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(57) ABSTRACT

Pathogenic effector proteins include one or more virulence
motifs of amino acid consensus sequence BXZ, where B=RK
or H; X=any amino acid or is absent; Z=L, M, I, W, Y or F)
which bind to target polar lipids on a host (plant or animal)
cell as a prerequisite for translocation of the pathogenic effec-
tor proteins into the cell. Translocation is prevented by bind-
ing blocking compounds to one or more motifs of the effector
protein or to the lipid ligands of the host cell. The blocking
compounds include synthetic or naturally occurring polypep-
tides which bind the polar lipids or the motifs, various polar
lipids, the hydrophilic head-groups of polar lipids, etc. Suit-
able blocking compounds can be identified by assays dem-
onstrating binding to the motifs or to the target polar lipids.
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AR as ¥R a2 SEQIDNG: 121 SEQIDNO: 122
200pmol B i i WT  pexel
100 M B F B F
50 '
25
12.5 i 1
SEQID NO! 121 SEQIDNO: 122 Fiqure 8D
Figure 8A g
PIHRPI(N)-GEP
PHRPIN-GFP SEQIDNG: 123 SEQIDNO: 124
ooaoa WT paxel”
DIL _«cwwwo M B F B F
Fu N w RN w I+ S » TN » S X VN 49
200pmoi;
100
50
25 , ‘
12.5 e =
SEQ D NO; 123 SEQ D NO: 124 f:jgwfe 8E
Figure 88
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SEQ D NO: 4 SEQUIDNO: 118 SEQID NO: 112
Avrt b(N;~GFP iils ~ AuiLB67(N)-GFP S ArgY-GFP Shr

SEQIDNO: 48 SEQ 1D NO: 1
Aurtb(N )Gmpmm Shr  ALBBP(N)-GFP 120r

SEQ I0 NO: 119 SEQ 1D NO: 112
RNl 587(N)-GEP+PLAP She  ArgO-GFP 12hr
T

SEQIDNOQ: 45 SEQ D NOC: 119 SEQID NG 112
AVIIDING-GFPLAIPZ 12y AVLEBT(N)-GFP+1,41P2 12 Arg0-GFP+1 412 12hr

Figure 9A Figure 9B Figure 9C

SEQ 1D NO: 48 SEQID NO: 1418
AvrB(N)-GFP AviL5ET(N)-GEP
+1,41P2 44P2 +141P2 A,41P2

M 8 F 8 F 8 F B F

BCAPE +P13P +Pl-4-F
+PH4-P O Only +1,31P2 +1,41P2
M B F B F B F M B F 8 F

SEQ D NO: 112

Figure 9D
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SEQ
D Plasmid Name Sources Construct Construclion strategy
NOu
; Ham34 promoter of
Not 1t gene for G418 e
1 N OHAMTISN (5)  |resistance fused io £ sojae [P S0l replaced by £
eoL44 nromoter in pUCAD 15988 rpL41 promoter using
L promolerin pul. pimers UF and UR
Avrlh-1 gene fused fo
o g MNptll gene of pHAMT35N
2 ipHamAwrib pHAMT35N ﬁam_{M p {omoter and replaced with P sujae Avwrfb-1
terminator for £ sojae using PrimerC and PrimerD
iransiomation in pUC1TD 8 ’
Avr - HRXLR 1) mutant1Same as pHamAvr b with
3 IMi PHAMTISEN fused lo Ham34 promoter  imutation infroduced by primers
and terminator motiftFand molifiR
AvrTb-1{RXLR2A48) mutant iSame as pHamAw 1b with
4 M2 pHAMTISN fused to Ham34 gromoter  imutation introduced by primers
and terminator motif2F and motifZR
AurtB-H{RXLRIAMA 284881 iSame as pHamAvr b with
5 iMiaZ pHAMT 35N mutant fused to Ham34 rmutation infreduced by primers
gromoter and terminator  [motif1+2F and motif1+2R
Avrb-1{GEERM) mutant  |Same as pHamAwrth with
G M3 pHAMT35N fused to Ham34 promoter  |mutation introduced by primers
and lerminator motif3F and motif3R
FpAvhadt fused v:a‘th C- 1 Nptli gene replaced with
. n - terminal domain of Avr!b-1, {HpAVR341-Avrih fusion using
7 jpHamAvh34t PHAMT 35N driven by Ham34 promoter |primers HpAvia41F,
and terminator HpAvh341R and PrimerD
Ps 171 (=AwdiG) fused  [Npi gene replaced with Ps
i with C-terminal of Avrib-1  JAv17 1-Avr b fusion using
8 pHamAviT] PHAMTISN driven by Ham34 promoter [primers PsAvh171F,
and ferminator Psavh171R and PrimerD
C-terminus of AvrTb-1 gens {Nptil gene of pHAMTISN
i fiused to Ham34 promoter  [replaced with £ sojae Avrib-{
§  jpHamAvrsCt PHAMT3SN and terminator for £ sgjae {C terminus using primers
transformation in pUC18  1BRXLR(F and PrimerD
Ham34d::Avr1b (RXLR 1A%4) iSelection and Gus expression
. inserted together with cassettas in pCambia1305.2
10 UNM! pUN and M1 rpldi:Nptlifor P sofas replaced by inserts from pUN
transformation and M1, respectively
Hamdd: Avrib (RXL{?;EAW} Selection and Gus expreassign
i nserted together wi casseltes in pCambiat305.
1 UNM2 pUN and M2 mLATNpt for P sojae ireplaced by inserts from pUN
transformation and M2, respectively
v QA B , .
Eépa}zgﬁg; bEAW\r Seieatgm and Gus e:xgrass&gn
12 UNMI+2 PUNandM1+2  |nserted fogether witn  (CaSSeRes ip pambiald0s 2
PP Y replaced by inserts from pUN
pid it for B sojae and M1+2 respactivel
transformation ‘  Fespectively

Figure 11A

US 2011/0212541 Al
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SEQ
NOx

Plasmid Name

Satirces

Construct

Construction strategy

13

UNM3

pUN and M3

Ham34:Avrib{dEERAS)
inserted togather with
rpLd 1o Npth for £ sojas
transformation

Selection and Gus exprassion
casseties in plambiat305.2
replaced by Inseris from pUN
and M3, respactivaly

14

pCambigAvrib

pCambiailns.2

CaMy 358 gromater fused
to full length Aw?b-1in
GUS-containing veclor

HMT gene in pCambia1305.2
replaced by Awrfb-1 using
primers Avribiull_F and
AwribR

15

pCambial2

pCambialdns.2

CaMV 353 promater fused
to Avrit-1 (RXLR2M4) in
GUS-containing vector

HMT gene in pCambia1305.2
replaced by AvriBRXLR2)
using primers Avribfull_F and
AvrThR

14

pCambia-mavrib

pCambial305.2

CaMy 35S promoter fused
ta feaderiess Avrlb-1in
GUS-containing vector

HMT gene in pCambiai305.2
replaced by mature Avribd
using primers Avribf and
AvrTbR

15

pCambia-mM2

pCambiat305.2

CaMy 358 promotar fused
to leaderless Avrib-
TRXLR2A) iy GUS-
containing vector

HMT gene in pCambiat305.2
replaced by mAvrTh{RXLRZ)
using primers AvribF and
AvribR

16

pla-GUSH)

pCambig13056.2

Empty vector as the confral

pCatvrty

asCamblaAvrit

CaMV 358 prometer fused
o Avrii-1 in GUSHree
vactor

nahiz

pCambiali2

CaldV 358 promoter fused
o Avrth-1 (RXLR2848) in

SR

Glis-frae vertor

{GUS expression cassstie was

pCa-mAvrib

pCambia-mAvr1h

CaMV 358 promoeter fused
ta leaderless Avrtb-1in
GLiS-free veactor

pCa-mbi2

pCambia-mhi2

CaMV 358 promoter fused
{c lsaderiess Avrib-
HRXLR2A in GUSHree

removed by Sph | restriction
and re-ligation for co-
transformation experiments

21

plCAvrib

plambiadwib

vesior

Caly 358 promoter fused
to Avrib-1 with Xma  site

Avr b expression cassette was
inseried into pUC18 by PCR
with prirers Avrtk EcoRl and
Avrib_Hindili

22

pCAv BXK

pliGawrtb

Kon | site added o 3' end
plCAvr1b to faciliate later
constructions

Ampiification with primers
Avrih_EcoR|,
Avrth_Hind and
Avrib_genegun_Kond

23

pUCmAVTh(dEER)

gUCAwTEXK and M3

CalV 358 promoter fused
to mature Avrth-HIEERA
using Xma | end Kpn | sites

Ligation of Xma 1-Kgn |
fragment from M3 into

pUCAVrTHXK

Figure 118
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SEG
i!é Plasmid Name Sources Construct Construction strategy
NO:
Fusion of leaderiess Avrfb-
1 with AcGFP from )
- ) " {J‘ACGFP?‘M {CiOﬂt@Ch, § ACGFF fused to releyiant f‘\«‘o‘f th
24 pUCmAWILGFR PACGFPA-N - oo sequence by PCR with primers
§32485) placed unde AN '
control of CaMV 358 g?;g og%&?&w%{fgius
¥ an . 2,
promoter ) N
roduct inserted into
Fusian ggf‘?*ma;gw 75*{ gUCAw’! XK using Xma i and
25 pUCSAWIBGFP  |pUCAWTBXK i ACGER placed undoricon |
aromaeler
~ Lt Delstion of Avrib sequences
% pUCGFP Ay 395 promoter used o seiflgation of Xma liAge |
: resticted pUCSAVIBGFR
PLICSAVITBGFP Caliy 358 promoter fusion {Deletion of Awrib sequences
of Avrib secretory leader to lencoding mature protein by
27 |pUCSGFP AcGFF placed under cantrolself-igafion of Neo | restricted
of CaMV 358 promoter pUCsAvribGFP
Aurih-H{RXLR2MAY.
AcGFP fusion placed under
28 pUCM2GFF contiol of CalV 358
promoter
Aurb-AEERA AcGFp —ACGPP fused o relevant Avrh
25 {pUCMIGHP fusion placed undar cantro! {58quence by POR with prirmers
DUCAW“}XK of CEMV 358 pmmster A\."ﬂbﬂﬁi“ﬁ QFPF 8{1(% GFPR,
RurThAFXLREYACGEP  Shur K v Yors  and
30 [pUCArTBIRSYEFP fusion piaced under control kg | N
of CalMV 358 promnter
AvrTb-1{RXLR2IA) AcGFP
31 pUCAWIB{TATIGFP fusion piaced under control
of CaMV 35S promoter
Addition of NgoMIY site
upstreamof RFLR inN-  |GCCGGT in was mudaled o
32 pUCNgo pUCAVrTbXK terminus of Avrtb (T150C) |GCCGGe using primer
in pUCATIBXK to faciitatejdvr1bSac
later manipuiations
33 ipUCRFRL CaMV 358 promoter fissed
- to Avrib-1 genes canying  {Wild type Avrib in pUCAVIBXK
34 pUCFRLR UCAUrhYK indicated mutations was raplaced with the
35 IpUCRFAR P - corresponding mutants using
' Xma it and Kpn |
36 |pUCTFLG
37  pUCCFLR pUCNge Avr1h In pUCNge was replaced
with the corresponding mutants
38 |pUCKFLR by NgoMPW and Kpn |
3¢ pUCRFLQ

Figure 11C

US 2011/0212541 Al
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SEQ
9] Plasmid Name Sources Construct Construction strategy

NC:
40 pUCRFVR
41 ipUCAWSR
42 ipUCAVITAT

43 ipUCAwPIGEP W%}g z:ypetAvri bin
- . pUCAvrbXK was replaced
44 pUCAVPIHRP PUCAWrTXK with the corresponding mutants
45 IUCAWPIB1S using Xma | and Kon |
46 ipAvribGFF Replacement of codons

sncoding nine argining motif |Ampiification with primers
ROGFP in pROGFP with Avrib AWEFFF,
R residues 33 (0 71 from wild {AwGFFRT and AviGFPR2

AvrTb(M3IGFP type Avrib o fiom Avrib
18 pATIHIIGE RXLR or dEER mutants

47 ipAvrth(M1+2)GFP

Figure 11D
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EQ

ig NO: Name Applications Sequence {from §'fo 3)*
48 UF Hind 1 and Xima | sites added {o |ataagcitgastTCTGRCETTCATCTCCGACS
} o) iTre)
56 [UR P emoer 00108 S48 0000qq TOBATGCTCAGATGetagoGTC
g HerF gf;”;‘a Ham34 promoter intemal lrrore o rTTTCACTCTCACS
Bremia Ham34 Terminator ARAS ~ .
53 HamR internal primer AGACACAAAATCTGCAACTTC
: i ACCT GACTGADCT
58 AvriBReF Avrib-1 internal primers for PCR ACCTTCAGGGTEACTGACCT
&4 AvribRaR GCCGATTGCCAACCAGTTCT
55 ActinF A sojae Actin gens internal CGACATCCGTAAGBACCTGT
g5 AR D lorereterence RT e A GATCCACATCTACTG
87 PrimerC Ky?n i sitas_adéded farking Ax;r'f - igaggtacceacascaATGCGTCTATCTTTTGTRCT
) of insartion downs
5 PeD s e e oagtace TCAGCTCTOATACCGETGAR
Xho | site and initiation codon
AyribE added to'5' end of mature Aw7b- jatcgeagtegagetticgoagattooggaaogeastgagatatgACTRA
’ 1 for insgrtion downstream of  IGTACTCCGACGAA
58 CaMV 35S promoter
Xho i stte o 3 end of Avrtb-1 for . . _
AwrisR  linsertion downstream of CaMV gz{té%{%a%“}iCactéi(%%amgacagakcggicggcatetactTCAGC
80 358 promoter AR
. ¢ 1Same as Avr1bF but for alsgeagteqagetiicgeagatcecgggagcaatgagalATGCGTC
81 Avrtbfull_F sacretory Avrib-1 TATCTTTTGTG
MatiftE TCGTCCOTactucagqotgetAACGGCCACATTGECGGTG
82 i Intraduction of RXLR1AA e
s |MomR mutation, creating a Pst | site ?3GCCGTTagcagct&cageACGGACGAGATCTGGAGAT
Motife CLGGTOGAYCQeagelgctCCTCATGAAGAGCACGATG
g4 Introduction of RXLR2844 C
" MofifoR mutation, creating a Fst | site E(%ATGAGCagcagctgcagcTCCACCGGCAATGTGGCC
. . " golgcanctqCetAACGGRGACATTGCCGGTCGAg et
B8 R eing 2 |J9CCTCATGAAGAGCACGATGE
oom LPst sites 7R T lageageteanc TCCACCGBCARTGTCGUCG T Tageagsly
g7 [Motifis2R PSS caqCACGOACGAGATCTGGAGATT
MotiGE geigeageagalGCGEGGECIgHACCTTCAGLGTEACTS
58 ' Introduction of dEER® mutation, |ACCT
" MoliBR creating a Pst | site g%cggsCCCCGCagcfgctgcagcATGAGCTCGAAGAAAT
e
& flanking Xma { site added to
HpAvh341F iHp Avh341 for insertion atteceggagaraacahATGCGACTCCACTACETG
70 downstream of HAM34 promoter
. HpAuh34 1R |For fusion with Avr1b-1 gngivTC.ACGCT<BMGGT{AI COAGAACGCCATGEC

Figure 12A

US 2011/0212541 Al




Patent Application Publication

Sep. 1,2011 Sheet 18 of 44

tg %% Name Applications Sequence (from 5 to 3
5 flanking Xma | site added o
PsAdh171F [PsAvh171 for insertion aftecegqugacaacahTGGGLCTCCACAAGGGET
72 downstream of HAM34 promoter
" PeAVR1 7R [For fusion with Avria-1 8TCAGTCACGCTGAAGGT(TAGGTGGTGTAGTCCGA
s [BRXREP [ ddleton of Nerminus of oo acancastgACCTTCAGCGTGACTEAC
Avrib_Eco S AGaAsT T BATEEE P ACEAT
75 Ri Primers for making moving ,l[&:v{ g b (3GAGaaT TcBLTCCCTGGTCECAGGAT
Avrib_Hind lexpression cassette info pU - o
76 ] vactar with Xma | and Kpr | sites GTATTGGCTAGAGRABCTTGCCA
Burib_gene | hanking Avrtb-1 gene ACABACTCGAGLT TG CBATCCACABATLCGETEG
77 gun_Kpni GCAGQTACETCAGCTCTGATAC
7 M2_F1 Replacement of RFLR with CARGATTTCgaCHGCTCATGAAG
79 |M2 Rt |matation encoding RFRL CTTCATGAGCaaGGARATCTTC
80 M2 F2 Repiacement of RFLR with the  {TGCCGGTGGABgalTTCGAGCTC
81 [MzR2  mulation encoding FRLR GAGCTCGAAGotaaeT CCACCGGCA
82  IMZF3 Replacement of RFLR with the  |GAAGATTTgeaCGAGCTCAT
83 [M2.R3  |mutation encoding RFAR ATGAGCTCGHCARATCTTC
34 M2 Fé4 Replacement of RFLR with the  |GGTGGAcagTT TCTTCaaGLTCATGAAG
85  IM2_R4  mutalion encoding QFLO AGCHGAAGAAACIITCCACCGGCAATG
GFPE For fusion with Avrb-1 io make |CTTTCACCGGTATCAGAGCggtaccgecacclataGTGAG
36 ' Ay 1b-1-AcGFP CAAGGGLBLCGAG
g (GFPR [hclionof Konl after stop 0odon s s a0 CcaC TTGTACAGCTCATCCAT
apen  HAddition of NgoMiV site A Jop—
38 AvribSac upsiream of RFLR TCATGAGCTCOAAGAARTCTTCCGCCGGLANTG
. Replacement of RFLR with the | A - "
89 AvRFLO mutation sncading RELQ CATTECCGGCGGAAGATTTCTTCaAGC
; Replacement of RFLR with the |- - -
9% ANQFLR | o o coding QFLR CATTGCCGGeGGACATTTC
opyn  ineplacement of RFLR with the |- e
91 /{‘\Vx RFVR mutaﬁf}n enCOdir{g RF\V’R {.rATTGCCb&J(;GGAAGATTTQTTC
= Replacement of RFLR with the |~ irrencmees PP —
92 AVTKFLR mutation encoding KFLR CATTGCCEGEGGAAGTTTCTTC
93 AvrBR Replacement of RFLR with the  {cgiogacgtcggegacgcGCTCATGAAGAGGACGATG
sen-uence encoding the § S .
o4 AVORZ  aninine motif CATTELLGGeGGAgacggcgacgegacgieggegacy
o5 AWTATY  |Replacement of RFL? w& the f taggaaat;ga:gtcagcgacgtcgaGC TCATGAAGAGGACGA
sequence encoding the TAT moli
U6 AirTATZ A ° J } CATTGCCOGLGGAalggacytaagaaacgocgicage
GROE Replacement of RFLR-AEER  IgasggagasgactacacicegganaagoaaycanaaglaACCTTC
97 o with the seauence from PF GOGIGACTGALC

Figure 128
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S %3% Narne Agplications Sequence (from §' o 3
GREE? GBP138 clegtatactggragagygegaagataccigegeaaggaaggagaaga
38 ctacact
39 GBPF3 glaigagasagegyiagattacggetifcgagagteiogtatactygeagag
100 (GBPR ctacogettictcatachate] TGCGTTGCAGGTCACGAT
; tgicgacgaligegascatgeacancatytioeagaliACCTTCAGC
101 |FRPFI GTGACTGACC
HRDED Replacement of RFLR-0EER aaccicaacangagacigligeacgagacacasgeacalglegasgaty
102 : £goace
with the sequernce from PEHRPH — -
0 HRPES a%aat&awigigtag’faagaatgcxaaaggcﬁgaaccfcaacaagaga
103 : cig
104 HRPR1 actacacaggiatigliena TEGCCTTGCAGGTCACGAC
164554 cagicaatgrattacaagaaatgttagaigalagtgtc ACCTTCAGC
105 ‘ STGACTGAGG
1815F2 clcaageagtiggagticalcacatiggaagagaagacagteaaigeatia
106 ) Replacement of RFLREER  icaag
wisEy |V the sequence from Pf 1615¢ izagateaactegicatclactiatacacacagtagasactcaagcagtioy
107 agile
a agatgacgaghigatclighyteact TGCGTTGCAGGTCACGA
108 1615R1 o
108 [AuGFPF Rea!g-;emem of codong ’ galclagalctGTOGAATCTCCAGATCTC
encoding nine arginine motfin | ST A AT EATAGC OG0! T CACTCACC
po  AVIGFPRT JoROGEP with Avrib residues 33 &é&!\ ATGGATAGCCGOACATIGTCAGTCACGUTGAA
to 71 from wild type Avrib ot p — i -
AGEPR? [from Avr1b RXLR or ¢EER CATCCCATGGAGCCAGCATAGTCTGGGACGTCATAT
111 mutania GOATAGCCGRGA

Figure 12C
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COMPOSITIONS AND METHODS TO
PROTECT CELLS BY BLOCKING ENTRY OF
PATHOGEN PROTEINS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Patent Application Ser. No. 61/128,080, filed May 19, 2008;
Ser. No. 61/160,059, filed Mar. 13, 2009; and Ser. No. 61/260,
227, filed Nov. 11, 2009. This application is a continuation-
in-part of U.S. patent application Ser. No. 12/468,470 filed
May 19, 2009; and of International patent application PCT/
US09/044,489, filed May 19, 2009. The complete contents of
each of these applications are herein incorporated by refer-
ence.

STATEMENT OF GOVERNMENT INTEREST

[0002] This invention was made with funding under
USDA/CSREES/NRICGP Grant No. 2007-35319-18100,
and the United States government has certain rights in the
invention.

SEQUENCE LISTING

[0003] This application includes as the Sequence Listing
the complete contents of the accompanying text file “Sequen-
ce.txt”, created Nov. 10, 2010, containing 307,236 bytes,
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0004] 1. Field of the Invention

[0005] The present invention generally relates to preven-
tion of microbial, especially oomycete or fungal, disease and,
more particularly, to cellular targets for blocking entry of
pathogen effector proteins into plant or animal cells. The
invention also provides compositions and methods for iden-
tifying compounds that block entry of pathogen effector pro-
teins into cells, and treatments using such compounds.
[0006] 2. Background Description

[0007] Fungiand parasites such as Plasmodium are eukary-
otes, which are organisms that have complex internal cell
structures (bacteria and viruses have simpler structures and
are excluded). Infections by parasites and fungi are especially
difficult to develop drugs for because humans are also eukary-
otes, so many drugs toxic to these organisms are also toxic to
humans. In addition to the malaria parasite, Plasmodium,
other eukaryotic pathogens of humans include the parasites
Schistosoma, Onchocerca, Trypanosoma, and Leishmania,
fungi that afflict AIDS patients such as Candida, Histo-
plasma, Cryptococcus and Aspergillus, and the Valley Fever
fungus, Coccidioides, that affects healthy people in the
Southwest. Fungal spores are also responsible for allergies,
asthma and mold-related illnesses.

[0008] Eukaryotic pathogens of plants are also a major
problem in agriculture, horticulture and forestry, and include
fungi and fungal-like organisms related to marine algae called
oomycetes. These diseases cause billions of dollars in losses
each year. Some fungal plant pathogens include rust fungi,
such as the new virulent wheat rust fungus, Ug99, that is
sweeping through Africa and the middle east, and the rice
blast fungus which causes major losses to the US and Asian
rice crop each year. Oomycete pathogens include the late
blight pathogen of potato (Phytophthora infestans) that
causes the Irish potato famine and still causes $5 billion in
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losses worldwide annually, Phytophthora ramorum that
causes Sudden Oak Death in California, and Phytophthora
sojae that caused $1-2b damage to the US soybean crop.
Worldwide transport of plants and plant products across
diverse ecosystems has hastened the spread of many plant
pathogens. With the increased pressure on agricultural pro-
duction systems due to competing needs for food and biofu-
els, there is an urgent need to explore new highly efficacious
strategies for biotechnology-based approaches to disease
control.

[0009] Eukaryotic pathogens of both humans and plants
release protein toxins called effectors that have the ability to
infiltrate inside host cells, across the membrane barrier that
normally surrounds the host cells. Once the effectors enter the
host cell, they reprogram the cells to suppress or block the
immune responses of the host and to make the host tissue
more congenial for reproduction and spread of the pathogen.
Therefore, drugs that could block the entry of effector pro-
teins into host cells would potentially suppress infection by a
broad range of eukaryotic pathogens important to medicine
and agriculture.

[0010] Like animals, plants have evolved defense mecha-
nisms that afford some protection from pathogens. Constitu-
tive defenses include structures such as the cuticle and pre-
formed anti-microbial chemicals. Plants have also evolved an
active defense response that is induced by detection of an
attacking pathogen. The response includes rapid synthesis of
anti-microbial chemicals and proteins, and a programmed
cell death (PCD) response, called the hypersensitive response
(HR). The ability of plants to detect and respond to pathogens
is mediated by various receptors and signal transduction path-
ways that have close similarities to the innate immunity
mechanisms of animals. Unfortunately, however, pathogens
of'both plants and animals have evolved mechanisms to avoid
or suppress host defenses, thereby retaining the ability to
cause many destructive diseases affecting crops and forests.
[0011] Oomycetes are fungus-like organisms many of
which are pathogens. For example, most of the more than 80
species of the oomycete genus Phytophthora are destructive
pathogens, including the potato late blight pathogen, Phy-
tophthora infestans, which caused the Irish potato famine in
the 18th century, the soybean root and stem rot pathogen P.
sojae, and Phytophthora ramorum, the causative agent of
Sudden Oak Death that is currently ravishing oak forests in
California. The closely related oomycete genus Pythium con-
tains more than 100 species, most of which are also patho-
gens. The oomycetes also include a number of commercially
important and diverse downy mildew pathogens that are obli-
gate parasites, often with narrow host ranges.

[0012] The sequencing of Expressed Sequence Tags
(ESTs) and genomes from several oomycete pathogens has
been completed or is under way. Draft genome sequences for
the soybean pathogen Phytophthora sojae and for P. ramorum
have been completed; those of P. infestans and the Arabidop-
sis downy mildew pathogen Hyaloperonospora arabidopsi-
dis are nearing completion; and genome sequencing of the
broad host range plant pathogens Phytophthora capsici and
Pythium ultimum and the fish pathogen Saprolegnia para-
sitica is also underway. In addition, substantial libraries of
EST sequences are available for most of these species, as well
as for Phytophthora parasitica and the Saprolegniomycete
plant pathogens Aphanomyces euteiches and Aphanomyces
cochlioides. The mining of these pathogen sequences by
comparative genomics and the prediction of which proteins
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are secreted by the pathogens has resulted in identification of
large numbers of candidate genes that potentially encode
proteins involved in plant infection.

[0013] Among these are the so-called “effector proteins” or
“effectors”. Effectors, which are secreted by plant pathogens
and have the ability to enter plant cells, have been docu-
mented for many classes of plant pathogens, including bac-
teria, fungi, oomycetes and nematodes. Once inside a host
cell, the major function of an effector protein is to suppress
the signal transduction pathways that mediate plants defense
responses, and many effector proteins also suppress host pro-
grammed cell death. The activities of fungal effector proteins
are known to include chitin-binding, cytotoxicity, metallo-
protease activity, and protease inhibition. Pathogen effectors
may also reprogram the plant cell to promote nutrition of the
pathogen.

[0014] Inresponse to pathogen attacks mediated by effec-
tors, plants have evolved certain resistance (“R”) genes that
encode receptor proteins having the ability to bind and
sequester, and thereby inactivate, the pathogen effector pro-
teins. (In fact, effectors were initially discovered based on
their ability to trigger responses mediated by R gene-encoded
host receptors). Pathogen genes encoding effectors are
referred to as avirulence (Avr) genes, because, in practice,
they actually prevent infection of host plants which contain
cognate receptor proteins by binding to the receptor, thereby
alerting the plant to their presence, and initiating an anti-
pathogen response. In contrast, genes encoding plant effec-
tors for which cognate plant receptors do not exist are referred
to as virulence genes.

[0015] Genetic mapping of oomycete Avr genes led to the
cloning of the first four effector genes: Avrlb-1 from P. sojae
(Shan, W., Cao, M., Leung, D. & Tyler, B. M. The Avr1blocus
of Phytophthora sojae encodes an elicitor and a regulator
required for avirulence on soybean plants carrying resistance
gene Rpslb. Mol. Plant. Microbe Interact 17, 394-403
(2004); Avr3a from P, infestans (Armstrong, M. R. et al. An
ancestral oomycete locus contains late blight avirulence gene
Avr3a, encoding a protein that is recognized in the host cyto-
plasm. Proc Natl Acad Sci USA 102, 7766-71 (2005); and
ATR1 (Rehmany, A. P., Gordon, A., Rose, L. E., Allen, R. L.,
Armstrong, M. R., Whisson, S. C., Kamoun, S., Tyler, B. M.,
Birch, P. R., and Beynon, J. L. (2005). Differential recogni-
tion of highly divergent downy mildew avirulence gene alle-
les by RPP1 resistance genes from two Arabidopsis lines.
Plant Cell 17, 1839-1850), and ATR13 (Allen, R. L., Bittner-
Eddy, P. D., Grenville-Briggs, L. J., Meitz, J. C., Rehmany, A.
P.,Rose, L. E., and Beynon, J. L. (2004). Host-parasite coevo-
lutionary conflict between Arabidopsis and downy mildew.
Science 306, 1957-1960), both from H. arabidopsidis. Many
other effector genes have subsequently been identified and
analyses have shown that all effector genes encode small
secreted hydrophilic proteins that lack disulfide bonds. Sig-
nificantly, effector proteins have the ability to enter plant cells
unaided by any other pathogen encoded molecules. Thus, the
mechanism of entry must lie in the effector proteins them-
selves. Sequence comparisons have led to the identification of
two common motifs in the N-terminus region of effector
proteins: 1) RXLR or RXLR (which stands for “arginine, any
amino acid, leucine, arginine™); and 2) dEER (which stands
for “aspartate which is not highly conserved, glutamate,
glutamate, arginine”) (Birch, P. R., Rehmany, A. P., Pritchard,
L., Kamoun, S., and Beynon, J. L. 2006. Trends Microbiol 14,
8-11; Tyler, 2006. Science 313, 1261-1266; Rehmany, et al.
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2005. Plant Cell 17, 1839-1850). These motifs have been
suspected of being responsible for the ability of effector pro-
teins to enter plant cells. This speculation has been encour-
aged by the observation that a similar N-terminal “Pexel”
motif (RXLXE/Q, i.e. “arginine, any amino acid, leucine, any
amino acid, then aspartate or glutamate or glutamine™) is
required for effectors of the malaria parasite, Plasmodium, to
cross the host parasitiphorous vacuolar membrane into the
cytoplasm of red blood cells. In addition, experimental evi-
dence has shown that mutations in either the RxL.R or dEER
motifs can alter an effector’s ability to translocate into host
cells.

[0016] Effectors of fungal plant pathogens have also been
predicted to translocate into host cells because many plants
(e.g. flax and rice) possess intracellular receptors, encoded by
major resistance (R) genes, which mediate a rapid defense
response when fungal effectors are present. However, prior to
the present invention, fungal effectors had not been well
characterized and the presence of amino acid sequence motifs
that mediated entry into host cells had not been demonstrated.
[0017] In spite of previous suspicions concerning putative
involvement of the RXLR and dEER motifs in effector trans-
location, the precise mode of and requirements for transloca-
tion of effector proteins were not known. And, in fact, it was
previously not known whether fungal pathogens even pos-
sessed these or analogous motifs. This lack of knowledge had
hindered the development of effective methods to combat the
infection of both plant and animal host cells by oornycete,
fungal and Plasmodium pathogens. Further, the lack of
detailed characterization of the RxLR and dEER motifs and
their flanking sequences has prevented the selection, from an
enormous pool of genomic sequence data, of genes that likely
encode additional effector proteins, the identification of
which could lead to strategies for inhibiting their pathogenic
action in cells.

SUMMARY OF THE INVENTION

[0018] The presentinvention provides methods to block the
entry of pathogen effector proteins into host cells (e.g.,
“translocation”), thereby preventing host cell infection. The
methods are based on the discovery that binding of polar
lipids such as phosphatidyl-inositol-3-phosphate (PI-3-P)
and/or phosphatidyl-inositol-4-phosphate (PI-4-P) and/or
phosphatidic acid to effector molecules via a virulence motif
is a prerequisite to translocation of the effector into a host cell,
and that when binding is blocked, translocation, and hence
infection of the cell, does not occur. The motifs have the
sequence “BXZ” where B=arginine, lysine or histidine;
X=any amino acid or no amino acid (i.e. X may be absent);
and Z=leucine, methionine, isoleucine, tryptophan, tyrosine
or phenylalanine. The BXZ motif encompasses a family of
motifs, which frequently occur at or near the N-terminus of an
effector protein, examples of which include but are not lim-
ited to RXLR (which may function in concert with a dEER
motif), Pexel, RYWT, RIYER, RSLR, RRLLR, RRFLR, and
RFYR, and others, all of which may collectively be referred
to herein as “virulence motifs.

[0019] Binding may be prevented by any of several strate-
gies including but not limited to i) blocking the effector motif
itself, and ii) blocking the lipids of the cell to which the motif
binds. The motif itself may be blocked by e.g. inositol 1,4-
diphosphate, or by other inositol containing phosphatidic
acids, phospholipids and sphingolipids, or any other com-
pound which binds to one or the virulence motif. Blocking of
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the lipid (generally at or on the cell surface) can be accom-
plished using, for example, proteins or peptides or other mol-
ecules that bind the lipids (e.g. mimetics of the motifs, or
proteins or other compounds that destroy, remove or block
access to phosphatidyl-inositol-3-phosphate (PI-3-P) and/or
phosphatidyl-inositol-4-phosphate (PI-4-P) and/or phospha-
tidic acid and/or any other polar lipid that is bound by an
effector) thereby preventing effector binding to a motif.
According to the invention, the entry of effector proteins from
oomycetes, fungi, and other types of pathogens, including
human pathogens (e.g. Plasmodium) may be blocked. For
example, Plasmodium effector proteins include a Pexel motif
which is selectively bound as a prerequisite for translocation.
Blocking of effector entry prevents the pathogen from inhib-
iting host cell defense mechanisms and allows the host to
mount an effective response to the pathogen.

[0020] The invention also provides elucidation of the struc-
tural requirements of the virulence motifs in oomycetes and
fungi, and of the sequences which flank the motifs, leading to
the ability to predict which genes in the genome of a pathogen
are likely to encode effector molecules.

[0021] According to an embodiment the invention, translo-
cation of an effector protein from a pathogen, such as a
bacteria, fungus, oomycete, protozoa or nematode, into a host
including animals (including humans) and plants is prevented
by selectively binding a blocking compound to one or more
BXZ virulence motifs of the effector protein. According to
another embodiment, translocation of an effector protein
from a pathogen is prevented by selectively binding a block-
ing compound to one or more polar lipids which would oth-
erwise bind an effector motif. By preventing entry of the
effector protein into the cell, the host cell defense mecha-
nisms are permitted to mount an effective defense against the
pathogen (it being recognized that after entry, the effector
protein would compromise the host cell defense mecha-
nisms). Thus, the invention provides a mechanism to avoid
the adverse outcomes attributed to pathogenic effector pro-
teins, and it is applicable in promoting the health and viability
of both plants and animals.

[0022] Another embodiment of the invention pertains to
identifying compounds which are suitable for use in protect-
ing cells (animal and plant) from pathogenic effector pro-
teins. In operation, an assay is used to determine whether or
not a compound binds to one or more motifs of an effector
protein which are bound by phosphoinositides or another
polar lipid as a prerequisite for translocation. The assay may
include pathogenic effector proteins which include a BXZ
motif (e.g. RxLRPexel, RYWT, RIYER, RSLR, RRLLR,
RRFLR, and RFYR or similar motifs), and/or may include
protein substrates which present one or more BXZ motifs in
a manner which can be bound by a candidate compound.
Alternatively, an assay may include one or more polar lipids
which bind to the motifs, in order to identify compounds
which bind and thus would block motif binding. Such assays
may include competition assays between candidate com-
pounds and compounds (e.g. peptides or proteins) which
contain the motif(s). The assay may be in the solid or liquid
phase and may employ fluorescent, phosphorescent, chemi-
luminescent, colorimetric, or other suitable labels to indicate
binding of a candidate compound to one or more motifs which
are required to be bound by phosphoinositides or another
polar lipid as a prerequisite for translocation.

[0023] Yetanother embodiment of the invention pertains to
a methodology of identifying whether an amino acid
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sequence of a protein in a pathogen is part of an effector
protein. In this embodiment, hidden Markov modeling
(HMM) is used to compare flanking sequences of a BXZ
sequence (e.g. of an RXLR sequence) to determine whether
the structural features for the motif are present. Through
identification of effector proteins, effective strategies for pre-
venting entry of the effector proteins into a cell (animal or
plant) can be pursued.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG.1A-E.RxLR and dEER motifs are required for
Avrlb function in P. sojae transformants. (A) Sequences of
mutations in the RXLR1, RXLR2 and dEER motifs. Bold
indicates amino acids of the RxLLR motifs and the alanines
used to replace them in the mutations. Italics indicate the
dEER motif and the alanines used to replace it in the mutant.
(B) Pst I restriction analysis of PCR products amplified from
Avrlb-1 transformants using primers specific for the HAM34
promoter and terminator regions. Pst I restriction profiles of
Avrlb(RXLR14444), Avrlb(RXLR24444), Avrlb
(RXLR 14444 o444y - Ayr] b(dEER*S) and wild type (WT)
Avrlb are distinguished from each other because the muta-
tions introduce a Pst I site. Avr1b(dEER*®)-9 was confirmed
by sequencing the PCR product. C, Detection of Avrlb
mRNA in P. sojae stable transformants by RT-PCR. Upper
panel shows amplification with primers internal to the Avrlb
C-terminus. Lower panel shows amplification with P. sojae
actin primers. P. sojae stable transformants were the same as
for (B) except that an amplification reaction is also shown
from RNA from a P. sojae transformant containing a f3-glu-
curonidase gene (GUS). No amplification was observed when
reverse transcriptase was omitted from the reactions. (D)
Distributions of HMM scores of RXLR flanking regions for
all RxLR-containing secreted proteins from P. sojae and P.
ramorum (non-permuted), for all secreted proteins retaining
an RxLR string after sequence permutation (permuted), and
for all high quality RxLR-effector candidates identified by
Jiang et al (2008) (curated). The locations on the distribution
of the HMM scores of the RXLR strings of known avirulence
proteins and HpAvh341 are shown by the arrows. (E) Pheno-
type of L77-1863 (Rps1b) seedlings inoculated on the hypo-
cotyls with transformants carrying the indicated wild type or
mutant Avrlb-1 genes and photographed 4 days later.

[0025] FIG. 2. RXLR and dEER functions confirmed by
particle bombardment assay. Soybean leaves were bom-
barded using a double-barreled device that delivered Avrlb-1
DNA-bearing particles to one side of the leaf and control
(empty vector) DNA to the other; both sides received GUS
DNA. Ratio of blue spots in the presence of Avrlb-1 com-
pared to the control. sAvrlb indicates a gene encoding secre-
tory Avrlb and mAvrlb indicates one encoding mature Avrlb
(lacking the secretory leader). WT indicates wild-type RXLR
motif, RXLR244“4 indicates the four alanine replacement of
the RxLR2 motif, dEERAG6 indicates the six alanine replace-
ment of the dEER motif. Averages and standard errors are
from 16 pairs of shots. p values comparing results from cul-
tivars with Rps1b (L77-1863) or without (rps; Williams) were
calculated using the Wilcoxon rank sum test.

[0026] FIG. 3A-D. P. sojae stable transformants show that
two other Avh proteins can replace the RXLR and dEER
region of Avrlb. (A) Sequences of the N-termini of wild type
and mutant Avr1b proteins, and of fusions with two other Avh
proteins. Underlined, secretory leader; bold, RxLR motifs;
italics, dEER motifs. The C-terminal sequence of Avrlb is
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shown in lowercase. (B) PCR analysis of DNA from P. sojae
stable transformants. WT: pl=pHamAvrlb plasmid DNA,
T17 and T20=two transformants with wild type Avrlb-1
transgenes. HpAvh341-Avr1bCt: pl=pHamAvh341 plasmid
DNA (encoding Hp Avh341-Avr1bCt), 13 and 17=two trans-
formants containing pHamAvh341. PsAvr4/6-Avr1bCt: pHa-
mAvh171 plasmid DNA (encoding Ps Avrd/6-Avr1bCt), 3
and 19=two transformants containing pHamAvh171.
mAvrlbCt: pl=pHamAvrlbCt plasmid DNA (encoding
mAvr1bCt protein), 4 and 5=two transformants containing
pHamAvr1bCt. The sizes of the PCR products for Avrlb-1,
pHamAvh341, pHamAvh171 and pHamAvr1bCt are 577 bp,
721 bp, 748 bp and 385 bp respectively C, Detection of Avrlb
mRNA in P. sojae stable transformants by RT-PCR. Upper
panel shows amplification with primers internal to the Avrlb
C-terminus. Lower panel shows amplification with P. sojae
actin primers. P. sojae stable transformants were the same as
for (B) except that an amplification reaction is also shown
from RNA from a P. sojae transformant containing a 3-glu-
curonidase gene (GUS). pl=pHamAuvrlb plasmid DNA as
template. No amplification was observed when reverse tran-
scriptase was omitted from the reactions (D) Phenotype of
L77-1863 (Rpslb) seedlings inoculated on the hypocotyls
with the indicated transformants carrying wild type or mutant
Avrlb-1 genes and photographed 4 days later. HpAvh341-
Avrlb-17, PsAvr4/6-Avr1b-3 and mAvr1bCt-5 gave similar
results to HpAvh341-Avrlb-13, PsAvr4/6-Avrlb-19 and
mAvr1bCt-4 (Table 1).

[0027] FIGS. 4A and B. Functional replacement of Avrlb
host targeting signal with protein transduction motifs and
Plasmodium host targeting signals. (A) Sequences of modi-
fied Avrlb proteins. PfGBP, PfHRP and Pf1615c refer to the
Plasmodium Pf GBP-130, Pf HRPII and Pf PFE1615¢ pro-
teins. All non-native Avrlb sequences are underlined, Avrlb
RxLR2 and Plasmodium RxLXE/Q motifs are in bold, and
acidic residues in the dEER region are in italics. The Avrlb
secretory leader was used in all constructs. (B) Ratio of blue
spots in the presence of Avrlb-1 compared to the control,
assayed as described in FIG. 2. Constructs are as in (A).
Averages and standard errors are from 8 pairs of shots.
[0028] FIG. 5. Summary of Avrlb-1 mutations and their
phenotypes in P, sojae stable transformants and soybean tran-
sient expression assays. A, Avirulent; V, Virulent; NT, Not
Tested; Y, significantly fewer blue (GUS-positive) tissue
patches from GUS expression resulting from Avrlb-induced
cell death; N, not significantly fewer blue tissue patches; P,
partial reduction in blue tissue patches; SP, signal peptide.
[0029] FIGS. 6A-H. Binding of oomycete effector proteins
to phosphoinositides. a-c, Filter-binding assays. d-f, Lipo-
some binding assays. RxLR and dEER mutations are
described in FIGS. 6G and H. (N)-GFP indicates a fusion of
the N-terminal domain to GFP. (FL)-GST indicates a fusion
of'the full length effector proteins (without signal peptide) to
GST. In d-f, B and F indicate liposome-bound and -free
proteins respectively; M=size = markers. PI-3-
P=phosphatidylinositol-3-phosphate; PI-4-P=phosphatidyl
inositol-4-phosphate; PI-5-P=phosphatidyl inositol-5-phos-
phate; Pl=phosphatidyl inositol; PA=phosphatidic acid;
PS=phosphatidyl serine; PE=phosphatidyl ethanolamine;
PC=phosphatidyl choline. No mutant proteins bound to PI-5-
P, PT, PA, PS, PE or PC (not shown).

[0030] FIGS.7A-C. Identification of host-targeting signals
in fungal effectors a, Particle bombardment cell re-entry
assays of fungal effectors fused to Avrlb. N-terminal
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sequences of AvrL.567, AvrM and AvrPi-ta (shown in b) were
fused to the secretory leader (s) and C-terminal domain of
Avrlb. Avr.567-Avrlb fusions lacking the secretory leader
(m) or with mutations in the putative RXLR and dEER motif
(rfyr-de-) were also assayed. Effector re-entry resulting in
cell killing was measured by double-barreled particle bom-
bardment in which parallel bombardments with a beta-glu-
curonidase (GUS) reporter gene, with and without the Avrlb
fusion, were compared in the presence of resistance gene
Rpslb (cultivar 1.77-1863) or in its absence (rps; cultivar
Williams). Averages and standard errors shown are from
14-16 pairs of bombardments. P values were calculated using
the Wilcoxon rank sum test. b, N-terminal sequences of effec-
tors tested in a, with RXLLR-like motifs shaded and dEER -like
motifs underlined. The start of the Avrlb C-terminal domain
used for all fusions is boxed. Three sequences containing
potential motifs from AvrPi-ta and one from AvrL.567 were
inserted into Avrlb in place of the RFLR motif. Cell entry
activity of each sequence is given as relative ablation. Abla-
tion=[1-(GUS+spots on Rps1b)/(GUS+spots on rps)]. Rela-
tive ablation=ablation of construct/ablation of wild-type
Avrlb. In the sequence alignment, dashes indicate identical
residues, periods indicate gaps in the alignment and * * * *
indicates Avrlb sequences.

[0031] FIGS. 8A-F. Binding of P. falciparum effector
fusion proteins to phosphoinositides a-c, Filter binding
assays Mutant proteins did not bind to PI-5-P, PI, PA, PS, PE
or PC (not shown) except PfGBP(N)-GFP(pexel-) which
bound weakly to PS. d-f, Binding of wild-type and mutant
fusion proteins to PT-3-P or PI-4-P in liposomes; B and F
indicate liposome-bound and -free proteins respectively;
M=size markers.

[0032] FIGS. 9A-D. Modulation of effector entry into root
cells by phosphoinositides a, Stimulation of Avr1b(N)-GFP
entry by PI-4-P and inhibition by IP2. b, Stimulation of
AvrLL.567(N)-GFP entry by PI-4-P and inhibition by IP2. c,
Entry of Arg9-GFP is not stimulated by PI-4-P nor inhibited
by IP2. In each case, 1 mg/ml protein was incubated with
soybean root tips for 9 hr or 12 hr then washed and photo-
graphed. Either 250 uM di-octanoyl-PI-4-P or 500 uM IP2
was preincubated with the proteins for 30 min prior to expo-
sure to the roots. Paired light micrographs and fluorescence
optical sections are from the same root tips in each case.
Lighting and photographic exposure were identical for all
photographs. d, Inhibition of effector-binding to liposomes
by IP2. Binding of Avrlb(N)-GFP, AvrL.567(N)-GFP and
Arg9-GFP to liposomes containing PI-4-P was measured in
the presence or absence of 300 uM inositol 1,4 diphosphate
(1,4IP2). Also, binding of Arg9-GFP to liposomes containing
PI-3-P was measured in the presence or absence of 300 uM
inositol 1,3 diphosphate (1,31P2).

[0033] FIGS. 10A-E. Effector entry into human cells and
inhibition by inositol diphosphates a-d, Cells of the human
lung epithelial cell line A549 were incubated with the indi-
cated fusion proteins (1 mg/ml) for 15 hr, in the presence or
absence 0of 430 uM inositol 1,3 diphosphate (1,31P2), 440 uM
inositol 1,4 diphosphate (1,4IP2) or 240 uM dioctanoyl-PI-
4-P, then washed and photographed. Paired light micrographs
and fluorescence optical sections are from the same cells in
each case. Lighting and photographic exposure were identical
for all photographs.

[0034] FIGS. 11A-B. Description of plasmids used in
Example 1.
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[0035] FIGS. 12A-B. Oligonucleotides used for plasmid
construction. Uppercase letters indicate bases that match the
initial template. Lower case letters indicate mutations or 5'
extensions that do not match the initial template. Restriction
sites introduced into the amplicon are underlined. A pipe (1)
indicates the boundary between Avrlb-1 sequences and fused
sequences (Avh, GFP or Plasmodium RXLX motif) in the
fusion oligonucleotides.

[0036] FIGS. 13 A-F. Description of plasmids used in
Example 2.
[0037] FIG. 14A-F. Oligonucleotides used. Restriction

sites are in bold. Mutations created by the primers are in lower
case.

[0038] FIG.15. Binding of fungal effector proteins to phos-
phatidic acid shown in tabular form. Filter-binding assay
were used to test which polar lipids were bound bind by the
indicated fungal effector proteins. The N-terminus of each
fungal effector (documented in the sequence list) was fused to
GFP, the fusion proteins were purified from E. coli, and then
tested for binding to the same polar lipids as documented in
FIG. 6. Mutant proteins contained amino acid substitutions in
the motifs listed in the row above (A=alanine; S=serine). All
the wild-type proteins listed bound phosphatidic acid, but
none of the mutants did.

[0039] FIG. 16A-D. Effectors from non-haustorial fungal
pathogens enter via RXLR-mediated PI-3-P binding. A.
N-terminus of AvrLm6 (SEQ ID NO: 319) showing func-
tional and non-functional RXLR motifs. 1 mg/ml. GFP
fusion proteins were incubated with soybean root cells for 12
hr then washed for 2 hr. B. N-terminus of Avr2 (SEQ ID NO:
326) showing functional and non-functional RXLR motifs. 1
mg/ml. GFP fusion proteins were incubated with soybean
root cells for 12 hr then washed for 2 hr. C. Binding of
AvrL.m6-GFP to lipids in filter-(left) and liposome-(right)
binding assays. D. Binding of Avr2-GFP to lipids in filter-
(left) and liposome-(right) binding assays. In both C and D
lipids are: PI phosphatidyl (ptd)-inositol; C1P=ceramide-1
phosphate; LPA=lysophosphatidic acid; PA=phosphatidic
acid; PS=ptd-serine; PE=ptd-ethanolamine; PC=ptd-choline.
In the liposome assays (right panels), B=bound; F=free;
M=markers.

[0040] FIGS. 17A and B. Binding of three fungal effectors
to phosphoinositides. A. N-terminal sequences of effector-
like proteins Af2 from Aspergillus fumigatus (Af2; XP
752996.1), CNg2 from Cryptococcus neoformans (Cng2;
AAW43853.1) and AvrL.m4/7 from Leptosphaeria macu-
laris. Candidate RXTLR-like motifs are boxed. B. Sequences
shown in A were fused to GFP and the expressed proteins
tested for lipid binding using filter-binding assays as
described in FIG. 16D.

[0041] FIG.18A-D. PI-3-P is located on the surface of root
cells and epithelial cells, but not erythrocytes A. Binding of
biosensors to phosphoinositides in filter assays, as described
for FIG. 16. B. Binding of biosensors to root cells. Fusion
proteins were incubated with soybean root cells for 12 hr then
washed for 2 hr. Pairs of fluorescence and light micrographs
are shown. Bars=50 pM or 100 pM. C. Binding of biosensors
to epithelial cells. Fusion proteins were incubated with cells
for 2 hr then washed for 30 min. Pairs of fluorescence micro-
graphs and fluorescence/light overlays are shown. Bars=10
uM. D. Binding of biosensors to human erythrocytes. Fusion
proteins were incubated with cells for 2 hr then washed for 30
min. Two independent fluorescence/light overlays are shown.
Bars=20 uM.
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[0042] FIG. 19. Mutations of the Avrlb peptide (SEQ ID
NO: 305) containing the RXLR motif assayed using the
double barrel particle bombardment assay. Cell entry activity
measured as cell death in the presence of Rps1b relative to
wild-type Avrlb. Dashes indicate identical residues; @ @ @
@ indicates Avrlb sequences.

[0043] FIG. 20A-C. PI-3-P binding proteins and inositol
diphosphate block effector entry A. Blocking binding of
effector-GFP fusions into root cells. Fusion proteins were
incubated with soybean root cells for 12 hr then washed for 2
hr. Inositol 1,4 diphosphate (500 uM) was preincubated with
the fusion proteins for 30 min. 5 mg/ml VAMp7 PX proteins
was preincubated with the roots for 2 hr. Pairs of fluorescence
and light micrographs are shown. Bars=100 uM. B. Binding
of biosensors to epithelial cells. Fusion proteins were incu-
bated with cells for 2 hr then washed for 30 min. Inositol 1,4
diphosphate (500 pM) was preincubated with the fusion pro-
teins for 30 min. 5 mg/ml VAMp7 PX proteins was preincu-
bated with the cells for 2 hr. Overlays of fluorescence and
light micrographs are shown. Bars=10 uM. C. Full-length
Avrlk protein, with or without the RXLR mutation, was
produced in E. coli. 0.25 mg/mL protein was infiltrated into
the primary unifoliate leaves of 13 day old seedlings of cul-
tivars Williams (no rps gene) or Williams 82 (Rpslk). Where
indicated, the protein was co-infiltrated with 500 ¥M 1,31P2.
The plants leaves were photographed 5 days after infiltration.

DETAILED DESCRIPTION

[0044] Since many resistance genes against oomycetes
encode intracellular proteins, and since several cognate
oomycete avirulence genes encode secreted proteins, it has
been inferred that there must be a mechanism for translocat-
ing the avirulence proteins into the plant cells. Since the
RxLR and dEER motifs were first identified during the Phy-
tophthora genome sequence annotation, there has been exten-
sive speculation that these motifs are involved in transporting
avirulence proteins into host cells. Importantly, proteins in
this family use the N-terminal motifs RxLR and dEER to
cross the host plasma cell membrane autonomously, i.e. no
other proteins are necessary to effect this translocation. Once
inside the host cell, the proteins suppress host defense signal-
ing. The importance of this effector family is underlined by
the fact that plants have evolved intracellular defense recep-
tors to detect the effectors and trigger a rapid counter-attack.
[0045] The present invention establishes that effectors of
fungal plant pathogens contain virulence motifs with consen-
sus sequence BXZ, where B is R, K or H; X is any amino acid
and may be absent; and Z is a hydrophobic amino acid,
generally L, M, I, W, Y or F. The sequence BXZ represents
three contiguous amino acids, or two contiguous amino acids
is X is absent. The BXZ family of motifs includes exemplary
motifs such as RxLR (which may function with a dEER
motif, an exemplary RXLR motif being RSLR) and related
functional variants thereof (e.g. RRFLR, RRFLR), as well as
exemplary motifs RFYR, RYWT, RIYER, etc). The virulence
motifs are responsible for binding of the pathogen effector
proteins to polar lipids (e.g. phosphatidyl-inositol-3-phos-
phate (PI-3-P) and/or phosphatidyl-inositol-4-phosphate (PI-
4-P) and/or phosphatidic acid) at or near the surface of a host
cell. Stimulation of host cell entry by, for example, PI-4-P,
and inhibition by inositol 1, 4 diphosphate suggests that the
binding of effectors to polar lipids (such as phosphoinositi-
des, phospholipids and sphingolipids) mediates cell entry of
the effectors. All effectors that were tested could also enter
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human cells, suggesting that this mode of effector entry may
be very widespread in plant and animal (including human)
pathogenesis, including that which utilizes the Plasmodium
Pexel (“P”) motif. Identification of this broad spectrum of
effectors containing virulence motifs thereof constitutes a
novel target class, and raises the possibility of targeted block-
ade of pathogen effector proteins. This knowledge can be
exploited to develop new classes of antibiotic treatments to
prevent a wide variety of pathogenic fungal, Plasmodial and
oomycete infections in plants and animals.

[0046] The invention also identifies the sequence require-
ments for the function of the virulence motifs and/or domains.
With respect to the BXZ motif, it has been determined that
generally only the presence of arginine, lysine or histidine at
the first position and the presence of leucine, isoleucine,
methionine, tyrosine, phenylalanine or tryptophan at the third
position are required to enable function. However, in some
embodiments, methionine or leucine at the second position
may allow function if none of leucine, isoleucine, methion-
ine, tyrosine, phenylalanine or tryptophan are present at the
third position. In some embodiments, the sequences flanking
the motifs are required for function. As used herein the term
“domain”, in some embodiments, refers to a region or regions
of the primary sequence of an effector protein containing
more than one virulence motif, e.g. both the RXLR and dEER
motifs, or one or more analogous virulence motifs as
described herein. The sequence requirements can be defined
by a hidden markov model. For example, mutational analysis
of the RXLR motif shows that, in some embodiments, the
requirement for the first and third positions are quite strict.
Furthermore, reversing the order of residues 1 and 2 or of 3
and 4 also abolishes activity, indicating that the mere presence
of positive charge and hydrophobicity within the motif are
insufficient. The arginine at position 4 is more flexible and can
be replaced by lysine or glutamine. Naturally occurring func-
tional variants of RxLR include lysine, histidine, threonine,
glycine and alanine at the fourth position.

[0047] As a result of these findings, the invention provides
methods to inhibit the entry, into a host cell, of effector
proteins expressed by pathogens and containing the virulence
motifs. The method is carried out by blocking the interaction,
for example, by the binding of the motifs to a natural ligand
such as a polar lipid, exemplified by phospholipids (e.g. phos-
phoinositides) and/or sphigolipids. Blocking may be accom-
plished by any of several means, for example, by exposing
one or more virulence motifs to one or more molecules or
molecular species which are capable of binding to or other-
wise interacting with the virulence motifs, thus preventing the
polar lipid (e.g. phosphoinositide, phospholipid or sphin-
golipid) from binding to the virulence motif. Herein, molecu-
lar species such as phosphoinositides, phospholipids and/or
sphigolipids which, in nature, bind to one or more motifs ofan
effector molecule as described herein, causing the effector
protein to translocate into the targeted host cell, may be
referred to as “natural molecules” or “natural ligands” of the
motif. Conversely, the motifs disclosed herein may be con-
sidered “natural ligands™ of the polar lipids to which they
bind. These designations distinguish them from the blocking
molecules of the invention, which are added exogenously to
cells and used to prevent binding of the natural ligands to the
motifs, thereby preventing translocation of the effector pro-
tein into the cell. The blocking molecules may or may not be
molecules that occur in nature, but if they are, then when used
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in the present invention, they are isolated or substantially
purified, or chemically synthesized.

[0048] Blocking molecules of choice include but are not
limited to lipid-derived molecules which bind to the motif but
not in a manner that results in entry of the effector protein into
the cell, e.g. molecules that are sterically related to natural
ligands but which do not comprise all requisite properties for
enabling translocation of the effector. In other embodiments,
the blocking molecules are inositol or inositol derivatives
(e.g. various phosphorylated inositols such as inositol mono-
phosphate, various inositol diphosphates such as inositol 1, 4
diphosphate, and other similar molecules); or peptides that
bind to the motif and block access to the motif by natural
ligands; or peptides that bind to the motif and target the
effector for protease degradation; or peptides that bind to the
motif and anchor the effector to an external structure such as
a cell wall or cell matrix such that the effector cannot enter the
cell; or molecules that bind to the motif and cause chemical
modification of the effector so that it can no longer enter cells;
or other “small molecule” compounds that possess the geo-
metric and charge requisites for binding to one or more of the
motifs, thereby blocking the binding of the natural ligand that
is responsible for effector translocation.

[0049] In one embodiment of the invention, the blocking
molecule is a peptide, in particular a peptide with an amino
acid primary sequence that is designed to include amino acid
residues with charges suitable for interacting with and/or
binding to the charged residues of the motif. In such a peptide,
the amino acid sequence is designed so that charged atoms or
groups (especially of the side chains) are spatially arranged in
a manner that allows, for example, negatively charged side
chains to be within bonding distance of positively charged
side chains of e.g. R residues of the motif, or for aliphatic side
chains of the peptide to interact with aliphatic side chains of
the motif, etc. Approaches to synthetic peptide design are
described, for example, by Devlin et al. (Devlin, H., Panga-
niban, L. C. and Devlin, P. E. (1990) Random peptide librar-
ies: a source of specific protein binding molecules. Science,
249, 404-406) and Scott and Smith (Scott, J. K. and Smith, G.
P. (1990) Searching for peptide ligands with an epitope
library. Science, 249, 386-390). Such peptides may be
designed to be stable by e.g. by avoiding the use of known
protease cleavage sites in the sequence; by introducing vari-
ous non-natural amino acids; or by various modifications to
amino acids (e.g. amidation, sulfonation, etc.) that increase
the stability of the molecule, so long a such modifications do
not interfere with binding to the effector motif.

[0050] The binding or interaction of the blocking molecule
(s) may be of any suitable type, and will depend on the nature
of the blocking molecule. For example, the binding may be
covalent and hence essentially irreversible. Thus, in some
embodiments of the invention, the blocking molecule is one
that, upon contact with one or more chemically reactive func-
tional groups of the motifor polar lipid, forms a covalent bond
with the one or more functional groups that participate in
binding, or with functional groups of adjacent portions of the
molecule (e.g. adjacent residues of and effector protein) in a
manner that blocks access to the motif (e.g. by phospholipids
and/or sphingolipids that are natural ligands of the motif)
and/or to the polar lipid, which would otherwise permit trans-
location of the effector into the host cell that the pathogen is
trying to infect. Usually, however, the binding is non-covalent
and comprises, for example, electrostatic and/or charge inter-
actions, hydrophobic interactions, van der Waals interactions,
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etc. For a blocking molecule to be effective, a Kd better than
ten-fold less than the concentration of the competing natural
ligand (polar lipid or motif) in the region of the host mem-
brane is preferred (a lower Kd indicates tighter binding). In
this manner, binding of the natural ligand is prevented or at
least attenuated or slowed so as to render the natural ligands
ineffective in enabling the effector molecule to enter the
targeted host cell, and infection of the host by the pathogen
which manufactured the effector molecule is prevented, or
attenuated or slowed. Those of skill in the art will recognize
that much benefit can accrue from a treatment that inhibits a
pathogen, even ifinhibition is not absolute, but merely attenu-
ates or slows the symptoms of infection. “Inhibition” or “pre-
vention of infection” as used herein is intended to encompass
all such degrees of inhibition, blocking, etc. In addition, in the
case of plants, the overall biomass of harvested plants or plant
products, and therefore the usefulness of the crop, may be
advantageously increased even if some plants remain affected
by the pathogen after treatment as described herein.

[0051] “Motifs” to which natural ligand binding is blocked
include BXZ motifs as described herein, as well as RXLR
motifs, dEER motifs, the Pexel motif, and the RYWT,
RIYER, RSLR, RRLLR, RRFLR, and RFYR motifs. Those
of skill in the art will recognize that many effector proteins
contain both an RXLR motifand a dEER motif, or one or more
virulence motifs as described herein. According to the inven-
tion, in one embodiment, the binding of a blocking molecule
(which in some embodiments may be a natural ligand such as
aphospholipid or sphingolipid) to one or more (e.g. either one
or the other, or both, of the RXLR and dEER motifs) is
blocked, and blocking occurs in a manner that prevents the
effector protein that bears the motif(s) from entering the host
cell. In another embodiment, the binding of a natural ligand to
a Pexel motifis blocked, and blocking occurs in a manner that
prevents the effector protein that bears the motif from enter-
ing a host cell. In another embodiment, the binding of a
natural ligand to a RYWT, RIYER, RSLR, RRLLR, RRFLR,
and/or RFYR motif is blocked, and blocking occurs in a
manner that prevents the effector protein that bears the motif
from entering a host cell. In some embodiments, the blocking
molecule binds to or interacts directly with residues of one or
more of the virulence motifs, if two or more virulence motifs
are present in an effector. However, this need not always be
the case, as binding to a single motif may be sufficient. In
other embodiments, the blocking molecule (or molecules)
binds to or interacts with adjacent residues. “Adjacent resi-
dues” may, but need not necessarily be, adjacent in primary
sequence to the motif. They may also be in proximity due to
the secondary or tertiary structure of the effector molecule.
For example, in one embodiment, the effector protein com-
prises an RXLR motif followed by at least one aspartate or
one glutamate residue within a 60 amino acid carboxy termi-
nal flanking sequence. In other words, within the effector
protein, the sequence which is attached directly to the car-
boxy terminus of the RxLR motif (which, in primary
sequence, follows immediately after the carboxyl terminal R
of the motif) contains at least one aspartate residue and/or at
least one glutamate residue within the first 60 amino acids of
the sequence.

[0052] In addition, the RXLR motifs that are targeted for
blocking by the methods of the invention include but are not
limited to those which comprise at least one of a two or three
amino acid sequence selected from the group consisting of:
arginine, any amino acid, leucine; histidine, any amino acid,
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leucine; lysine, any amino acid, leucine; arginine, any amino
acid, isoleucine; histidine, any amino acid, isoleucine; lysine,
any amino acid, isoleucine; arginine, any amino acid,
methionine; histidine, any amino acid, methionine; lysine,
any amino acid, methionine; arginine, any amino acid,
tyrosine; histidine, any amino acid, tyrosine; lysine, any
amino acid, tyrosine; arginine, any amino acid, phenylala-
nine; histidine, any amino acid, phenylalanine; lysine, any
amino acid, phenylalanine; arginine, any amino acid, tryp-
tophan; histidine, any amino acid, tryptophan; lysine, any
amino acid, tryptophan; arginine, any amino acid, valine;
histidine, any amino acid, valine; lysine, any amino acid,
valine; arginine, leucine; histidine, leucine; lysine, leucine;
arginine, isoleucine; histidine, isoleucine; lysine, isoleucine;
arginine, methionine; histidine, methionine; lysine, methion-
ine; arginine, tyrosine; histidine, tyrosine; lysine, tyrosine;
arginine, phenylalanine; histidine, phenylalanine; lysine,
phenylalanine; arginine, tryptophan; histidine, tryptophan;
lysine, tryptophan; arginine, valine; histidine, valine; and
lysine, valine. In some embodiments, the R of the RXL.R motif
is preceded by R, i.e. the motifis RRXLR, with “x” being any
amino acid, or in particular L or F. These particular sequence
may be represented by standard conventions using the single
letter abbreviation for the amino acid and an “x” for the
variable residue, e.g. as RXL for “arginine, any amino acid,
leucine”.

[0053] In addition, blocking may be accomplished by
exposing one or more of the polar lipids to which the motifs
bind (i.e. “target lipids™) to one or more molecules or molecu-
lar species which are capable of binding to or otherwise
interacting with the targeted polar lipid, thus preventing the
motif (and hence the effector molecule) from binding to the
polar lipid. In this embodiment, blocking molecules include
but are not limited to: peptides, proteins, and other molecules
which bind the polar lipid(s), for example, peptide mimetics
of one or more effector motifs, small molecules or drugs
which bind the polar lipids, various charged species which
bind to the polar lipids, etc. The blocking molecule may bind
to the natural target lipid (e.g. phosphoinositide, phospho-
lipid, sphingolipid or other polar lipid) in order to block the
binding of the effector to its target. In one embodiment the
blocking molecule may be a naturally occurring protein that
binds to the target lipid, such as a protein containing, for
example, a C1, C2, PH, FYVE, PX, ENTH, ANTH, BAR,
FERM, PDZ, and tubby domains (Stahelin, R. V. (2009).
Lipid binding domains: more than simple lipid effectors.
Lipid Res 50 Suppl, S299-304). In another embodiment, the
blocking molecule may be a peptide with an amino acid
primary sequence that is designed to include amino acid
residues with charges suitable for interacting with and/or
binding to the target phosphoinositide, phospholipid or sph-
ingolipid. In yet another embodiment, the blocking molecule
may be a polypeptide (e.g. a peptide, polypeptide, etc.) which
includes one or more motif sequences and/or is a mimetic of
one or more motif sequences. Blocking molecules that target
the polar lipid ligands of the motif may bind to any portion of
the lipid that prevents effector binding, or even to adjacent
molecules or cellular components that sterically interfere
with motif-lipid binding.

[0054] The host cells that are protected from effector pro-
tein invasion include many species of plant and animal cells,
including human cells. Examples of plant cells that can ben-
efit from the practice of the invention include but are not
limited to: wheat, maize, rice, sorghum, barley, oats, millet,
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soybean, common bean (e.g. Phaseolus species), green pea
(Pisum species), cowpea, chickpea, alfalfa, clover, tomato,
potato, tobacco, pepper, egg plant, grape, strawberry, rasp-
berry, cranberry, blueberry, blackberry, hops, walnut, apple,
peach, plum, pistachio, apricot, almond, pear, avocado,
cacao, coffee, tea, pineapple, passionfruit, coconut, date and
oil palm, citrus, safflower, carrot, sesame, common bean,
banana, citrus (e.g. orange, lemon, grapefruit), papaya, mac-
adamia, guava, pomegranate, pecan, Brassica species
(canola, cabbage, cauliflower, mustard etc), cucurbits (pump-
kin, cantaloupe, squash, zucchini, melons etc), cotton, sugar
cane, sugar beets, sunflower, lettuce, onion, garlic, ornamen-
tal cut flowers, grasses used in lawns, athletic fields, golf
courses and pastures (e.g. Festuca, Lolium, Zoysia, Agrostis,
Cynodon, Dactylis, Phleum, Phalaris, Poa, Bromua and
Agropyron species), etc.

[0055] Examples of animal cells that may benefit from the
practice of the invention include but are not limited to:
humans, cattle, sheep, pigs, goats, horses, cats, dogs, chick-
ens, turkeys, bees, salmon, trout, bass, catfish, shellfish, cray-
fish, lobsters, shrimp, crabs, etc.

[0056] Many types of invasive pathogens may be targeted
and their effector proteins prevented from entering host cells
by the methods of the invention. Examples of such pathogens
include but are not limited to: any Phytophthora species, e.g.
Phytophthora infestans, Phytophthora sojae, Phytophthora
ramorum, Phytophthora parasitica, Phytophthora capsici,
Phytophthora nicotianae, Phytophthora cinnamomi, Phy-
tophthora cryptogea, Phytophthora drechsleri, Phytophthora
cactorum, Phytophthora cambivora, Phytophthora citro-
phthera, Phytophthora citricola, Phytophthora megasperma,
Phytophthora palmivora, Phytophthora Megakarya, Phy-
tophthora boehmeriae, Phytophthora kernoviae, Phytoph-
thora erythroseptica, Phytophthora fragariae, Phytophthora
heveae, Phytophthora lateralis, Phytophthora syringae; any
Pythium species, e.g. Pythium ultimum, Pythium aphanider-
matum, Pythium irvegulare, Pythium graminicola, Pythium
arrhenomanes, Pythium insidiosum; any downy mildew spe-
cies; any Peronospora species, e.g. Peronospora tabacina,
Peronospora destructor, Peronospora sparsa, Peronospora
vicaie, any Bremia species, e.g. Bremia lactucae; any Plas-
mopora species, e.g. Plasmopora viticola, Plasmopara hal-
stediiy any Pseudoperonospora species, e.g. Pseudoperono-
spora cuhensis, Pseudoperonospora humuli; any Sclerospora
species e.g. Sclerospora graminicola; any Peronosclerospora
species, e.g. Peronosclerospora philippinesis, Peronoscle-
rospora sorghi, Peronosclerospora sacchari, any Scle-
rophthova species, e.g. Sclerophthora rayssiae, Scle-
rophthora macrospora; any Albugo species, e.g. Albugo
candida; any Aphanomyces species, e.g. Aphanomyces
cochlioides, Aphanomyces euteiches, Aphanomyces inva-
dans; any Saprolegnia species, e.g. Saprolegnia parasitica;
any Achlya species; any rust fungi; any smut fungi; any bunt
fungi; any powdery mildew fungi; any Puccinia species, Puc-
cinia striiformis, Puccinia graminis, Puccinia triticina (syn.
Puccinia recondita), Puccinia sorghi, Puccinia schedonnar-
dii, Puccinia cacabata; any Phakopsora species, e.g. Phako-
psora pachyrhizi, Phakopsora gossypii; any Phoma species,
e.g. Phoma glycinicola, any Ascochyta species, e.g. Asco-
chyta gossypii; any Cryphonectria species, e.g. Cryphonec-
tria parasitica; any Magnaporthe species, e.g. Magnaporthe
oryzae; any Gaeumannomyces species, e.g. Gaeumannomy-
ces graminis, any Synchytrium species, e.g. Synchytrium
endobioticum; any Ustilago species, e.g. Ustilago maydis,
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Ustilago tritici, Ustilaginoidea virens, any Tilletia species,
e.g. Tilletia indica, Tilletia caries, Tilletia foetida, Tilletia
barclayana; any Erysiphe species, e.g. Erysiphe necator (for-
merly Uncinula necator); any Blumeria species, e.g. Blume-
ria graminis; Podosphaera oxyacanthae; any Alternaria spe-
cies, e.g. Alternaria alternata; any Botrytis species, e.g.
Botrytis cinerea; any Diaporthe species, e.g. Diaporthe
phaseolorum; any Fusarium species, e.g. Fusarium
graminearum, Fusarium oxysporum (e.g. f.sp. lycopersici),
Fusarium moniliforme, Fusarium solani; any Leptosphaeria
species, e.g. Leptosphaeria maculans, Leptosphaeria may-
dis; any Macrophomina species, e.g. Macrophomina phaseo-
lina; any Monilinia species, e.g. Monilinia fructicola; any
Mycosphaerella species, e.g. Mycosphaerella graminicola,
Mycosphaerella  fijiensis,  Mycosphaerella  tassiana,
Mycosphaerella zeae-maydis; any Phialophora species, e.g.
Phialophora gregata; any Phymatotrichopsis species, e.g.
Phymatotrichopsis omnivora; any Tlaphrina species, e.g.
Taphrina deformans; any Aspergillus species, e.g. Aspergil-
lus flavus, Aspergillus parasiticus, Aspergillus famigatus; any
Verticillium species, e.g. Verticillium dahliae, Verticillium
albo-atrum, Rhizoctonia solani, Ophiostoma ulmi (syn.
Ceratocystis ulmi), Ophiostoma novo-ulmi; any Septoria spe-
cies, e.g. Septoria avenae, any Pyrenophora species, e.g.
Pyrenophora tritici-repentis; any Colletotrichum species,
e.g. Colletotrichum graminicola; any Sclerotinia species, e.g.
Sclerotinia sclerotiorum; any Sclerotium species, e.g Sclero-
tium rolfsiiyany Thielaviopsis species, e.g Thielaviopsis basi-
cola; any Coccidioides species, e.g. Coccidioides immitus;
any Paracoccidioides species, e.g. Paracoccidioides bra-
ziliensis; any Preumocystis species, e.g. Prneumocystis cari-
nii; any Histoplasma species, e.g. Histoplasma capsulatum;
any Cryptococcus species, e.g. Cryptococcus neoformans;
any Candida species, e.g. Candida albicans; any apicom-
plexan parasite species such as: any Plasmodium species, e.g.
Plasmodium falciparum, Plasmodium vivax, Plasmodium
ovale, Plasmodium malariae; any Babesia species, e.g. Babe-
sia bovis, Babesia bigemina; any Cryptosporidium species,
e.g. Cryptosporidium parvum; any Toxoplasma species, e.g.
Toxoplasma gondii; any Trypanosomatid species such as: any
Trypanosoma species, e.g. Trypanosoma brucei, Trypano-
soma cruzi, Trypanosoma congolense, Trypanosoma vivax;
any Leishmania species, e.g. Leismania donovani. Any ame-
bozoan parasites; any Entamoeba species, e.g. Entamoeba
histolytica; any Mastigamoeba species; any Schistosoma spe-
cies; any Onchocerca species; any Giardia species; any
microsporidial species; any Enterocytozoon species; any
Encephalitozoon species, e.g. Encephalitozoon cuniculi, etc.
[0057] As a result of the practice of the methods of the
invention, entry of a pathogen effector protein into the host
cellis prevented, inhibited, slowed, or otherwise decreased or
lessened. As a result, the host cell can mount a robust or
normal immune response to the pathogen, and infection of the
host organism is averted (prevented), or the degree of infec-
tion (i.e. the deleterious symptoms that typically accompany
the presence of an infection by the pathogen) are eliminated
or decreased. Thus, some aspects of the invention also include
methods of preventing or attenuating the symptoms of infec-
tion usually caused in a host organism by a pathogen which
employs effector proteins comprising one or more virulence
motifs as described herein to enter host cells. In some
embodiments, the methods are used to prevent infection and/
or symptoms of infection. In other embodiments, infection
may have already started but the methods of the invention can
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be used to curtail the spread of the infection to other organ-
isms, or to lessen the symptoms in an organism that is already
afflicted. This is the case, in particular, with Plasmodium
infections, where the methods of the invention are especially
useful in preventing the subsequent rounds of parasite multi-
plication after initial infection, or with other pathogens that
multiply logarithmically. In addition, the invention provides
methods of maintaining a host cell’s ability to mount an
immune response to a pathogen, the pathogen being one that
produces effector proteins that comprise one or more of the
motifs described herein, and the method involving blocking
the effector protein from entering the host cell by preventing
the binding of its natural ligand.

[0058] The mode of administration of the blocking mol-
ecules of the invention will depend on several factors, includ-
ing the nature of the molecule and the host. Generally, the
blocking molecule will be in a composition or formulation
suitable for administration. If the host organism is a plant,
application is generally in the form of a foliar spray or water-
ing solution of e.g. an aqueous or oil solution that includes the
blocking molecule in a concentration sufficient to block
effector molecules of pathogens which are likely to attack the
plant. For administration to an animal, which may be a
human, any suitable composition, many of which are known
in the art, may be employed, e.g. various pills, powders,
liquids, injectable formulations, etc. Likewise, any suitable
means may be used, including but not limited to by injection
(e.g. subcutaneous or intramuscular), inhalation, orally, intra-
nasally, by ingestion of a food product containing the protein,
etc. In addition, the compositions may include one or more
than one blocking molecule. For example, a preparation for
application to plants may include molecules that block the
effector proteins of one or of several different types of patho-
gen. In addition, the blocking molecules may be administered
to plants in conjunction with other beneficial substances, such
as fertilizers, various pesticides, growth factors, etc. The same
is true for administration to animals, where on or more than
one type of blocking molecule may be administered, and may
be administered in conjunction with other beneficial sub-
stances such as chemotherapeutic agents that also have activ-
ity against the pathogen.

[0059] In some embodiments, a combination of blocking
agents is utilized, e.g. two or more agents that act on or effect
the effector protein, or two or more agents that acts on or
effect the lipid, or a mixture of blocking agents, one or more
of which acts on the effector protein, and one or more of
which acts on the lipid.

[0060] Inanotheraspect, the invention provides elucidation
of the structural requirements of the virulence motifs (e.g.
BXZ motifs, such as RXLR, RYWT, RIYER and related or
similarly functioning motifs) in oomycetes, fungi, and other
pathogens, and of the sequences which flank the motifs,
thereby allowing, for example, the design of molecules to
bind the motif. As a result, the invention also provides meth-
ods to predict which genes in the genome of a pathogen are
likely to encode effector molecules. This is significant
because, as demonstrated herein, the mere presence of a
sequence conforming to the RXLR and dEER motif in a
protein may not be sufficient to insure that the protein is an
effector, i.e. that the protein is able to traverse the cell wall and
enter the cell upon binding to phospholipids or sphingolipids.
Functional virulence motifs (or functional virulence
domains) may have additional requirements, particularly in
the flanking sequences, as described herein. In one embodi-
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ment, the invention describes a non-random distribution of
amino acid residues in the regions flanking the RXLR motif,
represented by a position-weight matrix. One method of pre-
dicting whether or not a gene encodes a true effector protein
involves the use of a hidden markov model (HMM) based on
the position-weight matrix. This method may also be applied
to the analysis of other BXZ motifs.

[0061] The development of this aspect of the invention was
based in the observation of differences in activity between
two putative RXLR motifs, RXLR1 and RXLR2, as
described in detail in Example 1 below. The differences sug-
gested that surrounding sequences are also important to the
activity of an RXLR motif. To define the differences in the
surrounding sequences a hidden markov model (HMM) was
created using the 10 amino acid residues to the left and right
of'the RXLR motifs of all of known P. sojae and P. ramorum
Avh genes. Using this HMM, the sequences surrounding
RXLR2 (which was an authentic, functional motif) had a high
score of 18.5, representing an excellent match to the consen-
sus flanking sequence, and very unlikely to have been found
in a random sequence. In contrast, sequences surrounding
RXLR1 (a non-functional motif) had a low, non-significant
score of 0.0. Using the same HMM, the sequences surround-
ing the RXLR motif of P. infestans Avr3a scored 10.9. Using
a similar HMM derived from Hyaloperonospora parasitica
Avh genes, the sequences surrounding the RXLR motifs of
the H. parasitica Atrl and Atrl3 proteins had scores of 9.8
and 6.3 respectively. These and other comparisons described
in Example 1, showed that HMM scores of zero, such as that
of Avr1b RXLR1, are characteristic of RXLR strings found at
random, i.e. such sequences are not likely to represent true
RXLR motifs. On the other hand, HMM scores over 5.0 are
characteristic of non-random occurrences of RXLR strings,
and the proteins in which such non-random strings occur are
likely to be authentic functional RXLR sequences. In other
words, such sequences are likely, upon binding a phospho-
lipid or sphingolipid, to promote or allow the translocation,
into a host cell, of effector (avirulence) proteins in which they
are located or of which they form a part. HMM scores
between 0 and 5 are equivocal and cannot be assigned to
either category of protein (random RXLR strings vs authentic
RXLR motifs). This methodology may also be applied to
other virulence motifs, e.g. RYWT, RIYER, etc.

[0062] For further discussions of the use of a hidden
markov model, see U.S. Pat. No. 6,128,587 to Sjolander (Oct.
3,2000), the complete contents of which are hereby incorpo-
rated by reference.

[0063] The invention also provides a method for screening
compounds to identify those that inhibit binding of phosphoi-
nositides, phospholipids or sphingolipids (or other natural
lipid ligands) to a BXZ motif (e.g. to an RXLR motif, and
optionally also to a dEER motif) in an effector protein, and
which thus can inhibit translocation of effector proteins that
have these motifs into cells. The method involves exposing a
candidate or putative blocking compound to one or more
BXZ virulence motifs (e.g. one or both of the RXLR and
dEER motifs, and/or one or both of RYWT and RIYER)
under conditions suitable for binding of either the natural
phospholipid/sphingolipid ligands or phosphoinositides to
the motifs (phosphoinositides are known to be capable of
such binding). The screening is evaluated in that if the can-
didate compound is able to bind to one or more of the viru-
lence motifs, and especially to two motifs when they are
foundto be present in a single effector (e.g. RXIL.R and dEER)



US 2011/0212541 Al

then the compound is selected as a compound that will inhibit
binding of the natural ligands to the motifs in an effector
protein, and prevent entry of the effector protein into a cell.
This is especially the case if the blocking compound is able to
competitively bind to the motif in the presence of a natural
ligand.

[0064] Alternatively, such screening methods may be
adapted and used to identify blocking compounds which bind
to or otherwise interfere with the polar lipid to which the
motif binds.

[0065] Blocking of effector-lipid binding may also be pre-
vented or attenuated using genetic engineering/molecular
biology techniques. Such techniques may target one or both
of'the effector (e.g. the motif sequence) and the lipid to which
a motif binds. For example, host cells (e.g. in plants) may be
genetically engineered to express inhibitory RNA (e.g.
siRNA) that inhibits one or more enzymes involved in syn-
thesis of a target lipid, or in transport of the lipid to the cell
surface where it is accessible to the motif. Alternatively, host
cells may be genetically engineered to produce peptides or
proteins which contain one or more motifs, in a manner that
promotes expression of the peptides/proteins and their bind-
ing to at least one target lipid. Other strategies will occur to
those of skill in the art, and all such methods are encompassed
by the invention.

[0066] The invention also provides methods for preventing
pathogens from invading or infecting cells, by prophylactic
ally applying one or more of the blocking compounds
described herein to a substrate with which a pathogen and a
cell the pathogen might infect may come in contact. The
method inhibits entry, into the cell, of a pathogenic effector
protein (entry of the pathogenic effector protein requiring
binding of at least one motif of the effector protein as
described herein to at least one polar lipid of the cell) and
comprises the step of contacting a substrate which contains or
is likely to contain a pathogen comprising the pathogenic
effector protein with a blocking compound as described
herein. By “contacting” is meant applying, permeating, coat-
ing or otherwise placing the blocking compound on the sub-
strate. The blocking compound is capable of i) binding to at
least one motif of the pathogenic effector protein; or ii) bind-
ing to at least one polar lipid of said cell (the polar lipid being
the cellular ligand of the effector protein motif). Binding of
the blocking compound prevents entry of the pathogenic
effector protein into said cell (and hence prevents infection of
the cell by the pathogen), if the pathogen comes into contact
with the substrate. The blocking agent may be applied to the
substrate by any suitable means, e.g. by spraying, painting,
coating, etc., or even by manufacturing the substrate to con-
tain the blocking agent (e.g. fabric), or by permeating or
soaking the substrate with the blocking agent, etc. The sub-
strate may be any suitable substrate that may be contacted by
the pathogen, and which usually will be or may also come into
contact with a cell which might be infected by the pathogen,
or in some cases may be the cell or a collection of cells which
may encounter or be exposed to the pathogen. Exemplary
substrates include but are not limited to: plants (e.g. to leaves,
fruit, roots, etc.) for example, by spraying or otherwise plac-
ing the blocking agent, sometimes, though not always, on an
exterior surface of the plant (e.g. mature plants, plants “in the
field”, plants in green houses, seedlings, seeds, sprouts, etc.);
fabrics (e.g. fabrics used for tents, mosquito netting, clothing,
etc.), water (e.g. bodies of water, swamps, pools of standing
water, wells, drinking water, etc.); skin, hair and/or fur, eyes,
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ear and nasal passages, the mouth, etc., e.g. of an animal (e.g.
mammals such as humans, or other mammals, and also rep-
tiles, fish, birds, etc. i.e. veterinary applications are also con-
templated). For animals, application may be external by the
application of e.g. lotions, sprays, rinses, mists, drops,
washes, (e.g. mouthwash), etc; (internal administration is
also contemplated, as described above). The substrate may
also be an insect, e.g. an insect that is known or suspected of
carrying the pathogen which comprises the effector protein,
or is capable of synthesizing the effector protein.

[0067] The invention is further illustrated by the following
Examples, which should not be interpreted as limiting the
invention in any way.

EXAMPLES
Example 1

RXLR-mediated entry of Phytophthora sojae effec-
tor Avrlb (SEQ ID NO: 2) into soybean cells does
not require pathogen encoded machinery

[0068] Effector proteins secreted by oomycete and fungal
pathogens have been inferred to enter host cells, where they
interact with host resistance gene products. Using the effector
protein Avrlb of Phytophthora sojae, an oomycete pathogen
of soybean, we show that a pair of sequence motifs, RXL.R
and dEER, plus surrounding sequences, (SEQ ID NO: 46) are
both necessary and sufficient to deliver the protein into plant
cells. Particle bombardment experiments demonstrate that
these motifs function in the absence of the pathogen, indicat-
ing that no additional pathogen encoded machinery is
required for effector protein entry into host cells. Further-
more, fusion of the Avrlb RXLR and dEER domain to green
fluorescent protein (GFP) allows OFF to enter soybean root
cells autonomously. The conclusion that RXLR and dEER
serve to transduce oomycete effectors into host cells indicates
that the more than 370 RXLR and dEER containing proteins
encoded in the genome sequence of P, sojae are candidate
effectors. We further show that the RXLR and dEER motifs
can be replaced by the closely related erythrocyte targeting
signals found in effector proteins of Plasmodium, the proto-
zoan that causes malaria in humans. Mutational analysis of
the RXLR motif shows that the required residues are very
similar in the motifs of Plasmodium and Phytophthora. Thus
the machinery of the hosts (soybean and human) targeted by
the effectors may be very ancient.

RXLR2 and dEER Motifs of Avrlb are Required for its Aviru-
lence Function in Transgenic P. sojae Lines

[0069] To test the function of the RXLLR and dEER motifs
of Avrlb, transgenic P. sojae strains that expressed either
wild-type or mutant Avrlb-1 genes were created. Wild-type
Avrlb contains two RXLR motifs, RXLLR1 and RXLR2 (FIG.
1A). Mutations in either or both of the RXLR motifs (SEQ ID
NO: 3,4,5), in addition to a mutation in the BEER motif (FIG.
1A) (SEQ ID NO: 6), were created. The Avrlb-1 gene con-
structs were fused to a strong constitutive promoter, HAM?34
(Judelson, H., Tyler, B. M., and Michelmore, R. W. 1991.
Mol. Plant-Microbe Interact. 4, 602-607.), and introduced
into a strain, P7076, that expresses a variant Avrlb protein
that does not confer avirulence against Rpslb-containing
soybeans (Shan, W., Cao, M., Leung, D., and Tyler, B. M.
2004. Mol. Plant-Microbe Interact. 17, 394-403). Two inde-
pendent transformants (T17 and T20) expressing wild type
Avrlb-I (FIG. 1B, C) lost the ability to infect soybean plants
carrying Rps1b, but were unaffected in their ability to infect
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plants lacking Rps1b (FIG. 1E, Table 1). This demonstrated
that they had acquired avirulence against Rps1b as a result of
a functional Avrlb gene product. This result was confirmed
using two different pairs of isolines of soybean that differed
only in the presence of Rpslb, namely Williams (no Rps
gene) with 177-1863 (Rpslb; Williams background) and
HARO(1-7)1 (No Rps; Harosoy background) with HARO13
(Rps1b; Harosoy background) (FIG. 1E; Table 1).

[0070] In contrast, in five independent transformants
expressing the RXLR24**4 (SEQID NO 4) mutant, there was
no gain of avirulence against Rpslb cultivars, despite the

11
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the RXLR' motif was intact in the RXLR2**44 mutant, the
motif appeared to be non-functional. Consistent with this
inference, the RXLR1““*“ mutation (SEQ ID NO 3) did not
abolish avirulence in three independent transformants (FIG.
1E, Table 1). As expected, avirulence was lost in the
RXLR14444 RXT R24444 double mutants (FIG. 1E, Table 1)
(SEQ ID NO: 5). A mutation in the dEER motif (SEQ ID NO:
6) also abolished avirulence (in two independent transfor-
mants) indicating that this motif is also required for the func-
tion of the protein (FIG. 1E, Table 1).

TABLE 1
Molecular characterization and avirulence testing of 2. sojae stable
transformants
Avirulence
(Surviving
Transgene Expression  Transformant seedlings)?
Strains (PCR)*  (RT-PCR)®*  Validation® Rps1?® s p¢
P7076 (Gus)
GUS no no 1/23 1/22 0.77
P7076 (sAvrlb WT)
T17 yes yes PstI 20/30 0/21 3.9E-07
T20 yes yes Sequence 25/44 2/28 1.2E-05
P7076 (sAvrlb RXLR 14444
RXLR1-2 yes yes PstI 32/36 3/20 5.0E-08
RXLR1-3 yes yes PstI 31/54 3/21 6.4E-04
RXLR1-5 yes yes PstI 37/57 7/23 5.1E-03
P7076 (sAvrlb RXLR24444)
RXLR2-18 yes yes PstI 6/44 3/17 0.48
RXLR2-20 yes yes PstI 4/46 3/19 0.33
P7076 (sAvrlb RXLR14444; RXT R24444)
RXLR1+2-4 yes yes Pst 5/31 2/16 0.55
RXLR1+2-6 yes yes PstI 4/43 1/21 0.47
P7076 (sAvrlb dEER6)
dEER-9 yes yes Sequence 4/59 2/23 0.79
dEER-14 yes yes Pst1 4/40 3/15 0.28
Ps Avr4/6—Avr1bCt
4/6-1b-3 yes yes size 15/24 3/11 0.057
4/6-1b-19 yes yes size 14/26 3/16 0.025
Hp 341-AvrlbCt
341-1b-13 yes yes size 16/19 0/11 6.6E-06
341-1b-17 yes yes size 23/24 0/7 3.0E-06
mAvr1bCt
mAvrlbCt-4 yes yes size 3/20 3/16 0.77
mAvrlbCt-5 yes yes size 2/21 1/15 0.63

“The presence of transgenes was verifiedby PCR as described in the Materials and Methods. + = transgene present; —

transgene not detected.

Transgene expression was determined by qualitative RT-PCR (RT-PCR) and by quantitative RT-PCR (q-PCR) as described
in the Materials and Methods. Yes = transgene transcripts present; no = transgene transcripts not detected;

ND = not determined.

“The presence of the relevant mutation in the transforming plasmid was verified by sequencing in every case. The presence
of the correct mutation within the transgenes of each transformed strain was verified after PCR amplification of the Avrl b-1
transgene by Pst I digestion or by sequencing in the case of the mutants (e.g. FIG. 1) or by size in the case of the Avh gene
fusions and N-terminal deletion (e.g. FIG. 4).

9The avirulence of each transgenic strain was tested by inoculation of seedlings containing Rpslb (L77-1863) or no rps gene
(Williams), as described in the Materials and Methods. The number of surviving seedlings/total inoculated seedlings is shown,
summed from all replicates
Fisher’s exact test (one tailed) was used to compare the frequency of seedling survival between rps and Rpslb plants. A
significant p value (0.05) indicates that the transformant’s phenotype is avirulent.

presence of abundant mRNA from the transgene (FIG. 1E,
Table 1). Thus, the RXLR? motif is necessary for Avrlb
activity when the protein is delivered by the pathogen. Since

[0071] Thedifference in activity between RXLR1 (SEQ ID
NO: 3) and RXLR2 (SEQ ID NO: 4) suggests that surround-
ing sequences are important to the activity of an RXTLR motif.
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To define the differences in the surrounding sequences a
hidden markov model (HMM) was created using the 10
amino acid residues to the left and right of the RXT.R motifs
of all of the P. sojae and P. ramorum Avh genes (Tyler et al.,
2006; Jiang et al., 2008). Using this HMM, the sequences
surrounding RXLR2 (SEQ ID NO: 5) had a high score of
18.5, representing an excellent match to the consensus flank-
ing sequence, very unlikely to have been found in a random
sequence. In contrast, sequences surrounding RXIL.R1 (SEQ
ID NO: 3) had a low, non-significant score of 0.0. Using the
same HMM, the sequences surrounding the RXLR motifof P.
infestans Avr3a scored 10.9. Using a similar HMM derived
from Hyaloperonospora parasitica Avh genes, the sequences
surrounding the RXLR motifs of the H. parasitica Atrl and
Atrl3 proteins had scores of 9.8 and 6.3 respectively.

[0072] To establish the significance of these HMM scores,
the Phytophthora HMM was used to score the RXLR motifs
of 1240 RXLR-containing sequences identified from a pool
of all putative secreted P. sojae and P. ramorum proteins by
Jiang et al. (2008). As a control, 639 RXLR-containing
sequences were scored found after permuting the sequences
of all the putative secreted P. sojae and P. ramorum proteins
(Jiang et al., 2008). As shown in FIG. 1D, the RXLR strings
0f 698 (56%) of the 1240 real proteins had an HMM score of
zero, while the RXLR strings of 595 (93%) of the permuted
proteins had a zero score, and only 13 (1.8%) scored above
5.0. In contrast, of 765 proteins that Jiang et al. (2008) iden-
tified as high quality candidate effectors, only 18% had an
HMM score of zero, and 543 (72%) had a score over 5.0.
From this comparison we conclude that HMM scores of zero,
such as that of Avrlb RXLR1 (SEQ ID NO: 3), are charac-
teristic of RXLR strings found at random, while scores over
5.0 are characteristic of non-random occurrences of RXLR
strings and of the RXLR strings of functional avirulence
proteins. HMM scores between 0 and 5 are equivocal. The
curated Avh genes with a score of zero may represent pseudo-
genes as many of them were identified principally by C-ter-
minal sequence similarity.

The Interaction Between Avrlb and the Rps1b Gene Product
Occurs Within Host Cells and Does Not Require the RXLR
and dEER Motifs

[0073] To confirm that the site of interaction of Avrlb with
the Rps1b gene product is within the plant cell, particle bom-
bardment was used to introduce DNA encoding Avrlb pro-
teins lacking a secretory leader into soybean cells together
with DNA encoding -glucuronidase (GUS). This assay mea-
sures the functional interaction of the Avrlb protein with the
intracellular product of the soybean Rpslb gene; when the
two proteins interact, programmed cell death is triggered in
the transformed cells ablating the development of tissue
patches expressing GUS. Since the Avrlb protein lacks its
normal secretory leader, the protein should be synthesized in
the plant cytoplasm. To facilitate the comparison of test and
control bombardments, a novel double-barreled attachment
for the Bio-Rad Gene Gun was utilized (Dou et al., 2008). The
gun shooting two different DNA samples side-by-side into a
leaf in the same shot, which greatly improves the reproduc-
ibility of the results (Dou et al., 2008). FIG. 2 shows that
delivery of DNA encoding leader-less Avrlb protein (SEQID
NO: 19) into soybean cells significantly reduced the number
of blue GUS-positive patches when the Rpslb gene was
present, but not when Rpslb was absent (FIG. 2A). This is
consistent with a cytoplasmic location for the Avrlb-Rpslb
interaction. When RXIL.R2 or dEER motifs were replaced by
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four or six alanine residues, respectively [FIG. 2A, mAvrlb
(RXLR24444)(SEQ ID NO: 20) and mAvr1b(dEER“®) (SEQ
ID NO: 23)], the interaction of the cytoplasmic, leader-less
Avrlb with Rps1b was unaffected (FIG. 2A), indicating that
the RXT.R2 and dEER motifs were not required for the inter-
action.

RXLR-Mediated Transit into Soybean Cells Does Not
Require the Pathogen

[0074] To test whether RXLR function requires the pres-
ence of the pathogen, the bombardment assay was used to
determine the effect of the RXLR2*** mutation on secreted
Avrlb protein (SEQ ID NO: 18). When soybean cells were
bombarded with DNA encoding wild type Avrlb (SEQ ID
NO: 22), including its normal secretory leader, a reduction in
GUS-positive blue spots was observed comparable to that
observed for the non-secreted protein [FIG. 2, sAvr1b(WT)].
However when the RXLR244“* (SEQ ID NO: 28) or
dEERAG6 (SEQ ID NO: 29) mutations were present in the
bombarded DNA, there was no reduction in the number of
blue spots [FIG. 2, sAvrlb(RXLR2*44) (SEQ ID NO: 11)
and sAvr1b(dEER“®) (SEQ ID NO: 13)]. From these results it
may be inferred first that the secretory leader is functional in
soybean and targets Avrlb protein to the outside of the cell;
second, that the RXLLR2 (but not RXLLR1) and dEER motifs
are required for Avrlb protein to re-enter the cell, which
confirms the conclusion from the P sojae transformation
experiments. Importantly, the results also show that RXLR-
dEER-mediated entry does not require the presence of the
pathogen.

[0075] To support the inference that the secretory leader of
Avrlb was correctly exporting the protein from the plant cells
in the bombardment assay, a gene encoding Aequorea coer-
ulescens green fluorescent protein (acGFP; “GFP” herein)
fused either to the Avrlb leader (SEQ ID NO: 27) or to
full-length Avrlb (SEQ ID NO: 25) was constructed. These
fusions enabled tracking of the proteins and checking their
stability. To aid in visualization onion bulb epidermal cells
were used rather than soybean cells. GFP was exported from
the cells and accumulated in the apoplast when the secretory
leader was attached to GFP but accumulated in the cytoplasm
and nucleus when the leader was not attached (not shown).
When full length Avr1lb was fused to GFP (SEQ ID NO: 25),
the proteins also accumulated in the apoplast if a mutation
was present in either the RXILR2 motif (SEQ ID No: 28) orin
the dEER motif (SEQ ID No: 29). This observation confirmed
that the protein encoded by these mutants was stable and
correctly targeted outside of the cells. When cells expressing
Avrlb-GFP fusion proteins with RXTL.R mutations were plas-
molyzed by treatment with 0.8M mannitol for 15 min, the
GFP was associated with the cell wall and not with the plasma
cell membrane (not shown). Furthermore, GFP protein could
be seen diffusing into the apoplast between pairs of neighbor-
ing cells not shown). Similar observations were made when
cells expressing secreted GFP or Avr1b-GFP fusion proteins
with a dEER mutation were plasmolyzed (not shown). If the
RXILR2 and dEER motifs were intact however, the sAvrlb-
GFP protein fusion accumulated in the cytoplasm and
nucleus of the cells, similar to the mAvr1b-GFP (SEQ ID NO:
24) fusion lacking the leader. When cells expressing s Avrlb-
GFP fusion proteins were plasmolyzed by treatment with
0.8M mannitol for 15 min, the GFP could be observed to have
either fully or partially returned to the inside of the cells.
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These results supported our conclusion that the RXLR2 and
dEER motifs act together to enable Avrlb protein to re-enter
the plant cells.

The Avrlb RXLR and dEER Motifs are Sufficient to Target
GFP to Soybean Cells

[0076] The RXLR and dEER region of Avrlb was fused to
GFP (SEQ ID NO: 46), and the fusion protein was synthe-
sized in E. coli and partially purified. Root tips of soybean
seedlings were incubated with the isolated fusion protein for
12 hours, washed for four hours in water, then observed under
light and UV microscopy to localize the OFF. GFP accumu-
lated inside many of the root cells, whereas buffer alone did
not produce any fluorescence. The optical sections produced
by the confocal microscope revealed that the protein pen-
etrated approximately 10 cell layers deep during the 12 hour
incubation. The characteristic accumulation of GFP in the
nuclei of the treated cells is comparable to the pattern
observed when GFP is expressed in planta, and verifies that
the GFP is located inside the cells. The nuclear localization of
the protein also indicates that the cells are alive. If mutations
were present in the RXLR or dEER motifs of the fusion
protein, GFP did not accumulate inside the soybean root cells.
When the RXTLR and dEER region was replaced by the arti-
ficial protein transduction motif Arg9 (SEQ ID NO: 112),
GFP once again entered the soybean root cells and accumu-
lated in the nuclei.

Avrlb RXLR and dEER Motifs can be Replaced by RXLR
and dEER-Containing Protein Sequences Encoded by Bioin-
formatically Identified Avh Genes

[0077] To determine if the RXLR and dEER motifs of
bioinformatically identified Avh genes could functionally
replace the RXILR2 and dEER motifs of Avrlb-1, full length
Avh genes from P. sojae and H. parasitica were fused to an
Avrlb-1 N-terminal deletion mutant lacking the RXLR and
dEER motifs. The fusion genes were then introduced into P,
sojae and the transformants were tested for avirulence on
Rps1b-containing soybean cultivars. Both Avh genes, P. sojae
Avh171 (since identified as Avr4/6; Dau et al., 2008) (SEQ ID
NO: 8) and H. parasitica Avh341 (SEQ ID NO: 7), could
replace the requirement for the RXILR2 and dEER motifs as
judged by the avirulence of the transformants on Rpslb-
containing cultivars, whereas transformants containing only
the C-terminus of Avrlb fused to an initiator methionine
remained virulent (FIG. 3 and Table 1). This result indicates
that the RXLLR and dEER motifs form a distinct transferable
functional domain of Avrlb and other Avh proteins. The
HMM scores of the RXLR-dEER motifs of Ps Avr4/6 and Hp
Avh341 are both well within the functional range (6.9 and
14.2, respectively).

The Avrlb Host Targeting Signal can be Functionally
Replaced by Autonomous Protein Transduction Motifs

[0078] Protein transduction domains (PTDs) capable of
autonomously carrying proteins across plasma cell mem-
branes have been described and characterized in the HIV-1
Tat protein. Arginine-rich peptides such as Arg9 can also
carry out this function. To compare RXLR and dEER medi-
ated effector delivery with the function of PTDs, the RXLLR2
motif of Avr1b was replaced with the TAT PTD (SEQ ID NO:
42) or with Arg9 (FIG. 4A) (SEQ ID NO: 41). The resultant
proteins were treated using the particle bombardment assay,
and both PTDs could functionally replace the RXLLR2 motif
of Avrlb, restoring the avirulence reaction of Avrlb with
Rpslb (FIG. 4B). Furthermore, when the version of secreted
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Avrlb that contained the Arg9 sequence in place of the
RXLR2 motifwas fused to GFP (SEQ ID NO: 30), the fusion
protein accumulated in the cytoplasm and the nucleus of
bombarded onion bulb cells rather than the apoplast, confirm-
ing that Arg9 could functionally replace RXLR2 (not shown).
Similar results were obtained when the version of secreted
Avrlb that contained the TAT PTD was fused in place of the
RXLR2 motifto GFP (SEQ ID NO: 31). Finally, when Arg9
was fused to GFP (SEQ ID NO: 112), the isolated proteins
could enter soybean root cells directly (not shown).

The Avrlb Host Targeting Signal is Interchangeable with
Host Targeting Signals from Plasmodium Effectors

[0079] To test if the erythrocyte targeting signals of Plas-
modium effector proteins could functionally replace the
RXLR and dEER region of Avr1b, the residues of Avrlb from
the end of the secretory leader to the end of the dEER motif
were replaced with the mature N-termini of three different
Plasmodium effector proteins that are targeted to the eryth-
rocyte cytoplasm, namely PfGBP-130 (SEQ ID NO: 121),
PfHRPII (SEQ ID NO: 123) and PfPFE1615¢ (SEQ ID NO:
125) (Bhattacharjee, S., Hiller, N. L., Liolios, K., Win, J.,
Kanneganti, T. D., Young, C., Kamoun, S., and Haldar, K.
2006. PLoS Pathog 2, €50.). The entire 37-41 amino acid
region of each Plasmodium effector required for transduction
was used (FIG. 4A). As shown in FIG. 4B, all three Plasmo-
dium host targeting domains could functionally replace the
Avrlb N-terminus in targeting Avrlb to the soybean cyto-
plasm, assuming that they do not simply interfere with secre-
tion.

Functional Characterization of the RXLR Motif

[0080] To experimentally characterize the sequence
requirements of the RXLR motif, a series of mutations were
introduced into the motifin a version of the Avr1b-1 gene that
retained the secretory leader, and assayed the mutants using
the bombardment assay (Table 2). Mutations which targeted
the arginine at position 1 or the leucine at position 3 has the
strongest effect on the ability of Avr1b to ablate GUS-positive
tissue patches. Replacement of R1 with lysine reduced func-
tion significantly (33% ablation compared to 78%; p<<0.001)
while glutamine replacement completely abolished it.
Replacement of .3 with alanine or even the relatively con-
servative valine also completely abolished function. Replace-
ment of the arginine at position 4 with a glutamine slightly but
significantly reduced function (58% ablation compared to
72%; p<0.001). Reversing the order within the first and sec-
ond two pairs of positively-charged and hydrophobic residues
(RFLR->FRLR; RFLR->RFRL) completely abolished aviru-
lence activity, indicating that positions of R1 and L3 were
critical, not just their presence.

TABLE 2

Function of RXLR2 mutants of Avrlb assayed
by particle bombardment

Ratio of GUS-positive

SEQ  RXLR2 spots® abla-
Activ-
IDNO sequence” s Rpslb tion® pvalue? ity
22 RFLR  1.26 £0.07 0.28 £0.03 0.78 <0.001 Yes
20 AAAA  093£0.04 096+0.05 0 >0.1 No
38 KFLR 1.04+0.04 0.70 £0.04 0.33° <0.001  Partial
37 QFLR  0.95+0.03 099003 0 >0.1 No
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TABLE 2-continued

Function of RXLR2 mutants of Avrlb assayed
by particle bombardment

Ratio of GUS-positive

SEQ  RXLR2 spots® abla-

Activ-

IDNO sequence” s Rpslb tion® p value? ity

31 ERLR 1.00 £0.04 0.98 £0.05 0 >0.1 No
34 RFLQ 098 +0.07 0.41 £0.08 0.58° <0.001  Partial

36 QFLQ 1.03£0.05 1.05+005 0 >0.1 No

35 RFAR 094 +0.03 091 £0.05 0 >0.1 No

40 REVR 095 +0.05 1.03 £0.07 0 >0.1 No

33 RFRL 1.02£0.04 0.96 £0.04 0 >0.1 No

“Amino acid sequence of RXLR2 in wild-type and mutants. RFLR is the wild-type. Altered
residues are underlined.
bRatio of blue spots in the presence of various RXLR2 mutants of Avr1b-1, compared to the
control empty vector when bombarded onto leaves from rps plants (Williams) or Rpslb
plants (L77-1863). Averages and standard errors are from 16 pairs of shots.
“Ablation calculated as | — (Rps1b ratio)/(rps ratio) for ratios significantly different between
s and Rps1b.

p values comparing results from rps and Rpslb cultivars were calculated using the Wil-
coxon rank sum test.
°Ablations for KFLR and RFLQ were significantly different than wildtype (RFLR) withp <
0.001.

[0081] This example demonstrates that

1) both the RXI.LR2 and dEER motifs of Avrlb are required
for this protein to confer avirulence on P. sojae transformants
(summarized in FIG. 5);

2) the RXLLR2 and dEER motifs are not required to trigger an
interaction with the Rpslb gene product when the Avrlb
protein is synthesized in the soybean cytoplasm;

3) when Avrlb protein is directed to be secreted out of the
soybean cell, the RXLR2 and dEER motifs are once more
required for the protein to trigger an interaction with Rps1b,
which is consistent with the motifs being required for the
Avr1b protein to re-enter the soybean cell across the plasma
cell membrane; 4) fusion of the RXLLR and dEER region to
GFP (SEQ ID NO: 46) enabled the isolated fusion protein to
enter soybean root cells in the absence of the pathogen, but
only if the RXLR and dEER motifs were both intact; and 5)
RXTLR-dependent entry of Avrlb does not require the pres-
ence of the pathogen. These observations lead to the conclu-
sion that the RXLR and dEER motifs do indeed have the
function of transporting avirulence proteins into host cells.
[0082] Inaddition, the data presented in this Example char-
acterizes the RXI.LR2 and dEER motifs as follows: 1) arginine
at position 1 and leucine at position 3 are essential for func-
tion of the RXLR motif. However, there is not a strong
requirement for the arginine at position 4. Therefore by func-
tional assays, the oomycete RXLLR motif resembles the Plas-
modium motif (RXLxD/E/Q) even more closely than previ-
ously noted; and 2) the amino acid sequences flanking the
RXLR2 and dEER motifs are required in addition to the
motifs themselves for the transit of Avrlb into soybean. Fur-
ther, the region from residues 33 to 71 (19aa to the left of
RXLR2 and baa to the right of dEER) were sufficient for
protein translocation.

[0083] The Avrlb protein requires not only the RXLR
motif itself, but also non-random surrounding sequences
including the dEER motif. These surrounding sequences are
not enriched in positive and hydrophobic residues, but instead
are enriched in acidic and hydrophilic residues. Furthermore,
our RXLR mutagenesis results show that the presence of
basic and hydrophobic residues is not sufficient for RXLR
function; instead the order of the amino acid residues is very

14
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important, and very subtle mutations such as RFLR—=RFVR
or QFLR abolish function. Therefore, oomycete effectors
may utilize a novel mechanism for translocation across the
membrane, possibly involving host cell surface machinery
(such as a receptor) that is more complex than just the phos-
pholipid bilayer. The Plasmodium Pexel/VIF motif also
requires surrounding sequences that are enriched in acidic
and hydrophilic residues and is functionally interchangeable
with the oomycete RXILR domain in both erythrocytes and in
soybean tissue (this study). Thus oomycetes and Plasmodium
both may target host cell surface machinery that is common to
plants and vertebrate animals but different than that targeted
by animal PTDs. The targeted machinery, if common, must
not only be very ancient, but also must serve an irreplaceable
function in the host organisms since it must have been pre-
served against strong negative selection pressure resulting
from exploitation by the pathogens.

[0084] Theseresults do not indicate which specific flanking
sequences are required. However, HMMs constructed from
the 10 amino acid residues flanking the upstream and down-
stream sides of all P. sojae and P. ramorum Avh RXTR motifs,
clearly separated the RXLR motifs of functional avirulence
proteins from RXLR motifs obtained by chance from real or
permuted proteins sequences. These findings indicate that
reliable bioinformatic searches for RXLR effector candidates
should include the use of HMMs to evaluate the sequences
flanking putative RXLLR and dEER motifs. METHODS: Plas-
mids and oligonucleotides used in the study are depicted in
tabular form as FIGS. 11A and B and FIGS. 12A and B,
respectively.

P. sojae isolates and transformation: P. sojae isolate P7076
(Race 19) was routinely grown and maintained on V8 agar).
The P. sojae transformation procedure was described by Dou
et al (Dou, D., Kale, S. D., Wang, X., Chen, Y., Wang, Q.,
Wang, X., Jiang, R. H. Y., Arredondo, F. D., Anderson, R.,
Thakur, P., McDowell, J., Wang, Y., and Tyler, B. M. (2008)
Plant Cell 20(4), 1118-1133).

Characterization, of P. sojae transformants: P. sojae transfor-
mants were selected that grew well on V8 medium with 50
ng/ml G418, and were cultured in V8 liquid medium for 3
days. The mycelia were harvested, frozen in liquid nitrogen
and ground to a powder for DNA or RNA extraction.
Genomic DNA was isolated from mycelium using known
techniques. DNA samples were quantified using a Nanodrop
ND-1000 spectrophotometer (Thermo Scientific). The pres-
ence of Avrlb-1 transgenes was verified by PCR amplifica-
tion from 100 ng genomic DNA using a program of 94° C. for
2 min, 30 cycles of 94° C. for 30 s, 56° C. for 30 s, 72° C. for
30, and 72° C. for 5 min with primers of HamF and HamR
(TS1). All the transformed P. sojae were double-checked by
Pst 1 restriction and/or sequence. RNA was extracted from
each sample using RNeasy Plant Mini Kit (QIAGEN, cat
#74904) with p-mercaptoethanol added buffer RLT and
genomic DNA was removed using RNase-Free DNase
(QIAGEN, cat #79254) according to the manufacturer’s rec-
ommendations. RNA was quantified using a Nanodrop
ND-1000 spectrophotometer. Avrlb-1 transgene transcrip-
tion was verified by RT-PCR using the internal primers,
AvrlbReF and Avr1bReR (TS1) and P. sojae actin was used
as the reference.

Phenotypic assays for avirulence: Avrlb phenotypic expres-
sion was assayed using soybean cultivars HARO(1-7) (rps),
Haro13 (Harosoy background, Rps1b), Williams (rps) and
L77-1863 (Williams background, Rpslb). Seedlings were
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grown in the greenhouse or in a growth chamber (Percival
AR-36L) with a program of 24° C. at daytime and 22° C. at
night with a 14 hr day length under fluorescent light (250
umol photons s-1m-2). The virulence of each transformant
was evaluated using hypocotyl inoculation. 1-2 days after the
first primary leaf appeared, the hypocotyl of the soybean was
wounded with a short incision and the incision was inoculated
with a small piece of V8 agar cut from the edge of a 3 day old
colony. Thereafter, the plants were incubated in a growth
chamber under the conditions described above. The numbers
of dead and surviving plants were counted 4 days after inocu-
lation, and summed over 2-5 replicates. The differences
between the numbers of surviving plants from rps and Rps1b
cultivars were compared using Fisher’s exact test. Only the
transformants producing a significant difference between rps
and Rps1b cultivars were judged as avirulent.

Particle bombardment assays: Particle bombardment assays
were carried out using a double-barreled extension of the
Bio-Rad He/1000 Particle Delivery System ((Dou, D., Kale,
S.D., Wang, X., Chen, Y., Wang, Q., Wang, X., Jiang, R. H.Y,
Arredondo, F. D., Anderson, R., Thakur, P., McDowell, J.,
Wang, Y., and Tyler, B. M. (2008) Plant Cell 20(4), 1118-
1133). Analyzing the bombardment data as a ratio between
the test and control shots improves the reproducibility of the
measurements greatly. The avirulence activity of the Avr1b-1
constructs was measured as the reduction in the number of
blue spots comparing the Avrlb-1+GUS bombardment with
the GUS+control bombardment. For each paired shot the
logarithm of the ratio of the spot numbers of Avrlb-1 to that
of the control was calculated, then the log-ratios obtained
from the Rps1b and non-Rps1b leaves were compared using
the Wilcoxon rank sum test.

Bombardment assays of onion bulb cells with GFP con-
structs: Preparation of DNA-particle mixtures was as
described above. 5 mm hemispherical layers of yellow and
white onion bulbs were bombarded without the double barrel
attachment under a 26 psi vacuum, using a rupture pressure of
1100 psi. The onion layers were incubated between 24-48 hr
at 25° C., then viewed with a Zeiss Axioskop2 Plus micro-
scope using a 480 nm filter for GFP fluorescence. Images
were captured using a Qimaging Retiga 1300 Camera. To
further confirm the GFP had been secreted out of the onion
cells, plasmolysis was performed for 15 min in 0.8 M man-
nitol and cells were observed in a Zeiss LSM510 laser scan-
ning confocal microscope (Jena, Germany) with an argon
laser excitation wavelength of 488 nm.

RXLR-GFP Fusion Protein Expression and Purification:
Residues 33 to 71 of Avrlb (VESPDLVRRSLRNGDIAG-
GRFLRAHEEDDAGERTFSVTD (SEQ ID NO: 46) includ-
ing the RXIL.R1, RXI.R2 and dEER motifs were fused to GFP,
replacing the Arg9 encoding sequences in vector pPROGFP
(SEQ ID NO: 112), called pR9 by Chang et al., (Chang, M.,
Chou, J. C. and Lee, H. J. (2005) Plant and Cell Physiology
46, 482-488). pRIGFP, which also adds an N-terminal His6
tag, was derived by Chang et al (2005) from Ptat-HA. C43
(DE3) E. coli cells containing RXLR-GFP fusion constructs
or pR9 were grown in 200 mL of LB containing ampicillin
100 pg/ml in a 1 L baffled flask shaken at 240 rpm at 37° C.
until reaching an OD of 0.4, at which point the cells were
induced by addition of 1 mL of IM IPTG (final [S mM]). After
4 hours further growth at the same conditions, the cells were
harvested by centrifugation at4° C. and then stored at -20° C.
Visual confirmation of GFP expression was noted by the
green color of the bacterial cell pellet. To extract the GFP

Sep. 1, 2011

fusion proteins, cells were thawed on ice for 20 min then 4 mL,
of lysis buffer (50 mM NaH,PO,, 300 mM NaCl, 10 mM
imidazole, pH 8.0) were added per 1 g of wet cell weight.
Lysozyme (Sigma-Aldrich, cat# [.6876) was added to a final
concentration of 1 mg/mL then the suspension was incubated
for 20 min on ice. Sonication (Branson sonifier 150D, with
Double stepped micro tip, 3 mm) was done at 300 W at 15 sec
bursts four times with 15 sec cooling periods between each
burst. The lysate was centrifuged at 10,000xg for 30 minutes
at 4° C., then the supernatant was transferred to a fresh tube
and kept on ice until use. 5 pl of each sample was stored for
SDS-PAGE analysis. Protein purification using Ni-NTA
affinity chromatography was performed using the QiaExpres-
sionist protocol. 2 mL of 50% Ni-NTA super flow slurry
(Qiagen) was loaded on a column. The column was washed
twice with 5 mL of wash buffer (50 mM NaH,PO,, 300 mM
NaCl, 20 mM imidazole, pH 8.0). The protein sample was
loaded onto the column and then the column was washed
twice with 10 vol (10 mL) of wash buffer. The protein was
eluted with 4 mL of elution buffer (50 mM NaH,PO,, 300
mM NaCl, 200 mM imidazole, pH 8.0) into 1 mL fractions.
These fractions were pooled and concentrated to 3001 using
a centrifugal protein concentrator (Amicon Centriplus Cen-
trifugal Filter Device MWCO-3 kDa) at 13,500xg. The
sample was then mixed with an equal volume of 50 mM MES
buffer pH 5.8. The protein concentration was measured at 280
nm using a nanodrop spectrophotometer (ND-1000) and
adjusted to 8 mg/mL. All purified GFP preparations fluo-
resced normally under UV illumination.

RXLR-GFP Fusion Protein Root Cell Transduction Assay:
Root tips were cut into lengths of between 0.5 cm and 1 cm,
and then were washed with water. Each root tip was com-
pletely submerged in 20 pL of the protein solution (8 mg/ml
in 25 mM MES pH 5.8) in a eppendorf tube. The samples
were incubated overnight at 28° C. (~12 hours). The roots
were then washed in 200 mL of water for 4 hours while
shaken at 100 rpm on a rotary shaker. The roots were then
viewed using a Zeiss LSM510 laser scanning confocal micro-
scope with an argon laser excitation wavelength of 488 nm.
For nuclear staining, the roots were stained with DAPI (4',6-
diamidino-2-phenylindole) (Sigma-Aldrich cat# D8417) and
viewed with a 405 nm filter.

Hidden Markof Model Analysis: By using the program
HMMER 2.3.2 (Eddy, S. R. (1998). Profile hidden Markov
models. Bioinformatics 14, 755-763; and website located at
hmmer.janelia.org), an HMM was built from the full set of
765 high quality candidate effectors identified from the P.
sojae and P. ramorum genomes by Jiang et al (Jiang, R. H. Y.,
Tripathy, S., Govers, F. & Tyler, B. M. Proc. Natl. Acad. Sci.
USA 105, 4874-4879 (2008), using the 10 amino acids on the
left side of each RXL.R motiftogether with the 10 amino acids
on the right side each RXLR motif. The same procedure was
used to build an HMM from a curated list of 191 high quality
candidate effectors from Hyaloperonospora parasitica devel-
oped at the H. parasitica genome annotation jamboree in
August 2007 and available at pmgn.vbi.vt.edu. To estimate
the significance of HMM scores, all proteins (1240) with a
predicted N-terminal signal peptide (SP) and the string
RXLR located between 30 and 60 amino acids after the SP
cleavage site were obtained by translating the genome
sequences of P. sojae and P. ramorum in all reading frames.
The sequences of all the putative secreted proteins were per-
muted (other than the signal peptide) and RXLR-containing
sequences were again identified; 639 of the permuted proteins
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had RXLR strings, indicating that about 639 of the 1240
detected RXLR motifs could be expected by chance. The
distributions of HMM scores the set of 1240 real proteins, the
639 permuted proteins and the 765 curated proteins were then
calculated. The frequency that a permuted protein received a
score between 0 and 5.0 was 0.044. The frequency that a
permuted protein received a score better than 5.0 was 0.018.
Accession Numbers The sequences reported herein have been
deposited in the GenBank database, namely Hp Avh341
(EF681127). Accession numbers for sequences already in
GenBank are Ps Avrlb-1 (AAM20936), Ps Avrd/6
(ABS50087), Pi Avr3a (CA172345); Hp Atrl (AY842877),
Hp Atrl3 (AY785301).

Example 2

Effector Host-Targeting Signals of Eukaryotic Patho-
gens Bind Phosphoinositides or Phosphatidic Acid

[0085] Pathogens of both plants and animals produce effec-
tors and/or toxins that act within the cytoplasm of host cells to
suppress host defenses and cause disease. Effector proteins of
oomycete plant pathogens utilize N-terminal motifs, RXLR
and dEER, to enter host cells, and a similar motif, Pexel
(RXLxXE/D/Q), is used by Plasmodium effectors to enter
erythrocytes. This Example shows that effectors of fungal
plant pathogens contain functional variants of the RXLLR and
dEER motifs, and that the oomycete and fungal RXIL.R and
dEER motifs, as well as the Plasmodium Pexel motifs, are
responsible for binding of the effectors to phosphatidyl-inosi-
tol-3-phosphate (PI-3-P) and/or phosphatidyl-inositol-4-
phosphate (PI-4-P). Stimulation of host cell entry by PI-4-P,
and inhibition by inositol 1,4 diphosphate suggest that phos-
phoinositide binding mediates cell entry. All the effectors
could also enter human cells, suggesting that phosphoi-
nositide-mediated effector entry may be very widespread in
plant, animal and human pathogenesis.

Oomycete RXLR and dEER Domain Binds Phosphoinositi-
des

[0086] The RXILR and dEER domain of P. sojae Avrlb
enables translocation of green fluorescent protein (GFP) into
plant cells without any pathogen-encoded machinery (see
Example 1), and the same is true for two additional bioinfor-
matically predicted effectors, Avh5 (SEQ ID NO: 129) and
Avh331 (SEQ ID NO: 127). In these experiments, accumu-
lation of the GFP fusion proteins inside the cells was con-
firmed by the accumulation of GFP within the nuclei of the
cells (a natural property of GFP), and by plasmolysis experi-
ments. In principle, a cell entry domain could bind either a
(glyco)protein or (glyco)lipid receptor. After noting that beta-
type phosphatidylinositol-4-phosphate kinases from rice and
Arabidopsis contained a PI-4-P binding domain consisting of
14 and 11 tandem RXLR and dEER motifs respectively,
experiments were conducted to test whether oomycete the
RXLR and dEER domain could bind phosphoinositides. An
array of 8 different lipids found in plant cell membranes were
spotted in decreasing amounts onto a Hybond-C extra mem-
brane. Then the membrane was probed with GFP fused to the
N-terminal RXIL.R and dEER domains of Avrlb (SEQ ID NO:
46), Avh331 (SEQ ID NO: 116) or Avh5 (SEQ ID NO: 113).
FIG. 6 shows that the Avrlb- and Avh331-GFP fusions bound
to PI-4-P while Avh331- and AvhS5-GFP fusions bound to
PI-3-P. Alanine substitutions mutations in either the RXLR or
the dEER motif of any of the three fusions abolished binding,
justas they abolished entry into soybean root cells. Fusions of
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full-length AvhS (SEQ ID NO: 129) or Avh331 (SEQ ID NO:
127) proteins at their N-termini to glutathione-S-transferase
(GST) could also bind the same phosphoinositides as just
their N-terminal domains fused at their C-termini to GFP and
binding by the full length proteins also required intact RXLR
and dEER motifs (FIG. 6) (full-length Avrlb could not be
produced in E. coli).

[0087] To independently confirm binding of the effector
RXLR and dEER domains to the phosphoinositides, the bind-
ing of the fusion proteins to liposomes composed of phos-
phatidyl-choline (PC) and phosphatidyl-ethanolamine (PE)
was tested. In the absence of phosphoinositides, neither the
effector N terminus-GFP fusion proteins nor the full length
GST-effector fusion proteins bound the liposomes (FIG. 6).
However, when either PI-3-P or PI-4-P were included, all the
fusion proteins bound to the liposomes. In every case, when
any of the RXLR or the dEER motifs were mutated by alanine
substitutions, the mutant fusion proteins lost their ability to
bind the liposomes (FIG. 6).

Identification of Fungal Effector Translocation Domains

[0088] To test whether fungal effectors contain N-terminal
cell entry domains, N-terminal segments from the fungal
effectors AvrL.567 (SEQ ID NO: 138) and AvrM (SEQ ID
NO: 142) of M. lini and from AvrPi-ta (SEQ ID NO: 143) of
M. oryzae were fused to the C-terminus of Avrlb, in the
presence of the Avrlb secretory leader, then tested the fusions
in a particle bombardment cell re-entry assay that measures
the ability of a motif to carry an Avrlb reporter protein back
into soybean leaf cells after secretion. FIG. 7A shows that all
three fungal N-terminal segments had significant ability to
deliver Avrlb back into soybean leaf cells.

[0089] Since the fungal effectors contained no obvious
RXLR or dEER motifs, we decided to define experimentally
the range of residues within the RXLLR motif of Avrlb that
could permit cell entry, using the particle bombardment cell
re-entry assay. The results revealed that lysine (K) or histidine
(H) but not glutamine (Q) could replace the arginine at posi-
tion 1 in the motif, that any large hydrophobic residue (iso-
leucine, I; methionine, M; phenylalanine, F; tyrosine, Y)
could replace the leucine at position 3, albeit with varying
efficiencies, but valine (V) and alanine (A) could not. At
position 4, all residues tested (lysine, K; glutamine, Q; gly-
cine, G) allowed function. Furthermore, the presence of either
an L or M residue at position 2 could substitute for a large
hydrophobic residue at position 3.

[0090] Using this information, one, seven and four poten-
tial cell entry motifs were identified in N-terminal regions of
AvrLL567 (SEQ ID NO: 138), AvrM (SEQ ID NO: 142) and
AvrPi-ta (SEQ ID NO: 143), respectively (FIG. 7B). The
single motif in Avr[.567, RFYR, had a particularly good
match to the oomycete RXIL.R motif, and RFYR had already
been shown to be functional (FIGS. 7B and 7C). Four of the
candidate motifs in the AvrPi-ta N-terminus, including two
that overlapped at one residue (RFLK and KLIFK (SEQ ID
NO: 146)), were tested for cell entry activity by substituting
them for the RXLL.R motif of Avr1b. The two single motifs and
the overlapping pair were all active in the cell re-entry assay
(FIG. 7B).

[0091] The N-terminus of Avr[.567 was subjected to fur-
ther analysis by mutagenesis and root cell entry assays. Ala-
nine substitutions in the RFYR motif and in two downstream
acidic residues that might act as a dEER motif (FIG. 7B)
(SEQ ID NO: 139), abolished the activity of the AvrL.567
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N-terminal domain in the particle bombardment cell re-entry
assay (FIGS. 7A and B). To confirm the cell entry activity of
the Avrl.567 N-terminal domain, it was fused to GFP (creat-
ing AvrL.567(N)-GFP (SEQ ID NO: 119)), with and without
(SEQ ID NO: 120) the alanine substitutions, and then the
fusion proteins were tested for cell entry in the soybean root
uptake assay. The GFP-fusion with the intact Avr[.567 N-ter-
minus (SEQ ID NO: 119) efficiently accumulated in the root
cells, including the nuclei, whereas the fusion with the
mutated RFYR and acidic residues (rfyr-de-) (SEQ ID NO:
120) did not (not shown). Thus the RFYR motif and the two
downstream acidic residues appear to act as a RXLR and
dEER motif in M. lini AvrL.567.

Fungal and Apicomplexan Effectors Bind Phosphoinositides

[0092] Both filter binding and liposome binding were used
to test whether the N-terminal domain of AvrL.567 bound
phosphoinositides. AvrL.567(N)-GFP (SEQ ID NO: 119)
bound PI-3-P in both assays. Binding of AvrL.567(N)-GFP to
PI-4-P was also be detected in the liposome assay though it is
not as strong as to PI-3-P. Mutation of the RXL.R and dEER-
like motif to alanines (rfyr-de-mutant) (SEQ ID NO: 120)
resulted in a loss of binding to the phosphoinositides in both
assays.

[0093] Filter binding assays were used to determine if five
additional fungal effectors could bind phospholipids. The
N-terminal sequences of the following effectors were fused to
GFP: Magnaporthe grisea AvrPita (SEQ ID NO: 224), Puc-
cinia graminis Ps87 (SEQ ID NO: 226); Melampsora lini
AvrM (SEQ ID NO: 228); Melampsora lini AvrP123 (SEQ
IDNO: 230); Melampsora lini AvrP4 (SEQIDNO: 232). The
results, summarized in tabular form in FIG. 15, showed that
all five effectors bound phosphatidic acid. Mutations in
RXLR-like motifs found in AvrPtia (SEQ ID NO: 225), Ps87
(SEQIDNO: 227), AvrM (SEQ ID NO: 228), AvrP123 (SEQ
ID NO: 230) and AvrP4 (SEQ ID NO: 232) all abolished
binding to phosphatidic acid. In the case of AvrPita, the
mutant protein (SEQ ID NO: 225) was unable to enter soy-
bean root cells, whereas the wildtype protein (SEQ ID NO:
224) could enter root cells, suggesting that binding of AvrPita
to phosphatidic acid was required to enter plant cells.

[0094] The host targeting signals (HTS) of three Plasmo-
dium falciparum effectors, PfGBP (SEQ ID NO: 121),
PtHRPII (SEQ ID NO: 123), and Pf1615¢ (SEQ IDNO: 125)
can carry Avrlb into soybean leaf cells and onion bulb epi-
dermal cells8. The three signals can also carry purified GFP
into soybean root cells and this activity requires intact Pexel
motifs. To test whether the three signals also could bind
phosphoinositides, the HTS-GFP fusion proteins were tested
using filter binding and liposome binding assays. The PIGBP
HTS fusion (SEQ ID NO: 121) could bind PI-4-P and also,
more weakly, PI-3-P (FIG. 8A). The PfHRPII HTS fusion
(SEQ ID NO: 123) could bind PI-3-P, and also rather weakly,
PI-4-P (FIG. 8B) The Pf1615¢ HTS fusion (SEQ ID NO: 125)
could bind specifically to PI-3-P (FIG. 8C). Liposome bind-
ing assays confirmed binding of all the fusion proteins to
PI-3-P or PI-4-P (FIGS. 8D-F). In both assays, alanine sub-
stitutions in the Pexel motifs of each effector abolished phos-
phoinositide binding (FIG. 8A-F) (SEQ ID NO: 122, 124,
126).

Modulation of Effector Entry by Exogenous Phosphoinositi-
des

[0095] The binding of phosphoinositides to the effector cell
entry domains suggested that these phospholipids might
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serve as a cell entry receptor in each case. Tomato cells
secreted PI-4-P when stimulated by fungal xylanase, suggest-
ing that free PI-4-P might exist in the plant apoplast24. There-
fore, increasing the concentration of free phosphoinositide by
exogenous addition might stimulate RXL.R and dEER-medi-
ated uptake. To test this hypothesis, a soluble form of P1-4-P,
di-octanoyl-PI-4-P (250 uM), was mixed with the Avrlb GFP
fusion, Avrl1b(N)-GFP, for 30 min prior to exposure to soy-
bean roots. After 9 hr, strong stimulation of Avrlb(N)-GFP
uptake by PI-4-P was evident (FIG. 9A). The phospholipids,
PI, PC and PE all did not stimulate uptake. Uptake of the
fungal AvrL.567(N)-GFP fusion (SEQ ID NO: 119) was also
strongly stimulated by PI-4-P (FIG. 9B), even though it binds
most strongly to PI-3-P.

[0096] A synthetic cell entry motif composed of nine-argi-
nine residues (Arg9) (SEQ ID NO: 112) was previously
shown to deliver Avrlb into soybean leaf cells and into onion
epidermal leaf cells in particle bombardment cell re-entry
assays. The motif could also enable uptake of purified GFP
into soybean root cells8 and into maize and onion cells. The
mechanism of uptake has been proposed to be a plant form of
macropinocytosis. The Arg9-GFP fusion protein binds PI-3-
P, PI-4-P and phosphatidyl serine, albeit weakly (FIG. 9D).
FIG. 9C shows that di-octanoyl-PI-4-P does not stimulate
uptake of the Arg9-GFP fusion protein in soybean root cells,
suggesting that the stimulation by PI-4-P is specific to RXLR
and dEER-mediated uptake. This conclusion is supported by
the observation that exogenous PI-4-P did not promote the
uptake of Avr1b(N)-GFP (SEQ ID NO: 46) and AvrL.567(N)-
GFP (SEQ ID NO: 119) proteins containing alanine substi-
tutions in the RXLR and dEER motifs.

[0097] Inositol-1,4-diphosphate (IP2) represents the
hydrophilic head-group of PI-4-P. Preincubation with 100
UM IP2 inhibited binding of Avr1b(N)-GFP (SEQ ID NO: 46)
to PI-4-P-containing liposomes and could completely block
binding of AvrL.567(N)-GFP (SEQ ID NO: 119) to PI-4-P-
containing liposomes, presumably via competitive inhibition.
To test whether IP2 could block effector uptake in planta,
which would imply that a PI-4-P-like molecule mediated
uptake in planta, Avrlb(N)-GFP (SEQ ID NO: 46) or
AvrLL567(N)-GFP (SEQ ID NO: 119) was preincubated with
500 uM IP2 for 30 min prior to exposure to soybean roots. IP2
almost completely blocked uptake of both Avrlb(N)-GFP
(FIG. 9A) (SEQ ID NO: 46) or AvrL567(N)-GFP (FIG. 9B)
(SEQ ID NO: 119) into soybean cells. IP2 could not inhibit
the binding of Arg9-GFP to liposomes (FIG. 9D) and uptake
of Arg9-GFP (SEQ ID NO: 112) was completely unaffected
by preincubation with IP2 (FIG. 9C), supporting the conclu-
sion that IP2 specifically blocks RXLLR and dEER motif-
mediated protein uptake.

Effector Entry into Human Cells

[0098] Phosphatidyl-inositol-phosphates are universally
found in eukaryotic cells. Since a number of human and
animal diseases are caused by fungi and oomycetes, as well as
by apicomplexan parasites, we tested the possibility that
RXLR and dEER motifs might mediate protein entry into
human cells, using the human lung epithelial cell line A549 as
a model. Avrlb(N)-GFP (FIG. 10A) (SEQ ID NO: 46),
AvrL567(N)-GFP (FIG. 10B) (SEQ ID NO: 119) and
PfHRPII(N)-GFP (FIG. 10C) (SEQ ID NO: 123) (SEQ ID
NO: 60) could all enter the A549 cells, but entry did not occur
if alanine substitutions were present in the RXLR or Pexel
motifs of the proteins (SEQ ID NO: 47,48,120,124). In these
experiments, accumulation of the GFP fusion proteins inside
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the cells was confirmed by the accumulation of GFP within
vesicle-like structures within the cells, and by the fact that the
cells were treated with protease (trypsin) prior to photograph-
ing. Protein accumulation was strongly inhibited in each case
by 1,4-1P2, supporting the hypothesis that entry was mediated
by phosphoinositide binding. Exogenous di-octanoyl-PI-4-P
did not stimulate accumulation, suggesting that the availabil-
ity of PI-4-P or other phosphatidylinositides in the growth
medium was not limiting. Inositol 1,3 diphosphate (1, 3-1P2),
the headgroup of PI-3-P, could also inhibit entry of PfHRPII
(N)-GFP (FIG. 10C) (SEQ ID NO: 123), consistent with the
observation that the protein bound PI-3-P more strongly than
PI-4-P in the filter-binding assay.

Discussion: Two independent assays, namely filter-binding
and liposome-binding, demonstrated that the N-terminus of
all seven effectors tested could bind to either PI-3-P or PI-4-P,
but not to PI-5-P nor to any other phospholipids tested. The
primary structures of the RXLLR and dEER effector domains
do not resemble any known phosphoinositide binding
domains. However, the binding of the pathogen RXLR and
dEER domains to phosphoinositides is concordant with the
binding of the RXLR and dEER domains of rice and Arabi-
dopsis (3-type Pl-4-kinases. In the oomycete effector pro-
teins, the dEER motif is variably spaced from the RXLR
motif, so if residues from both motifs contact the phosphoi-
nositide head group, the protein must fold so as to bring the
two motifs into proximity. The three dimensional structure of
the RXLR and dEER or Pexel domain is not yet available for
any oomycete or apicomplexan effector proteins, respec-
tively. However, the crystal structure of Avr[.567 has been
determined. In this structure, the RFYR motif adopts a beta-
stranded conformation on the surface of the protein. It will be
interesting to determine if the structure of Avr.567 changes
in solution in the presence of a phosphoinositide.

[0099] The stimulation of protein entry into soybean root
cells by PI-4-P and the inhibition of entry by IP2 together
support the hypothesis that binding to phosphoinositides
mediates entry of these pathogen effectors into plant cells.
Similar findings with a human lung epithelial cell line suggest
the possibility that effectors of oomycetes and fungi that
infect humans and other animals might enter host cells via a
similar mechanism. This mechanism appears to be different
than reported for other peptides with cell entry activity
because entry of those other peptides is not dependent on
phosphoinositides.

[0100] These data demonstrate that several fungal effectors
contain N-terminal domains that are capable of carrying
Avrlb into soybean leaf cells. Within these domains are
RXLR-like motifs that can replace the Avrlb RXLR motifin
carrying reporter proteins into host cells. In the one case
tested in detail so far, AvrL.567, the motif RFYR was identi-
fied as necessary for the activity of the N-terminal cell entry
domain, and for the binding of the domain to PI-3-P. The
mutagenesis survey of the Avr1b RXTLR motifand the diverse
functional motifs found in the fungal effectors together sug-
gest that a wide diversity of RXLR-like sequences support
binding of phosphoinositides. Bioinformatic screens with the
highly redundant motif suggested by the data identifies huge
numbers of matches, most of which are likely spurious as
judged by searches of permuted protein sequences. Thus, itis
very likely that there are additional requirements for phos-
phoinositide binding. Both the RXLR and dEER motifs of
Avrlb and the Pexel motifs of Plasmodium effectors are
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insufficient by themselves to facilitate cell entry; in both cases
flanking sequences are required.

[0101] Other than in apicomplexan parasites, eukaryotic
pathogens of humans and other animals have not been
reported to produce effector proteins that can cross host mem-
branes into the cytoplasm of host cells. The finding that phos-
phoinositide-binding effectors from oomycete and fungal
plant pathogens can cross the membranes of human cells
predicts that oomycete and fungal pathogens of humans and
other animals may also utilize this mechanism to debilitate
their hosts. Possible examples include oomycete pathogens of
marine animals from the genera Saprolegnia and Aphanomy-
ces, extracellular fungal pathogens such as Preumocystis
carinii, Coccidioides iinnzitus and Aspergillus fumigatus,
and intra-phagosomal fungal pathogens of humans such as
Cryptococcus neoformans and Histoplasma capsulatum.
[0102] The binding of phosphoinositides or other polar lip-
ids to effector cell entry domains from diverse kingdoms will
provide a powerful biochemical tool for screening or directly
isolating new candidate effector proteins from all classes of
microbes. It may also enable detection of phosphoinositide-
binding plant proteins (or other polar-lipid-binding proteins)
that can traffic through the apoplast and enter into target cells
to transduce signals. Some precedents for such proteins
already exist, such as the Drosophila antennapedia transcrip-
tion factor that can move from cell to cell via an arginine-rich
cell entry motif.

[0103] Understanding the role of phosphoinositides and
other polar lipids in pathogen effector entry also opens the
possibility of targeting cell entry domains for preventative or
therapeutic intervention in both agriculture and medicine.
The finding that 1P2 can block effector entry into both plant
and human cells provides a proof-of-concept for this
approach.

Methods Summary

[0104] Cloning was performed according to known
molecular biology techniques. Proteins were expressed in E.
coli BL21DE3 and purified using affinity chromatography.
Plasmids and oligonucleotides used in the study are depicted
in tabular form as FIGS. 13A-F and FIGS. 14A-D, respec-
tively.

[0105] Soybean seeds were germinated in vermiculite for
3-5 days. Roots were washed with water thoroughly to
remove any debris. Approximately 1.5 cm root tips were cut
and placed into the protein solution (50 pl-25 mM MES pH
5.8, 50 pg protein) and incubated for 12-15 hr at 28° C. Then
the root tips were rinsed with water and washed in 75 mL of
water for 2 hr on an orbital shaker at 90 rpm. Roots were
examined using a Zeiss LSMS510 laser scanning confocal
microscope with an argon laser excitation wavelength of 488
nm.

[0106] Lipid filter arrays were prepared by pipetting 1 pl
PI-3-P, PI-5-P (Cayman Chemical), PS, PC, PE, PA, or PI-4-P
(Avanti Polar Lipids, Cayman Chemical) at various concen-
trations on Hybond-C extra membranes.

[0107] Liposomes were prepared from a suspension of 0.71
ng/ml phosphatidyl-choline, 0.29 pg/ml phosphatidyl-etha-
nolamine (PC/PE) or 0.64 pug/ml phosphatidyl-choline, 0.26
ng/ml phosphatidyl-ethanolamine, 0.1 pg/ml phosphatidyl-
inositol-phosphate (PC/PE/PI-x-P). The lipid mixtures were
dried under vacuum overnight, then the resultant lipid films
were rehydrated at 1 mg/mL (total lipid) in 20 mM Tris-HCI
(pH 6.8) 100 mM NaCl, 2 mM dithiothreitol by three cycles
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offreeze-thawing. Large unilamellar vesicles were formed by
extruding the lipid suspension through a 0.1-uM filter (nucle-
opore track-etch membrane, Whatman) 20 times and were
used immediately. Effector fusion proteins were centrifuged
at 100,000 g for 20 min at 25° C. prior to assay to remove
protein aggregates. 10 ng of protein was added to 50 pg of
liposomes and incubated for 1 hr at room temperature. Pro-
tein-liposome mixtures were centrifuged at 100,000 g for 15
min at 25° C. Pellets containing liposome-bound proteins and
supernatants containing free proteins, were then analyzed by
SDS-PAGE.

Example 3

Assay for Screening Compound Libraries to Identify
Novel Compounds that Interfere with the RXLR and
dEER-Mediated Uptake of Effector Proteins into
Plant or Human Cells

[0108] Thebinding of phosphoinositides (PI-3-P or P1-4-P)
and phosphatidic acid to effector cell entry domains indicates
that these phospholipids may serve as a cell entry receptors.
Increasing the concentration of free phosphoinositide such as
di-octanoyl-PI-4-P by exogenous addition stimulated RXLR
and dEER-mediated uptake of the Avrlb GFP fusion, Avrlb
(N)-GFP, into soybean roots and human cells. Furthermore,
preincubation with inositol 1,4 diphosphate (IP2) inhibited
binding of Avrlb(N)-GFP to PI-4-P-containing liposomes
presumably via competitive inhibition. In addition, 1P2
almost completely blocked uptake of both Avr1b(N)-GFP
into soybean root cells and human cells in cell culture. There-
fore, an assay is devised for screening compound libraries to
identify novel compounds that interfere with the RXLR and
dEER-mediated uptake of effector proteins into plant or
human cells, through inhibition of the binding of, or interac-
tion between phospholipids PI-3-P or PI-4-P and RXLR and
dEER motif containing proteins. Plasmids encoding the
Avrlb sequence are expressed in BL21 E. coli cells and the
protein are purified and diluted into appropriate binding
buffer at an appropriate concentration, and thirty microliters
are dispensed into each well coated 96 or 384 well plates
using an automated dispenser. Through a robotized transfer
mechanism involving steel pins, each of the Avrlb protein-
containing wells (in a 96 or 384 well plate) receive 300
nanoliter of a compound from the compound libraries, fol-
lowed by incubating the plate at room temperature for 60
minutes. An equal volume of 2x stock solution of fluores-
cently labeled soluble PI-4-P (Echelon Inc. BODIPY FL
Phosphatidylinositol(4) Phosphate catalog #C-04F6a;
BF-PI-4-P) is prepared in suitable buffer and 30 microliter of
this solution is dispensed into each well of Avrlb coated
preincubated 384 well plates using an automated dispenser.
After BF-PI-4-P addition, the plate is incubated in dark for 60
minutes, followed by the measurement of fluorescence, uti-
lizing a Synergy plate reader integrated with a biostack. The
reactions are performed in duplicates and with negative con-
trols, where the interactions are measured in the absence of
the protein or fluorescently labeled BF-PI-4-P, and positive
controls where the interaction is measured in the presence of
a range of concentrations of inositol 1,4 diphosphate (IP2).
The readouts are stored and analyzed for the identification of
potential inhibitors of the reaction. Statistical analysis are
performed utilizing a combination of parameters and com-
pounds that showed statistically significant inhibition are
selected. Briefly, the background absorbance is subtracted
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from the test reads. Subsequently, the net absorbance is com-
pared to controls wells, that did not receive the test com-
pounds and the percent decrease in absorbance is measured
by the following formula: Percent inhibition=[(Fluorescence
in test well/Fluorescence in control wells)x100]. In excess of
one hundred thousand drug-like, diverse heterocyclic chemi-
cal compounds are screened during this process for their
potential to inhibit the interactions between BF-PI-4-P and
Avrlb. These compounds are obtained from several sources
including established chemical vendors like Asinex, Analyti-
con, Biomol, Bionet, ChemDiv, Enamine, Maybridge, Spec-
trum, TimTec as well as a range of diversity oriented synthesis
compounds that have been generated by academic research
laboratories from around the world. Typical screening iden-
tifies several hundred compounds that inhibit the reaction at a
statistically significant >40% levels. Successful events in this
initial screen lead to the consolidation of select wells from the
original library stock to generate a new second generation of
plate for screening the activity of these compounds at three
compound concentrations to allow the calculation of a pre-
liminary 1050 value. A select group of compounds is then
selected that showed >50% inhibition. Larger quantities of
select compounds are ordered from the specific vendors
(above) for rescreening in the soybean root or human cell
uptake assays for their potential to inhibit the uptake of Avr1lb
(N)-GFP into soybean roots cells or human cells in culture.

Example 4

Screening Assays for Novel Compounds that Inhibit

Plant Oomycete or Fungal Infection Through Block-

ing of RXLR and dEER Containing Effector Protein
Action

[0109] To further characterize candidate protective com-
pounds obtained from the RXLR and dEER protein screen,
the ability of the compounds to protect against oomycete or
fungal pathogen infection are tested in detached leaf assays.
The following detached leaf assays are used for soybean,
potato, tomato, tobacco, grape, rice, and wheat. The assays
are used to test for infection by Phytophthora oomycete
pathogens (soybean, potato, tomato, tobacco), downy mildew
oomycete pathogens (tobacco and grape), rust fungi (soybean
and wheat), Magnaporthe blast fungi (rice and wheat), and
powdery mildew fungi (soybean, potato, tomato, tobacco,
grape, wheat).

[0110] Expanded leaves are removed from young growth
chamber-grown plants with the petioles intact (soybean,
potato, tomato, tobacco, grape), or are clipped from the
mother plant with sterile scissors (wheat and rice). The peti-
oles or cut ends of the leaves are placed into plastic test tubes
containing an aqueous solution of a suitable range of concen-
trations of each compound (determined from the biochemical
1C,p). The leaves are then fastened into a horizontal position,
but with the petioles or cut ends bent down into the tubes. The
plants are then placed in a lighted growth chamber at 30%
humidity for 6 hr to enable the compounds to be drawn into
the leaves by transpiration.

[0111] The plants are then inoculated with pathogen
spores. Phytophthora infections (P. sojae on soybean; P.
infestans on tomato and potato; P. parasitica on tobacco) are
initiated by spraying the leaves with an aqueous suspension of
zoospores at a suitable concentration. Infections with rust
fungi (Phakopsora pachyrizi for soybean; Puccinia striifor-
mis f. sp. tritici (stripe rust) Puccinia triticina (leaf rust),
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Puccinia graminis f. sp. tritici (stem rust) for wheat) are
initiated by spraying the leaves with an aqueous suspension of
urediniospores at a suitable concentration. Infections with
downy mildew oomycetes (Peronsopora tabacina on
tobacco; Plasmopora viticola on grape) and infections of
Magnaporthe blast fungi (Magnaporthe oryzae for rice;
Magnaporthe grisea on wheat) are initiated by spraying the
leaves with an aqueous suspension of conidia at a suitable
concentration. In each case, after spraying with the pathogen
spore suspension, the plants are replaced into the growth
chamber at high (90%) humidity at a suitable temperature
(15° C. for Phytophthora infestans and downy mildew
oomycetes; 25° C. for P. sojae; 20° C. for all others) until
symptoms develop (3-7 days). Infections with powdery mil-
dew (Microsphaera diffusa on soybean; Erysiphe cichora-
cearum on potato and tobacco; Leveillula taurica on tomato
or potato; Erysiphe necator on grape; Blumeria graminis {.
sp. tritici on wheat) are done dry. The arrays of plant leaves
are placed into a dusting tower and heavily infected leaves are
introduced into the top of the tower and shaken vigorously for
one minute, then the spores are allowed to settle for 20 min.
The plants are replaced into growth chambers maintained at
70% humidity (except Microsphaera diffusa which is favored
by low humidity of 30%) and 25° C.

[0112] To assay disease development in each case, the
leaves are photographed, and from the photographs the num-
bers of lesions on each leaf are counted (total lesions and
sporulating lesion) and the areas of the lesions are determined
digitally. The results are assessed statistically by reference to
negative controls (water), positive controls (benomy] for the
fungi and metalaxyl for the oomycetes).

Example 5

Protecting Plants Against Oomycete Infection by
Blocking Effector Entry Using Peptide Receptor
Mimics

[0113] Eukaryotic pathogens such as oomycetes, fungi and
apicomplexan parasites deliver hundreds of effector proteins
into the cytoplasm of their host cells. Delivery of these pro-
teins is key to the pathogenic success of these organisms. The
similarity between oomycete and apicomplexan effector
delivery systems has been noted for some time. The discovery
that inositol 1,4 diphosphate can inhibit oomycete and fungal
effector uptake (Example 2) shows that effector entry can be
blocked by externally applied small molecular weight com-
pounds. This Example describes experiments that test
whether infection by oomycetes, and possibly by fungi, can
be mitigated by inhibiting effector entry using host-synthe-
sized peptides that mimic inositol 1,4 diphosphate.
Biotrophic and hemi-biotrophic oomycete pathogens that are
likely to use RXLR and dEER effectors include more than 80
species of Phytophthora and more than 500 species of downy
mildews that together attack almost every crop species and
horticultural species of economic importance. Peptides that
could inhibit RXLR and dEER effector entry could thus pro-
vide broad-spectrum protection against many of these patho-
gens. Even if protection is narrow, and multiple peptides must
be selected for each species of pathogen, this approach offers
an important new weapon against these highly adaptable
pathogens. The fact that one fungal effector from a rust patho-
gen also may use phosphoinositides to enter host cells sug-
gests that the protection provided by anti-RXLR and dEER
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peptides may extend to many biotrophic and hemi-biotrophic
fungal pathogens such as rusts, smuts, powdery mildews and
the rice blast fungus.

[0114] At least three commercially available phage display
libraries are screened against a panel of effectors that have
been well-characterized and/or are strongly expressed at the
outset of P. sojae or P. infestans infection. The phage are
eluted from the effectors using a rising concentration gradient
of IP2 or soluble PI-P in order to identify those phage that
have the greatest affinity for the PI-P binding sites of the
effectors. The candidates obtained are evaluated for their
binding to all panel members, and to RXLR and dEER
mutants of the panel members. In addition, their affinity for
both soluble and liposome-bound PI-4-P and PI-3-P is mea-
sured. Synthetic peptides corresponding to candidates with
the highest affinities are prepared commercially and tested for
their ability to inhibit uptake into plant and human cells. The
most promising peptides at this point (broadest specificity,
highest affinity and/or strongest inhibition of effector entry)
are targeted for optimization of their breadth and affinity of
binding. Two optimization strategies are used. Firstly, PCR-
directed random mutagenesis of selected peptides is carried
out and high affinity, broad-spectrum mutants are selected by
phage display. Loss-of-activity mutants are also character-
ized to help identify important residues. As a parallel alter-
native approach, targeted mutagenesis of selected peptides is
carried out based on bioinformatic analysis of all the phage
peptide sequences obtained (both high quality and low quality
peptides). Surface Plasmon resonance and NMR character-
ization of the binding of the most promising peptides to their
target effector(s) also yields important information. The cycle
of selecting promising peptides and optimizing them is
repeated as needed, or until little further improvement is
obtained. At this point the most promising peptides are fused
to selected secreted plant proteins, and the chimeric proteins
are expressed in plant tissues by transient expression. The
expression levels and stabilities of the chimeric proteins are
assessed, as well as the ability of the expressed proteins to
reduce entry of effector proteins and reduce infection by P,
sojae or P infestans. The resistance of the plant tissue to
additional pathogens is also evaluated. Stable transgenic
plants expressing the chimeric proteins are produced, and are
evaluated systematically for disease resistance against
diverse pathogens.

[0115] [Initially the Ph.D.-C7C random peptide phage dis-
play library available from New England Biolabs, Inc. is
screened. In this library, a loop of 7 random amino acid
residues is constrained by a disulfide bond at the base of the
loop where it is fused to the N-terminus of the pill coat
protein. This configuration was chosen because the loop will
eventually be transferred to a secreted plant protein, and the
disulfide bond will ensure that the loop has a similar structure
in that context as on the phage. The library contains 1.2x10°
independent phage, providing about 60% statistical coverage
of the total theoretical complexity of a heptapeptide library
(207=1.3x10°). Other possible libraries for screening include
Ph.D.-7 and the Ph.D.-12 libraries that contain 7 or 12 random
residues respectively, but without a disulfide bond; both have
a complexity of around 2.8x10°.

[0116] Two approaches are used to select RXI.R and
dEER-specific phage. In the first, individual effectors are
screened. Since this allows interactions with residues outside
the immediate RXLR and dEER region, inhibitory peptides
with a narrow specificity are likely to be obtained. In a
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complementary approach, the phage are selected on several
different effectors successively, in order to only obtain pep-
tides with broad specificity. Both strategies are adjusted as
needed.

[0117] The one-effector-at-a-time strategy targets Avrlb,
Avh331 (Avrlk), AvhS, Avh6 and Avh172. Because the first
two effectors are avirulence gene products that trigger plant
defense responses mediated by resistance (R) genes, the effi-
cacy of candidate inhibitory peptides is also tested in planta
by their ability to inhibit the R gene mediated response to the
effectors. Avh6 and Avh172 are major early-expressed effec-
tors, so targeting them singly also has a measurable effect on
pathogen virulence. AvhS5 is included because its NMR char-
acterization is well advanced. In each case, two different
fusions are produced: GFP and GST (glutathione-S-trans-
ferase) to reduce the chance of selecting phage that bind to an
irrelevant part of the protein.

[0118] In the second strategy, three pools of effectors are
created, and the phage are successively selected on the dif-
ferent pools. One example of such a set of pools is: pool
1=Avrlb+Avh331+Avh6; pool 2=Avh5+Avhl172+Avh152;
pool 3=Avh38+Avh260+AvrL.567. Each effector listed is
either an avirulence protein or a strongly-early-expressed P,
sojae effector, or is otherwise well-characterized. By using
pools, the risk that a single chosen effector may be problem-
atic is reduced, and by using three different pools for the
successive selection steps, the likelihood of finding broad
specificity peptides is increased. The order of the pools used
for selection is varied. The composition of the pools may be
varied once data on the specificity of each effector for PI-3-P
or PI-4-P is available, and/or if production of some chosen
effector proteins in E. coli proves problematic.

[0119] Panning is carried out in microtiter tray wells; if
sufficient enrichment of peptides is not seen in the wells, then
the proteins are bound onto beads and the beads are used for
panning. The phage are step eluted with different concentra-
tions of inositol diphosphates (1P2) or soluble (e.g. di-hex-
anoyl) phosphatidyl phosphates. The choice of 1,3 IP2, 1,4
1P2, PI-3-P or PI-4-P, and the choice of concentrations is
finalized once more precise data on the binding constant of
the effectors for the phosphoinositides is available.
Characterization of Discovered Peptides for Binding to Mul-
tiple Effectors, and for Ability to Block Entry of Key
Oomycete and Fungal Effectors into Plant Cells.

[0120] Each selected peptide is screened against a panel of
all the effectors mentioned listed above, plus a selection 0f 10
P. infestans infection-induced effectors and several fungal
effectors. RXLLR and dEER region mutants are included to
identify peptides that interact with those motifs. Phage with
the broad specificity and a set of peptides with complemen-
tary sets of targets are identified. Screening is done in a
western dot blot format in which effectors bound to a filter are
probed with the phage and then with an anti-M13 antibody.
Alternatively, the phage are panned against effectors arrayed
in microtiter wells, and then detected by spotting onto an E.
coli lawn with a replicator. The affinity of the phage for the
effector is initially estimated by doing binding experiments in
the presence of different concentrations of PI-Ps or IP2s. An
oomycete effector protein microarray containing all 1440
effectors from P, sofae, P. infestans, P. ramorum and H. ara-
bidopsidis is ideal for comprehensive screening of the most
promising phage. The most promising peptides are tested for
the ability to block effector-GFP entry into root cells. To
obtain sufficient peptides for these experiments, synthetic
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peptides are ordered from a commercial supplier. A quantita-
tive cell entry assay using luciferase and suspension culture
cells may also be employed. Binding of the most promising
peptides to key effectors is further characterized by NMR and
surface plasmon resonance (SPR).

Concatenation and Mutagenesis of the Most Promising Pep-
tides to Further Optimize Broad-Spectrum Binding and Abil-
ity to Block Effector Entry into Plant Cells.

[0121] Bioinformatic comparisons of peptide sequences
having different affinities and ranges of specificity provide
important starting clues about the potential for using targeted
mutations to improve affinity and specificity of the identified
peptides. Alternatively, phage display technology is a proven
platform for improving binding via random mutagenesis. A
single randomized oligonucleotide is used to mutagenize the
21 nucleotides encoding each peptide loop. Selection of
phage on a range of different effectors is used to improve the
breadth of specificity. Selection of phage in the presence of
free peptide having the original sequence is used to select for
improved affinity. An alternative approach to improving the
breadth of specificity is to concatenate several peptides, with
a spacer or linker sequence in between. This is an acceptable
construction for in planta expression. The concatenated pep-
tides are tested to ensure that they retain their original affini-
ties and breadth of specificity.

Fuse Peptides to Small Secreted Plant Proteins, and Test the
Effects of their Expression in Planta on Effector Entry and on
Disease Resistance.

[0122] For evaluation in planta, the peptide mimics are
fused to larger proteins normally produced during infection to
promote the peptides’ stability and reduce their potential sus-
ceptibility to endogenous plant proteases. The fusions are
evaluated in three steps: (i) exogenous application of purified
proteins to plant tissues; (ii) transient expression in plants;
and (iii) expression in stable transgenic plants. A variety of
candidate proteins are evaluated for fusions with the peptide
mimics, including highly stable plant proteins such as PR1a,
lipid transfer proteins, protease inhibitors and proteases.
Fusion to a protease inhibitor promotes stability, while con-
versely, fusion to a protease more effectively targets pathogen
effectors for proteolysis. Generally, the mimic is attached to
the C-terminus of the “carrier” protein via a suitable spacer so
that the native N-terminal secretory leader can be used. Ini-
tially a single peptide mimic is attached to each carrier. Once
attachment of single peptides has been validated, multiple
peptides are attached in tandem to improve the breadth of
binding and/or for better efficacy against effectors with mul-
tiple phophoinositide binding sites. C-terminal green fluores-
cent protein (GFP) fusions are used to evaluate the stability
and localization of the proteins in planta.

Expression in E. coli or Pichia pastoris and Evaluation of
Purified Proteins.

[0123] Fusion proteins are expressed in E. coli or, dueto the
necessity to correctly form disulfide bonds, in eukaryotic
expression system based on Pichia pastoris. The purified
peptide-fusion proteins are tested for effector binding in vitro
to ensure they retain binding activity as fusions. They are then
introduced into leaf'and root tissues (by infiltration and direct
uptake, respectively) from soybean and N. benthamiana to
test their stability in planta (via western blots) and to test their
ability to inhibit the uptake of exogenously applied effector-
reporter fusions into the plant cells. Uptake assays based on
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suspension cultures cells and on protoplasts may also be used
to distinguish between stability and effectiveness in effector
uptake inhibition.

Transient Expression in Planta.

[0124] Excellent virus-based transient expression systems
now exist for soybean and Arabidopsis. Infiltration of Agro-
bacterium tumefaciens strains harboring vectors designed to
deliver gene expression constructs into plant cells locally
(Agroinfiltration) and particle bombardment have also been
used extensively. Initially a quantitative “double-barrel” par-
ticle bombardment assay is used to measure the ability of
plant-expressed peptide fusion proteins to interfere with
effector entry into soybean cells, using either the native effec-
tors, Avrlb or Avh331 (i.e. Avrlk), or fusions of other effec-
tors to an Avrlb reporter. By using GFP-fusions in conjunc-
tion with onion epidermal cell bombardment direct
visualization of the localization of the peptide fusions or the
targeted effector (or both together if one carries a red fluores-
cent protein, e.g mCherry) is possible. Bi-molecular fluores-
cence complementation (BiFC; “split-YFP”) is used to verify
effector-peptide interaction in planta in the onion system.
[0125] In order to evaluate the potential effect of peptide-
fusion expression in planta on pathogen infection, the BPMV
system is used to transiently express the peptide fusion pro-
teins in soybean and Agroinfiltration to transiently express the
proteins in N. benthamiana. Versions that include GFP to
facilitate evaluation of stability and localization are used.
Transcription of the constructs is confirmed using RT-PCR or
northern analysis. Protein levels are evaluated by western
blots, and confocal microscopy is used to verify that the
proteins are being delivered to the apoplast.

[0126] Areas of plant tissue transiently expressing the pep-
tide fusions are inoculated with P. sojae (soybean) or P.
infestans (N. benthamiana) and disease development is evalu-
ated. Empty vectors and vectors with the entire construct
minus the peptide mimic are used as negative controls in these
experiments. N. benthamiana tissue is tested for its response
to the blue mold downy mildew pathogen Peronospora taba-
cina. Soybean leaf tissue is tested for resistance to the soy-
bean rust fungus, Phakopsora pachyrhizi.

[0127] Hairy root cultures of soybean expressing the pep-
tides are created, and assayed them for P, sojae resistance, to
show that expression of Avrlb and Avh331 confers increased
susceptibility to P sojae. Stably transformed soybean, N.
benthamiana and Arabidopsis plants expressing the fusion
proteins are tested and display resistance to a variety of
oomycete and fungal pathogens.

Example 6
Identification of Additional Virulence Motifs

[0128] The previous Examples present results showing that
a fungal effector protein, Avr.567, from a rust fungus that
forms haustoria (specialized feeding structures) enters plant
cells via RXLR sequence motif-mediated binding to a phos-
phatidylinositide within the plant cell wall. In this Example,
results are presented which show that effector protein Avr2
from the tomato pathogen Fusarium oxysporum Esp. lyco-
persici and effector protein AvrL.m6 from the Brassica patho-
gen Leptosphaeria maculans also enter plants via the same
mechanism. Fusarium oxysporum f.sp. lycopersici is axylem
dwelling pathogen and Leptosphaeria maculans is an apo-
plastic pathogen.
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[0129] AvrLm6 contains two RXLR-like sequences,
RYWT and RTLK. Mutations in the second motif (RYWT)
but not the first (RTLK) abolish entry of AvrL.m6-GFP
fusions into root cells (FIG. 16A). Avr2 also contains two
RXLR-like sequences, RMLH and RIYER. Mutations in the
second motif (RIYER) but not the first (RMLH) abolish entry
of Avr2-green fluorescent protein (GFP) fusion proteins into
root cells (FIG. 16B). Both effector-GFP fusions bind PI-3-P
strongly, PI-4-P moderately and PI-5-P weakly, but there was
no binding to any other lipids (FIGS. 16C and D). In each
case, the PI-P binding is dependent on the functional RXLR-
like sequences, RYWT (in AvrLm6) and RIYER (in Avr2).
Entry of AvrLm6 (FIG. 16E) and Avr2 (FIG. 16F) is inhibited
in both cases by inositol 1,4 diphosphate (FIG. 16E), inositol
1,3 diphosphate (not shown) and by the PI-3-P binding pro-
teins VAMp7 PX, indicating that entry into the soybean root
cells is dependent on the presence of PI-3-P.

[0130] It has been found that GFP fusions to the N-termini
of three more fungal effectors or effector-like proteins bind
PI-3-P. The proteins are Leptosphaeria maculans effector
AvrLLm4/7 and two bioinformatically-predicted effector-like
proteins from the human pathogens Cryptococcus neofor-
mans (Cng2; AAWA43853.1) and Aspergillus fumigatus (Af2;
XP__752996.1). Each N-terminal domain contains potential
RXLR-like motifs (FIG. 17A).

[0131] These findings extend previously findings that sev-
eral effectors from oomycete plant pathogens and apicom-
plexan pathogens of vertebrates (e.g. Plasmodium falci-
parum) bind phosphoinositides, particularly PI-3-P, which
enables them to enter plant and animal cells.

Example 7

Occurrence of RXLR-Like Motifs in Effector Like
Proteins from a Wide Diversity of Oomycetes, Fungi
and Insects

[0132] Using a bioinformatic approach informed by
detailed mutagenesis of the Avrlb RXLR motif, we have
identified candidate RXI.R-like motifs in 20 experimentally
validated fungal effectors, as well as in 13 experimentally
validated oomycete effectors (Table 1). The fungal effectors
include an effector (MiSSP7) from a mutualistic ectomycor-
rhizal fungus, Laccaria bicolor (Martin et al., 2008).

[0133] Some sucking and chewing insects produce effec-
tor-like proteins, including hessian flies (Mayetiola destruc-
tor) (Behura et al., 2004) and pea aphids (Acyrthosiphon
pisum) (Mutti et al., 2008). We have identified candidate
RXLR-like motifs in the N-terminus of effectors vH9 and
vH13 from Mayetiola destructor, and in the effector C002
from Acyrthosiphon pisum (Table 3).

[0134] Among oomycetes, RXILR-containing effectors
have so far been documented in pathogens from the order
Peronosporales. We have identified RXTR-like motifs in bio-
informatically predicted effectors from Pythium ultimum
(Pythiales) and Albugo candida (Albuginales), suggesting
that RXLR-like effectors may be common to the entire
oomycete Phylum (Table 4).

[0135] We have also identified RXI.R-like motifs in bioin-
formatically predicted effectors from the necrotrophic plant
pathogens Pyrenophora tritici-repentis and Alternaria bras-
sicicola, and from the human pathogens Cryptococcus neo-
formans, Aspergillus fumigatus and Coccidioides immitus

(Table 4).
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[0136] Thus, phosphoinositide binding, particularly to
PI-3-P, is a common property of most if not all eukaryotic
effectors that can autonomously enter host plant or animal
cells across their plasma membranes, including effectors pro-
duced by host-associated oomycetes, fungi and animals (e.g.
insects and nematodes), and including pathogens, mutualists,

commensals, ectosymbionts and endosymbionts. A further
corollary is that chemical or transgenic control measures that
target the interaction of RXLR-like sequences with phosphoi-
nositides will potentially be effective against a wide range of
oomycete, fungal and animal pathogens.

TABLE 3

RXLR-1like sequences in experimentally verified effectors.

King- N-terminal

Effector Species dom Amino Acid Sequence

Avrla Phytophthora O SENAFSAATDADQATVSKLAAAEFDTLVDV
sojae LTTESKRSLRATVDDGEER
(SEQ ID NO: 304)
Avrlb Phytophthora O TEYSDETNIAMVESPDLVRRSLRNGDIAGGR
sojae FLRAHEEDDAGERTFSV (SEQ ID NO: 305)
Avrlk Phytophthora O LTCATSEQQTRPELCFFFSVRSSWPSTISDGA
sojae CLALVSAEQGATAGRNTLSLRSMMATEDM
ATSTRSLRSQATNVDDDANVSIENR
(SEQ ID NO: 306)
Avr3a Phytophthora O LSTTNANQAKIIKGTSPGGHSPRLLRAYQPD
sojae DEGDSPEDR (SEQ ID NO: 307)
Avr3c Phytophthora O VEPSATSTVEVAEVQARGADKRFLRSLQTE
sojae EE QGDSDVNEAEDGSEER
(SEQ ID NO: 308)
Avrdé Phytophthora O ITDESQPRDATIVDAPLTGRGANARYLRTST
sojae SIIKAPDAQLPSTKAAIAS (SEQ ID NO: 309)
Avh172 Phytophthora O TAEVDSKTALAAEVPAAIRSLESDTPASRLL
sojae RTGTVTSADNEDR (SEQ ID NO: 310)
Avr3a Phytophthora O IDQTKVLVYGTPAHYIHDSAGRRLLRKNEE
infestans NEETSEER (SEQ ID NO: 311)
Avr4 Phytophthora O KADSLARTVSVVDNVKVKSRELRAQTDEK
infestans NEER (SEQ ID NO: 312)
AvrBlbl Phytophthora O AVSSNLNTAVNYASTSKIRFLSTEYNADEKR
infestans SLRGDYNNEVTKEPNTSDE
(SEQ ID NO: 313)
AvrBlb2 Phytophthora O VAAFPIPDESRPLSKTSPDTVAPRSLRIEAQE
infestans VIQSGR (SEQ ID NO: 314)
Atrl Hyaloperonospora O TESSETSGTIVHVFPLRDVADHRNDA
arabidopsidis LINRALRAQTALDDDEER (SEQ ID NO: 315)
Atrl3 Hyaloperonospora O LLHAHALHEDETGVTAGRQLRAAASEVFGL
arabidopsidis SRASFGLGKAQDPLDKFF (SEQ ID NO: 316)
AvrLml Leptosphaeria F SPATKNNVNQPLDNISRRSEWKSVQIS
maculans PVKEHSAKTADNTENNHNLEKRVETSP

AvrLm4 /7 Leptosphaeria

HMKRTFTLALENTFYAMAWLIDFSFS
EEGEPHFSYKLQ (SEQ ID NO: 317)

F CREASISGEIRYPQGTCPTKTEALNDC

maculans NKVTKGLIDFSQSHQRAWGIDMT
(SEQ ID NO: 318)
AvrLmé Leptosphaeria F QPHLLCACESGRRDGVDDTRTLKVVKGTGG
maculans RFVFSSRYWTKAEGAPHE (SEQ ID NO: 319)

Avr-Pita Magnaporthe

F  HPVYDYNPIPNHIHGDLKRRAYIERYSQCS

oryzae DSQASEIRAALKSCAELASWGYHAVKSD
NRLEKLIFKTDSTDIQN (SEQ ID NO: 320)
Avr-Pii Magnaporthe F LPTPASLNGNTEVATISDVKLEARSDTTYHK
oryzae CSKCGYGSDDSDAYFNHKC

(SEQ ID NO: 321)
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-continued

RXLR-1like sequences in experimentally verified effectors.

Effector Species

King- N-terminal
dom Amino Acid Sequence

Avr-Pia Magnaporthe
oryzae

Avr-Pizt Magnaporthe
oryzae

Avr-PikD Magnaporthe

oryzae

Avrl Fusarium

(Six4) oxysporum f. sp.
lycopersici

Avr2 Fusarium

(Six3) oxysporum f. sp.
lycopersici

Avr3 Fusariuin

(Six1) oxysporum f. sp.
lycopersici

Six2 Fusarium
oxysporum f. sp.
lycopersici

Six5 Fusarium
oxysporum f. sp.
lycopersici

Sixe Fusarium
oxysporum f. sp.
lycopersici

AvrL567 Melampsora lini

AvrM Melampsora lini

AvrP123 Melampsora lini

AvrP4 Melampsora lini

STP1 Ustilago maydis

MiSSP7 Laccaria bicolor

co07 Acyrthosiphon
pisum

vH13 Mayetiola
destructor

RFCVYYDGHLPATRVLLMYVRIGTTATITA
RGHEFEVEAKDQNCKVILTNG
(SEQ ID NO: 322)

SFVQCNHHLLYNGRHWGTIRKKAGWAV
REYEEKPGQPKRLVAICKNA
(SEQ ID NO: 323)

ETGNKYIEKRAIDLSRERDPNFFDHPGIPVPE
CFWFMFKNNVRQ (SEQ ID NO: 324)

LPKGEEGDIIGTFNFSSSDSQPLKIHWVDTPD
SSGSNLVKRSA (SEQ ID NO: 325

LPVEDADSSVGQLQGRGNPYCVFPGRRTSS
TSFTTSFSTEPLGYARMLHRDPPYERAGNSG
LNHRIYERSRVGGLRTVIDV

(SEQ ID NO: 326)

QEAAVREPQIFFNLTYTEYLDKVAASHGSPP
DKSDLPWNDTMGSFPGNETDDGVQTETGSS
LSRRGHIVNLRKREPFGEESRNDRVTQD
(SEQ ID NO: 327)

NPAGDSLPDDAHLPDRRLSPSEVQALKKAQ
IYPPGY IHKRVTFGEGKDAV
(SEQ ID NO: 328)

RDHQYCACQSGSGDSIDIDATTQLQONDNS
KSYLWAQTSPAYWFADRHK
(SEQ ID NO: 329)

GPLAQTESESADVAEHTINYIDIAPEEFEPPK
ANLSSLVSRDTLPVST (SEQ ID NO: 330)

MEHVPAELTRVSEGYTREYRSPTASVILSG
LVKVKWDNEQMTMPLFKWIG
(SEQ ID NO: 331)

SLSNNLGTVPDVPHQIPNDKSGTPAIEDPKA
AIEDPKDMKGFNKALKS TPESEKLGTSSVE
GIPQPEFDRGFLRPFGAKMKELKPDQVQ
KLSTDDLITYM (SEQ ID NO: 332)

QYVVDPGFGEIECMCGQIARLTORPFDVE
CEAT (SEQ ID NO: 333)

EFLEDARDIOGFSRKSGSKLEEESDSSRDRQ
(SEQ ID NO: 334)

NGSISNASHHHQRRMVRQRHIEARSAMSWL
TKISSKASDWMFGSVHAPNLDKKDLPKPLV
GGVAVMPKMPY (SEQ ID NO: 335

SPVPGEVGLVERGPIPNAVFRRVPEPNFFKD
LLRALGOASQGGDLHR (SEQ ID NO: 336)

SAAEPYDEQEEASVELPMEHRQCDEYKSKI
WDKAFSNQEAMQLMELTFNTGKELGSHEV
(SEQ ID NO: 337)

SPLPLAYTDQVYDACDRQFDETVRNSQPL
(SEQ ID NO: 338)
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TABLE 3 -continued

RXLR-1like sequences in experimentally verified effectors.

King- N-terminal

Effector Species dom Amino Acid Sequence
v19 Mayetiola I LVLDTRAMPETDFEKALKEWNRVQTLVLIA
destructor PEQRRTMVLIAEHLTNLKKMNVDSPGGSFL

YLKDGDPVIKLPSVEHFEITFRGPYGVDKNE
SFYMPKLKKLIVRDADANDKKIIKFVSQHS
RTLKTLDLVAANYRTLRTLGAMKHIEEFVT
SPP (SEQ ID NO: 339)

Effectors named AvrXXX are avirulence gene products.

Motifs experimentally verified as functional are in bold and underlined.
Motifs experimentally determined to be non-functional are marked in italics
Putative motifs are underlined.

Sequences shown are from the N-terminus of the respective proteins.

Note that Laccaria bicolor is a mutulasitic fungus.

Kingdoms:

O = oomycetes;

F = fungi;

I = insects

TABLE 4

RXLR-1like gequenceg in bioinformatically predicted effectors.

Predicted King-

Effector Species dom N-terminal Amino Acid Sequence

Avh5 Phytophthora O TRVPDDANLQSVNAPVQTVTRSRRLLRTADT
sojae DIVYEPKVHNPGKKQVFIE (SEQ ID NO: 340)

PYUl_T005878 Pythium O MMPSTDAHGYIAFPPAQYKDPATATNYNAIIT
ultimum ASINTAFACKKWDDNPTANTKTE TAAFKKSG

YTSLKQMLDKKVPGCONSRTDFTPIKTKIVK
TMEWQND (SEQ ID NO: 341)

PYUl_T001475 Pythiun O HSQMTVPNPKFSDVSKANSPLGTIDGPTVMPP
ultimum PAGQSYAMGTDTNIKAYVEAFAKQTKWKTL
KDLIMDKYVEDGNIPDRACGLTDKIYMQPLP
DKYVVW (SEQ ID NO: 342)

AcEffl Albugo O STMGLSNSRHLEDAVERVLGDLKLNQKDEKQ
candida NENEVDKNNSKGKDRESS (SEQ ID NO: 343)

Af13 Aspergillius F AGLPVFPNQAVLRPSLALPGDNSHRYSLPMFD
flavus LOPWERVDEIRLARKGYLYGSP

(SEQ ID NO: 344)

PTRG_02320 Pyrenophora F QVKGNAIRCGQDDKSDQODTRNEFCREMETSD
triticirepentis RTLKINGEFRGNA (SEQ ID NO: 345)
AB09791.1 Alternaria F APASYPASALGKRWVDTTGGQKMPAHFVST
brassicicola VRKLSTEKLKTKRQLDQLL (SEQ ID NO: 346)
Cngl Cryptococcus F LTVPQAHRETLEEAGKLTTIAAINTKKLIKDV
neoformans TVGTMSSVFPDGTDNGGRP (SEQ ID NO: 347)
Cng2 Cryptococcus F  IQQGQKANAREQHRGRKTNLTIKLPGAHSYK
neoformans AKFEGCMVVLQODKKLYVEHAGCESLAYAHP

(SEQ ID NO: 348)

Afl Aspergillus F IPSAFPQDNAVNQVLLSDSYQDQSVSSISAED
fumigatus DAQNSAVIHIGESETMRAPSWFTSTLMARRLL
ALSTTGTVSTIFPDPLPGNSHAPPSVAGLP
(SEQ ID NO: 349)

Af2 Aspergillus F VAMGVSEQRKANERKMDARRMARFNIDIETS
fumigatus GETQEEDEIRGKRIVLRDNKVYLDDPLPANRK
HPSHTAESFYIDYP (SEQ ID NO: 350)
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TABLE 4 -continued

RXLR-1like gequences in bioinformatically predicted effectors.

Predicted King-
Effector Species dom N-terminal Amino Acid Sequence

Af3 Aspergillius F PVVPGQTVMEPSAALPDDGDHLYTLPMFDIR
fumigatus PWERVSEVRLAREGYLYG (SEQ ID NO: 351)

cil Coccidiocides F SPVFPGGDKRDALYQKPIAPAGEFPFDSSPPEA
immitus RMTIPYADNEPDSSLSIPSWPTTHLLARRLLGL

STTGVLSTVFPRTNRDPALVGVP
(SEQ ID NO: 352)

ci2 Coccidioides F IRSSQRSQRRQEHRSRKMNLIVSCSDPSRKSK
immitus DVDGCFVVLRNHKLWIASRPSDGEANEPSDD
ATRFKASLHQCHH (SEQ ID NO: 353)
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Motifs experimentally verified as functional are in bold and underlined.

Putative motifs are underlined.

Sequences shown are from the N-terminus of the respective proteins.
Note that Cryptococcus neoformans, Aspergillus fumigatus and Coccidioides immitus are

human pathogens. Pyrenophora tritici-repentis and Alternaria

necrotrophic plant pathogens.
Kingdoms:

0 = oomycetes;
F fungi.

Example 8

Phosphatidylinositol-3-phosphate is the Natural Tar-
get of RXLR(-Like) Effectors

[0137] Of'the eight oomycete and fungal effectors tested to
date, seven have a preference for binding to PI-3-P, and one
(Avrlb) has a preference for PI-4-P. Neither of PI-3-P nor
PI-4-P has been reported to occur in the outer leaflet of the
plasma membrane of plant or animal cells (Boon et al., 2002).
Two papers have reported secretion of PI-4-P by plant cells
(Regente et al., 2008; Gonorazsky et al., 2008).

[0138] In order to test directly for the presence of PI-3-P
and PI-4-P, we fused the PX domain of VAM7p and the PH
domains of the human proteins FAPP1 and PEPP1 to green
fluorescent protein (GFP). PEPP1 and FAPP1 bind very spe-
cifically to PI-3-P and PI-4-P, respectively (FIG. 18A)
(Dowler et al., 2000). VAM7p has a preference for PI-3-P but
can bind weakly to PI-4-P and PI-5-P (FIG. 18A) (Lee et al.,
2006). The GFP fusion proteins were used to stain the surface
of cells of human lung epithelial cell line A549 and soybean
root cells. The results reveal very clearly that PI-3-P is present
uniformly on the outer surface of roots cells (FIG. 18B), and
at specific sites on the surface of the epithelial cells (FIG.
18C).

[0139] As can be seen, PI-4-P could not be detected in
either case. Neither PI-3-P nor PI-4-P could be detected on
the surface of erythrocytes. The lack of PI-3-P or PI-4-P on
the surface of erythrocytes is significant because nearly all
published studies documenting the absence of PI-3-P or
PI-4-P from the outside of eukaryotic cells utilized erythro-
cytes. Our results suggest that erythrocytes may be an excep-
tion in this regard.

[0140] The finding of PI-3-P on the outside of plant and
animal cells, combined with the preference for most effectors
for PI-3-P is consistent with PI-3-P being the principal recep-
tor mediating entry of the effectors into plant and animals
cells. The absence of PI-4-P from the membranes suggests
PI-4-P is unlikely to be the principal route of cell entry.
However, PI-4-P has been reported to be secreted from plant

brassicicola are

cells under certain conditions (Regente et al, 2008;
Gonorazky et al., 2008), and it is possible that some effectors
such as Avrlb have evolved to respond to PI-4-P.

Example 9

[0141] Since several of the fungal effectors that were tested
contained no obvious RXLR or dEER motifs, we used the leaf
bombardment assay to define the range of residues within the
RXLR motif of Avrlb that could permit cell entry. The results
(FIG. 19) revealed that lysine or histidine but not glutamine
could replace the arginine at position 1 in the motif, that any
large hydrophobic residue (isoleucine, methionine, phenyla-
lanine, or tyrosine) could replace the leucine at position 3, but
valine and alanine could not. At position 4, all residues tested
allowed function. Furthermore, the presence of either a leu-
cine or methionine residue at position 2 could substitute for
leucine at position 3. The effector binding motif was thus
refined to BXZ, where B=R, K or H; X is any amino acid and
may be absent; and z=, M, I, W, Y, or F.

Example 10

A PI-3-P-Binding Protein Blocks Entry of Effectors
into Plant and Human Cells

[0142] To determine more directly if PI-3-P mediates host
cell entry, we pre-incubated soybean roots and epithelial cells
with unlabeled VAM7p PX protein, which binds PI-3-P, prior
to exposing the cells to effector-GFP fusions. Pre-incubation
with VAM7p PX protein strongly inhibited entry by GFP
fusions of the oomycete effector Avrlb, and the fungal effec-
tors AvrLL567, Avr2 and AvrLm6 into soybean root cells (FIG.
20A) but did not inhibit entry of a synthetic cell permeable
protein Arg9-GFP that does not bind phosphoinositides.
Similarly, VAM7p PX protein strongly inhibited the entry by
GFP fusions of Avrlb, Avrl.567 and the Plasmodium effector
PfHRPII into human epithelial cells, but did not inhibit entry
of Arg9-GFP.
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[0143] These results strongly support the hypothesis that
PI-3-P binding is necessary for the effector GFP fusions to
enter plant and animal cells.

[0144] The previous examples showed that the head group
mimic 1,4 inositol diphosphate (1,4IP2) could inhibit entry of
effector-GFP fusions into soybean root cells and human epi-
thelial cells (FIGS. 20A and B). Presumably the binding of
1,41P2 to the effectors is strong enough to compete with
binding for cellular PI-3-P.

[0145] To test the ability of inositol diphosphate to inhibit
entry of a native effector (not a GFP fusion) into plant cells,
we produced full length protein of the oomycete effector
Avrlk (from Phytophthora sojae) in E. coli. We then infil-
trated the purified protein into soybean leaves which did or
did not carry the resistance gene Rpslk. In the presence of
Rpslk, Avrlk triggers a programmed cell death response
called the hypersensitive response (HR) (FIG. 20C, panel 1).
In the presence of 1,3IP2, however, no HR was observed,
consistent with 1,3IP2 blocking the entry of the effector into
the leaf cells. When the RXLLR motif of Avrlk (RSLR) was
mutated, no HR was observed, even in the absence of 1,31P2,
confirming the RXT.R motif was essential for cell entry. When
the Rps1k gene was absent, no HR was observed, as expected.
These results show that entry of RXLR effectors into plant
cells requires binding to PI-3-P.

Example 11

Methods to Block Effector Entry Using Small-Mol-
ecule Drugs

[0146] The ability to block effector entry using 1,31P2 or
1,41P2 provides a proof-of-concept for treating oomycete or
fungal infections of plants or animals, including humans,
with drugs that block the PI-3-P-binding sites of the effectors.
Such drugs may not need to fully block all effectors in order
to be effective. Since a principal function of effectors is to
suppress the host defense responses, even partial inhibition of
effector entry may be sufficient to obtain protein. This point
may be important because some forms of genetic resistance in
plants (major gene resistance) rely upon entry of effectors
into the plant cells (the resistance gene product encodes a
receptor that detects the presence of an intracellular effector).
[0147] Drugs are also used to interfere with biosynthesis or
export of PI-3-P to the outer leaflet. Inside the cell, PI-3-P can
be formed by the action of phosphatidylinositol-3-kinases on
phosphatidylinositol, and by the action of phosphatidylinosi-
t014,5 phosphatases on phosphatidylinositol 3,4 diphosphate,
phosphatidylinositol 3,5 diphosphate and phosphatidylinosi-
tol 3,4,5 diphosphate. Any drug which inhibited these
enzymes could lower the levels of external PI-3-P. Currently
it is not known how PI-3-P reaches the outer leaflet. All
known PI-3-P forming enzymes are located on the cytoplas-
mic face of membranes. PI-3-P could reach the external leaf-
let of the plasma membrane or the luminal face of secretory
vesicles by the action of floppases or a scramblases. Alterna-
tively PI-3-P might be transported to the outer leaflet by an
ABC transporter or by a secreted lipid transfer protein. Any of
the proteins involved in this process could be targeted with
drugs, provided that they did not disrupt normal cell physiol-
ogy. In addition to drugs that directly target the proteins
described above, and drug that targets biosynthesis of the
proteins, for example siRNAs, are also effective.

[0148] Somespecific examples of drugs that may be used in
the practice of the invention include but are not limited to
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membrane-permeant derivatives of inositol diphosphates (Li
et al., 1992) and bis(hydroxymethyl)-inositol (Flu et al.,
2000).

[0149] Alternatively, drugs that bind directly to PI-3-P
making it unavailable to effectors are effective. For example,
neomycin binds PI-4,5-P2 very effectively; thus neomycin,
neomycin derivatives or other aminoglycosides that bind
PI-3-P may be used.

[0150] If effective drugs cause toxicity, forms of the drugs
which are activated only when in close proximity to the patho-
gen are used. For example, infection in both plant and animal
cell systems results in local high concentrations of hydrogen
peroxide. A pro-drug that is activated by oxidation or peroxi-
dation mitigates toxicity.

Example 12
Methods to Block Effector Entry Using Polypeptides

[0151] Polypeptides with the properties described in
Example 10 may also be utilized. Polypeptides may have
some advantage over chemicals, in plant and animal systems,
in that the host organism can be genetically engineered to
produce the polypeptide, simplifying delivery and reducing
cost. The ability to produce and select large numbers of vari-
ant polypeptides via phage display technologies provides
additional power to improve specificity, if needed. Random
peptides or single chain antibodies selected by phage display
are used to block the PI-3-P binding sites of effectors. Addi-
tionally such effector-binding proteins could be fused to pro-
teases to facilitate degradation of the effectors.

[0152] The ability to block effector entry by pre-incubation
with PI-3-P-binding proteins provides a strong indication that
secretion of PI-3-P-binding proteins could provide protection
against infection, especially if the secreted protein could be
targeted to the infection site. Additionally, secretion of
enzymes which can hydrolyze PI-3-P or modify it in other
ways may be effective in reducing the level of PI-3-P avail-
able to transport effectors into cells. Examples of such
enzymes include but are not limited to PI-3-P 4,5 kinases,
PI-3-phosphatases, or phospholipases, etc. Examples of these
enzymes have been described in the literature (Falasca et al.,
2006).

[0153] Additionally, enzymes (e.g. from microbes) that
cause novel modifications of PI-3-P such as methylases,
acetylases or glycosylases may be used. A particularly useful
enzyme is a phospholipase C that can cleave PI-3-P into
diacylglycerol and 1,3-inositol diphosphate; not only is the
level of PI-3-P reduced but the inhibitor 1,3-inositol diphos-
phate would be produced as a result. Currently known phos-
phatidylinositol-specific phospholipase C’s are specific for
phosphatidylinositol, glycosyl phosphatidylinositol-protein
anchors, or for phosphatidylinositol-4-phosphate and phos-
phatidylinositol-4,5-diphosphate. In some embodiments,
systematic mutagenesis is used to modify the specificity of a
phosphatidylinositol specific phospholipase C so that it could
cleave PI-3-P.

[0154] Further, in cases where polypeptides that manipu-
late PI-3-P levels cause deleterious physiological effects on
the host, transgenic hosts are produced in which the polypep-
tide gene is transcribed only during infection. Alternatively,
or jointly with this strategy, the polypeptide is targeted to the
site of infection. For example, the Arabidopsis protein.
RPWS is specifically targeted to haustoria of certain
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oomycetes and fungi (Wang et al., 2009). RPWS is used to
target anti-effector polypeptides to the haustorial space.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 312

<210> SEQ ID NO 1

<211> LENGTH: 2029

<212> TYPE: DNA

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 1

aagcttgaat tetggegtte atctccgacg agagccaacyg ctacggeatt cgttccgtca 60
tttcctegea gecaacteget tccacgattt ctttgtatte acteggecage ctcegagctga 120
ttgagcgaga gatggacgte cacgccgatg gatcaccegt ttggecgcaa tatttgectg 180
gactgttaga tcccgtacca gagatagaca tggtcagcga cggettcatt acctegtegg 240
aatcattget ggaacatcaa acaagtttta tctacggett cgataaccct gagtcgacgyg 300
catcatctgg agcattggta gatgctgatg acgtgtgete ttecaccact tctggactgt 360
gtatcaagct ccggttcaca ggegecgatce agttggctce aatatttett cgtaaactge 420
agagcattca cgcetgcacta tcttcgtcaa ttggtettee teccggatca agtgttgetg 480
gttcaacttc tacttatceg getecegtggg tgctggttgg tgctcagagt cteggtgggg 540
atacttegtg gtecttette gtgggegggt cgtcatcaag cggcaatgece cagagettec 600
gtctcacgtt cgaagctgta aactcgatgce aagatatgac cactaccaca cccttcacca 660

tagacctgga gtttgttect gacgacccaa ctgtcatcce cattgtgega cgteggeagt 720
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-continued
ttggcgacct cgecggtggta gacaccactg geccagectga accagcattt atcacctetyg 780
agattcctga tctgatcgac gatggagacg aagtcactgg tatcaccata acattggatt 840
tggagcagcece tcgacttggt ggactgtatt caggttcaca actggatgat gtagccccaa 900
cttgcagcga gtgcacgacg ttattggagg attgcagcag ctcgcccgag tgccgagegt 960

tctcagegtg tatgggtgtt ctgcttgagg cagacttgac actgataget acgatgctgg 1020
agaaggacga tatcgacagc agcgttgatg caacttggect gctgcaggac tgcttgagtce 1080
catcggacgg cacggaatgg tcgagtacag tgcgtgaget gctcgagtec agctacgett 1140
gtctgtggge gaagagctgt ccactggcat acagcaccac aatagggagg cagatcgtgce 1200
tggactacag tcctggagag cagatcttga ccttcgacct ggcgagcgga ttcecgceccageg 1260
tcagcttcga gctcecggcaac tgggcecgtaca gttttgtcecga ggacttcacg gcgaacgcga 1320
cggaagtgac agcccaactg gacacgatgc tgatggagat gtaccgcact gcgectgtcega 1380
atgtggcgac ggtgaagtcg gccctcegtca cgacggaaga ctcgaacacg ggagtggtga 1440
cggcgcagtt gaccattctce tacgagttcce tgggcgcact gccacagcect tatgtcgecag 1500
agaatggagg ttcgttggeg tgcaatacca ccgaggaggce tcectgcatctg cgegtactag 1560
ccataacgta agaacgagtyg caataacaag aacaacttca cttgcagtgc aagttgaaga 1620
cactatagtg gggaaagtgt cactcaagtg gggtcacatt ttggttggcc agtagtccgce 1680
gcecegetgte cagccaatca aagtgtttga agattccatce tcectecttttt tgcaccatac 1740
aacgccctte atgcgggact tgttgcctac aataaccaag tctctccacg ctggcaaget 1800
cgcagccaac tatcctcteg catgttgatce ccaaggctge gectcgecgac agcaacaagce 1860
ctcactttect gectgactget ctgcttggaa catcgttcecgg ggtaagtgge gacccccttyg 1920
tctctetetg agectcecgecag ctattggcce cacatggcta catcgacagt ctttacttac 1980
tatagtttta attcgttcgg tgacgctagce atctgagcat ccacccggg 2029
<210> SEQ ID NO 2

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 2

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Arg Phe Leu Arg Ala His Glu Glu Asp Asp Ala Gly Glu
50 55 60

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125
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Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser

130

<210> SEQ ID NO 3

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Arg Leu Ser

1

Val Thr

Val Glu

Ala Gly

50

Arg Thr
65

Leu Ala
Glu Lys

Leu Ala

Asn Gly
130

Cys

Ser

35

Gly

Phe

Lys

Trp

Ile

115

Tyr

Asn

20

Pro

Arg

Ser

Ala

Ala

100

Ala

Thr

138

135

Phytophthora sojae

3

Phe

Ala

Asp

Phe

Val

Met

85

Asp

Phe

<210> SEQ ID NO 4

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Phytophthora sojae

PRT

<400> SEQUENCE:

Met Arg Leu Ser

1

Val Thr

Val Glu

Ala Gly

50

Arg Thr
65

Leu Ala
Glu Lys

Leu Ala

Asn Gly
130

Cys

Ser

35

Gly

Phe

Lys

Trp

Ile

115

Tyr

Asn

Pro

Ala

Ser

Ala

Ala

100

Ala

Thr

<210> SEQ ID NO

138

4

Phe

5

Ala

Asp

Ala

Val

Met

85

Lys

Asp

Phe

Val

Thr

Leu

Leu

Thr

70

Leu

Lys

Pro

His

Val

Thr

Leu

Ala

Thr

70

Leu

Lys

Pro

His

Leu

Glu

Val

Arg

55

Asp

Ala

Gly

Lys

Arg
135

Leu

Glu

Val

Ala

55

Asp

Ala

Gly

Lys

Arg
135

Ser

Tyr

Arg

40

Ala

Leu

Asp

Tyr

Gln

120

Tyr

Ser

Tyr

Arg

40

Ala

Leu

Asp

Tyr

Gln

120

Tyr

Leu

Ser

25

Ala

His

Trp

Pro

Ser

105

Lys

Gln

Leu

Ser

Arg

His

Trp

Pro

Ser

105

Lys

Gln

Val

Asp

Ala

Glu

Asn

Ser

90

Leu

Gly

Ser

Val

10

Asp

Ser

Glu

Asn

Ser

90

Leu

Gly

Ser

Val

Glu

Ala

Glu

Lys

75

Lys

Asp

Lys

Val

Glu

Leu

Glu

Lys

75

Lys

Asp

Lys

Ala

Thr

Ala

Asp

60

Val

Glu

Lys

Tyr

Ala

Thr

Arg

Asp

60

Val

Glu

Lys

Tyr

Ile

Asn

Asn

45

Asp

Ala

Gln

Ile

Asp
125

Ile

Asn

Asn

45

Asp

Ala

Gln

Ile

Asp
125

Gly

Ile

30

Gly

Ala

Ala

Lys

Lys

110

Arg

Gly

Ile

Gly

Ala

Ala

Lys

Lys

110

Arg

Tyr

15

Ala

Asp

Gly

Lys

Ala

Asn

Ile

Tyr
15

Ala
Asp
Gly
Lys
Ala
95

Asn

Ile

Val

Met

Ile

Glu

Lys

80

Tyr

Trp

Tyr

Val

Met

Ile

Glu

Lys

80

Tyr

Trp

Tyr
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-continued

<211> LENGTH: 138
<212> TYPE: PRT
<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 5

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Ala Ala Ala Ala Asn Gly 2Asp Ile
Ala Gly Gly Ala Ala Ala Ala Ala His Glu Glu Asp Asp Ala Gly Glu
50 55 60

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
65 70 75 80

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 6

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 6

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Arg Phe Leu Arg Ala His Ala Ala Ala Ala Ala Gly Ala
Ala Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
65 70 75 80

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 7

<211> LENGTH: 186

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 7



US 2011/0212541 Al Sep. 1, 2011
32

-continued

Met Arg Leu His Tyr Val Gly Pro Val Val Ala Ala Ala Leu Ala Ala
1 5 10 15

Ser Ala His Gly Leu Gln Val Val Ser Asp Ser Ala Ser Asp Leu Gln
20 25 30

Arg Thr Asp Glu Ala Arg Gln Gln Pro Tyr Ile Asn Asp Lys Thr Lys
35 40 45

Arg Phe Leu Thr Ser Glu Asp Lys Asp Leu Pro Leu Leu Val Thr Ser
50 55 60

Asp Gly Tyr Ala Ser Leu Leu Pro Gln Gly Gly Asp Asn Asp Arg Val
Leu Arg Ser Ala Asp Ile Gly Asp Gly Asp Tyr Glu Glu Glu Arg Ser
85 90 95

Lys Ile Lys Lys Arg His Lys Arg Lys Ser His Gly His Gly Val Leu
100 105 110

Asp Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
115 120 125

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
130 135 140

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
145 150 155 160

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
165 170 175

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
180 185

<210> SEQ ID NO 8

<211> LENGTH: 195

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 8

Met Gly Leu His Lys Gly Phe Phe Val Ala Val Ala Leu Leu Ala Leu
1 5 10 15

Leu Ile Val Ala Ala Pro Ala Asp Ala Ile Thr Asp Glu Ser Gln Pro
20 25 30

Arg Asp Ala Thr Ile Val Asp Ala Pro Leu Thr Gly Arg Gly Ala Asn
Ala Arg Tyr Leu Arg Thr Ser Thr Ser Ile Ile Lys Ala Pro Asp Ala
50 55 60

Gln Leu Pro Ser Thr Lys Ala Ala Ile Ala Ser Ser Val Thr Lys Glu
65 70 75 80

Glu Glu Glu Arg Lys Ile Ser Thr Gly Leu Ser Lys Leu Arg Gln Lys
85 90 95

Leu Ser Lys Arg Phe His Asp Ile Pro Asp Trp Leu Leu Gln Leu Gln
100 105 110

Ala Phe Leu Ser Val Gly Leu His His Leu Thr Phe Ser Val Thr Asp
115 120 125

Leu Trp Asn Lys Val Ala Ala Lys Lys Leu Ala Lys Ala Met Leu Ala
130 135 140

Asp Pro Ser Lys Glu Gln Lys Ala Tyr Glu Lys Trp Ala Lys Lys Gly
145 150 155 160

Tyr Ser Leu Asp Lys Ile Lys Asn Trp Leu Ala Ile Ala Asp Pro Lys
165 170 175
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Gln Lys Gly Lys Tyr Asp Arg Ile Tyr Asn Gly Tyr Thr Phe His Arg
180 185 190

Tyr Gln Ser
195

<210> SEQ ID NO 9

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 9

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Arg Phe Leu Arg Ala His Glu Glu Asp Asp Ala Gly Glu
50 55 60

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 10

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 10

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Ala Ala Ala Ala Asn Gly Asp Ile
35 40 45

Ala Gly Gly Arg Phe Leu Arg Ala His Glu Glu Asp Asp Ala Gly Glu
50 55 60

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
65 70 75 80

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135
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<210> SEQ ID NO 11

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Arg Leu Ser

1

Val Thr

Val Glu

Ala Gly

50

Arg Thr
65

Leu Ala
Glu Lys

Leu Ala

Asn Gly
130

Cys

Ser

35

Gly

Phe

Lys

Trp

Ile

115

Tyr

Asn

Pro

Ala

Ser

Ala

Ala

100

Ala

Thr

138

Phytophthora sojae

11

Phe

Ala

Asp

Ala

Val

Met

85

Lys

Asp

Phe

<210> SEQ ID NO 12

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Arg Leu Ser

1

Val Thr

Val Glu

Ala Gly

50

Arg Thr
65

Leu Ala
Glu Lys

Leu Ala

Asn Gly
130

Cys

Ser

Gly

Phe

Lys

Trp

Ile

115

Tyr

Asn

20

Pro

Ala

Ser

Ala

Ala

100

Ala

Thr

138

Val

Thr

Leu

Ala

Thr

70

Leu

Lys

Pro

His

Leu

Glu

Val

Ala

55

Asp

Ala

Gly

Lys

Arg
135

Ser

Tyr

Arg

40

Ala

Leu

Asp

Tyr

Gln

120

Tyr

Leu

Ser

Arg

His

Trp

Pro

Ser

105

Lys

Gln

Phytophthora sojae

12

Phe

Ala

Asp

Ala

Val

Met

85

Lys

Asp

Phe

<210> SEQ ID NO 13

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Phytophthora sojae

PRT

138

Val

Thr

Leu

Ala

Thr

70

Leu

Lys

Pro

His

Leu

Glu

Val

Ala

55

Asp

Ala

Gly

Lys

Arg
135

Ser

Tyr

Arg

Ala

Leu

Asp

Tyr

Gln

120

Tyr

Leu

Ser

25

Ala

His

Trp

Pro

Ser

105

Lys

Gln

Val

10

Asp

Ser

Glu

Asn

Ser

90

Leu

Gly

Ser

Val

10

Asp

Ala

Glu

Asn

Ser

90

Leu

Gly

Ser

Val

Glu

Leu

Glu

Lys

75

Lys

Asp

Lys

Val

Glu

Ala

Glu

Lys

75

Lys

Asp

Lys

Ala

Thr

Arg

Asp

60

Val

Glu

Lys

Tyr

Ala

Thr

Ala

Asp

60

Val

Glu

Lys

Tyr

Ile

Asn

Asn

45

Asp

Ala

Gln

Ile

Asp
125

Ile

Asn

Asn

45

Asp

Ala

Gln

Ile

Asp
125

Gly

Ile

Gly

Ala

Ala

Lys

Lys

110

Arg

Gly

Ile

30

Gly

Ala

Ala

Lys

Lys

110

Arg

Tyr
15

Ala
Asp
Gly
Lys
Ala
95

Asn

Ile

Tyr

15

Ala

Asp

Gly

Lys

Ala

95

Asn

Ile

Val

Met

Ile

Glu

Lys

80

Tyr

Trp

Tyr

Val

Met

Ile

Glu

Lys

80

Tyr

Trp

Tyr
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<400> SEQUENCE: 13

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Arg Phe Leu Arg Ala His Ala Ala Ala Ala Ala Gly Ala
Ala Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
65 70 75 80

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 14

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 14

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Arg Phe Leu Arg Ala His Glu Glu Asp Asp Ala Gly Glu
50 55 60

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 15

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 15

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15
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Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Ala Ala Ala Ala Ala His Glu Glu Asp Asp Ala Gly Glu
50 55 60

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
65 70 75 80

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 16

<211> LENGTH: 645

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 16

Met Ala Thr Thr Lys His Leu Ala Leu Ala Ile Leu Val Leu Leu Ser
1 5 10 15

Ile Gly Met Thr Thr Ser Ala Arg Thr Leu Leu Asp Leu Arg Asn Arg
20 25 30

Arg Thr Ser Leu Tyr Pro Ile Asn Thr Glu Thr Arg Gly Val Phe Asp
35 40 45

Leu Asn Gly Val Trp Asn Phe Lys Leu Asp Tyr Gly Lys Gly Leu Glu
50 55 60

Glu Lys Trp Tyr Glu Ser Lys Leu Thr Asp Thr Ile Ser Met Ala Val
65 70 75 80

Pro Ser Ser Tyr Asn Asp Ile Gly Val Thr Lys Glu Ile Arg Asn His
85 90 95

Ile Gly Tyr Val Trp Tyr Glu Arg Glu Phe Thr Val Pro Ala Tyr Leu
100 105 110

Lys Asp Gln Arg Ile Val Leu Arg Phe Gly Ser Ala Thr His Lys Ala
115 120 125

Ile Val Tyr Val Asn Gly Glu Leu Val Val Glu His Lys Gly Gly Phe
130 135 140

Leu Pro Phe Glu Ala Glu Ile Asn Asn Ser Leu Arg Asp Gly Met Asn
145 150 155 160

Arg Val Thr Val Ala Val Asp Asn Ile Leu Asp Asp Ser Thr Leu Pro
165 170 175

Val Gly Leu Tyr Ser Glu Arg His Glu Glu Gly Leu Gly Lys Val Ile
180 185 190

Arg Asn Lys Pro Asn Phe Asp Phe Phe Asn Tyr Ala Gly Leu His Arg
195 200 205

Pro Val Lys Ile Tyr Thr Thr Pro Phe Thr Tyr Val Glu Asp Ile Ser
210 215 220

Val Val Thr Asp Phe Asn Gly Pro Thr Gly Thr Val Thr Tyr Thr Val
225 230 235 240
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Asp Phe Gln Gly Lys Ala Glu Thr Val Lys Val Ser Val Val Asp Glu
245 250 255

Glu Gly Lys Val Val Ala Ser Thr Glu Gly Leu Ser Gly Asn Val Glu
260 265 270

Ile Pro Asn Val Ile Leu Trp Glu Pro Leu Asn Thr Tyr Leu Tyr Gln
275 280 285

Ile Lys Val Glu Leu Val Asn Asp Gly Leu Thr Ile Asp Val Tyr Glu
290 295 300

Glu Pro Phe Gly Val Arg Thr Val Glu Val Asn Asp Gly Lys Phe Leu
305 310 315 320

Ile Asn Asn Lys Pro Phe Tyr Phe Lys Gly Phe Gly Lys His Glu Asp
325 330 335

Thr Pro Ile Asn Gly Arg Gly Phe Asn Glu Ala Ser Asn Val Met Asp
340 345 350

Phe Asn Ile Leu Lys Trp Ile Gly Ala Asn Ser Phe Arg Thr Ala His
355 360 365

Tyr Pro Tyr Ser Glu Glu Leu Met Arg Leu Ala Asp Arg Glu Gly Leu
370 375 380

Val Val Ile Asp Glu Thr Pro Ala Val Gly Val His Leu Asn Phe Met
385 390 395 400

Ala Thr Thr Gly Leu Gly Glu Gly Ser Glu Arg Val Ser Thr Trp Glu
405 410 415

Lys Ile Arg Thr Phe Glu His His Gln Asp Val Leu Arg Glu Leu Val
420 425 430

Ser Arg Asp Lys Asn His Pro Ser Val Val Met Trp Ser Ile Ala Asn
435 440 445

Glu Ala Ala Thr Glu Glu Glu Gly Ala Tyr Glu Tyr Phe Lys Pro Leu
450 455 460

Val Glu Leu Thr Lys Glu Leu Asp Pro Gln Lys Arg Pro Val Thr Ile
465 470 475 480

Val Leu Phe Val Met Ala Thr Pro Glu Thr Asp Lys Val Ala Glu Leu
485 490 495

Ile Asp Val Ile Ala Leu Asn Arg Tyr Asn Gly Trp Tyr Phe Asp Gly
500 505 510

Gly Asp Leu Glu Ala Ala Lys Val His Leu Arg Gln Glu Phe His Ala
515 520 525

Trp Asn Lys Arg Cys Pro Gly Lys Pro Ile Met Ile Thr Glu Tyr Gly
530 535 540

Ala Asp Thr Val Ala Gly Phe His Asp Ile Asp Pro Val Met Phe Thr
545 550 555 560

Glu Glu Tyr Gln Val Glu Tyr Tyr Gln Ala Asn His Val Val Phe Asp
565 570 575

Glu Phe Glu Asn Phe Val Gly Glu Gln Ala Trp Asn Phe Ala Asp Phe
580 585 590

Ala Thr Ser Gln Gly Val Met Arg Val Gln Gly Asn Lys Lys Gly Val
595 600 605

Phe Thr Arg Asp Arg Lys Pro Lys Leu Ala Ala His Val Phe Arg Glu
610 615 620

Arg Trp Thr Asn Ile Pro Asp Phe Gly Tyr Lys Asn Ala Ser His His
625 630 635 640
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His His His His Val

645

<210> SEQ ID NO 17

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Arg Leu Ser

1

Val Thr

Val Glu

Ala Gly

Arg Thr

Leu Ala

Glu Lys

Leu Ala

130

Cys

Ser

35

Gly

Phe

Lys

Trp

Ile

115

Tyr

Asn

20

Pro

Arg

Ser

Ala

Ala

100

Ala

Thr

138

Phytophthora sojae

17

Phe

Ala

Asp

Phe

Val

Met

85

Lys

Asp

Phe

<210> SEQ ID NO 18

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Arg Leu Ser

1

Val Thr

Val Glu

Ala Gly

50

Arg Thr

Leu Ala

Glu Lys

Leu Ala

Asn Gly
130

Cys

Ser

35

Gly

Phe

Lys

Trp

Ile

115

Tyr

Asn

20

Pro

Ala

Ser

Ala

Ala

100

Ala

Thr

138

Val

Thr

Leu

Leu

Thr

70

Leu

Lys

Pro

His

Leu

Glu

Val

Arg

Asp

Ala

Gly

Lys

Arg
135

Ser

Tyr

Arg

40

Ala

Leu

Asp

Tyr

Gln

120

Tyr

Leu

Ser

25

Arg

His

Trp

Pro

Ser

105

Lys

Gln

Phytophthora sojae

18

Phe

Ala

Asp

Ala

Val

Met

85

Asp

Phe

<210> SEQ ID NO 19

<211> LENGTH:

117

Val

Thr

Leu

Ala

Thr

70

Leu

Lys

Pro

His

Leu

Glu

Val

Ala

55

Asp

Ala

Gly

Lys

Arg
135

Ser

Tyr

Arg

40

Ala

Leu

Asp

Tyr

Gln

120

Tyr

Leu

Ser

25

Arg

His

Trp

Pro

Ser

105

Lys

Gln

Val

10

Asp

Ser

Glu

Asn

Ser

90

Leu

Gly

Ser

Val

Asp

Ser

Glu

Asn

Ser

90

Leu

Gly

Ser

Val

Glu

Leu

Glu

Lys

75

Lys

Asp

Lys

Val

Glu

Leu

Glu

Lys

75

Lys

Asp

Lys

Ala

Thr

Arg

Asp

Val

Glu

Lys

Tyr

Ala

Thr

Arg

Asp

60

Val

Glu

Lys

Tyr

Ile

Asn

Asn

45

Asp

Ala

Gln

Ile

Asp
125

Ile

Asn

Asn

45

Asp

Ala

Gln

Ile

Asp
125

Gly

Ile

30

Gly

Ala

Ala

Lys

Lys

110

Arg

Gly

Ile

30

Gly

Ala

Ala

Lys

Lys

110

Arg

Tyr
15

Ala
Asp
Gly
Lys
Ala
95

Asn

Ile

Tyr
15

Ala
Asp
Gly
Lys
Ala
95

Asn

Ile

Val

Met

Ile

Glu

Lys

80

Tyr

Trp

Tyr

Val

Met

Ile

Glu

Lys

80

Tyr

Trp

Tyr
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<212> TYPE: PRT
<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 19

Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met Val Glu Ser Pro Asp
1 5 10 15

Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile Ala Gly Gly Arg Phe
20 25 30

Leu Arg Ala His Glu Glu Asp Asp Ala Gly Glu Arg Thr Phe Ser Val
35 40 45

Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys Leu Ala Lys Ala Met
50 55 60

Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr Glu Lys Trp Ala Lys
65 70 75 80

Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp Leu Ala Ile Ala Asp

Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr Asn Gly Tyr Thr Phe
100 105 110

His Arg Tyr Gln Ser

115

<210> SEQ ID NO 20

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 20

Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met Val Glu Ser Pro Asp
1 5 10 15

Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile Ala Gly Gly Ala Ala
20 25 30

Ala Ala Ala His Glu Glu Asp Asp Ala Gly Glu Arg Thr Phe Ser Val
35 40 45

Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys Leu Ala Lys Ala Met
Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr Glu Lys Trp Ala Lys
65 70 75 80

Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp Leu Ala Ile Ala Asp
85 90 95

Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr Asn Gly Tyr Thr Phe
100 105 110

His Arg Tyr Gln Ser
115

<210> SEQ ID NO 21

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 21

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
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35 40 45

Ala Gly Gly Arg Phe Leu Arg Ala His Glu Glu Asp Asp Ala Gly Glu
50 55 60

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
65 70 75 80

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 22

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae
<400> SEQUENCE: 22

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Arg Phe Leu Arg Ala His Glu Glu Asp Asp Ala Gly Glu
50 55 60

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
65 70 75 80

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 23

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae
<400> SEQUENCE: 23

Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met Val Glu Ser Pro Asp
1 5 10 15

Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile Ala Gly Gly Arg Phe
20 25 30

Leu Arg Ala His Ala Ala Ala Ala Ala Gly Ala Ala Thr Phe Ser Val

Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys Leu Ala Lys Ala Met
50 55 60

Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr Glu Lys Trp Ala Lys
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65 70 75 80

Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp Leu Ala Ile Ala Asp
85 90 95

Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr Asn Gly Tyr Thr Phe
100 105 110

His Arg Tyr Gln Ser

115

<210> SEQ ID NO 24

<211> LENGTH: 360

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 24

Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met Val Glu Ser Pro Asp
1 5 10 15

Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile Ala Gly Gly Arg Phe
20 25 30

Leu Arg Ala His Glu Glu Asp Asp Ala Gly Glu Arg Thr Phe Ser Val
35 40 45

Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys Leu Ala Lys Ala Met
50 55 60

Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr Glu Lys Trp Ala Lys
Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp Leu Ala Ile Ala Asp
85 90 95

Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr Asn Gly Tyr Thr Phe
100 105 110

His Arg Tyr Gln Ser Gly Thr Ala Thr Met Val Ser Lys Gly Ala Glu
115 120 125

Leu Phe Thr Gly Ile Val Pro Ile Leu Ile Glu Leu Asn Gly Asp Val
130 135 140

Asn Gly His Lys Phe Ser Val Ser Gly Glu Gly Glu Gly Asp Ala Thr
145 150 155 160

Tyr Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro
165 170 175

Val Pro Trp Pro Thr Leu Val Thr Thr Leu Ser Tyr Gly Val Gln Cys
180 185 190

Phe Ser Arg Tyr Pro Asp His Met Lys Gln His Asp Phe Phe Lys Ser
195 200 205

Ala Met Pro Glu Gly Tyr Ile Gln Glu Arg Thr Ile Phe Phe Glu Asp
210 215 220

Asp Gly Asn Tyr Lys Ser Arg Ala Glu Val Lys Phe Glu Gly Asp Thr
225 230 235 240

Leu Val Asn Arg Ile Glu Leu Thr Gly Thr Asp Phe Lys Glu Asp Gly
245 250 255

Asn Ile Leu Gly Asn Lys Met Glu Tyr Asn Tyr Asn Ala His Asn Val
260 265 270

Tyr Ile Met Thr Asp Lys Ala Lys Asn Gly Ile Lys Val Asn Phe Lys
275 280 285

Ile Arg His Asn Ile Glu Asp Gly Ser Val Gln Leu Ala Asp His Tyr
290 295 300
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Gln Gln Asn Thr Pro Ile Gly Asp Gly Pro Val Leu Leu Pro Asp Asn
305 310 315 320

His Tyr Leu Ser Thr Gln Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys
325 330 335

Arg Asp His Met Ile Tyr Phe Gly Phe Val Thr Ala Ala Ala Ile Thr
340 345 350

His Gly Met Asp Glu Leu Tyr Lys
355 360

<210> SEQ ID NO 25

<211> LENGTH: 381

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 25

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Arg Phe Leu Arg Ala His Glu Glu Asp Asp Ala Gly Glu
50 55 60

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
65 70 75 80

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser Gly Thr Ala Thr Met Val
130 135 140

Ser Lys Gly Ala Glu Leu Phe Thr Gly Ile Val Pro Ile Leu Ile Glu
145 150 155 160

Leu Asn Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu Gly
165 170 175

Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr
180 185 190

Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr Leu Ser
195 200 205

Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys Gln His
210 215 220

Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Ile Gln Glu Arg Thr
225 230 235 240

Ile Phe Phe Glu Asp Asp Gly Asn Tyr Lys Ser Arg Ala Glu Val Lys
245 250 255

Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Leu Thr Gly Thr Asp
260 265 270

Phe Lys Glu Asp Gly Asn Ile Leu Gly Asn Lys Met Glu Tyr Asn Tyr
275 280 285

Asn Ala His Asn Val Tyr Ile Met Thr Asp Lys Ala Lys Asn Gly Ile
290 295 300
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Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser Val Gln
305 310 315 320

Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly Pro Val
325 330 335

Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu Ser Lys
340 345 350

Asp Pro Asn Glu Lys Arg Asp His Met Ile Tyr Phe Gly Phe Val Thr
355 360 365

Ala Ala Ala Ile Thr His Gly Met Asp Glu Leu Tyr Lys
370 375 380

<210> SEQ ID NO 26

<211> LENGTH: 239

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 26

Met Val Ser Lys Gly Ala Glu Leu Phe Thr Gly Ile Val Pro Ile Leu
1 5 10 15

Ile Glu Leu Asn Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly
20 25 30

Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile
35 40 45

Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr
50 55 60

Leu Ser Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys
65 70 75 80

Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Ile Gln Glu
85 90 95

Arg Thr Ile Phe Phe Glu Asp Asp Gly Asn Tyr Lys Ser Arg Ala Glu
100 105 110

Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Leu Thr Gly
115 120 125

Thr Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly Asn Lys Met Glu Tyr
130 135 140

Asn Tyr Asn Ala His Asn Val Tyr Ile Met Thr Asp Lys Ala Lys Asn
145 150 155 160

Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser
165 170 175

Val Gln Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly
180 185 190

Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu
195 200 205

Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met Ile Tyr Phe Gly Phe
210 215 220

Val Thr Ala Ala Ala Ile Thr His Gly Met Asp Glu Leu Tyr Lys
225 230 235

<210> SEQ ID NO 27

<211> LENGTH: 270

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 27



US 2011/0212541 Al Sep. 1, 2011
44

-continued

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Ser Lys Gly Ala Glu Leu Phe Thr Gly Ile Val Pro Ile Leu Ile
35 40 45

Glu Leu Asn Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu
50 55 60

Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile Cys
65 70 75 80

Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr Leu
Ser Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys Gln
100 105 110

His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Ile Gln Glu Arg
115 120 125

Thr Ile Phe Phe Glu Asp Asp Gly Asn Tyr Lys Ser Arg Ala Glu Val
130 135 140

Lys Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Leu Thr Gly Thr
145 150 155 160

Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly Asn Lys Met Glu Tyr Asn
165 170 175

Tyr Asn Ala His Asn Val Tyr Ile Met Thr Asp Lys Ala Lys Asn Gly
180 185 190

Ile Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser Val
195 200 205

Gln Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly Pro
210 215 220

Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu Ser
225 230 235 240

Lys Asp Pro Asn Glu Lys Arg Asp His Met Ile Tyr Phe Gly Phe Val
245 250 255

Thr Ala Ala Ala Ile Thr His Gly Met Asp Glu Leu Tyr Lys
260 265 270

<210> SEQ ID NO 28

<211> LENGTH: 381

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae
<400> SEQUENCE: 28

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Ala Ala Ala Ala Ala His Glu Glu Asp Asp Ala Gly Glu

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
65 70 75 80

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
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85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser Gly Thr Ala Thr Met Val
130 135 140

Ser Lys Gly Ala Glu Leu Phe Thr Gly Ile Val Pro Ile Leu Ile Glu
145 150 155 160

Leu Asn Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu Gly
165 170 175

Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr
180 185 190

Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr Leu Ser
195 200 205

Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys Gln His
210 215 220

Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Ile Gln Glu Arg Thr
225 230 235 240

Ile Phe Phe Glu Asp Asp Gly Asn Tyr Lys Ser Arg Ala Glu Val Lys
245 250 255

Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Leu Thr Gly Thr Asp
260 265 270

Phe Lys Glu Asp Gly Asn Ile Leu Gly Asn Lys Met Glu Tyr Asn Tyr
275 280 285

Asn Ala His Asn Val Tyr Ile Met Thr Asp Lys Ala Lys Asn Gly Ile
290 295 300

Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser Val Gln
305 310 315 320

Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly Pro Val
325 330 335

Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu Ser Lys
340 345 350

Asp Pro Asn Glu Lys Arg Asp His Met Ile Tyr Phe Gly Phe Val Thr
355 360 365

Ala Ala Ala Ile Thr His Gly Met Asp Glu Leu Tyr Lys
370 375 380

<210> SEQ ID NO 29

<211> LENGTH: 381

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 29

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Arg Phe Leu Arg Ala His Ala Ala Ala Ala Ala Gly Ala
50 55 60
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Ala Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
65 70 75 80

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser Gly Thr Ala Thr Met Val
130 135 140

Ser Lys Gly Ala Glu Leu Phe Thr Gly Ile Val Pro Ile Leu Ile Glu
145 150 155 160

Leu Asn Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu Gly
165 170 175

Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr
180 185 190

Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr Leu Ser
195 200 205

Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys Gln His
210 215 220

Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Ile Gln Glu Arg Thr
225 230 235 240

Ile Phe Phe Glu Asp Asp Gly Asn Tyr Lys Ser Arg Ala Glu Val Lys
245 250 255

Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Leu Thr Gly Thr Asp
260 265 270

Phe Lys Glu Asp Gly Asn Ile Leu Gly Asn Lys Met Glu Tyr Asn Tyr
275 280 285

Asn Ala His Asn Val Tyr Ile Met Thr Asp Lys Ala Lys Asn Gly Ile
290 295 300

Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser Val Gln
305 310 315 320

Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly Pro Val
325 330 335

Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu Ser Lys
340 345 350

Asp Pro Asn Glu Lys Arg Asp His Met Ile Tyr Phe Gly Phe Val Thr
355 360 365

Ala Ala Ala Ile Thr His Gly Met Asp Glu Leu Tyr Lys
370 375 380

<210> SEQ ID NO 30

<211> LENGTH: 386

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Sequence of 9 arginines replacing
the RXLR region of secreted Avrlb fused to GFP

<400> SEQUENCE: 30

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30
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Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Arg Arg Arg Arg Arg Arg Arg Arg Arg Ala His Glu Glu
50 55 60

Asp Asp Ala Gly Glu Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys
65 70 75 80

Val Ala Ala Lys Lys Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys
85 90 95

Glu Gln Lys Ala Tyr Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp
100 105 110

Lys Ile Lys Asn Trp Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys
115 120 125

Tyr Asp Arg Ile Tyr Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser Gly
130 135 140

Thr Ala Thr Met Val Ser Lys Gly Ala Glu Leu Phe Thr Gly Ile Val
145 150 155 160

Pro Ile Leu Ile Glu Leu Asn Gly Asp Val Asn Gly His Lys Phe Ser
165 170 175

Val Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu
180 185 190

Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu
195 200 205

Val Thr Thr Leu Ser Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp
210 215 220

His Met Lys Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr
225 230 235 240

Ile Gln Glu Arg Thr Ile Phe Phe Glu Asp Asp Gly Asn Tyr Lys Ser
245 250 255

Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu
260 265 270

Leu Thr Gly Thr Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly Asn Lys
275 280 285

Met Glu Tyr Asn Tyr Asn Ala His Asn Val Tyr Ile Met Thr Asp Lys
290 295 300

Ala Lys Asn Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu
305 310 315 320

Asp Gly Ser Val Gln Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile
325 330 335

Gly Asp Gly Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln
340 345 350

Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met Ile Tyr
355 360 365

Phe Gly Phe Val Thr Ala Ala Ala Ile Thr His Gly Met Asp Glu Leu
370 375 380

Tyr Lys
385

<210> SEQ ID NO 31

<211> LENGTH: 388

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Synthetic sequence consisting of P. sojae
Avrlb with a known TAT motif from Lentivirus HIV inserted in the
position of the second RXLR sequence fused to GFP

<400> SEQUENCE: 31

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
Ala Gly Gly Tyr Gly Arg Lys Lys Arg Arg Gln Arg Arg Arg Ala His
50 55 60

Glu Glu Asp Asp Ala Gly Glu Arg Thr Phe Ser Val Thr Asp Leu Trp
65 70 75 80

Asn Lys Val Ala Ala Lys Lys Leu Ala Lys Ala Met Leu Ala Asp Pro
85 90 95

Ser Lys Glu Gln Lys Ala Tyr Glu Lys Trp Ala Lys Lys Gly Tyr Ser
100 105 110

Leu Asp Lys Ile Lys Asn Trp Leu Ala Ile Ala Asp Pro Lys Gln Lys
115 120 125

Gly Lys Tyr Asp Arg Ile Tyr Asn Gly Tyr Thr Phe His Arg Tyr Gln
130 135 140

Ser Gly Thr Ala Thr Met Val Ser Lys Gly Ala Glu Leu Phe Thr Gly
145 150 155 160

Ile Val Pro Ile Leu Ile Glu Leu Asn Gly Asp Val Asn Gly His Lys
165 170 175

Phe Ser Val Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu
180 185 190

Thr Leu Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro
195 200 205

Thr Leu Val Thr Thr Leu Ser Tyr Gly Val Gln Cys Phe Ser Arg Tyr
210 215 220

Pro Asp His Met Lys Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu
225 230 235 240

Gly Tyr Ile Gln Glu Arg Thr Ile Phe Phe Glu Asp Asp Gly Asn Tyr
245 250 255

Lys Ser Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg
260 265 270

Ile Glu Leu Thr Gly Thr Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly
275 280 285

Asn Lys Met Glu Tyr Asn Tyr Asn Ala His Asn Val Tyr Ile Met Thr
290 295 300

Asp Lys Ala Lys Asn Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn
305 310 315 320

Ile Glu Asp Gly Ser Val Gln Leu Ala Asp His Tyr Gln Gln Asn Thr
325 330 335

Pro Ile Gly Asp Gly Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser
340 345 350

Thr Gln Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met
355 360 365

Ile Tyr Phe Gly Phe Val Thr Ala Ala Ala Ile Thr His Gly Met Asp
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370

Glu Leu Tyr Lys

385

<210> SEQ ID NO 32

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Arg Leu Ser

1

Val Thr

Val Glu

Ala Gly

50

Arg Thr
65

Leu Ala
Glu Lys

Leu Ala

Asn Gly
130

Cys

Ser

35

Gly

Phe

Lys

Trp

Ile

115

Tyr

Asn

Pro

Arg

Ser

Ala

Ala

100

Ala

Thr

138

375

Phytophthora sojae

32

Phe

Ala

Asp

Phe

Val

Met

85

Lys

Asp

Phe

<210> SEQ ID NO 33

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Arg Leu Ser

1

Val Thr

Val Glu

Ala Gly

50
Arg Thr
65
Leu Ala

Glu Lys

Leu Ala

130

Cys

Ser

Gly

Phe

Lys

Trp

Ile

115

Tyr

Asn

20

Pro

Arg

Ser

Ala

Ala

100

Ala

Thr

138

Val

Thr

Leu

Leu

Thr

70

Leu

Lys

Pro

His

Leu

Glu

Val

Arg

55

Asp

Ala

Gly

Lys

Arg
135

Ser

Tyr

Arg

40

Ala

Leu

Asp

Tyr

Gln

120

Tyr

Leu

Ser

Arg

His

Trp

Pro

Ser

105

Lys

Gln

Phytophthora sojae

33

Phe

Ala

Asp

Phe

Val

Met

85

Lys

Asp

Phe

Val

Thr

Leu

Arg

Thr

70

Leu

Lys

Pro

His

Leu

Glu

Val

Leu

55

Asp

Ala

Gly

Lys

Arg
135

Ser

Tyr

Arg

Ala

Leu

Asp

Tyr

Gln

120

Tyr

Leu

Ser

25

Arg

His

Trp

Pro

Ser

105

Lys

Gln

Val

10

Asp

Ser

Glu

Asn

Ser

90

Leu

Gly

Ser

Val

10

Asp

Ser

Glu

Asn

Ser

90

Leu

Gly

Ser

Val

Glu

Leu

Glu

Lys

75

Lys

Asp

Lys

Val

Glu

Leu

Glu

Lys

75

Lys

Asp

Lys

380

Ala

Thr

Arg

Asp

60

Val

Glu

Lys

Tyr

Ala

Thr

Arg

Asp

60

Val

Glu

Lys

Tyr

Ile

Asn

Asn

45

Asp

Ala

Gln

Ile

Asp
125

Ile

Asn

Asn

45

Asp

Ala

Gln

Ile

Asp
125

Gly

Ile

Gly

Ala

Ala

Lys

Lys

110

Arg

Gly

Ile

30

Gly

Ala

Ala

Lys

Lys

110

Arg

Tyr
15

Ala
Asp
Gly
Lys
Ala
95

Asn

Ile

Tyr
15

Ala
Asp
Gly
Lys
Ala
95

Asn

Ile

Val

Met

Ile

Glu

Lys

80

Tyr

Trp

Tyr

Val

Met

Ile

Glu

Lys

80

Tyr

Trp

Tyr
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<210> SEQ ID NO 34

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Arg Leu Ser

1

Val Thr

Val Glu

Ala Gly

Arg Thr

65

Leu Ala

Glu Lys

Leu Ala

130

Cys

Ser

35

Gly

Phe

Lys

Trp

Ile

115

Tyr

Asn

20

Pro

Phe

Ser

Ala

Ala

100

Ala

Thr

138

Phytophthora sojae

34

Phe

Ala

Asp

Arg

Val

Met

85

Lys

Asp

Phe

<210> SEQ ID NO 35

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Arg Leu Ser

1

Val Thr

Val Glu

Ala Gly

50

Arg Thr

Leu Ala

Glu Lys

Leu Ala

130

Cys

Ser

35

Gly

Phe

Lys

Trp

Ile

115

Tyr

Asn

20

Pro

Arg

Ser

Ala

Ala

100

Ala

Thr

138

Val

Thr

Leu

Leu

Thr

70

Leu

Lys

Pro

His

Leu

Glu

Val

Arg

Asp

Ala

Gly

Lys

Arg
135

Ser

Tyr

Arg

40

Ala

Leu

Asp

Tyr

Gln

120

Tyr

Leu

Ser

25

Arg

His

Trp

Pro

Ser

105

Lys

Gln

Phytophthora sojae

35

Phe

Ala

Asp

Phe

Val

Met

85

Asp

Phe

<210> SEQ ID NO 36

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Phytophthora sojae

PRT

<400> SEQUENCE:

138

36

Val

Thr

Leu

Ala

Thr

70

Leu

Lys

Pro

His

Leu

Glu

Val

Arg

55

Asp

Ala

Gly

Lys

Arg
135

Ser

Tyr

Arg

40

Ala

Leu

Asp

Tyr

Gln

120

Tyr

Leu

Ser

25

Arg

His

Trp

Pro

Ser

105

Lys

Gln

Val

10

Asp

Ser

Glu

Asn

Ser

90

Leu

Gly

Ser

Val

Asp

Ser

Glu

Asn

Ser

90

Leu

Gly

Ser

Val

Glu

Leu

Glu

Lys

75

Lys

Asp

Lys

Val

Glu

Leu

Glu

Lys

75

Lys

Asp

Lys

Ala

Thr

Arg

Asp

Val

Glu

Lys

Tyr

Ala

Thr

Arg

Asp

60

Val

Glu

Lys

Tyr

Ile

Asn

Asn

45

Asp

Ala

Gln

Ile

Asp
125

Ile

Asn

Asn

45

Asp

Ala

Gln

Ile

Asp
125

Gly

Ile

30

Gly

Ala

Ala

Lys

Lys

110

Arg

Gly

Ile

30

Gly

Ala

Ala

Lys

Lys

110

Arg

Tyr
15

Ala
Asp
Gly
Lys
Ala
95

Asn

Ile

Tyr
15

Ala
Asp
Gly
Lys
Ala
95

Asn

Ile

Val

Met

Ile

Glu

Lys

80

Tyr

Trp

Tyr

Val

Met

Ile

Glu

Lys

80

Tyr

Trp

Tyr
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Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Gln Phe Leu Gln Ala His Glu Glu Asp Asp Ala Gly Glu
50 55 60

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
65 70 75 80

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 37

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 37

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
Ala Gly Gly Gln Phe Leu Arg Ala His Glu Glu Asp Asp Ala Gly Glu

50 55 60

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
65 70 75 80

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 38

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 38

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30
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Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Lys Phe Leu Arg Ala His Glu Glu Asp Asp Ala Gly Glu
50 55 60

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
65 70 75 80

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 39

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 39

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Arg Phe Leu Gln Ala His Glu Glu Asp Asp Ala Gly Glu
Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr

85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 40

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 40

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Arg Phe Val Arg Ala His Glu Glu Asp Asp Ala Gly Glu
50 55 60
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Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 41

<211> LENGTH: 143

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence consisting of P. sojae
Avrlb with 9 arginines inserted where the second RXLR sequence
is found.

<400> SEQUENCE: 41

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Arg Arg Arg Arg Arg Arg Arg Arg Arg Ala His Glu Glu
50 55 60

Asp Asp Ala Gly Glu Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys
65 70 75 80

Val Ala Ala Lys Lys Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys
85 90 95

Glu Gln Lys Ala Tyr Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp
100 105 110

Lys Ile Lys Asn Trp Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys
115 120 125

Tyr Asp Arg Ile Tyr Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135 140

<210> SEQ ID NO 42

<211> LENGTH: 146

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence consisting of P. sojae
Avrlb with a known TAT motif from Lentivirus HIV inserted in the
position of the second RXLR sequence.

<400> SEQUENCE: 42

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45
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Ala Gly Gly Tyr Gly Arg Lys Lys Lys Arg Arg Gln Arg Arg Arg Ala
50 55 60

His Glu Glu Asp Asp Ala Gly Glu Arg Thr Phe Ser Val Thr Asp Leu
65 70 75 80

Trp Asn Lys Val Ala Ala Lys Lys Leu Ala Lys Ala Met Leu Ala Asp
85 90 95

Pro Ser Lys Glu Gln Lys Ala Tyr Glu Lys Trp Ala Lys Lys Gly Tyr
100 105 110

Ser Leu Asp Lys Ile Lys Asn Trp Leu Ala Ile Ala Asp Pro Lys Gln
115 120 125

Lys Gly Lys Tyr Asp Arg Ile Tyr Asn Gly Tyr Thr Phe His Arg Tyr
130 135 140

Gln Ser
145

<210> SEQ ID NO 43

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence consisting of P. sojae
Avrlb with a RXLR motif from Plasmodium falciparum GBP protein
inserted where the second RXLR sequence is found.

<400> SEQUENCE: 43

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile

Ala Gly Gly Arg Phe Leu Arg Ala His Glu Glu Asp Asp Ala Gly Glu

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
65 70 75 80

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 44

<211> LENGTH: 132

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence consisting of P. sojae
Avrlb with a RXLRsequence of Plasmodium falciparum HRPII protein
inserted where the second RXLR sequence is found.

<400> SEQUENCE: 44

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Phe Asn Asn Asn Leu Cys Ser Lys Asn Ala Lys
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20 25 30

Gly Leu Asn Leu Asn Lys Arg Leu Leu His Glu Thr Gln Ala His Val
35 40 45

Asp Asp Ala His His Ala His His Val Ala Asp Thr Phe Ser Val Thr
50 55 60

Asp Leu Trp Asn Lys Val Ala Ala Lys Lys Leu Ala Lys Ala Met Leu

Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr Glu Lys Trp Ala Lys Lys
85 90 95

Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp Leu Ala Ile Ala Asp Pro
100 105 110

Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr Asn Gly Tyr Thr Phe His
115 120 125

Arg Tyr Gln Ser
130

<210> SEQ ID NO 45

<211> LENGTH: 135

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic sequence consisting of P. sojae
Avrlb with a RXLRsequence from Plasmodium falciparum 1615c
protein inserted where the second RXLR sequence is found.

<400> SEQUENCE: 45

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Ser Tyr Asn Lys Ile Asn Ser Ser Ser Thr Tyr
20 25 30

Thr His Ser Arg Ile Leu Lys Gln Leu Glu Phe Ile Thr Leu Glu Glu
35 40 45

Lys Thr Val Asn Ala Leu Gln Glu Met Leu Asp Asp Ser Val Thr Phe
50 55 60

Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys Leu Ala Lys
65 70 75 80

Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr Glu Lys Trp
Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp Leu Ala Ile
100 105 110

Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr Asn Gly Tyr
115 120 125

Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 46

<211> LENGTH: 365

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 46

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30
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Arg Trp Gly Ser Arg Ser Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala
35 40 45

Met Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp
50 55 60

Ile Ala Gly Gly Arg Phe Leu Arg Ala His Glu Glu Asp Asp Ala Gly
65 70 75 80

Glu Arg Thr Phe Ser Val Thr Asp Glu Phe Arg Ser Thr Met Ser Gly
85 90 95

Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Gly Ser Met Gly Ser Gly Ile
100 105 110

Gln Arg Pro Thr Ser Thr Ser Ser Leu Val Ala Ala Ala Ala Thr Met
115 120 125

Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu Val Glu
130 135 140

Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu Gly
145 150 155 160

Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr
165 170 175

Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr Phe Ser
180 185 190

Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys Gln His
195 200 205

Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu Arg Thr
210 215 220

Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu Val Lys
225 230 235 240

Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Leu Lys Gly Ile Asp
245 250 255

Phe Lys Glu Asp Gly Asn Ile Leu Gly His Lys Leu Glu Tyr Asn Tyr
260 265 270

Asn Ser His Asn Val Tyr Ile Met Ala Asp Lys Gln Lys Asn Gly Ile
275 280 285

Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser Val Gln
290 295 300

Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly Pro Val
305 310 315 320

Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu Ser Lys
325 330 335

Asp Pro Asn Glu Lys Arg Asp His Met Val Leu Leu Glu Phe Val Thr
340 345 350

Ala Ala Gly Ile Thr His Gly Met Asp Glu Leu Tyr Lys
355 360 365

<210> SEQ ID NO 47

<211> LENGTH: 365

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 47

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30
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Arg Trp Gly Ser Arg Ser Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala
Met Val Glu Ser Pro Asp Leu Val Arg Ala Ala Ala Ala Asn Gly Asp
50 55 60

Ile Ala Gly Gly Ala Ala Ala Ala Ala His Glu Glu Asp Asp Ala Gly
65 70 75 80

Glu Arg Thr Phe Ser Val Thr Asp Glu Phe Arg Ser Thr Met Ser Gly
85 90 95

Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Gly Ser Met Gly Ser Gly Ile
100 105 110

Gln Arg Pro Thr Ser Thr Ser Ser Leu Val Ala Ala Ala Ala Thr Met
115 120 125

Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu Val Glu
130 135 140

Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu Gly
145 150 155 160

Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr
165 170 175

Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr Phe Ser
180 185 190

Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys Gln His
195 200 205

Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu Arg Thr
210 215 220

Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu Val Lys
225 230 235 240

Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Leu Lys Gly Ile Asp
245 250 255

Phe Lys Glu Asp Gly Asn Ile Leu Gly His Lys Leu Glu Tyr Asn Tyr
260 265 270

Asn Ser His Asn Val Tyr Ile Met Ala Asp Lys Gln Lys Asn Gly Ile
275 280 285

Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser Val Gln
290 295 300

Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly Pro Val
305 310 315 320

Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu Ser Lys
325 330 335

Asp Pro Asn Glu Lys Arg Asp His Met Val Leu Leu Glu Phe Val Thr
340 345 350

Ala Ala Gly Ile Thr His Gly Met Asp Glu Leu Tyr Lys
355 360 365

<210> SEQ ID NO 48

<211> LENGTH: 365

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 48

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
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20 25 30

Arg Trp Gly Ser Arg Ser Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala
35 40 45

Met Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp
50 55 60

Ile Ala Gly Gly Arg Phe Leu Arg Ala His Ala Ala Ala Ala Ala Gly

Ala Ala Thr Phe Ser Val Thr Asp Glu Phe Arg Ser Thr Met Ser Gly
85 90 95

Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Gly Ser Met Gly Ser Gly Ile
100 105 110

Gln Arg Pro Thr Ser Thr Ser Ser Leu Val Ala Ala Ala Ala Thr Met
115 120 125

Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu Val Glu
130 135 140

Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu Gly
145 150 155 160

Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr
165 170 175

Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr Phe Ser
180 185 190

Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys Gln His
195 200 205

Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu Arg Thr
210 215 220

Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu Val Lys
225 230 235 240

Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Leu Lys Gly Ile Asp
245 250 255

Phe Lys Glu Asp Gly Asn Ile Leu Gly His Lys Leu Glu Tyr Asn Tyr
260 265 270

Asn Ser His Asn Val Tyr Ile Met Ala Asp Lys Gln Lys Asn Gly Ile
275 280 285

Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser Val Gln
290 295 300

Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly Pro Val
305 310 315 320

Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu Ser Lys
325 330 335

Asp Pro Asn Glu Lys Arg Asp His Met Val Leu Leu Glu Phe Val Thr
340 345 350

Ala Ala Gly Ile Thr His Gly Met Asp Glu Leu Tyr Lys
355 360 365

<210> SEQ ID NO 49

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 49
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ataagcttga atctggcgtt catctccgac g 31

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 50

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 50

ttcecegggtyg gatgctcaga tgctagegte 30

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 51

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 51

ttctecetttt cactetcacyg 20

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 52

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 52

agacacaaaa tctgcaactt ¢ 21

<210>
<211l>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 53

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 53

accttcagecg tgactgacct 20

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 54

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
gites to faciliate cloning

SEQUENCE: 54

gcgattgcca accagttct 19

<210>
<211>

SEQ ID NO 55
LENGTH: 20
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<212>
<213>
<220>
<223>

<400>

-continued
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Synthetically constructed DNA sequence to

amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 55

cgacatecgt aaggacctgt 20

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 56

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 56

ttcgagatcc acatctgetg 20

<210>
<211l>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 57

LENGTH: 35

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 57

ggggtaccga caacaatgcg tctatctttt gtget 35

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 58

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
gites to faciliate cloning

SEQUENCE: 58

ggggtacctc agctctgata ccggtgaa 28

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 59

LENGTH: 62

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 59

atcgcactcg agetttegeca gatcccgggg ggcaatgaga tatgactgag tactccgacg 60

aa

<210>
<211>
<212>
<213>
<220>
<223>

62

SEQ ID NO 60

LENGTH: 63

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
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amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 60
atcgcactcg agcttgtcga tcgacagatc cggtcggcat ctacttcage tctgataccg 60

gtg 63

<210> SEQ ID NO 61

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 61

atcgeacteg agetttegea gatccegggyg ggcaatgaga tatgegtceta tcettttgtyg 59

<210> SEQ ID NO 62

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 62

tegtcegtge tgcagetget aacggegaca ttgecggtgg 40

<210> SEQ ID NO 63

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 63

tegeegttag cagctgcage acggacgaga tctggagatt 40

<210> SEQ ID NO 64

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 64

ccggtggage tgcagctget gctcatgaag aggacgatge 40

<210> SEQ ID NO 65

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 65
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tcatgagecag cagctgcage tccaccggca atgtegecgt 40

<210> SEQ ID NO 66

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 66
gctgecagetyg ctaacggega cattgeeggt ggagetgecag ctgetgetca tgaagaggac 60

gatgc 65

<210> SEQ ID NO 67

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
gites to faciliate cloning

<400> SEQUENCE: 67
agcagctgca getccaccgyg caatgtegece gttageaget geagcacgga cgagatetgg 60

agatt 65

<210> SEQ ID NO 68

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 68

gectgcagcag ctgeggggge tgctacctte agegtgactg acct 44

<210> SEQ ID NO 69

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 69

agcageceee geagetgetg cagcatgage tcgaagaaat ctte 44

<210> SEQ ID NO 70

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 70

attccegggyg acaacaatge gactccacta cgtg 34
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 71

LENGTH: 38

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 71

gtcagtcacg ctgaaggtat cgagaacgcc atgcccat 38

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 72

LENGTH: 35

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 72

attccecgggg acaacaatgg gectccacaa gggcet 35

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 73

LENGTH: 36

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 73

gtcagtcacyg ctgaaggtta ggtggtgtag tccgac 36

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 74

LENGTH: 35

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 74

aacccgggac aacaatgacc ttcagegtga ctgac 35

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 75

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 75

ggaggaatte gectggetggt ggcaggat 28

<210>
<211>
<212>
<213>

SEQ ID NO 76

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
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<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 76

gtattggcta gagaagcttg cca 23

<210> SEQ ID NO 77

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 77

agaaactcga gettgtegat cgacagatce ggtceggeagg tacctcaget ctgatac 57

<210> SEQ ID NO 78

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 78

gaagatttcg acttgctcat gaag 24

<210> SEQ ID NO 79

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 79

cttcatgage aagtcgaaat ctte 24

<210> SEQ ID NO 80

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 80

tgccggtgga tttagacttc gagctce 26

<210> SEQ ID NO 81

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 81
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gagctcgaag tctaaatcca ccggca 26

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 82

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 82

gaagatttgc acgagctcat 20

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 83

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 83

atgagctcegt geaaatctte 20

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 84

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 84

ggtggacagt ttcttcaagc tcatgaag 28

<210>
<211l>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 85

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 85

agcttgaaga aactgtccac cggcaatg 28

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 86

LENGTH: 52

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
gites to faciliate cloning

SEQUENCE: 86

ctttcaccgg tatcagagceg gtaccgecac catggtgage aagggcgecg ag 52

<210>
<211>

SEQ ID NO 87
LENGTH: 29
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 87

aaggtacctc acttgtacag ctcatccat 29

<210> SEQ ID NO 88

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 88

tcatgagctc gaagaaatct tccgeccggca atg 33

<210> SEQ ID NO 89

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 89

cattgccgge ggaagatttce ttcaagce 27

<210> SEQ ID NO 90

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
gites to faciliate cloning

<400> SEQUENCE: 90

cattgccgge ggacaatttce 20

<210> SEQ ID NO 91

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 91

cattgccgge ggaagatttg tte 23

<210> SEQ ID NO 92

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning
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<400>

SEQUENCE: 92

cattgccgge ggaaagtttce tte 23

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 93

LENGTH: 37

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 93

cgtcgacgte ggcgacgcge tcatgaagag gacgatg 37

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 94

LENGTH: 39

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
gites to faciliate cloning

SEQUENCE: 94

cattgeegge ggacgacgge gacgtegacg teggcegacg 39

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 95

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 95

taagaaacgc cgtcagcgac gtcgagctca tgaagaggac gatg 44

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 96

LENGTH: 38

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 96

cattgeegge ggatatggac gtaagaaacyg ccgtcage 38

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 97

LENGTH: 56

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 97

gaaggagaag actacactcc ggaaaagcaa gcaaaagacce ttcagegtga ctgace 56
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 98

LENGTH: 55

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
gsites to faciliate cloning

SEQUENCE: 98

ctegtatact ggcagaggge gaagatacct gcgcaaggaa ggagaagact acact 55

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 99

LENGTH: 52

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 99

gtatgagaaa gcggtagatt acggctttcg agagtctegt atactggcag ag 52

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 100

LENGTH: 40

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 100

ctaccgettt ctcatactta tctgegttge aggtcacgac 40

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 101

LENGTH: 56

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 101

tgtcgacgat gegcaccatg cacaccatgt tgcagatace ttcagegtga ctgacc 56

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 102

LENGTH: 55

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 102

aacctcaaca agagactgtt gcacgagaca caagcacatg tcgacgatgc gcacc 55

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 103

LENGTH: 53

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
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amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 103

acaataacct gtgtagtaag aatgctaaag gcttgaacct caacaagaga ctg 53

<210> SEQ ID NO 104

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 104

actacacagg ttattgttaa atgcgttgca ggtcacgac 39

<210> SEQ ID NO 105

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 105

cagtcaatgc attacaagaa atgttagatg atagtgtcac cttcagegtg actgacce 57

<210> SEQ ID NO 106

<211> LENGTH: 55

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 106

ctcaagcagt tggagttcat cacattggaa gagaagacag tcaatgcatt acaag 55

<210> SEQ ID NO 107

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 107

aagatcaact cgtcatctac ttatacacac agtagaatac tcaagcagtt ggagttce 57

<210> SEQ ID NO 108

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 108

agatgacgag ttgatcttgt tgtaacttge gttgcaggtce acgac 45
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

gatcta

<210>
<211>
<212>
<213>
<220>
<223>

<400>
gtcata
<210>
<211>
<212>
<213>

<220>
<223>

<400>
gatccce
<210>
<211>
<212>
<213>
<220>
<223>

<400>

Met Ar
1

Gly G1

Arg Tr

Phe Ar

50
Gly Se
65
Val Al

Val Va

Phe Se

SEQ ID NO 109

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 109

gatc tgtggaatct ccagatctce 29

SEQ ID NO 110

LENGTH: 39

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 110

tgga tagccggaca tgtcagtcac gctgaaggt 39

SEQ ID NO 111

LENGTH: 47

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 111

atgg agccagcata gtetgggacg tcatatggat agecgga 47

SEQ ID NO 112

LENGTH: 324

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic construct fusing 9 arginine
residues to a linker sequence to humanized GFP

SEQUENCE: 112

g Gly Ser His His His His His His Gly Met Ala Ser Met Thr
5 10 15

Yy Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

p Gly Ser Arg Ser Arg Arg Arg Arg Arg Arg Arg Arg Arg Glu
35 40 45

g Ser Thr Met Ser Gly Tyr Pro Tyr Asp Val Pro Asp Tyr Ala
55 60

r Met Gly Ser Gly Ile Gln Arg Pro Thr Ser Thr Ser Ser Leu
70 75 80

a Ala Ala Ala Thr Met Ser Lys Gly Glu Glu Leu Phe Thr Gly
85 90 95

1 Pro Ile Leu Val Glu Leu Asp Gly Asp Val Asn Gly His Lys
100 105 110

r Val Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu
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115 120 125

Thr Leu Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro
130 135 140

Thr Leu Val Thr Thr Phe Ser Tyr Gly Val Gln Cys Phe Ser Arg Tyr
145 150 155 160

Pro Asp His Met Lys Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu
165 170 175

Gly Tyr Val Gln Glu Arg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr
180 185 190

Lys Thr Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg
195 200 205

Ile Glu Leu Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly
210 215 220

His Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr Ile Met Ala
225 230 235 240

Asp Lys Gln Lys Asn Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn
245 250 255

Ile Glu Asp Gly Ser Val Gln Leu Ala Asp His Tyr Gln Gln Asn Thr
260 265 270

Pro Ile Gly Asp Gly Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser
275 280 285

Thr Gln Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met
290 295 300

Val Leu Leu Glu Phe Val Thr Ala Ala Gly Ile Thr His Gly Met Asp
305 310 315 320

Glu Leu Tyr Lys

<210> SEQ ID NO 113

<211> LENGTH: 359

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 113

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

Arg Trp Gly Ser Arg Ser Thr Arg Val Pro Asp Asp Ala Asn Leu Gln
Ser Val Asn Ala Pro Val Gln Thr Val Thr Arg Ser Arg Arg Phe Leu
50 55 60

Arg Thr Ala Asp Thr Asp Ile Val Tyr Glu Pro Lys Val His Asn Pro
65 70 75 80

Gly Lys Glu Phe Arg Ser Thr Met Ser Gly Tyr Pro Tyr Asp Val Pro
85 90 95

Asp Tyr Ala Gly Ser Met Gly Ser Gly Ile Gln Arg Pro Thr Ser Thr
100 105 110

Ser Ser Leu Val Ala Ala Ala Ala Thr Met Ser Lys Gly Glu Glu Leu
115 120 125

Phe Thr Gly Val Val Pro Ile Leu Val Glu Leu Asp Gly Asp Val Asn
130 135 140

Gly His Lys Phe Ser Val Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr
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145 150 155 160

Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro Val
165 170 175

Pro Trp Pro Thr Leu Val Thr Thr Phe Ser Tyr Gly Val Gln Cys Phe
180 185 190

Ser Arg Tyr Pro Asp His Met Lys Gln His Asp Phe Phe Lys Ser Ala
195 200 205

Met Pro Glu Gly Tyr Val Gln Glu Arg Thr Ile Phe Phe Lys Asp Asp
210 215 220

Gly Asn Tyr Lys Thr Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu
225 230 235 240

Val Asn Arg Ile Glu Leu Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn
245 250 255

Ile Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr
260 265 270

Ile Met Ala Asp Lys Gln Lys Asn Gly Ile Lys Val Asn Phe Lys Ile
275 280 285

Arg His Asn Ile Glu Asp Gly Ser Val Gln Leu Ala Asp His Tyr Gln
290 295 300

Gln Asn Thr Pro Ile Gly Asp Gly Pro Val Leu Leu Pro Asp Asn His
305 310 315 320

Tyr Leu Ser Thr Gln Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg
325 330 335

Asp His Met Val Leu Leu Glu Phe Val Thr Ala Ala Gly Ile Thr His
340 345 350

Gly Met Asp Glu Leu Tyr Lys
355

<210> SEQ ID NO 114

<211> LENGTH: 359

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 114

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

Arg Trp Gly Ser Arg Ser Thr Arg Val Pro Asp Asp Ala Asn Leu Gln
35 40 45

Ser Val Asn Ala Pro Val Gln Thr Val Thr Arg Ser Arg Ala Ala Ala
Ala Thr Ala Asp Thr Asp Ile Val Tyr Glu Pro Lys Val His Asn Pro
65 70 75 80

Gly Lys Glu Phe Arg Ser Thr Met Ser Gly Tyr Pro Tyr Asp Val Pro
85 90 95

Asp Tyr Ala Gly Ser Met Gly Ser Gly Ile Gln Arg Pro Thr Ser Thr
100 105 110

Ser Ser Leu Val Ala Ala Ala Ala Thr Met Ser Lys Gly Glu Glu Leu
115 120 125

Phe Thr Gly Val Val Pro Ile Leu Val Glu Leu Asp Gly Asp Val Asn
130 135 140
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Gly His Lys Phe Ser Val Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr
145 150 155 160

Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro Val
165 170 175

Pro Trp Pro Thr Leu Val Thr Thr Phe Ser Tyr Gly Val Gln Cys Phe
180 185 190

Ser Arg Tyr Pro Asp His Met Lys Gln His Asp Phe Phe Lys Ser Ala
195 200 205

Met Pro Glu Gly Tyr Val Gln Glu Arg Thr Ile Phe Phe Lys Asp Asp
210 215 220

Gly Asn Tyr Lys Thr Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu
225 230 235 240

Val Asn Arg Ile Glu Leu Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn
245 250 255

Ile Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr
260 265 270

Ile Met Ala Asp Lys Gln Lys Asn Gly Ile Lys Val Asn Phe Lys Ile
275 280 285

Arg His Asn Ile Glu Asp Gly Ser Val Gln Leu Ala Asp His Tyr Gln
290 295 300

Gln Asn Thr Pro Ile Gly Asp Gly Pro Val Leu Leu Pro Asp Asn His
305 310 315 320

Tyr Leu Ser Thr Gln Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg
325 330 335

Asp His Met Val Leu Leu Glu Phe Val Thr Ala Ala Gly Ile Thr His
340 345 350

Gly Met Asp Glu Leu Tyr Lys
355

<210> SEQ ID NO 115

<211> LENGTH: 359

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 115

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

Arg Trp Gly Ser Arg Ser Thr Arg Val Pro Asp Asp Ala Asn Leu Gln
35 40 45

Ser Val Asn Ala Pro Val Gln Thr Val Thr Arg Ser Arg Arg Phe Leu
50 55 60

Arg Thr Ala Ala Thr Ala Ile Val Tyr Ala Pro Ala Val His Asn Pro
65 70 75 80

Gly Lys Glu Phe Arg Ser Thr Met Ser Gly Tyr Pro Tyr Asp Val Pro
Asp Tyr Ala Gly Ser Met Gly Ser Gly Ile Gln Arg Pro Thr Ser Thr
100 105 110

Ser Ser Leu Val Ala Ala Ala Ala Thr Met Ser Lys Gly Glu Glu Leu
115 120 125

Phe Thr Gly Val Val Pro Ile Leu Val Glu Leu Asp Gly Asp Val Asn
130 135 140
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Gly His Lys Phe Ser Val Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr
145 150 155 160

Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro Val
165 170 175

Pro Trp Pro Thr Leu Val Thr Thr Phe Ser Tyr Gly Val Gln Cys Phe
180 185 190

Ser Arg Tyr Pro Asp His Met Lys Gln His Asp Phe Phe Lys Ser Ala
195 200 205

Met Pro Glu Gly Tyr Val Gln Glu Arg Thr Ile Phe Phe Lys Asp Asp
210 215 220

Gly Asn Tyr Lys Thr Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu
225 230 235 240

Val Asn Arg Ile Glu Leu Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn
245 250 255

Ile Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr
260 265 270

Ile Met Ala Asp Lys Gln Lys Asn Gly Ile Lys Val Asn Phe Lys Ile
275 280 285

Arg His Asn Ile Glu Asp Gly Ser Val Gln Leu Ala Asp His Tyr Gln
290 295 300

Gln Asn Thr Pro Ile Gly Asp Gly Pro Val Leu Leu Pro Asp Asn His
305 310 315 320

Tyr Leu Ser Thr Gln Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg
325 330 335

Asp His Met Val Leu Leu Glu Phe Val Thr Ala Ala Gly Ile Thr His
340 345 350

Gly Met Asp Glu Leu Tyr Lys
355

<210> SEQ ID NO 116

<211> LENGTH: 403

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae
<400> SEQUENCE: 116

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
Arg Trp Gly Ser Arg Ser Leu Thr Cys Ala Thr Ser Glu Gln Gln Thr
35 40 45

Arg Pro Glu Leu Cys Phe Phe Phe Ser Val Arg Ser Ser Trp Pro Ser
50 55 60

Thr Ile Ser Asp Gly Ala Cys Leu Ala Leu Val Ser Ala Glu Gln Gly
65 70 75 80

Ala Thr Ala Gly Arg Asn Thr Leu Ser Leu Arg Ser Met Met Ala Thr
85 90 95

Glu Asp Met Ala Thr Ser Thr Arg Ser Leu Arg Ser Gln Ala Thr Asn
100 105 110

Val Asp Asp Asp Ala Asn Val Ser Ile Glu Asn Arg Gly Met Glu Phe
115 120 125

Arg Ser Thr Met Ser Gly Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Gly
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130 135 140

Ser Met Gly Ser Gly Ile Gln Arg Pro Thr Ser Thr Ser Ser Leu Val
145 150 155 160

Ala Ala Ala Ala Thr Met Ser Lys Gly Glu Glu Leu Phe Thr Gly Val
165 170 175

Val Pro Ile Leu Val Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe
180 185 190

Ser Val Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr
195 200 205

Leu Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr
210 215 220

Leu Val Thr Thr Phe Ser Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro
225 230 235 240

Asp His Met Lys Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly
245 250 255

Tyr Val Gln Glu Arg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys
260 265 270

Thr Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg Ile
275 280 285

Glu Leu Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly His
290 295 300

Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr Ile Met Ala Asp
305 310 315 320

Lys Gln Lys Asn Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn Ile
325 330 335

Glu Asp Gly Ser Val Gln Leu Ala Asp His Tyr Gln Gln Asn Thr Pro
340 345 350

Ile Gly Asp Gly Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr
355 360 365

Gln Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met Val
370 375 380

Leu Leu Glu Phe Val Thr Ala Ala Gly Ile Thr His Gly Met Asp Glu
385 390 395 400

Leu Tyr Lys

<210> SEQ ID NO 117

<211> LENGTH: 403

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 117

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

Arg Trp Gly Ser Arg Ser Leu Thr Cys Ala Thr Ser Glu Gln Gln Thr
35 40 45

Arg Pro Glu Leu Cys Phe Phe Phe Ser Val Arg Ser Ser Trp Pro Ser
50 55 60

Thr Ile Ser Asp Gly Ala Cys Leu Ala Leu Val Ser Ala Glu Gln Gly
65 70 75 80

Ala Thr Ala Gly Arg Asn Thr Leu Ser Leu Arg Ser Met Met Ala Thr
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85 90 95

Glu Asp Met Ala Thr Ser Thr Ala Ala Ala Ala Ser Gln Ala Thr Asn
100 105 110

Val Asp Asp Asp Ala Asn Val Ser Ile Glu Asn Arg Gly Met Glu Phe
115 120 125

Arg Ser Thr Met Ser Gly Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Gly
130 135 140

Ser Met Gly Ser Gly Ile Gln Arg Pro Thr Ser Thr Ser Ser Leu Val
145 150 155 160

Ala Ala Ala Ala Thr Met Ser Lys Gly Glu Glu Leu Phe Thr Gly Val
165 170 175

Val Pro Ile Leu Val Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe
180 185 190

Ser Val Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr
195 200 205

Leu Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr
210 215 220

Leu Val Thr Thr Phe Ser Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro
225 230 235 240

Asp His Met Lys Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly
245 250 255

Tyr Val Gln Glu Arg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys
260 265 270

Thr Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg Ile
275 280 285

Glu Leu Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly His
290 295 300

Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr Ile Met Ala Asp
305 310 315 320

Lys Gln Lys Asn Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn Ile
325 330 335

Glu Asp Gly Ser Val Gln Leu Ala Asp His Tyr Gln Gln Asn Thr Pro
340 345 350

Ile Gly Asp Gly Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr
355 360 365

Gln Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met Val
370 375 380

Leu Leu Glu Phe Val Thr Ala Ala Gly Ile Thr His Gly Met Asp Glu
385 390 395 400

Leu Tyr Lys

<210> SEQ ID NO 118

<211> LENGTH: 403

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 118

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

Arg Trp Gly Ser Arg Ser Leu Thr Cys Ala Thr Ser Glu Gln Gln Thr
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35 40 45

Arg Pro Glu Leu Cys Phe Phe Phe Ser Val Arg Ser Ser Trp Pro Ser
50 55 60

Thr Ile Ser Asp Gly Ala Cys Leu Ala Leu Val Ser Ala Glu Gln Gly
65 70 75 80

Ala Thr Ala Gly Arg Asn Thr Leu Ser Leu Arg Ser Met Met Ala Thr
Glu Asp Met Ala Thr Ser Thr Arg Ser Leu Arg Ser Gln Ala Thr Asn
100 105 110

Val Ala Ala Ala Ala Asn Val Ser Ile Ala Asn Ala Gly Met Glu Phe
115 120 125

Arg Ser Thr Met Ser Gly Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Gly
130 135 140

Ser Met Gly Ser Gly Ile Gln Arg Pro Thr Ser Thr Ser Ser Leu Val
145 150 155 160

Ala Ala Ala Ala Thr Met Ser Lys Gly Glu Glu Leu Phe Thr Gly Val
165 170 175

Val Pro Ile Leu Val Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe
180 185 190

Ser Val Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr
195 200 205

Leu Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr
210 215 220

Leu Val Thr Thr Phe Ser Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro
225 230 235 240

Asp His Met Lys Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly
245 250 255

Tyr Val Gln Glu Arg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys
260 265 270

Thr Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg Ile
275 280 285

Glu Leu Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly His
290 295 300

Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr Ile Met Ala Asp
305 310 315 320

Lys Gln Lys Asn Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn Ile
325 330 335

Glu Asp Gly Ser Val Gln Leu Ala Asp His Tyr Gln Gln Asn Thr Pro
340 345 350

Ile Gly Asp Gly Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr
355 360 365

Gln Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met Val
370 375 380

Leu Leu Glu Phe Val Thr Ala Ala Gly Ile Thr His Gly Met Asp Glu
385 390 395 400

Leu Tyr Lys

<210> SEQ ID NO 119

<211> LENGTH: 359

<212> TYPE: PRT

<213> ORGANISM: Melampsora lini



US 2011/0212541 Al Sep. 1, 2011
78

-continued

<400> SEQUENCE: 119

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

Arg Trp Gly Ser Arg Ser Met Glu His Val Pro Ala Glu Leu Thr Arg

Val Ser Glu Gly Tyr Thr Arg Phe Tyr Arg Ser Pro Thr Ala Ser Val
50 55 60

Ile Leu Ser Gly Leu Val Lys Val Lys Trp Asp Asn Glu Gln Met Thr
65 70 75 80

Met Pro Glu Phe Arg Ser Thr Met Ser Gly Tyr Pro Tyr Asp Val Pro
85 90 95

Asp Tyr Ala Gly Ser Met Gly Ser Gly Ile Gln Arg Pro Thr Ser Thr
100 105 110

Ser Ser Leu Val Ala Ala Ala Ala Thr Met Ser Lys Gly Glu Glu Leu
115 120 125

Phe Thr Gly Val Val Pro Ile Leu Val Glu Leu Asp Gly Asp Val Asn
130 135 140

Gly His Lys Phe Ser Val Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr
145 150 155 160

Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro Val
165 170 175

Pro Trp Pro Thr Leu Val Thr Thr Phe Ser Tyr Gly Val Gln Cys Phe
180 185 190

Ser Arg Tyr Pro Asp His Met Lys Gln His Asp Phe Phe Lys Ser Ala
195 200 205

Met Pro Glu Gly Tyr Val Gln Glu Arg Thr Ile Phe Phe Lys Asp Asp
210 215 220

Gly Asn Tyr Lys Thr Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu
225 230 235 240

Val Asn Arg Ile Glu Leu Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn
245 250 255

Ile Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr
260 265 270

Ile Met Ala Asp Lys Gln Lys Asn Gly Ile Lys Val Asn Phe Lys Ile
275 280 285

Arg His Asn Ile Glu Asp Gly Ser Val Gln Leu Ala Asp His Tyr Gln
290 295 300

Gln Asn Thr Pro Ile Gly Asp Gly Pro Val Leu Leu Pro Asp Asn His
305 310 315 320

Tyr Leu Ser Thr Gln Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg
325 330 335

Asp His Met Val Leu Leu Glu Phe Val Thr Ala Ala Gly Ile Thr His
340 345 350

Gly Met Asp Glu Leu Tyr Lys
355

<210> SEQ ID NO 120

<211> LENGTH: 359

<212> TYPE: PRT

<213> ORGANISM: Melampsora lini
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<400> SEQUENCE: 120

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

Arg Trp Gly Ser Arg Ser Met Glu His Val Pro Ala Glu Leu Thr Arg
35 40 45

Val Ser Glu Gly Tyr Thr Ala Ala Ala Ala Ser Pro Thr Ala Ser Val
Ile Leu Ser Gly Leu Val Lys Val Lys Trp Ala Asn Ala Gln Met Thr
65 70 75 80

Met Pro Glu Phe Arg Ser Thr Met Ser Gly Tyr Pro Tyr Asp Val Pro
85 90 95

Asp Tyr Ala Gly Ser Met Gly Ser Gly Ile Gln Arg Pro Thr Ser Thr
100 105 110

Ser Ser Leu Val Ala Ala Ala Ala Thr Met Ser Lys Gly Glu Glu Leu
115 120 125

Phe Thr Gly Val Val Pro Ile Leu Val Glu Leu Asp Gly Asp Val Asn
130 135 140

Gly His Lys Phe Ser Val Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr
145 150 155 160

Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro Val
165 170 175

Pro Trp Pro Thr Leu Val Thr Thr Phe Ser Tyr Gly Val Gln Cys Phe
180 185 190

Ser Arg Tyr Pro Asp His Met Lys Gln His Asp Phe Phe Lys Ser Ala
195 200 205

Met Pro Glu Gly Tyr Val Gln Glu Arg Thr Ile Phe Phe Lys Asp Asp
210 215 220

Gly Asn Tyr Lys Thr Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu
225 230 235 240

Val Asn Arg Ile Glu Leu Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn
245 250 255

Ile Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr
260 265 270

Ile Met Ala Asp Lys Gln Lys Asn Gly Ile Lys Val Asn Phe Lys Ile
275 280 285

Arg His Asn Ile Glu Asp Gly Ser Val Gln Leu Ala Asp His Tyr Gln
290 295 300

Gln Asn Thr Pro Ile Gly Asp Gly Pro Val Leu Leu Pro Asp Asn His
305 310 315 320

Tyr Leu Ser Thr Gln Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg
325 330 335

Asp His Met Val Leu Leu Glu Phe Val Thr Ala Ala Gly Ile Thr His
340 345 350

Gly Met Asp Glu Leu Tyr Lys
355

<210> SEQ ID NO 121
<211> LENGTH: 353
<212> TYPE: PRT
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<213> ORGANISM: Plasmodium falciparum
<400> SEQUENCE: 121

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

Arg Trp Gly Ser Arg Ser Asp Lys Tyr Glu Lys Ala Val Asp Tyr Gly
35 40 45

Phe Arg Glu Ser Arg Ile Leu Ala Glu Gly Glu Asp Thr Cys Ala Arg
50 55 60

Lys Glu Lys Thr Thr Leu Arg Lys Ser Lys Gln Lys Glu Phe Arg Ser
65 70 75 80

Thr Met Ser Gly Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Gly Ser Met
85 90 95

Gly Ser Gly Ile Gln Arg Pro Thr Ser Thr Ser Ser Leu Val Ala Ala
100 105 110

Ala Ala Thr Met Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro
115 120 125

Ile Leu Val Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val
130 135 140

Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys
145 150 155 160

Phe Ile Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val
165 170 175

Thr Thr Phe Ser Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His
180 185 190

Met Lys Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val
195 200 205

Gln Glu Arg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg
210 215 220

Ala Glu Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Leu
225 230 235 240

Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly His Lys Leu
245 250 255

Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr Ile Met Ala Asp Lys Gln
260 265 270

Lys Asn Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu Asp
275 280 285

Gly Ser Val Gln Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly
290 295 300

Asp Gly Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser
305 310 315 320

Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met Val Leu Leu
325 330 335

Glu Phe Val Thr Ala Ala Gly Ile Thr His Gly Met Asp Glu Leu Tyr
340 345 350

Lys
<210> SEQ ID NO 122

<211> LENGTH: 353
<212> TYPE: PRT



US 2011/0212541 Al Sep. 1, 2011
81

-continued

<213> ORGANISM: Phytophthora sojae
<400> SEQUENCE: 122

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

Arg Trp Gly Ser Arg Ser Asp Lys Tyr Glu Lys Ala Val Asp Tyr Gly
35 40 45

Phe Arg Glu Ser Ala Ala Ala Ala Ala Gly Glu Asp Thr Cys Ala Arg
50 55 60

Lys Glu Lys Thr Thr Leu Arg Lys Ser Lys Gln Lys Glu Phe Arg Ser
65 70 75 80

Thr Met Ser Gly Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Gly Ser Met
85 90 95

Gly Ser Gly Ile Gln Arg Pro Thr Ser Thr Ser Ser Leu Val Ala Ala
100 105 110

Ala Ala Thr Met Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro
115 120 125

Ile Leu Val Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val
130 135 140

Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys
145 150 155 160

Phe Ile Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val
165 170 175

Thr Thr Phe Ser Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His
180 185 190

Met Lys Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val
195 200 205

Gln Glu Arg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg
210 215 220

Ala Glu Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Leu
225 230 235 240

Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly His Lys Leu
245 250 255

Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr Ile Met Ala Asp Lys Gln
260 265 270

Lys Asn Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu Asp
275 280 285

Gly Ser Val Gln Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly
290 295 300

Asp Gly Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser
305 310 315 320

Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met Val Leu Leu
325 330 335

Glu Phe Val Thr Ala Ala Gly Ile Thr His Gly Met Asp Glu Leu Tyr
340 345 350

Lys
<210> SEQ ID NO 123

<211> LENGTH: 353
<212> TYPE: PRT



US 2011/0212541 Al Sep. 1, 2011
82

-continued

<213> ORGANISM: Plasmodium falciparum
<400> SEQUENCE: 123

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

Arg Trp Gly Ser Arg Ser Phe Asn Asn Asn Leu Cys Ser Lys Asn Ala
35 40 45

Lys Gly Leu Asn Leu Asn Lys Arg Leu Leu His Glu Thr Gln Ala His
50 55 60

Val Asp Asp Ala His His Ala His His Val Ala Asp Glu Phe Arg Ser
65 70 75 80

Thr Met Ser Gly Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Gly Ser Met
85 90 95

Gly Ser Gly Ile Gln Arg Pro Thr Ser Thr Ser Ser Leu Val Ala Ala
100 105 110

Ala Ala Thr Met Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro
115 120 125

Ile Leu Val Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val
130 135 140

Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys
145 150 155 160

Phe Ile Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val
165 170 175

Thr Thr Phe Ser Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His
180 185 190

Met Lys Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val
195 200 205

Gln Glu Arg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg
210 215 220

Ala Glu Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Leu
225 230 235 240

Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly His Lys Leu
245 250 255

Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr Ile Met Ala Asp Lys Gln
260 265 270

Lys Asn Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu Asp
275 280 285

Gly Ser Val Gln Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly
290 295 300

Asp Gly Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser
305 310 315 320

Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met Val Leu Leu
325 330 335

Glu Phe Val Thr Ala Ala Gly Ile Thr His Gly Met Asp Glu Leu Tyr
340 345 350

Lys
<210> SEQ ID NO 124

<211> LENGTH: 353
<212> TYPE: PRT
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<213> ORGANISM: Plasmodium falciparum
<400> SEQUENCE: 124

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

Arg Trp Gly Ser Arg Ser Phe Asn Asn Asn Leu Cys Ser Lys Asn Ala
35 40 45

Lys Gly Leu Asn Leu Asn Lys Ala Ala Ala Ala Ala Thr Gln Ala His
50 55 60

Val Asp Asp Ala His His Ala His His Val Ala Asp Glu Phe Arg Ser
65 70 75 80

Thr Met Ser Gly Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Gly Ser Met
85 90 95

Gly Ser Gly Ile Gln Arg Pro Thr Ser Thr Ser Ser Leu Val Ala Ala
100 105 110

Ala Ala Thr Met Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro
115 120 125

Ile Leu Val Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val
130 135 140

Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys
145 150 155 160

Phe Ile Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val
165 170 175

Thr Thr Phe Ser Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His
180 185 190

Met Lys Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val
195 200 205

Gln Glu Arg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg
210 215 220

Ala Glu Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Leu
225 230 235 240

Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly His Lys Leu
245 250 255

Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr Ile Met Ala Asp Lys Gln
260 265 270

Lys Asn Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu Asp
275 280 285

Gly Ser Val Gln Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly
290 295 300

Asp Gly Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser
305 310 315 320

Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met Val Leu Leu
325 330 335

Glu Phe Val Thr Ala Ala Gly Ile Thr His Gly Met Asp Glu Leu Tyr
340 345 350

Lys
<210> SEQ ID NO 125

<211> LENGTH: 356
<212> TYPE: PRT
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<213> ORGANISM: Plasmodium falciparum
<400> SEQUENCE: 125

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

Arg Trp Gly Ser Arg Ser Ser Tyr Asn Lys Ile Asn Ser Ser Ser Thr
35 40 45

Tyr Thr His Ser Arg Ile Leu Lys Gln Leu Glu Phe Ile Thr Leu Glu
50 55 60

Glu Lys Thr Val Asn Ala Leu Gln Glu Met Leu Asp Asp Ser Val Glu
Phe Arg Ser Thr Met Ser Gly Tyr Pro Tyr Asp Val Pro Asp Tyr Ala
85 90 95

Gly Ser Met Gly Ser Gly Ile Gln Arg Pro Thr Ser Thr Ser Ser Leu
100 105 110

Val Ala Ala Ala Ala Thr Met Ser Lys Gly Glu Glu Leu Phe Thr Gly
115 120 125

Val Val Pro Ile Leu Val Glu Leu Asp Gly Asp Val Asn Gly His Lys
130 135 140

Phe Ser Val Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu
145 150 155 160

Thr Leu Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro
165 170 175

Thr Leu Val Thr Thr Phe Ser Tyr Gly Val Gln Cys Phe Ser Arg Tyr
180 185 190

Pro Asp His Met Lys Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu
195 200 205

Gly Tyr Val Gln Glu Arg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr
210 215 220

Lys Thr Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg
225 230 235 240

Ile Glu Leu Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly
245 250 255

His Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr Ile Met Ala
260 265 270

Asp Lys Gln Lys Asn Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn
275 280 285

Ile Glu Asp Gly Ser Val Gln Leu Ala Asp His Tyr Gln Gln Asn Thr
290 295 300

Pro Ile Gly Asp Gly Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser
305 310 315 320

Thr Gln Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met
325 330 335

Val Leu Leu Glu Phe Val Thr Ala Ala Gly Ile Thr His Gly Met Asp
340 345 350

Glu Leu Tyr Lys

355

<210> SEQ ID NO 126
<211> LENGTH: 356
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<212> TYPE: PRT
<213> ORGANISM: Plasmodium falciparum

<400> SEQUENCE: 126

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

Arg Trp Gly Ser Arg Ser Ser Tyr Asn Lys Ile Asn Ser Ser Ser Thr
35 40 45

Tyr Thr His Ser Ala Ala Ala Ala Ala Leu Glu Phe Ile Thr Leu Glu
50 55 60

Glu Lys Thr Val Asn Ala Leu Gln Glu Met Leu Asp Asp Ser Val Glu
65 70 75 80

Phe Arg Ser Thr Met Ser Gly Tyr Pro Tyr Asp Val Pro Asp Tyr Ala
85 90 95

Gly Ser Met Gly Ser Gly Ile Gln Arg Pro Thr Ser Thr Ser Ser Leu
100 105 110

Val Ala Ala Ala Ala Thr Met Ser Lys Gly Glu Glu Leu Phe Thr Gly
115 120 125

Val Val Pro Ile Leu Val Glu Leu Asp Gly Asp Val Asn Gly His Lys
130 135 140

Phe Ser Val Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu
145 150 155 160

Thr Leu Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro
165 170 175

Thr Leu Val Thr Thr Phe Ser Tyr Gly Val Gln Cys Phe Ser Arg Tyr
180 185 190

Pro Asp His Met Lys Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu
195 200 205

Gly Tyr Val Gln Glu Arg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr
210 215 220

Lys Thr Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg
225 230 235 240

Ile Glu Leu Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly
245 250 255

His Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr Ile Met Ala
260 265 270

Asp Lys Gln Lys Asn Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn
275 280 285

Ile Glu Asp Gly Ser Val Gln Leu Ala Asp His Tyr Gln Gln Asn Thr
290 295 300

Pro Ile Gly Asp Gly Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser
305 310 315 320

Thr Gln Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met
325 330 335

Val Leu Leu Glu Phe Val Thr Ala Ala Gly Ile Thr His Gly Met Asp
340 345 350

Glu Leu Tyr Lys
355

<210> SEQ ID NO 127
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<211> LENGTH: 485

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae
<400> SEQUENCE: 127

Met Ser Pro Ile Leu Gly Tyr Trp Lys Ile Lys Gly Leu Val Gln Pro
1 5 10 15

Thr Arg Leu Leu Leu Glu Tyr Leu Glu Glu Lys Tyr Glu Glu His Leu
20 25 30

Tyr Glu Arg Asp Glu Gly Asp Lys Trp Arg Asn Lys Lys Phe Glu Leu
Gly Leu Glu Phe Pro Asn Leu Pro Tyr Tyr Ile Asp Gly Asp Val Lys
50 55 60

Leu Thr Gln Ser Met Ala Ile Ile Arg Tyr Ile Ala Asp Lys His Asn
65 70 75 80

Met Leu Gly Gly Cys Pro Lys Glu Arg Ala Glu Ile Ser Met Leu Glu
85 90 95

Gly Ala Val Leu Asp Ile Arg Tyr Gly Val Ser Arg Ile Ala Tyr Ser
100 105 110

Lys Asp Phe Glu Thr Leu Lys Val Asp Phe Leu Ser Lys Leu Pro Glu
115 120 125

Met Leu Lys Met Phe Glu Asp Arg Leu Cys His Lys Thr Tyr Leu Asn
130 135 140

Gly Asp His Val Thr His Pro Asp Phe Met Leu Tyr Asp Ala Leu Asp
145 150 155 160

Val Val Leu Tyr Met Asp Pro Met Cys Leu Asp Ala Phe Pro Lys Leu
165 170 175

Val Cys Phe Lys Lys Arg Ile Glu Ala Ile Pro Gln Ile Asp Lys Tyr
180 185 190

Leu Lys Ser Ser Lys Tyr Ile Ala Trp Pro Leu Gln Gly Trp Gln Ala
195 200 205

Thr Phe Gly Gly Gly Asp His Pro Pro Lys Ser Asp Leu Val Pro Arg
210 215 220

Gly Ser Leu Thr Cys Ala Thr Ser Glu Gln Gln Thr Arg Pro Glu Leu
225 230 235 240

Cys Phe Phe Phe Ser Val Arg Ser Ser Trp Pro Ser Thr Ile Ser Asp
245 250 255

Gly Ala Cys Leu Ala Leu Val Ser Ala Glu Gln Gly Ala Thr Ala Gly
260 265 270

Arg Asn Thr Leu Ser Leu Arg Ser Met Met Ala Thr Glu Asp Met Ala
275 280 285

Thr Ser Thr Arg Ser Leu Arg Ser Gln Ala Thr Asn Val Asp Asp Asp
290 295 300

Ala Asn Val Ser Ile Glu Asn Arg Gly Met Asn Pro Ser Val Leu Thr
305 310 315 320

Lys Leu Gly Glu Phe Ala Ser Thr Leu Thr Ala Gly Asn Thr Ala Asn
325 330 335

Lys Leu Trp Leu Met Ala Asp Val Asp Pro Lys Ser Ala Phe Lys Leu
340 345 350

Leu Gly Leu Asp Met Pro Gly Val Arg Phe Ile Asp Asn Pro Lys Met
355 360 365

Leu Gln Trp Leu Lys Phe Thr Lys Ala Tyr Leu Asp Met Lys Lys Ser
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370 375 380

Gly Phe Gly Glu Thr Ser Ala His Ala Leu Leu Tyr Glu Lys Ile Gly
385 390 395 400

Gly Pro Asp Leu Ser Leu Leu Leu Leu Ser Leu Lys Asp Ala Pro Asp
405 410 415

Ala Asn Ser Leu Val Gln Lys Leu Thr Asn Ser Gln Phe Gly Met Trp
420 425 430

His Asp Ala Arg Ile Glu Pro Glu Gln Leu Ala Gln Thr Val Phe Lys
435 440 445

Ile Gln Asp Val Arg Lys Leu Pro Lys Asn Asp Pro Lys Leu Gln Val
450 455 460

Ile Asp Asp Tyr Ala Lys Tyr His Arg Lys His Arg Lys Phe Leu Asn
465 470 475 480

Ser Ile Met Ile Ile
485

<210> SEQ ID NO 128

<211> LENGTH: 485

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 128

Met Ser Pro Ile Leu Gly Tyr Trp Lys Ile Lys Gly Leu Val Gln Pro
1 5 10 15

Thr Arg Leu Leu Leu Glu Tyr Leu Glu Glu Lys Tyr Glu Glu His Leu
20 25 30

Tyr Glu Arg Asp Glu Gly Asp Lys Trp Arg Asn Lys Lys Phe Glu Leu
35 40 45

Gly Leu Glu Phe Pro Asn Leu Pro Tyr Tyr Ile Asp Gly Asp Val Lys
50 55 60

Leu Thr Gln Ser Met Ala Ile Ile Arg Tyr Ile Ala Asp Lys His Asn
65 70 75 80

Met Leu Gly Gly Cys Pro Lys Glu Arg Ala Glu Ile Ser Met Leu Glu
85 90 95

Gly Ala Val Leu Asp Ile Arg Tyr Gly Val Ser Arg Ile Ala Tyr Ser
100 105 110

Lys Asp Phe Glu Thr Leu Lys Val Asp Phe Leu Ser Lys Leu Pro Glu
115 120 125

Met Leu Lys Met Phe Glu Asp Arg Leu Cys His Lys Thr Tyr Leu Asn
130 135 140

Gly Asp His Val Thr His Pro Asp Phe Met Leu Tyr Asp Ala Leu Asp
145 150 155 160

Val Val Leu Tyr Met Asp Pro Met Cys Leu Asp Ala Phe Pro Lys Leu
165 170 175

Val Cys Phe Lys Lys Arg Ile Glu Ala Ile Pro Gln Ile Asp Lys Tyr
180 185 190

Leu Lys Ser Ser Lys Tyr Ile Ala Trp Pro Leu Gln Gly Trp Gln Ala
195 200 205

Thr Phe Gly Gly Gly Asp His Pro Pro Lys Ser Asp Leu Val Pro Arg
210 215 220

Gly Ser Leu Thr Cys Ala Thr Ser Glu Gln Gln Thr Arg Pro Glu Leu
225 230 235 240
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Cys Phe Phe Phe Ser Val Arg Ser Ser Trp Pro Ser Thr Ile Ser Asp
245 250 255

Gly Ala Cys Leu Ala Leu Val Ser Ala Glu Gln Gly Ala Thr Ala Gly
260 265 270

Arg Asn Thr Leu Ser Leu Arg Ser Met Met Ala Thr Glu Asp Met Ala
275 280 285

Thr Ser Thr Ala Ala Ala Ala Ser Gln Ala Thr Asn Val Asp Asp Asp
290 295 300

Ala Asn Val Ser Ile Glu Asn Arg Gly Met Asn Pro Ser Val Leu Thr
305 310 315 320

Lys Leu Gly Glu Phe Ala Ser Thr Leu Thr Ala Gly Asn Thr Ala Asn
325 330 335

Lys Leu Trp Leu Met Ala Asp Val Asp Pro Lys Ser Ala Phe Lys Leu
340 345 350

Leu Gly Leu Asp Met Pro Gly Val Arg Phe Ile Asp Asn Pro Lys Met
355 360 365

Leu Gln Trp Leu Lys Phe Thr Lys Ala Tyr Leu Asp Met Lys Lys Ser
370 375 380

Gly Phe Gly Glu Thr Ser Ala His Ala Leu Leu Tyr Glu Lys Ile Gly
385 390 395 400

Gly Pro Asp Leu Ser Leu Leu Leu Leu Ser Leu Lys Asp Ala Pro Asp
405 410 415

Ala Asn Ser Leu Val Gln Lys Leu Thr Asn Ser Gln Phe Gly Met Trp
420 425 430

His Asp Ala Arg Ile Glu Pro Glu Gln Leu Ala Gln Thr Val Phe Lys
435 440 445

Ile Gln Asp Val Arg Lys Leu Pro Lys Asn Asp Pro Lys Leu Gln Val
450 455 460

Ile Asp Asp Tyr Ala Lys Tyr His Arg Lys His Arg Lys Phe Leu Asn
465 470 475 480

Ser Ile Met Ile Ile
485

<210> SEQ ID NO 129

<211> LENGTH: 342

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 129

Met Ser Pro Ile Leu Gly Tyr Trp Lys Ile Lys Gly Leu Val Gln Pro
1 5 10 15

Thr Arg Leu Leu Leu Glu Tyr Leu Glu Glu Lys Tyr Glu Glu His Leu
20 25 30

Tyr Glu Arg Asp Glu Gly Asp Lys Trp Arg Asn Lys Lys Phe Glu Leu
35 40 45

Gly Leu Glu Phe Pro Asn Leu Pro Tyr Tyr Ile Asp Gly Asp Val Lys
50 55 60

Leu Thr Gln Ser Met Ala Ile Ile Arg Tyr Ile Ala Asp Lys His Asn
65 70 75 80

Met Leu Gly Gly Cys Pro Lys Glu Arg Ala Glu Ile Ser Met Leu Glu
85 90 95

Gly Ala Val Leu Asp Ile Arg Tyr Gly Val Ser Arg Ile Ala Tyr Ser
100 105 110
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Lys Asp Phe Glu Thr Leu Lys Val Asp Phe Leu Ser Lys Leu Pro Glu
115 120 125

Met Leu Lys Met Phe Glu Asp Arg Leu Cys His Lys Thr Tyr Leu Asn
130 135 140

Gly Asp His Val Thr His Pro Asp Phe Met Leu Tyr Asp Ala Leu Asp
145 150 155 160

Val Val Leu Tyr Met Asp Pro Met Cys Leu Asp Ala Phe Pro Lys Leu
165 170 175

Val Cys Phe Lys Lys Arg Ile Glu Ala Ile Pro Gln Ile Asp Lys Tyr
180 185 190

Leu Lys Ser Ser Lys Tyr Ile Ala Trp Pro Leu Gln Gly Trp Gln Ala
195 200 205

Thr Phe Gly Gly Gly Asp His Pro Pro Lys Ser Asp Leu Val Pro Arg
210 215 220

Gly Ser Thr Arg Val Pro Asp Asp Ala Asn Leu Gln Ser Val Asn Ala
225 230 235 240

Pro Val Gln Thr Val Thr Arg Ser Arg Arg Phe Leu Arg Thr Ala Asp
245 250 255

Thr Asp Ile Val Tyr Glu Pro Lys Val His Asn Pro Gly Lys Lys Gln
260 265 270

Val Phe Ile Glu Asp Lys Leu Gln Lys Ala Leu Thr Asp Pro Lys Lys
275 280 285

Asn Lys Lys Leu Tyr Ala Arg Trp Tyr Asn Ser Gly Phe Thr Val Lys
290 295 300

Gln Val Glu Gly Gly Leu Asp Gln Asn Glu Asn Arg Glu Leu Glu Leu
305 310 315 320

Thr Tyr Lys Asn Leu Ala Leu Gly Tyr Ala Lys Tyr Tyr Gln Ala Arg
325 330 335

Arg Ser Gln Glu Ala Lys

340

<210> SEQ ID NO 130

<211> LENGTH: 342

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 130

Met Ser Pro Ile Leu Gly Tyr Trp Lys Ile Lys Gly Leu Val Gln Pro
1 5 10 15

Thr Arg Leu Leu Leu Glu Tyr Leu Glu Glu Lys Tyr Glu Glu His Leu
20 25 30

Tyr Glu Arg Asp Glu Gly Asp Lys Trp Arg Asn Lys Lys Phe Glu Leu
35 40 45

Gly Leu Glu Phe Pro Asn Leu Pro Tyr Tyr Ile Asp Gly Asp Val Lys
50 55 60

Leu Thr Gln Ser Met Ala Ile Ile Arg Tyr Ile Ala Asp Lys His Asn
65 70 75 80

Met Leu Gly Gly Cys Pro Lys Glu Arg Ala Glu Ile Ser Met Leu Glu
85 90 95

Gly Ala Val Leu Asp Ile Arg Tyr Gly Val Ser Arg Ile Ala Tyr Ser
100 105 110

Lys Asp Phe Glu Thr Leu Lys Val Asp Phe Leu Ser Lys Leu Pro Glu
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115 120 125

Met Leu Lys Met Phe Glu Asp Arg Leu Cys His Lys Thr Tyr Leu Asn
130 135 140

Gly Asp His Val Thr His Pro Asp Phe Met Leu Tyr Asp Ala Leu Asp
145 150 155 160

Val Val Leu Tyr Met Asp Pro Met Cys Leu Asp Ala Phe Pro Lys Leu
165 170 175

Val Cys Phe Lys Lys Arg Ile Glu Ala Ile Pro Gln Ile Asp Lys Tyr
180 185 190

Leu Lys Ser Ser Lys Tyr Ile Ala Trp Pro Leu Gln Gly Trp Gln Ala
195 200 205

Thr Phe Gly Gly Gly Asp His Pro Pro Lys Ser Asp Leu Val Pro Arg
210 215 220

Gly Ser Thr Arg Val Pro Asp Asp Ala Asn Leu Gln Ser Val Asn Ala
225 230 235 240

Pro Val Gln Thr Val Thr Arg Ser Arg Ala Ala Ala Ala Thr Ala Asp
245 250 255

Thr Asp Ile Val Tyr Glu Pro Lys Val His Asn Pro Gly Lys Lys Gln
260 265 270

Val Phe Ile Glu Asp Lys Leu Gln Lys Ala Leu Thr Asp Pro Lys Lys
275 280 285

Asn Lys Lys Leu Tyr Ala Arg Trp Tyr Asn Ser Gly Phe Thr Val Lys
290 295 300

Gln Val Glu Gly Gly Leu Asp Gln Asn Glu Asn Arg Glu Leu Glu Leu
305 310 315 320

Thr Tyr Lys Asn Leu Ala Leu Gly Tyr Ala Lys Tyr Tyr Gln Ala Arg
325 330 335

Arg Ser Gln Glu Ala Lys
340

<210> SEQ ID NO 131

<211> LENGTH: 342

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 131

Met Ser Pro Ile Leu Gly Tyr Trp Lys Ile Lys Gly Leu Val Gln Pro
1 5 10 15

Thr Arg Leu Leu Leu Glu Tyr Leu Glu Glu Lys Tyr Glu Glu His Leu
20 25 30

Tyr Glu Arg Asp Glu Gly Asp Lys Trp Arg Asn Lys Lys Phe Glu Leu
Gly Leu Glu Phe Pro Asn Leu Pro Tyr Tyr Ile Asp Gly Asp Val Lys
50 55 60

Leu Thr Gln Ser Met Ala Ile Ile Arg Tyr Ile Ala Asp Lys His Asn
65 70 75 80

Met Leu Gly Gly Cys Pro Lys Glu Arg Ala Glu Ile Ser Met Leu Glu
85 90 95

Gly Ala Val Leu Asp Ile Arg Tyr Gly Val Ser Arg Ile Ala Tyr Ser
100 105 110

Lys Asp Phe Glu Thr Leu Lys Val Asp Phe Leu Ser Lys Leu Pro Glu
115 120 125
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Met Leu Lys Met Phe Glu Asp Arg Leu Cys His Lys Thr Tyr Leu Asn
130 135 140

Gly Asp His Val Thr His Pro Asp Phe Met Leu Tyr Asp Ala Leu Asp
145 150 155 160

Val Val Leu Tyr Met Asp Pro Met Cys Leu Asp Ala Phe Pro Lys Leu
165 170 175

Val Cys Phe Lys Lys Arg Ile Glu Ala Ile Pro Gln Ile Asp Lys Tyr
180 185 190

Leu Lys Ser Ser Lys Tyr Ile Ala Trp Pro Leu Gln Gly Trp Gln Ala
195 200 205

Thr Phe Gly Gly Gly Asp His Pro Pro Lys Ser Asp Leu Val Pro Arg
210 215 220

Gly Ser Thr Arg Val Pro Asp Asp Ala Asn Leu Gln Ser Val Asn Ala
225 230 235 240

Pro Val Gln Thr Val Thr Arg Ser Arg Arg Phe Leu Arg Thr Ala Ala
245 250 255

Thr Ala Ile Val Tyr Ala Pro Ala Val His Asn Pro Gly Lys Lys Gln
260 265 270

Val Phe Ile Glu Asp Lys Leu Gln Lys Ala Leu Thr Asp Pro Lys Lys
275 280 285

Asn Lys Lys Leu Tyr Ala Arg Trp Tyr Asn Ser Gly Phe Thr Val Lys
290 295 300

Gln Val Glu Gly Gly Leu Asp Gln Asn Glu Asn Arg Glu Leu Glu Leu
305 310 315 320

Thr Tyr Lys Asn Leu Ala Leu Gly Tyr Ala Lys Tyr Tyr Gln Ala Arg
325 330 335

Arg Ser Gln Glu Ala Lys
340

<210> SEQ ID NO 132

<211> LENGTH: 279

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 132

Met Met Gln Trp Ser Ala Ile Leu Ile Arg Thr Cys Phe Ser Gly Ser
1 5 10 15

Gly Gly Glu Ala Leu Thr Cys Ala Thr Ser Glu Gln Gln Thr Arg Pro
20 25 30

Glu Leu Cys Phe Phe Phe Ser Val Arg Ser Ser Trp Pro Ser Thr Ile
35 40 45

Ser Asp Gly Ala Cys Leu Ala Leu Val Ser Ala Glu Gln Gly Ala Thr
50 55 60

Ala Gly Arg Asn Thr Leu Ser Leu Arg Ser Met Met Ala Thr Glu Asp
65 70 75 80

Met Ala Thr Ser Thr Arg Ser Leu Arg Ser Gln Ala Thr Asn Val Asp
85 90 95

Asp Asp Ala Asn Val Ser Ile Glu Asn Arg Gly Met Asn Pro Ser Val
100 105 110

Leu Thr Lys Leu Gly Glu Phe Ala Ser Thr Leu Thr Ala Gly Asn Thr
115 120 125

Ala Asn Lys Leu Trp Leu Met Ala Asp Val Asp Pro Lys Ser Ala Phe
130 135 140
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Lys Leu Leu Gly Leu Asp Met Pro Gly Val Arg Phe Ile Asp Asn Pro
145 150 155 160

Lys Met Leu Gln Trp Leu Lys Phe Thr Lys Ala Tyr Leu Asp Met Lys
165 170 175

Lys Ser Gly Phe Gly Glu Thr Ser Ala His Ala Leu Leu Tyr Glu Lys
180 185 190

Ile Gly Gly Pro Asp Leu Ser Leu Leu Leu Leu Ser Leu Lys Asp Ala
195 200 205

Pro Asp Ala Asn Ser Leu Val Gln Lys Leu Thr Asn Ser Gln Phe Gly
210 215 220

Met Trp His Asp Ala Arg Ile Glu Pro Glu Gln Leu Ala Gln Thr Val
225 230 235 240

Phe Lys Ile Gln Asp Val Arg Lys Leu Pro Lys Asn Asp Pro Lys Leu
245 250 255

Gln Val Ile Asp Asp Tyr Ala Lys Tyr His Arg Lys His Arg Lys Phe
260 265 270

Leu Asn Ser Ile Met Ile Ile

275

<210> SEQ ID NO 133

<211> LENGTH: 279

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae
<400> SEQUENCE: 133

Met Met Gln Trp Ser Ala Ile Leu Ile Arg Thr Cys Phe Ser Gly Ser
1 5 10 15

Gly Gly Glu Ala Leu Thr Cys Ala Thr Ser Glu Gln Gln Thr Arg Pro
Glu Leu Cys Phe Phe Phe Ser Val Arg Ser Ser Trp Pro Ser Thr Ile
35 40 45

Ser Asp Gly Ala Cys Leu Ala Leu Val Ser Ala Glu Gln Gly Ala Thr
50 55 60

Ala Gly Arg Asn Thr Leu Ser Leu Arg Ser Met Met Ala Thr Glu Asp
65 70 75 80

Met Ala Thr Ser Thr Ala Ala Ala Ala Ser Gln Ala Thr Asn Val Asp
85 90 95

Asp Asp Ala Asn Val Ser Ile Glu Asn Arg Gly Met Asn Pro Ser Val
100 105 110

Leu Thr Lys Leu Gly Glu Phe Ala Ser Thr Leu Thr Ala Gly Asn Thr
115 120 125

Ala Asn Lys Leu Trp Leu Met Ala Asp Val Asp Pro Lys Ser Ala Phe
130 135 140

Lys Leu Leu Gly Leu Asp Met Pro Gly Val Arg Phe Ile Asp Asn Pro
145 150 155 160

Lys Met Leu Gln Trp Leu Lys Phe Thr Lys Ala Tyr Leu Asp Met Lys
165 170 175

Lys Ser Gly Phe Gly Glu Thr Ser Ala His Ala Leu Leu Tyr Glu Lys
180 185 190

Ile Gly Gly Pro Asp Leu Ser Leu Leu Leu Leu Ser Leu Lys Asp Ala
195 200 205

Pro Asp Ala Asn Ser Leu Val Gln Lys Leu Thr Asn Ser Gln Phe Gly
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210 215 220

Met Trp His Asp Ala Arg Ile Glu Pro Glu Gln Leu Ala Gln Thr Val
225 230 235 240

Phe Lys Ile Gln Asp Val Arg Lys Leu Pro Lys Asn Asp Pro Lys Leu
245 250 255

Gln Val Ile Asp Asp Tyr Ala Lys Tyr His Arg Lys His Arg Lys Phe
260 265 270

Leu Asn Ser Ile Met Ile Ile
275

<210> SEQ ID NO 134

<211> LENGTH: 279

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 134

Met Met Gln Trp Ser Ala Ile Leu Ile Arg Thr Cys Phe Ser Gly Ser
1 5 10 15

Gly Gly Glu Ala Leu Thr Cys Ala Thr Ser Glu Gln Gln Thr Arg Pro
20 25 30

Glu Leu Cys Phe Phe Phe Ser Val Arg Ser Ser Trp Pro Ser Thr Ile
35 40 45

Ser Asp Gly Ala Cys Leu Ala Leu Val Ser Ala Glu Gln Gly Ala Thr
Ala Gly Arg Asn Thr Leu Ser Leu Arg Ser Met Met Ala Thr Glu Asp
65 70 75 80

Met Ala Thr Ser Thr Arg Ser Leu Arg Ser Gln Ala Thr Asn Val Ala
85 90 95

Ala Ala Ala Asn Val Ser Ile Ala Asn Ala Gly Met Asn Pro Ser Val
100 105 110

Leu Thr Lys Leu Gly Glu Phe Ala Ser Thr Leu Thr Ala Gly Asn Thr
115 120 125

Ala Asn Lys Leu Trp Leu Met Ala Asp Val Asp Pro Lys Ser Ala Phe
130 135 140

Lys Leu Leu Gly Leu Asp Met Pro Gly Val Arg Phe Ile Asp Asn Pro
145 150 155 160

Lys Met Leu Gln Trp Leu Lys Phe Thr Lys Ala Tyr Leu Asp Met Lys
165 170 175

Lys Ser Gly Phe Gly Glu Thr Ser Ala His Ala Leu Leu Tyr Glu Lys
180 185 190

Ile Gly Gly Pro Asp Leu Ser Leu Leu Leu Leu Ser Leu Lys Asp Ala
195 200 205

Pro Asp Ala Asn Ser Leu Val Gln Lys Leu Thr Asn Ser Gln Phe Gly
210 215 220

Met Trp His Asp Ala Arg Ile Glu Pro Glu Gln Leu Ala Gln Thr Val
225 230 235 240

Phe Lys Ile Gln Asp Val Arg Lys Leu Pro Lys Asn Asp Pro Lys Leu
245 250 255

Gln Val Ile Asp Asp Tyr Ala Lys Tyr His Arg Lys His Arg Lys Phe
260 265 270

Leu Asn Ser Ile Met Ile Ile
275



US 2011/0212541 Al

94

-continued

Sep. 1, 2011

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 135

LENGTH :

TYPE :

PRT

ORGANISM:

SEQUENCE :

Leu Thr Cys Ala

1

Phe Ph

Cys Le

Thr Le

50

Thr Ar
65

Val Se

Gly G1

Trp Le

Leu As
13

Trp Le
145

Gly G1

Asp Le

Ser Le

Ala Ar

21

Asp Va
225

e Ser

u Ala
35

u Ser

g Ser

r Ile

u Phe

u Met
115

P Met
0

u Lys

u Thr

u Ser

u Val
195

g Ile
[0}

1 Arg

Asp Tyr Ala

Met Il

<210>
<211>
<212>
<213>

<400>

e Ile

Val

20

Leu

Leu

Leu

Glu

Ala

100

Ala

Pro

Phe

Ser

Leu

180

Gln

Glu

Lys

Lys

259

Phytophthora sojae

135

Thr

Arg

Val

Arg

Arg

Asn

85

Ser

Asp

Gly

Thr

Ala

165

Leu

Lys

Pro

Leu

Tyr
245

SEQ ID NO 136

LENGTH:

TYPE:

PRT

ORGANISM:

SEQUENCE :

Leu Thr Cys Ala

1

Phe Phe Ser Val

20

Cys Leu Ala Leu

35

Thr Leu Ser Leu

259

Ser

Ser

Ser

Ser

Ser

70

Arg

Thr

Val

Val

Lys

150

His

Leu

Leu

Glu

Pro

230

His

Glu

Ser

Ala

Met

55

Gln

Gly

Leu

Asp

Arg

135

Ala

Ala

Leu

Thr

Gln

215

Lys

Arg

Gln

Trp

Glu

40

Met

Ala

Met

Thr

Pro

120

Phe

Tyr

Leu

Ser

Asn

200

Leu

Asn

Lys

Gln

Pro

25

Gln

Ala

Thr

Asn

Ala

105

Lys

Ile

Leu

Leu

Leu

185

Ser

Ala

Asp

His

Phytophthora sojae

136

Thr

Arg

Val

Arg

Ser

Ser

Ser

Ser

Glu

Ser

Ala

Met

Gln

Trp

Glu

40

Met

Gln

Pro

25

Gln

Ala

Thr

10

Ser

Gly

Thr

Asn

Pro

90

Gly

Ser

Asp

Asp

Tyr

170

Lys

Gln

Gln

Pro

Arg
250

Thr
10
Ser

Gly

Thr

Arg

Thr

Ala

Glu

Val

75

Ser

Asn

Ala

Asn

Met

155

Glu

Asp

Phe

Thr

Lys

235

Lys

Arg

Thr

Ala

Glu

Pro

Ile

Thr

Asp

60

Asp

Val

Thr

Phe

Pro

140

Lys

Lys

Ala

Gly

Val

220

Leu

Phe

Pro

Ile

Thr

Asp

Glu

Ser

Ala

45

Met

Asp

Leu

Ala

Lys

125

Lys

Lys

Ile

Pro

Met

205

Phe

Gln

Leu

Glu

Ser

Ala

45

Met

Leu

Asp

30

Gly

Ala

Asp

Thr

Asn

110

Leu

Met

Ser

Gly

Asp

190

Trp

Lys

Val

Asn

Leu

Asp

Gly

Ala

Cys

15

Gly

Arg

Thr

Ala

Lys

95

Lys

Leu

Leu

Gly

Gly

175

Ala

His

Ile

Ile

Ser
255

Cys
15
Gly

Arg

Thr

Phe

Ala

Asn

Ser

Asn

80

Leu

Leu

Gly

Gln

Phe

160

Pro

Asn

Asp

Gln

Asp

240

Ile

Phe

Ala

Asn

Ser
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50 55 60

Thr Ala Ala Ala Ala Ser Gln Ala Thr Asn Val Asp Asp Asp Ala Asn
65 70 75 80

Val Ser Ile Glu Asn Arg Gly Met Asn Pro Ser Val Leu Thr Lys Leu
85 90 95

Gly Glu Phe Ala Ser Thr Leu Thr Ala Gly Asn Thr Ala Asn Lys Leu
100 105 110

Trp Leu Met Ala Asp Val Asp Pro Lys Ser Ala Phe Lys Leu Leu Gly
115 120 125

Leu Asp Met Pro Gly Val Arg Phe Ile Asp Asn Pro Lys Met Leu Gln
130 135 140

Trp Leu Lys Phe Thr Lys Ala Tyr Leu Asp Met Lys Lys Ser Gly Phe
145 150 155 160

Gly Glu Thr Ser Ala His Ala Leu Leu Tyr Glu Lys Ile Gly Gly Pro
165 170 175

Asp Leu Ser Leu Leu Leu Leu Ser Leu Lys Asp Ala Pro Asp Ala Asn
180 185 190

Ser Leu Val Gln Lys Leu Thr Asn Ser Gln Phe Gly Met Trp His Asp
195 200 205

Ala Arg Ile Glu Pro Glu Gln Leu Ala Gln Thr Val Phe Lys Ile Gln
210 215 220

Asp Val Arg Lys Leu Pro Lys Asn Asp Pro Lys Leu Gln Val Ile Asp
225 230 235 240

Asp Tyr Ala Lys Tyr His Arg Lys His Arg Lys Phe Leu Asn Ser Ile
245 250 255

Met Ile Ile

<210> SEQ ID NO 137

<211> LENGTH: 259

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 137

Leu Thr Cys Ala Thr Ser Glu Gln Gln Thr Arg Pro Glu Leu Cys Phe
1 5 10 15

Phe Phe Ser Val Arg Ser Ser Trp Pro Ser Thr Ile Ser Asp Gly Ala
20 25 30

Cys Leu Ala Leu Val Ser Ala Glu Gln Gly Ala Thr Ala Gly Arg Asn
Thr Leu Ser Leu Arg Ser Met Met Ala Thr Glu Asp Met Ala Thr Ser
50 55 60

Thr Arg Ser Leu Arg Ser Gln Ala Thr Asn Val Ala Ala Ala Ala Asn
65 70 75 80

Val Ser Ile Ala Asn Ala Gly Met Asn Pro Ser Val Leu Thr Lys Leu
85 90 95

Gly Glu Phe Ala Ser Thr Leu Thr Ala Gly Asn Thr Ala Asn Lys Leu
100 105 110

Trp Leu Met Ala Asp Val Asp Pro Lys Ser Ala Phe Lys Leu Leu Gly
115 120 125

Leu Asp Met Pro Gly Val Arg Phe Ile Asp Asn Pro Lys Met Leu Gln
130 135 140

Trp Leu Lys Phe Thr Lys Ala Tyr Leu Asp Met Lys Lys Ser Gly Phe
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145 150 155 160

Gly Glu Thr Ser Ala His Ala Leu Leu Tyr Glu Lys Ile Gly Gly Pro
165 170 175

Asp Leu Ser Leu Leu Leu Leu Ser Leu Lys Asp Ala Pro Asp Ala Asn
180 185 190

Ser Leu Val Gln Lys Leu Thr Asn Ser Gln Phe Gly Met Trp His Asp
195 200 205

Ala Arg Ile Glu Pro Glu Gln Leu Ala Gln Thr Val Phe Lys Ile Gln
210 215 220

Asp Val Arg Lys Leu Pro Lys Asn Asp Pro Lys Leu Gln Val Ile Asp
225 230 235 240

Asp Tyr Ala Lys Tyr His Arg Lys His Arg Lys Phe Leu Asn Ser Ile
245 250 255

Met Ile Ile

<210> SEQ ID NO 138

<211> LENGTH: 137

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Sequence of amino acids 24-67 of
avrL567 replacing theRXLR region of seceted Avrilb

<400> SEQUENCE: 138

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Met Glu His Val Pro Ala Glu Leu Thr Arg Val
20 25 30

Ser Glu Gly Tyr Thr Arg Phe Tyr Arg Ser Pro Thr Ala Ser Val Ile
35 40 45

Leu Ser Gly Leu Val Lys Val Lys Trp Asp Asn Glu Gln Met Thr Met

Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys Leu
65 70 75 80

Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr Glu
85 90 95

Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp Leu
100 105 110

Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr Asn
115 120 125

Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 139

<211> LENGTH: 137

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Sequence of amino acids 24-67 of
avrL567 replacing theRXLR region of secreted Avrlb. RFYR-DE
mutated to AAAA-AA

<400> SEQUENCE: 139

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Met Glu His Val Pro Ala Glu Leu Thr Arg Val
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20 25 30

Ser Glu Gly Tyr Thr Ala Ala Ala Ala Ser Pro Thr Ala Ser Val Ile
35 40 45

Leu Ser Gly Leu Val Lys Val Lys Trp Ala Asn Ala Gln Met Thr Met
50 55 60

Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys Leu
65 70 75 80

Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr Glu
85 90 95

Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp Leu
100 105 110

Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr Asn
115 120 125

Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 140

<211> LENGTH: 116

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Sequence of amino acids 24-67 of
avrL567 replacing theRXLR regio
n of mature Avrilb.

<400> SEQUENCE: 140

Met Glu His Val Pro Ala Glu Leu Thr Arg Val Ser Glu Gly Tyr Thr
1 5 10 15

Arg Phe Tyr Arg Ser Pro Thr Ala Ser Val Ile Leu Ser Gly Leu Val
20 25 30

Lys Val Lys Trp Asp Asn Glu Gln Met Thr Met Thr Phe Ser Val Thr
35 40 45

Asp Leu Trp Asn Lys Val Ala Ala Lys Lys Leu Ala Lys Ala Met Leu
50 55 60

Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr Glu Lys Trp Ala Lys Lys
65 70 75 80

Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp Leu Ala Ile Ala Asp Pro

Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr Asn Gly Tyr Thr Phe His
100 105 110

Arg Tyr Gln Ser
115

<210> SEQ ID NO 141

<211> LENGTH: 116

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Sequence of amino acids 24-67 of
avrL567 replacing theRXLR region of mature Avrlb. RFYR-DE
mutated to AAAA-AA

<400> SEQUENCE: 141

Met Glu His Val Pro Ala Glu Leu Thr Arg Val Ser Glu Gly Tyr Thr
1 5 10 15

Ala Ala Ala Ala Ser Pro Thr Ala Ser Val Ile Leu Ser Gly Leu Val
20 25 30
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Lys Val Lys Trp Ala Asn Ala Gln Met Thr Met Thr Phe Ser Val Thr
35 40 45

Asp Leu Trp Asn Lys Val Ala Ala Lys Lys Leu Ala Lys Ala Met Leu
50 55 60

Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr Glu Lys Trp Ala Lys Lys
65 70 75 80

Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp Leu Ala Ile Ala Asp Pro
85 90 95

Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr Asn Gly Tyr Thr Phe His
100 105 110

Arg Tyr Gln Ser
115

<210> SEQ ID NO 142
<211> LENGTH: 169
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Sequence of the N-terminus of AvrM
replacing the RXLR region of secreted Avrilb.

<400> SEQUENCE: 142

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala His Pro Val Tyr Asp Tyr Asn Pro Ile Pro Asn
20 25 30

His Ile His Gly Asp Leu Lys Arg Arg Ala Tyr Ile Glu Arg Tyr Ser
35 40 45

Gln Cys Ser Asp Ser Gln Ala Ser Glu Ile Arg Ala Ala Leu Lys Ser
50 55 60

Cys Ala Glu Leu Ala Ser Trp Gly Tyr His Ala Val Lys Asn Asp Asn
65 70 75 80

Arg Leu Phe Lys Leu Ile Phe Lys Thr Asp Ser Thr Asp Ile Gln Asn
85 90 95

Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys Leu
100 105 110

Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr Glu
115 120 125

Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp Leu
130 135 140

Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr Asn
145 150 155 160

Gly Tyr Thr Phe His Arg Tyr Gln Ser
165

<210> SEQ ID NO 143

<211> LENGTH: 192

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Sequence of the N-terminus of
AvrPita replacing theRXLR region of secreted Avrilb.

<400> SEQUENCE: 143

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15
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Val Thr Cys Asn Ala Asn Asn Leu Gly Thr Val Pro Asp Val Pro His
20 25 30

Gln Ile Pro Asn Asp Lys Ser Gly Thr Pro Ala Ile Glu Asp Pro Lys
35 40 45

Asp Met Lys Gly Phe Asn Lys Ala Leu Lys Ser Thr Pro Glu Ser Glu
50 55 60

Lys Leu Gly Thr Ser Ser Val Glu Gly Ile Pro Gln Pro Glu Phe Asp
65 70 75 80

Arg Gly Phe Leu Arg Pro Phe Gly Ala Lys Met Lys Phe Leu Lys Pro
85 90 95

Asp Gln Val Gln Lys Leu Ser Thr Asp Asp Leu Ile Thr Tyr Met Ala
100 105 110

Glu Lys Asp Lys Asn Val Arg Thr Phe Ser Val Thr Asp Leu Trp Asn
115 120 125

Lys Val Ala Ala Lys Lys Leu Ala Lys Ala Met Leu Ala Asp Pro Ser
130 135 140

Lys Glu Gln Lys Ala Tyr Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu
145 150 155 160

Asp Lys Ile Lys Asn Trp Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly
165 170 175

Lys Tyr Asp Arg Ile Tyr Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
180 185 190

<210> SEQ ID NO 144

<211> LENGTH: 142

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 144

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Lys Arg Arg Ala Tyr Ile Glu Arg Ala His Glu Glu Asp
50 55 60

Asp Ala Gly Glu Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val
Ala Ala Lys Lys Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu
85 90 95

Gln Lys Ala Tyr Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys
100 105 110

Ile Lys Asn Trp Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr
115 120 125

Asp Arg Ile Tyr Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135 140

<210> SEQ ID NO 145

<211> LENGTH: 139

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 145
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Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Arg Ala Ala Leu Lys Ala His Glu Glu Asp Asp Ala Gly
50 55 60

Glu Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys
65 70 75 80

Lys Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala
Tyr Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn
100 105 110

Trp Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile
115 120 125

Tyr Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 146

<211> LENGTH: 149

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 146

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
Ala Gly Gly Arg Leu Phe Lys Leu Ile Phe Lys Thr Asp Ser Thr Asp

50 55 60

Ile Gln Ala His Glu Glu Asp Asp Ala Gly Glu Arg Thr Phe Ser Val
65 70 75 80

Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys Leu Ala Lys Ala Met
85 90 95

Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr Glu Lys Trp Ala Lys
100 105 110

Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp Leu Ala Ile Ala Asp
115 120 125

Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr Asn Gly Tyr Thr Phe
130 135 140

His Arg Tyr Gln Ser
145

<210> SEQ ID NO 147

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 147

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15
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Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly His Phe Leu Arg Ala His Glu Glu Asp Asp Ala Gly Glu
50 55 60

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
65 70 75 80

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser

130 135

<210> SEQ ID NO 148

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 148

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
Ala Gly Gly Arg Phe Phe Arg Ala His Glu Glu Asp Asp Ala Gly Glu
Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys

65 70 75 80

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 149

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 149

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45
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Ala Gly Gly Arg Phe Tyr Arg Ala His Glu Glu Asp Asp Ala Gly Glu
50 55 60

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 150

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 150

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Arg Phe Ile Arg Ala His Glu Glu Asp Asp Ala Gly Glu
50 55 60

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 151

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 151

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Arg Phe Met Arg Ala His Glu Glu Asp Asp Ala Gly Glu
50 55 60

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
65 70 75 80
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Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 152

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 152

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Arg Phe Leu Gly Ala His Glu Glu Asp Asp Ala Gly Glu
50 55 60

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
65 70 75 80

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 153

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 153

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Arg Met Val Arg Ala His Glu Glu Asp Asp Ala Gly Glu
Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
65 70 75 80

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110
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Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 154

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 154

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Arg Leu Gly Thr Ala His Glu Glu Asp Asp Ala Gly Glu
50 55 60

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135

<210> SEQ ID NO 155

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 155

Met Arg Leu Ser Phe Val Leu Ser Leu Val Val Ala Ile Gly Tyr Val
1 5 10 15

Val Thr Cys Asn Ala Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met
20 25 30

Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile
35 40 45

Ala Gly Gly Arg Leu Thr Gln Ala His Glu Glu Asp Asp Ala Gly Glu
50 55 60

Arg Thr Phe Ser Val Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys
65 70 75 80

Leu Ala Lys Ala Met Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr
85 90 95

Glu Lys Trp Ala Lys Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp
100 105 110

Leu Ala Ile Ala Asp Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr
115 120 125

Asn Gly Tyr Thr Phe His Arg Tyr Gln Ser
130 135
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 156

LENGTH: 53

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 156

gcatcccatg gagecageat agtctgggac gtcatatgga tagecggaca tgg 53

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 157

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 157

atgcagatct ctcacttgeg ccacctecga gc 32

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 158

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 158

catatggata gccggacatg gtggatctgt cgactetgtt ttcaatceg 48

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 159

LENGTH: 46

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 159

catatggata geccggacatg gtggatctgt cgactgegtt tgcaat 46

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 160

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 160

agtcagatct acaagagtce ccgacga 27

<210>
<211>
<212>
<213>

SEQ ID NO 161

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
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<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 161

catatggata gccggacatg gtggatctgt cgacttgcca ggattatg 48

<210> SEQ ID NO 162

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 162

atcgagatct atgggaatgg aacatg 26

<210> SEQ ID NO 163

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 163

gatagccgga catggtggat ctgtcgaccce acaggtcagt cacge 45

<210> SEQ ID NO 164

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 164

tcccatggag ccagcatagt ctgggacgte atatggatag ceggacatgg tggatcet 57

<210> SEQ ID NO 165

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 165

atcgagatct gataagtatg agaaagcg 28

<210> SEQ ID NO 166

<211> LENGTH: 53

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 166
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catatggata gccggacatg gtggatctgt cgacegtttg cttgetttte cgy 53

<210> SEQ ID NO 167

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 167

gattacgget ttegagagtc tgcagcagca gecagcaggceg aagatacctg cg 52

<210> SEQ ID NO 168

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 168

atgcagatct gataagtatg agaaagcggt agattacgge tttegagagt ct 52

<210> SEQ ID NO 169

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 169

atgcagatct tttaacaata acc 23

<210> SEQ ID NO 170

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 170

catatggata geccggacatg gtggatctgt cgacatctge aacatgg 47

<210> SEQ ID NO 171

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
gites to faciliate cloning

<400> SEQUENCE: 171
ggcttgaace tcaacaaggc agcagcagca gcaacacaag cacatg 46

<210> SEQ ID NO 172
<211> LENGTH: 35
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 172

gtagtaagaa tgctaaaggc ttgaacctca acaag 35

<210> SEQ ID NO 173

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 173

atgcagatct tttaacaata acctgtgtag taagaatgct aaaggc 46

<210> SEQ ID NO 174

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 174

atgcagatct agttacaaca agatcaac 28

<210> SEQ ID NO 175

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
gites to faciliate cloning

<400> SEQUENCE: 175

catatggata geccggacatg gtggatctgt cgacactatce atctaac 47

<210> SEQ ID NO 176

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 176

catctactta tacacacagt gcagcagcag cagcattgga gttcatcaca ttgg 54

<210> SEQ ID NO 177

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning
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<400>

SEQUENCE: 177

atgcagatct agttacaaca agatcaactc gtcatctact tatacacaca gtgcagca 58

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 178

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 178

gcgtggatce ctcacttgeg ccacctecg 29

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 179

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
gites to faciliate cloning

SEQUENCE: 179

tcgagtcgac tcagataatc atgatgctgt 30

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 180

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 180

gcgtggatcc acaagagtcce ccgacga 27

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 181

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 181

tcgagtcgac tcacttggecce tcttgcgat 29

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 182

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 182

cagcggegge ggegtetcaa getacgaacg 30
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 183

LENGTH: 45

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
gsites to faciliate cloning

SEQUENCE: 183

gttegtaget tgagacgecg cegecgetgt cgaggttgee atgte 45

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 184

LENGTH: 40

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 184

ggctaacgtt tcgattgcga acgcgggatg aacccttcag 40

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 185

LENGTH: 38

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 185

cgcaatcgaa acgttageeg cegecgecac gttegtag 38

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 186

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 186

gegtecatgg gagetcactt gegecaccte cg 32

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 187

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 187

tcgaggtacc tcagataatc atgatgetgt 30

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 188

LENGTH: 52

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
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amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 188

agatccecggg gggcagtgag atatgctcac ttgcgccacce tccgagcaac ag 52

<210> SEQ ID NO 189

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 189

atcgecatgg gaatggaaca tgtaccagca gagttgacca gagtcagega aggyg 54

<210> SEQ ID NO 190

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 190

accagagtca gcgaagggta tacacgattt taccggtcce caacggctag tgtaatac 58

<210> SEQ ID NO 191

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 191

caacggctag tgtaatactg tcaggattgg taaaggttaa atgggataat gaacaaatg 59

<210> SEQ ID NO 192

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 192

tgggataatg aacaaatgac gatgccgacc ttcagegtga ctgacctgtg g 51

<210> SEQ ID NO 193

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 193

agatcceggg gggcaatgag atatgatgga acatgtacca geag 44
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 194

LENGTH: 58

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 194

tcctgacagt attacactag cegttgggga cgcagegget getgtatace cttegetg 58

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 195

LENGTH: 59

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 195

gtgtaatact gtcaggattg gtaaaggtta aatgggctaa tgcacaaatg acgatgccg 59

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 196

LENGTH: 59

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 196

atcgcacteg agetttegea gatccegggyg ggcaatgaga tatgegtceta tettttgtyg 59

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 197

LENGTH: 34

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 197

atcgccatgg gacacccagt ttacgattac aatc 34

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 198

LENGTH: 58

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

SEQUENCE: 198

cacgcegtta aaaatgacaa tcggttattt agattaatcet ttaaaactga cagcacag 58

<210>
<211>
<212>
<213>

SEQ ID NO 199

LENGTH: 52

TYPE: DNA

ORGANISM: Artificial Sequence
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<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 199

ctttaaaact gacagcacag atattcaaaa caccttcagc gtgactgacc tg 52

<210> SEQ ID NO 200

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 200

ccacgaggeg ageteggcac aactttttag cgeggcacga attte 45

<210> SEQ ID NO 201

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 201

ccgattgtea tttttaacgg cgtgatagee ccacgaggeg agetcggeac 50

<210> SEQ ID NO 202

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 202

atcgccatgg gaaacaacct tggaacagta ccggatgtge cacatc 46

<210> SEQ ID NO 203

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 203

cagtaccgga tgtgccacat caaattccaa atgacaaaag tggtactcct gccattg 57

<210> SEQ ID NO 204

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 204
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caaaagtggt actcctgcca ttgaagacce aaaagatatg aaaggattca ataaggctce 59

<210> SEQ ID NO 205

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 205

ccacaggtca gtcacgcetga aggttegtac atttttatet ttttetgeca tgtatg 56

<210> SEQ ID NO 206

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 206

gacattgeeg geggaaaaag gegggcettat attgaacgeg ctcatgaaga ggacgatge 59

<210> SEQ ID NO 207

<211> LENGTH: 53

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 207

gacattgceg geggacgtge cgcgctaaaa agtgctcatg aagaggacga tge 53

<210> SEQ ID NO 208

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 208

ctttaaaact gacagcacag atattcaagc tcatgaagag gacgatgeg 49

<210> SEQ ID NO 209

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
gites to faciliate cloning

<400> SEQUENCE: 209
ctgtgetgte agttttaaag attaatttaa ataaccgtec gecggcaatg tegeegtte 59

<210> SEQ ID NO 210
<211> LENGTH: 23
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 210

cattgecegge ggaaagttte tte 23

<210> SEQ ID NO 211

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 211

cgacattgce ggcggacact ttcttcgage tcatgaagag gacgatg 47

<210> SEQ ID NO 212

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 212

cattgccgge ggacaattte 20

<210> SEQ ID NO 213

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
gites to faciliate cloning

<400> SEQUENCE: 213

cgacattgee ggcggaagat tttttegage tcatgaagag gacgatg 47

<210> SEQ ID NO 214

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 214

cgacattgcce ggcggaagat tttatcgage tcatgaagag gacgatg 47

<210> SEQ ID NO 215

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning
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<400> SEQUENCE: 215

cgacattgee ggcggaagat ttattcgage tcatgaagag gacgatg 47

<210> SEQ ID NO 216

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 216

cgacattgee ggeggaagat ttatgegage tcatgaagag gacgatg 47

<210> SEQ ID NO 217

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
gites to faciliate cloning

<400> SEQUENCE: 217

cattgccgge ggaagatttg tte 23

<210> SEQ ID NO 218

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 218

cattgcecgge ggaagatttg ctceg 24

<210> SEQ ID NO 219

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 219

cattgccgge ggaagatttc ttcaagce 27

<210> SEQ ID NO 220

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 220

cgacattgee ggcggaagat ttettggage tcatgaagag gacgatg 47
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<210> SEQ ID NO 221

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
gsites to faciliate cloning

<400> SEQUENCE: 221

cgacattgee ggcggaagaa tggttegage tcatgaagag gacgatg 47

<210> SEQ ID NO 222

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 222

cgacattgcce ggcggaagac ttggaacagce tcatgaagag gacgatg 47

<210> SEQ ID NO 223

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 223

cgacattgcc ggcggaagac ttactcaagc tcatgaagag gacgatg 47
<210> SEQ ID NO 224

<211> LENGTH: 390

<212> TYPE: PRT

<213> ORGANISM: Magnaporthe grisea

<400> SEQUENCE: 224

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

Arg Trp Gly Ser Arg Ser His Pro Val Tyr Asp Tyr Asn Pro Ile Pro
35 40 45

Asn His Ile His Gly Asp Leu Lys Arg Arg Ala Tyr Ile Glu Arg Tyr
50 55 60

Ser Gln Cys Ser Asp Ser Gln Ala Ser Glu Ile Arg Ala Ala Leu Lys
65 70 75 80

Ser Cys Ala Glu Leu Ala Ser Trp Gly Tyr His Ala Val Lys Asn Asp
85 90 95

Asn Arg Leu Phe Lys Leu Ile Phe Lys Thr Asp Ser Thr Asp Ile Gln
100 105 110

Asn Glu Phe Arg Ser Thr Met Ser Gly Tyr Pro Tyr Asp Val Pro Asp
115 120 125

Tyr Ala Gly Ser Met Gly Ser Gly Ile Gln Arg Pro Thr Ser Thr Ser
130 135 140
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Ser Leu Val Ala Ala Ala Ala Thr Met Ser Lys Gly Glu Glu Leu Phe
145 150 155 160

Thr Gly Val Val Pro Ile Leu Val Glu Leu Asp Gly Asp Val Asn Gly
165 170 175

His Lys Phe Ser Val Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly
180 185 190

Lys Leu Thr Leu Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro Val Pro
195 200 205

Trp Pro Thr Leu Val Thr Thr Phe Ser Tyr Gly Val Gln Cys Phe Ser
210 215 220

Arg Tyr Pro Asp His Met Lys Gln His Asp Phe Phe Lys Ser Ala Met
225 230 235 240

Pro Glu Gly Tyr Val Gln Glu Arg Thr Ile Phe Phe Lys Asp Asp Gly
245 250 255

Asn Tyr Lys Thr Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu Val
260 265 270

Asn Arg Ile Glu Leu Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn Ile
275 280 285

Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr Ile
290 295 300

Met Ala Asp Lys Gln Lys Asn Gly Ile Lys Val Asn Phe Lys Ile Arg
305 310 315 320

His Asn Ile Glu Asp Gly Ser Val Gln Leu Ala Asp His Tyr Gln Gln
325 330 335

Asn Thr Pro Ile Gly Asp Gly Pro Val Leu Leu Pro Asp Asn His Tyr
340 345 350

Leu Ser Thr Gln Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg Asp
355 360 365

His Met Val Leu Leu Glu Phe Val Thr Ala Ala Gly Ile Thr His Gly
370 375 380

Met Asp Glu Leu Tyr Lys

385 390

<210> SEQ ID NO 225

<211> LENGTH: 390

<212> TYPE: PRT

<213> ORGANISM: Magnaporthe grisea

<400> SEQUENCE: 225

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

Arg Trp Gly Ser Arg Ser His Pro Val Tyr Asp Tyr Asn Pro Ile Pro
35 40 45

Asn His Ile His Gly Asp Leu Ser Ala Ser Ala Ser Ile Glu Ala Ala
Ser Ala Cys Ser Asp Ser Gln Ala Ser Glu Ile Ala Ser Ser Ala Ala
65 70 75 80

Ser Cys Ala Glu Leu Ala Ser Trp Gly Tyr Ala Ser Ala Ala Asn Asp
85 90 95

Asn Ala Ala Ser Ala Leu Ile Phe Lys Thr Asp Ser Thr Asp Ile Gln
100 105 110
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Asn Glu Phe Arg Ser Thr Met Ser Gly Tyr Pro Tyr Asp Val Pro Asp
115 120 125

Tyr Ala Gly Ser Met Gly Ser Gly Ile Gln Arg Pro Thr Ser Thr Ser
130 135 140

Ser Leu Val Ala Ala Ala Ala Thr Met Ser Lys Gly Glu Glu Leu Phe
145 150 155 160

Thr Gly Val Val Pro Ile Leu Val Glu Leu Asp Gly Asp Val Asn Gly
165 170 175

His Lys Phe Ser Val Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly
180 185 190

Lys Leu Thr Leu Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro Val Pro
195 200 205

Trp Pro Thr Leu Val Thr Thr Phe Ser Tyr Gly Val Gln Cys Phe Ser
210 215 220

Arg Tyr Pro Asp His Met Lys Gln His Asp Phe Phe Lys Ser Ala Met
225 230 235 240

Pro Glu Gly Tyr Val Gln Glu Arg Thr Ile Phe Phe Lys Asp Asp Gly
245 250 255

Asn Tyr Lys Thr Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu Val
260 265 270

Asn Arg Ile Glu Leu Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn Ile
275 280 285

Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr Ile
290 295 300

Met Ala Asp Lys Gln Lys Asn Gly Ile Lys Val Asn Phe Lys Ile Arg
305 310 315 320

His Asn Ile Glu Asp Gly Ser Val Gln Leu Ala Asp His Tyr Gln Gln
325 330 335

Asn Thr Pro Ile Gly Asp Gly Pro Val Leu Leu Pro Asp Asn His Tyr
340 345 350

Leu Ser Thr Gln Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg Asp
355 360 365

His Met Val Leu Leu Glu Phe Val Thr Ala Ala Gly Ile Thr His Gly
370 375 380

Met Asp Glu Leu Tyr Lys
385 390

<210> SEQ ID NO 226

<211> LENGTH: 363

<212> TYPE: PRT

<213> ORGANISM: Puccinia striiformis
<400> SEQUENCE: 226

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

Arg Trp Gly Ser Arg Ser Met Gly Thr Leu Leu Asn Val Thr Arg Arg

Leu Gln Asn Asp Gly Lys Pro Pro Asp Tyr Cys Val Asp Lys Trp Asp
50 55 60

Glu Met Met Lys Glu Arg Asn Lys Arg Leu Thr Gly Lys Pro Arg Gly
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65 70 75 80

Gln Cys Val Asp Glu Ile Glu Phe Arg Ser Thr Met Ser Gly Tyr Pro
85 90 95

Tyr Asp Val Pro Asp Tyr Ala Gly Ser Met Gly Ser Gly Ile Gln Arg
100 105 110

Pro Thr Ser Thr Ser Ser Leu Val Ala Ala Ala Ala Thr Met Ser Lys
115 120 125

Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu Val Glu Leu Asp
130 135 140

Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu Gly Glu Gly
145 150 155 160

Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr Thr Gly
165 170 175

Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr Phe Ser Tyr Gly
180 185 190

Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys Gln His Asp Phe
195 200 205

Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu Arg Thr Ile Phe
210 215 220

Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu Val Lys Phe Glu
225 230 235 240

Gly Asp Thr Leu Val Asn Arg Ile Glu Leu Lys Gly Ile Asp Phe Lys
245 250 255

Glu Asp Gly Asn Ile Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser
260 265 270

His Asn Val Tyr Ile Met Ala Asp Lys Gln Lys Asn Gly Ile Lys Val
275 280 285

Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser Val Gln Leu Ala
290 295 300

Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly Pro Val Leu Leu
305 310 315 320

Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu Ser Lys Asp Pro
325 330 335

Asn Glu Lys Arg Asp His Met Val Leu Leu Glu Phe Val Thr Ala Ala
340 345 350

Gly Ile Thr His Gly Met Asp Glu Leu Tyr Lys
355 360

<210> SEQ ID NO 227

<211> LENGTH: 363

<212> TYPE: PRT

<213> ORGANISM: Puccinia striiformis

<400> SEQUENCE: 227

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

Arg Trp Gly Ser Arg Ser Met Gly Thr Leu Leu Asn Val Thr Arg Arg
35 40 45

Leu Gln Asn Asp Gly Lys Pro Pro Asp Tyr Cys Val Asp Lys Trp Asp
50 55 60
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Glu Met Met Lys Glu Arg Asn Ala Ala Ala Ala Ala Lys Pro Arg Gly
65 70 75 80

Gln Cys Val Asp Glu Ile Glu Phe Arg Ser Thr Met Ser Gly Tyr Pro
85 90 95

Tyr Asp Val Pro Asp Tyr Ala Gly Ser Met Gly Ser Gly Ile Gln Arg
100 105 110

Pro Thr Ser Thr Ser Ser Leu Val Ala Ala Ala Ala Thr Met Ser Lys
115 120 125

Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu Val Glu Leu Asp
130 135 140

Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu Gly Glu Gly
145 150 155 160

Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr Thr Gly
165 170 175

Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr Phe Ser Tyr Gly
180 185 190

Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys Gln His Asp Phe
195 200 205

Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu Arg Thr Ile Phe
210 215 220

Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu Val Lys Phe Glu
225 230 235 240

Gly Asp Thr Leu Val Asn Arg Ile Glu Leu Lys Gly Ile Asp Phe Lys
245 250 255

Glu Asp Gly Asn Ile Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser
260 265 270

His Asn Val Tyr Ile Met Ala Asp Lys Gln Lys Asn Gly Ile Lys Val
275 280 285

Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser Val Gln Leu Ala
290 295 300

Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly Pro Val Leu Leu
305 310 315 320

Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu Ser Lys Asp Pro
325 330 335

Asn Glu Lys Arg Asp His Met Val Leu Leu Glu Phe Val Thr Ala Ala
340 345 350

Gly Ile Thr His Gly Met Asp Glu Leu Tyr Lys
355 360

<210> SEQ ID NO 228

<211> LENGTH: 413

<212> TYPE: PRT

<213> ORGANISM: Melampsora lini

<400> SEQUENCE: 228

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

Arg Trp Gly Ser Arg Ser Asn Asn Leu Gly Thr Val Pro Asp Val Pro
35 40 45

His Gln Ile Pro Asn Asp Lys Ser Gly Thr Pro Ala Ile Glu Asp Pro
50 55 60
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Lys Asp Met Lys Gly Phe Asn Lys Ala Leu Lys Ser Thr Pro Glu Ser
65 70 75 80

Glu Lys Leu Gly Thr Ser Ser Val Glu Gly Ile Pro Gln Pro Glu Phe
85 90 95

Asp Arg Gly Phe Leu Arg Pro Phe Gly Ala Lys Met Lys Phe Leu Lys
100 105 110

Pro Asp Gln Val Gln Lys Leu Ser Thr Asp Asp Leu Ile Thr Tyr Met
115 120 125

Ala Glu Lys Asp Lys Asn Val Arg Glu Phe Arg Ser Thr Met Ser Gly
130 135 140

Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Gly Ser Met Gly Ser Gly Ile
145 150 155 160

Gln Arg Pro Thr Ser Thr Ser Ser Leu Val Ala Ala Ala Ala Thr Met
165 170 175

Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu Val Glu
180 185 190

Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu Gly
195 200 205

Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr
210 215 220

Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr Phe Ser
225 230 235 240

Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys Gln His
245 250 255

Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu Arg Thr
260 265 270

Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu Val Lys
275 280 285

Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Leu Lys Gly Ile Asp
290 295 300

Phe Lys Glu Asp Gly Asn Ile Leu Gly His Lys Leu Glu Tyr Asn Tyr
305 310 315 320

Asn Ser His Asn Val Tyr Ile Met Ala Asp Lys Gln Lys Asn Gly Ile
325 330 335

Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser Val Gln
340 345 350

Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly Pro Val
355 360 365

Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu Ser Lys
370 375 380

Asp Pro Asn Glu Lys Arg Asp His Met Val Leu Leu Glu Phe Val Thr
385 390 395 400

Ala Ala Gly Ile Thr His Gly Met Asp Glu Leu Tyr Lys
405 410

<210> SEQ ID NO 229

<211> LENGTH: 413

<212> TYPE: PRT

<213> ORGANISM: Melampsora lini

<400> SEQUENCE: 229

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
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1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

Arg Trp Gly Ser Arg Ser Asn Asn Leu Gly Thr Val Pro Asp Val Pro
35 40 45

Ala Ala Ala Ala Asn Asp Ala Ala Ala Ala Pro Ala Ile Glu Asp Pro
50 55 60

Ala Ala Ala Ala Gly Phe Asn Ala Ala Ala Ala Ser Thr Pro Glu Ser
65 70 75 80

Glu Ala Ala Ala Ala Ser Ser Val Glu Gly Ile Pro Gln Pro Glu Phe
85 90 95

Asp Ala Ala Ala Ala Ala Pro Phe Gly Ala Lys Met Ala Ala Ala Ala
100 105 110

Pro Asp Gln Val Gln Ala Ala Ala Ala Asp Asp Leu Ile Thr Tyr Met
115 120 125

Ala Glu Lys Asp Ala Ala Ala Ala Glu Phe Arg Ser Thr Met Ser Gly
130 135 140

Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Gly Ser Met Gly Ser Gly Ile
145 150 155 160

Gln Arg Pro Thr Ser Thr Ser Ser Leu Val Ala Ala Ala Ala Thr Met
165 170 175

Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu Val Glu
180 185 190

Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu Gly
195 200 205

Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr
210 215 220

Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr Phe Ser
225 230 235 240

Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys Gln His
245 250 255

Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu Arg Thr
260 265 270

Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu Val Lys
275 280 285

Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Leu Lys Gly Ile Asp
290 295 300

Phe Lys Glu Asp Gly Asn Ile Leu Gly His Lys Leu Glu Tyr Asn Tyr
305 310 315 320

Asn Ser His Asn Val Tyr Ile Met Ala Asp Lys Gln Lys Asn Gly Ile
325 330 335

Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser Val Gln
340 345 350

Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly Pro Val
355 360 365

Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu Ser Lys
370 375 380

Asp Pro Asn Glu Lys Arg Asp His Met Val Leu Leu Glu Phe Val Thr
385 390 395 400

Ala Ala Gly Ile Thr His Gly Met Asp Glu Leu Tyr Lys
405 410
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<210> SEQ ID NO 230

<211> LENGTH: 369

<212> TYPE: PRT

<213> ORGANISM: Melampsora lini
<400> SEQUENCE: 230

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys
Arg Trp Gly Ser Arg Ser Gln Tyr Val Val Asp Pro Gly Phe Gly
35 40 45

Ile Glu Cys Met Cys Gly Gln Ile Ala Arg Leu Thr Gln Arg Pro
50 55 60

Asp Val Glu Cys Glu Ala Thr Pro Ser Cys Glu Phe Arg Ser Thr
65 70 75

Ser Gly Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Gly Glu Phe Arg
85 90 95

Thr Met Ser Gly Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Gly Ser
100 105 110

Gly Ser Gly Ile Gln Arg Pro Thr Ser Thr Ser Ser Leu Val Ala
115 120 125

Ala Ala Thr Met Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val
130 135 140

Ile Leu Val Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser
145 150 155

Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu
165 170 175

Phe Ile Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu
180 185 190

Thr Thr Phe Ser Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp
195 200 205

Met Lys Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr
210 215 220

Gln Glu Arg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr
225 230 235

Ala Glu Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu
245 250 255

Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly His Lys
260 265 270

Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr Ile Met Ala Asp Lys
275 280 285

Lys Asn Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu
290 295 300

Gly Ser Val Gln Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile
305 310 315

Asp Gly Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln
325 330 335

Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met Val Leu
340 345 350

Glu Phe Val Thr Ala Ala Gly Ile Thr His Gly Met Asp Glu Leu

Thr

Asp

Glu

Phe

Met

80

Ser

Met

Ala

Pro

Val

160

Lys

Val

His

Val

Arg

240

Leu

Leu

Gln

Asp

Gly

320

Ser

Leu

Tyr
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Lys

<210>
<211>
<212>
<213>

<400>

355

SEQ ID NO 231

LENGTH:

TYPE:

PRT

ORGANISM:

SEQUENCE :

Met Arg Gly Ser

1

Gly G1

Arg Tr

Ile G1
50

Asp Va
65

Ser Gl

Thr Me

Gly Se

Ala Al

13
Ile Le
145
Ser GL

Phe Il

Thr Th

Yy Gln

p Gly

35

u Cys

1 Glu

y Tyr

t Ser

r Gly
115

a Thr

o]

u Val

y Glu

e Cys

r Phe
195

Met Lys Gln

21

Gln G1
225

Ala Gl

Lys G1

o]

u Arg

u Val

y Ile

Glu Tyr Asn

Lys As
29

Gly Se
305

Asp Gl

Ala Le

275
n Gly
[0}
r Val

Yy Pro

u Ser

Gln

20

Ser

Met

Cys

Pro

Gly

100

Ile

Met

Glu

Gly

Thr

180

Ser

His

Thr

Lys

Asp

260

Tyr

Ile

Gln

Val

Lys

369

360

Melampsora lini

231
His

Met

Arg

Cys

Glu

Tyr

85

Tyr

Gln

Ser

Leu

Glu

165

Thr

Tyr

Asp

Ile

Phe

245

Phe

Asn

Lys

Leu

Leu

325

Asp

His

Gly

Ser

Gly

Ala

70

Asp

Pro

Arg

Lys

Asp

150

Gly

Gly

Gly

Phe

Phe

230

Glu

Lys

Ser

Val

Ala

310

Leu

Pro

His

Arg

Gln

Gln

55

Thr

Val

Tyr

Pro

Gly

135

Gly

Asp

Lys

Val

Phe

215

Phe

Gly

Glu

His

Asn

295

Asp

Pro

Asn

His

Asp

Tyr

40

Ile

Pro

Pro

Asp

Thr

120

Glu

Asp

Ala

Leu

Gln

200

Lys

Lys

Asp

Asp

Asn

280

Phe

His

Asp

Glu

His

Leu

25

Val

Ala

Ser

Asp

Val

105

Ser

Glu

Val

Thr

Pro
185

cys

Ser

Asp

Thr

Gly

265

Val

Lys

Tyr

Asn

Lys

His

Tyr

Val

Ala

Cys

Tyr

90

Pro

Thr

Leu

Asn

Tyr

170

Val

Phe

Ala

Asp

Leu

250

Asn

Tyr

Ile

Gln

His

330

Arg

Gly

Asp

Asp

Ala

Glu

75

Ala

Asp

Ser

Phe

Gly

155

Gly

Pro

Ser

Met

Gly

235

Val

Ile

Ile

Arg

Gln

315

Tyr

Asp

Met

Asp

Pro

Ala

60

Phe

Gly

Tyr

Ser

Thr

140

His

Lys

Trp

Arg

Pro

220

Asn

Asn

Leu

Met

His

300

Asn

Leu

His

365

Ala

Asp

Gly

45

Ala

Arg

Glu

Ala

Leu

125

Gly

Lys

Leu

Pro

Tyr

205

Glu

Tyr

Arg

Gly

Ala

285

Asn

Thr

Ser

Met

Ser

Asp

30

Phe

Arg

Ser

Phe

Gly

110

Val

Val

Phe

Thr

Thr

190

Pro

Gly

Lys

Ile

His

270

Asp

Ile

Pro

Thr

Val

Met

Lys

Gly

Pro

Thr

Arg

Ser

Ala

Val

Ser

Leu

175

Leu

Asp

Tyr

Thr

Glu

255

Lys

Lys

Glu

Ile

Gln

335

Leu

Thr

Asp

Glu

Phe

Met

80

Ser

Met

Ala

Pro

Val

160

Lys

Val

His

Val

Arg

240

Leu

Leu

Gln

Asp

Gly

320

Ser

Leu
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340 345 350

Glu Phe Val Thr Ala Ala Gly Ile Thr His Gly Met Asp Glu Leu Tyr
355 360 365

Lys

<210> SEQ ID NO 232

<211> LENGTH: 350

<212> TYPE: PRT

<213> ORGANISM: Melampsora lini

<400> SEQUENCE: 232

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
20 25 30

Arg Trp Gly Ser Arg Ser Met Gly Glu Phe Leu Glu Asp Ala Arg Asp
35 40 45

Ile Gln Gly Phe Ser Arg Lys Ser Gly Ser Lys Leu Glu Glu Glu Ser
50 55 60

Asp Ser Ser Arg Asp Arg Gln Glu Lys Glu Phe Arg Ser Thr Met Ser
Gly Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Gly Ser Met Gly Ser Gly
85 90 95

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

Met Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu Val
115 120 125

Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu
130 135 140

Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile Cys
145 150 155 160

Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr Phe
165 170 175

Ser Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys Gln
180 185 190

His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu Arg
195 200 205

Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu Val
210 215 220

Lys Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Leu Lys Gly Ile
225 230 235 240

Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly His Lys Leu Glu Tyr Asn
245 250 255

Tyr Asn Ser His Asn Val Tyr Ile Met Ala Asp Lys Gln Lys Asn Gly
260 265 270

Ile Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser Val
275 280 285

Gln Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly Pro
290 295 300

Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu Ser
305 310 315 320

Lys Asp Pro Asn Glu Lys Arg Asp His Met Val Leu Leu Glu Phe Val
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325 330 335
Thr Ala Ala Gly Ile Thr His Gly Met Asp Glu Leu Tyr Lys
340 345 350

<210> SEQ ID NO 233

<211> LENGTH: 350

<212> TYPE: PRT

<213> ORGANISM: Melampsora lini

<400> SEQUENCE: 233

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr
1 5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp
Arg Trp Gly Ser Arg Ser Met Gly Glu Phe Leu Glu Asp Ala Ala Ser
35 40 45

Ser Ala Gly Phe Ser Arg Lys Ser Gly Ser Lys Leu Glu Glu Glu Ser
50 55 60

Asp Ser Ser Arg Asp Arg Gln Glu Lys Glu Phe Arg Ser Thr Met Ser
65 70 75 80

Gly Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Gly Ser Met Gly Ser Gly
85 90 95

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

Met Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu Val
115 120 125

Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu
130 135 140

Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile Cys
145 150 155 160

Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr Phe
165 170 175

Ser Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys Gln
180 185 190

His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu Arg
195 200 205

Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu Val
210 215 220

Lys Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Leu Lys Gly Ile
225 230 235 240

Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly His Lys Leu Glu Tyr Asn
245 250 255

Tyr Asn Ser His Asn Val Tyr Ile Met Ala Asp Lys Gln Lys Asn Gly
260 265 270

Ile Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser Val
275 280 285

Gln Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly Pro
290 295 300

Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu Ser
305 310 315 320

Lys Asp Pro Asn Glu Lys Arg Asp His Met Val Leu Leu Glu Phe Val
325 330 335
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Thr Ala Ala Gly Ile Thr His Gly Met Asp Glu Leu Tyr Lys
340 345 350

<210> SEQ ID NO 234

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 234

atgcagatct gaattcttag aggatgcacg agatatcc 38

<210> SEQ ID NO 235

<211> LENGTH: 63

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 235
ctgacagetce gegcgatagg caagaaaaag tcgacagatce caccatgtece ggctatccat 60

atg 63

<210> SEQ ID NO 236

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 236

atgcagatct cagtatgttg ttgatccagg 30

<210> SEQ ID NO 237

<211> LENGTH: 61

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 237
catatggata gccggacatg gtggatctgt cgacacaact tggggtgget tcacattcca 60

c 61

<210> SEQ ID NO 238

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 238

atgcagatct actctgttga acgtgact 28
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<210> SEQ ID NO 239

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 239

catatggata gecggacatg gtggatctgt cgacgttttg aatatctgtg ¢ 51

<210> SEQ ID NO 240

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 240

atgcagatct atgggaaaca accttggaac agtaccg 37

<210> SEQ ID NO 241

<211> LENGTH: 62

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 241
catatggata gccggacatg gtggatctgt cgactcgtac atttttatct ttttetgeca 60

tg 62

<210> SEQ ID NO 242

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 242

agtcagatct cacccagttt acgattacaa tcc 33

<210> SEQ ID NO 243

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
gites to faciliate cloning

<400> SEQUENCE: 243
catatggata gecggacatg gtggatctgt cgacgttttg aatatctgtg ¢ 51

<210> SEQ ID NO 244
<211> LENGTH: 41
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 244

gaaacgcagce agetgceggea aaacctegag ggcaatgtgt ¢ 41

<210> SEQ ID NO 245

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 245

gttttgcagc cgctgctgceg tttcectctett tcatcattte 40

<210> SEQ ID NO 246

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 246

catttgcaga tgaagctgge acatccggta ctgtte 36

<210> SEQ ID NO 247

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
gites to faciliate cloning

<400> SEQUENCE: 247

cagcgetatt gaatcetget gaggeacttg ggtcettcaat ggcaggag 48

<210> SEQ ID NO 248

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 248

gacgaagccg cagcggettce ggattctgga gtagatg 37

<210> SEQ ID NO 249

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning
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<400> SEQUENCE: 249

caaaaggcge agaggctgca ctgtcaaatt ctggttgagg gate 44

<210> SEQ ID NO 250

<211> LENGTH: 55

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 250

gatgcctgaa cttggteegg actagegget gacatttttg ctccaaaagg cgeag 55

<210> SEQ ID NO 251

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
gites to faciliate cloning

<400> SEQUENCE: 251

gtgccagett catctgcaaa tgacaaaagt ggtactcctg 40

<210> SEQ ID NO 252

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 252

cagcaggatt caatagcgct gccgcatcta ctccagaatc cgaaaaac 48

<210> SEQ ID NO 253

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 253

gaagccgetyg cggettegte agttgaaggg atcccte 37

<210> SEQ ID NO 254

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 254

cagtgcagece tetgegectt ttggagcaaa aatg 34
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<210> SEQ ID NO 255

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
gsites to faciliate cloning

<400> SEQUENCE: 255

gtceggacca agttcaggea tettcagecg atgatctcat cacatacatg 50

<210> SEQ ID NO 256

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 256

atcgccatgg gagaattctt agaggatgca gcgagcageg cggggttcte c 51

<210> SEQ ID NO 257

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 257

caaatecgetyg ctgeggcage acgaccattt gatgtggaat gt 42

<210> SEQ ID NO 258

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically constructed DNA sequence to
amplify genes from genomes or plasmids with various restriction
sites to faciliate cloning

<400> SEQUENCE: 258

tgctgecgea gecagegattt gtccgcacat acatte 36
<210> SEQ ID NO 259

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 259

Ala Met Val Glu Ser Pro Asp Leu Val Arg Arg Ser Leu Arg Asn Gly
1 5 10 15

Asp Ile Ala Gly Gly Arg Phe Leu
20

<210> SEQ ID NO 260

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 260
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Ser Leu Arg Asn Gly Asp Ile Ala Gly Gly Arg Phe Leu Arg Ala His
1 5 10 15

Glu Glu Asp Asp Ala Gly Glu Arg
20

<210> SEQ ID NO 261

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 261

Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met Val Glu Ser Pro Asp
1 5 10 15

Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile Ala Gly Gly Arg Phe
20 25 30

Leu Arg Ala His Glu Glu Asp Asp Ala Gly Glu Arg Thr Phe Ser Val
35 40 45

Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys Leu Ala Lys Ala Met
50 55 60

Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr Glu Lys Trp Ala Lys
65 70 75 80

Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp Leu Ala Ile Ala Asp
85 90 95

Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr Asn Gly Tyr Thr Phe
100 105 110

His Arg Tyr Gln Ser
115

<210> SEQ ID NO 262

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 262

Thr Glu Tyr Ser Asp Glu Thr Asn Ile Ala Met Val Glu Ser Pro Asp
1 5 10 15

Leu Val Arg Arg Ser Leu Arg Asn Gly Asp Ile Ala Gly Gly Ala Ala
20 25 30

Ala Ala Ala His Glu Glu Asp Asp Ala Gly Glu Arg Thr Phe Ser Val
35 40 45

Thr Asp Leu Trp Asn Lys Val Ala Ala Lys Lys Leu Ala Lys Ala Met
50 55 60

Leu Ala Asp Pro Ser Lys Glu Gln Lys Ala Tyr Glu Lys Trp Ala Lys
65 70 75 80

Lys Gly Tyr Ser Leu Asp Lys Ile Lys Asn Trp Leu Ala Ile Ala Asp
85 90 95

Pro Lys Gln Lys Gly Lys Tyr Asp Arg Ile Tyr Asn Gly Tyr Thr Phe
100 105 110

His Arg Tyr Gln Ser
115

<210> SEQ ID NO 263

<211> LENGTH: 49

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae
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<400> SEQUENCE: 263

Ser Glu Asn Ala Phe
1 5

Ser Ala Ala Thr

Ser Lys Leu Ala Ala Ala Glu Phe Asp

20

25

Thr Glu Ser Lys Arg Ser Leu Arg Ala

35
Arg
<210> SEQ ID NO 264

<211> LENGTH: 44
<212> TYPE: PRT

40

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 264

Thr Glu Tyr Ser Asp
1 5

Leu Val Arg Arg Ser
20

Glu Thr Asn Ile

Leu Arg Asn Gly

25

Leu Arg Ala His Glu Glu Asp Asp Ala

35

<210> SEQ ID NO 265
<211> LENGTH: 86
<212> TYPE: PRT

40

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 265

Leu Thr Cys Ala Thr
1 5

Phe Phe Ser Val Arg
Cys Leu Ala Leu Val
35

Thr Leu Ser Leu Arg
50

Thr Arg Ser Leu Arg
65

Val Ser Ile Glu Asn
85

<210> SEQ ID NO 266
<211> LENGTH: 40
<212> TYPE: PRT

Ser

Ser

Ser

Ser

Ser

70

Arg

Glu

Ser

Ala

Met

55

Gln

Gln

Trp

Glu

40

Met

Ala

Gln

Pro

25

Gln

Ala

Thr

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 266

Asp Ala Asp Gln Ala Thr Val
10 15

Thr Leu Val Asp Val Leu Thr
30

Thr Val Asp Asp Gly Glu Glu
45

Ala Met Val Glu Ser Pro Asp
10 15

Asp Ile Ala Gly Gly Arg Phe
30

Gly Glu Arg

Thr Arg Pro Glu Leu Cys Phe
10 15

Ser Thr Ile Ser Asp Gly Ala
Gly Ala Thr Ala Gly Arg Asn
45

Thr Glu Asp Met Ala Thr Ser
60

Asn Val Asp Asp Asp Ala Asn
75 80

Leu Ser Thr Thr Asn Ala Asn Gln Ala Lys Ile Ile Lys Gly Thr Ser

1 5

Pro Gly Gly His Ser
20

Glu Gly Asp Ser Pro
35

<210> SEQ ID NO 267

10 15

Pro Arg Leu Leu Arg Ala Tyr Gln Pro Asp Asp

Glu Asp Arg

40

25

30
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<211> LENGTH: 48
<212> TYPE: PRT
<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 267

Val Glu Pro Ser Ala Thr Ser Thr Val Glu Val Ala Glu Val Gln Ala
1 5 10 15

Arg Gly Ala Asp Lys Arg Phe Leu Arg Ser Leu Gln Thr Glu Glu Glu
20 25 30

Gln Gly Asp Ser Asp Val Asn Glu Ala Glu Asp Gly Ser Glu Glu Arg
35 40 45

<210> SEQ ID NO 268

<211> LENGTH: 50

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 268

Ile Thr Asp Glu Ser Gln Pro Arg Asp Ala Thr Ile Val Asp Ala Pro
1 5 10 15

Leu Thr Gly Arg Gly Ala Asn Ala Arg Tyr Leu Arg Thr Ser Thr Ser
20 25 30

Ile Ile Lys Ala Pro Asp Ala Gln Leu Pro Ser Thr Lys Ala Ala Ile
35 40 45

Ala Ser
50

<210> SEQ ID NO 269

<211> LENGTH: 44

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 269

Thr Ala Glu Val Asp Ser Lys Thr Ala Leu Ala Ala Glu Val Pro Ala
1 5 10 15

Ala Ile Arg Ser Leu Glu Ser Asp Thr Pro Ala Ser Arg Leu Leu Arg
20 25 30

Thr Gly Thr Val Thr Ser Ala Asp Asn Glu Asp Arg
35 40

<210> SEQ ID NO 270

<211> LENGTH: 38

<212> TYPE: PRT

<213> ORGANISM: Phytophthora infestans

<400> SEQUENCE: 270

Ile Asp Gln Thr Lys Val Leu Val Tyr Gly Thr Pro Ala His Tyr Ile
1 5 10 15

His Asp Ser Ala Gly Arg Arg Leu Leu Arg Lys Asn Glu Glu Asn Glu
20 25 30

Glu Thr Ser Glu Glu Arg
35

<210> SEQ ID NO 271

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Phytophthora infestans

<400> SEQUENCE: 271
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Lys Ala Asp Ser Leu Ala Arg Thr Val Ser Val Val Asp Asn Val Lys
1 5 10 15

Val Lys Ser Arg Phe Leu Arg Ala Gln Thr Asp Glu Lys Asn Glu Glu
20 25 30

Arg

<210> SEQ ID NO 272

<211> LENGTH: 50

<212> TYPE: PRT

<213> ORGANISM: Phytophthora infestans

<400> SEQUENCE: 272

Ala Val Ser Ser Asn Leu Asn Thr Ala Val Asn Tyr Ala Ser Thr Ser
1 5 10 15

Lys Ile Arg Phe Leu Ser Thr Glu Tyr Asn Ala Asp Glu Lys Arg Ser
20 25 30

Leu Arg Gly Asp Tyr Asn Asn Glu Val Thr Lys Glu Pro Asn Thr Ser
35 40 45

Asp Glu
50

<210> SEQ ID NO 273

<211> LENGTH: 38

<212> TYPE: PRT

<213> ORGANISM: Phytophthora infestans

<400> SEQUENCE: 273

Val Ala Ala Phe Pro Ile Pro Asp Glu Ser Arg Pro Leu Ser Lys Thr
1 5 10 15

Ser Pro Asp Thr Val Ala Pro Arg Ser Leu Arg Ile Glu Ala Gln Glu
20 25 30

Val Ile Gln Ser Gly Arg
35

<210> SEQ ID NO 274

<211> LENGTH: 44

<212> TYPE: PRT

<213> ORGANISM: Hyaloperonospora arabidopsidis

<400> SEQUENCE: 274

Thr Glu Ser Ser Glu Thr Ser Gly Thr Ile Val His Val Phe Pro Leu
1 5 10 15

Arg Asp Val Ala Asp His Arg Asn Asp Ala Leu Ile Asn Arg Ala Leu
20 25 30

Arg Ala Gln Thr Ala Leu Asp Asp Asp Glu Glu Arg
35 40

<210> SEQ ID NO 275

<211> LENGTH: 48

<212> TYPE: PRT

<213> ORGANISM: Hyaloperonospora arabidopsidis

<400> SEQUENCE: 275

Leu Leu His Ala His Ala Leu His Glu Asp Glu Thr Gly Val Thr Ala
1 5 10 15

Gly Arg Gln Leu Arg Ala Ala Ala Ser Glu Val Phe Gly Leu Ser Arg
20 25 30
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Ala Ser Phe Gly Leu Gly Lys Ala Gln Asp Pro Leu Asp Lys Phe Phe

<210>
<211>
<212>
<213>
<400>

Ser Pr
1

Arg Ar

Ser Al

Arg Va

50

Glu As
65

Glu G1

<210>
<211>
<212>
<213>
<400>

Cys Ar
1

Cys Pr

Gly Le

35

SEQ ID NO 276
LENGTH: 92
TYPE: PRT

40

ORGANISM: Leptosphaeria maculans

SEQUENCE: 276

o Ala Thr Lys Asn Asn
5

g Ser Glu Trp Lys Ser
20

a Lys Thr Ala Asp Asn
35

1 Phe Thr Ser Pro His
55

n Thr Phe Tyr Ala Met
70

u Gly Glu Pro His Phe
85

SEQ ID NO 277
LENGTH: 50
TYPE: PRT

Val Asn Gln Pro Leu
Val Gln Ile Ser Pro
25

Thr Glu Asn Asn His
40

Met Lys Arg Thr Phe
60

Ala Trp Leu Ile Asp
75

Ser Tyr Lys Leu Gln
90

ORGANISM: Leptosphaeria maculans

SEQUENCE: 277

g Glu Ala Ser Ile Ser
5

o Thr Lys Thr Glu Ala
20

u Ile Asp Phe Ser Gln
35

Met Thr

50

<210>
<211>
<212>
<213>
<400>

Gln Pr
1

Asp As

Val Ph

<210>
<211>
<212>
<213>

<400>

His Pr

SEQ ID NO 278
LENGTH: 48
TYPE: PRT

Gly Glu Ile Arg Tyr
10

Leu Asn Asp Cys Asn
25

Ser His Gln Arg Ala
40

ORGANISM: Leptosphaeria maculans

SEQUENCE: 278

o His Leu Leu Cys Ala
5

p Thr Arg Thr Leu Lys
20

e Ser Ser Arg Tyr Trp

35

SEQ ID NO 279

LENGTH: 75

TYPE: PRT

ORGANISM: Magnaporthe

SEQUENCE: 279

o Val Tyr Asp Tyr Asn

Cys Glu Ser Gly Arg
10

Val Val Lys Gly Thr
25

Thr Lys Ala Glu Gly
40

oryzae

45

Asp

Val

Asn

45

Thr

Phe

Pro

Lys

Trp
45

Arg

Gly

Ala
45

Asn Ile Ser
Lys Glu His
30

Leu Glu Lys

Leu Ala Leu

Ser Phe Ser
80

Gln Gly Thr
15

Val Thr Lys
30

Gly Ile Asp

Asp Gly Val
15

Gly Arg Phe
30

Pro His Glu

Pro Ile Pro Asn His Ile His Gly Asp
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Leu Ly

Gln Al

5

s Arg Arg Ala Tyr Ile
20

a Ser Glu Ile Arg Ala
35

Ser Trp Gly Tyr His Ala Val

50
Ile Ph
65

<210>
<211>
<212>
<213>

<400>

Leu Pr
1

Ser As

55

e Lys Thr Asp Ser Thr
70

SEQ ID NO 280

LENGTH: 50

TYPE: PRT

ORGANISM: Magnaporthe

SEQUENCE: 280

o Thr Pro Ala Ser Leu
5

p Val Lys Leu Glu Ala
20

Ser Lys Cys Gly Tyr Gly Ser

35

Lys Cys

50

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 281

LENGTH: 51

TYPE: PRT

ORGANISM: Magnaporthe

SEQUENCE: 281

Arg Phe Cys Val Tyr Tyr Asp

1

Leu Me

His G1

Thr As
50

<210>
<211>
<212>
<213>

<400>

5

t Tyr Val Arg Ile Gly
20

u Phe Glu Val Glu Ala
35

n Gly

SEQ ID NO 282

LENGTH: 47

TYPE: PRT

ORGANISM: Magnaporthe

SEQUENCE: 282

Ser Phe Val Gln Cys Asn His

1

5

Gly Thr Ile Arg Lys Lys Ala

Lys Pr

<210>
<211>
<212>
<213>

20

o Gly Gln Pro Lys Arg
35

SEQ ID NO 283

LENGTH: 44

TYPE: PRT

ORGANISM: Magnaporthe

Glu Arg
25

Ala Leu
40

Lys Ser

Asp Ile

oryzae

Asn Gly

Arg Ser
25

Asp Asp
40

oryzae

Gly His

Thr Thr
25

Lys Asp
40

oryzae

His Leu

Gly Trp
25

Leu Val
40

oryzae

10 15

Tyr Ser Gln Cys Ser Asp Ser
30

Lys Ser Cys Ala Glu Leu Ala
45

Asp Asn Arg Leu Phe Lys Leu
60

Gln Asn
75

Asn Thr Glu Val Ala Thr Ile
10 15

Asp Thr Thr Tyr His Lys Cys
30

Ser Asp Ala Tyr Phe Asn His
45

Leu Pro Ala Thr Arg Val Leu
10 15

Ala Thr Ile Thr Ala Arg Gly
30

Gln Asn Cys Lys Val Ile Leu
45

Leu Tyr Asn Gly Arg His Trp
10 15

Ala Val Arg Phe Tyr Glu Glu
30

Ala Ile Cys Lys Asn Ala
45

Sep. 1, 2011
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<400> SEQUENCE:

Glu Thr Gly Asn
1

Glu Arg Asp Pro
20

Cys Phe Trp Phe
35

<210> SEQ ID NO

<211> LENGTH: 43

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Leu Pro Lys Gly
1

Ser Ser Asp Ser
20

Ser Ser Gly Ser
35

<210> SEQ ID NO

<211> LENGTH: 81

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Leu Pro Val Glu
1

Gly Asn Pro Tyr
20

Phe Thr Thr Ser
35

His Arg Asp Pro
Arg Ile Tyr Glu
65

Val

<210> SEQ ID NO

<211> LENGTH: 89

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Gln Glu Ala Ala
1

Thr Glu Tyr Leu
20

Lys Ser Asp Leu
35

Glu Thr Asp Asp
50

Arg Gly His Ile
65

283

Lys Tyr Ile Glu Lys
5

Asn Phe Phe Asp His
25

Met Phe Lys Asn Asn
40

284

Fusarium oxysporum
284

Glu Glu Gly Asp Ile
5

Gln Pro Leu Lys Ile
25

Asn Leu Val Lys Arg
40

285

Fusarium oxysporum
285

Asp Ala Asp Ser Ser
5

Cys Val Phe Pro Gly
25

Phe Ser Thr Glu Pro
40

Pro Tyr Glu Arg Ala

Arg Ser Arg Val Gly
70

286

Fusarium oxysporum
286

Val Arg Glu Pro Gln
5

Asp Lys Val Ala Ala
Pro Trp Asn Asp Thr
40

Gly Val Gln Thr Glu
55

Val Asn Leu Arg Lys
70

Arg Ala Ile Asp Leu Ser Arg

10

15

Pro Gly Ile Pro Val Pro Glu

30

Val Arg Gln

Ile Gly Thr Phe Asn Phe Ser

10

15

His Trp Val Asp Thr Pro Asp

30

Ser Ala

Val Gly Gln Leu Gln
10

Arg Arg Thr Ser Ser
30

Leu Gly Tyr Ala Arg
45

Gly Asn Ser Gly Leu

Gly Leu Arg Thr Val
75

Ile Phe Phe Asn Leu
10

Ser His Gly Ser Pro
30

Met Gly Ser Phe Pro
45

Thr Gly Ser Ser Leu
60

Arg Glu Pro Phe Gly
75

Gly
15

Thr
Met

Asn

Ile

Thr
15

Pro
Gly

Ser

Glu

Arg

Ser

Leu

His

Asp
80

Tyr

Asp

Asn

Arg

Glu
80
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Ser Arg Asn Asp Arg Val Thr Gln Asp

<210>
<211>
<212>
<213>

<400>

85

SEQ ID NO 287

LENGTH: 50

TYPE: PRT

ORGANISM: Fusarium oxysporum

SEQUENCE: 287

Asn Pro Ala Gly Asp Ser Leu Pro Asp

1

5

Arg Leu Ser Pro Ser Glu Val Gln Ala

20 25

Pro Pro Gly Tyr Ile His Lys Arg Val

35 40

Ala Val

50

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 288

LENGTH: 48

TYPE: PRT

ORGANISM: Fusarium oxysporum

SEQUENCE: 288

Arg Asp His Gln Tyr Cys Ala Cys Gln

1

5

Asp Ile Asp Ala Thr Thr Gln Leu Gln

20 25

Leu Trp Ala Gln Thr Ser Pro Ala Tyr

<210>
<211>
<212>
<213>

<400>

35 40

SEQ ID NO 289

LENGTH: 48

TYPE: PRT

ORGANISM: Fusarium oxysporum

SEQUENCE: 289

Gly Pro Leu Ala Gln Thr Glu Ser Glu

1

5

Thr Ile Asn Tyr Ile Asp Ile Ala Pro

20 25

Ala Asn Leu Ser Ser Leu Val Ser Arg

<210>
<211>
<212>
<213>

<400>

35 40

SEQ ID NO 290

LENGTH: 50

TYPE: PRT

ORGANISM: Melampsora lini

SEQUENCE: 290

Met Glu His Val Pro Ala Glu Leu Thr

1

5

Arg Phe Tyr Arg Ser Pro Thr Ala Ser

20 25

Lys Val Lys Trp Asp Asn Glu Gln Met

35 40

Ile Gly

Asp Ala His
10

Leu Lys Lys

Thr Phe Gly

Ser Gly Ser
10

Asn Asp Asn

Trp Phe Ala

Ser Ala Asp
10

Glu Glu Phe

Asp Thr Leu

Arg Val Ser
10

Val Ile Leu

Thr Met Pro

Leu

Ala

Glu
45

Gly

Ser

Asp
45

Val

Glu

Pro
45

Glu

Ser

Leu
45

Pro Asp Arg
Gln Ile Tyr
30

Gly Lys Asp

Asp Ser Ile
15

Lys Ser Tyr
30

Arg His Lys

Ala Glu His
15

Pro Pro Lys
30

Val Ser Thr

Gly Tyr Thr
15

Gly Leu Val
30

Phe Lys Trp
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50

<210> SEQ ID NO

291

<211> LENGTH: 100

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Ser Leu Ser Asn
1

Pro Asn Asp Lys
20

Ile Glu Asp Pro
35

Thr Pro Glu Ser
50

Gln Pro Glu Phe
65

Lys Phe Leu Lys

Ile Thr Tyr Met
100

<210> SEQ ID NO

<211> LENGTH: 33

<212> TYPE: PRT

Melampsora lini

291

Asn

5

Ser

Lys

Glu

Asp

Pro
85

292

Leu

Gly

Asp

Lys

Arg

70

Asp

Gly

Thr

Met

Leu

55

Gly

Gln

Thr

Pro

Lys

40

Gly

Phe

Val

<213> ORGANISM: Melampsora lini

<400> SEQUENCE:

292

Val

Ala

25

Gly

Thr

Leu

Gln

Pro

10

Ile

Phe

Ser

Arg

Lys
90

Asp

Glu

Asn

Ser

Pro

75

Leu

Val

Asp

Lys

Val

60

Phe

Ser

Pro

Pro

Ala

Glu

Gly

Thr

His Gln Ile
15

Lys Ala Ala
30

Leu Lys Ser

Gly Ile Pro

Ala Lys Met
80

Asp Asp Leu
95

Gln Tyr Val Val Asp Pro Gly Phe Gly Glu Ile Glu Cys Met Cys Gly

1

5

10

15

Gln Ile Ala Arg Leu Thr Gln Arg Pro Phe Asp Val Glu Cys Glu Ala

20

Thr

<210> SEQ ID NO

293

<211> LENGTH: 31

<212> TYPE: PRT

<213> ORGANISM: Melampsora lini

<400> SEQUENCE:

293

Glu Phe Leu Glu Asp Ala Arg Asp

1

5

Gly Ser Lys Leu Glu Glu Glu Ser

20

<210> SEQ ID NO

294

<211> LENGTH: 71

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Asn Gly Ser Ile
1

Arg Gln Arg His
20

Ile Ser Ser Lys

Ustilago maydis

294

Ser Asn Ala Ser

5

Ile Glu Ala Arg

Ala Ser Asp Trp

25

30

Ile Gln Gly Phe Ser Arg Lys Ser

10

15

Asp Ser Ser Arg Asp Arg Gln

25

30

His His His Gln Arg Arg Met Val

10

15

Ser Ala Met Ser Trp Leu Thr Lys

25

30

Met Phe Gly Ser Val His Ala Pro
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35 40 45

Asn Leu Asp Lys Lys Asp Leu Pro Lys Pro Leu Val Gly Gly Val Ala
50 55 60

Val Met Pro Lys Met Pro Tyr
65 70

<210> SEQ ID NO 295

<211> LENGTH: 47

<212> TYPE: PRT

<213> ORGANISM: Laccaria bicolor

<400> SEQUENCE: 295

Ser Pro Val Pro Gly Glu Val Gly Leu Val Glu Arg Gly Pro Ile Pro
1 5 10 15

Asn Ala Val Phe Arg Arg Val Pro Glu Pro Asn Phe Phe Lys Asp Leu
20 25 30

Leu Arg Ala Leu Gly Gln Ala Ser Gln Gly Gly Asp Leu His Arg
35 40 45

<210> SEQ ID NO 296

<211> LENGTH: 59

<212> TYPE: PRT

<213> ORGANISM: Acyrthosiphon pisum

<400> SEQUENCE: 296

Ser Ala Ala Glu Pro Tyr Asp Glu Gln Glu Glu Ala Ser Val Glu Leu
1 5 10 15

Pro Met Glu His Arg Gln Cys Asp Glu Tyr Lys Ser Lys Ile Trp Asp
20 25 30

Lys Ala Phe Ser Asn Gln Glu Ala Met Gln Leu Met Glu Leu Thr Phe
35 40 45

Asn Thr Gly Lys Glu Leu Gly Ser His Glu Val
50 55

<210> SEQ ID NO 297

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Mayetiola destructor

<400> SEQUENCE: 297

Ser Pro Leu Pro Leu Ala Tyr Thr Asp Gln Val Tyr Asp Ala Cys Asp
1 5 10 15

Arg Gln Phe Asp Glu Thr Val Arg Asn Ser Gln Pro Leu
20 25

<210> SEQ ID NO 298

<211> LENGTH: 154

<212> TYPE: PRT

<213> ORGANISM: Mayetiola destructor

<400> SEQUENCE: 298

Leu Val Leu Asp Thr Arg Ala Met Pro Glu Thr Asp Phe Glu Lys Ala
1 5 10 15

Leu Lys Glu Trp Asn Arg Val Gln Thr Leu Val Leu Ile Ala Pro Glu
20 25 30

Gln Arg Arg Thr Met Val Leu Ile Ala Glu His Leu Thr Asn Leu Lys
35 40 45
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Lys Met Asn Val Asp Ser Pro Gly Gly Ser Phe Leu Tyr Leu Lys Asp
50 55 60

Gly Asp Pro Val Ile Lys Leu Pro Ser Val Glu His Phe Glu Ile Thr
65 70 75 80

Phe Arg Gly Pro Tyr Gly Val Asp Lys Asn Phe Ser Phe Tyr Met Pro
85 90 95

Lys Leu Lys Lys Leu Ile Val Arg Asp Ala Asp Ala Asn Asp Lys Lys
100 105 110

Ile Ile Lys Phe Val Ser Gln His Ser Arg Thr Leu Lys Thr Leu Asp
115 120 125

Leu Val Ala Ala Asn Tyr Arg Thr Leu Arg Thr Leu Gly Ala Met Lys
130 135 140

His Ile Glu Glu Phe Val Thr Ser Pro Pro
145 150

<210> SEQ ID NO 299

<211> LENGTH: 50

<212> TYPE: PRT

<213> ORGANISM: Phytophthora sojae

<400> SEQUENCE: 299

Thr Arg Val Pro Asp Asp Ala Asn Leu Gln Ser Val Asn Ala Pro Val
1 5 10 15

Gln Thr Val Thr Arg Ser Arg Arg Phe Leu Arg Thr Ala Asp Thr Asp
20 25 30

Ile Val Tyr Glu Pro Lys Val His Asn Pro Gly Lys Lys Gln Val Phe
35 40 45

Ile Glu
50

<210> SEQ ID NO 300

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Pythium ultimum

<400> SEQUENCE: 300

Met Met Pro Ser Thr Asp Ala His Gly Tyr Ile Ala Phe Pro Pro Ala
1 5 10 15

Gln Tyr Lys Asp Pro Ala Thr Ala Thr Asn Tyr Asn Ala Ile Ile Thr
20 25 30

Ala Ser Ile Asn Thr Ala Phe Ala Gly Lys Lys Trp Asp Asp Asn Pro
35 40 45

Thr Ala Asn Thr Lys Thr Phe Thr Ala Ala Phe Lys Lys Ser Gly Tyr

Thr Ser Leu Lys Gln Met Leu Asp Lys Lys Val Pro Gly Cys Gln Asn
65 70 75 80

Ser Arg Thr Asp Phe Thr Pro Ile Lys Thr Lys Thr Tyr Lys Thr Met
85 90 95

Glu Trp Gln Asn Asp
100

<210> SEQ ID NO 301

<211> LENGTH: 99

<212> TYPE: PRT

<213> ORGANISM: Pythium ultimum
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<400>

His Se
1

Ala As

Pro Al

Tyr Va

50

Leu Il
65

Cys GL

Val Va

<210>
<211>
<212>
<213>
<400>

Ser Th
1

Arg Va

Glu As

Ser

<210>
<211>
<212>
<213>
<400>

Ala G1
1

Ala Le

Leu GL

Tyr Le
50

<210>
<211>
<212>
<213>
<400>

Gln Va
1

Gln As

Leu Ly

SEQUENCE: 301
r Gln Met Thr Val Pro
n Ser Pro Leu Gly Thr
20
a Gly Gln Ser Tyr Ala
1 Glu Ala Phe Ala Lys
55

e Met Asp Lys Tyr Val
70

vy Leu Thr Asp Lys Thr
85

1 Trp
SEQ ID NO 302

LENGTH: 49
TYPE: PRT

Asn Pro Lys Phe Ser Asp Val Ser Lys
10 15

Ile Asp Gly Pro Thr Val Met Pro Pro
25 30

Met Gly Thr Asp Thr Asn Ile Lys Ala
40 45

Gln Thr Lys Trp Lys Thr Leu Lys Asp
60

Glu Asp Gly Asn Ile Pro Asp Arg Ala
75 80

Tyr Met Gln Pro Leu Pro Asp Lys Tyr
90 95

ORGANISM: Albugo candida

SEQUENCE: 302

r Met Gly Leu Ser Asn
5

1l Leu Gly Asp Leu Lys
20

n Glu Val Asp Lys Asn
35

SEQ ID NO 303

LENGTH: 54

TYPE: PRT

ORGANISM: Aspergillus

SEQUENCE: 303

y Leu Pro Val Phe Pro
5

u Pro Gly Asp Asn Ser
20

n Pro Trp Glu Arg Val
35

u Tyr Gly Ser Pro

SEQ ID NO 304

LENGTH: 43

TYPE: PRT

ORGANISM: Pyrenophora

SEQUENCE: 304

1 Lys Gly Asn Ala Ile
5

P Thr Arg Asn Phe Cys
20

s Ile Asn Gly Glu Phe

Ser Arg His Leu Glu Asp Ala Val Glu
10 15

Leu Asn Gln Lys Asp Glu Lys Gln Asn
25 30

Asn Ser Lys Gly Lys Asp Arg Glu Ser
40 45

flavus

Asn Gln Ala Val Leu Arg Pro Ser Leu
10 15

His Arg Tyr Ser Leu Pro Met Phe Asp
25 30

Asp Glu Ile Arg Leu Ala Arg Lys Gly
40 45

triticirepentis

Arg Cys Gly Gln Asp Asp Lys Ser Asp
10 15

Arg Phe Met Phe Thr Ser Asp Arg Thr
25 30

Arg Gly Asn Ala
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35

<210> SEQ ID NO 305
<211> LENGTH: 49
<212> TYPE: PRT

40

<213> ORGANISM: Alternaria brassicicola

<400> SEQUENCE: 305

Ala Pro Ala Ser Tyr
1 5

Thr Thr Gly Gly Gln
20

Lys Leu Ser Thr Glu
35

Leu
<210> SEQ ID NO 306

<211> LENGTH: 51
<212> TYPE: PRT

Pro Ala Ser Ala Leu Gly Lys Arg Trp

10

Lys Met Pro Ala His Phe Val Ser Thr

25 30

Lys Leu Lys Thr Lys Arg Gln Leu Asp

40 45

<213> ORGANISM: Cryptococcus neoformans

<400> SEQUENCE: 306

Leu Thr Val Pro Gln
1 5

Leu Thr Thr Ile Ala
20

Thr Val Gly Thr Met
35

Gly Arg Pro
50

<210> SEQ ID NO 307
<211> LENGTH: 61
<212> TYPE: PRT

Ala His Arg Glu Thr Leu Glu Glu Ala

10

Ala Ile Asn Thr Lys Lys Leu Ile Lys

25 30

Ser Ser Val Phe Pro Asp Gly Thr Asp

40 45

<213> ORGANISM: Cryptococcus neoformans

<400> SEQUENCE: 307

Ile Gln Gln Gly Gln
1 5

Lys Thr Asn Leu Thr
20

Lys Phe Glu Gly Cys
35

Glu His Ala Gly Cys
50

<210> SEQ ID NO 308
<211> LENGTH: 94
<212> TYPE: PRT

Lys

Ile

Met

Glu

Ala

Lys

Val

Ser

<213> ORGANISM: Aspergillus

<400> SEQUENCE: 308

Ile Pro Ser Ala Phe Pro Gln

1 5

Ser Asp Ser Tyr Gln Asp Gln

20

Asp Ala Gln Asn Ser Ala Val

Asn Ala Arg Glu Gln His Arg
10

Leu Pro Gly Ala His Ser Tyr
25 30

Val Leu Gln Asp Lys Lys Leu
40 45

Leu Ala Tyr Ala His Pro

fumigatus

Asp Asn Ala Val Asn Gln Val
10

Ser Val Ser Ser Ile Ser Ala
25 30

Ile His Ile Gly Glu Ser Glu

Val Asp
15

Val Arg

Gln Leu

Gly Lys
15

Asp Val

Asn Gly

Gly Arg
15

Lys Ala

Tyr Val

Leu Leu
15

Glu Asp

Thr Met
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35

Arg Ala Pro Ser Trp
50

Ala Leu Ser Thr Thr
65

Pro Gly Asn Ser His
85

<210> SEQ ID NO 309
<211> LENGTH: 77
<212> TYPE: PRT

Phe

Gly
70

Ala

Thr
55

Thr

Pro

<213> ORGANISM: Aspergillus

<400> SEQUENCE: 309

Val Ala Met Gly Val
1 5

Asp Ala Arg Arg Met
20

Glu Thr Gln Glu Glu
35

Asp Asn Lys Val Tyr
50

Pro Ser His Thr Ala

<210> SEQ ID NO 310
<211> LENGTH: 49
<212> TYPE: PRT

Ser

Ala

Asp

Leu

Glu

Glu

Arg

Glu

Asp

55

Ser

<213> ORGANISM: Aspergillus

<400> SEQUENCE: 310

Pro Val Val Pro Gly
1 5

Asp Asp Gly Asp His
20

Trp Glu Arg Val Ser
35

Gly
<210> SEQ ID NO 311

<211> LENGTH: 89
<212> TYPE: PRT

<213> ORGANISM: Coccidioides immitus

<400> SEQUENCE: 311

Ser Pro Val Phe Pro
1 5

Pro Ile Ala Pro Ala
20

Ala Arg Met Thr Ile
35

Ser Ile Pro Ser Trp
50

Gly Leu Ser Thr Thr

Gln

Leu

Glu

Gly

Gly

Pro

Pro

Gly

Thr

Tyr

Val

Gly

Glu

Tyr

Thr

55

Val

40

45

Ser Thr Leu Met Ala Arg Arg Leu Leu

Val Ser Thr Ile

Pro Ser Val

90

fumigatus

Gln

Phe

Ile

40

Asp

Phe

Arg

Asn

25

Arg

Pro

Tyr

Lys

10

Ile

Gly

Leu

Ile

fumigatus

75

Ala

Ala

Asp

Lys

Pro

Asp

60

Phe Pro Asp Pro Leu
80

Gly Leu Pro

Asn Glu Arg Lys Met
15

Ile Glu Thr Ser Gly
30

Arg Ile Val Leu Arg
45

Ala Asn Arg Lys His
60

Tyr Pro

Val Met Glu Pro Ser Ala Ala Leu Pro

10

Thr Leu Pro Met Phe Asp Ile Arg Pro

25

30

Arg Leu Ala Arg Glu Gly Tyr Leu Tyr

40

Asp

Phe

Ala

40

Thr

Leu

Lys

Pro

25

Asp

His

Ser

Arg

10

Phe

Asn

Leu

Thr

Asp

Asp

Glu

Leu

Val
75

45

Ala Leu Tyr Gln Lys
15

Ser Ser Pro Pro Glu
30

Pro Asp Ser Ser Leu
45

Ala Arg Arg Leu Leu
60

Phe Pro Arg Thr Asn
80
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Arg Asp Pro Ala Leu Val Gly Val Pro
85
<210> SEQ ID NO 312
<211> LENGTH: 76
<212> TYPE: PRT
<213> ORGANISM: Coccidioides immitus
<400> SEQUENCE: 312
Ile Arg Ser Ser Gln Arg Ser Gln Arg Arg Gln Glu His Arg Ser Arg
1 5 10 15
Lys Met Asn Leu Ile Val Ser Cys Ser Asp Pro Ser Arg Lys Ser Lys
20 25 30
Asp Val Asp Gly Cys Phe Val Val Leu Arg Asn His Lys Leu Trp Ile
35 40 45
Ala Ser Arg Pro Ser Asp Gly Glu Ala Asn Glu Pro Ser Asp Asp Ala
50 55 60
Thr Arg Phe Lys Ala Ser Leu His Gln Cys His His
65 70 75

1. A method of inhibiting entry, into a cell, of a pathogenic
effector protein, said entry of said pathogenic effector protein
into said cell requiring binding of at least one motif of said
effector protein to at least one polar lipid of said cell, com-
prising the step of

1) binding a blocking compound to said at least one motifof

said pathogenic effector protein; or

ii) binding a blocking compound to said at least one polar

lipid of said cell,

wherein said step of binding prevents entry of said patho-

genic effector protein into said cell.

2. The method of claim 1, wherein said at least one motif
comprises an amino acid sequence BXZ, where

B is an amino acid selected from arginine, lysine and his-

tidine;

X is any amino acid and may be present or absent; and

Z is an amino acid selected from leucine, methionine,

isoleucine, tryptophan, tyrosine and phenylalanine.

3. The method of claim 2, and wherein said at least one
motif is selected from the group consisting of RXLR, RSLR,
Pexel, RYWT, RIYER, RRLLR, RRFLR, and RFYR.

4. The method of claim 3, wherein said at least one motif'is
RIYER or RYWT.

5. The method of claim 1, wherein said blocking compound
is a polypeptide that binds to said at least one motif.

6. The method of claim 5, wherein said polypeptide is a
synthetic peptide.

7. The method of claim 1, wherein said blocking compound
is a polar lipid.

8. The method of claim 7 wherein said polar lipid is
selected from phosphoinositides, phospholipids, and sphin-
golipids.

9. The method of claim 8 wherein said phosphoinositide is
selected from the group consisting of phosphatidyl-inositol-
3-phosphate  (PI-3-P), phosphatidyl-inositol-4-phosphate
(PI-4-P), phosphatidyl-inositol-5-phosphate (PI-5-P), phos-
phatidyl-inositol-3,4-diphosphate (PI-3,4-P2), phosphatidyl-
inositol-3,5-diphosphate (PI-3,5-P2), phosphatidyl-inositol-
4,5-diphosphate (PI1-4,5-P2), phosphatidyl-inositol-3,4,5-

triphosphate  (PI-3,4,5-P3), lysophosphatidyl-inositol-3-
phosphate (LPI-3-P), lysophosphatidyl-inositol-4-phosphate
(LPI-4-P), lysophosphatidyl-inositol-5-phosphate (LPI-5-P),

lysophosphatidyl-inositol-3,4-diphosphate ~ (LPI-3,4-P2),
lysophosphatidyl-inositol-3,5-diphosphate  (LPI-3,5-P2),
lysophosphatidyl-inositol-4,5-diphosphate ~ (LPI-4,5-P2),

and lysophosphatidyl-inositol-3,4,5-triphosphate (LPI-3.4,
5-P3), and phosphatidyl-inositol (PI), and lysophosphatidyl-
inositol (LPI).

10. The method of claim 7 wherein said polar lipid is
selected from the group consisting of phosphatidyl-serine
(PS), phosphatidyl-glycerol (PG), phosphatidyl-ethanola-
mine (PE), phosphatidyl-choline (PC), lysophosphatidyl-
serine (LPS), lysophosphatidyl-glycerol (LPG), lysophos-
phatidyl-ethanolamine (LPE), lysophosphatidyl-choline
(LPC), phosphatidic acid (PA), lysophosphatidic acid (LPA),
sphingosine-1-phosphate  (S-1-P), ceramide-1-phosphate
(C-1-P), a glycosylphosphatidylinositol (GPI)-protein
anchor, a glycosylsphingosylinositol (GSI)-protein anchor, a
glycosyl phosphoryl inositol ceramide (GPIC) and sphingo-
myelin (SM).

11. The method of claim 1, wherein said blocking com-
pound is selected from the group consisting of: an inositol
phosphate, an inositol sulfate, an inositol carboxylate, an
inositol arsenate, an inositol phosphorothioate, a hexose
phosphate, a hexose sulfate, a hexose carboxylate, a hexose
arsenate, a hexose phosphorothioate, a hexitol phosphate, a
hexitol sulfate, a hexitol carboxylate, a hexitol arsenate, a
hexitol phosphorothioate, a polyol phosphate, a polyol sul-
fate, a polyol carboxylate, a polyol arsenate, a polyol phos-
phorothioate, a phosphorylated glycan, a sulfated glycan, a
carboxylated glycan, a glycan arsenate, or a glycan phospho-
rothioate.

12. The method of claim 11, wherein said blocking com-
pound is a polypeptide that binds to said at least one polar
lipid.

13. The method of claim 12, wherein said polypeptide is or
comprises a portion of a lipid-binding protein.
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14. The method of claim 13, wherein said polypeptide
comprises a domain selected from the group consisting of C1,
C2,PH, FYVE, PX, ENTH, ANTH, BAR, FERM, PDZ, and
tubby domains.

15. The method of claim 12, wherein said polypeptide is a
synthetic peptide.

16. The method of claim 1, wherein said host cell is a plant
cell.

17. The method of claim 16, wherein said plant cell is of a
type selected from the group consisting of wheat, maize, rice,
sorghum, barley, oats, millet, soybean, common bean
(Phaseolus species), green pea (Pisum species), cowpea,
chickpea, alfalfa, clover, tomato, potato, tobacco, pepper, egg
plant, grape, strawberry, raspberry, cranberry, blueberry,
blackberry, hops, walnut, apple, peach, plum, pistachio, apri-
cot, almond, pear, avocado, cacao, coffee, tea, pineapple,
passionfruit, coconut, date and oil palm, citrus, orange,
lemon, grapefruit, safflower, carrot, sesame, common bean,
banana, citrus, papaya, macadamia, guava, pomegranate,
pecan, Brassica species, canola, cabbage, cauliflower, mus-
tard, cucurbits, pumpkin, cantalope, squash, zucchini, melon,
cotton, sugar cane, sugar beets, sunflower, lettuce, onion,
garlic, ornamental cut flowers; and grass.

18. The method of claim 1 wherein said host cell is an
animal cell.

19. The method of claim 18, wherein said animal cell is
from or in an animal selected from the group consisting of
cattle, sheep, pigs, goats, horses, cats, dogs, chickens, tur-
keys, bees, salmon, trout, bass, catfish, shellfish, crayfish,
lobsters, shrimp, and crabs.

20. The method of claim 19 wherein said animal cell is a
human cell.

21. The method of claim 19 wherein said animal cell is a
red blood cell, a lymphocyte, a macrophage, a neutrophil, a
dendritic cell, a spleen cell, a thymus cell, a liver cell, a nerve
cell, abrain cell, a lung cell, amuscle cell, or an epithelial cell.

22. The method of claim 1 wherein said pathogenic effector
protein is from an oomycete.

23. The method of claim 22 wherein said oomycete is
selected from the group consisting of: a Phytophthora spe-
cies, Phytophthora infestans, Phytophthora sojae, Phytoph-
thora ramorum, Phytophthora parasitica, Phytophthora cap-
sici, Phytophthora nicotianae, Phytophthora cinnamomi,
Phytophthora cryptogea, Phytophthora drechsleri, Phytoph-
thora cactorum, Phytophthora cambivora, Phytophthora cit-
rophthova,  Phytophthora  citricola,  Phytophthora
megasperma, Phytophthora palmivora, Phytophthora mega-
karya, Phytophthora boehmeriae, Phytophthora kernoviae,
Phytophthora erythroseptica, Phytophthora fragariae, Phy-
tophthora heveae, Phytophthora lateralis, Phytophthora
syringae, a Pythium species, Pythium ultimum, Pythium aph-
anidermatum, Pythium irregulare, Pythium graminicola,
Pythium arrhenomanes, Pythium insidiosum, a downy mil-
dew species, a Peronospora species, Peronospora tabacina,
Peronospora destructor, Peronospora sparsa, Peronospora
viciae, a Bremia species, Bremia lactucae, a Plasmopora
species, Plasmopora viticola, Plasmopara halstedii, a
Pseudoperonospora species, Pseudoperonospora cubensis,
Pseudoperonospora humuli, a Sclerospora species, Scle-
rospora graminicola, a Peronosclerospora species, Perono-
sclerospora philippinesis, Peronosclerospora sorghi, Per-
onosclerospora  sacchari, a Sclerophthora  species,
Sclerophthora rayssiae, Sclerophthova macrospora, a Albugo
species, Albugo candida, a Aphanomyces species, Aphano-
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myces cochlioides, Aphanomyces euteiches, Aphanomyces
invadans, a Saprolegnia species, Saprolegnia parasitica, and
a Achlya species.

24. The method of claim 1 wherein said pathogenic effector
protein is from a fungus.

25. The method of claim 24 wherein said fungus is selected
from the group consisting of: a rust fungus, a smut fungus, a
bunt fungus, a powdery mildew fungus, a Puccinia species,
Puccinia striiformis, Puccinia graminis, Puccinia triticina
(syn. Puccinia recondita), Puccinia sorghi, Puccinia sche-
donnardii, Puccinia cacabata, a Phakopsora species, Phako-
psora pachyrhizi, Phakopsora gossypii, a Phoma species,
Phoma glycinicola, a Ascochyta species, Ascochyta gossypii,
a Cryphonectria species, Cryphonectria parasitica, a Mag-
naporthe species, Magnaporthe oryzae, a Gaeumannomyces
species, Gaeumannomyces graminis, a Synchytrium species,
Synchytrium endobioticum, a Ustilago species, Ustilago
maydis, Ustilago tritici, Ustilaginoidea vixens, a Tilletia spe-
cies, Tilletia indica, Tilletia caries, Tilletia foetida, Tilletia
barclayana, a Evysiphe species, Evysiphe necator, a Blumeria
species, Blumeria graminis, Podosphaera oxyacanthae, a
Alternaria species, Alternaria alternata, a Botrytis species,
Botrytis  cinerea, a Diaporthe species, Diaporthe
phaseolorum, a Fusarium species, Fusarium graminearum,
Fusarium oxysporum, Fusarium moniliforme, Fusarium
solani, a Leptosphaeria species, Leptosphaeria maculans,
Leptosphaeria maydis, a Macrophomina species, Macro-
phomina phaseolina, a Monilinia species, Monilinia fructi-
cola, a Mycosphaerella species, Mycosphaerella gramini-
cola, Mycosphaerella fijiensis, Mycosphaerella tassiana,
Mycosphaerella zeae-maydis, a Phialophora species, Phialo-
phora gregata, a Phymatotrichopsis species, Phymatotri-
chopsis omnivora, a laphrina species, Taphrina deformans, a
Aspergillus species, Aspergillus flavus, Aspergillus parasiti-
cus, Aspergillus fumigatus, a Verticillium species, Verticil-
lium dahliae, Verticillium albo-atrum, Rhizoctonia solani,
Ophiostoma ulmi, Ophiostoma novo-ulmi, a Septoria species,
Septoria avenae, a Pyrenophora species, Pyrenophora tritici-
repentis, a Colletotrichum species, Colletotrichum gramini-
cola, a Sclerotinia species, Sclerotinia sclerotiorum, a Scle-
rotium species, Sclerotium rolfsii, a Thielaviopsis species,
Thielaviopsis basicola, a Coccidioides species, Coccidioides
immitus, a Paracoccidioides species, Paracoccidioides bra-
ziliensis, a Pneumocystis species, Pneumocystis carinii, a
Histoplasma species, Histoplasma capsulatum, a Cryptococ-
cus species, Cryptococcus neoformans, a Candida species,
Candida albicans, a microsporidial species, a Enterocyto-
zoon species, a Encephalitozoon species and Encephalito-
zoon cuniculi.

26. The method of claim 1, wherein said pathogen effector
protein is from a protozoon.

27. The method of claim 26 wherein said protozoon is
selected from the group consisting of: an apicomplexan para-
site, a Plasmodium species, Plasmodium falciparum, Plas-
modium vivax, Plasmodium ovale, Plasmodium malariae, a
Babesia species, Babesia bovis, Babesia bigemina, a
Cryptosporidium species, Cryptosporidium parvum, a Toxo-
plasma species, Toxoplasma gondii, a Trypanosomatid spe-
cies, a Trypanosoma species, Trypanosoma brucei, Trypano-
soma cruzi, Trypanosoma congolense, Trypanosoma vivax, a
Leishmania species, Leismania donovani, an amebozoan
parasite, an Entamoeba species, Entamoeba histolytica, a
Mastigamoeba species, a Schistosoma species, a Onchocerca
species, and a Giardia species.
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28. The method of claim 1 wherein said step of binding
includes the step of providing to a plant or animal a sufficient
quantity of said blocking compound so that it is present to
bind to said target molecule prior to entry of said pathogenic
effector protein into cells of said plan or animal.

29. A method for screening compounds to identify whether
they are potential blocking compounds for inhibiting entry of
pathogenic effector proteins into a cell, comprising the steps
of:

providing one or more proteins each of which has one or

more motifs which are bound by polar lipids as a pre-
requisite to translocation;

exposing a candidate compound to said one or more pro-

teins; and
determining whether said candidate compound binds to
said one or more motifs of said one or more proteins,
and, if binding occurs, determining that said compound
is a potential blocking compound for inhibiting entry of
pathogenic effector proteins into a cell,
wherein said one or more motifs comprises an amino acid
sequence BXZ, where
B is an amino acid selected from arginine, lysine and
histidine;
X is any amino acid and may be present or absent; and
7 is an amino acid selected from leucine, methionine,
isoleucine, tryptophan, tyrosine and phenylalanine.
30. The method of claim 29 wherein said one or more
proteins provided in said providing step are pathogenic effec-
tor proteins derived from a bacterial, protozoal, fungal,
oomycete or nematode source.
31. A method for screening compounds to identify whether
they are potential blocking compounds for inhibiting entry of
pathogenic effector proteins into a cell, comprising the steps
of:
providing one or more polar lipids, each of which binds to
one or more motifs of an effector protein as a prerequi-
site to translocation of said effector protein into said cell;

exposing a candidate compound to said one or more polar
lipids; and
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determining whether said candidate compound binds to
said one or morepolar lipids, and, if binding occurs,
determining that said compound is a potential blocking
compound for inhibiting entry of pathogenic effector
proteins into said cell,

wherein said one or more motifs comprises an amino acid
sequence BXZ, where
B is an amino acid selected from arginine, lysine and
histidine;
X is any amino acid and may be present or absent; and
Z is an amino acid selected from leucine, methionine,
isoleucine, tryptophan, tyrosine and phenylalanine.

32. The method of claim 31, wherein said effector proteins
are pathogenic effector proteins derived from a bacterial,
protozoal, fungal, oomycete or nematode source.

33. A method of inhibiting entry, into a cell, of a pathogenic
effector protein, said entry of said pathogenic effector protein
into said cell requiring binding of at least one motif of said
effector protein to at least one polar lipid of said cell, com-
prising the step of

contacting a substrate which contains or is likely to contain

a pathogen comprising said pathogenic effector protein
with a blocking compound, said blocking compound
being capable of

i) binding to said at least one motif of said pathogenic

effector protein; or

ii) binding to said at least one polar lipid of said cell,

wherein binding of said blocking compound prevents entry

of said pathogenic effector protein into said cell if said
pathogen comes into contact with said substrate.

34. The method of claim 33, wherein said substrate is
selected from the group consisting of plants, fabric, water,
skin and fur.
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