct gac cat ggc get gcc gag etc aga cag
aaa ctt 8161 Ay Leu Gy %eu Ser Asp His @y Ala Ala Gu 08u Arg A n Lys
Leu 260 265 270 gge ttt ggc gat cac gaa gac gac ace ggt agt ccc ctt gtt
etc ccc 864 Gy Phe Ay Asp Hs Qu Asp Asp Thr Gy Ser Pro Leu Val Leu

Pro 275 28Q 285 cct cct etc agt got get gcc ttt gag age get cca c
atg tce 91“”3g StE agt atdotat gag tta gga cgg gg% Cgag cca gtg ggc? gcg ctgg 96 99
Val Leu Ser Ile Tyr Glu Leu Gly Pro Gly Arg Pro Val Arg Ala Leu

20 25 30

ccg acc cgg age tca cat tec cat tce tet tee ggt tee cge cat geg 144
Pro Thr Arg Ser Ser His Ser His Ser Ser Ser Gly Ser Arg His Ala
35 40 45

cgt geg ctg tet gtg ccg ccg tte cca cca ccg cca ceg atg tct ceg 192
Arg Ala Leu Ser Val Pro Pro Phe Pro Pro Pro Pro Pro Met Ser Pro

50 55 60

ccg aac gca ccg ate gac tac gta ggo get get ccg ctg ccc cga tac 240
Pro Asn Ala Pro Ile Asp Tyr Val Gly Ala Ala Pro Leu Pro Arg Tyr
65 70 75 80

gat gga ccg cgt gac tgg cag acg gat geg gtc gag cga gca ctg ggo 288
Asp Gly Pro Arg Asp Trp Gln Thr Asp Ala Val Glu Arg Ala Leu Gly

85 90 95

cgt gtt gee geg cgg étg tac gecg gee gag gec cag ctg cag gac ctg 336
Arg Val Ala Ala Arg Met Tyr Ala Ala Glu Ala Gln Leu Gln Asp Leu
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Pro Gy Pro Leu Ser Ala Ala Ala Phe Ju Ser Ala Pro Gy Met Ser 290 295 300

gcc gtc gaa gaa etc aag ctg etc aag gcc cag gtc cag gat gtc get 960 Ala
Val Gu Qu Leu Lys Leu Leu Lys Ala @ n Val dn Asp Val Ala 138/ 161 305

310 315 320 «cgt gta tge aag gcc gtc gec gag ggt gat ttg tot caa aag att
ace 1008 Arg Val Cys Lys Ala Val Ala Au Gy Asp Leu Ser Gn Lys Ile Thr
325 330 335 gtc ccc gtt caa ggt ccc gtc atg gtc cag etc aag gat gtc ate
aac 1056 Val Pro Val Gdn dy Pro Val Met Val G n Leu Lys Asp Val Ile Asn

340 345 350 acc atgl®tc gat aaa cta lf§c agg ttt gcg dd@ gag gtc act cgt
gtc 1104 Thr Met Val Asp Lys Leu Ay Arg Phe Ala A n GQu Val Thr Arg Val
355 360 365 tcg etc gaa gte gga act gaa ggc egg etc ggt ggt cag gcc att
gtt 1152 Ser Leu Gu Val Ay Thr AQu Ay Arg Leu Ay Ay dn Ala |le Val

370 375 389E-B8C §BF &nsc tey@E§Rrander 18gg ensesahiwcet ectachc deg gte gt 38hat cgt
1200 Arg pVal, Ar r Irp.Ser. Qu Leu Thr Thr Val Val Asn Arg 385
390 395 40®su 3¢k Aﬁgc&é‘e%g%gf;re a8 Thy Proadspifeochle bga SerePrra gaa gtc
acc 1248 Leu A ehgd a Asn Leu Thr &Fr G@n Val Arg Cgsy Ile Ala Gu Val Thr
405 410 415 L L

cgc tcc aac gge ctc aaa aaa cgc aga gag aac ccg gga aca ccc gat 432
Arg Ser Asn Gly Leu Lys Lys Arg Arg Glu Asn Pro Gly Thr Pro Asp
130 135 140

gag cgc gat ccg tgg cag act gtg cge ttt caa gag gtc ggt gac cag 480
Glu Arg Asp Pro Trp Gln Thr Val Arg Phe Gln Glu Val Gly Asp Gln
145 150 155 160

gac atg gat ccc gag cca gac acc cct gtt gee cge ccc aag gac aag 528
Asp Met Asp Pro Glu Pro Asp Thr Pro Val Ala Arg Pro Lys Asp Lys
165 170 175

gtc aag cct ggt ace att gac ctg agt aca ctc tcc cag ccc act ceg 576
Val Lys Pro Gly Thr Ile Asp Leu Ser Thr Leu Ser Gln Pro Thr Pro
180 185 190

ctc tec aag gtg gee acg gac aat ccg gtg ctg ccc aag cct ggt cee 624

Leu Ser Lys Val Ala Thr Asp Asn Pro Val Leu Pro Lys Pro Gly Pro
195 200 205
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139/ 161 aag gca gtc gec aag gge gat etc tce aaa caa ate ggc gtc gat gca
1296 Lys Ala Val Ala Lys Gy Asp Leu Ser Lys An lle Ay Val Asp Ala 420

425 430 aaa ggt gaa ata ttg gaa ttg aag aat acg gtt aat acc atg gte gtc
1344 Lys Gy GQu Ile Leu Qu Leu Lys Asn Thr Val Asn Thr Met Val Val 435
440 445 egg ttg cgt atg ttt gca ggc gaa gtc ace cga gtc gcg etc gat gte
1392 Arg Leu Arg Met Phe Ala Ay du Val Thr Arg Val Ala Leu Asp Val 450

455 460 gge agt cgt ggt att eta gge ggt cag get tat gte ceg gat gte gag
1440 Gy Ser Arg Ay Ile Leu dy Gy Gn Ala Tyr Val Pro Asp Val Gu 465

470 475 oB0agg@gragidc bgy agaaagragte tggaater gdt @@l cgt acaattocgegat g6TYPc tee
aat 1488 dy Val Trp Gn AQu Leu Thr Asp Asn Val Asn Arg Met Cys Ser Asn

485 490 &gsSen dadtre Bhic SexaSeyt ¥akdilyt 8er dile MmtgPed PrgtRheafhr acc gee gtc
gcc 1536 Leu Thr Asn G n Val Arg Ser Ile Ala Leu Val Thr Thr Ala Val Al a

500 505 51021Qag ggt gac etc2ldca cgt aaa ate 2#a att gaa gtc gag ggc gaa
atg 1584 Gu Ay Asp Leu Thr Arg Lys Ile u lle Qu Val GQu Ay GQu Mt
140/ 161 515 520 525 +ttg aeg ctc aag aat acg gta aac age atg gtg gac cag

ctt tcg ,acg 1632 ,
tgcTcac tcg tge gga cge ccc atg cag gge cce get gee cec gat gte 720

Cys His Ser Cys Gly Arg Pro Met Gln Gly Pro Ala Ala Pro Asp Val
225 230 235 240

ata cac gca ccc ggt ccc cte gac gtt gtc acc cct gea ctt gge atg 768
Ile His Ala Pro Gly Pro Leu Asp Val Val Thr Pro Ala Leu Gly Met
245 250 . 265

ggc ctc ggt ctc tct gac cat gge get gec gag ctc aga cag aaa ctt 816
Gly Leu Gly Leu Ser Asp His Gly Ala Ala Glu Leu Arg Gln Lys Leu
260 265 270

ggc ttt ggc gat cac gaa gac gac acc ggt agt ccc ctt gtt cte cee 864
Gly Phe Gly Asp His Glu Asp Asp Thr Gly Ser Pro Leu Val Leu Pro
275 280 285

cct ggec cct ctec agt get get gec ttt gag age get cca gge atg toc 912
Pro Gly Pro Leu Ser Ala Ala Ala Phe Glu Ser Ala Pro Gly Met Ser
290 295 300

gce gtc gaa gaa ctc aag ctg ctc aag gce cag gtc cag gat gtc get 960

Ala Val Glu Glu Leu Lys Leu Leu Lys Ala Gln Val Gln Asp Val Ala
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Leu
ttt
Al a
ata
Leu
gac
Leu
gte
_Arg
€gg
Adn

Thr Leu Lys Asn Thr Val Asn Ser Met Val Asp G n Leu Ser Thr 530 535 540
geg age gaa gtc acg egg gtc gcg ctc gag gtt ggc tcg atg ggt 1680 Phe
Ser Qu Val Thr Arg Val Ala Leu u Val Ay Ser Met Ay 545 550 555 560
ctc ggt ggt cag gcg cag gtc gag ggt gta aaa gga act tgg gcc 1728 lle
Gy Ay dn Ala dn Val Gu @y Val Lys Ay Thr Trp Ala 565 570 575
ttg acg agg aat gtg aat aat atg gcg tee aat cta ace aat caa 1776 Asp
Thr Arg Asn Val Asn Asn Met Ala Ser Asn Leu Thr Asn A n 580 585 590
cgt tcg ate gcc aag gtc acg acg gcc gtc gcg cac ggt gac ctg 1824 Val
Ser ¥%e Ala Lys Val PP Thr Ala Val AB®H s Ay Asp Led2$95 600 605
cag ttt gtc gaa gtc gat gtc cag gga gag atg ctc atg ttg aag 1872 Arg
Phe Val Qu Val Asp Val Gdn Gy Gu Met Leu Met Leu Lys 610 615 620

1920 ASHCTHE &1 M8 6oso ERACoVERE AED At Tl FoksPhornRe (1) A MO 1l 625

630 635,64 t t

goa 1008vevii ke U0 el by G B 5% oty i, PR, T
325 330 335

645 650 655

gtc ccc gtt caa ggt ccc gte atg gtec cag cte aag gat gtec atc aac 1056
‘Val Pro Val Gln Gly Pro Val Met Val Gln Leu Lys Asp Val Ile Asn
340 345 350

acc atg gtc gat aaa cta ggc agg ttt gcg cag gag gtc act cgt gte 1104
Thr Met Val Asp Lys Leu Gly Arg Phe Ala Gln Glu Val Thr Arg Val
355 360 365

" tecg ctc gaa gtc gga act gaa ggc cgg ctc ggt ggt cag gec att gtt 11562
Ser Leu Glu Val Gly Thr Glu Gly Arg Leu Gly Gly Gln Ala Ile Val
370 375 380

cgc gat gtc cgec gga aca tgg agc gaa ctc aca acc gtc gtc aat cgt 1200
Arg Asp Val Arg Gly Thr Trp Ser Glu Leu Thr Thr Val Val Asn Arg
385 390 395 400

ctc gcc get aat cic aca age cag gtc cgg gga atc gca gaa gtc acce 1248
Leu Ala Ala Asn Leu Thr Ser Gln Val Arg Glj Ile Ala Glu Val Thr
405 410 415
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cag
Al a
aat
Val
geg
Al a
gtc
Asp
cgc
Met
735
Al a

cct
Ay
atg
Al a

acg gac 2016 dn

e 690 695 700 gat

142/ 161 725 730
Adattt gtt 2256

740 745 750

get gtg gtt cag ggt gtg gag ggt gtg tgg aag gtt tta
Val Val An dy Val Qu Ay Val Trp Lys Val Leu Thr Asp 660 665 670
gtc aac ttg atg get ctg aat ctg aeg acc caa gtg egg tet att 2064 Asn
Asn Leu Met Ala Leu Asn Leu Thr Thr @ n Val Arg Ser Ile 675 680 685
get gtg acg act gcc gtg gcg cgt ggt gac ctt age aag aat ate 2112 Ala
Val Thr Thr Ala Val Ala Arg Ay Asp Leu Ser Lys Asn
gat gtc aag ggc gag att ttg gat ttg aag att acg gtc aat 2160 Asp Val
Val Lys Ay Gu Ile Leu Asp Leu Lys Ile Thr val Asn 705 710 715 720
atg @aﬂgggatgt&gscq 18G8 KfiF aata qtcctcgeaa@e:taaga’ec gey &ict galygcgt c 12368 Arg
Thr Asp Ser Leu Arg Ile Phe Ala Ala Qu Val Thr Arg Val
g xosTadplohts die GlagAsn dengierches &le B Glydalabsn
Arg Gu Val Ay Thr Leu Ay Arg leu Ay Gy An Al a Phe Val
gogt gtg get gg tg tgg aag gat ?{5tg aeg gat aat g aat gtt 2304 Pro
Val Ala Ay Val Trp Lys Asp Leu Thr Asp Asn Val Asn Val 755 760 765
get gec aat ttg acg ttg caa gta cga got att gcc cga gtc aca 2352 Met
Al a ésangé‘te ugaghzrtta %’E'g %ag 1\:/1:ag| aag gaa'%l gcé lg%t aaa%. a\ég gtc gtc 1344
Lys Gly Glu Ile Leu Glu Leu Lys Asn Thr Val Asn Thr Met Val Val
435 440 445
~cgg ttg cgt atg ttt gca gge gaa gtc acc cga gtc geg cte gat gte 1392
Arg Leu Arg Met Phe Ala Gly Glu Val Thr Arg Val Ala Leu Asp Val
450 455 460
ggc agt cgt ggt att cta gge ggt cag gect tat gtc ceg gat gtc gag 1440
Gly Ser Arg Gly Ile Leu Gly Gly Gln Ala Tyr Val Pro Asp Val Glu
465 470 475 480
ggt gtt tgg caa gag ttg acg gat aat gta aat cge atg tgc tcc aat 1488
Gly Val Trp Gln Glu Leu Thr Asp Asn Val Asn Arg Met Cys Ser Asn
485 490 495
ttg acc aac caa gtc cgt teg att geg cte gtt act acc gec gte gee 1536
Leu Thr Asn Gln Val Arg Ser Ile Ala Leu Val Thr Thr Ala Val Ala
500 605 510
gag ggt gac ctc aca cgt aaa atc gaa att gaa gtc gag ggc gaa atg 1584
Glu Gly Asp Leu Thr Arg Lys Ile Glu Ile Glu Val Glu Gly Glu Met
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770

2400 Thr Al a Val

790
gtg
805
gaa
820
gaa
Ay
atg
Al a
gcg
Al a
age
Ay
aacC

775 780 acg gcc gtg tcg gte gga gac ttg acg ace aag gtc gaa ggc ate gat
Ser Val Ay Asp Leu Thr Thr Lys Val Qu Ay Ile Asp 785
795 800 gtc gcg ggt gaa ate ttg gat etc gte aac acg ate aac gga atg
2448 Val Ala Ay GQu lle Leu Asp Leu Val Asn Thr Ile Asn Ay Met Val
810 815 gac cag etc gcc gtg ttt gcg gec gag gte acg agg gtc gca cgc
2496 Asp An Leu Ala Val Phe Ala Ala Qu Val Thr Arg Val Ala Arg G u
825 830 143/161 gtc gga ace gag ggt egg ttg ggt gtt cag get cge gtc
ggt atg 2544 Val Gy Thr Au Ay Arg Leu GI\BI Val G n Ala Arg Val Qu

Met 835 84®1B45 caa gge agd®2fgg cag gcg attbdEe gta tct gta aac aeg
get gcc 2592 dAn @y Ser Trp An Ala Ile Thr Val Ser Val Asn Thr Met

Al a 850 855 860 aac ttg acg tce caa gtg cgt ggg ttt gcg caa ate tcg gca
gcg 2640 Asn Leu Thr Ser A n Val Arg Gy Phe Ala An lle Ser_Ala Al a

865 @ﬁoawsteaﬁﬁg a2k g8 c8ifyaag A8Ct 24 gég §36cCe§ Sht EHaee gt d%%ma geg
8 . Thr Asp.d h Phe. Il e Thr Au Ala S
ga g ge‘édé' § A%y qbﬁc‘yatlégg‘&téér a'l“gtr gggg@&g&aﬁ (!:‘%Haélercigr at gugt gat agr

ct c eggsgo736

ttt gcg age gaa gtc acg cgg gtc geg cte gag gtt gge tcg atg ggt 1680
Phe Ala Ser Glu Val Thr Arg Val Ala Leu Glu Val Gly Ser Met Gly
545 550 555 560
ata ctc ggt ggt cag gcg cag gtc gag ggt gta aaa gga act tgg gece 1728
Ile Leu Gly Gly Gln Ala Gln Val Glu Gly Val Lys Gly Thr Trp Ala
565 870 575
gac ttg acg agg aat gtg aat aat atg gcg tcc aat cta acc aat caa 1776
Asp Leu Thr Arg Asn Val Asn Asn Met Ala Ser Asn Leu Thr Asn Gln
580 585 590
gtc cgt tcg atc gec aag gtc acg acg gec gte geg cac ggt gac ctg 1824
Val Arg Ser Ile Ala Lys Val Thr Thr Ala Val Ala His Gly Asp Leu
595 600 605
cgg cag ttt gtc gaa gtc gat gtc cag gga gag atg ctc atg ttg aag 1872

Arg Gln Phe Val Glu Val Asp

610 615

Val Gln Gly Glu Met Leu Met Leu Lys .

620
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Met
gag
Ser
eat
Arg
940
Thr
960
AQu
gcc
Lys
ate
AQu

ggt
Thr

Thr

aac
Thr

gag
Phe
ggg
Ile

acg Caa aaa
GREC 138 RHELE

Leu
cag
Arg
aag

Ser
att
Adn
tee
Lys Ser
acg ccg atg aac
Pro Met Asn Ay

gaa ctt aca eg%
Leu 2RSr 29§ gtemaa
aag tet

Asp
agt
Ile

€gg
Ser

Lys
agg
Asn
tec
du

Sor AsB T ad o pes et VelpARa

t ggc agg atg
y Arg Met Thr

gag
Al a

i

Anlle Asn
acg get gcg
Ala Ala Arg
ttc ctt gcc
Leu Ala Asn
att att ggc
lle Ay Mt

aa aac ttg
rfagetitq &a

dn. Met Val
cgt gag get
Au Ala Al a
aac atg tcg
Met Ser Hi s
atg acg gat
Thr Asp Leu

at t

1R e dsp A
atg gaa caa ghgsacg
AQudn Vval T

Tyr

act gca ttc ggt ate etc aag ace ctt gtc gte

Ala Phe Ay Ile Leu Lys Thr
gtg tcg cgt gtc gecg cte gag gte

Val Ser Arg Val Ala Leu Glu Val
645

cag gct gtg gtt cag ggt gtg gag
Gln Ala Val Val Gin Gly Val Glu
660

aat gtc aac ttg atg get ctg aat
Asn Val Asn Leu Met Ala Leu Asn
675 680

geg get gtg acg act gee gtg geg
Ala Ala Val Thr Thr Ala Val Ala
690 695

gat gtc gat gtc aag ggc gag att
Asp Val Asp Val Lys Gly Glu Ile

706 710

cge atg acg gat agt ttg cge ata

Leu Val

Val
get atc gag ggt

Gly Ile'Glu Gly
650

Arg

ggt gtg tgg aag
Gly Val Trp Lys
665

ctg acg acc caa

Leu Thr Thr Gln

cgt ggt gac ctt
Arg Gly Asp Leu
700

ttg gat tig aag
Leu Asp Leu Lys

715

ttc get get gaa

Asn
gag
Leu
gag
I'le
acg
Leu

Leu
ctt
Al a
att
Arg
ctt
Asp

Tyr
get
du
cac
du
etc
Thr

tat tot et 4
Ser Leu Aré

cga ctc ggt gga

Arg Leu Gly Gly
655

gtt tta acg gac
Val Leu Thr Asp
670

gtg cgg tet att
Val Arg Ser Ile
685

agc aag aat atc

Ser Lys Asn Ile

att acg gtc aat
Ile Thr Val Asn
720

gtg act cgt gtc

Arg Met Thr Asp Ser Leu Arg Ile Phe Ala Ala Glu Val Thr Arg Val
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Thr
ttg etc gtt cac ca
acg YBG 89Bsag8y B2Eeu
EatAgtt teg aag 2976 Al a
¢ Adg Sqry Glego 985 990

gc 3024
95 1000 1005

egg get cac caa 3072 Qdy
Ala Hs Gn 1010 1015 1020

Arg 900 905 910
gcg 2784 du
915 920 925
cga 2832 Asn
144/ 161 930 935
gat ace 2880
945 950 955
q etc 2928
888 970 975

1968

2016

2064

2112

2160

2208



caa aat etc aac ctg ttc tac gaa gtc gat ccc gag att ccg gac caa 3120 dn
Asn Leu Asn Leu Phe Tyr Gu Val Asp Pro Qu Ile Pro Asp Adn 1025 1030 1035
1040 145/161 gtc att ggc gat tcg etc cgt ctg cga caa gtc att ace aac etc
gtc 3168 Val Ile Gy Asp Ser Leu Arg Leu Arg G n Val Ile Thr Asn Leu Va
1045 1050 1055 gga aac get ate aag ttc act ccc age aag ccc aac aaa aag ggc
atg 3216 Gy Asn Ala Ile Lys Phe Thr Pro Ser Lys Pro Asn Lys Lys Ay Mt
1060 1065 1070 gtc tgc etc tcg tgc aag etc ate teg atg gae gag cag aat gtg
acg 3264 Val Cys Leu Ser Cys Lys Leu Ile Ser Met Asp Gu A n Asn Val Thr

1075 1080 1085 gtt eg étc tgt gtc gag _gac acg ggt ate t ate aag cag gat
aaa 3312 Val Arg Phe%; Val Qu Asp T 0GIyIIe Ay Il ﬁys A n Asp Lys

1090 1095 1100 etc gcg ate ate ttt gat acg ttc tgt caa gee gat ggg tce acg
act 3360 Leu Ala Ile Ile Phe Asp Thr Phe Cys G n Ala Asp Ay Ser Thr Thr

aaa cga oA SHOGUEARYS Sl Ak CBF R o8t oy B, ek, ST bt | DGl Ly

aaa Cdga e%

oo gon AR bt a1ty by 18 ROIER G001 B ohiGy P, WS 97, 1V 0%
Ay val 740 745 750

cct ggt gtg got gge gtg teg aag gat ttg acg gat aaﬁ gtg aat gtt 2304
Pro Gly Val Ala Gly Val Trp Lys Asp Leu Thr Asp Asn Val Asn Val
755 760 765

atg gct goc aat ttg acg ttg caa gta cga get att gee cga gte aca 2352
Met Ala Ala Asn Leu Thr Leu Gln Val Arg Ala Ile Ala Arg Val Thr
770 775 780

acg gcc gtg teg gte gga gac ttg acg acc aag gtc gaé ggc atc gat 2400
Thr Ala Val Ser Val Gly Asp Leu Thr Thr Lys Val Glu Gly Ile Asp
786 790 795 800

gtc geg ggt gaa atc titg gat ctc gtc aac acg atc aac gga atg gtg 2448
Val Ala Gly Glu Ile Leu Asp Leu Val Asn Thr Ile Asn Gly Met Val
805 810 815

gac cag ctc gec gtg ttt geg gec gag gtc acg agg gtc gea cge gaa 2496
Asp Gln Leu Ala Val Phe Ala Ala Glu Val Thr Arg Val Ala Arg Glu

820 825 830
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146/ 161

€gg
Pro
cgc
Thr

gag
Arg
gat

Ile
gtg
Ile
cat

Leu
ccc
Arg

ceg
Asn
acg
Ile
cgt

Ile
ate
Ser

att

Val

ttg
Arg
cga
Leu

1140 1145 1150 ggg tcc cgc ttc tac ttt acg ate ace gcc gaa ate tee
aac 3504 Gy Ser Arg Phe Tyr Phe Thr Ile Thr Ala Qu Ile Ser Arg
1155 1160 1165 atg gcg caa agt ctg caa aag gtc gcg ate tac.aag gag
ate 3552 Met Ala An Ser Leu @n Lys Val Ala lle Tyr Lys Qu Arg
1170 1175 1180 ttg ttt gtc gat act ctg ggc gac egg tog ggt gtg gcg
ate 3600 Leu Phe Val Asp Thr Leu Ay Asp Arg Ser Ay Val Ala Qu
1185 1190 1195 1200 gaa gag ctg cag ctg cgt cog ttt gtc gtg egg
age cag gtg 3648 Gu GQu Leu G n Leu Arg Pro Phe val Val Arg Asp
Gn Val 1205 1210 1215 ttt ate gat acg

_ gcg gac aag gee aag att cc
obtF 8&R 3GgEARFEL %gatﬁgpss%ygtwcas@fgt FEe S3Coseh el atenspeiidr val
r 1220, 1225 123 cl.Cc tg,.ac aaa 't C gag ttg gat
08 ETr tecCur B9 A ey (0 PR oA R g Yl SO 18R 0 e i S
Tyr Thr Scl?‘t%SS 1240 1245 ]84‘@/ 161 ceg gcc gt% etc ttg aeg cca gtt atg
ctg aat g acg tgg 3792 ro Ala Val Leu éu Thr Pro Val Met Pro '

Asn Leu Thr Trp 1250 1255 1260

caa ggc age tgg cag geg att ace gta tet gta aac acg atg get gee 2592
Gln Gly Ser Trp Gln Ala Ile Thr Val Ser Val Asn Thr Met Ala Ala
850 855 ' 860

aac ttg acg tcc caa gtg cgt ggg ttt geg caa atc teg gea geog geg 2640
Asn Leu Thr Ser Gln Val Arg Gly Phe Ala Gln ile Ser Ala Ala Ala
865 870 875 880

acc gac gga gac tit acg cgc ttc atc acg gtc gaa gcg agc gga gag 2688
Thr Asp Gly Asp Phe Thr Arg Phe Ile Thr Val Glu Ala Ser Gly Glu
885 890 895

atg gac tcg ctc aag acg cag atc aat cag atg gtg tac aac ctc cgg 2736
Met Asp Ser Leu Lys Thr Gln Ile Asn Gln Met Val Tyr Asn Leu Arg
900 9056 910

gag agt att cag agg aac acg gct gcg cgt gag get get gag ctt geg 2784
Glu Ser Ile Gln Arg Asn Thr Ala Ala Arg Glu Ala Ala Glu Leu Ala
915 920 | 925

aat cgg tcc aag tcc gag ttc ctt gec aac atg tcg cac gag att cga 2832

Asn Arg Ser Lys Ser Glu Phe Leu Ala Asn Met Ser His Glu Ile Arg
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tgt ctt gag aac ttt ate tcg ggt cat gtc gcg ace ccg tct tcg etc 3840 Cys
Leu u Asn Phe Ile Ser Ay H's Val Ala Thr Pro Ser Ser Leu 1265 1270 1275

1280 gac gat ctt gcc gag gcg etc gca aag gga ctg gaa gec aac gea tct 3888
Asp Asp Leu Ala Gu Ala Leu Ala Lys Gy Leu u Ala Asn Ala Ser 1285 1290
1295 <cag ccc gag gtt acg ccc age gac gtt geg tac gac att cta ctg gcc 3936
A@n Pro Au Val Thr Pro Ser Asp Val Ala Tyr Asp Ile Leu Leu Ala 1300 1305
1310 gaa gac aat gtt gtc aac caa cgt gtg gec gte aag att etc gaa aag 3984
A u Asp Asn Val Val Asn G n Arg Val Ala Val Lys Ile Leu Gu Lys 1315 1320

1325 ttt ggésnocac acg gtt ca%zt,’tt gec gag aat 92 cag ttt gcg gtc gac 4032
Phe Ay H's r Val. dn lle GQu Asn Ay @71 'Phe Ala Val Asp 1330 1335

1340 get gtc aag get cga tac gaa caa gag aag atg ttt gat gtc att ctt 4080
Ala Val Lys Ala Arg Tyr Au A@n Gu Lys Met Phe Asp Val Ile Leu 148/161

aca gan SCF TR0 vee sl W, ApETa el BL GOE A R o RReT 2 O
Gu lle JgE5A300: 1&%35G1yat1tleeﬂl%hg?% Mek! THARsAAGuOPR: 300 RS TAEC COC COC acg

cct att ate 4176 Ile Arg Ala P u Lys u Lys y Ile Arg Arg Thr Pro
ITe Ile g45 950 955 ' 960

gaa c¢tt aca cgg acg caa aaa gaa aac ttg ttg ctc gtt cac cag ctc 2928
Glu Leu Thr Arg Thr Gln Lys Glu Asn Leu Leu Leu Val His Gln Leu
965 970 | 975

gce aag tct cta ttg ctt att atc gat gat att ctt gat att tcc aag 2976

Ala Lys Ser Leu Leu Leu Jle Ile Asp Asp Ile Leu Asp Ile Ser Lys
980 985 990

atc gag gct ggc agg atg acc atg gaa caa gtc acg tat tct ctc cge 3024
Ile Glu Ala Gly Arg Met Thr Met Glu Gln Val Thr Tyr Ser Leu Arg
995 1000 1005

ggt act gca ttc ggt atc ctc aag acc ctt gtc gtc cgg gct cac caa 3072
Gly Thr Ala Phe Gly Ile Leu Lys Thr Leu Val Val Arg Ala His Gln
1010 1015 1020

caa aat ctc aac ctg ttc tac gaa gtc gat ccc gag att ccg gac caa 3120

Gln Asn Leu Asn Leu Phe Tyr Glu Val Asp Pro Glu Ile Pro Asp Gln
1025 1030 1035 1040
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1380 1385 1390 get etc aca gcg cac geg atg att ggt gat cgt gag cgc tgt ate

cag 4224 A a Leu Thr Ala Hs Ala Mt

lle Ay Asp Arg Qu Arg Cys Ile @n

1395 1400 1405 got ggc atg gat gaa cac gtt acg aaa ccg ttg agg aga acc gat

etc 4272 Ala Gy Met Asp GQu His Val

Thr

Lys Pro Leu Arg Arg Thr Asp Leu

1410 1415 1420 gtg age gcg ate aaa cgc etc gta aca ccc cac ggt gee cac taa

4317 Val
1435

for

Ser Ala lle

<210> 70 <211> 26
<223> Description of Artificial
PCR <400> 70 cgaagt
DNA <2132% 21% i88F Fatse

gga aac gect atce
Gly Asn Ala Ile
1060

Lys Arg Leu Val

ggat CCC %%gt égCa

et

1045

aag ttc act ccc age
Lys Phe Thr Pro Ser
1065

Thr
<212> DNA 149/ 161 <213> Artificial
Sequence: Desi gned

SHPE &t

1050

aag c¢cc aac

Pro Hs Gy Ala Hs 1425 1430
Sequence
ol i gonucl eoti de pri ner

<220>

af:glg;c Z:%c <g2t%:1> ﬁ%S <212>

Val Ile Gly Asp Ser Leu Arg Leu Arg Gln Val Ile Thr Asn Leu Val

1095

aaa aag gec atg

Lys Pro Asn Lys Lys Gly Met

1070

gtec tge ctc tcg tge aag ctec ate teg atg gac gag cag aat gtg acg

Val Cys Leu Ser
1075

gtt cgg ttcvtgt
Val Arg Phe Cys
1090

ctc geg ate ate
Leu Ala Ile Ile

1106

cgt gaa tac ggt

Cys Lys Leu Ile Ser
1080

gtc gag gac acg get

Met Asp Glu

atc ggt atc

Gln Asn Val Thr
1085

aag cag gat aaa

Yal Glu Asp Thr Gly Ile Gly Ile Lys Gln Asp Lys

1095
ttt gat acg ttc tgt
Phe Asp Thr Phe Cys

1110

get acc ggt ctc gge

1100

caa gcc gat

Gln Ala Asp

1115

ttg tce atc

Arg Glu Tyr Gly Gly Thr Gly Leu Gly Leu Ser Ile

1125

1130

gtg tet ctg atg aat ggc caa atg tgg gtc gag tce

Val Ser Leu Met Asn Gly Gln Met Trp Val Glu Ser
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gegg tcc acg act
Gly Ser Thr Thr
1120

tcg aaa cga ctc
Ser Lys Arg Leu
1135

gag gtc gga gtc
Glu Val Gly Val

3216

3264

3312

3360

3408

3456



<220> <223> Description of Artificial Sequence:Designed oligonucleotide
primer for PCR <400> 71 cccgactccg acctcggact cgacccac 28 <210> 72 <211>
28 <212> DNA 150/161 <213> Artificial Sequence <220> <223> Description of
‘Artificial Sequence:Designed oligonucleotide primer for PCR <400> 72

ggt gagcccg gacgacaagg gtcttgag 28 <210> 73 <211> 22 <212> DNA <213>
Artificial Sequence <220> <223> Description of. Artificial
Sequence: Desi gned ol igonucl eotide priner for PCR <400> 73 attcgctcga

ggt gactgag as 22

1140 1145 1150

ggg tce cge tte tac ttt acg atc acc gee gaa atc tcc cgg ceg aac 3504
Gly Ser Arg Phe Tyr Phe Thr Ile Thf Ala Glu Ile Ser Arg Pro Asn
1155 1160 1165

atg gcg caa agt ctg caa aag gtc geg atc tac aag gag cge acg atc 3552
Met Ala Gln Ser Leu Gln Lys Val Ala Ile Tyr Lys Glu Arg Thr Ile
1170 1175 1180

ttg ttt gtc gat act ctg gegc gac cgg tcg gegt gtg geg gag cgt ate 3600
Leu Phe Val Asp Thr Leu Gly Asp Arg Ser Gly Val Ala Glu Arg Ile
1185 1180 1195 1200

gaa gag ctg cag ctg cgt ceg ttt gtc gtg cgg gat atc age cag gtg 3648
Glu Glu Leu Gln Leu Arg Pro Phe Val Val Arg Asp Ile Ser Gln Val
1205 1210 1215

gcg gac aag gec aag att ccg ttt atc gat acg gtg att gtg gat tcg 3696
Ala Asp Lys Ala Lys Ile Pro Phe Ile Asp Thr Val Ile Val Asp Ser
1220 1225 1230

ctc gag gtg act gag aaa ttg cgc gag ttg gat cat ttg agg tat acc 3744
Leu Glu Val Thr Glu Lys Leu Arg Glu Leu Asp His Leu Arg Tyr Thr
1235 : 1240 1245
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<210> 74 <211> 20 <212> DNA 151/161 <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Designed oligonucleotide priner for PCR
<400> 74 ttacctcatc gctatctctt 20 <210> 75 <211> 22 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial

Sequence: Desi gned ol igonucl eotide priner for PCR <400> 75 aaggtcgcga
tctacaagga gc 22 <210> 76 <211> 22 <212> DNA 152/161 <213> Artificial

Sequence
ccg gee gtg cte ttg acg cca gtt atg ccc cga ctg aat ctg acg tgg 3792
Pro Ala Val Leu Leu Thr Pro Val Met Pro Arg Leu Asn Leu Thr Trp
1250 1255 1260

tgt ctt gag aac ttt atc tcg ggt cat gtc geg acé ceg teot teg cte 3840
Cys Leu Glu Asn Phe Ile Ser Gly His Val Ala Thr Pro Ser Ser Leu
1265 1270 1275 1280

gac gat ctt gcc gag gecg ctc geca aag gga ctg gaa gcc aac gea tet 3888
Asp Asp Leu Ala Glu Ala Leu Ala Lys Gly Leu Glu Ala Asn Ala Ser
1285 1290 1295

cag ccc gag gtt acg ccc age gac gtt geg tac gac att cta ctg gece 3936
Gln Pro Glu Val Thr Pro Ser Asp Val Ala Tyr Asp Ile Leu Leu Ala
1300 1305 1310

gaa gac aat gtt gtc aac caa cgt gtg gec gtc aag att cte gaa aag 3984
Glu Asp Asn Val Val Asn Gln Arg Val Ala Val Lys Ile Leu Glu Lys
1315 ‘ 1320 1325

ttt ggt cac acg gtt cag att gcc gag aat gga cag ttt geg gte gac 4032
Phe Gly His Thr Val Gln Ile Ala Glu Asn Gly Gln Phe Ala Val Asp
1330 1335 1340

gct gte aag get cga tac gaa caa gag aag atg ttt gat gtc att ctt 4080
Ala Val Lys Ala Arg Tyr Glu Gln Glu Lys Met Phe Asp Val Ile Leu
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<220> <223> Description of Artificial Sequence:Designed oligonucleotide
primer for PCR <400> 76 atggacgtgt ctatgccgtt ca 22 <210> 77 <211> 23
<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Desi gned ol igonucl eotide priner for PCR <400> 77 cttcgaccgt

gat gaagcgc gta 23 <210> 78 <211> 22 <212> DNA 153/161 <213> Artifici al
Sequence <220> <223> Description of Artificial Sequence: Designed

ol i gonucl eotide prinmer for PCR <400> 78 acgaagacga caccggtagt cc 22

1345 , 1350 1365 1360

atg gac gtg tct atg ccg ttc atg ggt gga atg gag gca aca gaa att 4128
Met Asp Val Ser Met Pro Phe Met Gly Gly Met Glu Ala Thr Glu Ile
1365 1370 1375

att cge geg ttt gag aag gaa aag ggc atc cge cge acg cct att atce 4176
Ile Arg Ala Phe Glu Lys Glu Lys Gly Ile Arg Arg Thr Pro Ile Ile
1380 1385 1390

get ctc aca gecg cac geg atg att ggt gat cgt gag cge tgt atc cag 4224
Ala Leu Thr Ala His Ala Met Ile Gly Asp Arg Glu Arg Cys Ile Gln
1395 1400 1405

get gge atg gat gaa cac gtt acg aaa ccg ttg agg aga acc gat ctc 4272
Ala Gly Met Asp Glu His Val Thr Lys Pro Leu Arg Arg Thr Asp Leu
1410 1415 - 1420

gtg agc gcg atc asa cgc ctc gta aca ccc cac ggt gce cac taa 4317
Val Ser Ala Ile Lys Arg Leu Val Thr Pro His Gly Ala His
1425 1430 1435

<210> 70
211> 26
<212> DNA

149/161




<210> 79 <211> 23 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Designed oligonucleotide prinmer for PCR
<400> 79 atcgcagaag tcaccaaggc agt 23 <210> 80 <211> 22 <212> DNA 154/161
<213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Desi gned ol igonucl eotide priner for PCR <400> 80 gccaccgatg
tctccgeccga ac 22 <210> 81 <211> 23 <212> DNA <213> Artificial Sequence

<220>

<213> Artificial Sequence

220>
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 70

cgaagtcgat cccgagattc cggacc ’ 26

<210> 71

<211> 28

<212> DNA

213> Artificial Sequence

220>
<223> Description of Artificial Sequence:Designed

oligohucleotide primer for PCR

<400> 71

ccegactecg accteggact cgacccac 28

<210> 72
Q1 28
<212> DNA
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<223> Description of Artificial Sequence:Designed oli-gonucleotide priner
for PCR <400> 81 cttgctaagg tcaccacgcg cca 23 <210> 82 <211> 24 <212> DNA
155/ 161 <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Desi gned ol igonucl eotide priner for PCR <400> 82 ttctaggtgg
tcaggcttat gtcc 24 <210> 83 <211> 22 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence:Designed oligonucleotide
prinmer for PCR <400> 83 ccagctgcag gacctgctga gc 22 <210> 84

213> Artificial Sequence

220>
{223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 72

ggtgageeeg gacgacaage gtettgag . 28

210> 73
<211> 22
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 73

attcgetcga ggtgactgag aa 22

210> 74
211> 20

<212> DNA
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<211> 28 <212> DNA 156/161 <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Designed oligonucleotide prinmer for PCR
<400> 84 ctcaagaccc ttgtcgtccg ggctcacc 28 <210> 85 <211> 34 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Desi gned ol igonucl eotide priner for PCR <400> 85 ggaact agta

t ggcaggt ac aacgggggga cacc 34 <210> 86 <211> 34 <212> DNA 157/161 <213)
Artificial Sequence <220>

213> Artificial Sequence

220>
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 74

ttacctcatc getatctctt 20

£210> 75

{211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 75

aaggtcgcega tctacaagga gc 22

<210> 76
211> 22
<212> DNA
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<223> Description of Artificial Sequence:Designed oligonucleotide prinmner
for PCR <400> 86 tgcaagcttt tagtgggcac cgtggggtgt tacg 34 <210> 87 <211>
27 <212> DNA <213> Artificial Sequence <220> <223> Description of _
Artificial Sequence:Designed oligonucleotide primer for PCR <400> 87
tttctgcaca atatttcaag ctatacc 27 <210> 88 <211> 27 <212> DNA 158/ 161
<213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Desi gned ol igonucl eotide priner for PCR <400> 88 gacct agact
tcaggttgtc taactcc 27 <210> 89

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 76

atggacgtgt ctatgecgtt ca _ 22

<210> 77
<211> 23
<212> DNA

213> Artificial Sequence

<2200
€223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 77

cttegacegt gatgaagcge gta 7 23

{210> 78
211> 22
<212> DNA
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<211> 372 <212> DNA <213> Phytophthora infestans <220> <221> CDS <222>
(1).. (372) <400> 89 cac gag att cgc aca ccc atg aat ggg att att ggc atg
acg gat etc 48 His Gu lle Arg Thr Pro Met Asn Ay Ile Ile Ay Mt Thr Asp
Leu 1 5 10 15 acg ctt gat ace gaa ctt aca egg acg caa aaa gaa aac ttg ttg
etc 96 Thr Leu Asp Thr Qu Leu Thr Arg Thr G n Lys A u Asn Leu Leu Leu
159/161 20 25 30 gtt cac cag etc gcc aag tct cta ttg etc att ate gat gat
att ctt 144 Val His Gn Leu Ala Lys Ser Leu Leu Leu Ile Ile Asp Asp Ile
Leu 35 40 45 gat att tee aag ate gag get ggc agg atg ace atg gaa caa gtc
acg 192 @ig?lle Ser slle du Ala Ay Arg Met Thr Met Gu d@n Val Thr 50
55 60 tat® %ﬁ%‘é@ba geaustegca ttc ggt ate etc aag ace ctt gtc gtc 240
Tyr Ser Leu Arg Gy Thr Ala Phe Ay Ile Leu Lys Thr Leu Val Val 65 70 75 80
egg get cac caa caa aat etc aac ctg ttc tac gaa gtc gat ccc gag 288

{220>
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

{400> 78

acgaagacga caccggtagt cc ‘ 22

210> 79
211> 23
<212> DNA

<213> Artificial Sequence

220>
223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 79

atcgcagaag tcaccaéggc agt | 23

<210> 80
211> 22
<212> DNA
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Arg Al a
att cog
Pro Asp
ace aac
Asn Al a

Hs Gn @n Asn Leu Asn Leu Phe Tyr Qu Val Asp Pro Gu 85 90 95
gac caa gtc att ggt gat tog etc cgt ctg cga caa gtc att 336 Ile
G@n Val Ile Ay Asp Ser Leu Arg Leu Arg An Val Ile 100 105 110
etc gtt gga aac gcc ate aag tto aca gag 372 Thr Asn Leu Val Qy
Ile Lys Phe Thr G u 115 120 160/ 161 <210> 90 <211> 124 <212> PRT

<213> Phyt ophthora infestans <400> 90 Hs Qu Ile Arg Thr Pro Met Asn Ay

lle lle
A n Lys
Leu Ile
Met Thr
Il e Leu

Gy Met Thr Asp Leu 1 5 10 15 Thr Leu Asp Thr G u Leu Thr Arg Thr
G u Asn Leu Leu Leu 20 25 30 Val His Gn Leu Ala Lys Ser Leu Leu

Asp Asp Ile Leu 35 40 45 Asp Ile Ser Lys Ile Au Ala Ay Arg
l@ﬁb%‘%ﬁ?@&l Serencesn 55 60 Tyr Ser Leu Arg Ay Thr Ala Phe dy
Lys Thr Leu Val Val 65 70 75 80

<220>
223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 80

gecaccgatg tetcegecga ac S22

<210> 81
211> 23
<212> DNA

213> Artificial Sequence

£220>
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 81

cttgetaagg tcaccacgeg cca 23

210> 82
211> 24
<212> DNA
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Arg Ala Hs Gn G@n Asn Leu Asn Leu Phe Tyr Qu Val Asp Pro Gu 85 90 95
Ile Pro Asp An Val Ile Ay Asp Ser Leu Arg Leu Arg Gdn Val Ile 100 105
110 Thr Asn Leu Val Ay Asn Ala Ile Lys Phe Thr Gu 115 120 161/161

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<4005 82

ttctaggtgg tcaggcttat gtec 24

<210> 83

211> 22

<212> DNA

<213> Artificial Sequence

<2207
223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 83

ccagctgecag gacctgetga gce 22

<210> 84
(211> 28
<212> DNA
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<213> Artificial Sequence

{220>
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 84

ctcaagaccc ttgtecgtecg ggetecace

<210> 85
<211> 34
<212> DNA

<213> Artificial Sequence

<220>
{223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 85

ggaactagta tggcaggtac aacgggegsa cacc

<210> 86
211> 34
<212> DNA
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<213> Artificial Sequence

220>
<223> Description of Artificial Sequence:Deéigned

oligonucleotide primer for PCR

<400> 86

tgcaagettt tagtgggecac cgtggggtgt tacg

<210> 87
211> 27
<212> DNA

<213> Artificial Sequence

<220
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 87

tttctgeaca atatttcaag ctatacc

<210> 88
<211> 27

<212> DNA
158/161
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<213> Artificial Sequence

220>
<223> Description of Artificial Sequence:Designed

oligonucleotide primer for PCR

<400> 88

gacctagact tcaggttgtc taactcc

<210> 89
211> 372
<212> DNA

<213> Phytophthora infestans

<220
<221> CDS
<222> (1)..(372)

<400> 89

cac gag att cgc aca ccc atg aat ggg att att gge atg acg gat ctc

His Glu Ile Arg Thr Pro Met Asn Gly Ile Ile Gly Met Thr Asp Leu
1 5 10 15

acg ctt gat acc gaa ctt aca cgg acg caa aaa gaa aac ttg ttg cte
Thr Leu Asp Thr Glu Leu Thr Arg Thr Gln Lys Glu Asn Leu Leu Leu
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20 25 30

gtt cac cag ctc gcc aag tct cta ttg ctec att atc gat gat att ctt 144
Val His Gln Leu Ala Lys Ser Leu Leu Leu Ile Ile Asp Asp Ile Leu
35 40 45

gat att tcc aag atc gag gct ggc agg atg acc atg gaa caa gtc acg 192
Asp Ile Ser Lys Ile Glu Ala Gly Arg Met Thr Met Glu Gln Val Thr
50 55 60

tat tct ctc cge gge acc geca tic ggt atc ctc aag ace ctt gte gte 240
Tyr Ser Leu Arg Gly Thr Ala Phe Gly Ile Leu Lys Thr Leu Val Val
65 70 75 80

cgg get cac caa caa aat ctc aac ctg ttc tac gaa gtc gat cec gag 288
Arg Ala His Gln Gln Asn Leu Asn Leu Phe Tyr Glu Val Asp Pro Glu
85 90 95

att ccg gac caa gtc att ggt gat teg ctc cgt ctg cga caa gtc att 336
Ile Pro Asp Gln Val Ile Gly Asp Ser Leu Arg Leu Arg Gln Val Ile
100 105 110

acc aac ctc gtt gga aac gec atc aag ttc aca gag 372
Thr Asn Leu Val Gly Asn Ala Ile Lys Phe Thr Glu

115 120
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<210> 90
<211> 124
- 212> PRT

<213> Phytophthora infestans

<400> 90
His Glu Ile Arg Thr Pro Met Asn Gly Ile Ile Gly Met Thr Asp Leu
1 5 10 15
Thr Leu Asp Thr Glu Leu Thr Arg Thr Gln Lys Glu Asn Leu Leu Leu
20 25 30
Val His Gln Leu Ala Lys Ser Leu Leu Leu Ile Ile Asp Asp Ile Leu
35 40 45
Asp Ile Ser Lys Ile Glu Ala Gly Arg Met Thr Met Glu Gln Val Thr
50 55 60
Tyr Ser Leu Arg Gly Thr Ala Phe Gly Ile Leu Lys Thr Leu Val Val
65 70 75 80
Arg Ala His Gln Gln Asn Leu Asn Leu Phe Tyr Glu Val Asp Pro Glu
85 90 95
Ile Pro Asp Gln Val Ile Gly Asp Ser Leu Arg Leu Arg Gln Yal Ile
100 105 110
Thr Asn Leu Yal Gly Asn Ala Ile Lys Phe Thr Glu
115 120
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