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acid molecules which hybridize thereto under stringent 
conditions, or (iii) nucleic acid molecules that include a 
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proteins of the present invention can be used to imparting 
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DNA MOLECULES AND POLYPEPTIDES OF (v) are often flanked by direct repeats, (vi) are bordered by 
PSE UDOMONAS SI7UNGAE HRP tRNA genes andlor cryptic mobile genetic elements, and 

PATHOGENICITY ISLAND AND THEIR (vii) are unstable (Hacker et al., 1997). Some Pais have 
USES inserted into different genomic locations in the same species 

s (Wieler et al., 1997). Others reveal a mosaic structure 
This application claims benefit of U.S. Provisional Patent indicative of multiple horizontal acquisitions (Hensel et al., 

Application Ser. Nos. 601194,160, filed Apr. 3,2000,601224, 1999). Genes encoding type 111 secretion systems are present 
604, filed Aug. 11, 2000, and 601249,548, filed Nov. 17, in Pais in animal pathogenic Salmonella spp. and 
2000, which are hereby incorporated by reference in their Pseudomonas aevuginosa and on large plasmids in Yevsinia 
entirety. 10 and Shigella spp. Genes encoding effectors secreted by the 

This work was supported by National Science Founda- pathway in these organisms are commonly linked to the 
tion Grant No. MCB-9631530 and National Research Ini- pathway genes (Hueck, 1998), although a noteworthy excep- 
tiative Competitive Grants Program, U.S. Department of tion is sopE, which is carried by a temperate phage without 
Agriculture, Grant No. 98-35303-4488. The U.S. Govern- apparent linkage to SPIl in certain isolates of S. typhimu- 
ment may have certain rights in this invention. IS vium (Mirold et al., 1999). Three avrhop genes have already 

been shown to be linked to the hrplhrc cluster in t? syvingae: 
FIELD OF THE INVENTION avrE and several other Hrp-regulated transcriptional units 

The present invention relates to isolated DNA molecules are linked to the hrpR bordLr ofthe hrp cluster in t? syvingae 

corresponding to the open reading frames in the conserved 
pv tomato (Pto) DC3000 (Lorang and Keen, 1995); avrPphE 

20 is adjacent to hrpY (hrpK) in Pseudomonas phaseolicola 
effector loci and exchangeable effector loci of the 
Pseudomonas syvingae, the isolated proteins encoded 

(Pph) 1302A (Mansfield et al., 1994); and hopPsyA (hrmA) 
is adjacent to hrpK in Psy 61 (Heu and Hutcheson, 1993). 

thereby, and their various uses. Other Pseudomonas avr genes are located elsewhere in the 

BACKGROUND OF THE INVENTION genome or on plasmids (Leach and White, 1996), including 
25 a alasmid-borne nroua of avr nenes described as a Pai in Pah 

The plant pathogenic bacterium Pseudomonas syvingae is 1i49B (Jackson it 1999)1 
noted for its diverse and host-specific interactions with Because Avr, Hop, Hrp, and Hrc proteins represent prom- 
plants (Hiran' and 1990). A 'pecific strain may be ising therapeutic treatments in both plants and animals, it 
assigned One at least 40 pathovars based On its would be desirable to identify other proteins encoded by the 
range among different plant 'pecies and then further 30 psi', in pathogenic bacteria and identify uses for those 
assigned to a race based on differential interactions among proteins, 
cultivars of the host. In host plants the bacteria typically 

The present invention overcomes these deficiencies in the grow to high population levels in leaf intercellular spaces 
--& 

and then aroduce necrotic lesions. In nonhost alants or in a" 

host plants with race-specific resistance, the bacteria elicit 35 SUMMARY OF THE INVENTION 
the hypersensitive response (HR), a rapid, defense- 
associated programmed death of plant cells in contact with One aspect of the Present invention relates to isolated 
the pathogen (Alfano and Collmer, 1997). The ability to "llcleic acid (i) proteins Or polypeptides 
produce either of these reactions in plants appears to be PseudOmonas CCEL") and 

directed by hrp (HR and pathogenicity) and hrc (HR and 40 CEEL") genomic regi0ns, (ii) 

genes that encode a type 111 protein secretion nucleic acid molecules which hybridize thereto under strin- 

pathway and by avr (avimlence) and hop ( ~ ~ - d ~ ~ ~ ~ d ~ ~ ~  gent conditions, or (iii) nucleic acid molecules that include 

outer protein) genes that encode effector proteins injected a nucleotide sequence which is the 

into plant cells by the pathway (Alfano and Collmer, 1997). nucleic acid and (ii). 
These effectors may also betray the parasite to the 45 host cells, and transgenic plants which include the DNA 
~ ~ - ~ ~ i ~ ~ ~ ~ i ~ ~  R - ~ ~ ~ ~  surveillance system of potential hosts molecules of the present invention are also disclosed. Meth- 

(hence the avr designation), and plant breeding for resistance ods making such and transgenic plant are 

based on such gene-for-gene (avr-R) interactions may pro- 
duce complex of races and differential culti- Afurther aspect of the present invention relates to isolated 
vars (Keen, 1990). hrplhrc genes are probably universal so proteins or ~ o l ~ ~ e ~ t i d e s  mcoded by the nucleic acid mol- 
among necrosis-causing gram-negative plant pathogens, and ecules of the present invention. Compositions which contain 
they have been sequenced in t? syvingae pv. syvingae (Psy) the proteins are also disclosed. 
61, Evwinia amylovova Ea321, Xanthomonas campestvis pv. Yet another aspect of the present invention relates to 
vesicatovia (Xcv) 85-10, and Ralstonia solanaceavum methods of imparting disease resistance to a plant. Accord- 
GMIlOOO (Alfano and Collmer, 1997). Based on their 55 ing to one approach, this method is carried out by trans- 
distinct gene arrangements and regulatory components, the forming a plant cell with a heterologous DNA molecule of 
hrphrc gene clusters of these four bacteria can be divided the present invention and regenerating a transgenic plant 
into two groups: I (Pseudomonas and Evwinia) and I1 from the transformed plant cell, wherein the transgenic plant 
(Xanthomonas and Ralstonia). The discrepancy between the expresses the heterologous DNAmolecule under conditions 
distribution of these groups and the phylogeny of the bac- 60 effective to impart disease resistance. According to another 
teria provides some evidence that hrphrc gene clusters have approach, this method is carried out by treating a plant with 
been horizontally acquired and, therefore, may represent a protein or polypeptide of the present invention under 
pathogenicity islands (Pais) (Alfano and Collmer, 1997). conditions effective to impart disease resistance to the 

Pais have been defined as gene clusters that (i) include treated plant. 
many virulence genes, (ii) are selectively present in patho- 65 A still further aspect of the present invention relates to a 
genic strains, (iii) have different G+C content compared to method of making a plant hypersusceptible to colonization 
host bacteria DNA, (iv) occupy large chromosomal regions, by nonpathogenic bacteria. According to one approach, this 
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method is carried out by transforming a plant cell with a FIG. 3 is a diagram illustrating the Hrp Pai CEL of t? 
heterologous DNA molecule of the present invention and syvingae. The Pto DC3000 CEL is shown with the corre- 
regenerating a transgenic plant from the transformed plant sponding fragments of Psy B728a that were sequenced 
cell, wherein the transgenic plant expresses the heterologous aligned below. The nucleotide identity of the sequenced 
DNA molecule under conditions effective to render the s fragments in coding regions ranged from 72% to 83%. 
transgenic plant hypersusceptible to colonization by non- Arrows indicate the direction of transcription, with small 
pathogenic bacteria. According to an alternative approach, the presence a Hrp 

this method is carried out by treating a plant with a protein FIGS. 4A-E illustrate the plant interaction phenotypes of 

or polypeptide of the present invention under conditions PtO mutants the EEL (CUCPB5110) 

effective to render the treated plant susceptible to coloniza- 10 and CEL (CUCPB5115). 14A is a graph 

tion by nonpathogenic bacteria. growth in tomato of DC3000 and CUCPB5110 (mean and 

Another aspect of the present invention relates to a SD). FIG. 14B is a graph illustrating growth in tomato of 

method of causing eukaryotic cell death by introducing into 
DC3000, CUCPB5115, and CUCPB5115(pCPP3016) 
(mean and SD). FIG. 14C is an image showing HR collapse 

a eukaryotic cell a cytotoxic Pseudomonas protein, where in tobacco leaf tissue 24 h after infiltration with lo7 cfulml 
the introducing is performed under conditions effective to 
cause cell death. 

of DC3000 and CUCPB5115. FIG. 14D is an image showing 
the absence of disease symptoms in tomato leaf 4 days after 

A further aspect of the present invention relates to a inoculation with 104 cfulml of CUCpB5115, FIG, 1 4 ~  is an 
method of treating a cancerous condition by introducing a image showing disease symptoms typical of wild-type in 
cytotoxic Pseudomonas protein into cancer cells of a patient 20 tomato leaf 4 days after inoculation with 104 cfu/ml of 
under conditions effective to cause death of cancer cells, CUCpB5115(pCpp3016), 
thereby treating the cancerous condition. FIG. 5 is an image of the immunoblot analysis showing 

The benefits of the Present invention result from three AvrPto secretion by Pto DC3000 derivatives with deletions 
factors. First, there is substantial and growing evidence that affecting the three major regions of the H~ psi, ~ ~ ~ t ~ ~ i ~  
~ h ~ t o ~ a t h o g e n  effector proteins have evolved to elicit 25 were grown in Hrp-inducing minimal medium at pH 5.5 and 
exquisite changes in eukaryote metabolism at extremely low 220 C, to an OD,,, of 0.35 and then separated into cell- 
levels, and at least some of these activities are potentially bound (c) and supernatant (s) fractions by centrifugation, 
relevant to mammals and other organisms in addition to proteins were then resolved by SDS-PAGE, blotted, and 
plants. For example, ORF5 in the Psy B728a EEL is similar immunostained with antibodies against ~ ~ ~ p t ~  and 
to Xar~thomonas cam~estvis Pv. vesicatovia AvrBsT, a P ~ Y -  30 0-lactamase as described (Manceau and Harvais, 1997), 
topathogen protein that appears to have the same active site except that supernatant fractions were concentrated 3-fold 
as its animal pathogen homolog Y ~ P J ,  which inhibits n~am- relative to cell-bound fractions before loading. Pto DC3000, 
malian MAPKK defense signaling (Orth et al.9 2000). CUCPB5115 (CEL deletion), CUCPB5114 (hrplhrc 
Second, the t? syvingae CEL and EEL regions are enriched deletion), and CUCPB5110 (EEL deletion) all carried 
in effector protein genes, which makes these regions fertile 35 pCpp2318, which expresses 0-lactamase without a signal 
targets for effector gene bioprospecting. Third, rapidly peptide as a cytop~asmic marker, 

for genes and proteins FIGS. 6A-B illustrate, enlarged as compared to FIG. 1 ,  
plant and the protein- the organization of the shcAand hopPsyAoperon in the EEL 

based therapies. of the Hrp Pai of Psy 61. In FIG. 6A, the shcA and hopPsyA 

BRIEF DESCRIPTION OF THE DRAWINGS 40 are depicted as white boxes. At the border of the Hrp ~ a i  are 
the ~RNA~'"  and clueA genes devicted as gray boxes. A 5' 

A - 
FIG. 1 is a diagram illustrating the conserved arrangement truncated hrpK gene is represented as a hatched box. The 

of hrplhrc genes within the Hrp Pais of Psy 61, Psy B728a, arrows indicate the predicted direction of transcription and 
and Pto DC3000. Regions sequenced in B728a and DC3000 the black box denotes the presence of a putative HrpL- 
are indicated by lines beneath the strain 61 sequence. Known 45 dependent promoter upstream of shcA. FIG. 6B illustrates 
regulatory genes are shaded. Arrows indicate the direction of schematically the construction of the deletion mutation in 
transcription, with small boxes denoting the presence of a the shcA ORF marker-exchanged into Psy 61. Black bars 
Hrp box. The triangle denotes the 3.6-kb insert with phage depict regions that were amplified along with added restric- 
genes in the B728a hrplhrc region. tion enzyme sites and each are aligned with the correspond- 

FIGS. 2A-C show the EEL of Pto DC3000, Psy B728a, so ing DNA region represented in FIG. 6A. The striped box 
and Psy 61, the t g t - q u e ~ - t ~ N ~ L e "  locus in aevuginosa depicts the nptII cassette that lacks transcriptional and 
(Pa), and EELborder sequences. FIG. 2Ais a diagram of the translational terminators used in making the functionally 
EELs of three t? syvingae strains shown aligned by their nonpolar shcAPsy 61 mutant. EcoRI, E; EcoRV, V; XbaI, X; 
hrpK sequences and are compared with the tgt-queA- and XhoI, Xh. 
~RNA~'"  locus in Pa PAO1. Arrows indicate the direction of ss FIG. 7 is an image of an immunoblot showing that shcA 
transcription, with small boxes denoting the presence of a encodes a protein product. pLV9 is a derivative of pFLAG- 
Hrp box. Shaded regions are conserved, striped regions CTC in which the shcA ORF is cloned and fused to the 
denote mobile genetic elements, and open boxes denote FLAG epitope and translation is directed by a vector ribo- 
genes that are completely dissimilar from each other. FIG. some binding site (RBS). pLV26 contains an amplified 
2B is an alignment of the sequences of the DC3000 (DC) 60 product containing the shcA coding region and its native 
(SEQ. ID. No. 85), B728a (B7) (SEQ. ID. No. 86), and 61 RBS site. Cultures of E. coli DH5a carrying either pFLAG- 
(SEQ. ID. No. 87) EELs at the border with ~RNA~'", with CTC (Control), pLV9, or pLV26 were grown to an OD,,, of 
conserved nucleotides shown in upper case. FIG. 2C is an 0.8 and then 100 pl aliquots were taken, centrifuged, resus- 
alignment of the sequences of the DC3000 (DC) (SEQ. ID. pended in SDS-PAGE buffer, and then subjected to SDS- 
No. 88), B728a (B7) (SEQ. ID. No. 89), and 61 (SEQ. ID. 65 PAGE and immunoblot analysis with anti-FLAG antibodies 
No. 90) EELs at the border with hrpK, with conserved and secondary antibodies conjugated with alkaline phos- 
nucleotides shown in upper case. phatase. 
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FIG. 8 is an image of an immunoblot showing that Psy 61 otiana benthamiana, and Avabidopsis thaliana. FIG. 13A 
shcAmutant UNLV102 does not secrete H o ~ P s ~ A a n d  shcA shows N. tabacum cv. Xanthi and N. benthamiana leaves 
provided in trans complements this defect. Psy 61 cultures infiltrated with~gvobactevium tumefaciens ~ ~ 3 1 0 1  with or 
were grown at 22' C. in hrp-derepressing medium and 
separated into cell-bound (C) and supernatant fractions (S). 5 

without pTA7002::hopPsyA. FIG. 13B illustrates Avabidop- 

The cell-bound fractions were concentrated 13,4-fold and sis thaliana CO1-l with A. tumefaciens +I- 
the suvernatant fractions were concentrated 100-fold rela- ~TA7002: :ho~Ps~A.  For all plants shown in FIGS. 13A-B, 
tive to the initial culture volumes. The samples were sub- 48 h after Agvobactevium infiltration, plants were sprayed 
jected to SDS-PAGE and immunoblot analysis, and with the glucocorticoid dexamethasone (DEX). Images were 
H ~ P P ~ Y A  and fl-lactamase were detected with either lo collected 24 h after DEX treatment. A.t.=Agvobactevium 
anti-HopPsyA or anti-0-lactamase antibodies followed by tumefaciens; pA=pTA7002~~~opPsyA, 
secondary antibodies conjugated to alkaline phosphatase as 
described in the experimental procedures. The image of the 
immunoblot was captured using the Bio-Rad Gel Doc 2000 
UV fluorescent gel documentation system with the accom- 

FIG. 14 is an image of an SDS-PAGE which shows the 

panying Quantity 1 software. 15 distribution of HopPsyA and 0-lactamase in cultures of Psy 

FIG. 9 is an image of an immunoblot showing that shcA 61 (pCPP2318) or a hrp mutant, Psy 61-4 2089 (pCPP2318). 

is required for the type 111 secretion of HopPsyA, but not were grown at 220 C. in h ~ - d e ~ r e s s i n g  

secretion of HrpZ. t? fluovescem 55 cultures were grown in medium and separated into cell-bound (C) and supernatant 
hrp-&repressing medium and separated into cell-bound (C) 20 fractions (S). The cell-bound fractions were concentrated 
and supernatant (S) fractions. The cell-bound fractions were 13.4 fold, and the supernatant fractions were concentrated 
concentrated 13.4-fold and the supernatant fractions were 100 fold relative to initial culture volumes. The samples 
concentrated 100-fold relative to the initial culture volumes. were subjected to SDS-PAGE and immunoblot analysis and 
The samples were subjected to SDS-PAGE and immunoblot HopPsyA and 0-lactamase were detected with either anti- 
anal~sis, and HOPPSYA and HTZ we'' detected with either 25 H ~ ~ P ~ ~ A  or anti-O-lactamase antibodies followed by set- 
anti-HopPsyA or anti-HrpZ antibodies followed by second- ondary antibodies conjugated to alkaline phosphatase. Pss 
ary antibodies conjugated to alkaline phosphatase as 
described in experimental procedures, The image of the wi ld- t~~e=Pseudomonas  'yvingae pv. 'yvingae 61 

immunoblot was captured using the Bio-Rad Gel Doc 2000 bCPP2318); Pss hrcC=PseudOmonas s~vingae pv. s~vingae 

UV fluorescent gel documentation system with the accom- 30 61-2089 (~CPP2318). 
panying Quantity 1 software. 

FIG. 10 is a series of four images of tobacco leaves 
showing that t? fluovescem 55 carrying a pHIRll derivative FIG. 15 is a graph illustrating the ability of w i l d - t ~ ~ e  
with a functionally nonpolar shcAmutation is impaired in its Pseudomonas syvingae pv. syvingae and a hopPsyA mutant 
ability to translocate HopPsyAinto plant cells. t? fluovescens 35 to multiply in bean leaves. Values represent the average plate 
55 cultures were grown overnight in King's B and sus- counts from crushed plant leaves of two independent inocu- 
 ended in 5 mM MES PH 5.6 to an OD600 of 1.0, and lations. Wild-type (a), Pseudomonas syvingae pv. syvingae 
infiltrated into tobacco leaf panels. Because the pHIR11- 61; hoppsy~mutan t  (01, pseudomonas syvingae pv, syvin- 
induced HR is due to the translocation of HopPsyA inside gae 61-2070, 
plant cells, a reduced HR indicates that HopPsyA is not 40 

delivered well enough to induce a typical HR. The leaf 
panels were with incidentlight 24 hours later. 

FIGS. 16A-B illustrate the interaction of HopPsyA and 
FIG. 11 is an image of an immunoblot showing that ShcA Mad2 in a yeast two-hybrid assay. FIG. 16A illustrates 

binds to HopPsyA. Soluble protein samples from sonicated 
cultures (Sonicate) of Psy 61 shcA mutant UNLV102 car- 45 

of yeast EGY48 strains containing either P~~~~ 

rying pLNl (HopPsyA) or pLN2 (ShcA-FLAG, HopPsyA) bEG202:: 'h0~Ps~A) and P ~ ~ ~ - ~  (fish-vect0r), P~~~~ and 

were mixed with anti-FLAG M2 affinity gel (Gel). The gel ~LV116 (PJG4-5::mad2), or ~ E G 2 0 2  (bait vector) and 
was washed (Wash) with TBS buffer, mixed with SDS- pLV116 on medium containing 5-bromo-4-chlor0-3-indolyl- 
PAGE buffer, and subjected to SDS-PAGE and immunoblot 0-D-galactopyranoside (Xgal) to check for 0-galactosidase 
analysis along with the sonicate and wash samples. 50 activity with either glucose (Glc) or galactose (Gal). 
H ~ P P ~ Y A  and ShcA-FLAG were detected with anti- 0-galactosidase activity was indicated only in the presence 
H O ~ P s ~ A  Or anti-FLAG of both HopPsyAand Ma&. FIG. 16B illustrates cultures of 
antibodies conjugated to alkaline phosphatase as described the same yeast strains on minimal medium leucine dropout 
in experimental procedures. 

plates with either Glc or Gal sugars. 1=EGY48 (pLV24, 
FIG. 12 is a diagram illustrating the spindle checkpoint in 5s  

S. cevevisiae. The spindle checkpoint is activated by a signal 
pJG4-5); 2=EGY48 (pLV24, pLV116); 3=EGY48 (pEG202, 

emitted from the kinetochores when there are abnormalities pLV116). 

with the microtubules. This signal is somehow received by 
the spindle checkpoint components, which respond in a 
variety of ways. Mad2 is thought to bind to ~ d c 2 0  at the 60 

APC inhibiting its ubiquitin ligase activity. In the absence of 
DETAILED DESCRIPTION OF THE 

Mad2 (and vresumablv damage to the svindle). the APC is 
INVENTION 

\ A - , , 
active and it marks Pdsl and other inhibitors of anavhase for 
degradation via the ubiquitin proteolysis pathway; anaphase 
ensues. 65 A DNA molecule which contains the CEL of Pseudomo- 

FIGS. 13A-B illustrate the effects of transgenically nas syvingae pv. tomato DC3000 has a nucleotide sequence 
expressed HopPsyA on Nicotiana tabacum cv. Xanthi, Nic- (SEQ. ID. No. 1) as follows: 



ggtaccgggc t c t g t g a c g c  agagcgtcac gcaaggcat t  ccactggagc gtgaggaacg 

a t a a t c c t g a  cgacaactat  cgtgcgacgc tccgcg tcgg  c a t g c c g t t c  t g g a c g c t c t  

g c g t c c t g t c  t tgagaggtg  cgccaagcgc aaagcacggt aagtatcagg gaggggtgta 

taggagggt t  gcaaggcggg a g g t g t t c a t  atcaaggcag t g t t c a t g a a  c c c g t c t t g c  

c t g g g c t c a t  gaacacgt tc  ggct tacgcg g tcag tgca t  t t c c t c g c t c  aaatggtcca 

gccctgccag ca tcaac tca  tgccggtgga t g t c g t c c a g  gctggcgtag gaacccggt t  

t t t c g t t g a c  cgcgtgccac accacaaagt cgcgtcgtac gtccagaaac aggaagtagt 

gat tgaaacg c t c t g a c t c c  ataaaacgtc g t tgcag tgc  atcacgcagt  tgatcgggac 

gcaacgcgcg g c c t t c t a t g  tgcaaggcga tcccccaatc  a t g g t g t t c g  cgccgactga 

caaacgcgac gccat tggcc actggccata c t g c t g g g c t  ctgggcggca acctgagcgt  

aaaatgccga c t t t t c c g t t  acc tcaa tca  t t t c t a a t c c  t t t a a c t g c a  cgacagtgta 

a tcccgc tca  t g g t c c c g g t  cgtccagacc t t c g c g c a t g  tcgggcggcc accaaatgac 

cagctcgcgg t t g t t g g a g t  c c g g g c g t t t  gcaagcgt tc  cccgcacagc cgtgggtggc 

acaccctgtc agcgtagcaa acagcaagag caagagcgt t  aggctacgaa t c a t c a t g g t  

t t c g c t c c c c  ggagcagtga c g g c c t g c t t  t c t t t g g c c a  t t t t a g a t a t  c tgcggc tgg  

cgcacagcga t g t a c a c c t c  a c t t t c t t c a  cccggctgca gcca tgca tg  aggccaggcc 

gcaacgccga tgacccagcg accgccgcat c g g c t t t c g t  cgatacgtac c g g c t t g t c c  

g t g t t g t t a c  gcgcaaccac cacagcaaca c c c c a g t c t t  t t t t g a c g a a  ccactgcgag 

cgc tgccca t  caagcgtcag acc t tcgccc  ggatcacaca g a c t t c g t g t  t tcaaagggc 

agggtctggc cagcgcgcag gcc t tccggg gcggggccgt c g a t c a t t t g  ggtaaagact 

t t c t g g a t g t  cgccccgcgt tggcagtcgg cc tccg tcac  g t c g t t c c t t  g a t t t t c t t c  

a t c t g g t c a t  cgacgtcatg ggggt tgccg t t c t g t a c a t  agcgtgctgg a t t g a c c t g a  

tcgccgatca  gtcgaggggt cagaatgaac agccgctcgc gc tgac tcag  t t c g c g a c t g  

cgggactgga acagcagct t  gccgatatag ggaatgtcgc ccaacagcgg g a t c t t g t g a  

a t c c t g t c a t  t g g c t t c c a g  accgtggaag ccgccgatga ccagcgagcc gtgctcggca 

a tcaccgcc t  gggtgctgac a t t g c c t c g g  cgcacactgg g t t g g g t g t c  a t t g a t c g t c  

gacacatcga t c t g g c c a t c  c t c g a t g t c c  a c g a t c a t t t  ggacctgagg c t t g c c a t c g  

t t g t c c a g c g  aacgcggaat cact tgaagg c tgg tgcccg  ccgtgatggg cagaatgtca 

gcggcccgct cggaagtggg cg tcaggta t  tcggtgcgac tgaggtcga t  cactgcaggc 

t g a t t c t c c a  gggtcaggat cgacgggt tg gcgatgactg acgcagaacc a t t g c c t t c a  

agcgcatgca at tcggcaga a a a c t t g c t g  g c g t t c t g c a  agaacaacgt t g a a c t g g t g  

ccgccatcaa acaggttggc acccacctcc gacgctgccg ggcat tgaaa t t ccagccga 

c tggacagt t  cagccagt tc  a t tggggtcg  atgtcgagaa tgaccgcatc g a t t t c g a t c  

aggt tgcgcg gaacgtccag c t c c t t g a c c  a g t t t c t g g t  a c a t g g c c t t  gcgctctggc 

aggtcgtaaa tcaatacgga g t t g t t a c g c  acatcagcgc t t a c g c g g a t  a t t g c c t t g c  

ctgaggcatg accc t tggca  g t t t t t t t g c  t g t t g a a g t t  caatacgcgg tgcaatgccc 

c t g t t g c a g t  g c t c c c g t a t  c g a t a c c a t t  ggagcccagg t t g t a a g g c a  ggccggggcc 

gcgacacctg t g c t g t t g g c  aacactgctg ccctgccccg ccaacaagt t  cacgc tg tca  

a t g c t t t c g c  cacgcgaacg g c t t t c c a g c  a g c t c t t g a a  gaatactggc gacaccggcc 

accactaact  gctggtcacg gtagcgaata gtccgatcag ccgcgt tggc g t a t t t g a g t  



-con t inued  
ggcagcacga c a a c a t c t t g  c t t g t c g g c c  t t c t c g t c g g  g c t t t t c g a c  t t t c t t g c t g  

tagtcgcgca caaactccac g t a t t t g g c c  ggaccacgaa ccagaaccac g c c t t c g t c a  

ggcagcgagc cccagcccaa a c g c t t g t c a  acaagaccga ca tcgg tcag  c g c c g t t t g c  

aggtcgtcca ccgcatccgg cgagact tcg atgcgccccg agg tg tgc tc  gctggaaggg 

ctgacataca g c g t g t c g t t  atagacgaac cactggaagt  g g t a t t c c t g  actcagccgc 

tcaagaaact  c t t c a g g g t t  ctgagcacga a t a c g t c c a t  c g a g g t t t c c  ctggacaggc 

gacatgtcga gcgacatacc gaac tccc tg  gcaaagtcag ccagggcagt agacaactcg 

gtctgccggg catcataggc gtaggcggtg t g t t t c c a g g  c t t c t g g g g t  gaccgcccac 

gtggcaggga tcaccccgat  caacaataaa ggcaaccaca t t a a g g c c t t  g c g c a t t t c a  

cac tcccgg t  tgccgg tga t  tgaggatcga acgcccggac aaagtgggcg t c g t g t t a c g  

a a t a g t g g t t  tgcatcaggc tgagcatgcc cgcgcgctga t tggccaggc t t t c c a g a c g  

atcgagcagg tcaccgaggc tgcaggggt t  tgcca tccag  ctgaccagca ctacgcagcg 

ggtctgcgga tcgatggcca gcgcgccgtc gcaggcacac gccaggc t tg  cgccgccctc 

gccaagcaag gct tcgagcc g t tgcgggtc  accggcgtcg tacgggtcga g c a g t t c g a t  

actgcaacgc accccgtcgc cgacgaccgc cagccgagca t t g g c g t c a t  cgatccagca 

gtccagcggc atcgctggac gctgggcaga ccactggcca acga tc tcgg  t g a a t t c a c t  

gaa t tcca tc  ga tgac tgc t  t t a t t g a t a c  c g t g c t t g g c  acgcaggcat t c a t t g a c g g  

caataccggc gacatcgacc t g c t g c t g g g  acatcgtgaa tgcc tgcagg t c t t c g a c g g  

t g c c a c t c t c  ggaggct tcc a t c g c t g c c t  g g t c c a t g t t  ggtgtgagca cggctcaccg 

aa t tg tcgag  a tggcg t tgc  aagc tg t tga  aac tga tca t  g t c c t g g t g c  tccagcagaa 

gggttcaaac c t tgag tgga  gcaaacccgc cgagcggt tc  catcatgcga tcaag tgag t  

gcagagagtg tg ta tcaggc  agcaggctcg acacccagca gcccc t tgcg  caggtctgcc 

caagcgatat  cgaacgcgcc a t t g g c a t c g  ctcagacgca agctgtccga g g c g a t c g t t  

gcatcgcgct  t g a g t t g c c a  gtgctcggaa aaacggctgt  ctgccagcca ctcagccacg 

gggtcggcta t t t g g g g g t g  aacactgagc gtcgcgaccg c t t c a t t g a g  c tggc tggcg  

gccaggt t t c  tggccagcgc ccgcgcacgt tcggccagcg t g g t g t c g t c  taacaagtgc 

cgcagggat t  cactcaacag t t c t t c t a c g  g c g g t c a t t g  c c t g c t c c t g  caacgcctcg 

cgc tgcacc t  gaagctcgcc gagaaacgcg t t g g c g t t t t  cccagaactg cgccagcgcc 

t g c t g c t g a a  ggtgctcggc t t t c t c t t g c  tcaagggcca g t a t c t g c g t  ggcctgctgc 

cgcgcg tc tg  ccaggatgtc gcgcgccagc aggctgtcgg c g a t g t c t t c  gcggcgcaag 

a tcgg t tcgc  gcagcagcgt agcggccgtc agagcaatac t g c g t t t g g c  gagcatgggc 

g t a t t c c t g a  tgcagagaag c t g g t t c g g a  t tcaggcagc cgtgacgcgc cacatgatgg 

cc tgcca taa  cgcctgaagt  t t g t t t t c g g  g t g c c t t g c c  gggggtgtcg g g c a c t t c a t  

tgggcgggca ctccagacac agtcgcgacc ag ta t tgcgg  cccaagccag gcgcccagca 

gaagacgcgc g t c c t c g t g t  t caaac tcca  gccagacacc ggggcgcagc g c t t t g g t c a  

acccccagca cca t tgaccg  t c a g g t c c g t  c g c t t t c g t t  acgggagaag cagatgcact  

gcgccaggct tagcgcctgc tcacgc tgcg  agggcgtcag cgccaaccag cgcagcaccg 

gt tccgcggg cgctggcggc tgagccgggt  caatgcccag actctgcaga aacacgccat 

gacggctggc catgagcgca tcgcagtcac tgaccgataa cccacgagcg t tggcgaatc  

ggtcatgcca c t c c g a a t g t  gcccactgcc aggggttgca ccaccagtga a t c c a g t g a t  



-con t inued  
cctcggcaga aaggctcatc atgcacgtgc cggcagcgt t  gaacgaccgc gactgccaaa 

cccga tccg t  cgcaacagac tggcgcgcca gtcactgcgc accagcagtg caccgatcag 

caacaccaac gcaagaccga caggtgccac ccagagcatc aggt tccaga acggcaagt t  

c g t g c t g t c c  agct tgaagg gcccgaagct cacccat tgc g t g g t c t c t t  ggaactctgc 

agcaggcaca aacacgatgg a a a a c t t t t t  cgaatcgaca g a t t g c g t g g  acataccggg 

a a t a c t g c t g  gcgaccatct  g t tgaa tacg  tccgcgcaca c t g t c g g g a t  caagtgcagc 

agagtgc t tg  atgaacaccg cagcagaagc cggt tgaaca gg t tcgcccg  gcgcgatgcg 

ctcgggcagc accacatgca ccctggccac aatgactccg t c g a t c t g c g  acagcgtggc 

t t c a a g t t c c  tgggacaagg cg taga tg ta  acgggcacgc t c t t c a a g c g  gcgtcgaaat  

cacccc t tcc  t t c t t g a a a a  tc tcccccag cgtggtgcgc gagcgccgag gcagacccgc 

agcgtcgagc acgcgcacgg c g c g g t t c a t  t t c g c t g g t g  gcgacagtca cgacaacgcc 

g g t t t t c t c c  agacg t t tac  gcgcatcgat  a t g c t g a t c g  gcgaggcgcg c tacgacc tc  

a t tggaatcc  tgctcggaca agccagtgaa caaatcagtc t c a t c a c t g c  agccgccgag 

cagcagcatg cacaacagca gcagccctgc gctcagaaaa t tcacggaaa c c t c t a c t g c  

agg t tgg tca  a c t t g t c g a g  cgcctgagcg c t c t t g c t c a  c g a c c t t g g t  cgtcaacgcc 

a t t t g c a a c g  agcactgcga caacgcccga c t c a t c t g c a  c g a t g t c t c c  a g g a t c t t c g  

g t g t t c g a c a  c t t t c t t c a t  c tggcg taa t  g c t t g c t g t g  a a a g c t t c t c  ggtactgccc 

agccgctcgg acagcgcact ggctatccgg tcggacaggt  gcgacgctgc tggcccgc tg  

tcagggcgca t c g c c g c a t t  gaataggtcg aca tccgcc t  gaacgggt tc  ggagccgagc 

ccctgatgag c a t t c t g c c c  aagctccggc g a t a c a c t t t  t c a a a t t g c t  gagttgggaa 

atggtcacac t g g t t c t c c g  tcaggcggct  gtcagtcagg ccacagcctg g t t a g t c t g g  

t t a t t g g t g c  ct tgcaacag c g c a t t g a t c  agctgagctg ccac t tgcgc  agcgctcgat  

tgcaggtcgg c g c c g g t g t t  gccagcatcc tgaagcgtcg c t tccagccc  gcgt tgacgc 

aagccgctca gcagt tgacc caggtcctga t tggacacg t  tgcccg tcgg  g t t a g c c a c t  

ggcgtgccac c t g t c g g c t g  cg tggaat tg  tcgaccggtg taccaagacc accacccgac 

gaaaccgact gcaaaccacg g tcga tgag t  tgaccgatca g t t g a c c t a c  g tcgacgc tg  

g c a t t g c c a t  tggccgcggg a c c t g t g t t g  g c a t c g a t t g  caggat tacc cagggagctg 

tcac tcacgg gcgaacccag accgccgcca ctggtaacgc cactggcatc a c c t t g t t g c  

tggccgagct  g t tgaccaat  gacgtcgaga gccgaacgaa actgagcggt  t t c c t g t g c a  

tccaggccat  t g t c t t c c t t  c a g c t c g t t c  atccacgagc cgccgtcccg agtagggaac 

t g g g c c t t g t  t g t c g t c c a t  gaactgggca a c t t t t t c c a  gggtcggcat  g t c a t c a c t g  

gaaaaggttg t t c c g c c t t c  accactcggt  gtcagcagat  cgtccagcac g g c t t t g c c g  

aggccgt tca ggacctggct  catcagatcg gat tgcccgg cacccgcgtc gctgctcaga 

ccgccaccga cacccgaacc agaacccgcc ccgccaatgc caccgccacc gccacccgcg 

ccgatgccgg cagaggcacc gaaat tg tcg  c c g a g c t t t t  cgtggatcag c t t g t c g a g c  

gatgcagtga t g t c a t c g a t  gc tg t tagcc  g a c t t g c c a t  ccgcagccat ggcc t tggcg  

a g c a t t t t g c  cgagcggtga g g t t t c a t c g  agctgcccac t t t g g g t c a g  cgcctgaacc 

agctgatcga t c a c a g c c t t  g a g c t c t t t g  ctggaagtgc t g g t g t t g g c  gc tcaca tcg  

c t g t t g a g c g  acacggggaa caatgatgca gaggt t tgca  acgaactgat  g c t g t t a a g t  

g c t t g c a t a a  aacgcccatc ccaaggtagc ggccccc tc t  gatgaggggg caatcagaaa 



-con t inued  
t a a t t a g t a a  c t g a t a c c t t  t a g c g t t c g t  cgctgtggca c t g a t c t t c t  t g t t g g t a g a  

g t c t t c t t t g  ccggcctgga tggcg t tgag  cacg tcca tg  g t c t g c t t c t  t c a t t g t t t c  

c tgggcctgc atcgcgatca gct tcgcgcc g t t g g c g t c g  g a c t c t t t a c  t g g c c t t g g c  

t t g t g c a t c a  accgacaggc t g t c g c c g g t  gcccaaaaga a t g t t t t t c t  gaagagtggc 

gttggaagca a c c g t g t t g a  caccctgcaa tgcgccgccg acaccgccaa c g g c g c t g t t  

accaaggt tg g t g a g t t t g g  agg t taa tcc  tgcaaatgcg a c c a t g a t t t  g a t g c c c c t t  

aaga t t tacc  agcg tga t tg  c t t g g t a c t c  actaggtggc agcagcctgc ga tacgg t tc  

c a g c g t c t t t  gcaaaaaatc agatctgcaa t t c t t t g a t g  cgtcgataga gcgtacgggc 

gtggcagtcc agt tccaggc t t a c c g a a t c  caaacaat tg t c g t g g c g c t  tgagcgactc 

ctgaatcagg g c t t t t t c a t  caactcgcaa t t g c g a t t t g  agcccacagg ccaagtgctc 

t t c g c c c t g c  ggctcggcgc ccagcaaggg gaaacccagc a c a t g g c g t t  tggctgcagc 

c t t g a g c t c a  cggata t tgc  cgggccagtc gtggcccagc a g c a c t t t g t  gcagcagtgg 

gcaaacatcg ggaacgggaa caccgagctc cctcgcggcg gcggccgtaa aacgtgtgaa 

caggggaact atgcgatcag a c t g g t t a c g  tagcggagga a g c t t g a g t g  t c a g g a c g t t  

caggcgaaaa tacagatcgc gacgaaactg cccccgctcg acggcgtcgt  ccagcgagca 

t tgggcggag gcgatcacgc agatatccag g t t g a t c g t c  gacgtcgaac ccagccg t tc  

aagcgctcgg g t t t c c a g c a  ccctcagcaa t t t g g c t t g c  agggccagcg g c a t g c t a t c  

g a t c t c a t c c  aggtacagcg tgccgccc tg  cgccgc t tcg  acataaccga c tc tggagcg  

atcagcgccg gtgtaggcac cgctgaccac gccgaataac t c g c t c t c g g  cgagggactc 

cggaatggcc gcgcaat tca tcgccaccag g c g c c c t t t g  cgggctgaca t c t c a t g a a t  

ccgtcgggca a t c g t g t c t t  tgcccg tgcc  ggtctcaccc gatagcagca cgtcgatacc 

cagt tgcgaa a t a c t t t c g g  caactatccc cagat tcgga acccgc tcc t  cgtccagatc 

atcctcaaac c t t t c a t c a a  gactcatccc atgaccccca ggacatcaac g t tgga taac  

cacacctgcg tcacagaccc cggacctcgc agagtatcgg cgc tgcaac t  c c c a g t t c c t  

t c a t g c g g t g  atacagggtg c g t c t t g g c a  actccaactc ctgaagcacc gcgtcgaaat  

t g t g c c t g t g  ccgc t tcaag  gcatcctgga t g a g c a t t t t  c t c g a t g a t g  c g c a t t t g c g  

tgcgcagccc cgtggcaggg t c a a g c g c t t  ccacagggtc ggcgcccagc aaggggaagc 

cgagtacgaa g c g c t t g g c t  gcagact tca a t tcgcggat  gt tgcccggc cagtcgtggc 

tgagcagcag ctgcacacgc ccgc tg tcca  gcgcaggagc gggacgtccg aactcggcag 

cga taccc tg  ggtgaactgg tcgaacaatg gcaggatctg t t c a c g a c g t  t tgcgcaagg 

ctggcaagtg aagcgtcagc acgt tgagcc gaaaaaacag gtcgcgacgg a a a a g t c c t t  

g t t ccaccag t t c a t c c a g t  ggccgctggg ccgaggcaat gatccgcaga tccaccggga 

t g a a t t c g g t  cgagcccaga cgctcgatac c t c g a c t c t c  caacacacgc a g c a g t t t g g  

cctgcaggct  caacggcatg c t g t c g a t t t  catccaggta caaggtgcca ccactggagg 

c c t c t a t g t a  gccctcgcga gcccggcata cgccggtgaa t g c a c c g t t g  accacaccga 

a taac tggc t  c tc tgccagc gactcgggaa tggcggcgca g t t c a t g c c c  acaaagggtc 

ccgacc tgc t  ggacaactcg tgaa tgcgg t  tggccagtg t  g t c c t t g c c g  g t g c c g g t t t  

ccccgcacaa cagcaagtcc atatccagaa a c g c g c t a t t  c a t t g c a a t t  tga tgacccg  

c tga taa tgc  agt tacgccc caacactctc g g a c g t c c t t  a t c g a t g c c t  g t a c t c a t c g  

t t g c a c t c t c  a tgg tggg tg  gcaagcggag t a t t a a t a c c  a c g t c t t a c a  aggcagaaat 



-con t inued  
a t a t t a a t t t  ag t tccccgg  gaaatgagaa aaagatcaca aagttgagaa t t a c t a t c a t  

a t t a a t a t c a  ccataccaag acgaccctac cgatagactc a g g c t c t t g a  g a t g a t t g c t  

t t a a t c t a t c  g t t a c t c c a a  tgcgaacaag cgct tacagc gtccatgcgc tggc tcgccc  

cgcaagccat agggcctctc cacacctcaa agcagctgtg atccgggaca agagcaggca 

c c t t t g a g c a  gcaagcgccc caaaatcgcg caatgaaacg c a a c t a a c t t  c t c g t c a c t a  

ctcgagagaa acatataaga c t t t t c c a a a  acaactaaag gggtcacaag taaggaagca 

gaagaaaacc gaacacacaa aacaagaaaa ccaaacggt t  t t t a g c g g c g  agct taaaga 

agcgaacaac aataacacga gaaaacaaaa aacagcctga c a c t a a c t a t  t t g c a c t t t a  

gaacagtcga taccaaccag c t t a g t t c c g  ccccacgagc a g t c g g a t t t  ccgaacaaca 

cagaggct tg gatactggca aagcggtcat  agccccggt t  t t t c g g c a c c  a c t c a g t a c t  

g g c a t t t a g t  ca tca tcgca  t t c g g c a a t c  cgaacaaaag cccacc tgc t  t a g a c t a t t t  

ccaggcacag ccatctaagg aatcgcggaa aggattcagc g t a g c t t a a t  accggaaccg 

caggt t tagg  t t c t g t g a a c  caggcggt ta atacgatcga t g a t c g c g t g  cca tcacc ta  

g a a t g t t t c t  a a a t g t g t g t  a a t c t t t c a c  t t a c a t t c g g  ctaaaaaagt t c a t c a a a a t  

a a t c a t a t g t  agcgctctac a tca ta tggc  taagcgccat  c t t t a g g g t c  caaaaaacgg 

gtaacgctca ataaaagaag t t g t a t t g a g  gcagatcaat  a t t g t c c g a c  aacgagaaaa 

agcaccaaaa aag tgcgc t t  t t c a g g g g t t  t t caa tagaa caatcgagta aaaccggggt 

t a t t g g c g t g  gatcactggc aaaaaccacg acgcgcggcc ccgtaggcag ctcgcgcgga 

ccgctgcgat  a c t c g t c g t c  a t c a c g c t t g  cgaggcgacg aacggtcatc cc tga tgcgg  

ggcaactgta t c c g g t t t g t  aagcggatca ggt tccacaa caggtgcgga t tgggcgatc  

tc taccgccg  gcgc tga t tc  agctgcagga g c t g g c t g t a  acgcctcagg cgcagtgggc 

tgctgagcca ccggcaacgg c t g a g c c g t t  t tgggcgaag g c a g g t t c t c  ggctaactgg 

gccgactgca cgggct tggg cagcggcgga cgc tc tgcaa  cgcgcactgg acgctcagcc 

acaggcgcgg gcgcgggcag acgctcagcc g c c c g t t t c a  caatggctga aggggtgacc 

agcgggatgc tggcagtcac cggggactca ccggtaatgc gcgcgatgct  ggtcgtgagc 

a c g c g a t t c t  g g g t t t t a g g  tatcagcaga cgtcccggtc catcgaaggt  c t t t t t g c g c  

aggaatgccg agt tcagccg caacaactgg ccc tca tcca  cacccgccgt ggccgcgagc 

tggg tcaggt  c tacggcatg g t t a a g c t c g  actacgtcaa aatacggcgt  gt tggcgacc 

ggggtcag t t  t cacaccg ta  ggcat tgggg t tgcgcacaa ccat tgagag cgccaacagt 

c tgggcacgt  aa tcc tggg t  t t c c t t g g g t  aaa t tcaga t  t c c a g t a g t c  cacaggcaga 

ccacgccgtc gg t tggcc tc  aatcgcccga ccgacggtgc cctcccccgc g t t a t a g g c g  

gccagcgcca gcagccagtc a t t a t t g a a c  t g a t c a t g c a  agcgggtcag g t a a t c c a t c  

gccgcct tgc tggaggccac cacgtcacgg cgagcgtcgt  aggtcgcgct  t t g a t g c a g a  

t tgaagc tgc  gccccgtgga tggaatgaa t  tgccacaaac ctgccgcagc ggccggagag 

t t g g c c a t g g  gg t ta taaga g c t t t c g a t c  atcggcagca gtgccagctc cagcggcatg 

t t g c g c t c g t  ccaggcgctc gacaataaaa tgcagataag ggctggcccg gacactggct  

cccgtgataa a t c c g c g a t t  gctcagcaac cagtcgcgct  ggcgagcgat a c g c t c a t t c  

a tgcc t tggc  catcgaccag cctgcagcgc tgggcaaccc gctgccacac g tcc tcgccg  

t ta taaacag gcagatcgga g a t t t t g t c t  gcagcccgcg a a c c t t c c t t  a t c a t c t c c c  

ccccaataga ccagccccga caccagccgc ggcggacggt cctgacgcgg cggcgaatag 



-con t inued  
tccacagact  ggcagcccac acacaaggcg cccatagcga ggactgcgat  t tgaacagcg 

cgagccagca agcgtgggct  cgatacgggg aaggcgacgg cgggcatggg cgggaatgtc 

c tgagcg tg t  ccaccctacg tggcacgctc gccgt tacgg t t c c c t t t t g  aaaccgagat 

cggcgcacac aacgcat tgc t g a a t c c t t t  cagccgtaag t t t t t c c g a t  ggaacccgct 

ggca t tgca t  gccactcatc ctgtgaagga a t t t t c a c g t  t t g g t a t c a g  gcggctatca 

gcgataaaat ggacagagag a t t c a c c g t g  cagtcaccat  cgatccaccg gaacaccgga 

agca tca t tc  agccaaccgt cacccctgac gcacgtgctg caac tgacc t  gcaggaaaga 

gccgaacaac ccaggcaacg c t c t t c g c a c  t c g t t g a g c a  gtgtcggcaa gcgggcgctg 

aaaagcgtcg g t a a a t t g t t  ccagaaatcc aaagcgccgc agcagaaagc tgccacgccg 

cccaccgcga aaaacgtcaa gacgcccccg c c t g c t t c a a  a tg tggc tac  gcccagaaac 

aaagcccgcg a a t c c g g t t t  t tccaacagc agcccgcaaa a taccca tag  ggcacccaag 

t g g a t t c t g c  gtaaccaccc caaccaggcg agcagctcgg gcgcgcagac gcatgaaata 

cacccggagg cagccccccg taaaaacctg cgcgtaaggt  t t g a t c t g c c  gcaagaccgc 

ct tgagcgca gcccgtcgta c c t c g a t t c a  gacaacccga tgaccgatga agaagcggtc 

gcaaatgcca c t c g c c a a t t  ccgg tcacc t  gacagtcacc tgcagggctc tgacggtacg 

c g c a t t t c a a  tgctggccac aga tcc tga t  cagcccagca gctccggcag caaaatcggt  

gat tcggacg gaccgat tcc gccgcgcgag c c c a t g c t g t  ggcgcagcaa cggaggccgt 

t t c g a g c t g a  aagacgaaaa ac tgg t tcgc  aactcagagc cacaaggcag c a t t c a g c t g  

gatgccaagg gaaagcctga c t t c t c c a c g  t t c a a t a c g c  ccggcctggc t c c a t t g c t c  

g a t t c c a t t c  t tgccacacc  caagcaaacc tacc tggccc  accaaagcaa agacggcgtg 

cacgggcacc a g t t g c t a c a  ggccaacggg c a c t t t c t g c  acctggcgca agacgacagc 

tcgc tggccg  t g a t c c g t a g  cagcaacgaa g c a c t c c t t a  tagaaggaaa gaaaccaccg 

gccgtgaaaa tggagcgtga agacggcaac a t t c a c a t c g  acaccgccag cggccgcaaa 

acccaagagc tcccaggcaa ggcacacatc g c t c a c a t t a  c c a a t g t g c t  t c t c a g t c a c  

gacggcgagc g t a t g c g t g t  gcatgaggac c g t c t c t a t c  agt tcgaccc gataagcact  

cgctggaaaa taccggaagg cctggaggat  a c c g c t t t c a  acagcctgtc cactggcggc 

aacggctcgg t t t a t g c a a a  aagtgacgat gccgtggtcg a c t t g t c g a g  c c c g t t c a t g  

ccgcacgtgg aagtcgaaga cc tgcag tca  t t t t c a g t c g  cgccggacaa cagagcagcg 

t t g c t c a g c g  gcaaaacgac ccaggcgatc c t a c t g a c t g  acatgagccc gg tga t tggc  

gggctgacgc cgaaaaaaac caaaggcct t  gagctcgacg gcggcaaggc gcaggcggcg 

gcgg tcgg t t  tgagtggcga c a a g c t g t t t  a tcgctgaca ctcagggcag a c t t t a c a g t  

gcggaccgta gcgcat tcga gggcgatgac ccgaaat tga agctgatgcc cgagcaggca 

aac t t t cagc  tggaaggcgt gcccctcgga ggccacaacc gcgtcaccgg a t t c a t c a a c  

ggggacgacg g c g g t g t t c a  cgcgctgatc aaaaaccgtc agggcgagac tcac tcccac  

g c t t t a g a c g  agcaaagctc aaaactgcaa agcggctgga acctgaccaa t g c g c t g g t a  

ctgaacaaca atcgcggcct  gaccatgccc ccgccaccca ccgccgctga ccggctcaac 

c t c g a t c g t g  cgggcctggt  tggcc tgag t  gaaggacgca t t c a a c g c t g  ggacgcaacg 

ccagaatgct  ggaaagacgc aggcataaaa ga ta tcga tc  gcctgcaacg cggcgccgac 

agcaatgc t t  a t g t a c t c a a  gggcggcaag ctgcacgcac tcaagat tgc  ggccgaacac 

cccaacatgg c t t t t g a c c g  caacacagca ctggcccaga ccgcacgctc gacaaaagtc 



-con t inued  
gaaatgggca aagagatcga aggcctcgac gaccgagtga t c a a a g c c t t  tgcaa tgg tc  

agcaacaaac g c t t c g t c g c  cctcgatgac cagaacaagc tgaccgccca cagtaaggat 

cacaaacccg tcacac tcga  ca t tcccggg ctggaaggcg atatcaagag c c t g t c g c t g  

gacgaaaaac acaacctgca cgccctcacc agtaccggcg g g c t t t a c t g  cctgcccaag 

gaagcctggc aatcgacaaa gctgggggac cagt tgcgag cccgctggac gccgg t tgcg  

ctgcccggag ggcagccggt aaaggcact t  t t caccaacg  acgacaacgt gctcagcgcc 

cagatcgaag acgccgaggg caagggtc t t  atgcagctca aggcaggcca atggcaaagg 

t tcgaacagc gcccggtaga agaaaacggt t t g a a t g a t g  tgcac tcgcg  catcacaggt  

tcaaacaaga cctggcgaat  tccaaaaacc gggctgacgc tcagaatgga cgtcaataca 

t tcgggcgca gcggtgtgga gaaatccaaa aaagccagca ccagcgagt t  catccgcgcc 

aacatctaca aaaacaccgc agaaacgccc cgctggatga agaacgtagg t g a c c a t a t t  

cagcatcgct  accagggtcg c c t g g g t c t g  aaagaggt t t  atgaaaccga g t c g a t g c t g  

t tcaagcaac tggagc tga t  ccatgagtcc gggggaaggc ctccggcacg gggtcaagac 

ctgaaagcgc gcatcaccgc actggaagca aaactggggc ctcaaggcgc t a c g c t g g t c  

aaggaactgg aaaccctgcg cgacgagctg gaaaatcaca gctacaccgc g c t g a t g t c g  

atcggtcaga gctatggcaa ggcgaaaaac ct taaacagc aggacggcat t c tcaaccag 

catggcgagc tggccaagcc gtcggtgcgc a t g c a g t t t g  gcaagaagct t g c t g a t c t g  

ggcacaaagc t c a a c t t c a a  aagctctgga c a t g a c t t g g  tcaaggagct  gcaggatgcc 

t t g a c t c a a g  t g g c t c c g t c  tgctgaaaac cccaccaaaa a g t t g c t c g g  cacgctgaag 

catcaagggc tgaaactcag ccaccagaaa gccgacatac c t t t g g g a c a  gcgccgcgat 

gccagcgagg a t c a t g g c c t  gagcaaagcg cgcctggcgc t g g a t c t g g t  cacactgaaa 

agcct tggcg cgc tgc tcga  ccaggtcgaa cagctaccgc cgcaaagcga catagagccg 

t tacaaaaaa agctggcgac gc tgcg tga t  g t g a c t t a c g  gcgaaaaccc ggtcaaggtg 

gtcacagaca t g g g c t t t a c  cgataacaaa gcgctggaaa gcggt tacga atcggtcaag 

a c a t t c c t c a  a g t c g t t c a a  aaaagcggac ca tgccg tca  g c g t c a a t a t  gcgcgcagcc 

acaggcagca aggaccaggc cgagctggcc ggaaaattca aaagcatgct  caagcaactg 

gagcatggcg acgacgaagt cgggctgcag cgcagctacg gagtgaacct  caccaccccg 

t t c a t c a t t c  t tgccgacaa ggctacaggg c tc tggccaa cggcaggtgc caccggtaac 

cgtaactaca t a c t c a a t g c  cgagcgt tgc gagggcggcg t t a c g c t g t a  c c t c a t t a g c  

gaaggtgcgg gaaacgtgag c g g c g g t t t c  ggtgccggca aagactactg g c c g g g c t t t  

t t t g a c g c a a  a taa tcc tgc  acgcagtg t t  gatgtcggca acaaccgcac actgaccccc 

a a c t t t c g c c  tgggcgtgga cgtgaccgcc accgtcgccg ccagccagcg cgccggggtg 

g t c t t c a a t g  t t c c g g a t g a  agacatcgac g c a t t c g t c g  a c g a c c t g t t  tgaaggtcag 

t t g a a t c c a t  tgcaggtgc t  gaaaaaagca gtggaccatg agagctacga ggctcggcga 

t t c a a c t t c g  acctcacggc aggtggaact gccgatatac gcgccggaat aaacctgacc 

gaagaccgag acccgaatgc cgaccccaac agcgat tcg t  t t t c t g c g g t  agtgcgcggc 

g g a t t c g c t g  cgaacatcac c g t t a a c c t g  atgacctaca c c g a t t a t t c  g t tgacccag 

aaaaacgaca agaccgaact gaaggaaggc ggtaaaaacc gcccgcgc t t  t t t g a a t a a c  

gtgacggccg gcgggcagct t cgcgc tcag  atcggcggca gccacacggc ccccacaggc 

acacccgcct ccgccccagg ccccactccc gcatcacaaa cagccgccaa caact tgggc 



2 1 

-con t inued  
ggagcgctca a t t t c a g t g t  ggaaaacagg acggtcaaac gga tcaagt t  t c g t t a c a a c  

gtcgccaagc cgataacgac tgaaggtc tg  agcaaat tg t  cgaagggcct tggggaagcg 

t t c c t g g a c a  acacgaccaa agcaaaactg gcggagctgg ccgaccc tc t  gaatgcacgc 

tacacaggca agaaaccgga t g a g g t t a t t  caggcgcaac tcgacgggct  tgaagaactg 

t t t g c c g a c a  taccaccgcc caaagacaac gacaagcagt acaaggcat t  gcgcgac t tg  

aaacgcgcgg cggtcgagca tcgggcatca gccaacaagc acagcgtgat  ggacaacgca 

c g c t t t g a a a  ccagcaaaac caacc tc tcc  ggcctgtcca gtgaaagcat act taccaaa 

a t a a t g a g t t  ccgtgcgcga cgcgagcgcc ccgggcaatg cgacaagagt t g c c g a a t t c  

atgcgccagg acccgaaact t cgcgcca tg  ctcaaggaga tggagggcag tatcgggacg 

ctggcacgcg tacggctgga accgaaggac t c a c t g g t c g  acaagatcga tgaaggcagc 

ctcaacggca cca tgac tca  aagcgacctc tccagcatgc tggaggatcg caacgagatg 

cgcatcaagc g t c t g g t g g t  at tccacacc gcgacccagg c t g a a a a c t t  cacctcacca 

acaccgt tgg t c a g c t a t a a  cagtggagcg aatgtgagcg tcactaaaac actggggcgc 

a t c a a c t t c g  t t t a t g g c g c  agaccaggac aagccgat tg g t t a c a c c t t  cgacggcgaa 

t t g t c a c g a c  catcggcatc gctcaaggaa gcggctggcg act tgaagaa agaggggttc 

gaactgaaga gctaataacg aaaacagtaa aaaaagcgcc gca t tgaagt  g g c g c t t t t t  

t a t t c a a g c c  tgtaaaaaag cacgcgct tc  acgtgcctgg gaaatgaacc cgcgcgtcac 

gtcacaaaac g c t g g c t c a t  cgagtgaggc cagt tcacgc tgcgcgcata gacggacatc 

t c c c t g a t c g  accgcaaacc agcagccatg caagcgcgct acgtcgaagt  tcagactcaa 

cagacgcagc aaatcggggg c t c g t t c c g g  gcagcggcca atgcggcaat  gaaagatgac 

c a t c t c a c t g  tgctcgggca a t t c a a t g a t  cgccgc t tcg  t t g t t c t g a c  cgtcataaag 

agcgcatacg c c g t t c t g c a  aggtcagtga cgtgccgagc tgggcgccca gagaat tga t  

gaagcgggcg aaa tcgggt t  g c g a a g t t t t  c a t c g t c a t a  g t c c t t t a a g  gt taaaacag 

catgaagcat  gccggacagc aggcgcctgc agcc tg tg tc  cggcgccggg at taacgcgg 

gtcaagcaag c c c t c t t c a a  gtgccctcaa t g c g t c a t c g  t c t t t t g t c g  g c t g c t t a a g  

cgcc tcgcg t  gctgacgcga c t g c g t t c a a  cacacc t tca  tccacgaccc gaaccgtatc 

cacggccatc tgggtaggca actgcaatgc gcc tcg tccc  a tg tga tagg  c g t t t t c c g c  

gactcgtggg a taccgc tca  a c g t g c t c t t  c tggaacgta tgtggcagag a c t c c c t g t t  

cggatgacgg a t g t t a t t c a  aagcgtctcg gtacggtcca gca tagg tg t  tgcaccgccc 

a tgcc tgccg  c t t t c a a c g c  c t t g g c t t c t  gcggtaaccg a c t g g t t g g t  gtacaacgtg 

gacagatagg acaccgaacc cgtcgctgcc agggccatgt  tgcgcaaaat  agcccccgca 

ctgagcgtgc cact tgcgcc t t c a g c c t g a  gcggtcacag gcggcagtgc cgaggtcagt  

gcagaactct  gaatacccga aagagcct tg ctgtagaacg tgg tgcg tac  cgacggctcg 

cgcaggtcca t a c c t t t g a g  c a g g t c c t t t  t t c a g a t c g c  tc tcggcgcg  gtccggggta 

aataccggaa t t t t g c g c c c  t t g c g g g t c g  a c a t a a t t c g  a c t t c a a t t g  cagcagcgt t  

tgcgaactgg cagacaccgc cccgccaaaa ccggatgcca g a g c t c t t g c  actcagcgtc 

t g c c c a t t g a  tc tgg tgaac  a tcg t tgagc  atctggcgca cagcctgaga accaccgaag 

gcactgtaag ccatcagctc acctaccgga tgggtggacg aaccctgaac c t t c t t c t g g  

t tcagcagcg c g c g t t c a c t  t t t c a c g a a c  g c c t t g t c c t  gagcgact tc  c t c g g g c g t t  

t t t t t g a c c a  gc tcaccg tg  t t c g c t t t t c  agctcgaagg ggtcaggaat a a c c g t a t t g  
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-con t inued  
gtatccacag c c t t c a t t g g  c a c c a t g t t c  aggcg t tcg t  tgaggccagt  c t t c t g c a a g  

gcggcctgaa a c a t c g g c t t  gaccacgctg t t g a c c g t c t  cgtgagcaat  gcccgccacc 

a t c c c g a t t a  t c g a a g c c t t  gagca tg t tg  gcgtcgctgc t g g t c t c g g g  a a t c g t g t c t  

c g c a g c t t g t  cgctggtgga caaacgcaca taacccaagt  g t g t c a t t g a  agacaagaac 

tgcggaaccg cagccgcgac aatcggccct  g c a c c t t t c c  agccacccac c g t g t t a c g g  

gcagtgacga gatcgctgac gacg t tg tcc  a g t t g c g t a t  gtgcggcgac cgaagcaagg 

c g c t t g g c c t  ccggcgact t  gacgaaatcg gcgtgcaaac ctaccagggt  g g t t t t g g c g  

tcgaccagcg c c t g c c t g t c  agcgtgcaga g a c t c c t t g t  t g c c c t g t t c  g g c a t c t t g c  

agagtgagat ccagcgcact g a t g t g c t c a  tccagcgacg c g a t g c t g t t  gctcaggcct  

t c g c c g a t t g  c c t t g c t t g c  acgaccggcg t a t t c g c c a a  gggcagtctg actgacggca 

agcgtcgcct  t g t c c g c t t t  t g c a t g c t g g  c c t a c c g t t g  cgggcgaagc g t c a t g c a t c  

ag t tgaaagt  g c t c c a g t t g  atcagcgacc gactgagcaa a a c c c t t g a t  cag t tgcccg  

a c c t c g g c t t  t a t c c g g t a t  ctgacccggc tgggcgaat t  t t t c c a g c c g  c tgc tgcaag 

tccgagccc t  gaaac tgc t t  cag t tga tag  cgctcaggag a c a a t t t c t c  ggccatgact  

tcaaaaggca aaggctcggc ctgcagcaga c taccga tca  acaacgcagc acgcgaactg 

atcatcggcg cgccgctgac cggagccgtc cca tgc tcag  cct tgaaggc ctgcaaaagc 

t g t g t g t g t c  gagccgcgac at tcagccgc gccgcgccgg cagacgagct t t c t g t c g c g  

t g t g a c c c t g  actgatcggg agtcagcggc gga t tca tgc  ctgcagtgac t g c a t t t g g g  

t g a g c t g t c t  gggcgggaac ag ta tcg tgc  t g c t g g t t t a  cccggctgag t t t g a c g c c a  

ccggccccgc cgatccgcga a c t g a t c a t t  ggaatctccc aggagccgaa aggctctcgc 

g t t t g g c t g c  tggggcaaca g g t t g g t c c g  tcgaggagcc t g c a g t t g t g  gcctgcccca 

t g a a t c c a t g  ctcgcgccac t c t t t g g c c a  ggtcggaaaa c g a c t t c a t c  aacaacagca 

cgcct tcggc agaggctcgt  tcaagggcca cagagcccat cagcagcaca cgaccggtc t  

gcgcat taaa ggaaaatgcc gggctgtggg cgcccgcgaa catgtgaaag t t g a t g t c c a  

tcaacgccag caacgcgctc tcacggccgc gcgcgggcaa cgcgcccatg tcaccgtaga 

tcagaacggc acggcc t tcg  t c g c g g t c c t  gaaactgcag ggtgaagtcc a c t t c g c t g a  

t t t t g a a a t t  ggcagat tca tagaaacg t t  caggtgtgga aatcaggctg agtgcgcaga 

t t t c g t t g a t  aagggtgtgg t a c t g g t c a t  t g t t g g t c a t  t t c a a g g c c t  c tgagtgcgg 

tgcggacgaa t a c c a g t c t t  cc tgc tggcg  t g t g c a c a c t  gagtcgcagg c a t a g g c a t t  

t c a g t t c c t t  g c g t t g g t t g  ggcatataaa aaaaggaact t t t a a a a a c a  gtgcaatgag 

atgccggcaa aacgggaacc ggtcgctgcg c t t t g c c a c t  cact tcgagc aagctcaacc 

ccaaacatcc a c a t c c c t a t  cgaacggaca gcgatacggc c a c t t g c t c t  ggtaaaccct  

ggagctggcg t c g g t c c a a t  t g c c c a c t t a  gcgaggtaac gcagcatgag catcggcatc 

acaccccggc cgcaacagac caccacgcca c t c g a t t t t t  cggcgctaag cggcaagagt 

cctcaaccaa acacgt tcgg cgagcagaac actcagcaag cgatcgaccc gagtgcactg 

t t g t t c g g c a  gcgacacaca gaaagacgtc aact tcggca cgcccgacag caccgtccag 

aatccgcagg acgccagcaa gcccaacgac agccagtcca acatcgctaa a t t g a t c a g t  

g c a t t g a t c a  t g t c g t t g c t  gcagatgctc accaactcca ataaaaagca ggacaccaat 

caggaacagc ctgatagcca g g c t c c t t t c  cagaacaacg gcgggctcgg tacaccg tcg  

gccgatagcg ggggcggcgg tacaccggat  gcgacaggtg gcggcggcgg tgatacgcca 



-con t inued  
agcgcaacag gcggtggcgg cgg tga tac t  ccgaccgcaa caggcggtgg cggcagcggt 

ggcggcggca cacccactgc aacaggtggc ggcagcggtg gcacacccac tgcaacaggc 

ggtggcgagg gtggcgtaac accgcaaatc actccgcagt  tggccaaccc taaccgtacc 

t c a g g t a c t g  gc tcgg tg tc  ggacaccgca g g t t c t a c c g  agcaagccgg caagatcaat  

gtggtgaaag acaccatcaa ggtcggcgct  ggcgaagtct  t tgacggcca cggcgcaacc 

t t c a c t g c c g  acaaatc ta t  gggtaacgga gaccagggcg aaaatcagaa g c c c a t g t t c  

gagctggctg aaggcgctac g t tgaagaat  gtgaacctgg gtgagaacga ggtcgatggc 

atccacgtga aagccaaaaa cgctcaggaa g t c a c c a t t g  acaacgtgca tgcccagaac 

gtcggtgaag acc tga t tac  ggtcaaaggc gagggaggcg cagcggtcac taa tc tgaac  

atcaagaaca gcagtgccaa aggtgcagac gacaaggt tg tccagc tcaa  cgccaacact 

cact tgaaaa t c g a c a a c t t  caaggccgac g a t t t c g g c a  c g a t g g t t c g  caccaacggt 

ggcaagcagt t t g a t g a c a t  gagcatcgag ctgaacggca tcgaagctaa ccacggcaag 

t t c g c c c t g g  tgaaaagcga cagtgacgat  c tgaagctgg caacgggcaa ca tcgcca tg  

accgacgtca aacacgccta cgataaaacc caggcatcga cccaacacac c g a g c t t t g a  

atccagacaa g tagc t tgaa  aaaagggggt ggactcgtcg agtccacccc c t t t t t a c t g  

t t t a g c t a c a  gctcacagat  t g c t t a c g a c  cgcataggcc gaaacggtat t t c a c t t g g a  

gaagccgccg tgcccccc tc  t t c t a t a t c a  gCttCaCgag ccgggcg t tg  acgcaggt ta 

t t g a c c g t a t  tgcgcaagct  ggcgccggta tggg tga tcg  cctccccgcc c a t g t c t t t g  

a c g g t c t t c g  c c a g t t t g a c  g g t c t g g t c g  gCtaCgtagC c t g t g g t a c t  ggatgcagtc 

g a t t t c a c c g  t g t c c t g t a t  gaacgactcg g C t t t t t t C a  ccgcgggatc gg t tg tcagc  

gcggccgtgg tccagcc tgc  gaaaacggct gCCgaaCCtg c c a g g t t g g t  caac tgac tg  

accgcggcct tggtcgccgg g tcgg tga ta  t t t t t c g t c g  c c a t c t c c t g  c a a c t t g c c t  

acccctgcaa agccacccgc cagggccaga c c g t t t t g g g  tcaggctgga cgctgacacc 

a g g c t t c t t a  ccgcacccat t g c g t c g g t c  gCCatatCCa gtggcagacc ggccatccgc 

t t g c c a g c g t  tgagcgccgc acccgagtag CtggCCgatt t g a t t g c t t t  a taagcc tcg  

agccagtcgt  t t t c t t c g c t  cagt tgagcc t t g g g c t c t t  t a t c c t t c a a  accgagcact 

aatgcaccgc cacgctggtg atcacgcgac tgCaCaCtga gcaggcggt t  gccaaagcct 

gcgt tggcag ccagaccacc cgccatcgat  aCaCCaaggt ccacagcacc ctgcacggcg 

ggtctggacg ccagtgccgg agccaatacg gtaCgtaCgg cgt tgcgcgc cgagtacgtc 

tgaaccgcaa cccccg tg tc  cagaacctgt  cgagcaaggc t t g g c g a g t g  gcgc t tcacc  

gaagcggcca t c g c a t c g t g  gagcctgtcc ggcgaggcgc t c a g g t a a t g  cagatcaccc 

gtcgcgcggt  c c a t c a t c t t  ggtgcccacc t g g t c c a t g g  cgcccgacag cgctccggaa 

atgagcgggg t c a g c g g t t t  gagcggagcc ggCagCCaat c g c c c t t g t t  gatcgcaggc 

t g c a t g t a c t  gaagcaacga ggccatggca aagggCgtCg cccgcaacgc g c c t g a t g t a  

gtcgtcgcca atcggtcgag c t t t t c c g c c  t tggcgaagg tg tcggcgat  ggt tgccggg 

g t t t c c c c t t  cgaagtgcag gcggctggcg CgCgtCtCga tcagcgcagt  gatctgcgca 

t t g t g t a c g t  caactgcagc t t g g c c a t c a  gCCgaatCgg ccggcggcag t t t a t g c g c a  

gcgaacacat g a t c t g t c a g  gtaatcggca a tCgCat t ta  t c t c g c g t t g  ctgatcggag 

ctgacagatc gcacagagct ggaggcaaga gaCgCgtCgg acgc tg tccg  aaagctatcc 

gtcgcagtca caggcggt tg t tggacgcg t  c g g t t g a t g t  gcatggaaat t c c c t c t c g t  



-con t inued  
tc tacggaag t t tgaacagc  gcagtgctga agcgggcgtg tccggagcga c t a c t t g c g t  

gaaagcaata cagtgaactg tcgatcaaac agcgccagaa acagcgaaac g t c c g g t c g t  

c c g c c g g t t t  aaaaggatcg acgaaggctg t g t g g t c c c g  ga tcgg t tga  c g g t t c c a c t  

gaa taa tc tg  cgtacgccca ctaccaagga ctgcgccgaa aaatcaccgt  c g t t t g t g t t  

gcagat tacg caaattgaaa ttaagcgagc t t t a a g g a t g  gcagcgtaag t t c a c a a c a t  

ggct tggcgc t tagcgagta  a g c g c c t t c t  tccaaaccag caaaggagtg ccgcaatgtc 

t g g t c c t t t c  gagaaaaaat g g c g g t g t t t  cacccgaacc g tgacc tacg  t t g g c t g g t c  

g c t g t t c t g g  c t t c t g c t c t  gggacgtggc cg tcaccg tg  gacgtcatgc tgatagaagg 

caaaggcatc gac t tccccc  t g a t g c c c c t  c a c g t t g c t t  tgctcggcac t g a t c g t g c t  

g a t c a g c t t t  cgcaactcga g t g c c t a t a a  c c g t t g g t g g  gaagcgcgca c c t t g t g g g g  

cgcaatggtc aacact tcac g c a g t t t t g g  ccggcaggta ctgacgctga tcgatggcga 

acgggatgac ctcaacaacc ctgtcaaagc c a t a c t c t t t  caacg tca tg  t g g c t t a c t t  

gcg tgccc tg  cgcgcgcacc tcaaaggcga cgtcaaaaca gcaaaactcg a c g g g t t a c t  

gtcgcccgac gagattcagc gcgccagcca gagcaacaac t t c c c c a a t g  aca tcc tcaa  

t g g c t c t g c t  g c g g t t a t c t  cgcaagcct t  tgccgccggc cagt tcgaca g c a t c c g t c t  

gacccgcctg gaatcgacca t g g t c g a t c t  g t c c a a c t g t  cagggcggca tggagcgcat  

cgccaacacg ccac tgccc t  acccc tacg t  t t a t t t c c c a  c g g c t g t t c a  g c a c g c t g t t  

c t g c a t c c t g  atgccgctga gcatggtcac caccctgggc t g g t t c a c c c  cggcgatctc 

cacggtggta ggctgcatgc tgc tggcaat  ggaccgcatc ggtacagacc tgcaagcccc 

gt tcggcaac agtcagcacc ggatccgcat  ggaagacctg tgcaacacca tcgaaaagaa 

cc tgcaa tcg  a t g t t c t c t t  cgccagagag gcagccgctg ctggctgacc tgaaaagccc 

cgtaccgtgg cgcgtggcca acgcatcaat  t g g c g g t c t g  agcaggcaga aaaacaggtt 

aggggaaggc gcgaggct ta tcgcaagtga aag tc tgc tc  tgggcaccat  t t c g c t c a g t  

tgcagacg t t  gctccgtgcc acgccagtgc g t a c c t a c g t  cgcgct tgaa cacatcagca 

agaaaatggc t c a t g t t g c t  gaagc tg tc t  gcctgaacca cgccaaaaag aggatcaaaa 

aaatgcagac a t c c c t g a c t  g tcc tga tgc  agagccatcg c a t g g c t a t c  actcaaaaac 

agaagcatct  g g t c t t t a c c  gggctgcaac a c t g c t t t g a  gatcgcgatc a a g g t t t t c c  

agagcaaccg catagtgcgc g t g c t g t g c t  ctgcccagcc c t t t t c c a a g  t g t c a t g c c c  

aacttgggaa g t g t g t c c a g  aagcataggt g c t g c g t t c t  g c a a c t t g t t  tgaataggcc 

t g c t g c t c g a  ta tgc tggaa gcccat tacc ctgggtagca atgcatcgcc c t g a t a g t c c  

t c c a g t t t g t  gaaagaaggc ctcatccgac t g c c c t t t t g  cacggc tc tg  a c a c c a a t t t  

actgatagcc ccagacaagc g tgcccg tcg  ccacccgcgc ggccatagtc agcagcaaac 

g c t c t a t c a t  c g a t a g t t t t  t t caaa taga  a a t t t g c t c t  ggtgaaacgg gtggacaagc 

tgacagccgt  gc tc t tgggc  a a t c t t t c t t  t t g g c t t c g a  t g t t c g c a g t  cgcgcc ta tg  

c t g t t g t c c g  c c a t a g c c t t  g a t t c t g g t c  t t g a t g t a t t  gcgtggcgcc g t c a c g t a a t  

gaggcgatag agaccatcag atccggtagc agggtacgca acgaatgaag c t g g g g t t g t  

acc tgc tcgg  gactgggaag atcagcggca tcgaccgacg aaaaggaaga gcgcgcatcg 

aaaaagacct c t t c a t g c c c  ctccaatggg acaaaggcgc c c g c c t t t t c  gggatgaaaa 

cgggcgaacg catccgacga accgggggcg agtccggaca atgacgaggg c t t a t c g t g t  

t g c g t c t t a g  cggcaacccc tga t tgggcg  c c a g a t t g c t  gga ta taca t  aaaccgccct 



-con t inued  
c t g t c a g g t c  a tgaacg t tc  gtggggtcag atggacagcc ggtaagaacc g a g g c t c t t t  

c tgggcggt t  t t t c c g g c t t  gc tcc tggcg  t c g a t a a t c t  tccagatagc gctgcaacga 

gacggccaat g t g c t a a t t c  gcgtcatgag g tga tcaagt  c c g g t c t c a t  ccagatccgc 

ca t tgag tgc  acactgcgca acaacagt tc  c c t t g a a t c a  ggg t ta tagc  caagcgcagc 

gccacc tg tg  cgagcaggct ccagat tcag cgccat tgcc agaatcaaaa t g a c g t t g t c  

ctgcggcatc g t c a g c c t t t  c g a t c t g t g t  gaagatgaac aacgaagtgt c c t g t t c t g g  

caaccagagc agacactcgc t t c c a t t c g c  g g t c c t t a c g  t t g t g g c g t t  gaccc tcc tg  

cgcatcgatg c c t c g a t t g c  gcagccactg ataaagccga t c t t t t g c c t  cgacaggccg 

ca tggaaat t  ccccgc tcg t  t taacgatga  t t t t c c t c t g  t g g t t c a a g a  cgtgatgcgg 

t t c c c t t t a g  g g t t t g c a c t  aa ta tcaa tg  c g a t t c t t g t  aaaaatcgac tcg tgag tgc  

cgccgatggc aaaggtaacg ggatgggcag c g a g t t t t t g  g taacg t tgc  c g t t g t t g c a  

g g g t t g a a t t  t g t t g g g t g a  cgt taaaacg aaggaatgta t g c t t a a a a a  a t g c c t g c t a  

c t g g t t a t a t  c a a t g t c a c t  tggcggctgc tggagcctga t g a t t c a t c t  ggacggcgag 

c g t t g c a t c t  atcccggcac tcgccaaggt  tgggcgtggg gaacccataa cggagggcag 

agt tggccca t a c t t a t a g a  c g t g c c g t t t  t c c c t c g c g t  tggacacact  gc tgc tgccc  

tacgacc tca  c c g c t t t t c t  gcccgaaaat c t t g g c g g t g  atgaccgcaa a t g t c a g t t c  

agtggaggat tgaacg tgc t  c g g t t g a t c c  a t a t t t t t a c  tgcgacagaa gagtgcggcc 

c c g a c g c t t t  tggagagcac accagggat t  caaacccgcc t t a a a a g c t t  t a t a t g c g t g  

gcatgcacct  cgtcaactgc ctgaaagccg caacgtaagt  a a a a t t t t g c  tccgc tcgga 

g ta tcag tga  acaggcgcac ggcgaaaaat t cc tgcgccg  ca tgc tccac  aag tcga t tc  

accagagtct  t tccaaggcc t t g a c c t c t t  g a t g c g c t t g  cgacgtataa ccgtcgtagc 

c t g c c c a t a t  caccccgggc atgcggatca cgcgaaaggc c tccga tacc  tgccagagcg 

ccgtccagaa gtacgaccat  gaggcat tca c c c t t g g c c t  c g a a t c g a t t  c t t t c c g g a c  

c t c c a c t c c t  cgatcaagcg ggtaagaaac ctgaagccct  c t g c t a c t g c  c t c t t g c t c c  

aggatcagaa cctgacaagg c a a t t c a g t a  a tga tc tgga  c t t c t a c c t g  t t t c a t c t a a  

t g a c c t c a t c  cacagtggtc ctgcgctggc gaaaacacga gcaggtctgg acagaatgca 

tatgcaacag caaaggctgc aaccagtgca caccaccaga accgggt tcg  acagt taagc 

t g a t a t c a t t  caagcacctg caagccgagt agaagcacat gaaccgtcgc aagaaaatac 

agcaac tg t t  aaaggctcat  gccaagaaag ccagcgctaa actggcaccg gcaaacaaat 

ccagctacgt  gagcaaggct ga tcgg t tga  agctggcggc agagtccggt  aacgacccga 

t c a g t t c c g t  cgaggactga acagcgacgt t tacgcgcca  c c g g t a t g g t  c a g g c t g t t c  

a t t c c g a t g g  agcg ta t tgc  aaggagcctg t t c a a c a g c t  c a c t t a c t t c  gcaaacgagt 

actcaccgcc ctgctccagc gcctggcgat  acgcaggtct  t t c c t g g c a t  c g t t g t a c c c  

aggctgcaag g t taggatgc  ggctgcagca t t c c c t g c a t  t t t g g c g a a t  tcgccaatga 

a g c t c a t c t g  aatatccgcg c c a c t c a a t t  cgtcgcccag cagataaggc gtcagcccca 

g a g c t t c a t t  cagatagccc aga tag t tgg  ccagt tcaga gtgaatgcgc ggatgcaaag 

gcgcgcccgc gtcacccagg cgaccgacgt acaggt tgag catcagcggc agaatggccg 

aacct tcggc gaagtgcagc c a t t g t a c g t  a c t c a t c g t a  ggtggcgctg gcaggatccg 

gt tgcaggcg gccgtcgcca tgacggcgga tcagg taa tc  gacgatggcg ccagactcga 

taaccacatg gggaccgtct  t cga tcaccg  gggat t tgcc  cagcggatga a t g g c c t t c a  



-con t inued  
gctcaggcgg cgcgaggttg g t t t t c g g g t  cgcgc tgg ta  g c g t t t t a t c  t cg tacggca  

ggccaag t tc  t t c g a g t a a c  cacagaatgc gctgcgaacg t g a g t t g t t c  aggtggtgga 

c a a t a a t c a t  g t g g g t c t c c  gctgggtgag ag tggga tg t  c tagaaaaag  ac tgc tgggc  

cgccgtagag t g c c g t g a a t  c g a a t g t c c t  c tggcgacc t  cagacgcgtc tg tcggcgca  

gagcgctgcc gactcaccgc gaagctgacg c t c c a c t g c c  g c t t t a t c g a  t t a c c g a c c a  

aacgccga t t  a t c t t g c c a t  c g c t g a a t g t  gtagaacaca t t t t c g g a a a  agg tga tgcg  

c c g t c c c t g t  g t g t c c t g c c  ccagaaatcg accc tg tggc  gagcagt tga  agaccagccg 

ggcagcgacc t g t g g t g c t t  caacgaccag c a a a t c g a t c  t t g a a a c g c a  ag tcgggga t  

a a t c c t g a c g  t c g t t t t c c a  g c a t t g t t t t  gtagccggaa aggc tga tca  g c t c a c c g t t  

g taa tgcaca  t t g t c a t c g a  cgaag t tgcc  caac tgg tgc  c a a c t a c g g t  c a t t c a g a c a  

ggcga tg taa  gcccga tag t  ga tcgg tcag  g t t c a t g g c g  c g c c c t c c t t  caggtgc tca  

aagcagtcac t g t c a a t c a t  ccaga taacc  c g c a c a g t t t  t a a c a g a g t c  a tagggaac t  

cgtgcggccg a c a t c g c c c t  aagcc tcaca  t c t a t g t a c t  ggcgcgacgc t g g t t t c a a g  

cgaaggac t t  c a g a t t c a t g  t c t t c a a g t a  gcactacagc agcggctgac acgcaaggtc 

ggcaaaacgc c t c g c c t a a c  c g a c t g a t t t  t c a t c t c c g t  a c t t g t g g c a  accatgggcg 

c g c t c g c g t t  t g g t t a t g a c  a c c g g t a t t a  tcgncggcgc a t t g c c c t t c  a tgacgc tgc  

cggccgatca gggcgggctg g g t t t g a a t g  cctacagcga aggga tga tc  acggc t tcgc  

t g a t c g t c g g  t g c a g c c t t c  ggc tcac tgg  ccag tggc ta  t a t t t c c g a c  c g t t t c g g a c  

gacgcctgac cc tgcgcc tc  c t g t c g g t g c  t g t t c a t c g c  gggtgcgctg ggtacggcca 

t t g c g c c g t c  c a t t c c g t t c  a tgg tcgccg  c g c g c t t c c t  g c t g g g t a t c  gcggtgggtg 

gcggctcggc gacggtgccg g t g t t c a t t g  ccgaaatcgc cggcccctcg cg tcg tgcgc  

ggctggtcag ccgcaacgaa c t g a t g a t c g  tcagcggcca g t t g c t c g c c  t a t g t g c t c a  

gcgcggtca t  ggccgcgctg ctgcacacgc cgggca tc tg  g c g c t a t a t g  c tggcga tcg  

cga tgg tgcc  gggggtg t tg  c t g c t g a t c g  g c a c c t t c t t  c g t a c c t c c t  t cgccgngc t  

ggctggcgtc caaaggccgt  t t t g a c g a a g  c t c a g g a t g t  gctggagcaa ctgcgcagca 

acaaggacga tgcgcancgt  gaagtggacg aaatgaaagc tca tgacgag  caggcgcgca 

a t c g t  

Several undefined nucleotides exist in SEQ. ID. No. 1, by ORF1-10, respectively, as shown in FIG. 3. The nucle- 
however these appear to be present in intergenic regions. otide sequences for a number of these ORFs and their 
The CEL of Pseudomonas syvingae pv. tomato DC3000 encoded protein or polypeptide products are provided below. 
contains a number of open reading frames (ORFs). Two of so The DNA molecule of ORF3 from the Pseudomonas 
the products encoded by the CEL are HrpW and AvrE, both syvingae pv. tomato DC3000 CEL has a nucleotide sequence 
of which are known. An additional 10 products are produced (SEQ. ID. No. 2) as follows: 

a t g a t c a g t t  cgcggatcgg cggggccggt ggcgtcaaac tcagccgggt  aaaccagcag 

c a c g a t a c t g  t t c c c g c c c a  gacagctcac ccaaatgcag tcac tgcagg  c a t g a a t c c g  

ccgc tgac tc  ccga tcag tc  agggtcacac gcgacagaaa g c t c g t c t g c  cggcgcggcg 

cggc tgaa tg  tcgcggc tcg  acacacacag c t t t t g c a g g  cc t tcaaggc  tgagca tggg  

acggctccgg tcagcggcgc gccga tga tc  a g t t c g c g t g  c t g c g t t g t t  g a t c g g t a g t  

c tgc tgcagg  c c g a g c c t t t  g c c t t t t g a a  g tca tggccg  a g a a a t t g t c  t cc tgagcgc  

t a t c a a c t g a  a g c a g t t t c a  gggctcggac t tgcagcagc  ggctggaaaa a t t c g c c c a g  



-con t inued  
ccgggtcaga t a c c g g a t a a  agccgaggtc gggcaactga t c a a g g g t t t  t g c t c a g t c g  

g t c g c t g a t c  aactggagca c t t t c a a c t g  a t g c a t g a c g  c t t c g c c c g c  aacggtaggc 

cagca tgcaa  aagcggacaa ggcgacgc t t  g c c g t c a g t c  a g a c t g c c c t  t g g c g a a t a c  

gccgg tcg tg  caagcaaggc aatcggcgaa ggcctgagca acagca tcgc  g t c g c t g g a t  

gagcaca tca  g tgcgc tgga  t c t c a c t c t g  caaga tgccg  aacagggcaa c a a g g a g t c t  

c t g c a c g c t g  acaggcaggc gc tgg tcgac  gccaaaacca c c c t g g t a g g  t t t g c a c g c c  

g a t t t c g t c a  agtcgccgga ggccaagcgc c t t g c t t c g g  t cgccgcaca  t a c g c a a c t g  

gacaacg tcg  t c a g c g a t c t  c g t c a c t g c c  cg taacacgg  t g g g t g g c t g  gaaaggtgca 

gggccga t tg  t cgcggc tgc  gg t tccgcag  t t c t t g t c t t  caa tgacaca  c t t g g g t t a t  

g t g c g t t t g t  ccaccagcga caagctgcga g a c a c g a t t c  ccgagaccag cagcgacgcc 

a a c a t g c t c a  a g g c t t c g a t  aa tcggga tg  gtggcgggca t t g c t c a c g a  gacgg tcaac  

agcg tgg tca  a g c c g a t g t t  tcaggccgcc t t g c a g a a g a  c t g g c c t c a a  cgaacgcc tg  

a a c a t g g t g c  caatgaaggc t g t g g a t a c c  a a t a c g g t t a  t t c c t g a c c c  c t t c g a g c t g  

aaaagcgaac acgg tgagc t  gg tcaaaaaa  acgcccgagg a a g t c g c t c a  ggacaaggcg 

t t c g t g a a a a  gtgaacgcgc g c t g c t g a a c  cagaagaagg t t c a g g g t t c  g t c c a c c c a t  

ccgg tagg tg  agc tga tggc  t t a c a g t g c c  t t c g g t g g t t  c t c a g g c t g t  gcgccagatg 

c t c a a c g a t g  t t c a c c a g a t  caatgggcag acgc tgag tg  c a a g a g c t c t  ggca tccgg t  

t t t g g c g g g g  c g g t g t c t g c  c a g t t c g c a a  a c g c t g c t g c  a a t t g a a g t c  g a a t t a t g t c  

gacccgcaag ggcgcaaaat  t c c g g t a t t t  accccggacc gcgccgagag c g a t c t g a a a  

aaggacctgc t c a a a g g t a t  ggacctgcgc gagccgtcgg t acgcaccac  g t t c t a c a g c  

a a g g c t c t t t  c g g g t a t t c a  g a g t t c t g c a  c t g a c c t c g g  cac tgccgcc  t g t g a c c g c t  

caggctgaag gcgcaagtgg c a c g c t c a g t  gcgggggcta t t t t g c g c a a  c a t g g c c c t g  

gcagcgacgg g t t c g g t g t c  c t a t c t g t c c  a c g t t g t a c a  ccaaccag tc  g g t t a c c g c a  

gaagccaagg c g t t g a a a g c  ggcaggcatg ggcggtgcaa c a c c t a t g c t  ggaccg tacc  

g a g a c g c t t t  ga 

The protein or polypeptide encoded by Pto DC3000 CEL 
ORF3 has an amino acid sequence (SEQ. ID. No. 3) as 
follows: 

Met I l e  Ser  S e r  Arg I l e  Gly Gly Ala Gly Gly Val Lys Leu S e r  Arg 
1 5  1 0  1 5  

Val Asn Gln Gln His  Asp Thr Val Pro  Ala Gln Thr Ala His  Pro  Asn 
2 0  2  5  3 0  

Ala Val Thr Ala Gly Met Asn Pro  Pro  Leu Thr Pro  Asp Gln S e r  Gly 
3 5  4  0  4 5  

S e r  His  Ala Thr Glu S e r  S e r  S e r  Ala Gly Ala Ala Arg Leu Asn Val 
5  0  5 5  6  0  

Ala Ala Arg His  Thr Gln Leu Leu Gln Ala Phe Lys Ala Glu His  Gly 
6 5  7 0  7 5  8 0  

Thr Ala Pro Val S e r  Gly Ala Pro  Met I l e  S e r  S e r  Arg Ala Ala Leu 
8  5  9 0  9  5  

Leu I l e  Gly S e r  Leu Leu Gln Ala Glu Pro  Leu Pro  Phe Glu Val Met 
1 0 0  1 0 5  1 1 0  

Ala Glu Lys Leu S e r  Pro  Glu Arg Tyr Gln Leu Lys Gln Phe Gln Gly 
1 1 5  1 2 0  1 2 5  



S e r  A s p  L e u  G l n  G l n  A r g  L e u  G l u  L y s  P h e  A l a  G l n  P r o  G l y  G l n  I l e  
1 3 0  1 3 5  1 4 0  

P r o  A s p  L y s  A l a  G l u  V a l  G l y  G l n  L e u  I l e  L y s  G l y  P h e  A l a  G l n  S e r  
1 4 5  1 5 0  1 5 5  1 6 0  

V a l  A l a  A s p  G l n  L e u  G l u  H i s  P h e  G l n  L e u  M e t  H i s  A s p  A l a  S e r  P r o  
1 6 5  1 7 0  1 7 5  

A l a  T h r  V a l  G l y  G l n  H i s  A l a  L y s  A l a  A s p  L y s  A l a  T h r  L e u  A l a  V a l  
1 8 0  1 8 5  1 9 0  

S e r  G l n  T h r  A l a  L e u  G l y  G l u  T y r  A l a  G l y  A r g  A l a  S e r  L y s  A l a  I l e  
1 9 5  2 0 0  2 0 5  

G l y  G l u  G l y  L e u  S e r  A s n  S e r  I l e  A l a  S e r  L e u  A s p  G l u  H i s  I l e  S e r  
2 1 0  2  1 5  2 2 0  

A l a  L e u  A s p  L e u  T h r  L e u  G l n  A s p  A l a  G l u  G l n  G l y  A s n  L y s  G l u  S e r  
2 2 5  2 3 0  2 3 5  2 4 0  

L e u  H i s  A l a  A s p  A r g  G l n  A l a  L e u  V a l  A s p  A l a  L y s  T h r  T h r  L e u  V a l  
2 4 5  2 5 0  2 5 5  

G l y  L e u  H i s  A l a  A s p  P h e  V a l  L y s  S e r  P r o  G l u  A l a  L y s  A r g  L e u  A l a  
2 6 0  2 6 5  2 7 0  

S e r  V a l  A l a  A l a  H i s  T h r  G l n  L e u  A s p  A s n  V a l  V a l  S e r  A s p  L e u  V a l  
2 7 5  2 8 0  2 8 5  

T h r  A l a  A r g  A s n  T h r  V a l  G l y  G l y  T r p  L y s  G l y  A l a  G l y  P r o  I l e  V a l  
2 9 0  2 9 5  3 0 0  

A l a  A l a  A l a  V a l  P r o  G l n  P h e  L e u  S e r  S e r  M e t  T h r  H i s  L e u  G l y  T y r  
3 0 5  3 1 0  3  1 5  3 2 0  

V a l  A r g  L e u  S e r  T h r  S e r  A s p  L y s  L e u  A r g  A s p  T h r  I l e  P r o  G l u  T h r  
3 2 5  3 3 0  3 3 5  

S e r  S e r  A s p  A l a  A s n  M e t  L e u  L y s  A l a  S e r  I l e  I l e  G l y  M e t  V a l  A l a  
3 4 0  3 4 5  3 5 0  

G l y  I l e  A l a  H i s  G l u  T h r  V a l  A s n  S e r  V a l  V a l  L y s  P r o  M e t  P h e  G l n  
3 5 5  3 6 0  3 6 5  

A l a  A l a  L e u  G l n  L y s  T h r  G l y  L e u  A s n  G l u  A r g  L e u  A s n  M e t  V a l  P r o  
3 7 0  3 7 5  3 8 0  

M e t  L y s  A l a  V a l  A s p  T h r  A s n  T h r  V a l  I l e  P r o  A s p  P r o  P h e  G l u  L e u  
3 8 5  3 9 0  3 9 5  400  

L y s  S e r  G l u  H i s  G l y  G l u  L e u  V a l  L y s  L y s  T h r  P r o  G l u  G l u  V a l  A l a  
4 0 5  410  4 1 5  

G l n  A s p  L y s  A l a  P h e  V a l  L y s  S e r  G l u  A r g  A l a  L e u  L e u  A s n  G l n  L y s  
420  4 2 5  4 3 0  

L y s  V a l  G l n  G l y  S e r  S e r  T h r  H i s  P r o  V a l  G l y  G l u  L e u  M e t  A l a  T y r  
4 3 5  4 4 0  4 4 5  

S e r  A l a  P h e  G l y  G l y  S e r  G l n  A l a  V a l  A r g  G l n  M e t  L e u  A s n  A s p  V a l  
4 5 0  4 5 5  4 6 0  

H i s  G l n  I l e  A s n  G l y  G l n  T h r  L e u  S e r  A l a  A r g  A l a  L e u  A l a  S e r  G l y  
4 6 5  4 7 0  4 7 5  480  

P h e  G l y  G l y  A l a  V a l  S e r  A l a  S e r  S e r  G l n  T h r  L e u  L e u  G l n  L e u  L y s  
4 8 5  490  4 9 5  

S e r  A s n  T y r  V a l  A s p  P r o  G l n  G l y  A r g  L y s  I l e  P r o  V a l  P h e  T h r  P r o  
5 0 0  5 0 5  5 1 0  

A s p  A r g  A l a  G l u  S e r  A s p  L e u  L y s  L y s  A s p  L e u  L e u  L y s  G l y  M e t  A s p  
5 1 5  5 2 0  5 2 5  

L e u  A r g  G l u  P r o  S e r  V a l  A r g  T h r  T h r  P h e  T y r  S e r  L y s  A l a  L e u  S e r  
5 3 0  5 3 5  5 4 0  

G l y  I l e  G l n  S e r  S e r  A l a  L e u  T h r  S e r  A l a  L e u  P r o  P r o  V a l  T h r  A l a  



Gln Ala Glu Gly Ala S e r  Gly Thr Leu S e r  Ala Gly Ala I l e  Leu Arg 
5 6 5  5 7 0  5 7 5  

Asn Met Ala Leu Ala Ala Thr Gly S e r  Val Ser  Tyr Leu S e r  Thr Leu 
5 8 0  5 8 5  5 9 0  

Tyr Thr Asn Gln S e r  Val Thr Ala Glu Ala Lys Ala Leu Lys Ala Ala 
5 9 5  6 0 0  6 0 5  

Gly Met Gly Gly Ala Thr Pro  Met Leu Asp Arg Thr Glu Thr Leu 
6 1 0  6  1 5  6 2 0  

The DNA molecule of ORF4 from the Pseudomonas 1s 
syvingae pv. tomato DC3000 CEL has a nucleotide sequence 
(SEQ. ID. No. 4) as follows: 

a tgaccaaca  a t g a c c a g t a  c c a c a c c c t t  a t caacgaaa  t c t g c g c a c t  c a g c c t g a t t  

t c c a c a c c t g  a a c g t t t c t a  t g a a t c t g c c  a a t t t c a a a a  t c a g c g a a g t  g g a c t t c a c c  

c t g c a g t t t c  aggaccgcga cgaaggccgt  g c c g t t c t g a  t c t a c g g t g a  catgggcgcg 

t t g c c c g c g c  gcggccgtga gagcgcg t tg  c t g g c g t t g a  t g g a c a t c a a  c t t t c a c a t g  

t t cgcgggcg  cccacagccc g g c a t t t t c c  t t t a a t g c g c  agaccggtcg t g t g c t g c t g  

a t g g g c t c t g  t g g c c c t t g a  a c g a g c c t c t  gccgaaggcg t g c t g t t g t t  ga tgaag tcg  

t t t t c c g a c c  tggccaaaga gtggcgcgag c a t g g a t t c a  tggggcaggc cacaac tgca  

g g c t c c t c g a  cggaccaacc t g t t g c c c c a  gcagccaaac gcgagagcct  t t c g g c t c c t  

gggaga t tcc  a a t g a  

The protein or polypeptide encoded by Pto DC3000 CEL 
ORF4 has an amino acid sequence (SEQ. ID. No. 5) as 
follows: 

Met Thr Asn Asn Asp Gln Tyr His  Thr Leu I l e  Asn Glu I l e  Cys Ala 
1 5  1 0  1 5  

Leu S e r  Leu I l e  S e r  Thr Pro  Glu Arg Phe Tyr Glu S e r  Ala Asn Phe 
2 0  2 5  3  0  

Lys I l e  S e r  Glu Val Asp Phe Thr Leu Gln Phe Gln Asp Arg Asp Glu 
3 5  4  0  4 5  

Gly Arg Ala Val Leu I l e  Tyr Gly Asp Met Gly Ala Leu Pro  Ala Arg 
5  0  5  5  60  

Gly Arg Glu S e r  Ala Leu Leu Ala Leu Met Asp I l e  Asn Phe His  Met 
6  5  7 0  7  5  8 0  

Phe Ala Gly Ala His  S e r  Pro  Ala Phe S e r  Phe Asn Ala Gln Thr Gly 
8  5  9 0  9 5  

Arg Val Leu Leu Met Gly S e r  Val Ala Leu Glu Arg Ala S e r  Ala Glu 
1 0 0  1 0 5  1 1 0  

Gly Val Leu Leu Leu Met Lys S e r  Phe S e r  Asp Leu Ala Lys Glu Trp 
1 1 5  1 2 0  1 2 5  

Arg Glu His  Gly Phe Met Gly Gln Ala Thr Thr Ala Gly S e r  S e r  Thr 
1 3 0  1 3 5  1 4 0  

Asp Gln Pro  Val Ala Pro  Ala Ala Lys Arg Glu S e r  Leu S e r  Ala Pro  
1 4 5  1 5 0  1 5 5  1 6 0  

Gly Arg Phe Gln 
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The DNA molecule of ORF5 from the Pseudomonas (SEQ. ID. No. 6) as follows: 
syvingae pv. tomato DC3000 CEL has a nucleotide sequence 

atgcacatca accgacgcgt ccaacaaccg cctgtgactg cgacggatag ctttcggaca 60 

gcgtccgacg cgtctcttgc ctccagctct gtgcgatctg tcagctccga tcagcaacgc 120 

gagataaatg cgattgccga ttacctgaca gatcatgtgt tcgctgcgca taaactgccg 180 

ccggccgatt cggctgatgg ccaagctgca gttgacgtac acaatgcgca gatcactgcg 240 

ctgatcgaga cgcgcgccag ccgcctgcac ttcgaagggg aaaccccggc aaccatcgcc 300 

gacaccttcg ccaaggcgga aaagctcgac cgattggcga cgactacatc aggcgcgttg 360 

cgggcgacgc cctttgccat ggcctcgttg cttcagtaca tgcagcctgc gatcaacaag 420 

ggcgattggc tgccggctcc gctcaaaccg ctgaccccgc tcatttccgg agcgctgtcg 480 

ggcgccatgg accaggtggg caccaagatg atggaccgcg cgacgggtga tctgcattac 540 

ctgagcgcct cgccggacag gctccacgat gcgatggccg cttcggtgaa gcgccactcg 600 

ccaagccttg ctcgacaggt tctggacacg ggggttgcgg ttcagacgta ctcggcgcgc 660 

aacgccgtac gtaccgtatt ggctccggca ctggcgtcca gacccgccgt gcagggtgct 720 

gtggaccttg gtgtatcgat ggcgggtggt ctggctgcca acgcaggctt tggcaaccgc 780 

ctgctcagtg tgcagtcgcg tgatcaccag cgtggcggtg cattagtgct cggtttgaag 840 

gataaagagc ccaaggctca actgagcgaa gaaaacgact ggctcgaggc ttataaagca 900 

atcaaatcgg ccagctactc gggtgcggcg ctcaacgctg gcaagcggat ggccggtctg 960 

ccactggata tggcgaccga cgcaatgggt gcggtaagaa gcctggtgtc agcgtccagc 1020 

ctgacccaaa acggtctggc cctggcgggt ggctttgcag gggtaggcaa gttgcaggag 1080 

atggcgacga aaaatatcac cgacccggcg accaaggccg cggtcagtca gttgaccaac 1140 

ctggcaggtt cggcagccgt tttcgcaggc tggaccacgg ccgcgctgac aaccgatccc 1200 

gcggtgaaaa aagccgagtc gttcatacag gacacggtga aatcgactgc atccagtacc 1260 

acaggctacg tagccgacca gaccgtcaaa ctggcgaaga ccgtcaaaga catgggcggg 1320 

gaggcgatca cccataccgg cgccagcttg cgcaatacgg tcaataacct gcgtcaacgc 1380 

ccggctcgtg aagctgatat agaagagggg ggcacggcgg cttctccaag tgaaataccg 1440 

tttcggccta tgcggtcgta a 

4s 

The protein or polypeptide encoded by Pto DC3000 CEL 
ORF5, now known as HopPtoA, has an amino acid sequence 
(SEQ. ID. No. 7) as follows: 

Met His Ile Asn Arg Arg Val Gln Gln Pro Pro Val Thr Ala Thr Asp 
1 5 10 15 

Ser Phe Arg Thr Ala Ser Asp Ala Ser Leu Ala Ser Ser Ser Val Arg 
20 25 3 0 

Ser Val Ser Ser Asp Gln Gln Arg Glu Ile Asn Ala Ile Ala Asp Tyr 
35 4 0 45 

Leu Thr Asp His Val Phe Ala Ala His Lys Leu Pro Pro Ala Asp Ser 
5 0 5 5 60 

Ala Asp Gly Gln Ala Ala Val Asp Val His Asn Ala Gln Ile Thr Ala 
6 5 70 7 5 80 

Leu Ile Glu Thr Arg Ala Ser Arg Leu His Phe Glu Gly Glu Thr Pro 
8 5 90 95 

Ala Thr Ile Ala Asp Thr Phe Ala Lys Ala Glu Lys Leu Asp Arg Leu 



A l a  T h r  T h r  T h r  S e r  G l y  A l a  L e u  A r g  A l a  T h r  P r o  P h e  A l a  M e t  A l a  
1 1 5  1 2 0  1 2 5  

S e r  L e u  L e u  G l n  T y r  M e t  G l n  P r o  A l a  I l e  A s n  L y s  G l y  A s p  T r p  L e u  
1 3 0  1 3 5  1 4 0  

P r o  A l a  P r o  L e u  L y s  P r o  L e u  T h r  P r o  L e u  I l e  S e r  G l y  A l a  L e u  S e r  
1 4 5  1 5 0  1 5 5  1 6 0  

G l y  A l a  M e t  A s p  G l n  V a l  G l y  T h r  L y s  M e t  M e t  A s p  A r g  A l a  T h r  G l y  
1 6 5  1 7 0  1 7 5  

A s p  L e u  H i s  T y r  L e u  S e r  A l a  S e r  P r o  A s p  A r g  L e u  H i s  A s p  A l a  M e t  
1 8 0  1 8 5  1 9 0  

A l a  A l a  S e r  V a l  L y s  A r g  H i s  S e r  P r o  S e r  L e u  A l a  A r g  G l n  V a l  L e u  
1 9 5  2 0 0  2 0 5  

A s p  T h r  G l y  V a l  A l a  V a l  G l n  T h r  T y r  S e r  A l a  A r g  A s n  A l a  V a l  A r g  
2 1 0  2  1 5  2 2 0  

T h r  V a l  L e u  A l a  P r o  A l a  L e u  A l a  S e r  A r g  P r o  A l a  V a l  G l n  G l y  A l a  
2 2 5  2 3 0  2 3 5  2 4 0  

V a l  A s p  L e u  G l y  V a l  S e r  M e t  A l a  G l y  G l y  L e u  A l a  A l a  A s n  A l a  G l y  
2 4 5  2 5 0  2 5 5  

P h e  G l y  A s n  A r g  L e u  L e u  S e r  V a l  G l n  S e r  A r g  A s p  H i s  G l n  A r g  G l y  
2 6 0  2 6 5  2 7 0  

G l y  A l a  L e u  V a l  L e u  G l y  L e u  L y s  A s p  L y s  G l u  P r o  L y s  A l a  G l n  L e u  
2 7 5  2 8 0  2 8 5  

S e r  G l u  G l u  A s n  A s p  T r p  L e u  G l u  A l a  T y r  L y s  A l a  I l e  L y s  S e r  A l a  
2 9 0  2 9 5  3 0 0  

S e r  T y r  S e r  G l y  A l a  A l a  L e u  A s n  A l a  G l y  L y s  A r g  M e t  A l a  G l y  L e u  
3 0 5  3 1 0  3  1 5  3 2 0  

P r o  L e u  A s p  M e t  A l a  T h r  A s p  A l a  M e t  G l y  A l a  V a l  A r g  S e r  L e u  V a l  
3 2 5  3 3 0  3 3 5  

S e r  A l a  S e r  S e r  L e u  T h r  G l n  A s n  G l y  L e u  A l a  L e u  A l a  G l y  G l y  P h e  
3 4 0  3 4 5  3 5 0  

A l a  G l y  V a l  G l y  L y s  L e u  G l n  G l u  M e t  A l a  T h r  L y s  A s n  I l e  T h r  A s p  

3 5 5  3 6 0  3 6 5  

P r o  A l a  T h r  L y s  A l a  A l a  V a l  S e r  G l n  L e u  T h r  A s n  L e u  A l a  G l y  S e r  

3 7 0  3 7 5  3 8 0  

A l a  A l a  V a l  P h e  A l a  G l y  T r p  T h r  T h r  A l a  A l a  L e u  T h r  T h r  A s p  P r o  

3 8 5  3 9 0  3 9 5  400  

A l a  V a l  L y s  L y s  A l a  G l u  S e r  P h e  I l e  G l n  A s p  T h r  V a l  L y s  S e r  T h r  

4 0 5  410  4 1 5  

A l a  S e r  S e r  T h r  T h r  G l y  T y r  V a l  A l a  A s p  G l n  T h r  V a l  L y s  L e u  A l a  

420  4 2 5  4 3 0  

L y s  T h r  V a l  L y s  A s p  M e t  G l y  G l y  G l u  A l a  I l e  T h r  H i s  T h r  G l y  A l a  

4 3 5  4 4 0  4 4 5  

S e r  L e u  A r g  A s n  T h r  V a l  A s n  A s n  L e u  A r g  G l n  A r g  P r o  A l a  A r g  G l u  

4 5 0  4 5 5  4 6 0  

A l a  A s p  I l e  G l u  G l u  G l y  G l y  T h r  A l a  A l a  S e r  P r o  S e r  G l u  I l e  P r o  

4 6 5  4 7 0  4 7 5  480  

P h e  A r g  P r o  M e t  A r g  S e r  

4 8 5  



US 6,852,835 B2 
43 

The DNA molecule of ORF6 from the Pseudomonas 
syvingae pv. tomato DC3000 CEL has a nucleotide sequence 
(SEQ. ID. No. 8 )  as follows: 

a t g t c t g g t c  c t t t c g a g a a  aaaatggcgg t g t t t c a c c c  gaaccg tgac  c t a c g t t g g c  

t g g t c g c t g t  t c t g g c t t c t  gc tc tgggac  g tggccg tca  ccg tggacg t  c a t g c t g a t a  

gaaggcaaag g c a t c g a c t t  c c c c c t g a t g  c c c c t c a c g t  t g c t t t g c t c  g g c a c t g a t c  

g t g c t g a t c a  g c t t t c g c a a  c t c g a g t g c c  t a t a a c c g t t  ggtgggaagc g c g c a c c t t g  

tggggcgcaa t g g t c a a c a c  t t c a c g c a g t  t t t g g c c g g c  a g g t a c t g a c  g c t g a t c g a t  

ggcgaacggg a t g a c c t c a a  c a a c c c t g t c  aaagcca tac  t c t t t c a a c g  t c a t g t g g c t  

t a c t t g c g t g  ccctgcgcgc gcacc tcaaa  ggcgacgtca aaacagcaaa actcgacggg 

t t a c t g t c g c  ccgacgagat  tcagcgcgcc agccagagca a c a a c t t c c c  c a a t g a c a t c  

c t c a a t g g c t  c t g c t g c g g t  t a t c t c g c a a  g c c t t t g c c g  c c g g c c a g t t  cgacagca tc  

c g t c t g a c c c  g c c t g g a a t c  g a c c a t g g t c  g a t c t g t c c a  a c t g t c a g g g  cggcatggag 

cgca tcgcca  acacgccac t  gccc tacccc  t a c g t t t a t t  t c c c a c g g c t  g t t c a g c a c g  

c t g t t c t g c a  t c c t g a t g c c  gc tgagca tg  g tcaccaccc  t g g g c t g g t t  caccccggcg 

a t c t c c a c g g  t g g t a g g c t g  c a t g c t g c t g  gcaatggacc g c a t c g g t a c  agacc tgcaa  

g c c c c g t t c g  gcaacag tca  gcaccggatc cgcatggaag a c c t g t g c a a  cacca tcgaa  

aagaacc tgc  a a t c g a t g t t  c t c t t c g c c a  gagaggcagc cgc tgc tggc  t g a c c t g a a a  

agccccg tac  cg tggcgcg t  ggccaacgca t c a a t t g g c g  g tc tgagcag  gcagaaaaac 

agg t tagggg  aaggcgcgag g c t t a t c g c a  a g t g a a a g t c  t g c t c t g g g c  a c c a t t t c g c  

t c a g t t g c a g  a c g t t g c t c c  gtgccacgcc a g t g c g t a c c  t a c g t c g c g c  t t g a  

3s 

The protein or polypeptide encoded by Pto DC3000 CEL 
ORF6 has an amino acid sequence (SEQ. ID. No. 9) as 
follows: 

Met S e r  Gly Pro  Phe Glu Lys Lys Trp Arg Cys Phe Thr Arg Thr Val 
1 5  1 0  1 5  

Thr Tyr Val Gly Trp S e r  Leu Phe Trp Leu Leu Leu Trp Asp Val Ala 
2 0  2 5  3  0  

Val Thr Val Asp Val Met Leu I l e  Glu Gly Lys Gly I l e  Asp Phe Pro  
3 5  4  0  4 5  

Leu Met Pro  Leu Thr Leu Leu Cys S e r  Ala Leu I l e  Val Leu I l e  Ser  
5  0  5  5  60  

Phe Arg Asn S e r  S e r  Ala Tyr Asn Arg Trp Trp Glu Ala Arg Thr Leu 
6  5  7 0  7  5  8 0  

Trp Gly Ala Met Val Asn Thr S e r  Arg S e r  Phe Gly Arg Gln Val Leu 
8  5  9 0  9 5  

Thr Leu I l e  Asp Gly Glu Arg Asp Asp Leu Asn Asn Pro  Val Lys Ala 
1 0 0  1 0 5  1 1 0  

I l e  Leu Phe Gln Arg His  Val Ala Tyr Leu Arg Ala Leu Arg Ala His 
1 1 5  1 2 0  1 2 5  

Leu Lys Gly Asp Val Lys Thr Ala Lys Leu Asp Gly Leu Leu S e r  Pro  
1 3 0  1 3 5  1 4 0  

Asp Glu I l e  Gln Arg Ala S e r  Gln S e r  Asn Asn Phe Pro  Asn Asp I l e  
1 4 5  1 5 0  1 5 5  1 6 0  

Leu Asn Gly S e r  Ala Ala Val I l e  S e r  Gln Ala Phe Ala Ala Gly Gln 
1 6 5  1 7 0  1 7 5  



-con t inued  
Phe Asp S e r  I l e  Arg Leu Thr Arg Leu Glu Ser  Thr Met Val Asp Leu 

1 8 0  1 8 5  1 9 0  

S e r  Asn Cys Gln Gly Gly Met Glu Arg I l e  Ala Asn Thr Pro  Leu Pro  
1 9 5  2 0 0  2 0 5  

Tyr Pro  Tyr Val Tyr Phe Pro  Arg Leu Phe Ser  Thr Leu Phe Cys I l e  
2 1 0  2  1 5  2 2 0  

Leu Met Pro  Leu S e r  Met Val Thr Thr Leu Gly Trp Phe Thr Pro  Ala 
2 2 5  2 3 0  2 3 5  2 4 0  

I l e  S e r  Thr Val Val Gly Cys Met Leu Leu Ala Met Asp Arg I l e  Gly 
2 4 5  2 5 0  2 5 5  

Thr Asp Leu Gln Ala Pro  Phe Gly Asn S e r  Gln His  Arg I l e  Arg Met 
2 6 0  2 6 5  2 7 0  

Glu Asp Leu Cys Asn Thr I l e  Glu Lys Asn Leu Gln S e r  Met Phe S e r  
2 7 5  2 8 0  2 8 5  

S e r  Pro  Glu Arg Gln Pro  Leu Leu Ala Asp Leu Lys S e r  Pro  Val Pro  
2 9 0  2 9 5  3 0 0  

Trp Arg Val Ala Asn Ala S e r  I l e  Gly Gly Leu S e r  Arg Gln Lys Asn 
3 0 5  3 1 0  3  1 5  3 2 0  

Arg Leu Gly Glu Gly Ala Arg Leu I l e  Ala Ser  Glu S e r  Leu Leu Trp 
3 2 5  3 3 0  3 3 5  

Ala Pro  Phe Arg S e r  Val Ala Asp Val Ala Pro Cys His  Ala S e r  Ala 
3 4 0  3 4 5  3 5 0  

Tyr Leu Arg Arg Ala 
3 5 5  

The DNA molecule of ORF7 from the Pseudomonas The protein or polypeptide encoded by Pto DC3000 CEL 
syvingae pv. tomato DC3000 CEL has a nucleotide sequence ORF7 has an amino acid sequence (SEQ. ID. No. 11) as 
(SEQ. ID. No. 10) as follows: follows: 

a t g t a t a t c c  a g c a a t c t g g  cgcccaa tca  ggggt tgccg  c taagacgca  acacga taag  

c c c t c g t c a t  t g t c c g g a c t  cgcccccggt  t c g t c g g a t g  c g t t c g c c c g  t t t t c a t c c c  

gaaaaggcgg g c g c c t t t g t  c c c a t t g g a g  gggcatgaag a g g t c t t t t t  cgatgcgcgc 

t c t t c c t t t t  cg tcgg tcga  t g c c g c t g a t  c t t c c c a g t c  ccgagcaggt  acaaccccag 

c t t c a t t c g t  t g c g t a c c c t  g c t a c c g g a t  c t g a t g g t c t  c t a t c g c c t c  a t t a c g t g a c  

ggcgccacgc a a t a c a t c a a  gaccagaa tc  aaggc ta tgg  cggacaacag cataggcgcg 

ac tgcgaaca  t cgaagccaa  a a g a a a g a t t  gcccaagagc a c g g c t g t c a  g c t t g t c c a c  

c c g t t t c a c c  a g a g c a a a t t  t c t a t t t g a a  a a a a c t a t c g  a t g a t a g a g c  g t t t g c t g c t  

g a c t a t g g c c  gcgcgggtgg cgacgggcac g c t t g t c t g g  g g c t a t c a g t  a a a t t g g t g t  

cagagccgtg caaaagggca g tcgga tgag  g c c t t c t t t c  acaaac tgga  g g a c t a t c a g  

ggcga tgca t  t g c t a c c c a g  gg taa tgggc  t t c c a g c a t a  t cgagcagca  g g c c t a t t c a  

a a c a a g t t g c  agaacgcagc a c c t a t g c t t  c tggacacac  t t c c c a a g t t  gggcatgaca 

c t t g g a a a a g  ggctgggcag agcacagcac g c g c a c t a t g  c g g t t g c t c t  g g a a a a c c t t  

g a t c g c g a t c  t c a a a g c a g t  g t t g c a g c c c  ggtaaagacc a g a t g c t t c t  g t t t t t g a g t  

g a t a g c c a t g  c g a t g g c t c t  gcatcaggac ag tcaggga t  g t c t g c a t t t  t t t t g a t c c t  

c t t t t t g g c g  t g g t t c a g g c  a g a c a g c t t c  agcaaca tga  g c c a t t t t c t  t g c t g a t g t g  

t t c a a g c g c g  a c g t a g g t a c  gcac tggcg t  ggcacggagc a a c g t c t g c a  ac tgagcgaa  

a t g g t g c c c a  g a g c a g a c t t  t c a c t t g c g a  t a a  



M e t  T y r  I l e  G l n  G l n  S e r  G l y  A l a  G l n  S e r  G l y  V a l  A l a  A l a  L y s  T h r  
1 5  1 0  1 5  

G l n  H i s  A s p  L y s  P r o  S e r  S e r  L e u  S e r  G l y  L e u  A l a  P r o  G l y  S e r  S e r  
2 0  2 5  3  0  

A s p  A l a  P h e  A l a  A r g  P h e  H i s  P r o  G l u  L y s  A l a  G l y  A l a  P h e  V a l  P r o  
3 5  4  0  4 5  

L e u  G l u  G l y  H i s  G l u  G l u  V a l  P h e  P h e  A s p  A l a  A r g  S e r  S e r  P h e  S e r  
5  0  5  5  60  

S e r  V a l  A s p  A l a  A l a  A s p  L e u  P r o  S e r  P r o  G l u  G l n  V a l  G l n  P r o  G l n  
6  5  7 0  7  5  8 0  

L e u  H i s  S e r  L e u  A r g  T h r  L e u  L e u  P r o  A s p  L e u  M e t  V a l  S e r  I l e  A l a  
8  5  9 0  9 5  

S e r  L e u  A r g  A s p  G l y  A l a  T h r  G l n  T y r  I l e  L y s  T h r  A r g  I l e  L y s  A l a  
1 0 0  1 0 5  1 1 0  

M e t  A l a  A s p  A s n  S e r  I l e  G l y  A l a  T h r  A l a  A s n  I l e  G l u  A l a  L y s  A r g  
1 1 5  1 2 0  1 2 5  

L y s  I l e  A l a  G l n  G l u  H i s  G l y  C y s  G l n  L e u  V a l  H i s  P r o  P h e  H i s  G l n  
1 3 0  1 3 5  1 4 0  

S e r  L y s  P h e  L e u  P h e  G l u  L y s  T h r  I l e  A s p  A s p  A r g  A l a  P h e  A l a  A l a  
1 4 5  1 5 0  1 5 5  1 6 0  

A s p  T y r  G l y  A r g  A l a  G l y  G l y  A s p  G l y  H i s  A l a  C y s  L e u  G l y  L e u  S e r  
1 6 5  1 7 0  1 7 5  

V a l  A s n  T r p  C y s  G l n  S e r  A r g  A l a  L y s  G l y  G l n  S e r  A s p  G l u  A l a  P h e  
1 8 0  1 8 5  1 9 0  

P h e  H i s  L y s  L e u  G l u  A s p  T y r  G l n  G l y  A s p  A l a  L e u  L e u  P r o  A r g  V a l  
1 9 5  2 0 0  2 0 5  

M e t  G l y  P h e  G l n  H i s  I l e  G l u  G l n  G l n  A l a  T y r  S e r  A s n  L y s  L e u  G l n  
2 1 0  2  1 5  2 2 0  

A s n  A l a  A l a  P r o  M e t  L e u  L e u  A s p  T h r  L e u  P r o  L y s  L e u  G l y  M e t  T h r  
2 2 5  2 3 0  2 3 5  2 4 0  

L e u  G l y  L y s  G l y  L e u  G l y  A r g  A l a  G l n  H i s  A l a  H i s  T y r  A l a  V a l  A l a  
2 4 5  2 5 0  2 5 5  

L e u  G l u  A s n  L e u  A s p  A r g  A s p  L e u  L y s  A l a  V a l  L e u  G l n  P r o  G l y  L y s  
2 6 0  2 6 5  2 7 0  

A s p  G l n  M e t  L e u  L e u  P h e  L e u  S e r  A s p  S e r  H i s  A l a  M e t  A l a  L e u  H i s  
2 7 5  2 8 0  2 8 5  

G l n  A s p  S e r  G l n  G l y  C y s  L e u  H i s  P h e  P h e  A s p  P r o  L e u  P h e  G l y  V a l  
2 9 0  2 9 5  3 0 0  

V a l  G l n  A l a  A s p  S e r  P h e  S e r  A s n  M e t  S e r  H i s  P h e  L e u  A l a  A s p  V a l  
3 0 5  3 1 0  3  1 5  3 2 0  

P h e  L y s  A r g  A s p  V a l  G l y  T h r  H i s  T r p  A r g  G l y  T h r  G l u  G l n  A r g  L e u  
3 2 5  3 3 0  3 3 5  

G l n  L e u  S e r  G l u  M e t  V a l  P r o  A r g  A l a  A s p  P h e  H i s  L e u  A r g  
3 4 0  3 4 5  3 5 0  

5s 

The DNA molecule of ORF8 from the Pseudomonas 
syvingae pv. tomato DC3000 CEL has a nucleotide sequence 
(SEQ. ID. No. 12) as follows: 

a t g c g g c c t g  t c g a g g c a a a  a g a t c g g c t t  t a t c a g t g g c  t g c g c a a t c g  a g g c a t c g a t  6 0  

g c g c a g g a g g  g t c a a c g c c a  c a a c g t a a g g  a c c g c g a a t g  g a a g c g a g t g  t c t g c t c t g g  1 2 0  

t t g c c a g a a c  a g g a c a c t t c  g t t g t t c a t c  t t c a c a c a g a  t c g a a a g g c t  g a c g a t g c c g  1 8 0  



-con t inued  
caggacaacg t c a t t t t g a t  t c t g g c a a t g  g c g c t g a a t c  tggagcc tgc  t c g c a c a g g t  2 4 0  

ggcgctgcgc t t g g c t a t a a  c c c t g a t t c a  agggaac tg t  t g t t g c g c a g  t g t g c a c t c a  3 0 0  

a tggcgga tc  tgga tgagac  c g g a c t t g a t  c a c c t c a t g a  c g c g a a t t a g  c a c a t t g g c c  3 6 0  

g t c t c g t t g c  a g c g c t a t c t  g g a a g a t t a t  cgacgccagg agcaagccgg aaaaaccgcc 4 2 0  

cagaaagagc c t c g g t t c t t  a c c g g c t g t c  c a t c t g a c c c  c a c g a a c g t t  c a t g a c c t g a  4 8 0  

The protein or polypeptide encoded by Pto DC3000 CEL 
ORF8 has an amino acid sequence (SEQ. ID. No. 13) as 
follows: 

Met Arg Pro  Val Glu Ala Lys Asp Arg Leu Tyr Gln Trp Leu Arg Asn 
1 5  1 0  1 5  

Arg Gly I l e  Asp Ala Gln Glu Gly Gln Arg His Asn Val Arg Thr Ala 
2 0  2 5  3  0  

Asn Gly S e r  Glu Cys Leu Leu Trp Leu Pro  Glu Gln Asp Thr S e r  Leu 
3 5  4  0  4 5  

Phe I l e  Phe Thr Gln I l e  Glu Arg Leu Thr Met Pro  Gln Asp Asn Val 
5  0  5  5  60  

I l e  Leu I l e  Leu Ala Met Ala Leu Asn Leu Glu Pro  Ala Arg Thr Gly 
6  5  7 0  7  5  8 0  

Gly Ala Ala Leu Gly Tyr Asn Pro  Asp S e r  Arg Glu Leu Leu Leu Arg 
8  5  9 0  9 5  

S e r  Val His  S e r  Met Ala Asp Leu Asp Glu Thr Gly Leu Asp His  Leu 
1 0 0  1 0 5  1 1 0  

Met Thr Arg I l e  S e r  Thr Leu Ala Val S e r  Leu Gln Arg Tyr Leu Glu 
1 1 5  1 2 0  1 2 5  

Asp Tyr Arg Arg Gln Glu Gln Ala Gly Lys Thr Ala Gln Lys Glu Pro  
1 3 0  1 3 5  1 4 0  

Arg Phe Leu Pro  Ala Val His  Leu Thr Pro  Arg Thr Phe Met Thr 
1 4 5  1 5 0  1 5 5  

The DNA molecule of ORF9 from the Pseudomonas 
syvingae pv. tomato DC3000 CEL has a nucleotide sequence 
(SEQ. ID. No. 14) as follows: 

a t g c t t a a a a  a a t g c c t g c t  a c t g g t t a t a  t c a a t g t c a c  t t g g c g g c t g  c t g g a g c c t g  6 0  

a t g a t t c a t c  tggacggcga g c g t t g c a t c  t a t c c c g g c a  c tcgccaagg  t t g g g c g t g g  1 2 0  

ggaaccca ta  acggagggca gag t tggccc  a t a c t t a t a g  a c g t g c c g t t  t t c c c t c g c g  1 8 0  

t t g g a c a c a c  t g c t g c t g c c  c t a c g a c c t c  a c c g c t t t t c  tgcccgaaaa  t c t t g g c g g t  2 4 0  

gatgaccgca a a t g t c a g t t  cagtggagga t t g a a c g t g c  t c g g t t g a  

5s 

The protein or polypeptide encoded by Pto DC3000 CEL 
ORF9 has an amino acid sequence (SEQ. ID. No. 15) as 
follows: 

Met Leu Lys Lys Cys Leu Leu Leu Val I l e  Ser  Met S e r  Leu Gly Gly 
1 5  1 0  1 5  

Cys Trp S e r  Leu Met I l e  His  Leu Asp Gly Glu Arg Cys I l e  Tyr Pro  

2 0  2 5  3  0  



-con t inued  
Gly Thr Arg Gln Gly Trp Ala Trp Gly Thr His Asn Gly Gly Gln S e r  

3 5  4  0  4 5  

Trp Pro  I l e  Leu I l e  Asp Val Pro  Phe S e r  Leu Ala Leu Asp Thr Leu 
5  0  5  5  60  

Leu Leu Pro  Tyr Asp Leu Thr Ala Phe Leu Pro Glu Asn Leu Gly Gly 
6  5  7 0  7  5  8 0  

Asp Asp Arg Lys Cys Gln Phe S e r  Gly Gly Leu Asn Val Leu Gly 
8  5  9 0  9 5  

The DNA molecule of ORFlO from the Pseudomonas 
syvingae pv. tomato DC3000 CEL has a nucleotide sequence 
(SEQ. ID. No. 16) as follows: 

a tgaaacagg  t a g a a g t c c a  g a t c a t t a c t  g a a t t g c c t t  g t c a g g t t c t  ga tcc tggag  6 0  

caagaggcag tagcagaggg c t t c a g g t t t  c t t a c c c g c t  tga tcgagga  g tggaggtcc  1 2 0  

ggaaagaatc  ga t t cgaggc  caagggtgaa t g c c t c a t g g  t c g t a c t t c t  ggacggcgct  1 8 0  

c tggcagg ta  t cggaggcc t  t t c g c g t g a t  ccgca tgccc  g g g g t g a t a t  gggcaggcta 2 4 0  

c g a c g g t t a t  acg tcgcaag  cgca tcaaga  ggtcaaggcc t t g g a a a g a c  t c t g g t g a a t  3 0 0  

c g a c t t g t g g  agcatgcggc g c a g g a a t t t  t t c g c c g t g c  g c c t g t t c a c  t g a t a c t c c g  3 6 0  

agcggagcaa a a t t t t a c t t  acg t tgcggc  t t t c a g g c a g  t t g a c g a g g t  gca tgccacg  4 2 0  

c a t a t a a a g c  t t t t a a g g c g  g g t t t g a  4 4 7  

The protein or polypeptide encoded by Pto DC3000 CEL 
ORFlO has an amino acid sequence (SEQ. ID. No. 17) as 
follows: 

Met Lys Gln Val Glu Val Gln I l e  I l e  Thr Glu Leu Pro  Cys Gln Val 
1 5  1 0  1 5  

Leu I l e  Leu Glu Gln Glu Ala Val Ala Glu Gly Phe Arg Phe Leu Thr 
2 0  2 5  3  0  

Arg Leu I l e  Glu Glu Trp Arg S e r  Gly Lys Asn Arg Phe Glu Ala Lys 
3 5  4  0  4 5  

Gly Glu Cys Leu Met Val Val Leu Leu Asp Gly Ala Leu Ala Gly I l e  
5  0  5  5  60  

Gly Gly Leu S e r  Arg Asp Pro  His  Ala Arg Gly Asp Met Gly Arg Leu 
6  5  7 0  7  5  8 0  

Arg Arg Leu Tyr Val Ala S e r  Ala S e r  Arg Gly Gln Gly Leu Gly Lys 
8  5  9 0  9 5  

Thr Leu Val Asn Arg Leu Val Glu His  Ala Ala Gln Glu Phe Phe Ala 
1 0 0  1 0 5  1 1 0  

Val Arg Leu Phe Thr Asp Thr Pro  S e r  Gly Ala Lys Phe Tyr Leu Arg 
1 1 5  1 2 0  1 2 5  

Cys Gly Phe Gln Ala Val Asp Glu Val His  Ala Thr His  I l e  Lys Leu 
1 3 0  1 3 5  1 4 0  

Leu Arg Arg Val 
1 4 5  

A DNA molecule which contains the EEL of Pseudomo- 
nas syvingae pv. tomato DC3000 has a nucleotide sequence 
(SEQ. ID. No. 18) as follows: 



ggatccagcg g c g t a t t g t c  gtggcgatgg aacgcgt tac g g a t t t t c a g  cacaccggta 

tcgatgaaca gg tggccg t t  gcgggcgt tg cgggtcggca tgacacaatc gaacatatca 

acgccacggc gcacacct tc  gaccagatct  t c g g g c t t g c  c tacaccca t  caagtaacga 

g g t t t g t c t g  ctggcataag gcccggcagg taatccagca c c t t g a t c a t  c t c g t g c t t g  

ggctcgccca ccgacagacc gccaatcgcc aggccgtcaa agccgatctc a tccaggcc t  

tcgagcgaac gct tgcgcag g t t c t c g t g c  a tgccaccc t  gaacaatgcc gaacagcgcg 

g c a g t g t t t t  cgccgtgcgc gacct tggag cgct tggccc agcgcaacga cagc tcca tg  

gagacacgtg c t a c g t c t t c  gtcggccggg tacggcgtgc actcatcgaa aa tca tcacg  

acgtccgaac ccaggtcacg ctggacctgc a t c g a c t c t t  ccgggcccat gaacacc t tg  

gcaccatcga ccggagaggc gaaggtcacg c c c t c c t c c t  t g a t c t t g c g  catggcgccc 

aggctgaaca cctgaaaacc gccagagtcg gtcagaatcg g c c c t t t c c a  ctgcatgaaa 

tcg tgcaggt  cgccgtggcc c t t g a t g a c c  tcgg tgcccg  gacgcagcca caagtggaag 

g t g t t g c c c a  g a a t c a t c t g  cgcaccggtg g c c t c g a t a t  cacgcggcaa c a t g c c c t t g  

accgtgccgt  aggtgcccac cggcatgaac gccggggtct  cgaccacgcc acgcggaaag 

gtcaggcgac cgcgacgggc c t t g c c g t c g  gtggccaaca actcgaaaga catacgacag 

gtgcgactca t g c g t g a t c c  t c t g g t g c c g  a t t c c t g t g g  ggccgtcggc gcgggat tgc 

gggtgatgaa catggcatca ccgtaactga agaagcggta c c c g t g t t c g  atggccgccg 

cgtaggccgc c a t g g t t t c g  ggataaccgg cgaacgccga aaccagcatc aacagcgtgg 

at tcaggcaa a tgaaaat ta  gtcaccaggg catcgaccac atgaaacggc cgccccggat 

agatgaagat g t c g g t g t c g  ccgctaaacg g c t t c a a c t g  gccatcacgc gcggcactct  

ccagcgaacg cacgctggtg gtcccgaccg caatcacccg cccgccccgc gcacggcacg 

ccgccacggc atcgaccacg t c c t g g c t g a  c t tccagcca  t t c g c t g t g c  a t g t g g t g a t  

c t t c g a t c t g  ctcgacacgc accggctgga acgtacccgc gccgacgtgc agagtgacaa 

aagcagtctc gacgccc t tg  gcggcaat tg c t t c c a t c a a  cggc tgg tcg  aaatgcaggc 

cggcagtcgg cgccgccaca gcaccggcgc gctgggcgta aacggtctga taacgctcgc 

ggtcggcacc t t c g t c c g g g  c g g t c t a t a t  aaggaggcaa cggcatatgg ccgacacgat 

ccagcaacgg c a g c a c t t c t  tcggcaaagc gcaactcgaa cagcgcgtca tgccgcgcca 

ccatctcggc ctcgccgccg cca tcga tca  ggatcgacga g c c c g g c t t t  ggcgact tgc 

tggcacgcac gtgcgccagc acacgatggc tgtccagcac gcgctcgacc agaatctcca 

gct tgccgcc ggacgcct tc  tgcccgaaca aacgtgcggg aatgacacgg g t a t t g t t g a  

acaccatcaa gtcgcccgag cgcaaatgct  cgagcaaatc gg tgaa t tga  cgatgtgcca 

gcgcgcccgt cggcccatca agggtcaaca gacgactgct  gcgacgctcg gccaacgggt 

gacgagcaat cagggaatcg gggagttcga aggtaaagtc agcgacgcgc a tga tcgggt  

t c g t t t a g c a  gggccgggaa g t t t a t c c g g  t t t g a c g g c a  t tag taaaaa acctgcgtaa 

a t c c c t g t t g  accaacggaa a a c t c a t c c t  t a t a c t t c g c  cgcca t tgag  ccctgatggc 

ggaat tgg ta  gacgcggcgg a t tcaaaatc  c g t t t t c g a a  agaagtggga g t t c g a t t c t  

ccctcggggc accacca t tg  agaaaagacc t t g a a a t t c a  a g g t c t t t t t  t t t c g t c t g g  

tggaaagtgg t c t g a c t g a g  g c t g c g a t c t  accccacctg cccggaat tg  gccgcggagc 

gcccaggact gcct tccagc gcagagcgtc ggtacccgga tcacacgacc aaggataacg 

ctatgaacaa ga tcg tc tac  g taaaagc t t  act tcaaacc cat tggggag gaagtctcgg 



-continued 
t taaag tacc  tacaggcgaa attaaaaagg g c t t t t t c g g  cgacaaggaa atcatgaaaa 

aagagaccca gtggcagcaa accgggtggt  c t g a t t g t c a  gatagacggt gaacggctat  

cgaaagacgt cgaagacgca gtggcgcaac t c a a t g c t g a  c g g t t a t g a g  at tcaaacgg 

t a t t g c c t a t  a t t g t c c g g g  g c t t a t g a t t  atgcgctcaa ataccgatac gaaatacgtc 

acaatagaac tgaactaagc ccaggagacc a g t c c t a t g t  c t t c g g c t a t  ggctacagct  

tcaccgaagg cgtgacgctg gtggcgaaaa a a t t t c a g t c  gtctgcaagc tgaa taa tag  

t g a c c t c g t g  ccacggacgc cgc tc tgccc  cctgatacga aaacgcct tc  ctcaacaaga 

ggcaggcgta ctaacgtgca caagacctgc ccgtatcagc aagcgcaaga cgc tcgcc tc  

cacgaaataa cacggtaggt  c g c g t t g c t a  c t t t t t a g c g  gcagacggcg t g c c g t t g t a  

g t t g t c g g t g  t t g t t g t c g t  ta tcaagatc  g c g g t c a t t t  ccaccgaaag ccgca tcgg t  

t t t g t t g t c g  t t g t c g a g a t  c t t t g t c g t t  accgccaaac gc tgca tccg  t a t g g t g a t c  

g t t g t c c a g g  t c c t t g t c g t  tacccccaaa tgccgcg tcg  g t g t g g t g g t  c a t t g t c c a t  

a t c c t t g t c g  t tgccgccaa atgccgcgtc a g t c a c g t t g  t c g t t a t c c a  g a t c c t t g t c  

gt tgccgcca cacgtggcac c g g t g c t g t t  g t c g t t g t c c  agatcacaat  c g t t t a c g g c  

aaatgcaggt agcgaagtgc caa tga tcg t  cagcgcaagc agaaagccgc c g a t c t t t g c  

c g t c a g g t t t  t t a t a c g c g c  gca tcaggt t  t t c c c g g a t a  agtgaaaatg atgaagcaag 

gg t tac tgaa  c a c g t t c g a t  cagtgactaa aacagta tg t  aactgcagcc t t c t g c a a g a  

ccgacagagg tcgaccaaac t g c a g c c t g t  t t c a t a c c c a  t c a a t t t c t a  tagcgaccgt  

tcacacgact  c tcc taccga  tgc tgggagt  accaaaaaac t t c c g c a c t g  c a t t t t t t t g  

cagtgtcgga t g g t t t g a c c  g g t t t t g g g g  agaat tgc tc  aaacggagaa c g a t g a g t t t  

t t t g t t g c g t  ggcatgctaa t c g a t a c a t t  t a t c a g t g t g  t g a t g c g g t a  t g g c a g c t t c  

a t g c c t c c g t  caaatagtgg acgccagtca c g t t g c a t a a  aacctgacgt  cactccaaaa 

aaggctacgc acgaggacat t g c t g a g a t t  cggctgggca t t t t c g c t g t  t tacacaggg 

atcgagcaga acgcccccat gccagccacc c g t t a a c t c a  a t t g t c t t t t  gccctgaaaa 

caacaatccc t g g c t t t t c c  ga taca tag t  ccagaaaagg caaatccatc a c c t t t c t g t  

t t t c t t t t c g  tgaagatgca t t t c g c a a g a  c a g g g c c t t t  a tccg tcacg  ataaagaaac 

cgacg tg tg t  cacatccagc ccgggaagcg ggggtgtaaa t g c c a a t g t a  a tcaccggtg  

cgcaggtggc tcaccacc tg  actgtcgaca aggcggctcg gga ta tacg t  catgctacgc 

tcaaccacag gcaaccctgg cagatagact  t t g c c t t t g g  c c c t t t c a t t  a a g g c g t t t t  

c t g a c a c t t a  ccgcaccggg g c t t a t c t g c  gcgg taa tg t  catccgccac agggtatgcc 

g t t c c g t a a g  cccaa tccg t  gaaaaagtgc t t g c g a t t c a  aaaagtcaac atcgccaccc 

t tg taacgaa cctgaacgag a t t c c t c a c a  a a a t c c t g c t  gcga tg t tga  t c t t c g a a a c  

g c t t c g a c g t  aatccagata agcaaaacaa tccagacc tc  tgaagtcga t  g a c t a a t t g t  

t cagg taca t  tcgctgagcc caccaacatg t t t g a g c g g t  a c g g t g t t c c  taaaaacgct  

cctgatacaa ggtcgatcag c t g a c c t t t a  t t c a t a t a a c  t t t t g t t g g t  gcgggct tcc 

agcacagcat c c a g t t t t t t  tgagg tg tag  gcatccagat  t t a g t t t a a c  g g g t g t t t t c  

a t c t c t g c c t  gggcaccctg a a t a t c a c t t  cccggcgccg gccccgaaac cccacaccct  

gccaacat tg caaaggctaa agcccatagg g t c g t c t t t t  g c a t c t g a t t  c a c c g t a a t t  

ccaaagcgtc gtcggacctg a t t g t g g c t c  gcgatacgcg agcaggctgc t c c a t t c c t t  

cgagatgccg c a t t g g t t a g  c tcaa tcacg  g c g c a c t a t t  t a c c a c g t g t  c a t c g g t t g c  



-continued 
g t c a t c g g c t  gggagcatca g t tggcaatg  c a t t c g c g g t  c tcggcc tca  gcagacgctg 

gtagtgccca gagtgcagct  gaccagcgtg ccgccatcga ggccgccgca gaggccgccc 

agcgatacgg a t t c g t t t g c  ggcaggggcc a tgcccgc ta  t tgaa tcggc  tgactggccc 

gtgataaagg c c t g a t g c c t  cagtacgcca c c t g g c t t a c  aggcgggt tg c a t t g c a a t a  

gg tc ta tacc  t t t t g c a a g g  t taacgaac t  gtcatcaaaa aacatggaag cacaatcaga 

aaaaagacct t g a g t t t c a a  g g t c t t t t t t  c g t t t g g t g a  aaagtga tc t  gactcaaccc 

gcga tc t tac  c c t c c t c t a c  tcggg t tggc  cgt tagcacc caaagctacc t t c c t g c g c g  

a a t g c t t g t t  t c g t t a t g g g  catggcgtga tacaagcggt  aggcgtacag caggtcca tg  

agtctcggga a c c t g a t t g a  gagccgctct  gcgctgtacc cccc tggcc t  gagccactgt  

tcaaggcaac g c t t c c c t g a  cct tgagcac c a c t t a g c t g  ggcgccacca tcggcatgca 

ccaaaggcat t tgcagagag aggacagcaa agctggccaa tgcaa tgaa t  t t t g t t t t a g  

agcagatatc t t t a a g t t t c  ataacaacca c c t t t g t t g a  t c a g a a t t g t  tgaagaaatc 

atgagtcacg c t t a t g t g t g  gcgactcatc gaaatcgg t t  ccaatgcaag a t g g g a t t t t  

tacgtccggc c t a t c c g c t g  atggcgatgc t g c g g a t t c a  cc tga tgcag  a a c t g g t t t g  

at tacagcga tccggcgatg gaggaagcac t t tacgagac  aacgatcc tg  cgccagt tcg  

cagggt tgag t c t g g a t c g a  atcgccgatg aaaccacgat t c t c a a t t t c  cggcgcctgc 

tggaaaagca tgag t tggca  ggcgggat t t  tgcaggtca t  c a a t g g c t a t  c tggg tga tc  

g a g g t t t g a t  gctgcgccaa gg ta tgg tgg  tcgatgcgac g a t c a t t c a t  gcgccgagct 

cgaccaagaa caaggacggc aaacgcgatc ccgaaatgca tcagacgaag aaaggaaacc 

a g t a t t t c t t  cggcatgaaa gcgcatatcg gcgtcgatgc cgagtcgggt  t t a g t c c a t a  

gcctggtggg tactgcggcg aatgtggcgg acgtgactca ggtcgatcaa c tgc tgcaca  

gtgaggaaac c t a t g t c a g c  ggtgatgcgg gctacaccgg cgtggacaag cgtgcggagc 

atcaggatcg ccagatgatc t g g t c a a t t g  cggcacgccc a a g c c g t t a t  aaaaagcatg 

gcgagaaaag t t t g a t c g c a  c g g g t c t a t c  gcaaaatcga gt tcacgaaa gcccagt tgc 

gggcgaaggt tgaacatccg c t t c g c g t g a  tcaagcgcca g t t t g g t t a t  acgaaagtcc 

g g t t t c g c g g  gctggctaaa aacaccgcgc aacaggctac t c t g t t t g c c  t t g t c g a a c c  

t t t g g a t g g t  gcgaaaacgg ctgctggcga tgggagaggt gcgcctgtaa tgcggaaaaa 

cgcct tggaa a g g t g c t g t t  tgaaggaaaa t c g a t g a g t t  aacagcgcaa aaacgtctga 

c t a t c t g a t c  gggcgagt t t  t t t t g a a c c t  caggccatga aggcatcaaa a a t c g a t g c t  

t a c t t c a g a c  c t t c c t t a a c  ctcagtagcg aggccggata aacgagtccc t t t c t a t g a t  

g c t g t t t c c a  gtaaactgac a a a t t t c a t g  cactgccgcc c g c g t g t t c a  agcgctcaga 

c c t t a t a g g a  aagcctcacg t c t g g a t t c a  gct tgccgcc g t a g t t t t t c  a c a t t g a t a t  

cgacggtcgc t c g g g a c t t g  aggcccagat catcgatcac cagactgcgt  accccatgca 

ac tc tgccaa  ccctgggact  ccgtcacagg aagtggcgtg cg t tgccccg  acaaaagcga 

cccac t tacc  t t c c g g t t t g  c t c a g c c t t a  t t t t t t c t g c  t g c g t a g t a a  t t c a t g g c t t  

gggcacgct t  t a t c t c a g c t  t t c t c c g g g g  cca ta tagg t  ggacg t tg ta  tccagcgaga 

caacgcgcaa cccggcgtgc t t g g c c g c t t  ccaccaaggt gg tgaagt ta  t a t t t c g t g t  

ggagc tc t tc  cggggcctga tgaccctgac t c t g c a a a t c  g a g g t a g t t t  t t c a g c c t g g  

caggcatcgg a c t g c c t t t g  ggcgcgctca g g t a a t t a t t  gagcgcc t tg  t c a t g t g a c t  

cggcgcagag g t g c t c c a t a  aaaagcgtgg tcacgccac t  ggcc t tcaag  c t c t t c a t g t  



-continued 
t a t t g a t c a g  t t c a c g c t t g  c t g g a c g t t g  aa t tg tgacc  c tcaccaata  acaagccccg 

gcgcatcacg taacagctcg cgcatgacac cgagactgtc c t t g c t t t t c  a t c t t c g t c a  

acggcgccag ctcaggtaac t t t t g c g c g t  tgaaa tca tc  aaaataacgc g c t g c c t t g g  

c a a t c a g t t t  c t t g t c a t t a  c t g t c a g g t g  cccataaacc c t t g g a c g t c  cccagacaac 

t g t c c a t t t c  aaggtaa t tg  a g a t t t a t a t  gaaggtggtc ccgacc t tcc  gagacaacaa 

cgtcggccag c t t g a g a c c t  tgagcctcaa ggcgc tg t tc  aagggcgtgc t t g c c t t c t t  

gcaacaggat gctcacaaca t t t g c a g a c a  g t t g g c t g c t  t t t c c c c g c t  g c t t t t g a g g  

gtgccagcgc ataggggtgc gggctctcac accagcgcgc gagctcggca aga tcgc tcg  

c c t t g a a g t t  c g t a t c c t g c  a a t g c t t t g c  t t t g a g c t g a  agccgaggtc gaggccacgc 

tc tggccgcc  gtgcacatga c t g c t g c c t g  c tgcg tccgg  c t t a c g c c t t  c t g g t g t g c t  

t t a c g c c a t c  c t t t c c g c c a  ggctcctgcc c c t c g a t t t t  cagccggata t t t t c t a c c t  

t c a t a t c c g g  atagcgcccg gctggaaagc gc t tcagg tc  ccccagca t t  g g a g t c t c t g  

gcgcaacgct ggctgctgga gaggaactgg cctgtgaaga tcgggcgcga t c g t t t c c t g  

cagct tgcgc agtgggacgc t c a g c t t c a t  aggt tggcgg a t a a t a g c c t  ggagccggtc 

caccgacggg t c t c a t g a t t  gaatctccgc gtacgaaaaa tagtgccgag cccgggcgtg 

acgctgcccg ggccccgaca t t t c a g t c a a  tcaatgcgcc t t c g c a a t c c  cgaactgatc 

aagcaccgga t c a a c g t t a t  ggtcgaacgc c t t c t g c g c c  t t a t g c t t t t  tcacagcatc 

aa tga tca tg  gaaataccga aacctaccgc cagggcgcca t c g a t t g c c c  agccgaccac 

tggaatcgcg gcgcctaggg cggcacctgc ggcaaggccg g t g g c t t c a c  cggcaaccat 

gccgacggcg cgaccgatca t c t g t c c g c c  cagacgccct aggccggctg aggc t tcgcg  

gcccatcatc t t cgccccgg cgtcgatgcc a c c t t t a a t g  gcctcggcgc c c a t c c t c g t  

g c t g t c g t a a  atggcctggg t tgcgccaag c t t g t c g c c a  tgagcgatca ggctggacac 

tgaagcaaag cccacgatcg agttgagcgc c t tgccgccg  acgcccgcct cggcgagctg 

agtcaacatg gacggtccgc c c t c a t c g c t  t t t g c c t t c c  agaagct tgc g g c c t t t t t t  

ggag tc t tgc  agcgtaccca a c g t g c t g t t  c a t g t a g t t t  t c a t g c t g a t  t t t c g g t g a a  

atcagggggc agcacgctgt  cgtaaatggc t t t c t g g t t a  t c g g c g g t t t  gcagagactg 

gctggcatca g a c t t t t t c t  ggccaagcag c t g c t t c a g t  gcaccgcc t t  c g c t g a a g t t  

ggtcacgtag gacgtggcaa t c t t g t c t t g  cagatcgggt  t t g t t t t c a a  g c a c c t g a t t  

gg tag tggg t  a c t t t g g a a t  cggggaacag g t c t t t t t g c  a g t t g c a a c t  gggcggacaa 

accgctgatg gcgccgctgt  aa tcggca t t  c g g a t t a t g t  t t g t t g a c g g  c c t t g t c c g c  

c t t g t c c a t a  t c a g t c t g c a  gcgct tgacc g c t a t t g a c g  t t t t t c g t c t  gctcgacgac 

t g c c t t t t g c  agcgaggcat cactgcggac cagat tgcgc t c c t g c t c g g  g a a t g c t t t t  

a t tgaggtac  g c t t g t a c g t  caggatcagc c t g t a g c t g g  gaaatccggt  cgt tcaaacc 

c t g c t c g g t c  t t g t c g g t g t  tgcgcaggct  gcgcccggcg a t a a c g c t t t  g c t g g g t c t g  

c t g c a a c t t g  accatgacgg c c g c t t t c t g  tgcaccgc tg  t a a g a c t t g g  g t t t g t c g a a  

t a c g t c c t t g  t c c a g c t t g c  t g a t a t c a a t  cccggccacc gcat tgagcg tcgcagaatc 

gctgagcatg ctggcgaact  ggccgccgt t  ggtgggtgcg c t t t t c t t g a  t c c a c t c a c t  

c a g a t t t t t c  gcgtcgaaca t c t t a t c a g g  gctgtgcgca g c c t t c t t g c  gccccgacat 

gcccgc t tcg  t c t a c c t g a c  ccaaaaagcc tgg t tgcgac  caggtgctgc a g g a c t g t t t  

gagcgctccg gacaaccctg g g t t a c t t t g  tgccaacccc t t c a g g t c t t  c tgcgtcgac 



-continued 
a t t a c c g t c a  a c t t t g g t c t  t g t c c g c t g c  a t c c a c t g c a  t g a t g t g g g t  cggcagcaa t  9660 

cgccagtggc a t a t t g g c t c  g c a t c a c t g c  cgcgctgcgc a c c a t t t c c a  g tgac tgcgg  9720 

g tcagcg tcg  g g g t t g t c c t  t g g t g t a g t t  ggccaagtcc t t g t c g g c a c  t g t c t g c g g c  9780 

c t t t t c c a t a  t t t t t t g c g a  a g g t c t t g a g  a t c t t t g t t c  g t g a t c t t g c  c a t c t g c g t t  9840 

gccaccaccc t g a g c a a c g t  ccacggcggt  c t t c a g c g c c  g g g t t g g c g t  t g a t g a a a t c  9900 

c a t g g c c t t g  ccggcatcgg g g c c a t c a t c  acgcgcca tc  c a t g c c g c t g  caatcgggcg 9960 

a t t g a g c t c t  t t c g c c g c c t  g c t c g c g c t c  t t cgggcggc  agatgggcaa c c a t c g g c t c  10020 

c c a a c g t t t c  a g a g c t t c t g  gcgaggagta t t c a g a a t t g  tcgagaaagg c t g c g t c t g c  10080 

g g c t t t g g g g  gcg t tggaag  c g t c g g t t g c  a t c t g t g t t c  g tgggagc tg  c g a c c t g t t c  10140 

aaccggagcg gccggggcag t c g c t t c a g t  cggtgaagcc tcggcaggag a a t c t g c g c a  10200 

gggttgcggc t g g a c c t g a t  t a t t c a c a t t  ggca t tggca  gc tgccccgc  c a c t g c c c t g  10260 

gagcaaaaga gccaggatag acgacgcggt  c t g c t c g g c t  c c t g t c g g c g  c g c c t t g c g t  10320 

g t tgccggcc  ggctgaccga ac tgcacgcc  g g c t t g c c c a  ccgccaccca cagg tg tcgg  10380 

c a a g g c t t t g  gcaagaggcg ac tcaacagc  cagagccagt  tcgccaggag t g g g t t g g t t  10440 

cacga taacg  aagggagaac t g g a t a t a c g  c a t g g t g a g t  t g c c a t c c g a  gagtgagcga 10500 

t g g c a a c t g t  g t g g t t g a a g  g t g c a a g t t g  g t t c c a g a a a  a a a t g a t c g a  g a t c g c c a t t  10560 

caggcgaacg g g t c g a t t t g  c t g c t t g a g c  tgaacccgcg  cgcgggacag gcgtgagcga 10620 

acggtgccaa tcggcacgcc g a g g c t g t t c  g c t g t t t c c t  g a t a a t t g c c  g t c c a t c t c c  10680 

a g c g a c a c t t  c c a g c a c t t t  t t g c a t g t t c  gacggcaggc a a t c a a t g g c  c t g a a t g a c t  10740 

c g c g c c a g t t  gccgatgccc c t c t a c c t g a  t g a c t g a c a t  caccg tgccc  t t c c a g c t c g  10800 

g a a t g c a c t t  c g t c t t c c c a  g c t t t c c t g a  t a c g g c t g a c  g a t a c a t t t t  gcggaagtga 10860 

t t g c g g a t c a  gg t tcagcgc  ga tgccacac  a g c c a g g t c t  g c g g t t t g c t  g g c a t g t t g a  10920 

a a c t t g t g c t  c g t t a c g c a n  g g c t t c a a g a  aacacgcac t  ggagaa tg tc  a t c c a c a t c a  10980 

t c a g g g t t c a  t a c c c g c t t t  t t g g a t a a a c  gccctgagca t c t g a a t c t g  atcgggcggc 11040 

a t t t g g c g a a  ataccgcgga cnaaaatggc tgacngggc t  g g g t t g a g t c  nanga tcaca  11100 

a t c t t t t g a a  a c a t g g g c t t  a c c c t g a t t a  a tggngtaca  a a c c c t a t a g  c g a t a a c c a t  11160 

g c c n n c t t a a  aaaaanaaaa aac tggn tga  t t t a t n a a a a  a a t t t t a a a a  a n n g a a a t t t  11220 

t t t g t a t a c a  a a a c t t g g g c  n a c c g n t t t t  gcccaaaac t  t t t g g g c a a a  aanatnggan 11280 

c t t t c a n g g g  an tga tccng  gaccgnaacc c t t annggaa  t a a t c c g g t t  aaancggc ta  11340 

tnaaanagng t t c c n c t a t a  t g g n a a a a t t  cgggggccca c c c n t t n g a a  c c t t t t g g n a  11400 

a c c c t t t c a a  t g t t g a t t t g  ncaaa taagg  g a t t n n c c c a  a a a g g t t t n g  c t t t n g g g  11458 

Several undefined nucleotides exist in SEQ. ID. No. 18, tively. The nucleotide sequences for a number of these ORFs 
however these appear to be present in intergenic regions. and their encoded protein or polypeptide products are pro- 
The EEL of Pseudomonas syvingae pv. tomato DC3000 ss vided below. 
contains a number of ORFs. One of the products encoded by The DNA molecule of ORFl from the Pseudomonas 
the EEL is a homolog of TnpA' from t? stutzevi. An syvingae pv. tomato DC3000 EEL has a nucleotide sequence 
additional four products are produced by ORF1-4, respec- (SEQ. ID. No. 19) as follows: 

a tgagacccg  t cgg tggacc  ggctccaggc t a t t a t c c g c  c a a c c t a t g a  agc tgagcg t  60 

cccac tgcgc  aagctgcagg aaacga tcgc  g c c c g a t c t t  cacaggccag t t c c t c t c c a  120 

gcagccagcg t t g c g c c a g a  g a c t c c a a t g  ctgggggacc t g a a g c g c t t  tccagccggg 180 



-con t inued  
c g c t a t c c g g  a t a t g a a g g t  a g a a a a t a t c  cggctgaaaa tcgaggggca ggagcctggc 

ggaaaggatg gcgtaaagca caccagaagg cgtaagccgg acgcagcagg c a g c a g t c a t  

gtgcacggcg gccagagcgt  ggcctcgacc t c g g c t t c a g  c tcaaagcaa  a g c a t t g c a g  

g a t a c g a a c t  tcaaggcgag c g a t c t t g c c  gagctcgcgc g c t g g t g t g a  gagcccgcac 

c c c t a t g c g c  t g g c a c c c t c  aaaagcagcg gggaaaagca g c c a a c t g t c  t g c a a a t g t t  

g t g a g c a t c c  t g t t g c a a g a  aggcaagcac g c c c t t g a a c  a g c g c c t t g a  ggc tcaagg t  

c t c a a g c t g g  c c g a c g t t g t  t g t c t c g g a a  ggtcgggacc a c c t t c a t a t  a a a t c t c a a t  

t a c c t t g a a a  t g g a c a g t t g  t c tggggacg  t c c a a g g g t t  t a t g g g c a c c  t g a c a g t a a t  

gacaagaaac t g a t t g c c a a  ggcagcgcgt  t a t t t t g a t g  a t t t c a a c g c  g c a a a a g t t a  

cc tgagc tgg  c g c c g t t g a c  gaagatgaaa agcaaggaca g t c t c g g t g t  catgcgcgag 

c t g t t a c g t g  atgcgccggg g c t t g t t a t t  ggtgagggtc a c a a t t c a a c  g tccagcaag  

c g t g a a c t g a  t c a a t a a c a t  gaagagc t tg  aaggccagtg gcg tgaccac  g c t t t t t a t g  

g a g c a c c t c t  gcgccgagtc aca tgacaag  g c g c t c a a t a  a t t a c c t g a g  cgcgcccaaa 

ggcagtccga t g c c t g c c a g  gc tgaaaaac  t a c c t c g a t t  t g c a g a g t c a  ggg tca tcag  

gccccggaag agc tccacac  g a a a t a t a a c  t t c a c c a c c t  tgg tggaagc  ggccaagcac 

gccgggt tgc  g c g t t g t c t c  g c t g g a t a c a  a c g t c c a c c t  a t a t g g c c c c  ggagaaagct  

gagataaagc gtgcccaagc c a t g a a t t a c  t acgcagcag  a a a a a a t a a g  gc tgagcaaa  

ccggaaggta ag tggg tcgc  t t t t g t c g g g  gcaacgcacg c c a c t t c c t g  tgacggag tc  

ccagggt tgg  c a g a g t t g c a  tggggtacgc  a g t c t g g t g a  t c g a t g a t c t  gggcctcaag 

tcccgagcga c c g t c g a t a t  c a a t g t g a a a  aac tacggcg  gcaagc tgaa  t c c a g a c g t g  

a g g c t t t c c t  a t a a g g t c t g  a  

The protein or polypeptide encoded by Pto DC3000 EEL 
ORFl has an amino acid sequence (SEQ. ID. No. 20) as 
follows: 

Met Arg Pro  Val Gly Gly Pro  Ala Pro  Gly Tyr Tyr Pro  Pro  Thr Tyr 
1 5  1 0  1 5  

Glu Ala Glu Arg Pro  Thr Ala Gln Ala Ala Gly Asn Asp Arg Ala Arg 
2 0  2 5  3  0  

S e r  S e r  Gln Ala S e r  S e r  S e r  Pro  Ala Ala Ser  Val Ala Pro  Glu Thr 
3 5  4  0  4 5  

Pro  Met Leu Gly Asp Leu Lys Arg Phe Pro  Ala Gly Arg Tyr Pro  Asp 
5  0  5  5  60  

Met Lys Val Glu Asn I l e  Arg Leu Lys I l e  Glu Gly Gln Glu Pro  Gly 
6  5  7 0  7  5  8 0  

Gly Lys Asp Gly Val Lys His  Thr Arg Arg Arg Lys Pro  Asp Ala Ala 
8  5  9 0  9 5  

Gly S e r  S e r  His  Val His  Gly Gly Gln S e r  Val Ala S e r  Thr S e r  Ala 
1 0 0  1 0 5  1 1 0  

S e r  Ala Gln S e r  Lys Ala Leu Gln Asp Thr Asn Phe Lys Ala S e r  Asp 
1 1 5  1 2 0  1 2 5  

Leu Ala Glu Leu Ala Arg Trp Cys Glu S e r  Pro His  Pro  Tyr Ala Leu 
1 3 0  1 3 5  1 4 0  

Ala Pro  S e r  Lys Ala Ala Gly Lys S e r  S e r  Gln Leu S e r  Ala Asn Val 
1 4 5  1 5 0  1 5 5  1 6 0  



-con t inued  
V a l  S e r  I l e  L e u  L e u  G l n  G l u  G l y  L y s  H i s  A l a  L e u  G l u  G l n  A r g  L e u  

1 6 5  1 7 0  1 7 5  

G l u  A l a  G l n  G l y  L e u  L y s  L e u  A l a  A s p  V a l  V a l  V a l  S e r  G l u  G l y  A r g  
1 8 0  1 8 5  1 9 0  

A s p  H i s  L e u  H i s  I l e  A s n  L e u  A s n  T y r  L e u  G l u  M e t  A s p  S e r  C y s  L e u  
1 9 5  2 0 0  2 0 5  

G l y  T h r  S e r  L y s  G l y  L e u  T r p  A l a  P r o  A s p  S e r  A s n  A s p  L y s  L y s  L e u  
2 1 0  2  1 5  2 2 0  

I l e  A l a  L y s  A l a  A l a  A r g  T y r  P h e  A s p  A s p  P h e  A s n  A l a  G l n  L y s  L e u  
2 2 5  2 3 0  2 3 5  2 4 0  

P r o  G l u  L e u  A l a  P r o  L e u  T h r  L y s  M e t  L y s  S e r  L y s  A s p  S e r  L e u  G l y  
2 4 5  2 5 0  2 5 5  

V a l  M e t  A r g  G l u  L e u  L e u  A r g  A s p  A l a  P r o  G l y  L e u  V a l  I l e  G l y  G l u  
2 6 0  2 6 5  2 7 0  

G l y  H i s  A s n  S e r  T h r  S e r  S e r  L y s  A r g  G l u  L e u  I l e  A s n  A s n  M e t  L y s  
2 7 5  2 8 0  2 8 5  

S e r  L e u  L y s  A l a  S e r  G l y  V a l  T h r  T h r  L e u  P h e  M e t  G l u  H i s  L e u  C y s  
2 9 0  2 9 5  3 0 0  

A l a  G l u  S e r  H i s  A s p  L y s  A l a  L e u  A s n  A s n  T y r  L e u  S e r  A l a  P r o  L y s  
3 0 5  3 1 0  3  1 5  3 2 0  

G l y  S e r  P r o  M e t  P r o  A l a  A r g  L e u  L y s  A s n  T y r  L e u  A s p  L e u  G l n  S e r  
3 2 5  3 3 0  3 3 5  

G l n  G l y  H i s  G l n  A l a  P r o  G l u  G l u  L e u  H i s  T h r  L y s  T y r  A s n  P h e  T h r  
3 4 0  3 4 5  3 5 0  

T h r  L e u  V a l  G l u  A l a  A l a  L y s  H i s  A l a  G l y  L e u  A r g  V a l  V a l  S e r  L e u  
3 5 5  3 6 0  3 6 5  

A s p  T h r  T h r  S e r  T h r  T y r  M e t  A l a  P r o  G l u  L y s  A l a  G l u  I l e  L y s  A r g  
3 7 0  3 7 5  3 8 0  

A l a  G l n  A l a  M e t  A s n  T y r  T y r  A l a  A l a  G l u  L y s  I l e  A r g  L e u  S e r  L y s  
3 8 5  3 9 0  3 9 5  400  

P r o  G l u  G l y  L y s  T r p  V a l  A l a  P h e  V a l  G l y  A l a  T h r  H i s  A l a  T h r  S e r  
4 0 5  410  4 1 5  

C y s  A s p  G l y  V a l  P r o  G l y  L e u  A l a  G l u  L e u  H i s  G l y  V a l  A r g  S e r  L e u  
420  4 2 5  4 3 0  

V a l  I l e  A s p  A s p  L e u  G l y  L e u  L y s  S e r  A r g  A l a  T h r  V a l  A s p  I l e  A s n  
4 3 5  4 4 0  4 4 5  

V a l  L y s  A s n  T y r  G l y  G l y  L y s  L e u  A s n  P r o  A s p  V a l  A r g  L e u  S e r  T y r  
4 5 0  4 5 5  4 6 0  

L y s  V a l  
4 6 5  

The DNA molecule of ORF2 from the Pseudomonas 
syvingae pv. tomato DC3000 E E L  has a nucleotide sequence 
(SEQ. ID. No. 21) as follows: 

a t g c a a a a g a  c g a c c c t a t g  g g c t t t a g c c  t t t g c a a t g t  t g g c a g g g t g  t g g g g t t t c g  6 0  

g g g c c g g c g c  c g g g a a g t g a  t a t t c a g g g t  g c c c a g g c a g  a g a t g a a a a c  a c c c g t t a a a  1 2 0  

c t a a a t c t g g  a t g c c t a c a c  ctcaaaaaaa c t g g a t g c t g  t g c t g g a a g c  c c g c a c c a a c  1 8 0  

a a a a g t t a t a  t g a a t a a a g g  t c a g c t g a t c  g a c c t t g t a t  c a g g a g c g t t  t t t a g g a a c a  2 4 0  

c c g t a c c g c t  c a a a c a t g t t  g g t g g g c t c a  g c g a a t g t a c  c t g a a c a a t t  a g t c a t c g a c  3 0 0  

t t c a g a g g t c  t g g a t t g t t t  t g c t t a t c t g  g a t t a c g t c g  a a g c g t t t c g  a a g a t c a a c a  3 6 0  



-con t inued  
tcgcagcagg a t t t t g t g a g  g a a t c t c g t t  c a g g t t c g t t  acaagggtgg c g a t g t t g a c  4 2 0  

t t t t t g a a t c  g c a a g c a c t t  t t t c a c g g a t  t g g g c t t a c g  gaacggca ta  c c c t g t g g c g  4 8 0  

g a t g a c a t t a  ccgcgcagat  aagccccggt  gcgg taag tg  t cagaaaacg  c c t t a a t g a a  5 4 0  

agggccaaag g c a a a g t c t a  t c tgccaggg  t t g c c t g t g g  t t g a g c g t a g  c a t g a c g t a t  6 0 0  

a tcccgagcc  g c c t t g t c g a  cag tcagg tg  gtgagccacc tgcgcaccgg t g a t t a c a t t  6 6 0  

g g c a t t t a c a  c c c c c g c t t c  ccgggctgga t g t g a c a c a c  g t c g g t t t c t  t t a t c g t g a c  7 2 0  

gga taa  7 2 6  

The protein or polypeptide encoded by Pto DC3000 EEL 1s 
ORF2 has amino acid sequence (SEQ. ID. No. 22) as 
follows: 

Met Gln Lys Thr Thr Leu Trp Ala Leu Ala Phe Ala Met Leu Ala Gly 
1 5  1 0  1 5  

Cys Gly Val S e r  Gly Pro  Ala Pro  Gly S e r  Asp I l e  Gln Gly Ala Gln 
2 0  2 5  3  0  

Ala Glu Met Lys Thr Pro  Val Lys Leu Asn Leu Asp Ala Tyr Thr S e r  
3 5  4  0  4 5  

Lys Lys Leu Asp Ala Val Leu Glu Ala Arg Thr Asn Lys S e r  Tyr Met 
5  0  5  5  60  

Asn Lys Gly Gln Leu I l e  Asp Leu Val S e r  Gly Ala Phe Leu Gly Thr 
6  5  7 0  7  5  8 0  

Pro  Tyr Arg S e r  Asn Met Leu Val Gly S e r  Ala Asn Val Pro  Glu Gln 
8  5  9 0  9 5  

Leu Val I l e  Asp Phe Arg Gly Leu Asp Cys Phe Ala Tyr Leu Asp Tyr 
1 0 0  1 0 5  1 1 0  

Val Glu Ala Phe Arg Arg S e r  Thr S e r  Gln Gln Asp Phe Val Arg Asn 
1 1 5  1 2 0  1 2 5  

Leu Val Gln Val Arg Tyr Lys Gly Gly Asp Val Asp Phe 
1 3 0  1 3 5  1 4 0  

Leu Asn Arg 

Lys His  Phe Phe Thr Asp Trp Ala Tyr Gly Thr Ala Tyr Pro  Val Ala 
1 4 5  1 5 0  1 5 5  1 6 0  

Asp Asp I l e  Thr Ala Gln I l e  S e r  Pro  Gly Ala Val S e r  Val Arg Lys 
1 6 5  1 7 0  1 7 5  

Arg Leu Asn Glu Arg Ala Lys Gly Lys Val Tyr Leu Pro  Gly Leu Pro  
1 8 0  1 8 5  1 9 0  

Val Val Glu Arg S e r  Met Thr Tyr I l e  Pro  Ser  Arg Leu Val Asp S e r  
1 9 5  2 0 0  2 0 5  

Gln Val Val S e r  His  Leu Arg Thr Gly Asp Tyr I l e  Gly I l e  Tyr Thr 
2 1 0  2  1 5  2 2 0  

Pro  Ala S e r  Arg Ala Gly Cys Asp Thr Arg Arg Phe Leu Tyr Arg Asp 
2 2 5  2 3 0  2 3 5  2 4 0  

The DNA molecule of ORF3 from the Pseudomonas (SEQ. ID. No. 23) as follows: 
syvingae pv. tomato DC3000 EEL has a nucleotide sequence 

a tgcgcgcg t  a t a a a a a c c t  gacggcaaag a tcggcggc t  t t c t g c t t g c  g c t g a c g a t c  6 0  

a t t g g c a c t t  c g c t a c c t g c  a t t t g c c g t a  a a c g a t t g t g  a t c t g g a c a a  cgacaacagc 1 2 0  



-con t inued  
accggtgcca cg tg tggcgg  caacgacaag g a t c t g g a t a  acgacaacg t  gactgacgcg 1 8 0  

g c a t t t g g c g  gcaacgacaa gga ta tggac  aa tgaccacc  acaccgacgc g g c a t t t g g g  2 4 0  

ggtaacgaca aggacctgga caacga tcac  c a t a c g g a t g  c a g c g t t t g g  cgg taacgac  3 0 0  

a a a g a t c t c g  acaacgacaa caaaaccga t  g c g g c t t t c g  g tggaaa tga  c c g c g a t c t t  3 6 0  

ga taacgaca  acaacaccga c a a c t a c a a c  ggcacgccgt  c t g c c g c t a a  aaag tag  4 1 7  

The protein or polypeptide encoded by Pto DC3000 EEL 
ORF3 has an amino acid sequence (SEQ. ID. No. 24) as 
follows: 

Met Arg Ala Tyr Lys Asn Leu Thr Ala Lys I l e  Gly Gly Phe Leu Leu 
1 5  1 0  1 5  

Ala Leu Thr I l e  I l e  Gly Thr S e r  Leu Pro  Ala Phe Ala Val Asn Asp 
2 0  2 5  3  0  

Cys Asp Leu Asp Asn Asp Asn S e r  Thr Gly Ala Thr Cys Gly Gly Asn 
3 5  4  0  4 5  

Asp Lys Asp Leu Asp Asn Asp Asn Val Thr Asp Ala Ala Phe Gly Gly 
5  0  5  5  60  

Asn Asp Lys Asp Met Asp Asn Asp His  His  Thr Asp Ala Ala Phe Gly 
6  5  7 0  7  5  8 0  

Gly Asn Asp Lys Asp Leu Asp Asn Asp His  His Thr Asp Ala Ala Phe 
8  5  9 0  9 5  

Gly Gly Asn Asp Lys Asp Leu Asp Asn Asp Asn Lys Thr Asp Ala Ala 
1 0 0  1 0 5  1 1 0  

Phe Gly Gly Asn Asp Arg Asp Leu Asp Asn Asp Asn Asn Thr Asp Asn 
1 1 5  1 2 0  1 2 5  

Tyr Asn Gly Thr Pro  S e r  Ala Ala Lys Lys 
1 3 0  1 3 5  

Ps. syvingae pv. tomato DC3000 EEL ORF3 has now been 
40 

shown to significantly reduce virulence when mutated. Per- 
haps more interestingly, overexpression strongly increases 
lesion size. Hence, this effector is biologically active and 
appears to have a key role in symptom production. 

The DNA molecule of ORF4 from the Pseudomonas 
4s 

syvingae pv. tomato DC3000 EEL has a nucleotide sequence 
(SEQ. ID. No. 25) as follows: 

a tgaacaaga  t c g t c t a c g t  a a a a g c t t a c  t t c a a a c c c a  t tggggagga  a g t c t c g g t t  6 0  

a a a g t a c c t a  caggcgaaat  taaaaagggc t t t t t c g g c g  acaaggaaa t  ca tgaaaaaa  1 2 0  

gagacccagt  ggcagcaaac c g g g t g g t c t  g a t t g t c a g a  t agacgg tga  a c g g c t a t c g  1 8 0  

aaagacg tcg  aagacgcagt  ggcgcaactc  a a t g c t g a c g  g t t a t g a g a t  t c a a a c g g t a  2 4 0  

t t g c c t a t a t  tg tccggggc  t t a t g a t t a t  g c g c t c a a a t  accga tacga  a a t a c g t c a c  3 0 0  

a a t a g a a c t g  aac taagccc  aggagaccag t c c t a t g t c t  t c g g c t a t g g  c t a c a g c t t c  3 6 0  

accgaaggcg t g a c g c t g g t  ggcgaaaaaa t t t c a g t c g t  c t g c a a g c t g  a  4 1 1  

The protein or polypeptide encoded by Pto DC3000 EEL 
ORF4 has an amino acid sequence (SEQ. ID. No. 26) as 
follows: 



Met Asn Lys I l e  Val Tyr Val Lys Ala Tyr Phe Lys Pro  I l e  Gly Glu 
1 5  1 0  1 5  

Glu Val S e r  Val Lys Val Pro  Thr Gly Glu I l e  Lys Lys Gly Phe Phe 
2 0  2 5  3  0  

Gly Asp Lys Glu I l e  Met Lys Lys Glu Thr Gln Trp Gln Gln Thr Gly 
3 5  4  0  4 5  

Trp S e r  Asp Cys Gln I l e  Asp Gly Glu Arg Leu S e r  Lys Asp Val Glu 
5  0  5  5  60  

Asp Ala Val Ala Gln Leu Asn Ala Asp Gly Tyr Glu I l e  Gln Thr Val 
6  5  7 0  7  5  8 0  

Leu Pro  I l e  Leu S e r  Gly Ala Tyr Asp Tyr Ala Leu Lys Tyr Arg Tyr 
8  5  9 0  9 5  

Glu I l e  Arg His  Asn Arg Thr Glu Leu S e r  Pro Gly Asp Gln S e r  Tyr 
1 0 0  1 0 5  1 1 0  

Val Phe Gly Tyr Gly Tyr S e r  Phe Thr Glu Gly Val Thr Leu Val Ala 
1 1 5  1 2 0  1 2 5  

Lys Lys Phe Gln S e r  S e r  Ala Ser 
1 3 0  1 3 5  

The EEL of Pseudomonas syvingae pv. syvingae B728a 2s ber of these ORFs and their encoded protein or polypeptide 
contains a number of ORFs. Two of the open reading frames products are provided below. 
appear to be mobile genetic elements without comparable 
homologs in EELS of other Pseudomonas syvingae variants. The DNA molecule of ORFl from the Pseudomonas 
An additional four products are produced by ORF1-2 and syvingae pv. syvingae B728a EEL has a nucleotide sequence 
ORF5-6, respectively. The nucleotide sequences for a num- (SEQ. ID. No. 27) as follows: 

a t g g g t t g c g  t a t c g t c a a a  a g c a t c t g t c  a t t t c t t c g g  a c a g c t t t c g  c g c a t c a t a t  6 0  

a c a a a c t c t c  cagaggcatc  c t c a g t c c a t  caacgagcca ggacgccaag g tgcgg tgag  1 2 0  

c t t caggggc  cccaag tgag  c a g a t t g a t g  c c t t a c c a g c  a g g c g t t a g t  agg tg tggcc  1 8 0  

c g a t g g c c t a  a t c c g c a t t t  taacagggac gatgcgcccc accagatgga g ta tggagaa  2 4 0  

t c g t t c t a c c  a taaaagccg  a g a g c t t g g t  gcg tcgg tcg  ccaatggaga ga tagaaacg  3 0 0  

t t t c a g g a g c  t c t g g a g t g a  a g c t c g t g a t  t g g a g a g c t t  ccagagcagg c c a a g a t g c t  3 6 0  

c g g c t t t t t a  g t t c a t c g c g  t g a t c c c a a c  t c t t c a c g g g  c g t t t g t t a c  g c c t a t a a c t  4 2 0  

ggacca tacg  a a t t t t t a a a  a g a t a g a t t c  gcaaaccg ta  aagatggaga aaagca taag  4 8 0  

a t g a t g g a t t  t t c t c c c a c a  cagcaa tacg  t t t a g g t t t c  a t g g g a a a a t  tgacgg tgag  5 4 0  

c g a c t t c c t c  t c a c c t g g a t  c t c g a t a a g t  t c t g a t c g t c  gtgccgacag aacaaagga t  6 0 0  

c c t t a c c a a a  gg t tgcgcga  ccaaggca tg  aacga tg tgg  g t g a g c c t a a  t g t g a t g t t g  6 6 0  

cacacccaag c c g a g t a t g t  g c c c a a a a t t  a t g c a a c a t g  t g g a g c a t c t  t t a t a a g g c c  7 2 0  

gc tacgga tg  c t g c a t t g t c  c g a t g c c a a t  gcgctgaaaa aac tcgcaga  g a t a c a t t g g  7 8 0  

tggacgg tac  a a g c t g t t c c  c g a c t t t c g t  ggaagtgcag c t a a g g c t g a  g c t c t g c g t g  8 4 0  

c g c t c c a t t g  cccaggcaag gggcatggac ctgccgccga tgagac tcgg  c a t c g t g c c g  9 0 0  

ga tc tggaag  c g c t t a c g a t  g c c t t t g a a a  g a c t t t g t g a  a a a g t t a c g a  a g g g t t c t t c  9 6 0  

g a a c a t a a c t  ga 9 7 2  



US 6,852,835 B2 
73 

The protein or polypeptide encoded by Psy B728a EEL 
ORFl has an amino acid sequence (SEQ. ID. No. 28) as 
follows: 

M e t  G l y  C y s  V a l  S e r  S e r  L y s  A l a  S e r  V a l  I l e  S e r  S e r  A s p  S e r  P h e  
1 5  1 0  1 5  

A r g  A l a  S e r  T y r  T h r  A s n  S e r  P r o  G l u  A l a  S e r  S e r  V a l  H i s  G l n  A r g  
2 0  2 5  3  0  

A l a  A r g  T h r  P r o  A r g  C y s  G l y  G l u  L e u  G l n  G l y  P r o  G l n  V a l  S e r  A r g  
3 5  4  0  4 5  

L e u  M e t  P r o  T y r  G l n  G l n  A l a  L e u  V a l  G l y  V a l  A l a  A r g  T r p  P r o  A s n  
5  0  5  5  60  

P r o  H i s  P h e  A s n  A r g  A s p  A s p  A l a  P r o  H i s  G l n  M e t  G l u  T y r  G l y  G l u  
6  5  7 0  7  5  8 0  

S e r  P h e  T y r  H i s  L y s  S e r  A r g  G l u  L e u  G l y  A l a  S e r  V a l  A l a  A s n  G l y  
8  5  9 0  9 5  

G l u  I l e  G l u  T h r  P h e  G l n  G l u  L e u  T r p  S e r  G l u  A l a  A r g  A s p  T r p  A r g  
1 0 0  1 0 5  1 1 0  

A l a  S e r  A r g  A l a  G l y  G l n  A s p  A l a  A r g  L e u  P h e  S e r  S e r  S e r  A r g  A s p  
1 1 5  1 2 0  1 2 5  

P r o  A s n  S e r  S e r  A r g  A l a  P h e  V a l  T h r  P r o  I l e  T h r  G l y  P r o  T y r  G l u  
1 3 0  1 3 5  1 4 0  

P h e  L e u  L y s  A s p  A r g  P h e  A l a  A s n  A r g  L y s  A s p  G l y  G l u  L y s  H i s  L y s  
1 4 5  1 5 0  1 5 5  1 6 0  

M e t  M e t  A s p  P h e  L e u  P r o  H i s  S e r  A s n  T h r  P h e  A r g  P h e  H i s  G l y  L y s  
1 6 5  1 7 0  1 7 5  

I l e  A s p  G l y  G l u  A r g  L e u  P r o  L e u  T h r  T r p  I l e  S e r  I l e  S e r  S e r  A s p  
1 8 0  1 8 5  1 9 0  

A r g  A r g  A l a  A s p  A r g  T h r  L y s  A s p  P r o  T y r  G l n  A r g  L e u  A r g  A s p  G l n  
1 9 5  2 0 0  2 0 5  

G l y  M e t  A s n  A s p  V a l  G l y  G l u  P r o  A s n  V a l  M e t  L e u  H i s  T h r  G l n  A l a  
2 1 0  2  1 5  2 2 0  

G l u  T y r  V a l  P r o  L y s  I l e  M e t  G l n  H i s  V a l  G l u  H i s  L e u  T y r  L y s  A l a  
2 2 5  2 3 0  2 3 5  2 4 0  

A l a  T h r  A s p  A l a  A l a  L e u  S e r  A s p  A l a  A s n  A l a  L e u  L y s  L y s  L e u  A l a  
2 4 5  2 5 0  2 5 5  

G l u  I l e  H i s  T r p  T r p  T h r  V a l  G l n  A l a  V a l  P r o  A s p  P h e  A r g  G l y  S e r  
2 6 0  2 6 5  2 7 0  

A l a  A l a  L y s  A l a  G l u  L e u  C y s  V a l  A r g  S e r  I l e  A l a  G l n  A l a  A r g  G l y  
2 7 5  2 8 0  2 8 5  

M e t  A s p  L e u  P r o  P r o  M e t  A r g  L e u  G l y  I l e  V a l  P r o  A s p  L e u  G l u  A l a  
2 9 0  2 9 5  3 0 0  

L e u  T h r  M e t  P r o  L e u  L y s  A s p  P h e  V a l  L y s  S e r  T y r  G l u  G l y  P h e  P h e  
3 0 5  3 1 0  3  1 5  3 2 0  

G l u  H i s  A s n  

As indicated in Table 1 (see Example 2), the DNA molecule 
encoding this protein or polypeptide bears significant 
homology to the nucleotide sequence from Pseudomonas 
syvingae pv. phaseolicola which encodes AvrPphC. 

The DNA molecule of ORF2 from the Pseudomonas 
syvingae pv. syvingae B728a EEL has a nucleotide sequence 
(SEQ. ID. No. 29) as follows: 



a t g a g a a t t c  a c a g t t c c g g  t c a t g g c a t c  t ccggaccag  t a t c c t c t g c  a g a a a c c g t t  6 0  

gaaaaggccg t g c a a t c a t c  ggcccaagcg cagaa tgaag  c g t c t c a c a g  c g g t c c a t c a  1 2 0  

g a a c a t c c t g  a a t c c c g c t c  c t g t c a g g c a  cgcccgaac t  a c c c t t a t t c  g t c a g t c a a a  1 8 0  

a c a c g g t t a c  c c c c t g t t g c  g tc tgcaggg  c a g t c g c t g t  c tgagacacc  c t c t t c a t t g  2 4 0  

c c t g g c t a c c  t g c t g t t a c g  t c g g c t t g a t  c g t c g t c c g c  tggaccagga cgcaa taaag  3 0 0  

g g g c t t a t t c  c t g c t g a t g a  agcagtgggc gaagcgcgcc gcgcg t tgcc  c t t c g g c a g g  3 6 0  

g g c a a c a t t g  a t g t g g a t g c  gcaacgc tcc  aacc tggaaa  gcggggcccg cacgc tcgcc  4 2 0  

gcaagacgcc tgagaaaaga cgccgagacg gcgggtca tg  agccga tgcc  cgagaacgaa 4 8 0  

g a c a t g a a c t  g g c a t g t g c t  g g t t g c c a t g  t cggg tcagg  t g t t c g g g g c  t g g c a a c t g t  5 4 0  

ggcgaacatg c c c g t a t a g c  g a g c t t t g c c  t a c g g t g c a t  cggctcagga aaaaggacgc 6 0 0  

gc tggcga tg  a a a a t a t t c a  t c t g g c t g c g  cagagcgggg a a g a t c a t g t  c tgggc tgaa  6 6 0  

a c g g a t g a t t  ccagcgctgg c t c t t c g c c t  a t t g t c a t g g  a c c c c t g g t c  a a a c g g t c c t  7 2 0  

g c c g t t t t t g  cagaggacag t c g g t t t g c t  aaagataggc gcgcggtaga gcgaacggat  7 8 0  

t c g t t c a c g c  t t t c a a c c g c  tgccaaagca  g g c a a g a t t a  cacgagagac agccgagaag 8 4 0  

gcgctgaccc aagcgaccag c c g t t t g c a g  c a a c g t c t t g  c t g a t c a g c a  ggcgcaagtc 9 0 0  

t c g c c g g t t g  aagg tgg tcg  c t a t c g g c a a  gaaaac tcgg  t g c t t g a t g a  t g c g t t c g c c  9 6 0  

cgacgagtca g t g a c a t g t t  gaacaa tgcc  gatccacggc g t g c a t t g c a  gg tggaaa tc  1 0 2 0  

gaggcgtccg g a g t t g c a a t  g t c g c t g g g t  gcccaaggcg t c a a g a c g g t  cg tccgacag  1 0 8 0  

gcgccaaaag tgg tcaggca  agccagaggc g t c g c a t c t g  c t a a a g g t a t  g t c t c c g c g a  1 1 4 0  

gcaacc tga  1 1 4 9  

The protein or polypeptide encoded by psy B728a EEL 
ORF2 has an amino acid sequence (SEQ. ID. No. 30) as 
follows: 

Met Arg I l e  His  S e r  S e r  Gly His  Gly I l e  Ser  Gly Pro  Val S e r  S e r  
1 5  1 0  1 5  

Ala Glu Thr Val Glu Lys Ala Val Gln S e r  Ser  Ala Gln Ala Gln Asn 
2 0  2 5  3  0  

Glu Ala S e r  His  S e r  Gly Pro  S e r  Glu His  Pro Glu S e r  Arg S e r  Cys 
3 5  4  0  4 5  

Gln Ala Arg Pro  Asn Tyr Pro  Tyr S e r  S e r  Val Lys Thr Arg Leu Pro  
5  0  5  5  60  

Pro  Val Ala S e r  Ala Gly Gln S e r  Leu S e r  Glu Thr Pro  S e r  S e r  Leu 
6  5  7 0  7  5  8 0  

Pro  Gly Tyr Leu Leu Leu Arg Arg Leu Asp Arg Arg Pro  Leu Asp Gln 
8  5  9 0  9 5  

Asp Ala I l e  Lys Gly Leu I l e  Pro  Ala Asp Glu Ala Val Gly Glu Ala 
1 0 0  1 0 5  1 1 0  

Arg Arg Ala Leu Pro  Phe Gly Arg Gly Asn I l e  Asp Val Asp Ala Gln 
1 1 5  1 2 0  1 2 5  

Arg S e r  Asn Leu Glu S e r  Gly Ala Arg Thr Leu Ala Ala Arg Arg Leu 
1 3 0  1 3 5  1 4 0  

Arg Lys Asp Ala Glu Thr Ala Gly His  Glu Pro Met Pro  Glu Asn Glu 
1 4 5  1 5 0  1 5 5  1 6 0  

Asp Met Asn Trp His  Val Leu Val Ala Met Ser  Gly Gln Val Phe Gly 



Ala Gly Asn Cys Gly Glu His  Ala Arg I l e  Ala S e r  Phe Ala Tyr Gly 
1 8 0  1 8 5  1 9 0  

Ala S e r  Ala Gln Glu Lys Gly Arg Ala Gly Asp Glu Asn I l e  His  Leu 
1 9 5  2 0 0  2 0 5  

Ala Ala Gln S e r  Gly Glu Asp His  Val Trp Ala Glu Thr Asp Asp S e r  
2 1 0  2  1 5  2 2 0  

S e r  Ala Gly S e r  S e r  Pro  I l e  Val Met Asp Pro Trp S e r  Asn Gly Pro  
2 2 5  2 3 0  2 3 5  2 4 0  

Ala Val Phe Ala Glu Asp S e r  Arg Phe Ala Lys Asp Arg Arg Ala Val 
2 4 5  2 5 0  2 5 5  

Glu Arg Thr Asp S e r  Phe Thr Leu S e r  Thr Ala Ala Lys Ala Gly Lys 
2 6 0  2 6 5  2 7 0  

I l e  Thr Arg Glu Thr Ala Glu Lys Ala Leu Thr Gln Ala Thr S e r  Arg 
2 7 5  2 8 0  2 8 5  

Leu Gln Gln Arg Leu Ala Asp Gln Gln Ala Gln Val S e r  Pro  Val Glu 
2 9 0  2 9 5  3 0 0  

Gly Gly Arg Tyr Arg Gln Glu Asn S e r  Val Leu Asp Asp Ala Phe Ala 
3 0 5  3 1 0  3  1 5  3 2 0  

Arg Arg Val S e r  Asp Met Leu Asn Asn Ala Asp Pro  Arg Arg Ala Leu 
3 2 5  3 3 0  3 3 5  

Gln Val Glu I l e  Glu Ala S e r  Gly Val Ala Met S e r  Leu Gly Ala Gln 
3 4 0  3 4 5  3 5 0  

Gly Val Lys Thr Val Val Arg Gln Ala Pro  Lys Val Val Arg Gln Ala 
3 5 5  3 6 0  3 6 5  

Arg Gly Val Ala S e r  Ala Lys Gly Met S e r  Pro Arg Ala Thr 
3 7 0  3 7 5  3 8 0  

3s 

As indicated in Table 1 (see Example 2), the DNA molecule 
encoding this protein or polypeptide bears significant 
homology to the nucleotide sequence from Pseudomonas 
syvingae pv. phaseolicola which encodes AvrPphE. 

40 
The DNA molecule of ORF5 from the Pseudomonas 

syvingae pv. syvingae B728a EEL has a nucleotide sequence 
(SEQ. ID. No. 31) as follows: 

a t g a a t a t c t  caggtccgaa cagacg tcag  gggactcagg cagagaacac t g a a a g c g c t  

t c g t c a t c a t  c g g t a a c t a a  cccaccgc ta  cagcgtggcg agggcagacg t c t g c g a c g t  

caggatgcgc tgccaacgga t a t c a g a t a c  aacgccaacc agacagcgac a tcaccgcaa  

aacgcgcgcg cggcaggaag a t a t g a a t c a  ggggccagct  ca tccggcgc  g a a t g a t a c t  

ccgcaggctg a a g g t t c a a t  g c c t t c g t c g  t c c g c c c t t t  t a c a a t t t c g  cc tcgccggc  

gggcggaacc a t t c t g a g c t  g g a a a a t t t t  c a t a c t a t g a  t g c t g a a c t c  accgaaagca 

tcacggggag a t g c t a t a c c  tgagaagccc gaagcaa tac  c t a a g c g c c t  actggagaag 

atggaaccga t t a a c c t g g c  c c a g t t a g c t  t t g c g t g a t a  a g g a t c t g c a  t g a a t a t g c c  

g t a a t g g t c t  g t a a c c a a g t  gaaaaagggt  gaaggtccga a c t c c a a t a t  t acgcaagga  

g a t a t c a a g t  t a c t g c c g c t  g t t c g c c a a a  gcggaaaata  caagaaa tcc  c g g c t t g a a t  

c t g c a t a c a t  t c a a a a g t c a  t a a a g a c t g t  taccaggcga t aaaagagca  aaacaggga t  

a t t c a a a a a a  acaagcaa tc  g c t g a g t a t g  c g g g t t g t t t  a c c c c c c a t t  caaaaaga tg  

ccagaccacc a t a t a g c c t t  g g a t a t c c a a  c t g a g a t a c g  gcca tcgacc  g t c g a t t g t c  



-continued 
g g c t t t g a g t  c t g c c c c t g g  g a a c a t t a t a  ga tgc tgcag  aaagggaaa t  a c t t t c a g c a  8 4 0  

t t a g g c a a c g  t c a a a a t c a a  aa tgg tagga  a a t t t t c t t c  a a t a c t c g a a  a a c t g a c t g c  9 0 0  

a c c a t g t t t g  c g c t t a a t a a  cgccc tgaaa  g c t t t t a a a c  a tcacgaaga  a t a t a c c g c c  9 6 0  

c g t c t g c a c a  atggagaaaa gcagg tgcc t  a tcccggcga c c t t c t t g a a  a c a t g c t c a g  1 0 2 0  

t c a a a a a g c t  t ag tggagaa  t cacccggaa  aaaga tacca  c c g t c a c t a a  agaccagggc 1 0 8 0  

g g t c t g c a t a  t g g a a a c g c t  a t t a c a c a g a  a a c c g t g c c t  accgggcgca a c g a t c t g c c  1 1 4 0  

ggtcagcacg t t a c c t c t a t  t g a a g g t t t c  agaatgcagg aaa taaagag  agcaggtgac 1 2 0 0  

t t c c t t g c c g  caaacagggt  ccgggccaag c c t t g a  

1s 

The protein or polypeptide encoded by Psy B728a EEL 
ORF5 has an amino acid sequence (SEQ. ID. No. 32) as 
follows: 

Met Asn I l e  S e r  Gly Pro  Asn Arg Arg Gln Gly Thr Gln Ala Glu Asn 
1 5  1 0  1 5  

Thr Glu S e r  Ala S e r  S e r  S e r  S e r  Val Thr Asn Pro  Pro  Leu Gln Arg 
2 0  2 5  3  0  

Gly Glu Gly Arg Arg Leu Arg Arg Gln Asp Ala Leu Pro  Thr Asp I l e  
3 5  4  0  4 5  

Arg Tyr Asn Ala Asn Gln Thr Ala Thr S e r  Pro Gln Asn Ala Arg Ala 
5  0  5  5  60  

Ala Gly Arg Tyr Glu S e r  Gly Ala S e r  S e r  Ser  Gly Ala Asn Asp Thr 
6  5  7 0  7  5  8 0  

Pro  Gln Ala Glu Gly S e r  Met Pro  S e r  S e r  Ser  Ala Leu Leu Gln Phe 
8  5  9 0  9 5  

Arg Leu Ala Gly Gly Arg Asn His  S e r  Glu Leu Glu Asn Phe His  Thr 
1 0 0  1 0 5  1 1 0  

Met Met Leu Asn S e r  Pro  Lys Ala S e r  Arg Gly Asp Ala I l e  Pro  Glu 
1 1 5  1 2 0  1 2 5  

Lys Pro  Glu Ala I l e  Pro  Lys Arg Leu Leu Glu Lys Met Glu Pro  I l e  
1 3 0  1 3 5  1 4 0  

Asn Leu Ala Gln Leu Ala Leu Arg Asp Lys Asp Leu His  Glu Tyr Ala 
1 4 5  1 5 0  1 5 5  1 6 0  

Val Met Val Cys Asn Gln Val Lys Lys Gly Glu Gly Pro  Asn S e r  Asn 
1 6 5  1 7 0  1 7 5  

I l e  Thr Gln Gly Asp I l e  Lys Leu Leu Pro  Leu Phe Ala Lys Ala Glu 
1 8 0  1 8 5  1 9 0  

Asn Thr Arg Asn Pro  Gly Leu Asn Leu His  Thr Phe Lys S e r  His  Lys 
1 9 5  2 0 0  2 0 5  

Asp Cys Tyr Gln Ala I l e  Lys Glu Gln Asn Arg Asp I l e  Gln Lys Asn 
2 1 0  2  1 5  2 2 0  

Lys Gln S e r  Leu S e r  Met Arg Val Val Tyr Pro Pro  Phe Lys Lys Met 
2 2 5  2 3 0  2 3 5  2 4 0  

Pro  Asp His  His  I l e  Ala Leu Asp I l e  Gln Leu Arg Tyr Gly His  Arg 
2 4 5  2 5 0  2 5 5  

Pro  S e r  I l e  Val Gly Phe Glu S e r  Ala Pro  Gly Asn I l e  I l e  Asp Ala 
2 6 0  2 6 5  2 7 0  

Ala Glu Arg Glu I l e  Leu S e r  Ala Leu Gly Asn Val Lys I l e  Lys Met 
2 7 5  2 8 0  2 8 5  

Val Gly Asn Phe Leu Gln Tyr S e r  Lys Thr Asp Cys Thr Met Phe Ala 
2 9 0  2 9 5  3 0 0  



Leu Asn Asn Ala Leu Lys Ala Phe Lys His  His Glu Glu Tyr Thr Ala 
3 0 5  3 1 0  3  1 5  3 2 0  

Arg Leu His  Asn Gly Glu Lys Gln Val Pro  I l e  Pro  Ala Thr Phe Leu 
3 2 5  3 3 0  3 3 5  

Lys His  Ala Gln S e r  Lys S e r  Leu Val Glu Asn His  Pro  Glu Lys Asp 
3 4 0  3 4 5  3 5 0  

Thr Thr Val Thr Lys Asp Gln Gly Gly Leu His Met Glu Thr Leu Leu 
3 5 5  3 6 0  3 6 5  

His Arg Asn Arg Ala Tyr Arg Ala Gln Arg Ser  Ala Gly Gln His  Val 
3 7 0  3 7 5  3 8 0  

Thr S e r  I l e  Glu Gly Phe Arg Met Gln Glu I l e  Lys Arg Ala Gly Asp 
3 8 5  3 9 0  3 9 5  400  

Phe Leu Ala Ala Asn Arg Val Arg Ala Lys Pro 
4 0 5  410  

20 

The DNA molecule of ORF6 from the pseudomonas 
syvingae pv. syvingae B728a EEL has a nucleotide sequence 
(SEQ. ID. No. 33) as follows: 

a tgacgc tgg  a a c g g a t t g a  acagcaaaa t  a c g c t g t t t g  t t t a t c t g t g  cgtgggcacg 6 0  

c t t t c t a c t c  cagccagcag c a c a c t t c t g  a g c g a t a t t c  tggccgccaa  c c t c t t t c a t  1 2 0  

t a t g g g t c c a  gcgatggggc ggcc t t cggg  ctggacgaaa a a a a t a a t g a  a g t g c t g c t t  1 8 0  

t t t c a g c g g t  t t g a t c c g t t  a c g g a t t g a t  g a g g a t c a c t  t t g t c a g c g c  c t g c g t t c a g  2 4 0  

a t g a t c g a a g  t g g c g a a a a t  a tggcgggca a a g t t a c t g c  a t g g c c a t t c  t g c t c c g c t c  3 0 0  

g c c t c c t c a a  ccaggctgac gaaagccggt  t t a a t g c t a a  ccatggcggg g a c t a t t c g a  3 6 0  

t 9 a  3 6 3  

The protein or polypeptide encoded by Psy B728a EEL 
ORF6 has an amino acid sequence (SEQ. ID. No. 34) as 
follows: 

Met Thr Leu Glu Arg I l e  Glu Gln Gln Asn Thr Leu Phe Val Tyr Leu 

1 5  1 0  1 5  

Cys Val Gly Thr Leu S e r  Thr Pro  Ala S e r  Ser  Thr Leu Leu S e r  Asp 

2 0  2 5  3  0  

I l e  Leu Ala Ala Asn Leu Phe His  Tyr Gly Ser  S e r  Asp Gly Ala Ala 

3 5  4  0  4 5  

Phe Gly Leu Asp Glu Lys Asn Asn Glu Val Leu Leu Phe Gln Arg Phe 

5  0  5  5  60  

Asp Pro  Leu Arg I l e  Asp Glu Asp His  Phe Val S e r  Ala Cys Val Gln 

6  5  7 0  7  5  8 0  

Met I l e  Glu Val Ala Lys I l e  Trp Arg Ala Lys Leu Leu His  Gly His  

8  5  9 0  9 5  

S e r  Ala Pro  Leu Ala S e r  S e r  Thr Arg Leu Thr Lys Ala Gly Leu Met 

1 0 0  1 0 5  1 1 0  

Leu Thr Met Ala Gly Thr I l e  Arg 

1 1 5  1 2 0  



The EEL of Pseudomonas syvingae pv. syvingae 61 
contains a number of ORFs. One of the open reading frames 
encodes the outer membrane protein HopPsyA. The DNA 
molecule which encodes HopPsyA has a nucleotide 
sequence (SEQ. ID. No. 35) as follows: 

g t g a a c c c t a  t c c a t g c a c g  c t t c t c c a g c  gtagaagcgc t c a g a c a t t c  a a a c g t t g a t  

a t t c a g g c a a  t c a a a t c c g a  g g g t c a g t t g  gaag tcaacg  g c a a g c g t t a  c g a g a t t c g t  

gcggccgctg a c g g c t c a a t  c g c g g t c c t c  agacccga tc  aacag tccaa  agcagacaag 

t t c t t c a a a g  gcgcagcgca t c t t a t t g g c  ggacaaagcc agcg tgccca  aa tagcccag  

g t a c t c a a c g  agaaagcggc g g c a g t t c c a  cgcctggaca g a a t g t t g g g  c a g a c g c t t c  

ga tc tggaga  agggcggaag t a g c g c t g t g  ggcgccgcaa t c a a g g c t g c  cgacagccga 

c t g a c a t c a a  a a c a g a c a t t  t g c c a g c t t c  cagcaatggg c tgaaaaagc  tgaggcgc tc  

gggcgatacc g a a a t c g g t a  t c t a c a t g a t  c tacaagagg  gacacgccag acacaacgcc 

t a t g a a t g c g  gcagagtcaa g a a c a t t a c c  t g g a a a c g c t  a c a g g c t c t c  ga taacaaga  

a a a a c c t t a t  ca tacgcccc  g c a g a t c c a t  ga tga tcggg  aagaggaaga g c t t g a t c t g  

ggccgataca t c g c t g a a g a  cagaaa tgcc  agaaccggct  t t t t t a g a a t  g g t t c c t a a a  

gaccaacgcg cacc tgagac  aaactcggga c g a c t t a c c a  t t g g t g t a g a  a c c t a a a t a t  

ggagcgcagt  t g g c c c t c g c  aa tggcaacc  c t g a t g g a c a  agcacaaa tc  t g t g a c a c a a  

gg taaag tcg  t cgg tccggc  a a a a t a t g g c  cagcaaac tg  a c t c t g c c a t  t c t t t a c a t a  

a a t g g t g a t c  t t g c a a a a g c  a g t a a a a c t g  ggcgaaaagc t g a a a a a g c t  gagcggta tc  

c c t c c t g a a g  g a t t c g t c g a  aca tacaccg  c t a a g c a t g c  agtcgacggg t c t c g g t c t t  

t c t t a t g c c g  a g t c g g t t g a  agggcagcct  t ccagccacg  gacaggcgag a a c a c a c g t t  

a t c a t g g a t g  c c t t g a a a g g  ccagggcccc atggagaaca g a c t c a a a a t  ggcgctggca 

gaaagaggct  a tgacccgga aaa tccggcg  ctcagggcgc gaaac tga  

HopPsyA has an amino acid sequence (SEQ. ID. No. 36) as 
follows: 

Val Asn Pro  I l e  His  Ala Arg Phe S e r  S e r  Val Glu Ala Leu Arg His  
1 5  1 0  1 5  

S e r  Asn Val Asp I l e  Gln Ala I l e  Lys S e r  Glu Gly Gln Leu Glu Val 
2 0  2 5  3  0  

Asn Gly Lys Arg Tyr Glu I l e  Arg Ala Ala Ala Asp Gly S e r  I l e  Ala 
3 5  4  0  4 5  

Val Leu Arg Pro  Asp Gln Gln S e r  Lys Ala Asp Lys Phe Phe Lys Gly 
5  0  5  5  60  

Ala Ala His  Leu I l e  Gly Gly Gln S e r  Gln Arg Ala Gln I l e  Ala Gln 
6  5  7 0  7  5  8 0  

Val Leu Asn Glu Lys Ala Ala Ala Val Pro  Arg Leu Asp Arg Met Leu 
8  5  9 0  9 5  

Gly Arg Arg Phe Asp Leu Glu Lys Gly Gly Ser  S e r  Ala Val Gly Ala 
1 0 0  1 0 5  1 1 0  

Ala I l e  Lys Ala Ala Asp S e r  Arg Leu Thr Ser  Lys Gln Thr Phe Ala 
1 1 5  1 2 0  1 2 5  

S e r  Phe Gln Gln Trp Ala Glu Lys Ala Glu Ala Leu Gly Arg Tyr Arg 
1 3 0  1 3 5  1 4 0  

Asn Arg Tyr Leu His  Asp Leu Gln Glu Gly His Ala Arg His  Asn Ala 



T y r  G l u  C y s  G l y  A r g  V a l  L y s  A s n  I l e  T h r  T r p  L y s  A r g  T y r  A r g  L e u  
1 6 5  1 7 0  1 7 5  

S e r  I l e  T h r  A r g  L y s  T h r  L e u  S e r  T y r  A l a  P r o  G l n  I l e  H i s  A s p  A s p  
1 8 0  1 8 5  1 9 0  

A r g  G l u  G l u  G l u  G l u  L e u  A s p  L e u  G l y  A r g  T y r  I l e  A l a  G l u  A s p  A r g  
1 9 5  2 0 0  2 0 5  

A s n  A l a  A r g  T h r  G l y  P h e  P h e  A r g  M e t  V a l  P r o  L y s  A s p  G l n  A r g  A l a  
2 1 0  2  1 5  2 2 0  

P r o  G l u  T h r  A s n  S e r  G l y  A r g  L e u  T h r  I l e  G l y  V a l  G l u  P r o  L y s  T y r  
2 2 5  2 3 0  2 3 5  2 4 0  

G l y  A l a  G l n  L e u  A l a  L e u  A l a  M e t  A l a  T h r  L e u  M e t  A s p  L y s  H i s  L y s  
2 4 5  2 5 0  2 5 5  

S e r  V a l  T h r  G l n  G l y  L y s  V a l  V a l  G l y  P r o  A l a  L y s  T y r  G l y  G l n  G l n  
2 6 0  2 6 5  2 7 0  

T h r  A s p  S e r  A l a  I l e  L e u  T y r  I l e  A s n  G l y  A s p  L e u  A l a  L y s  A l a  V a l  
2 7 5  2 8 0  2 8 5  

L y s  L e u  G l y  G l u  L y s  L e u  L y s  L y s  L e u  S e r  G l y  I l e  P r o  P r o  G l u  G l y  
2 9 0  2 9 5  3 0 0  

P h e  V a l  G l u  H i s  T h r  P r o  L e u  S e r  M e t  G l n  S e r  T h r  G l y  L e u  G l y  L e u  
3 0 5  3 1 0  3  1 5  3 2 0  

S e r  T y r  A l a  G l u  S e r  V a l  G l u  G l y  G l n  P r o  S e r  S e r  H i s  G l y  G l n  A l a  
3 2 5  3 3 0  3 3 5  

A r g  T h r  H i s  V a l  I l e  M e t  A s p  A l a  L e u  L y s  G l y  G l n  G l y  P r o  M e t  G l u  
3 4 0  3 4 5  3 5 0  

A s n  A r g  L e u  L y s  M e t  A l a  L e u  A l a  G l u  A r g  G l y  T y r  A s p  P r o  G l u  A s n  
3 5 5  3 6 0  3 6 5  

P r o  A l a  L e u  A r g  A l a  A r g  A s n  
3 7 0  3 7 5  

The remaining open reading frame, designated shcA, is a 
DNAmolecule having a nucleotide sequence (SEQ. ID. No. 
37) as follows: 

a t g g a g a t g c  c c g c c t t g g c  g t t t g a c g a t  a a g g g t g c g t  g c a a c a t g a t  c a t c g a c a a g  6 0  

g c a t t c g c t c  t g a c g c t g t t  g c g c g a c g a c  a c g c a t c a a c  g t t t g t t g c t  g a t t g g t c t g  1 2 0  

c t t g a g c c a c  a c g a g g a t c t  a c c c t t g c a g  c g c c t g t t g g  c t g g c g c t c t  caaccccct t  1 8 0  

g t g a a t g c c g  g c c c c g g c a t  t g g c t g g g a t  g a g c a a a g c g  g c c t g t a c c a  c g c t t a c c a a  2 4 0  

a g c a t c c c g c  g g g a a a a a g t  c a g c g t g g a g  a t g c t g a a g c  t c g a a a t t g c  a g g a t t g g t c  3 0 0  

g a a t g g a t g a  a g t g t t g g c g  a g a a g c c c g c  a c g t g a  3 3 6  

The encoded protein or polypeptide, ShcA, has an amino 
acid sequence (SEQ. ID. No. 38) as follows: 

M e t  G l u  M e t  P r o  A l a  L e u  A l a  P h e  A s p  A s p  L y s  G l y  A l a  C y s  A s n  M e t  
1 5  1 0  1 5  

I l e  I l e  A s p  L y s  A l a  P h e  A l a  L e u  T h r  L e u  L e u  A r g  A s p  A s p  T h r  H i s  
2 0  2 5  3  0  

G l n  A r g  L e u  L e u  L e u  I l e  G l y  L e u  L e u  G l u  P r o  H i s  G l u  A s p  L e u  P r o  
3 5  4  0  4 5  

L e u  G l n  A r g  L e u  L e u  A l a  G l y  A l a  L e u  A s n  P r o  L e u  V a l  A s n  A l a  G l y  
5  0  5  5  60  



Pro  Gly I l e  Gly Trp Asp Glu Gln S e r  Gly Leu Tyr His  Ala Tyr Gln 
6  5  7 0  7  5  8 0  

S e r  I l e  Pro  Arg Glu Lys Val S e r  Val Glu Met Leu Lys Leu Glu I l e  
8  5  9 0  9 5  

Ala Gly Leu Val Glu Trp Met Lys Cys Trp Arg Glu Ala Arg Thr 
1 0 0  1 0 5  1 1 0  

In addition to the above DNA molecules and proteins or HopPsyA homologs have been identified from Pseudomo- 
polypeptides, the present invention also relates to homologs nas syvingae pathovars. 
of various DNA molecules of the present invention which The DNA molecule from Pseudomonas syvingae pv. 
have been isolated from other Pseudomonas syvingae patho- angulata which encodes an AvrPphE homolog has a nucle- 
vars. For example, a number of AvrPphE, AvrPphF, and otide sequence (SEQ. ID. No. 39) as follows: 

a t g a g a a t t c  acag tgc tgg  t c a c a g c c t g  cc tgcgccag  g c c c t a g c g t  ggaaaccac t  

gaaaaggctg t t c a a t c a t c  a tcggcccag  a a c c c c g c t t  c t t a c a g t t c  acaaacagaa 

c g t c c t g a a g  c c g g t t c g a c  t c a a g t g c g a  c t g a a c t a c c  c t t a c t c a t c  ag tcaagaca  

c g c t t g c c a c  c c g t t t c t t c  tacagggcag g c c a t t t c t g  ccacgcca tc  t t c a t t g c c c  

g g t t a c c t g c  t g t t a c g t c g  gctcgaccga c g t c c a c t g g  a tgaagacag  t a t c a a g g c t  

c t g g t t c c g g  cagacgaagc gg tgcg tgaa  gcacgccgcg c g t t g c c c t t  cggcaggggc 

a a c a t t g a t g  t g g a t g c a c a  acg tacccac  c tgcaaagcg  gcgctcgcgc a g t c g c t g c a  

a a g c g c t t g a  gaaaagatgc cgagcgcgct  ggccatgagc cgatgcccgg gaa tga tgag  

a t g a a c t g g c  a t g t t c t t g t  c g c c a t g t c a  gggcaggtgt  t t g g c g c t g g  c a a c t g t g g c  

g a a c a t g c t c  g t a t a g c a a g  c t t c g c t t a c  ggggccctgg c tcaggaaag  cgggcg tag t  

ccccgcgaaa a g a t t c a t t t  ggccgagcag cccggaaaag a t c a c g t c t g  ggctgaaacg 

g a t a a t t c c a  gcgc tggc tc  t t c g c c c a t c  g t c a t g g a c c  c g t g g t c t a a  cggcgcagcc 

a t t t t g g c g g  aggacagccg g t t t g c c a a a  g a t c g c a g t a  cggtagagcg a a c a t a t t c a  

t t c a c c c t t g  caatggcagc tgaagccggc a a g g t t a c g c  gtgaaaccgc c g a g a a c g t t  

c tgacccaca  cgacaagccg t c t g c a g a a a  c g t c t t g c t g  a t c a g t t g c c  g a a c g t c t c a  

c c g c t t g a a g  gaggccgcta tcagcaggaa aag tcgg tgc  t t g a t g a g g c  g t t c g c c c g a  

cgagtgagcg a c a a g t t g a a  t a g t g a c g a t  ccacggcgtg c g t t g c a g a t  g g a a a t t g a a  

g c t g t t g g t g  t t g c a a t g t c  gc tggg tgcc  gaaggcgtca agacggtcgc ccgacaggcg 

ccaaaggtgg tcaggcaagc cagaagcgtc g c g t c g t c t a  aaggcatgcc t ccacgaaga  

t a a  

The amino acid sequence (SEQ. ID. No. 40) for the AvrPphE 
homolog of Pseudomonas syvingae pv. angulata is as fol- 
lows: 

Met Arg I l e  His  S e r  Ala Gly His  S e r  Leu Pro  Ala Pro  Gly Pro  Ser  
1 5  1 0  1 5  

Val Glu Thr Thr Glu Lys Ala Val Gln Ser  S e r  S e r  Ala Gln Asn Pro  
2 0  2 5  3  0  

Ala S e r  Tyr S e r  S e r  Gln Thr Glu Arg Pro Glu Ala Gly S e r  Thr Gln 
3 5  4  0  4 5  

Val Arg Leu Asn Tyr Pro  Tyr S e r  S e r  Val Lys Thr Arg Leu Pro  Pro  
5  0  5 5  60  



-con t inued  
V a l  S e r  S e r  T h r  G l y  G l n  A l a  I l e  S e r  A l a  T h r  P r o  S e r  S e r  L e u  P r o  

6  5  7 0  7  5  8 0  

G l y  T y r  L e u  L e u  L e u  A r g  A r g  L e u  A s p  A r g  A r g  P r o  L e u  A s p  G l u  A s p  
8  5  9 0  9 5  

S e r  I l e  L y s  A l a  L e u  V a l  P r o  A l a  A s p  G l u  A l a  V a l  A r g  G l u  A l a  A r g  
1 0 0  1 0 5  1 1 0  

A r g  A l a  L e u  P r o  P h e  G l y  A r g  G l y  A s n  I l e  A s p  V a l  A s p  A l a  G l n  A r g  
1 1 5  1 2 0  1 2 5  

T h r  H i s  L e u  G l n  S e r  G l y  A l a  A r g  A l a  V a l  A l a  A l a  L y s  A r g  L e u  A r g  
1 3 0  1 3 5  1 4 0  

L y s  A s p  A l a  G l u  A r g  A l a  G l y  H i s  G l u  P r o  M e t  P r o  G l y  A s n  A s p  G l u  
1 4 5  1 5 0  1 5 5  1 6 0  

M e t  A s n  T r p  H i s  V a l  L e u  V a l  A l a  M e t  S e r  G l y  G l n  V a l  P h e  G l y  A l a  
1 6 5  1 7 0  1 7 5  

G l y  A s n  C y s  G l y  G l u  H i s  A l a  A r g  I l e  A l a  S e r  P h e  A l a  T y r  G l y  A l a  
1 8 0  1 8 5  1 9 0  

L e u  A l a  G l n  G l u  S e r  G l y  A r g  S e r  P r o  A r g  G l u  L y s  I l e  H i s  L e u  A l a  
1 9 5  2 0 0  2 0 5  

G l u  G l n  P r o  G l y  L y s  A s p  H i s  V a l  T r p  A l a  G l u  T h r  A s p  A s n  S e r  S e r  
2 1 0  2  1 5  2 2 0  

A l a  G l y  S e r  S e r  P r o  I l e  V a l  M e t  A s p  P r o  T r p  S e r  A s n  G l y  A l a  A l a  
2 2 5  2 3 0  2 3 5  2 4 0  

I l e  L e u  A l a  G l u  A s p  S e r  A r g  P h e  A l a  L y s  A s p  A r g  S e r  T h r  V a l  G l u  
2 4 5  2 5 0  2 5 5  

A r g  T h r  T y r  S e r  P h e  T h r  L e u  A l a  M e t  A l a  A l a  G l u  A l a  G l y  L y s  V a l  
2 6 0  2 6 5  2 7 0  

T h r  A r g  G l u  T h r  A l a  G l u  A s n  V a l  L e u  T h r  H i s  T h r  T h r  S e r  A r g  L e u  
2 7 5  2 8 0  2 8 5  

G l n  L y s  A r g  L e u  A l a  A s p  G l n  L e u  P r o  A s n  V a l  S e r  P r o  L e u  G l u  G l y  
2 9 0  2 9 5  3 0 0  

G l y  A r g  T y r  G l n  G l n  G l u  L y s  S e r  V a l  L e u  A s p  G l u  A l a  P h e  A l a  A r g  
3 0 5  3 1 0  3  1 5  3 2 0  

A r g  V a l  S e r  A s p  L y s  L e u  A s n  S e r  A s p  A s p  P r o  A r g  A r g  A l a  L e u  G l n  
3 2 5  3 3 0  3 3 5  

M e t  G l u  I l e  G l u  A l a  V a l  G l y  V a l  A l a  M e t  S e r  L e u  G l y  A l a  G l u  G l y  
3 4 0  3 4 5  3 5 0  

V a l  L y s  T h r  V a l  A l a  A r g  G l n  A l a  P r o  L y s  V a l  V a l  A r g  G l n  A l a  A r g  
3 5 5  3 6 0  3 6 5  

S e r  V a l  A l a  S e r  S e r  L y s  G l y  M e t  P r o  P r o  A r g  A r g  
3 7 0  3 7 5  3 8 0  

This protein or polypeptide has GC content of about 57 The DNA molecule from Pseudomonas syvingae pv. 
percent, an estimated isoelectric point of about 9.5, and an glycinea which encodes an AvrPphE homolog has a nucle- 
estimated molecular weight of about 41 kDa. otide sequence (SEQ. ID. No. 41) as follows: 

a t g a g a a t t c  a c a g t g c t g g  t c a c a g c c t g  c c c g c g c c a g  g c c c t a g c g t  g g a a a c c a c t  

g a a a a g g c t g  t t c a a t c a t c  a t c g g c c c a g  a a c c c c g c t t  c t t g c a g t t c  a c a a a c a g a a  

c g t c c t g a a g  c c g g t t c g a c  t c a a g t g c g a  c c g a a c t a c c  c t t a c t c a t c  a g t c a a g a c a  

c g c t t g c c a c  c c g t t t c t t c  c a c a g g g c a g  g c c a t t t c t g  a c a c g c c a t c  t t c a t t g t c c  

g g t t a c c t g c  t g t t a c g t c g  g c t c g a c c g a  c g t c c a c t g g  a t g a a g a c a g  t a t c a a g g c t  

c t g g t t c c g g  c a g a c g a a g c  g t t g c g t g a a  g c a c g c c g c g  c g t t g c c c t t  c g g c a g g g g c  



-con t inued  
a a c a t t g a t g  t g g a t g c a c a  acg tacccac  c tgcaaagcg  gcgctcgcgc a g t c g c t g c a  

a a g c g c t t g a  gaaaagatgc cgagcgcgct  ggccatgagc cga tgcccga  gaa tga tgag  

a t g a a c t g g c  a t g t t c t t g t  c g c c a t g t c a  gggcaggtgt  t t g g c g c t g g  c a a c t g t g g c  

g a a c a t g c t c  g t a t a g c a a g  c t t c g c t t a c  ggggccctgg c tcaggaaag  cgggcg tag t  

ccccgcgaaa a g a t t c a t t t  ggccgagcag cccggaaaag a t c a c g t c t g  ggctgaaacg 

g a t a a t t c c a  gcgc tggc tc  t t c g c c c a t c  g t c a t g g a c c  c g t g g t c t a a  cggcgtagcc 

a t t t t g g c g g  aggacagccg g t t t g c c a a a  ga tcgcag tg  cggtagagcg a a c a t a t t c a  

t t c a c c c t t g  caatggcagc tgaagccggc aagg t tgcgc  g tgaaaccgc  c g a g a a c g t t  

c tgacccaca  cgacaagccg t c t g c a g a a a  c g t c t t g c t g  a t c a g t t g c c  g a a c g t c t c a  

c c g c t t g a a g  gaggccgcta tcagccggaa aag tcgg tgc  t t g a t g a g g c  g t t c g c c c g a  

cgagtgagcg a c a a g t t g a a  t a g t g a c g a t  ccacggcgtg c g t t g c a g a t  g g a a a t t g a a  

g c t g t t g g t g  t t g c a a t g t c  gc tggg tgcc  gaaggcgtca agacggtcgc ccgacaggcg 

ccaaaggtgg tcaggcaagc cagaagcgtc g c g t c g t c t a  aaggca tgcc  t ccacgaaga  

t a a  

25 

The amino acid sequence (SEQ. ID. No. 42) for the AvrPphE 
homolog of Pseudomonas syvingae pv. glycinea is as fol- 
lows: 

Met Arg I l e  His  S e r  Ala Gly His  S e r  Leu Pro Ala Pro  Gly Pro  Ser  
1 5  1 0  1 5  

Val Glu Thr Thr Glu Lys Ala Val Gln S e r  Ser  S e r  Ala Gln Asn Pro  
2 0  2 5  3  0  

Ala S e r  Cys S e r  S e r  Gln Thr Glu Arg Pro  Glu Ala Gly S e r  Thr Gln 
3 5  4  0  4 5  

Val Arg Pro  Asn Tyr Pro  Tyr S e r  S e r  Val Lys Thr Arg Leu Pro  Pro  
5  0  5  5  60  

Val S e r  S e r  Thr Gly Gln Ala I l e  S e r  Asp Thr Pro  S e r  S e r  Leu Ser  
6  5  7 0  7  5  8 0  

Gly Tyr Leu Leu Leu Arg Arg Leu Asp Arg Arg Pro  Leu Asp Glu Asp 
8  5  9 0  9 5  

S e r  I l e  Lys Ala Leu Val Pro  Ala Asp Glu Ala Leu Arg Glu Ala Arg 
1 0 0  1 0 5  1 1 0  

Arg Ala Leu Pro  Phe Gly Arg Gly Asn I l e  Asp Val Asp Ala Gln Arg 
1 1 5  1 2 0  1 2 5  

Thr His  Leu Gln S e r  Gly Ala Arg Ala Val Ala Ala Lys Arg Leu Arg 
1 3 0  1 3 5  1 4 0  

Lys Asp Ala Glu Arg Ala Gly His  Glu Pro  Met Pro  Glu Asn Asp Glu 
1 4 5  1 5 0  1 5 5  1 6 0  

Met Asn Trp His  Val Leu Val Ala Met S e r  Gly Gln Val Phe Gly Ala 
1 6 5  1 7 0  1 7 5  

Gly Asn Cys Gly Glu His  Ala Arg I l e  Ala Ser  Phe Ala Tyr Gly Ala 
1 8 0  1 8 5  1 9 0  

Leu Ala Gln Glu S e r  Gly Arg S e r  Pro  Arg Glu Lys I l e  His  Leu Ala 
1 9 5  2 0 0  2 0 5  

Glu Gln Pro  Gly Lys Asp His  Val Trp Ala Glu Thr Asp Asn S e r  Ser  
2 1 0  2  1 5  2 2 0  

Ala Gly S e r  S e r  Pro  I l e  Val Met Asp Pro  Trp S e r  Asn Gly Val Ala 
2 2 5  2 3 0  2 3 5  2 4 0  



I l e  Leu Ala Glu Asp S e r  Arg Phe Ala Lys Asp Arg S e r  Ala Val Glu 
2 4 5  2 5 0  2 5 5  

Arg Thr Tyr S e r  Phe Thr Leu Ala Met Ala Ala Glu Ala Gly Lys Val 
2 6 0  2 6 5  2 7 0  

Ala Arg Glu Thr Ala Glu Asn Val Leu Thr His Thr Thr S e r  Arg Leu 
2 7 5  2 8 0  2 8 5  

Gln Lys Arg Leu Ala Asp Gln Leu Pro  Asn Val S e r  Pro  Leu Glu Gly 
2 9 0  2 9 5  3 0 0  

Gly Arg Tyr Gln Pro  Glu Lys S e r  Val Leu Asp Glu Ala Phe Ala Arg 
3 0 5  3 1 0  3  1 5  3 2 0  

Arg Val S e r  Asp Lys Leu Asn S e r  Asp Asp Pro Arg Arg Ala Leu Gln 
3 2 5  3 3 0  3 3 5  

Met Glu I l e  Glu Ala Val Gly Val Ala Met Ser  Leu Gly Ala Glu Gly 
3 4 0  3 4 5  3 5 0  

Val Lys Thr Val Ala Arg Gln Ala Pro  Lys Val Val Arg Gln Ala Arg 
3 5 5  3 6 0  3 6 5  

S e r  Val Ala S e r  S e r  Lys Gly Met Pro  Pro  Arg Arg 
3 7 0  3 7 5  3 8 0  

This protein or polypeptide has GC content of about 57 
percent, an estimated isoelectric point of about 9.1, and an 
estimated molecular weight of about 41 kDa. 

The DNA molecule from Pseudomonas syvingae pv. 
tabaci which encodes an AvrPphE homolog has a nucleotide 30 

sequence (SEQ. ID. No. 43) as follows: 

a t g a g a a t t c  acag tgc tgg  t c a c a g c c t g  cc tgcgccag  g c c c t a g c g t  ggaaaccac t  

gaaaaggctg t t c a a t c a t c  a tcggcccag  a a c c c c g c t t  c t t g c a g t t c  acaaacagaa 

c g t c c t g a a g  c c g g t t c g a c  t c a a g t g c g a  ccgaac tacc  c t t a c t c a t c  ag tcaagaca  

c g c t t g c c a c  c c g t t t c t t c  tacagggcag g c c a t t t c t g  acacgcca tc  t t c a t t g c c c  

g g t t a c c t g c  t g t t a c g t c g  gctcgaccga c g t c c a c t g g  a tgaagacag  t a t c a a g g c t  

c t g g t t c c g g  cagacgaagc gg tgcg tgaa  gcacgccgcg c g t t g c c c t t  cggcaggggc 

a a c a t t g a t g  t g g a t g c a c a  acg tacccac  c tgcaaagcg  gcgctcgcgc a g t c g c t g c a  

a a g c g c t t g a  gaaaagatgc cgagcgcgct  ggccatgagc cgatgcccgg gaa tga tgag  

a t g a a c t g g c  a t g t t c t t g t  c g c c a t g t c a  gggcaggtgt  t t g g c g c t g g  c a a c t g t g g c  

g a a c a t g c t c  g t a t a g c a a g  c t t c g c t t a c  ggggccctgg c tcaggaaag  cgggcg tag t  

ccccgcgaaa a g a t t c a t t t  ggccgagcag cccggaaaag a t c a c g t c t g  ggctgaaacg 

g a t a a t t c c a  gcgc tggc tc  t t c g c c c a t c  g t c a t g g a c c  c g t g g t c t a a  cggcgcagcc 

a t t t t g g c g g  aggacagccg g t t t g c c a a a  ga tcgcag tg  cggtagagcg a a c a t a t t c a  

t t c a c c c t t g  caatggcagc tgaagccggc a a g g t t a c g c  g t g a a a c t g c  c g a g a a c g t t  

c tgacccaca  cgacaagccg t c t g c a g a a a  c g t c t t g c t g  a t c a g t t g c c  g a a c g t c t c a  

c c g c t t g a a g  gaggccgcta tcagcaggaa aag tcgg tgc  t t g a t g a g g c  g t t c g c c c g a  

cgagtgagcg a c a a g t t g a a  t a g t g a c g a t  ccacggcgtg c g t t g c a g a t  g g a a a t t g a a  

g c t g t t g g t g  t t g c a a t g t c  gc tggg tgcc  gaaggcgtca agacggtcgc ccgacaggcg 

ccaaaggtgg tcaggcaagc cagaagcgtc g c g t c g t c t a  aaggca tgcc  t ccacgaaga  
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The amino acid sequence (SEQ. ID. No. 44) for the AvrPphE 
homolog of Pseudomonas syvingae pv. tabaci is as follows: 

M e t  A r g  I l e  H i s  S e r  A l a  G l y  H i s  S e r  L e u  P r o  A l a  P r o  G l y  P r o  S e r  
1 5  1 0  1 5  

V a l  G l u  T h r  T h r  G l u  L y s  A l a  V a l  G l n  S e r  S e r  S e r  A l a  G l n  A s n  P r o  
2 0  2 5  3  0  

A l a  S e r  C y s  S e r  S e r  G l n  T h r  G l u  A r g  P r o  G l u  A l a  G l y  S e r  T h r  G l n  
3 5  4  0  4 5  

V a l  A r g  P r o  A s n  T y r  P r o  T y r  S e r  S e r  V a l  L y s  T h r  A r g  L e u  P r o  P r o  
5  0  5  5  60  

V a l  S e r  S e r  T h r  G l y  G l n  A l a  I l e  S e r  A s p  T h r  P r o  S e r  S e r  L e u  P r o  
6  5  7 0  7  5  8 0  

G l y  T y r  L e u  L e u  L e u  A r g  A r g  L e u  A s p  A r g  A r g  P r o  L e u  A s p  G l u  A s p  
8  5  9 0  9 5  

S e r  I l e  L y s  A l a  L e u  V a l  P r o  A l a  A s p  G l u  A l a  V a l  A r g  G l u  A l a  A r g  
1 0 0  1 0 5  1 1 0  

A r g  A l a  L e u  
1 1 5  

P r o  P h e  G l y  A r g  G l y  
1 2 0  

A s n  I l e  A s p  V a l  A s p  A l a  G l n  A r g  
1 2 5  

T h r  H i s  L e u  G l n  S e r  G l y  A l a  A r g  A l a  V a l  A l a  A l a  L y s  A r g  L e u  A r g  
1 3 0  1 3 5  1 4 0  

L y s  A s p  A l a  G l u  A r g  A l a  G l y  H i s  G l u  P r o  M e t  P r o  G l y  A s n  A s p  G l u  
1 4 5  1 5 0  1 5 5  1 6 0  

M e t  A s n  T r p  H i s  V a l  L e u  V a l  A l a  M e t  S e r  G l y  G l n  V a l  P h e  G l y  A l a  
1 6 5  1 7 0  1 7 5  

G l y  A s n  C y s  G l y  G l u  H i s  A l a  A r g  I l e  A l a  S e r  P h e  A l a  T y r  G l y  A l a  
1 8 0  1 8 5  1 9 0  

L e u  A l a  G l n  G l u  S e r  G l y  A r g  S e r  P r o  A r g  G l u  L y s  I l e  H i s  L e u  A l a  
1 9 5  2 0 0  2 0 5  

G l u  G l n  P r o  G l y  L y s  A s p  H i s  V a l  T r p  A l a  G l u  T h r  A s p  A s n  S e r  S e r  
2 1 0  2  1 5  2 2 0  

A l a  G l y  S e r  S e r  P r o  I l e  V a l  M e t  A s p  P r o  T r p  S e r  A s n  G l y  A l a  A l a  
2 2 5  2 3 0  2 3 5  2 4 0  

I l e  L e u  A l a  G l u  A s p  S e r  A r g  P h e  A l a  L y s  A s p  A r g  S e r  A l a  V a l  G l u  
2 4 5  2 5 0  2 5 5  

A r g  T h r  T y r  S e r  P h e  T h r  L e u  A l a  M e t  A l a  A l a  G l u  A l a  G l y  L y s  V a l  
2 6 0  2 6 5  2 7 0  

T h r  A r g  G l u  T h r  A l a  G l u  A s n  V a l  L e u  T h r  H i s  T h r  T h r  S e r  A r g  L e u  
2 7 5  2 8 0  2 8 5  

G l n  L y s  A r g  L e u  A l a  A s p  G l n  L e u  P r o  A s n  V a l  S e r  P r o  L e u  G l u  G l y  
2 9 0  2 9 5  3 0 0  

G l y  A r g  T y r  G l n  G l n  G l u  L y s  S e r  V a l  L e u  A s p  G l u  A l a  P h e  A l a  A r g  
3 0 5  3 1 0  3  1 5  3 2 0  

V a l  S e r  A s p  L y s  L e u  A s n  S e r  
3 2 5  

A s p  A s p  P r o  A r g  A r g  A l a  L e u  G l n  
3 3 0  3 3 5  

M e t  G l u  I l e  G l u  A l a  V a l  G l y  V a l  A l a  M e t  S e r  L e u  G l y  A l a  G l u  G l y  
3 4 0  3 4 5  3 5 0  

V a l  L y s  T h r  V a l  A l a  A r g  G l n  A l a  P r o  L y s  V a l  V a l  A r g  G l n  A l a  A r g  
3 5 5  3 6 0  3 6 5  

S e r  V a l  A l a  S e r  S e r  L y s  G l y  M e t  P r o  P r o  A r g  A r g  
3 7 0  3 7 5  3 8 0  

This protein or polypeptide has GC content of about 57 Another DNA molecule from Pseudomonas syvingae pv. 
percent, an estimated isoelectric point of about 9.3, and an tabaci which encodes a AvrPphE homolog has a nucleotide 
estimated molecular weight of about 41 kDa. sequence (SEQ. ID. No. 45) as follows: 



a t g a g a a t t c  acag tgc tgg  t c a c a g c c t g  cc tgcgccag  g c c c t a g c g t  ggaaaccac t  60  

gaaaaggctg t t c a a t c a t c  a tcggcccag  a a c c c c g c t t  c t t g c a g t t c  acaaacagaa 1 2 0  

c g t c c t g a a g  c c g g t t c g a c  t c a a g t g c g a  ccgaac tacc  c t t a c t c a t c  ag tcaagaca  1 8 0  

c g c t t g c c a c  c c g t t t c t t c  tacagggcag g c c a t t t c t g  acacgcca tc  t t c a t t g c c c  2 4 0  

g g t t a c c t g c  t g t t a c g t c g  gctcgaccga c g t c c a c t g g  a tgaagacag  t a t c a a g g c t  3 0 0  

c t g g t t c c g g  cagacgaagc gg tgcg tgaa  gcacgccgcg c g t t g c c c t t  cggcaggggc 3 6 0  

a a c a t t g a t g  t g g a t g c a c a  acg tacccac  c tgcaaagcg  gcgctcgcgc a g t c g c t g c a  4 2 0  

a a g c g c t t g a  gaaaagatgc cgagcgcgct  ggccatgagc cgatgcccgg gaa tga tgag  4 8 0  

a t g a a c t g g c  a t g t t c t t g t  c g c c a t g t c a  gggcaggtgt  t t g g c g c t g g  c a a c t g t g g c  5 4 0  

g a a c a t g c t c  g t a t a g c a a g  c t t c g c t t a c  ggggccctgg c tcaggaaag  cgggcg tag t  6 0 0  

ccccgcgaaa a g a t t c a t t t  ggccgagcag cccggaaaag a t c a c g t c t g  ggctgaaacg 6 6 0  

g a t a a t t c c a  gcgc tggc tc  t t c g c c c a t c  g t c a t g g a c c  c g t g g t c t a a  cggcgcagcc 7 2 0  

a t t t t g g c g g  aggacagccg g t t t g c c a a a  ga tcgcag tg  cggtagagcg a a c a t a t t c a  7 8 0  

t t c a c c c t t g  caatggcagc tgaagccggc a a g g t t a c g c  g t g a a a c t g c  c g a g a a c g t t  8 4 0  

c tgacccaca  cgacaagccg t c t g c a g a a a  c g t c t t g c t g  a t c a g t t g c c  g a a c g t c t c a  9 0 0  

c c g c t t g a a g  gaggccgcta tcagcaggaa aag tcgg tgc  t t g a t g a g g c  g t t c g c c c g a  9 6 0  

cgagtgagcg a c a a g t t g a a  t a g t g a c g a t  ccacggcgtg c g t t g c a g a t  g g a a a t t g a a  1 0 2 0  

g c t g t t g g t g  t t g c a a t g t c  gc tggg tgcc  gaaggcgtca agacggtcgc ccgacaggcg 1 0 8 0  

ccaaaggtgg tcaggcaagc cagaagcgtc g c g t c g t c t a  aaggca tgcc  t ccacgaaga  1 1 4 0  

t a a  1 1 4 3  

3s 
The encoded AvrPphE homolog has an amino acid sequence 
according to SEQ. ID. No. 46 as follows: 

Met Arg I l e  His  S e r  Ala Gly His  S e r  Leu Pro Ala Pro  Gly Pro  Ser  
1 5  1 0  1 5  

Val Glu Thr Thr Glu Lys Ala Val Gln S e r  Ser  S e r  Ala Gln Asn Pro  
2 0  2 5  3  0  

Ala S e r  Cys S e r  S e r  Gln Thr Glu Arg Pro  Glu Ala Gly S e r  Thr Gln 
3 5  4  0  4 5  

Val Arg Pro  Asn Tyr Pro  Tyr S e r  S e r  Val Lys Thr Arg Leu Pro  Pro  
5  0  5  5  60  

Val S e r  S e r  Thr Gly Gln Ala I l e  S e r  Asp Thr Pro  S e r  S e r  Leu Pro  
6  5  7 0  7  5  8 0  

Gly Tyr Leu Leu Leu Arg Arg Leu Asp Arg Arg Pro  Leu Asp Glu Asp 
8  5  9 0  9 5  

S e r  I l e  Lys Ala Leu Val Pro  Ala Asp Glu Ala Val Arg Glu Ala Arg 
1 0 0  1 0 5  1 1 0  

Arg Ala Leu Pro  Phe Gly Arg Gly Asn I l e  Asp Val Asp Ala Gln Arg 
1 1 5  1 2 0  1 2 5  

Thr His  Leu Gln S e r  Gly Ala Arg Ala Val Ala Ala Lys Arg Leu Arg 
1 3 0  1 3 5  1 4 0  

Lys Asp Ala Glu Arg Ala Gly His  Glu Pro  Met Pro  Gly Asn Asp Glu 
1 4 5  1 5 0  1 5 5  1 6 0  

Met Asn Trp His  Val Leu Val Ala Met S e r  Gly Gln Val Phe Gly Ala 
1 6 5  1 7 0  1 7 5  



-con t inued  
Gly Asn Cys Gly Glu His  Ala Arg I l e  Ala Ser  Phe Ala Tyr Gly Ala 

1 8 0  1 8 5  1 9 0  

Leu Ala Gln Glu S e r  Gly Arg S e r  Pro  Arg Glu Lys I l e  His  Leu Ala 
1 9 5  2 0 0  2 0 5  

Glu Gln Pro  Gly Lys Asp His  Val Trp Ala Glu Thr Asp Asn S e r  S e r  
2 1 0  2  1 5  2 2 0  

Ala Gly S e r  S e r  Pro  I l e  Val Met Asp Pro  Trp S e r  Asn Gly Ala Ala 
2 2 5  2 3 0  2 3 5  2 4 0  

I l e  Leu Ala Glu Asp S e r  Arg Phe Ala Lys Asp Arg S e r  Ala Val Glu 
2 4 5  2 5 0  2 5 5  

Arg Thr Tyr S e r  Phe Thr Leu Ala Met Ala Ala Glu Ala Gly Lys Val 
2 6 0  2 6 5  2 7 0  

Thr Arg Glu Thr Ala Glu Asn Val Leu Thr His Thr Thr S e r  Arg Leu 
2 7 5  2 8 0  2 8 5  

Gln Lys Arg Leu Ala Asp Gln Leu Pro  Asn Val S e r  Pro  Leu Glu Gly 
2 9 0  2 9 5  3 0 0  

Gly Arg Tyr Gln Gln Glu Lys S e r  Val Leu Asp Glu Ala Phe Ala Arg 
3 0 5  3 1 0  3  1 5  3 2 0  

Arg Val S e r  Asp Lys Leu Asn S e r  Asp Asp Pro Arg Arg Ala Leu Gln 
3 2 5  3 3 0  3 3 5  

Met Glu I l e  Glu Ala Val Gly Val Ala Met Ser  Leu Gly Ala Glu Gly 
3 4 0  3 4 5  3 5 0  

Val Lys Thr Val Ala Arg Gln Ala Pro  Lys Val Val Arg Gln Ala Arg 
3 5 5  3 6 0  3 6 5  

S e r  Val Ala S e r  S e r  Lys Gly Met Pro  Pro  Arg Arg 
3 7 0  3 7 5  3 8 0  

A DNA molecule from Pseudomonas syvingae pv. gly- 
cinea race 4 which encodes an avrPphE homolog has a 35 

nucleotide sequence (SEQ. ID. No. 47) as follows: 

a t g a g a a t t c  acag tgc tgg  t c a c a g c c t g  cccgcgccag g c c c t a g c g t  ggaaaccac t  

gaaaaggctg t t c a a t c a t c  a tcggcccag  a a c c c c g c t t  c t t g c a g t t c  acaaacagaa 

c g t c c t g a a g  c c g g t t c g a c  t c a a g t g c g a  ccgaac tacc  c t t a c t c a t c  ag tcaagaca  

c g c t t g c c a c  c c g t t t c t t c  cacagggcag g c c a t t t c t g  acacgcca tc  t t c a t t g t c c  

g g t t a c c t g c  t g t t a c g t c g  gctcgaccga c g t c c a c t g g  a tgaagacag  t a t c a a g g c t  

c t g g t t c c g g  cagacgaagc g t t g c g t g a a  gcacgccgcg c g t t g c c c t t  cggcaggggc 

a a c a t t g a t g  t g g a t g c a c a  acg tacccac  c tgcaaagcg  gcgctcgcgc a g t c g c t g c a  

a a g c g c t t g a  gaaaagatgc cgagcgcgct  ggccatgagc cga tgcccga  gaa tga tgag  

a t g a a c t g g c  a t g t t c t t g t  c g c c a t g t c a  gggcaggtgt  t t g g c g c t g g  c a a c t g t g g c  

g a a c a t g c t c  g t a t a g c a a g  c t t c g c t t a c  ggggccctgg c tcaggaaag  cgggcg tag t  

ccccgcgaaa a g a t t c a t t t  ggccgagcag cccggaaaag a t c a c g t c t g  ggctgaaacg 

g a t a a t t c c a  gcgc tggc tc  t t c g c c c a t c  g t c a t g g a c c  c g t g g t c t a a  cggcgtagcc 

a t t t t g g c g g  aggacagccg g t t t g c c a a a  ga tcgcag tg  cggtagagcg a a c a t a t t c a  

t t c a c c c t t g  caatggcagc tgaagccggc aagg t tgcgc  g tgaaaccgc  c g a g a a c g t t  

c tgacccaca  cgacaagccg t c t g c a g a a a  c g t c t t g c t g  a t c a g t t g c c  g a a c g t c t c a  

c c g c t t g a a g  gaggccgcta tcagccggaa aag tcgg tgc  t t g a t g a g g c  g t t c g c c c g a  

cgagtgagcg a c a a g t t g a a  t a g t g a c g a t  ccacggcgtg c g t t g c a g a t  g g a a a t t g a a  1 0 2 0  



-con t inued  
g c t g t t g g t g  t t g c a a t g t c  g c t g g g t g c c  g a a g g c g t c a  a g a c g g t c g c  c c g a c a g g c g  1 0 8 0  

c c a a a g g t g g  t c a g g c a a g c  c a g a a g c g t c  g c g t c g t c t a  a a g g c a t g c c  t c c a c g a a g a  1 1 4 0  

t a a  1 1 4 3  

The encoded AvrPphE homolog has an amino acid sequence 
according to SEQ. ID. No. 48 as follows: 

M e t  A r g  I l e  H i s  S e r  A l a  G l y  H i s  S e r  L e u  P r o  A l a  P r o  G l y  P r o  S e r  
1 5  1 0  1 5  

V a l  G l u  T h r  T h r  G l u  L y s  A l a  V a l  G l n  S e r  S e r  S e r  A l a  G l n  A s n  P r o  
2 0  2 5  3  0  

A l a  S e r  C y s  S e r  S e r  G l n  T h r  G l u  A r g  P r o  G l u  A l a  G l y  S e r  T h r  G l n  
3 5  4  0  4 5  

V a l  A r g  P r o  A s n  T y r  P r o  T y r  S e r  S e r  V a l  L y s  T h r  A r g  L e u  P r o  P r o  
5  0  5  5  60  

V a l  S e r  S e r  T h r  G l y  G l n  A l a  I l e  S e r  A s p  T h r  P r o  S e r  S e r  L e u  S e r  
6  5  7 0  7  5  8 0  

G l y  T y r  L e u  L e u  L e u  A r g  A r g  L e u  A s p  A r g  A r g  P r o  L e u  A s p  G l u  A s p  
8  5  9  0  9 5  

S e r  I l e  L y s  A l a  L e u  V a l  P r o  A l a  A s p  G l u  A l a  L e u  A r g  G l u  A l a  A r g  
1 0 0  1 0 5  1 1 0  

A r g  A l a  L e u  P r o  P h e  G l y  A r g  G l y  A s n  I l e  A s p  V a l  A s p  A l a  G l n  A r g  
1 1 5  1 2 0  1 2 5  

T h r  H i s  L e u  G l n  S e r  G l y  A l a  A r g  A l a  V a l  A l a  A l a  L y s  A r g  L e u  A r g  
1 3 0  1 3 5  1 4 0  

L y s  A s p  A l a  G l u  A r g  A l a  G l y  H i s  G l u  P r o  M e t  P r o  G l u  A s n  A s p  G l u  
1 4 5  1 5 0  1 5 5  1 6 0  

M e t  A s n  T r p  H i s  V a l  L e u  V a l  A l a  M e t  S e r  G l y  G l n  V a l  P h e  G l y  A l a  
1 6 5  1 7 0  1 7 5  

G l y  A s n  C y s  G l y  G l u  H i s  A l a  A r g  I l e  A l a  S e r  P h e  A l a  T y r  G l y  A l a  
1 8 0  1 8 5  1 9 0  

L e u  A l a  G l n  G l u  S e r  G l y  A r g  S e r  P r o  A r g  G l u  L y s  I l e  H i s  L e u  A l a  
1 9 5  2 0 0  2 0 5  

G l u  G l n  P r o  G l y  L y s  A s p  H i s  V a l  T r p  A l a  G l u  T h r  A s p  A s n  S e r  S e r  
2 1 0  2  1 5  2 2 0  

A l a  G l y  S e r  S e r  P r o  I l e  V a l  M e t  A s p  P r o  T r p  S e r  A s n  G l y  V a l  A l a  
2 2 5  2 3 0  2 3 5  2 4 0  

I l e  L e u  A l a  G l u  A s p  S e r  A r g  P h e  A l a  L y s  A s p  A r g  S e r  A l a  V a l  G l u  
2 4 5  2 5 0  2 5 5  

A r g  T h r  T y r  S e r  P h e  T h r  L e u  A l a  M e t  A l a  A l a  G l u  A l a  G l y  L y s  V a l  
2 6 0  2 6 5  2 7 0  

A l a  A r g  G l u  T h r  A l a  G l u  A s n  V a l  L e u  T h r  H i s  T h r  T h r  S e r  A r g  L e u  
2 7 5  2 8 0  2 8 5  

G l n  L y s  A r g  L e u  A l a  A s p  G l n  L e u  P r o  A s n  V a l  S e r  P r o  L e u  G l u  G l y  
2 9 0  2 9 5  3 0 0  

G l y  A r g  T y r  G l n  P r o  G l u  L y s  S e r  V a l  L e u  A s p  G l u  A l a  P h e  A l a  A r g  
3 0 5  3 1 0  3  1 5  3 2 0  

A r g  V a l  S e r  A s p  L y s  L e u  A s n  S e r  A s p  A s p  P r o  A r g  A r g  A l a  L e u  G l n  
3 2 5  3 3 0  3 3 5  

M e t  G l u  I l e  G l u  A l a  V a l  G l y  V a l  A l a  M e t  S e r  L e u  G l y  A l a  G l u  G l y  
3 4 0  3 4 5  3 5 0  

V a l  L y s  T h r  V a l  A l a  A r g  G l n  A l a  P r o  L y s  V a l  V a l  A r g  G l n  A l a  A r g  



S e r  Val Ala S e r  S e r  Lys Gly Met Pro  Pro  Arg Arg 
3 7 0  3 7 5  3 8 0  

A DNA molecule from Pseudomonas syvingae pv. 
phaseolicola strain B130 which encodes AvrPphE has a 
nucleotide sequence (SEQ. ID. No. 49) as follows: 

a t g a g a a t t c  acag tgc tgg  t c a c a g c c t g  cccgcgccag g c c c t a g c g t  ggaaaccac t  6 0  

gaaaaggctg t t c a a t c a t c  a tcggcccag  a a c c c c g c t t  c t t g c a g t t c  acaaacagaa 1 2 0  

c g t c c t g a a g  c c g g t t c g a c  t c a a g t g c g a  ccgaac tacc  c t t a c t c a t c  ag tcaagaca  1 8 0  

c g c t t g c c a c  c c g t t t c t t c  cacagggcag g c c a t t t c t g  acacgcca tc  t t c a t t g c c c  2 4 0  

g g t t a c c t g c  t g t t a c g t c g  gctcgaccga c g t c c a c t g g  a tgaagacag  t a t c a a g g c t  3 0 0  

c t g g t t c c g g  cagacgaagc g t t g c g t g a a  gcacgccgcg c g t t g c c c t t  cggcaggggc 3 6 0  

a a c a t t g a t g  t g g a t g c a c a  acg tacccac  c tgcaaagcg  gcgctcgcgc a g t c g c t g c a  4 2 0  

a a g c g c t t g a  gaaaagatgc cgagcgcgct  ggccatgagc cga tgcccga  gaa tga tgag  4 8 0  

a t g a a c t g g c  a t g t t c t t g t  c g c c a t g t c a  gggcaggtgt  t t g g c g c t g g  c a a c t g t g g c  5 4 0  

g a a c a t g c t c  g t a t a g c a a g  c t t c g c t t a c  ggggccctgg c tcaggaaag  cgggcg tag t  6 0 0  

ccccgcgaaa a g a t t c a t t t  ggccgagcag cccggaaaag a t c a c g t c t g  ggctgaaacg 6 6 0  

g a t a a t t c c a  gcgc tggc tc  t t c g c c c a t c  g t c a t g g a c c  c g t g g t c t a a  cggcgcagcc 7 2 0  

a t t t t g g c g g  aggacagccg g t t t g c c a a a  ga tcgcag tg  cggtagagcg a a c a t a t t c a  7 8 0  

t t c a c c c t t g  caatggcagc tgaagccggc aagg t tgcgc  g tgaaaccgc  c g a g a a c g t t  8 4 0  

c tgacccaca  cgacaagccg t c t g c a g a a g  c g t c t t g c t g  a t c a g t t g c c  g a a c g t c t c a  9 0 0  

c c g c t t g a a g  gaggccgcta tcagccggaa aag tcgg tgc  t t g a t g a g g c  g t t c g c c c g a  9 6 0  

cgagtgagcg a c a a g t t g a a  t a g t g a c g a t  ccacggcgtg c g t t g c a g a t  g g a a a t t g a a  1 0 2 0  

g c t g t t g g t g  t t g c a a t g t c  gc tggg tgcc  gaaggcgtca agacggtcgc ccgacaggcg 1 0 8 0  

ccaaaggtgg tcaggcaagc cagaagcgtc g c g t c g t c t a  aaggca tgcc  t ccacgaaga  1 1 4 0  

t a a  1 1 4 3  

4s 
The encoded AvrPphE homolog has an amino acid sequence 
according to SEQ. ID. No. 50 as follows: 

Met Arg I l e  His  S e r  Ala Gly His  S e r  Leu Pro Ala Pro  Gly Pro  S e r  
1 5  1 0  1 5  

Val Glu Thr Thr Glu Lys Ala Val Gln S e r  Ser  S e r  Ala Gln Asn Pro  
2 0  2 5  3  0  

Ala S e r  Cys S e r  S e r  Gln Thr Glu Arg Pro  Glu Ala Gly S e r  Thr Gln 
3 5  4  0  4 5  

Val Arg Pro  Asn Tyr Pro  Tyr S e r  S e r  Val Lys Thr Arg Leu Pro  Pro  
5  0  5  5  60  

Val S e r  S e r  Thr Gly Gln Ala I l e  S e r  Asp Thr Pro  S e r  S e r  Leu Pro  
6  5  7 0  7  5  8 0  

Gly Tyr Leu Leu Leu Arg Arg Leu Asp Arg Arg Pro  Leu Asp Glu Asp 
8  5  9 0  9 5  

S e r  I l e  Lys Ala Leu Val Pro  Ala Asp Glu Ala Leu Arg Glu Ala Arg 
1 0 0  1 0 5  1 1 0  



Arg Ala Leu Pro  Phe Gly Arg Gly Asn I l e  Asp Val Asp Ala Gln Arg 
1 1 5  1 2 0  1 2 5  

Thr His  Leu Gln S e r  Gly Ala Arg Ala Val Ala Ala Lys Arg Leu Arg 
1 3 0  1 3 5  1 4 0  

Lys Asp Ala Glu Arg Ala Gly His  Glu Pro  Met Pro  Glu Asn Asp Glu 
1 4 5  1 5 0  1 5 5  1 6 0  

Met Asn Trp His  Val Leu Val Ala Met S e r  Gly Gln Val Phe Gly Ala 
1 6 5  1 7 0  1 7 5  

Gly Asn Cys Gly Glu His  Ala Arg I l e  Ala Ser  Phe Ala Tyr Gly Ala 
1 8 0  1 8 5  1 9 0  

Leu Ala Gln Glu S e r  Gly Arg S e r  Pro  Arg Glu Lys I l e  His  Leu Ala 
1 9 5  2 0 0  2 0 5  

Glu Gln Pro  Gly Lys Asp His  Val Trp Ala Glu Thr Asp Asn S e r  S e r  
2 1 0  2  1 5  2 2 0  

Ala Gly S e r  S e r  Pro  I l e  Val Met Asp Pro  Trp S e r  Asn Gly Ala Ala 
2 2 5  2 3 0  2 3 5  2 4 0  

I l e  Leu Ala Glu Asp S e r  Arg Phe Ala Lys Asp Arg S e r  Ala Val Glu 
2 4 5  2 5 0  2 5 5  

Arg Thr Tyr S e r  Phe Thr Leu Ala Met Ala Ala Glu Ala Gly Lys Val 
2 6 0  2 6 5  2 7 0  

Ala Arg Glu Thr Ala Glu Asn Val Leu Thr His Thr Thr S e r  Arg Leu 
2 7 5  2 8 0  2 8 5  

Gln Lys Arg Leu Ala Asp Gln Leu Pro  Asn Val S e r  Pro  Leu Glu Gly 
2 9 0  2 9 5  3 0 0  

Gly Arg Tyr Gln Pro  Glu Lys S e r  Val Leu Asp Glu Ala Phe Ala Arg 
3 0 5  3 1 0  3  1 5  3 2 0  

Arg Val S e r  Asp Lys Leu Asn S e r  Asp Asp Pro Arg Arg Ala Leu Gln 
3 2 5  3 3 0  3 3 5  

Met Glu I l e  Glu Ala Val Gly Val Ala Met Ser  Leu Gly Ala Glu Gly 
3 4 0  3 4 5  3 5 0  

Val Lys Thr Val Ala Arg Gln Ala Pro  Lys Val Val Arg Gln Ala Arg 
3 5 5  3 6 0  3 6 5  

S e r  Val Ala S e r  S e r  Lys Gly Met Pro  Pro  Arg Arg 
3 7 0  3 7 5  3 8 0  

A DNA molecule from Pseudomonas syvingae pv. angu- 4s 

lata strain Pa9 which encodes AvrPphE homolog has a 
nucleotide sequence (SEQ. ID. No. 51) as follows: 

a t g a g a a t t c  acag tgc tgg  t c a c a g c c t g  cc tgcgccag  g c c c t a g c g t  ggaaaccac t  

gaaaaggctg t t c a a t c a t c  a tcggcccag  a a c c c c g c t t  c t t a c a g t t c  acaaacagaa 

c g t c c t g a a g  c c g g t t c g a c  t c a a g t g c g a  c t g a a c t a c c  c t t a c t c a t c  ag tcaagaca  

c g c t t g c c a c  c c g t t t c t t c  tacagggcag g c c a t t t c t g  ccacgcca tc  t t c a t t g c c c  

g g t t a c c t g c  t g t t a c g t c g  gctcgaccga c g t c c a c t g g  a tgaagacag  t a t c a a g g c t  

c t g g t t c c g g  cagacgaagc gg tgcg tgaa  gcacgccgcg c g t t g c c c t t  cggcaggggc 

a a c a t t g a t g  t g g a t g c a c a  acg tacccac  c tgcaaagcg  gcgctcgcgc a g t c g c t g c a  

a a g c g c t t g a  gaaaagatgc cgagcgcgct  ggccatgagc cgatgcccgg gaa tga tgag  

a t g a a c t g g c  a t g t t c t t g t  c g c c a t g t c a  gggcaggtgt  t t g g c g c t g g  c a a c t g t g g c  

g a a c a t g c t c  g t a t a g c a a g  c t t c g c t t a c  ggggccctgg c tcaggaaag  cgggcg tag t  6 0 0  



-con t inued  
ccccgcgaaa a g a t t c a t t t  ggccgagcag cccggaaaag a t c a c g t c t g  ggctgaaacg 6 6 0  

g a t a a t t c c a  gcgc tggc tc  t t c g c c c a t c  g t c a t g g a c c  c g t g g t c t a a  cggcgcagcc 7 2 0  

a t t t t g g c g g  aggacagccg g t t t g c c a a a  g a t c g c a g t a  cggtagagcg a a c a t a t t c a  7 8 0  

t t c a c c c t t g  caatggcagc tgaagccggc a a g g t t a c g c  g tgaaaccgc  c g a g a a c g t t  8 4 0  

c tgacccaca  cgacaagccg t c t g c a g a a a  c g t c t t g c t g  a t c a g t t g c c  g a a c g t c t c a  9 0 0  

c c g c t t g a a g  gaggccgcta tcagcaggaa aag tcgg tgc  t t g a t g a g g c  g t t c g c c c g a  9 6 0  

cgagtgagcg a c a a g t t g a a  t a g t g a c g a t  ccacggcgtg c g t t g c a g a t  g g a a a t t g a a  1 0 2 0  

g c t g t t g g t g  t t g c a a t g t c  gc tggg tgcc  gaaggcgtca agacggtcgc ccgacaggcg 1 0 8 0  

ccaaaggtgg tcaggcaagc cagaagcgtc g c g t c g t c t a  aaggca tgcc  t ccacgaaga  1 1 4 0  

t a a  1 1 4 3  

The encoded AvrPphE homolog has an amino acid sequence 
according to SEQ. ID. No. 52 as follows: 

Met Arg I l e  His  S e r  Ala Gly His  S e r  Leu Pro Ala Pro  Gly Pro  Ser  
1 5  1 0  1 5  

Val Glu Thr Thr Glu Lys Ala Val Gln S e r  Ser  S e r  Ala Gln Asn Pro  
2 0  2 5  3  0  

Ala S e r  Tyr S e r  S e r  Gln Thr Glu Arg Pro  Glu Ala Gly S e r  Thr Gln 
3 5  4  0  4 5  

Val Arg Leu Asn Tyr Pro  Tyr S e r  S e r  Val Lys Thr Arg Leu Pro  Pro  
5  0  5  5  60  

Val S e r  S e r  Thr Gly Gln Ala I l e  S e r  Ala Thr Pro  S e r  S e r  Leu Pro  
6  5  7 0  7  5  8 0  

Gly Tyr Leu Leu Leu Arg Arg Leu Asp Arg Arg Pro  Leu Asp Glu Asp 
8  5  9 0  9 5  

S e r  I l e  Lys Ala Leu Val Pro  Ala Asp Glu Ala Val Arg Glu Ala Arg 
1 0 0  1 0 5  1 1 0  

Arg Ala Leu Pro  Phe Gly Arg Gly Asn I l e  Asp Val Asp Ala Gln Arg 
1 1 5  1 2 0  1 2 5  

Thr His  Leu Gln S e r  Gly Ala Arg Ala Val Ala Ala Lys Arg Leu Arg 
1 3 0  1 3 5  1 4 0  

Lys Asp Ala Glu Arg Ala Gly His  Glu Pro  Met Pro  Gly Asn Asp Glu 
1 4 5  1 5 0  1 5 5  1 6 0  

Met Asn Trp His  Val Leu Val Ala Met S e r  Gly Gln Val Phe Gly Ala 
1 6 5  1 7 0  1 7 5  

Gly Asn Cys Gly Glu His  Ala Arg I l e  Ala Ser  Phe Ala Tyr Gly Ala 
1 8 0  1 8 5  1 9 0  

Leu Ala Gln Glu S e r  Gly Arg S e r  Pro  Arg Glu Lys I l e  His  Leu Ala 
1 9 5  2 0 0  2 0 5  

Glu Gln Pro  Gly Lys Asp His  Val Trp Ala Glu Thr Asp Asn S e r  Ser  
2 1 0  2  1 5  2 2 0  

Ala Gly S e r  S e r  Pro  I l e  Val Met Asp Pro  Trp S e r  Asn Gly Ala Ala 
2 2 5  2 3 0  2 3 5  2 4 0  

I l e  Leu Ala Gln Asp S e r  Arg Phe Ala Lys Asp Arg S e r  Thr Val Glu 
2 4 5  2 5 0  2 5 5  

Arg Thr Tyr S e r  Phe Thr Leu Ala Met Ala Ala Glu Ala Gly Lys Val 
2 6 0  2 6 5  2 7 0  

Thr Arg Glu Thr Ala Glu Asn Val Leu Thr His Thr Thr S e r  Arg Leu 
2 7 5  2 8 0  2 8 5  



Gln Lys Arg Leu Ala Asp Gln Leu Pro  Asn Val S e r  Pro  Leu Glu Gly 
2 9 0  2 9 5  3 0 0  

Gly Arg Tyr Gln Gln Glu Lys S e r  Val Leu Asp Glu Ala Phe Ala Arg 
3 0 5  3 1 0  3  1 5  3 2 0  

Arg Val S e r  Asp Lys Leu Asn S e r  Asp Asp Pro Arg Arg Ala Leu Gln 
3 2 5  3 3 0  3 3 5  

Met Glu I l e  Glu Ala Val Gly Val Ala Met Ser  Leu Gly Ala Glu Gly 
3 4 0  3 4 5  3 5 0  

Val Lys Thr Val Ala Arg Gln Ala Pro  Lys Val Val Arg Gln Ala Arg 
3 5 5  3 6 0  3 6 5  

S e r  Val Ala S e r  S e r  Lys Gly Met Pro  Pro  Arg Arg 
3 7 0  3 7 5  3 8 0  

A DNA molecule from Pseudomonas syvingae pv. del- 
phinii strain PDDCC529 which encodes a AvrPphE 20 

homolog has a nucleotide sequence (SEQ. ID. No. 53) as 
follows: 

a t g a a a a t a c  a t a a c g c t g g  c c c a a g c a t t  ccga tgcccg  c t c c a t c g a t  tgagagcgc t  

ggcaagactg c g c a a t c a t c  a t t g g c t c a a  ccgcagagcc aacgagccac c c c c g t c t c g  

cca tcagaga  c t t c t g a t g c  c c g t c c g t c c  a g t g t g c g t a  cgaac taccc  t t a t t c a t c a  

g tcaaaacac  g g t t g c c t c c  c g t t g c g t c t  gcagggcagc c a c t g t c c g g  g a t g c c g t c t  

t c a t t a c c c g  g c t a c t t g c t  g t t a c g t c g g  c t t g a c c a t c  g t c c a c t g g a  t c a a g a c g g t  

a t c a a a g g t t  t g a t t c c a g c  agatgaagcg g tggg tgaag  cacg tcgcgc  g t t g c c t t t c  

ggcaggggca a t a t c g a c g t  ggatgcgcaa c g c t c c a a c t  tggaaagcgg agcccgcaca 

c t c g c g g c t a  g g c g t t t g a g  aaaaga tgcc  gaggccgcgg g tcacgaacc  a a t g c c t g c a  

a a t g a a g a t a  t g a a c t g g c a  t g t t c t t g t t  gcga tg tcag  g a c a g g t t t t  tggcgcaggt  

aactgcgggg aaca tgcccg  c a t a g c g a g t  t t c g c c t a c g  g tgcac tggc  t caggaaaaa  

gggcggaacg ccgatgagac t a t t c a t t t g  gctgcgcaac gcggtaaaga c c a c g t c t g g  

gctgaaacgg a c a a t t c a a g  c g c t g g a t c t  t c a c c g g t t g  t c a t g g a t c c  g tgg tcgaac  

g g t c c t g c c a  t t t t t g c g g a  gga tag tcgg  t t t g c c a a a g  a t c g a a g t a c  ggtagaacga 

a c g g a t t c c t  t c a c g c t t g c  a a c t g c t g c t  gaagcaggca aga tcacgcg  agagacggcc 

g a g a a t g c t t  tgacacaggc gaccagccgt  t t g c a g a a a c  g t c t t g c t g a  t cagaaaacg  

c a a g t c t c g c  cgc t tgcagg  agggcgc ta t  cggcaagaaa a t t c g g t g c t  t g a t g a c g c g  

t t c g c c c g a c  gggcaagtgg c a a g t t g a g c  aacaagga tc  cgcggcatgc a t t a c a g g t g  

gaaatcgagg cggccgcagt  t g c a a t g t c g  ctgggcgccc aaggcg taaa  agcgg t tgcg  

gaacaggccc ggacgg tag t  tgaacaagcc  aggaaggtcg c a t c t c c c c a  aggcacgcc t  

cagcgagata c g t g a  

The encoded avrPphE homolog has an amino acid sequence 
according to SEQ. ID. No. 54 as follows: 

Met Lys I l e  His  Asn Ala Gly Pro  S e r  I l e  Pro Met Pro  Ala Pro  S e r  
1 5  1 0  1 5  

I l e  Glu S e r  Ala Gly Lys Thr Ala Gln S e r  Ser  Leu Ala Gln Pro  Gln 
2 0  2 5  3  0  



S e r  G l n  A r g  A l a  T h r  P r o  V a l  S e r  P r o  S e r  G l n  T h r  S e r  A s p  A l a  A r g  
3 5  4  0  4 5  

P r o  S e r  S e r  V a l  A r g  T h r  A s n  T y r  P r o  T y r  S e r  S e r  V a l  L y s  T h r  A r g  
5  0  5  5  60  

L e u  P r o  P r o  V a l  A l a  S e r  A l a  G l y  G l n  P r o  L e u  S e r  G l y  M e t  P r o  S e r  
6  5  7 0  7  5  8 0  

S e r  L e u  P r o  G l y  T y r  L e u  L e u  L e u  A r g  A r g  L e u  A s p  H i s  A r g  P r o  L e u  
8  5  9 0  9 5  

A s p  G l n  A s p  G l y  I l e  L y s  G l y  L e u  I l e  P r o  A l a  A s p  G l u  A l a  V a l  G l y  
1 0 0  1 0 5  1 1 0  

G l u  A l a  A r g  A r g  A l a  L e u  P r o  P h e  G l y  A r g  G l y  A s n  I l e  A s p  V a l  A s p  
1 1 5  1 2 0  1 2 5  

A l a  G l n  A r g  S e r  A s n  L e u  G l u  S e r  G l y  A l a  A r g  T h r  L e u  A l a  A l a  A r g  
1 3 0  1 3 5  1 4 0  

A r g  L e u  A r g  L y s  A s p  A l a  G l u  A l a  A l a  G l y  H i s  G l u  P r o  M e t  P r o  A l a  
1 4 5  1 5 0  1 5 5  1 6 0  

A s n  G l u  A s p  M e t  A s n  T r p  H i s  V a l  L e u  V a l  A l a  M e t  S e r  G l y  G l n  V a l  
1 6 5  1 7 0  1 7 5  

P h e  G l y  A l a  G l y  A s n  C y s  G l y  G l u  H i s  A l a  A r g  I l e  A l a  S e r  P h e  A l a  
1 8 0  1 8 5  1 9 0  

T y r  G l y  A l a  L e u  A l a  G l n  G l u  L y s  G l y  A r g  A s n  A l a  A s p  G l u  T h r  I l e  
1 9 5  2 0 0  2 0 5  

H i s  L e u  A l a  A l a  G l n  A r g  G l y  L y s  A s p  H i s  V a l  T r p  A l a  G l u  T h r  A s p  
2 1 0  2  1 5  2 2 0  

A s n  S e r  S e r  A l a  G l y  S e r  S e r  P r o  V a l  V a l  M e t  A s p  P r o  T r p  S e r  A s n  
2 2 5  2 3 0  2 3 5  2 4 0  

G l y  P r o  A l a  I l e  P h e  A l a  G l u  A s p  S e r  A r g  P h e  A l a  L y s  A s p  A r g  S e r  
2 4 5  2 5 0  2 5 5  

T h r  V a l  G l u  A r g  T h r  A s p  S e r  P h e  T h r  L e u  A l a  T h r  A l a  A l a  G l u  A l a  
2 6 0  2 6 5  2 7 0  

G l y  L y s  I l e  T h r  A r g  G l u  T h r  A l a  G l u  A s n  A l a  L e u  T h r  G l n  A l a  T h r  
2 7 5  2 8 0  2 8 5  

S e r  A r g  L e u  G l n  L y s  A r g  L e u  A l a  A s p  G l n  L y s  T h r  G l n  V a l  S e r  P r o  
2 9 0  2 9 5  3 0 0  

L e u  A l a  G l y  G l y  A r g  T y r  A r g  G l n  G l u  A s n  S e r  V a l  L e u  A s p  A s p  A l a  
3 0 5  3 1 0  3  1 5  3 2 0  

P h e  A l a  A r g  A r g  A l a  S e r  G l y  L y s  L e u  S e r  A s n  L y s  A s p  P r o  A r g  H i s  
3 2 5  3 3 0  3 3 5  

A l a  L e u  G l n  V a l  G l u  I l e  G l u  A l a  A l a  A l a  V a l  A l a  M e t  S e r  L e u  G l y  
3 4 0  3 4 5  3 5 0  

A l a  G l n  G l y  V a l  L y s  A l a  V a l  A l a  G l u  G l n  A l a  A r g  T h r  V a l  V a l  G l u  
3 5 5  3 6 0  3 6 5  

G l n  A l a  A r g  L y s  V a l  A l a  S e r  P r o  G l n  G l y  T h r  P r o  G l n  A r g  A s p  T h r  
3 7 0  3 7 5  3 8 0  

A DNA molecule from Pseudomonas syvingae pv. del- 
phinii strain PDDCC529 which encodes a homolog o f t ?  
syvingae pv. tomato DC3000 EEL ORF2 has a nucleotide 
sequence (SEQ. ID. No. 55) as follows: 

g t g g t t g a g c  g a a c c g g c a c  t g c a t a t c g a  a g g c g t g g a g  c a g c c t g c t c  g c g t a t c a c g  6 0  

a g c c a a a a t c  a g g t c c g a c g  a c g c t t t g g a  a t t a c g g t g a  a t c a g a t g c a  a a a g a c g t c c  1 2 0  



-con t inued  
c t a t t g g c t t  t g g c c t t t g c  a a t c c t g g c a  gggtgtgggg g t t cggggca  ggcgccgggg 1 8 0  

a g t g a t a t t c  agggtgccca ggcagagatg aaaacaccca t t a a a g t a g a  t c t g g a t g c c  2 4 0  

t a c a c c t c a a  a a a a a c t t g a  t g c t g t g t t g  gaagctcggg c c a a t a a a a g  c t a t g t g a a t  3 0 0  

aaagg tcaac  t g a t c g a c c t  t g t g t c a g g g  g c g t t t t t g g  gaacaccg ta  ccgc tcaaac  3 6 0  

a t g t t g g t g g  gcacagagga a a t a c c t g a a  c a g t t a g t c a  t c g a c t t t a g  a g g t c t g g a t  4 2 0  

t g t t t t g c t t  a t c t g g a t t a  cgtagaggcg t t g c g a a g a t  caaca tcgca  g c a g g a t t t t  4 8 0  

gtgaggaa tc  t c g t t c a g g t  t c g t t a c a a g  g g t g g t g a t g  t t g a c t t t t t  gaa tcgcaag  5 4 0  

c a c t t t t t c a  cgga t tgggc  t t a t g g c a c t  acacacccgg tggcgga tga  c a t c a c c a c g  6 0 0  

caga taagcc  ccgg tgcgg t  a a g t g t c a g a  a a a c g c c t t a  atgaaagggc caaaggcaaa 6 6 0  

g t c t a t c t g c  c a g g t t t g c c  t g t g g t t g a g  cgcagcatga c c t a t a t c c c  g a g c c g c c t t  7 2 0  

g t c g a c a g t c  agg tgg taag  c c a c t t g c g c  a c a g g t g a t t  a c a t c g g c a t  t t a c a c c c c g  7 8 0  

c t t c c c g g g c  t g g a t g t g a c  gcacg tcgg t  t t c t t t a t c a  t g a c g g a t a a  a g g c c c t g t c  8 4 0  

t t g c g a a a t g  c a t c t t c a c g  aaaagaaaac agaaaggtaa t g g a t t t g c c  t t t t c t g g a c  9 0 0  

t a t g t a t c g g  aaaagccagg g a t t g t t g t t  t t c a g g g c a a  a a g a c a a t t g  a  
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The encoded protein or polypeptide has an amino acid 
sequence according to SEQ. ID. No. 56 as follows: 

Val Val Glu Arg Thr Gly Thr Ala Tyr Arg Arg Arg Gly Ala Ala Cys 
1 5  1 0  1 5  

S e r  Arg I l e  Thr S e r  Gln Asn Gln Val Arg Arg Arg Phe Gly I l e  Thr 
2 0  2 5  3  0  

Val Asn Gln Met Gln Lys Thr S e r  Leu Leu Ala Leu Ala Phe Ala I l e  
3 5  4  0  4 5  

Leu Ala Gly Cys Gly Gly S e r  Gly Gln Ala Pro Gly S e r  Asp I l e  Gln 
5  0  5  5  60  

Gly Ala Gln Ala Glu Met Lys Thr Pro  I l e  Lys Val Asp Leu Asp Ala 
6  5  7 0  7  5  8 0  

Tyr Thr S e r  Lys Lys Leu Asp Ala Val Leu Glu Ala Arg Ala Asn Lys 
8  5  9 0  9 5  

S e r  Tyr Val Asn Lys Gly Gln Leu I l e  Asp Leu Val S e r  Gly Ala Phe 
1 0 0  1 0 5  1 1 0  

Leu Gly Thr Pro  Tyr Arg S e r  Asn Met Leu Val Gly Thr Glu Glu I l e  
1 1 5  1 2 0  1 2 5  

Pro  Glu Gln Leu Val I l e  Asp Phe Arg Gly Leu Asp Cys Phe Ala Tyr 
1 3 0  1 3 5  1 4 0  

Leu Asp Tyr Val Glu Ala Leu Arg Arg S e r  Thr S e r  Gln Gln Asp Phe 
1 4 5  1 5 0  1 5 5  1 6 0  

Val Arg Asn Leu Val Gln Val Arg Tyr Lys Gly Gly Asp Val Asp Phe 
1 6 5  1 7 0  1 7 5  

Leu Asn Arg Lys His  Phe Phe Thr Asp Trp Ala Tyr Gly Thr Thr His 
1 8 0  1 8 5  1 9 0  

Pro  Val Ala Asp Asp I l e  Thr Thr Gln I l e  Ser  Pro  Gly Ala Val S e r  
1 9 5  2 0 0  2 0 5  

Val Arg Lys Arg Leu Asn Glu Arg Ala Lys Gly Lys Val Tyr Leu Pro  
2 1 0  2  1 5  2 2 0  

Gly Leu Pro  Val Val Glu Arg S e r  Met Thr Tyr I l e  Pro  S e r  Arg Leu 
2 2 5  2 3 0  2 3 5  2 4 0  



-con t inued  
Val Asp S e r  Gln Val Val S e r  His  Leu Arg Thr Gly Asp Tyr I l e  Gly 

2 4 5  2 5 0  2 5 5  

I l e  Tyr Thr Pro  Leu Pro  Gly Leu Asp Val Thr His  Val Gly Phe Phe 
2 6 0  2 6 5  2 7 0  

I l e  Met Thr Asp Lys Gly Pro  Val Leu Arg Asn Ala S e r  S e r  Arg Lys 
2 7 5  2 8 0  2 8 5  

Glu Asn Arg Lys Val Met Asp Leu Pro  Phe Leu Asp Tyr Val S e r  Glu 
2 9 0  2 9 5  3 0 0  

Lys Pro  Gly I l e  Val Val Phe Arg Ala Lys Asp Asn 
3 0 5  3 1 0  3  1 5  

A DNA molecule from Pseudomonas syvingae pv. del- 
phinii strain PDDCC529 ORFl encodes a homolog of 
AvrPphF and has a nucleotide sequence (SEQ. ID. No. 57) 
as follows: 

a t g a a a a a c t  c a t t t g a t c t  t c t t g t c g a c  g g t t t g g c g a  aagac tacag  c a t g c c g a a t  60  

t t g c c g a a c a  agaaacacga c a a t g a a g t c  t a t t g c t t c a  c a t t c c a g a g  cgggctcgaa 1 2 0  

g t a a a c a t t t  a tcaggacga c t g t c g a t g g  g t g c a t t t c t  ccgccacaa t  c g g a c a a t t t  1 8 0  

caagacgcca gcaa tgacac  gc tcagccac  g c a c t t c a a c  t g a a c a a t t t  c a g t c t t g g a  2 4 0  

a a g c c c t t c t  t c a c c t t t g g  aatgaacgga gaaaaggtcg g c g t a c t t c a  c a c a c g c g t t  3 0 0  

c c g t t g a t t g  a a a t g a a t a c  c g t t g a a a t g  c g c a a g g t a t  t c g a g g a c t t  g c t c g a t g t a  3 6 0  

gcaggcggca tcagagcgac a t t c a a g c t c  a g t t a a  3 9 6  

The encoded AvrPphF homolog has an amino acid sequence 
according to SEQ. ID. No 58 as follows: 

Met Lys Asn S e r  Phe Asp Leu Leu Val Asp Gly Leu Ala Lys Asp Tyr 
1 5  1 0  1 5  

S e r  Met Pro  Asn Leu Pro  Asn Lys Lys His  Asp Asn Glu Val Tyr Cys 
2 0  2 5  3  0  

Phe Thr Phe Gln S e r  Gly Leu Glu Val Asn I l e  Tyr Gln Asp Asp Cys 
3 5  4  0  4 5  

Arg Trp Val His  Phe S e r  Ala Thr I l e  Gly Gln Phe Gln Asp Ala Ser  
5  0  5  5  60  

Asn Asp Thr Leu S e r  His  Ala Leu Gln Leu Asn Asn Phe S e r  Leu Gly 
6  5  7 0  7  5  8 0  

Lys Pro  Phe Phe Thr Phe Gly Met Asn Gly Glu Lys Val Gly Val Leu 
8  5  9 0  9 5  

His Thr Arg Val Pro  Leu I l e  Glu Met Asn Thr Val Glu Met Arg Lys 
1 0 0  1 0 5  1 1 0  

Val Phe Glu Asp Leu Leu Asp Val Ala Gly Gly I l e  Arg Ala Thr Phe 
1 1 5  1 2 0  1 2 5  

Lys Leu S e r  
1 3 0  

A DNA molecule from Pseudomonas syvingae pv. del- 
phinii strain PDDCC529 ORFl encodes a homolog of 
AvrPphF and has a nucleotide sequence (SEQ. ID. No. 59) 
as follows: 



a t g a g t a c t a  t a c c t g g c a c  c tcgggcgc t  c a c c c g a t t t  a t a g c t c a a t  t t c c a g c c c a  60  

c g a a a t a t g t  c t g g c t c g c c  cacaccgag t  c a c c g t a t t g  gcggggaaac c c t g a c c t c t  1 2 0  

a t t c a t c a g c  t c t c t g c c a g  ccagagagaa c a a t t t c t g a  a t a c t c a t g a  cccca tgaga  1 8 0  

aaac tcagga  t t a a c a a t g a  t a c g c c a c t g  t acagaacaa  ccgagaagcg t t t t a t a c a g  2 4 0  

gaaggcaaac tggccggcaa t c c a a a g t c t  a t t g c a c g t g  t c a a c t t g c a  cgaagaac tg  3 0 0  

c a g c t t a a t c  cgc tcgccag  t a t t t t a g g g  a a c t t a c c t c  acgaggcaag c g c t t a c t t t  3 6 0  

ccgaaaagcg cccgcgctgc g g a t c t g a a a  g a c c c t t c a t  t g a a t g t a a t  g a c a g g c t c t  4 2 0  

cgggcaaaaa a t g c t a t t c g  c g g c t a c g c t  ca tgacgacc  a t g t g g c g g t  caaga tgcga  4 8 0  

c tgggcgac t  t t c t t g a a a a  aggcggcaag g tg tacgcgg  a c a c t t c a t c  a g t c a t t g a c  5 4 0  

ggcggagacg aggcgagcgc g c t g a t c g t t  a c a t t g c c t a  aaggacaaaa a g t t c c a g t c  6 0 0  

g a g a t t a t c c  c t a c c c a t a a  cgacaacagc aa taaaggca  gaggctga 
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The encoded AvrPphF homolog has an amino acid sequence 
according to SEQ. ID. No. 60 as follows: 

Met S e r  Thr I l e  Pro  Gly Thr S e r  Gly Ala His Pro  I l e  Tyr S e r  Ser  
1 5  1 0  1 5  

I l e  S e r  S e r  Pro  Arg Asn Met S e r  Gly S e r  Pro Thr Pro  S e r  His  Arg 
2 0  2 5  3  0  

I l e  Gly Gly Glu Thr Leu Thr S e r  I l e  His  Gln Leu S e r  Ala S e r  Gln 
3 5  4  0  4 5  

Arg Glu Gln Phe Leu Asn Thr His  Asp Pro  Met Arg Lys Leu Arg I l e  
5  0  5  5  60  

Asn Asn Asp Thr Pro  Leu Tyr Arg Thr Thr Glu Lys Arg Phe I l e  Gln 
6  5  7 0  7  5  8 0  

Glu Gly Lys Leu Ala Gly Asn Pro  Lys S e r  I l e  Ala Arg Val Asn Leu 
8  5  9 0  9 5  

His Glu Glu Leu Gln Leu Asn Pro  Leu Ala Ser  I l e  Leu Gly Asn Leu 
1 0 0  1 0 5  1 1 0  

Pro  His  Glu Ala S e r  Ala Tyr Phe Pro  Lys Ser  Ala Arg Ala Ala Asp 
1 1 5  1 2 0  1 2 5  

Leu Lys Asp Pro  S e r  Leu Asn Val Met Thr Gly S e r  Arg Ala Lys Asn 
1 3 0  1 3 5  1 4 0  

Ala I l e  Arg Gly Tyr Ala His  Asp Asp His  Val Ala Val Lys Met Arg 
1 4 5  1 5 0  1 5 5  1 6 0  

Leu Gly Asp Phe Leu Glu Lys Gly Gly Lys Val Tyr Ala Asp Thr Ser  
1 6 5  1 7 0  1 7 5  

S e r  Val I l e  Asp Gly Gly Asp Glu Ala S e r  Ala Leu I l e  Val Thr Leu 
1 8 0  1 8 5  1 9 0  

Pro  Lys Gly Gln Lys Val Pro  Val Glu I l e  I l e  Pro  Thr His  Asn Asp 
1 9 5  2 0 0  2 0 5  

Asn S e r  Asn Lys Gly Arg Gly 
2 1 0  2  1 5  

A DNA molecule from Pseudomonas syvingae pv. syvin- 
gae strain 226 encodes a homolog of HopPsyA and has a 
nucleotide sequence (SEQ. ID. No. 61) as follows: 



g t g a a c c c t a  t c c a t g c a c g  c t t c t c c a g c  gtagaagcgc t c a g a c a t t c  a a a c g t t g a t  

a t t c a g g c a a  t c a a a t c c g a  g g g t c a g t t g  gaag tcaacg  g c a a g c g t t a  c g a g a t t c g t  

gcggccgctg a c g g c t c a a t  c g c g g t c c t c  agacccga tc  aacag tccaa  agcagacaag 

t t c t t c a a a g  gcgcagcgca t c t t a t t g g c  ggacaaagcc agcg tgccca  aa tagcccag  

g t a c t c a a c g  agaaagcggc g g c a g t t c c a  cgcctggaca g a a t g t t g g g  c a g a c g c t t c  

ga tc tggaga  agggcggaag t a g c g c t g t g  ggcgccgcaa t c a a g g c t g c  cgacagccga 

c t g a c a t c a a  a a c a g a c a t t  t g c c a g c t t c  cagcaatggg c tgaaaaagc  tgaggcgc tc  

gggcgcgata ccgaaa tcgg  t a t c t a c a t g  a t c t a c a a g a  gggacacgcc agacacaacg 

c c t a t g a a t g  cggcagagca a g a a c a t t a c  ctggaaacgc t a c a g g c t c t  cga taacaag  

a a a a a c c t t a  t c a t a c g c c c  g c a g a t c c a t  ga tga tcggg  aagaggaaga g c t t g a t c t g  

ggccgataca t c g c t g a a g a  cagaaa tgcc  agaaccggct  t t t t t a g a a t  g g t t c c t a a a  

gaccaacgcg cacc tgagac  aaactcggga c g a c t t a c c a  t t g g t g t a g a  a c c t a a a t a t  

ggagcgcagt  t g g c c c t c g c  aa tggcaacc  c t g a t g g a c a  agcacaaa tc  t g t g a c a c a a  

gg taaag tcg  t cgg tccggc  a a a a t a t g g c  cagcaaac tg  a c t c t g c c a t  t c t t t a c a t a  

a a t g g t g a t c  t t g c a a a a g c  a g t a a a a c t g  ggcgaaaagc t g a a a a a g c t  gagcggta tc  

c c t c c t g a a g  g a t t c g t c g a  aca tacaccg  c t a a g c a t g c  agtcgacggg t c t c g g t c t t  

t c t t a t g c c g  a g t c g g t t g a  agggcagcct  t ccagccacg  gacaggcgag a a c a c a c g t t  

a t c a t g g a t g  c c t t g a a a g g  ccagggcccc atggagaaca g a c t c a a a a t  ggcgctggca 

gaaagaggct  a tgacccgga aaa tccggcg  ctcagggcgc gaaac tga  

The encoded HopPsyAhomolog has an amino acid sequence 
according to SEQ. ID No. 62 as follows: 

Val Asn Pro  I l e  His  Ala Arg Phe S e r  S e r  Val Glu Ala Leu Arg His  
1 5  1 0  1 5  

S e r  Asn Val Asp I l e  Gln Ala I l e  Lys S e r  Glu Gly Gln Leu Glu Val 
2 0  2 5  3  0  

Asn Gly Lys Arg Tyr Glu I l e  Arg Ala Ala Ala Asp Gly S e r  I l e  Ala 
3 5  4  0  4 5  

Val Leu Arg Pro  Asp Gln Gln S e r  Lys Ala Asp Lys Phe Phe Lys Gly 
5  0  5  5  60  

Ala Ala His  Leu I l e  Gly Gly Gln S e r  Gln Arg Ala Gln I l e  Ala Gln 
6  5  7 0  7  5  8 0  

Val Leu Asn Glu Lys Ala Ala Ala Val Pro  Arg Leu Asp Arg Met Leu 
8  5  9 0  9 5  

Gly Arg Arg Phe Asp Leu Glu Lys Gly Gly Ser  S e r  Ala Val Gly Ala 
1 0 0  1 0 5  1 1 0  

Ala I l e  Lys Ala Ala Asp S e r  Arg Leu Thr Ser  Lys Gln Thr Phe Ala 
1 1 5  1 2 0  1 2 5  

S e r  Phe Gln Gln Trp Ala Glu Lys Ala Glu Ala Leu Gly Arg Asp Thr 
1 3 0  1 3 5  1 4 0  

Glu I l e  Gly I l e  Tyr Met I l e  Tyr Lys Arg Asp Thr Pro  Asp Thr Thr 
1 4 5  1 5 0  1 5 5  1 6 0  

Pro  Met Asn Ala Ala Glu Gln Glu His  Tyr Leu Glu Thr Leu Gln Ala 
1 6 5  1 7 0  1 7 5  

Leu Asp Asn Lys Lys Asn Leu I l e  I l e  Arg Pro Gln I l e  His  Asp Asp 
1 8 0  1 8 5  1 9 0  



Arg Glu Glu Glu Glu Leu Asp Leu Gly Arg Tyr I l e  Ala Glu Asp Arg 
1 9 5  2 0 0  2 0 5  

Asn Ala Arg Thr Gly Phe Phe Arg Met Val Pro Lys Asp Gln Arg Ala 
2 1 0  2  1 5  2 2 0  

Pro  Glu Thr Asn S e r  Gly Arg Leu Thr I l e  Gly Val Glu Pro  Lys Tyr 
2 2 5  2 3 0  2 3 5  2 4 0  

Gly Ala Gln Leu Ala Leu Ala Met Ala Thr Leu Met Asp Lys His  Lys 
2 4 5  2 5 0  2 5 5  

S e r  Val Thr Gln Gly Lys Val Val Gly Pro  Ala Lys Tyr Gly Gln Gln 
2 6 0  2 6 5  2 7 0  

Thr Asp S e r  Ala I l e  Leu Tyr I l e  Asn Gly Asp Leu Ala Lys Ala Val 
2 7 5  2 8 0  2 8 5  

Lys Leu Gly Glu Lys Leu Lys Lys Leu S e r  Gly I l e  Pro  Pro  Glu Gly 
2 9 0  2 9 5  3 0 0  

Phe Val Glu His  Thr Pro  Leu S e r  Met Gln Ser  Thr Gly Leu Gly Leu 
3 0 5  3 1 0  3  1 5  3 2 0  

S e r  Tyr Ala Glu S e r  Val Glu Gly Gln Pro  Ser  S e r  His  Gly Gln Ala 
3 2 5  3 3 0  3 3 5  

Arg Thr His  Val I l e  Met Asp Ala Leu Lys Gly Gln Gly Pro  Met Glu 
3 4 0  3 4 5  3 5 0  

Asn Arg Leu Lys Met Ala Leu Ala Glu Arg Gly Tyr Asp Pro  Glu Asn 
3 5 5  3 6 0  3 6 5  

Pro  Ala Leu Arg Ala Arg Asn 
3 7 0  3 7 5  

A DNA molecule from Pseudomonas syvingae pv. atvo- 
faciens strain B143 encodes a homolog of HopPsyA and has 
a nucleotide sequence (SEQ. ID. No. 63) as follows: 

a tgaacccga  t acaaacgcg  t t t c t c t a a c  gtcgaagcac t t a g a c a t t c  agagg tgga t  

gtacaggagc t caaagcaca  c g g t c a a a t a  gaag tggg tg  g c a a a t g c t a  c g a c a t t c g c  

gcggctgcca a t a a c g a c c t  g a c t g t c c a g  c g t t c t g a c a  aacaga tggc  gatgagcaag 

t t t t t c a a a a  aagcagggt t  aag tgggag t  t c c g g c a g t c  a g t c c g a t c a  a a t t g c g c a g  

g t a c t g a a t g  acaagcgcgg c t c t t c c g t t  c c c c g t c t t a  tacgccaggg gcagaccca t  

c tgggccg ta  t g c a a t t c a a  ca tcgaagag  gggcaaggca g t t cggccgc  c a c g t c c g t c  

cagaacagca ggctgcccaa t g g c c g c t t g  g taaacagca  g t a t t t t g c a  a tggg tcgaa  

aaggcgaaag ccaa tggcag  cacaag tacc  a g t g c t c t t t  a t c a g a t c t a  cgcaaaagaa 

c t c c c g c g t g  t a g a a c t g c t  gccacgcac t  gagcaccggg c g t g t c t g g c  g c a t a t g t a t  

aagc tgaacg  gtaaggacgg t a t c a g t a t t  tggccgcag t  t t c t g g a t g g  cgtgcgcggg 

t t g c a g c t a a  aaca tgacac  a a a a g t g t t c  a t g a t g a a c a  accccaaagc agcggacgag 

t t c t a c a a g a  t c g a a c g t t c  gggcacgcaa t t t c c g g a t g  a g g c t g t c a a  ggcgcgcctg 

a c g a t a a a t g  t c a a a c c t c a  a t t c c a g a a g  gcca tgg tcg  acgcagcggt  c a g g t t g a c c  

gc tgagcg tc  a c g a t a t c a t  t a c t g c c a a a  g tggcagg tc  c t g c a a a g a t  t g g c a c g a t t  

acaga tgcag  c g g t t t t c t a  tg taagcgga  g a t t t t t c c g  c tgcgcagac  a c t t g c a a a a  

gagc t tcagg  c a c t g c t c c c  tgacga tgcg  t t t a t c a a t c  a tacgccagc  t g g a a t g c a a  

t c c a t g g g c a  aggggc tg tg  t t a c g c c g a g  cg tacaccgc  aggacaggac aagccacgga 

a tg tcgcgcg  c c a g c a t a a t  cgagtcggca ctggcagaca ccagcaggtc  g tcac tggag  



a a g a a g c t g c  g c a a t g c t t t  c a a g a g c g c c  g g a t a c a a t c  c c g a c a a c c c  g g c a t t c a g g  1 1 4 0  

t t g g a a t g a  1 1 4 9  

The encoded HopPsyAhomolog has an amino acid sequence 
according to SEQ. ID. No. 64 as follows: 

M e t  A s n  P r o  I l e  G l n  T h r  A r g  P h e  S e r  A s n  V a l  G l u  A l a  L e u  A r g  H i s  
1 5  1 0  1 5  

S e r  G l u  V a l  A s p  V a l  G l n  G l u  L e u  L y s  A l a  H i s  G l y  G l n  I l e  G l u  V a l  
2 0  2 5  3  0  

G l y  G l y  L y s  C y s  T y r  A s p  I l e  A r g  A l a  A l a  A l a  A s n  A s n  A s p  L e u  T h r  
3 5  4  0  4 5  

V a l  G l n  A r g  S e r  A s p  L y s  G l n  M e t  A l a  M e t  S e r  L y s  P h e  P h e  L y s  L y s  
5  0  5  5  60  

A l a  G l y  L e u  S e r  G l y  S e r  S e r  G l y  S e r  G l n  S e r  A s p  G l n  I l e  A l a  G l n  
6  5  7 0  7  5  8 0  

V a l  L e u  A s n  A s p  L y s  A r g  G l y  S e r  S e r  V a l  P r o  A r g  L e u  I l e  A r g  G l n  
8  5  9 0  9 5  

G l y  G l n  T h r  H i s  L e u  G l y  A r g  M e t  G l n  P h e  A s n  I l e  G l u  G l u  G l y  G l n  
1 0 0  1 0 5  1 1 0  

G l y  S e r  S e r  A l a  A l a  T h r  S e r  V a l  G l n  A s n  S e r  A r g  L e u  P r o  A s n  G l y  
1 1 5  1 2 0  1 2 5  

A r g  L e u  V a l  A s n  S e r  S e r  I l e  L e u  G l n  T r p  V a l  G l u  L y s  A l a  L y s  A l a  
1 3 0  1 3 5  1 4 0  

A s n  G l y  S e r  T h r  S e r  T h r  S e r  A l a  L e u  T y r  G l n  I l e  T y r  A l a  L y s  G l u  
1 4 5  1 5 0  1 5 5  1 6 0  

L e u  P r o  A r g  V a l  G l u  L e u  L e u  P r o  A r g  T h r  G l u  H i s  A r g  A l a  C y s  L e u  
1 6 5  1 7 0  1 7 5  

A l a  H i s  M e t  T y r  L y s  L e u  A s n  G l y  L y s  A s p  G l y  I l e  S e r  I l e  T r p  P r o  
1 8 0  1 8 5  1 9 0  

G l n  P h e  L e u  A s p  G l y  V a l  A r g  G l y  L e u  G l n  L e u  L y s  H i s  A s p  T h r  L y s  
1 9 5  2 0 0  2 0 5  

V a l  P h e  M e t  M e t  A s n  A s n  P r o  L y s  A l a  A l a  A s p  G l u  P h e  T y r  L y s  I l e  
2 1 0  2  1 5  2 2 0  

G l u  A r g  S e r  G l y  T h r  G l n  P h e  P r o  A s p  G l u  A l a  V a l  L y s  A l a  A r g  L e u  
2 2 5  2 3 0  2 3 5  2 4 0  

T h r  I l e  A s n  V a l  L y s  P r o  G l n  P h e  G l n  L y s  A l a  M e t  V a l  A s p  A l a  A l a  
2 4 5  2 5 0  2 5 5  

V a l  A r g  L e u  T h r  A l a  G l u  A r g  H i s  A s p  I l e  I le  T h r  A l a  L y s  V a l  A l a  
2 6 0  2 6 5  2 7 0  

G l y  P r o  A l a  L y s  I l e  G l y  T h r  I l e  T h r  A s p  A l a  A l a  V a l  P h e  T y r  V a l  
2 7 5  2 8 0  2 8 5  

S e r  G l y  A s p  P h e  S e r  A l a  A l a  G l n  T h r  L e u  A l a  L y s  G l u  L e u  G l n  A l a  
2 9 0  2 9 5  3 0 0  

L e u  L e u  P r o  A s p  A s p  A l a  P h e  I l e  A s n  H i s  T h r  P r o  A l a  G l y  M e t  G l n  
3 0 5  3 1 0  3  1 5  3 2 0  

S e r  M e t  G l y  L y s  G l y  L e u  C y s  T y r  A l a  G l u  A r g  T h r  P r o  G l n  A s p  A r g  
3 2 5  3 3 0  3 3 5  

T h r  S e r  H i s  G l y  M e t  S e r  A r g  A l a  S e r  I l e  I le  G l u  S e r  A l a  L e u  A l a  
3 4 0  3 4 5  3 5 0  

A s p  T h r  S e r  A r g  S e r  S e r  L e u  G l u  L y s  L y s  L e u  A r g  A s n  A l a  P h e  L y s  
3 5 5  3 6 0  3 6 5  



S e r  Ala Gly Tyr Asn Pro  Asp Asn Pro  Ala Phe Arg Leu Glu 
3 7 0  3 7 5  3 8 0  

A DNA molecule from pseudomonas syvingae pv. tomato 
strain DC3000 encodes a homolog of HopPtoA, identified 
herein as HopPtoA2, and has a nucleotide sequence (SEQ. 
ID. No. 65) as follows: 

a t g c a c a t c a  accaa tccgc  ccaacaaccg c c t g g c g t t g  caatggagag t t t t c g g a c a  

g c t t c c g a c g  c g t c c c t t g c  t t c g a g t t c t  g t g c g g t c t g  t c a g c a c t a c  c t c g t g c c g c  

g a t c t a c a a g  c t a t t a c c g a  t t a t c t g a a a  c a t c a c g t g t  t c g c t g c g c a  c a g g t t t t c g  

g t a a t a g g c t  caccggatga gcg tga tgcc  g c t c t t g c a c  acaacgagca ga tcga tgcg  

t t g g t a g a g a  cacgcgccaa c c g c c t g t a c  tccgaagggg agacccccgc aacca tcgcc  

g a a a c a t t c g  ccaaggcgga a a a g t t c g a c  c g t t t g g c g a  cgaccgca tc  a a g t g c t t t t  

gagaacacgc c a t t t g c c g c  t g c c t c g g t g  c t t c a g t a c a  t g c a g c c t g c  ga tcaacaag  

ggcga t tggc  t agcaacgcc  gc tcaagccg  c tgaccccgc  t c a t t t c c g g  a g c g c t g t c g  

ggagccatgg accaggtggg caccaaaa tg  a t g g a t c g t g  cgaggggtga t c t g c a t t a c  

c t g a g c a c t t  cgccggacaa g t t g c a t g a t  gcgatggccg t a t c g g t g a a  gcgccac tcg  

c c t g c g c t t g  g tcgacagg t  t g t g g a c a t g  ggga t tgcag  t g c a g a c g t t  c t c g g c g c t a  

a a t g t g g t g c  g t a c c g t a t t  ggctccagca c t a g c g t c c a  gaccg tcgg t  gcagggtgc t  

g t t g a t t t t g  g c g t a t c t a c  ggcgggtggc t t g g t t g c g a  a t g c a g g c t t  tggcgaccgc 

a t g c t c a g t g  t g c a a t c g c g  c g a t c a a c t g  cgtggggggg c a t t c g t a c t  t g g c a t g a a a  

gataaagagc ccaaggccgc g t t g a g t g a a  g a a a c t g a t t  g g c t t g a t g c  t t a c a a a g c g  

a t c a a g t c g g  c c a g c t a c t c  aggtgcggcg c t c a a t g c g g  gcaagcggat  ggccggcctg 

ccac tggacg  tcgcgaccga cgggctcaag gcggtgagaa g t c t g g t g t c  ggccaccagc 

c tgacaaaaa  a tggcc tggc  c c t a g c c g g t  gg t tacgccg  ggg taag taa  g t t g c a g a a a  

atggcgacga a a a a t a t c a c  t g a t t c g g c g  accaaggc tg  c g g t t a g t c a  gc tgagcaac  

c t g g t g g g t t  cgg taggcg t  t t t c g c a g g c  tggaccaccg  c tggac tggc  g a c t g a c c c t  

gcgg t taaga  aagccgagtc g t t t a t a c a g  ga taagg tga  aa tcgaccgc  a t c t a g t a c c  

a c a a g c t a t g  t t g c c g a c c a  gaccg tcaaa  ctggcgaaaa cag tcaagga  catgagcggg 

gaggcga tc t  ccagcaccgg t g c c a g c t t a  c g c a g t a c t g  t c a a t a a c c t  g c g t c a t c g c  

t c c g c t c c g g  a a g c t g a t a t  cgaagaaggt  g g g a t t t c g g  c g t t t t c t c g  aag tgaaaca  

c c g t t t c a g c  t c a g g c g t t t  g t a a  

Although hopPtoA2 does not lie within the CEL, it is 
included here as a homolog of hopPtoA, which corresponds 5s 
to CEL ORF5 as noted above. The encoded HopPtoA2 
protein or polypeptide has an amino acid sequence accord- 
ing to SEQ. ID. No. 66 as follows: 

Met His  I l e  Asn Gln S e r  Ala Gln Gln Pro  Pro Gly Val Ala Met Glu 
1 5  1 0  1 5  

S e r  Phe Arg Thr Ala S e r  Asp Ala S e r  Leu Ala S e r  S e r  S e r  Val Arg 

2 0  2 5  3  0  



-con t inued  
S e r  V a l  S e r  T h r  T h r  S e r  C y s  A r g  A s p  L e u  G l n  A l a  I l e  T h r  A s p  T y r  

3 5  4  0  4 5  

L e u  L y s  H i s  H i s  V a l  P h e  A l a  A l a  H i s  A r g  P h e  S e r  V a l  I l e  G l y  S e r  

5  0  5  5  60  

P r o  A s p  G l u  A r g  A s p  A l a  A l a  L e u  A l a  H i s  A s n  G l u  G l n  I l e  A s p  A l a  

6  5  7 0  7  5  8 0  

L e u  V a l  G l u  T h r  A r g  A l a  A s n  A r g  L e u  T y r  S e r  G l u  G l y  G l u  T h r  P r o  

8  5  9 0  9 5  

A l a  T h r  I l e  A l a  G l u  T h r  P h e  A l a  L y s  A l a  G l u  L y s  P h e  A s p  A r g  L e u  

1 0 0  1 0 5  1 1 0  

A l a  T h r  T h r  A l a  S e r  S e r  A l a  P h e  G l u  A s n  T h r  P r o  P h e  A l a  A l a  A l a  

1 1 5  1 2 0  1 2 5  

S e r  V a l  L e u  G l n  T y r  M e t  G l n  P r o  A l a  I l e  A s n  L y s  G l y  A s p  T r p  L e u  

1 3 0  1 3 5  1 4 0  

A l a  T h r  P r o  L e u  L y s  P r o  L e u  T h r  P r o  L e u  I l e  S e r  G l y  A l a  L e u  S e r  

1 4 5  1 5 0  1 5 5  1 6 0  

G l y  A l a  M e t  A s p  G l n  V a l  G l y  T h r  L y s  M e t  M e t  A s p  A r g  A l a  A r g  G l y  

1 6 5  1 7 0  1 7 5  

A s p  L e u  H i s  T y r  L e u  S e r  T h r  S e r  P r o  A s p  L y s  L e u  H i s  A s p  A l a  M e t  

1 8 0  1 8 5  1 9 0  

A l a  V a l  S e r  V a l  L y s  A r g  H i s  S e r  P r o  A l a  L e u  G l y  A r g  G l n  V a l  V a l  

1 9 5  2 0 0  2 0 5  

A s p  M e t  G l y  I l e  A l a  V a l  G l n  T h r  P h e  S e r  A l a  L e u  A s n  V a l  V a l  A r g  

2 1 0  2  1 5  2 2 0  

T h r  V a l  L e u  A l a  P r o  A l a  L e u  A l a  S e r  A r g  P r o  S e r  V a l  G l n  G l y  A l a  

2 2 5  2 3 0  2 3 5  2 4 0  

V a l  A s p  P h e  G l y  V a l  S e r  T h r  A l a  G l y  G l y  L e u  V a l  A l a  A s n  A l a  G l y  

2 4 5  2 5 0  2 5 5  

P h e  G l y  A s p  A r g  M e t  L e u  S e r  V a l  G l n  S e r  A r g  A s p  G l n  L e u  A r g  G l y  

2 6 0  2 6 5  2 7 0  

G l y  A l a  P h e  V a l  L e u  G l y  M e t  L y s  A s p  L y s  G l u  P r o  L y s  A l a  A l a  L e u  

2 7 5  2 8 0  2 8 5  

S e r  G l u  G l u  T h r  A s p  T r p  L e u  A s p  A l a  T y r  L y s  A l a  I l e  L y s  S e r  A l a  

2 9 0  2 9 5  3 0 0  

S e r  T y r  S e r  G l y  A l a  A l a  L e u  A s n  A l a  G l y  L y s  A r g  M e t  A l a  G l y  L e u  

3 0 5  3 1 0  3  1 5  3 2 0  

P r o  L e u  A s p  V a l  A l a  T h r  A s p  G l y  L e u  L y s  A l a  V a l  A r g  S e r  L e u  V a l  

3 2 5  3 3 0  3 3 5  

S e r  A l a  T h r  S e r  L e u  T h r  L y s  A s n  G l y  L e u  A l a  L e u  A l a  G l y  G l y  T y r  

3 4 0  3 4 5  3 5 0  

A l a  G l y  V a l  S e r  L y s  L e u  G l n  L y s  M e t  A l a  T h r  L y s  A s n  I l e  T h r  A s p  

3 5 5  3 6 0  3 6 5  

S e r  A l a  T h r  L y s  A l a  A l a  V a l  S e r  G l n  L e u  S e r  A s n  L e u  V a l  G l y  S e r  

3 7 0  3 7 5  3 8 0  

V a l  G l y  V a l  P h e  A l a  G l y  T r p  T h r  T h r  A l a  G l y  L e u  A l a  T h r  A s p  P r o  

3 8 5  3 9 0  3 9 5  400  

A l a  V a l  L y s  L y s  A l a  G l u  S e r  P h e  I l e  G l n  A s p  L y s  V a l  L y s  S e r  T h r  

4 0 5  410  4 1 5  



A l a  S e r  S e r  T h r  T h r  S e r  T y r  V a l  A l a  A s p  G l n  T h r  V a l  L y s  L e u  A l a  
420  4 2 5  4 3 0  

L y s  T h r  V a l  L y s  A s p  M e t  S e r  G l y  G l u  A l a  I l e  S e r  S e r  T h r  G l y  A l a  
4 3 5  4 4 0  4 4 5  

S e r  L e u  A r g  S e r  T h r  V a l  A s n  A s n  L e u  A r g  H i s  A r g  S e r  A l a  P r o  G l u  
4 5 0  4 5 5  4 6 0  

A l a  A s p  I l e  G l u  G l u  G l y  G l y  I l e  S e r  A l a  P h e  S e r  A r g  S e r  G l u  T h r  
4 6 5  4 7 0  4 7 5  480  

P r o  P h e  G l n  L e u  A r g  A r g  L e u  
4 8 5  

1s 

Fragments of the above-identified proteins or polypep- The proteins or polypeptides used in accordance with the 
tides as well as fragments of full length proteins from the present invention are preferably produced in purified form 
EELS and CELs of other bacteria, in particular Gram- (preferably at least about 80%, more preferably 90%, pure) 
negative pathogens, can also be used according to the 20 by conventional techniques. Typically, the protein or 
present invention. polypeptide of the present invention is secreted into the 

fragments can be produced means. growth medium of recombinant host cells (discussed infra). 
Subclones the gene a protein can be Alternatively, the protein or polypeptide of the present 
produced using genetic mani~ula- invention is produced but not secreted into growth medium, 

for subcloning gene such as described by 2s In such cases, to isolate the protein, the host cell (e.g., E. 
'ambrook et 1989' and Ausubel et 1994' The coli) carrying a recombinant plasmid is propagated, lysed by 
subclones then are expressed in vitro or in vivo in bacterial 

sonication, heat, or chemical treatment, and the homogenate 
cells to yield a smaller protein or polypeptide that can be 
tested for activity, e.g., as a product required for pathogen is centrifuged to remove bacterial debris. The supernatant is 

virulence. then subjected to sequential ammonium sulfate precipita- 
In another approach, based on knowledge of the primary 30 tion. The fraction containing the protein or polypeptide of 

structure of the protein, fragments of the protein-coding interest is subjected to gel filtration in an appropriately sized 

gene may be synthesized using the PCR technique together dextran or ~ o l ~ a c r ~ l a m i d e  column to separate the proteins. 

with specific sets of primers chosen to represent particular If necessary, the protein fraction may be further purified by 
portions of the protein (Erlich et al., 1991). These can then HPLC. 

3s  
be cloned into an appropriate vector for expression of a DNA molecules encoding other EEL and CEL protein or 
truncated protein or polypeptide from bacterial cells as polypeptides can be identified using a PCR-based method- 
described above. ology for cloning portions of the pathogenicity islands of a 

As an alternative, fragments of a protein can be produced bacterium. Basically, the PCR-based strategy involves the 
digesti0n a full-length protein with proteolytic 40 Use of conserved sequences from the hrpK and ~RNA"" 

enzymes like c h ~ m o t r ~ ~ s i n  Or Sta~h~lococcus proteinase A, genes (or other border sequences) as primers for 
Or t r ~ ~ s i n .  Different proteolytic enzymes are likely cloning EEL intervening regions of the pathogenicity island, 
different proteins at different sites based on the amino acid As shown in FIGS, 2B-C, the hrpK and tRNA~eu genes are 
sequence of the particular protein. Some of the fragments 

highly conserved among diverse Pseudomonas syvingae that result from proteolysis may be active virulence proteins 
or polypeptides. 45 variants. Depending upon the size of EEL, additional prim- 

Chemical synthesis can also be used to make suitable ers Can be prepared the cDNA 
fragments, Such a synthesis is carried out using known Sequence, for recovery of 'lanes and 

amino acid sequences for the polyppetide being produced, through the EEL in a step-wise fashion. If full-length coding 

Alternatively, subjecting a full length protein to high tem- Sequences are not obtained from the PCR steps, contigs can 

peratures and pressures will produce fragments. These frag- be assembled to Prepare full-length coding sequences using 
merits can then be separated by conventional procedures suitable restriction enzymes. Similar PCR-based procedures 
(e.g., chromatography, SDS-PAGE). can be used for obtaining clones that encode open reading 

Variants may also (or alternatively) be modified by, for frames in the CEL. As shown in FIG. 3, the CEL of diverse 
example, the deletion or addition of amino acids that have t'seudomonas syvingae ~athovars contain numerous con- 
minimal influence on the properties, secondary structure and s' served domains. Moreover, known sequences of the h ~ l h r c  
hydropathic nature of the polypeptide. For example, a domain, h~ W, AvrE, or can be used to Prepare 
polypeptide may be conjugated to a signal (or leader) primers. 
sequence at the N-terminal end of the protein which Using the above-described PCR-based methods, a number 
co-translationally or post-translationally directs transfer of of DNA sequences were utilized as the source for primers. 

60 
the protein. The polypeptide may also be conjugated to a One such DNAmolecule is isolated from the ~RNA"" gene 
linker or other sequence for ease of synthesis, purification, of Pseudomonas syvingae pv. tomato DC3000, which has a 
or identification of the polypeptide. nucleotide sequence (SEQ. ID. No. 67) as follows: 

g c c c t g a t g g  c g g a a t t g g t  a g a c g c g g c g  g a t t c a a a a t  c c g t t t t c g a  a a g a a g t g g g  60  



-con t inued  
a g t t c g a t t c  t ccc tcgggg  caccacca 

An additional DNA molecule which can be used to supply 
suitable primers is from the ~RNA"" gene of Pseudomonas 
syvingae pv. syvingae B728a, which has a nucleotide 
sequence (SEQ. ID. No. 68) as follows: 

gccc tga tgg  c g g a a t t g g t  agacgcggcg g a t t c a a a a t  c c g t t t t c g a  aagaagtggg 6 0  

a g t t c g a t t c  t ccc tcgggg  cacca  8 5  

Another DNA molecule is isolated from the queA gene of 
Pseudomonas syvingae pv. tomato DC3000, which has a 
nucleotide sequence (SEQ. ID. No. 69) as follows: 

a tgcgcg tcg  c t g a c t t t a c  c t t c g a a c t c  c c c g a t t c c c  t g a t t g c t c g  t c a c c c g t t g  

gccgagcgtc gcagcagtcg t c t g t t g a c c  c t t g a t g g g c  cgacgggcgc g c t g g c a c a t  

c g t c a a t t c a  c c g a t t t g c t  c g a g c a t t t g  cgctcgggcg a c t t g a t g g t  g t t c a a c a a t  

a c c c g t g t c a  t t c c c g c a c g  t t t g t t c g g g  cagaaggcgt  ccggcggcaa g c t g g a g a t t  

c tgg tcgagc  gcg tgc tgga  c a g c c a t c g t  g tgc tggcgc  acg tgcg tgc  cagcaag tcg  

ccaaagccgg g c t c g t c g a t  c c t g a t c g a t  ggcggcggcg aggccgagat  ggtggcgcgg 

catgacgcgc t g t t c g a g t t  g c g c t t t g c c  gaagaagtgc t g c c g t t g c t  g g a t c g t g t c  

g g c c a t a t g c  c g t t g c c t c c  t t a t a t a g a c  cgcccggacg aaggtgccga ccgcgagcgt  

t a t c a g a c c g  t t t a c g c c c a  gcgcgccggt  gc tg tggcgg  cgccgac tgc  c g g c c t g c a t  

t t c g a c c a g c  c g t t g a t g g a  a g c a a t t g c c  gccaagggcg t c g a g a c t g c  t t t t g t c a c t  

c t g c a c g t c g  gcgcgggtac g t t c c a g c c g  g t g c g t g t c g  agcaga tcga  aga tcaccac  

a tgcacagcg  aa tggc tgga  ag tcagccag  gacg tgg tcg  a tgccg tggc  ggcg tgccg t  

gcgcggggcg ggcgggtgat  tgcgg tcggg  accaccagcg t g c g t t c g c t  ggagagtgcc 

gcgcg tga tg  g c c a g t t g a a  g c c g t t t a g c  ggcgacaccg a c a t c t t c a t  c t a t c c g g g g  

c g g c c g t t t c  a t g t g g t c g a  t g c c c t g g t g  a c t a a t t t t c  a t t t g c c t g a  a t c c a c g c t g  

t t g a t g c t g g  t t t c g g c g t t  c g c c g g t t a t  cccgaaacca tggcggcc ta  cgcggcggcc 

a tcgaacacg  g g t a c c g c t t  c t t c a g t t a c  gg tga tgcca  t g t t c a t c a c  ccgcaa tccc  

gcgccgacgg ccccacagga a tcggcacca  gaggatcacg c a t g a  

This DNA molecule encodes QueA, which has an amino 
acid sequence (SEQ. ID. No. 70) as follows: 

Met Arg Val Ala Asp Phe Thr Phe Glu Leu Pro Asp S e r  Leu I l e  Ala 
1 5  1 0  1 5  

Arg His  Pro  Leu Ala Glu Arg Arg S e r  S e r  Arg Leu Leu Thr Leu Asp 
2 0  2  5  3 0  

Gly Pro  Thr Gly Ala Leu Ala His  Arg Gln Phe Thr Asp Leu Leu Glu 
3 5  4  0  4 5  

His Leu Arg S e r  Gly Asp Leu Met Val Phe Asn Asn Thr Arg Val I l e  
5  0  5  5  60  

Pro  Ala Arg Leu Phe Gly Gln Lys Ala S e r  Gly Gly Lys Leu Glu I l e  
6  5  7 0  7  5  8 0  



-con t inued  
L e u  V a l  G l u  A r g  V a l  L e u  A s p  S e r  H i s  A r g  V a l  L e u  A l a  H i s  V a l  A r g  

8  5  9 0  9 5  

A l a  S e r  L y s  S e r  P r o  L y s  P r o  G l y  S e r  S e r  I l e  L e u  I l e  A s p  G l y  G l y  
1 0 0  1 0 5  1 1 0  

G l y  G l u  A l a  G l u  M e t  V a l  A l a  A r g  H i s  A s p  A l a  L e u  P h e  G l u  L e u  A r g  
1 1 5  1 2 0  1 2 5  

P h e  A l a  G l u  G l u  V a l  L e u  P r o  L e u  L e u  A s p  A r g  V a l  G l y  H i s  M e t  P r o  
1 3 0  1 3 5  1 4 0  

L e u  P r o  P r o  T y r  I l e  A s p  A r g  P r o  A s p  G l u  G l y  A l a  A s p  A r g  G l u  A r g  
1 4 5  1 5 0  1 5 5  1 6 0  

T y r  G l n  T h r  V a l  T y r  A l a  G l n  A r g  A l a  G l y  A l a  V a l  A l a  A l a  P r o  T h r  
1 6 5  1 7 0  1 7 5  

A l a  G l y  L e u  H i s  P h e  A s p  G l n  P r o  L e u  M e t  G l u  A l a  I l e  A l a  A l a  L y s  
1 8 0  1 8 5  1 9 0  

G l y  V a l  G l u  T h r  A l a  P h e  V a l  T h r  L e u  H i s  V a l  G l y  A l a  G l y  T h r  P h e  
1 9 5  2 0 0  2 0 5  

G l n  P r o  V a l  A r g  V a l  G l u  G l n  I l e  G l u  A s p  H i s  H i s  M e t  H i s  S e r  G l u  
2 1 0  2  1 5  2 2 0  

T r p  L e u  G l u  V a l  S e r  G l n  A s p  V a l  V a l  A s p  A l a  V a l  A l a  A l a  C y s  A r g  
2 2 5  2 3 0  2 3 5  2 4 0  

A l a  A r g  G l y  G l y  A r g  V a l  I l e  A l a  V a l  G l y  T h r  T h r  S e r  V a l  A r g  S e r  
2 4 5  2 5 0  2 5 5  

L e u  G l u  S e r  A l a  A l a  A r g  A s p  G l y  G l n  L e u  L y s  P r o  P h e  S e r  G l y  A s p  
2 6 0  2 6 5  2 7 0  

T h r  A s p  I l e  P h e  I l e  T y r  P r o  G l y  A r g  P r o  P h e  H i s  V a l  V a l  A s p  A l a  
2 7 5  2 8 0  2 8 5  

L e u  V a l  T h r  A s n  P h e  H i s  L e u  P r o  G l u  S e r  T h r  L e u  L e u  M e t  L e u  V a l  
2 9 0  2 9 5  3 0 0  

S e r  A l a  P h e  A l a  G l y  T y r  P r o  G l u  T h r  M e t  A l a  A l a  T y r  A l a  A l a  A l a  
3 0 5  3 1 0  3  1 5  3 2 0  

I l e  G l u  H i s  G l y  T y r  A r g  P h e  P h e  S e r  T y r  G l y  A s p  A l a  M e t  P h e  I l e  
3 2 5  3 3 0  3 3 5  

T h r  A r g  A s n  P r o  A l a  P r o  T h r  A l a  P r o  G l n  G l u  S e r  A l a  P r o  G l u  A s p  
3 4 0  3 4 5  3 5 0  

H i s  A l a  
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DNA molecules encoding other EEL and CEL proteins or polyvinylpyrrolidone, 0.2% bovine serum albumin, and 50 
polypeptides can also be identified by determining whether pgiml E. coli DNA, followed by washing carried out at 
such DNAmolecules hybridize under stringent conditions to between about 42" C. to about 65" C. in a 0.2xSSC buffer. 
a DNA molecule as identified above. An example of suitable Also encompassed by the present invention are nucleic 
stringency conditions is when hybridization is carried out at so acid molecules which contain conserved substitutions as 
a temperature of about 37" C, using a hybridization medium compared to the above identified DNAmolecules and, thus, 
that includes 0 . 9 ~  sodium citrate ("ss~) buffer, followed encode the same protein or polypeptides identified above. 
by washing with 0.2xSSC buffer at 37' C. Higher stringency Further, complementary sequences are also encompassed by 
can readily be attained by increasing the temperature for the present 
either hybridization or washing conditions or decreasing the 55 The nucleic acid of the present invention can be either 
sodium concentration of the hybridization or wash medium. DNA Or RNA2 which can be prepared the 

Nonspecific binding may also be controlled using any one of above identified DNA molecules of the present invention. 
The delivery of effector proteins or polypeptides can be 

a number techniques such as, for achieved in several ways, depending upon the host being 
ing the membrane with protein-containing solutions, addi- treated and the materials being as a stable or 
tion heterO1OgOus RNA, DNA, and SDS the 60 plasmid-encoded transgene; (2) transiently expressed via 
ization buffer, and treatment with RNase. Wash conditions ~ ~ , . ~ ~ ~ ~ ~ ~ ~ i ~ ~  or viral vectors; (3) delivered by the type 111 
are typically performed at or below stringency. Exemplary secretion systems of disarmed pathogens or recombinant 
high stringency conditions include carrying out hybridiza- nonpathogenic bacteria which express a functional, heter- 
tion at a temperature of about 42" C. to about 65" C. for up ologous type I11 secretion system; or (4) delivered via 
to about 20 hours in a hybridization medium containing 1M 65 topical application followed by TAT protein transduction 
NaC1, 50 mM Tris-HC1, pH 7.4, 10 mM EDTA, 0.1% domain-mediated spontaneous uptake into cells. Each of 
sodium dodecyl sulfate (SDS), 0.2% ficoll, 0.2% these is discussed infra. 



The DNA molecule encoding the protein or polypeptide encodes the amino-terminal methionine of the protein. The 
can be incorporated in cells using conventional recombinant SD sequences are complementary to the 3'-end of the 16s 
DNAtechnology. Generally, this involves inserting the DNA rRNA (ribosomal RNA) and probably promote binding of 
molecule into an expression system to which the DNA mRNA to ribosomes by duplexing with the rRNA to allow 
molecule is heterologous (i.e. not normally present). The s correct positioning of the ribosome. For a review on maxi- 
heterologous DNA molecule is inserted into the expression mizing gene expression, see Roberts and Lauer, 1979. 
system or vector in proper sense orientation and correct Promoters vary in their "strength (i.e., their ability to 
reading frame. The vector contains the necessary elements promote transcription). For the purposes of expressing a 
for the transcription and translation of the inserted protein- cloned gene, it is desirable to use strong promoters in order 
coding sequences. 10 to obtain a high level of transcription and, hence, expression 

U.S. Pat. No. 4,237,224 to Cohen and Boyer describes the of the gene. Depending upon the host cell system utilized, 
production of expression systems in the form of recombinant any one of a number of suitable promoters may be used. For 
plasmids using restriction enzyme cleavage and ligation instance, when cloning in E. coli, its bacteriophages, or 
with DNA ligase. These recombinant plasmids are then plasmids, promoters such as the T7 phage promoter, lac 
introduced by means of transformation and replicated in IS promoter, trp promoter, recA promoter, ribosomal RNA 
unicellular cultures including prokaryotic organisms and promoter, the P, and P, promoters of coliphage lambda and 
eukaryotic cells grown in tissue culture. others, including but not limited, to lacUV5, ompF, bla, lpp, 

Recombinant genes may also be introduced into viruses, and the like, may be used to direct high levels of transcrip- 
such as vaccina virus. Recombinant viruses can be generated tion of adjacent DNA segments. Additionally, a hybrid 
by transfection of plasmids into cells infected with virus. 20 trp-lacUV5 (tac) promoter or other E. coli promoters pro- 

Suitable vectors include, but are not limited to, the duced by recombinant DNA or other synthetic DNA tech- 
following viral vectors such as lambda vector system g t l l ,  niques may be used to provide for transcription of the 
gt WES.tB, Charon 4, and plasmid vectors such as pBR322, inserted gene. 
pBR325, pACYC177, pACYC1084, pUC8, pUC9, pUC18, Bacterial host cell strains and expression vectors may be 
pUC19, pLG339, pR290, pKC37, pKC101, SV 40, pBlue- 25 chosen which inhibit the action of the promoter unless 
script I1 SK+/- or KS+/- (see "Stratagene Cloning Systems" specifically induced. In certain operations, the addition of 
Catalog (1993) from Stratagene, La Jolla, Calif., which is specific inducers is necessary for efficient transcription of 
hereby incorporated by reference), pQE, pIH821, pGEX, the inserted DNA. For example, the lac operon is induced by 
pETseries (see Studier et al., 1990). Recombinant molecules the addition of lactose or IPTG (isopropy1thio-beta-D- 
can be introduced into cells via transformation, particularly 30 galactoside). A variety of other operons, such as trp, pro, 
transduction, conjugation, mobilization, or electroporation. etc., are under different controls. 
The DNA sequences are cloned into the vector using stan- Specific initiation signals are also required for efficient 
dard cloning procedures in the art, as described by Sam- gene transcription and translation in prokaryotic cells. These 
brook et al., 1989. transcription and translation initiation signals may vary in 

A variety of host-vector systems may be utilized to 35 "strength as measured by the quantity of gene specific 
express the protein-encoding sequence(s). Primarily, the messenger RNA and protein synthesized, respectively. The 
vector system must be compatible with the host cell used. DNA expression vector, which contains a promoter, may 
Host-vector systems include, but are not limited to, the also contain any combination of various "strong" transcrip- 
following: bacteria transformed with bacteriophage DNA, tion and/or translation initiation signals. For instance, effi- 
plasmid DNA, or cosmid DNA, microorganisms such as 40 cient translation in E. coli requires an SD sequence about 
yeast containing yeast vectors; mammalian cell systems 
infected with virus (e.g., vaccinia virus, adenovirus, etc.); 
insect cell systems infected with virus (e.g., baculovirus); 
and plant cells infected by bacteria. The expression elements 
of these vectors vary in their strength and specificities. 45 

Depending upon the host-vector system utilized, any one of 
a number of suitable transcription and translation elements 
can be used. 

Different genetic signals and processing events control 
many levels of gene expression (e.g., DNA transcription and so 

7-9 bases 5' to the initiation codon ("ATG) to provide a 
ribosome binding site. Thus, any SD-ATG combination that 
can be utilized by host cell ribosomes may be employed. 
Such combinations include but are not limited to the 
SD-ATG combination from the cro gene or the N gene of 
coliphage lambda, or from the E. coli tryptophan E, D, C, B 
or A genes. Additionally, any SD-ATG combination pro- 
duced by recombinant DNA or other techniques involving 
incorporation of synthetic nucleotides may be used. 

Once the isolated DNA molecule encoding the polypep- 
messenger RNA (mRNA) translation). tide or protein has been cloned into an expression system, it 

Transcription of DNA is dependent upon the presence of is ready to be incorporated into a host cell. Such incorpo- 
a promoter which is a DNAsequence that directs the binding ration can be carried out by the various forms of transfor- 
of RNApolymerase and thereby promotes mRNAsynthesis. mation noted above, depending upon the vector/host cell 
The DNA sequences of eukaryotic promoters differ from ss system. Suitable host cells include, but are not limited to, 
those of prokaryotic promoters. Eukaryotic promoters and bacteria, virus, yeast, mammalian cells, insect, plant, and the 
accompanying genetic signals may not be recognized in or like. 
may not function in a prokaryotic system and, further, Because it is desirable for recombinant host cells to 
prokaryotic promoters are not recognized and do not func- secrete the encoded protein or polypeptide, it is preferable 
tion in eukaryotic cells. 60 that the host cell also possess a functional type I11 secretion 

Similarly, translation of mRNA in prokaryotes depends system. The type I11 secretion system can be heterologous to 
upon the presence of the proper prokaryotic signals which host cell (Ham et al., 1998) or the host cell can naturally 
differ from those of eukaryotes. Efficient translation of possess a type I11 secretion system. Host cells which natu- 
mRNA in prokaryotes requires a ribosome binding site rally contain a type I11 secretion system include many 
called the Shine-Dalgarno ("SD") sequence on the mRNA. 65 pathogenic Gram-negative bacterium, such as numerous 
This sequence is a short nucleotide sequence of mRNA that Evwinia species, Pseudomonas species, Xanthomonas 
is located before the start codon, usually AUG, which species, etc. Other type I11 secretion systems are known and 
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still others are continually being identified. Pathogenic bac- variations of particle bombardment, now known or hereafter 
teria that can be utilized to deliver effector proteins or developed, can also be used. 
polypeptides are preferably disarmed according to known Another method of introducing the DNA molecule into 
techniques, i,e,, as described above, Alternatively, isolation plant cells is fusion of protoplasts with other entities, either 
of the effector protein or polypeptide from the host cell or s minicells, cells, l~sosomes, or other fusible lipid-surfaced 
growth medium can be carried out as described above. bodies that contain the DNA molecule (Fraley et al., 1982). 

h o t h e r  aspect of the present invention relates to a The DNA molecule may also be introduced into the plant 

transgenic plant which express a protein or polypeptide of electro~oration (Fromm, et 1985). In this 

the present invention and of making the same, technique, plant protoplasts are electrO~Orated in the pres- 
ence of plasmids containing the DNA molecule. Electrical In order to express the DNA molecule in isolated plant 10 . 
impulses of high field strength reversibly permeabilize 

Or tissue Or plants, a plant promoter biomembranes allowing the introduction of the plasmids, 
is needed. Any plant-expressible promoter can be d l i zed  Electroporated plant protoplasts reform the cell wall, divide, 
regardless of its origin, i.e., viral, bacterial, plant, etc. and regenerate, 
Without limitation, two suitable promoters include the nopa- h o t h e r  method of introducing the DNA molecule into 
line s~nthase Promoter (Fra le~  et al.9 1983) and the cadi- 1s plant cells is to infect a plant cell with Agvobactevium 
flower mosaic virus 35s  Promoter (O'Dell et al.9 1985). Both tumefaciens or Agvobactevium vhizogenes previously trans- 
of these promoters yield constitutive expression of coding formed with the DNA molecule, Under appropriate condi- 
sequences under their regulatory control. tions known in the art, the transformed plant cells are grown 

While constitutive expression is generally suitable for to form shoots or roots, and develop further into plants. 
expression of the DNA molecule, it should be apparent to 20 Generally, this procedure involves inoculating the plant 
those of skill in the art that temporally or tissue regulated tissue with a suspension of bacteria and incubating the tissue 
expression may also be desirable, in which case any regu- for 48 to 72 hours on regeneration medium without antibi- 
lated promoter can be selected to achieve the desired expres- otics at 25-28' C. 
sion. Typically, the temporally or tissue regulated promoters Agvobactevium is a representative genus of the Gram- 
will be used in connection with the DNA molecule that are 25 negative family Rhizobiaceae. Its species are responsible for 
expressed at only certain stages of development or only in crown gall (A. tumefaciens) and hairy root disease (A. 
certain tissues. vhizogenes). The plant cells in crown gall tumors and hairy 

In some plants, it may also be desirable to use promoters roots are induced to produce amino acid derivatives known 
which are responsive to pathogen infiltration or stress. For as opines, which are catabolized only by the bacteria. The 
example, it may be desirable to limit expression of the 30 bacterial genes responsible for expression of opines are a 
protein or polypeptide in response to infection by a particu- convenient source of control elements for chimeric expres- 
lar pathogen of the plant. One example of a pathogen- sion cassettes. In addition, assaying for the presence of 
inducible promoter is the gstl promoter from potato, which opines can be used to identify transformed tissue. 
is described in U.S. Pat. Nos. 5,750,874 and 5,723,760 to Heterologous genetic sequences such as a DNA molecule 
Strittmayer et al., which are hereby incorporated by refer- 35 of the present invention can be introduced into appropriate 
ence. plant cells by means of the Ti plasmid of A. tumefaciem or 

Expression of the DNAmolecule in isolated plant cells or the Ri plasmid of A. vhizogenes. The Ti or Ri plasmid is 
tissue or whole plants also requires appropriate transcription transmitted to plant cells on infection by Agvobactevium and 
termination and polyadenylation of mRNA. Any 3' regula- is stably integrated into the plant genome (Schell, 1987). 
tory region suitable for use in plant cells or tissue can be 40 Plant tissue suitable for transformation include leaf tissue, 
operably linked to the first and second DNA molecules. A root tissue, meristems, zygotic and somatic embryos, and 
number of 3' regulatory regions are known to be operable in anthers. 
plants. Exemplary 3' regulatory regions include, without After transformation, the transformed plant cells can be 
limitation, the nopaline synthase 3' regulatory region (Fraley selected and regenerated. 
et al., 1983) and the cauliflower mosaic virus 3' regulatory 45 Preferably, transformed cells are first identified using, 
region (Ode11 et al., 1985). e.g., a selection marker simultaneously introduced into the 

The promoter and a 3' regulatory region can readily be host cells along with the DNA molecule of the present 
ligated to the DNA molecule using well known molecular invention. Suitable selection markers include, without 
cloning techniques described in Sambrook et al., 1989. limitation, markers coding for antibiotic resistance, such as 

One approach to transforming plant cells with a DNA so kanamycin resistance (Fraley et al., 1983). A number of 
molecule of the present invention is particle bombardment antibiotic-resistance markers are known in the art and other 
(also known as biolistic transformation) of the host cell. This are continually being identified. Any known antibiotic- 
can be accomplished in one of several ways. The first resistance marker can be used to transform and select 
involves propelling inert or biologically active particles at transformed host cells in accordance with the present inven- 
cells. This technique is disclosed in U.S. Pat. Nos. 4,945, ss tion. Cells or tissues are grown on a selection media con- 
050, 5,036,006, and 5,100,792, all to Sanford, et al. taining an antibiotic, whereby generally only those transfor- 
Generally, this procedure involves propelling inert or bio- mants expressing the antibiotic resistance marker continue 
logically active particles at the cells under conditions effec- to grow. 
tive to penetrate the outer surface of the cell and to be Once a recombinant plant cell or tissue has been obtained, 
incorporated within the interior thereof. When inert particles 60 it is possible to regenerate a full-grown plant therefrom. 
are utilized, the vector can be introduced into the cell by Thus, another aspect of the present invention relates to a 
coating the particles with the vector containing the heter- transgenic plant that includes a DNAmolecule of the present 
ologous DNA. Alternatively, the target cell can be sur- invention, wherein the promoter induces transcription of the 
rounded by the vector so that the vector is carried into the first DNA molecule in response to infection of the plant by 
cell by the wake of the particle. Biologically active particles 65 an oomycete. Preferably, the DNA molecule is stably 
(e.g., dried bacterial cells containing the vector and heter- inserted into the genome of the transgenic plant of the 
ologous DNA) can also be propelled into plant cells. Other present invention. 



Plant regeneration from cultured protoplasts is described According to another embodiment, a plant, transgenic or 
in Evans et al., 1983, and Vasil, 1984 and 1986. non-transgenic, is treated with a protein or polypeptide of 

It is known that practically all plants can be regenerated the present invention. By treating, it is intended to include 
from cultured cells or tissues, including but not limited to, all various forms of applying the protein or polypeptide to the 
major species of rice, wheat, barley, rye, cotton, sunflower, s plant. The embodiments of the present invention where the 
peanut, corn, potato, sweet potato, bean, pea, chicory, effector polypeptide or protein is applied to the plant can be 
lettuce, endive, cabbage, cauliflower, broccoli, turnip, carried out in a number of ways, including: 1) application of 
radish, spinach, onion, garlic, eggplant, pepper, celery, an isolated protein (or composition containing the same) or 
carrot, squash, pumpkin, zucchini, cucumber, apple, pear, 2) application of bacteria which do not cause disease and are 
melon, strawberry, grape, raspberry, pineapple, soybean, 10 transformed with a gene encoding the effector protein of the 
tobacco, tomato, sorghum, and sugarcane. present invention. In the latter embodiment, the effector 

Means for regeneration vary from species to species of protein can be applied to plants by applying bacteria con- 
plants, but generally a suspension of transformed protoplasts taining the DNA molecule encoding the effector protein. 
or a petri plate containing transformed explants is first Such bacteria are preferably capable of secreting or export- 
provided. Callus tissue is formed and shoots may be induced IS ing the protein so that the protein can contact plant cells. In 
from callus and subsequently rooted. Alternatively, embryo these embodiments, the protein is produced by the bacteria 
formation can be induced in the callus tissue. These embryos in planta. 
germinate as natural embryos to form plants. The culture Such topical application is typically carried out using an 
media will generally contain various amino acids and effector fusion protein which includes a transduction 
hormones. such as auxin and cvtokinins. It is also advanta- 20 domain. which will afford transduction domain-mediated 
geous to add glutamic acid and proline to the medium, spontaneous uptake of the effector protein into cells. 
especially for such species as corn and alfalfa. Efficient Basically, this is carried out by fusing an 11-amino acid 
regeneration will depend on the medium, on the genotype, peptide (YGRKKRRQRRR, SEQ. ID. No. 91) by standard 
and on the history of the culture. If these three variables are rDNA techniques to the N-terminus of the effector protein, 
controlled, then regeneration is usually reproducible and 25 and the resulting tagged protein is taken up into cells by a 
repeatable. 

After the DNA molecule is stably incorporated in trans- 
genic plants, it can be transferred to other plants by sexual 
crossing or by preparing cultivars. With respect to sexual 
crossing, any of a number of standard breeding techniques 
can be used depending upon the species to be crossed. 
Cultivars can be propagated in accord with common agri- 
cultural procedures known to those in the field. 

Diseases caused by the vast majority of bacterial patho- 
gens result in limited lesions. That is, even when everything 

poorly understood process. This peptide is the protein trans- 
duction domain (PTD) of the human immunodeficiency 
virus (HIV) TAT protein (Schwarze et al., 2000). Other 
PTDs are known and may possibly be used for this purpose 

30 (Prochiantz, 2000). 
When the effector protein is topically applied to plants, it 

can be applied as a composition, which includes a carrier in 
the form, e.g., of water, aqueous solutions, slurries, or dry 
powders. In this embodiment, the composition contains 

35 greater than about 5 nM of the protein of the present 
is working in the pathogen's favor (e.g., no triggering of the invention. 
hypersensitive response because of R-gene detection of one Although not required, this composition may contain 
of the effectors), the parasitic process still triggers defenses additional additives including fertilizer, insecticide, 
after a couple of days, which then stops the infection from fungicide, nematicide, and mixtures thereof. Suitable fertil- 
spreading. Thus, the very same effectors that enable para- 40 izers include (NH,),NO,. An example of a suitable insec- 
sitism to proceed must also eventually trigger defenses. ticide is Malathion. Useful fungicides include Captan. 
Therefore, premature expression of these effectors is Other suitable additives include buffering agents, wetting 
believed to "turn on" plant defenses earlier (i.e., prior to agents, coating agents, and, in some instances, abrading 
infection) and make the plant resistant to either the specific agents. These materials can be used to facilitate the process 
bacteria from which the effector vrotein was obtained or 45 of the vresent invention. 
many pathogens. An advantage of this approach is that it 
involves natural products and plants seem highly sensitive to 
pathogen effector proteins. 

According to one embodiment, a transgenic plant is 
provided that contains a heterologous DNA molecule of the 
present invention. Preferably, the heterologous DNA mol- 
ecule is derived from a plant pathogen EEL. When the 
heterologous DNA molecule is expressed in the transgenic 
plant, plant defenses are activated, imparting disease resis- 
tance to the transgenic plant. The transgenic plant can also 
contain an R-gene which is activated by the protein or 
polypeptide product of the heterologous DNAmolecule. The 
R gene can be naturally occurring in the plant or heterolo- 
gously inserted therein. A number of R genes have been 
identified in various plant species, including without limi- 
tation: RPS2, RPM1, and RPP5 from Avabidopsis thaliana; 
Cf2, Cf9,12, Pto, and Prf from tomato; N from tobacco; L6 
and M from flax; Xa21 from rice; and Hslpro-1 from sugar 
beet. In addition to imparting disease resistance, it is 
believed that stimulation of plant defenses in transgenic 
plants of the present invention will also result in a simulta- 

According to another aspect of the present invention, a 
transgenic plant is provided that contains a heterologous 
DNA molecule that encodes a transcript or a protein or 
polypeptide capable of disrupting function of a plant patho- 

so gen CEL product. Because the genes in the CEL are par- 
ticularly important in pathogenesis, disrupting the function 
of their products in plants can result in broad resistance since 
CEL genes are highly conserved among Gram negative 
pathogens, particularly along species lines. An exemplary 

ss protein or polypeptide which can disrupt function of a CEL 
product is an antibody, polyclonal or monoclonal, raised 
against the CEL product using conventional techniques. 
Once isolated, the antibody can be sequenced and nucleic 
acids synthesized for encoding the same. Such nucleic acids, 

60 e.g., DNA, can be used to transform plants. 
Transgenic plants can also be engineered so that they are 

hypersusceptible and, therefore, will support the growth of 
nonpathogenic bacteria for biotechnological purposes. It is 
known that many plant pathogenic bacteria can alter the 

65 environment inside plant leaves so that nonpathogenic bac- 
teria can grow. This ability is presumably based on changes 

neous enhancement in growth and resistance to insects. in the plant caused by pathogen effector proteins. Thus, 



transgenic plants expressing the appropriate effector genes In addition to the above described uses, another aspect of 
can be used for these purposes. the present invention relates to gene- and protein-based 

According to one embodiment, a transgenic plant includ- therapies for animals, preferably mammals including, with- 
ing a heterologous DNA molecule of the present invention out limitation, humans, dogs, mice, rats. The t? syvingae pv. 
expresses one or more effector proteins, wherein the trans- s syvingae B728a EEL ORF5 protein (SEQ. ID. No. 32) is a 
genic plant is capable of supporting growth of compatible member of the AvrRxvNopJ protein family. YopJ is injected 
nonpathogenic bacteria (i.e., non-pathogenic endophytes into human cells by the Yevsinia type I11 secretion system, 
such as various Clavibactev ssp.). The compatible nonpatho- where it disrupts the function of certain protein kinases to 
genic bacteria can be naturally occurring or it can be inhibit cytokine release and promote programmed cell death. 
recombinant. Preferably, the nonpathogenic bacteria is 10 It is believed that the targets of many pathogen effector 
recombinant and expresses one or more useful products. 
Thus, the transgenic plant becomes a green factory for 
producing desirable products. Desirable products include, 
without limitation, products that can enhance the nutritional 
quality of the plant or products that are desirable in isolated 
form. If desired in isolated form, the product can be isolated 
from plant tissues. To prevent competition between the 
non-pathogenic bacteria which express the desired product 
and those that do not, it is possible to tailor the needs of 
recombinant, non-pathogenic bacteria so that only they are 

proteins (i.e., t? syvingae effector proteins) will be universal 
to eukaryotes and therefore have a variety of potentially 
useful functions. In fact, two of the proteins in the t? 
syvingae Hrp pathogenicity islands are toxic when expressed 

IS in yeast. They are HopPsyA from the t? syvingae pv. 
syvingae EEL and HopPtoA from the t? syvingae pv. tomato 
DC3000 CEL. This supports the concept of universal 
eukaryote targets. 

Thus, a further aspect of the present invention relates to 
20 a method of causing eukaryotic cell death which is carried 

capable of living in plant tissues expressing a particular out by introducing into a eukaryotic cell a cytotoxic 
effector protein or polypeptide of the present invention. Pseudomonas protein. The cytotoxic Pseudomonas protein 

The effector proteins or polypeptides of the present inven- is preferably HopPsyA (e.g., SEQ. ID. Nos. 36 (Psy 61), 62 
tion are believed to alter the plant physiology by shifting (Psy 226), or 64 (Psy B143)) HopPtoA(SEQ. ID. No. 7), or 
metabolic pathways to benefit the parasite and by activating 25 HopPtoA2 (SEQ. ID. No. 66). The eukaryotic cell which is 
or suppressing cell death pathways. Thus, they may also treated can be either in vitro or in vivo. When treating 
provide useful tools for efficiently altering the nutrient eukaryotic cells in vivo, a number of different protein- or 
content of plants and delaying or triggering senescence. DNA-delivery systems can be employed to introduce the 
There are agricultural applications for all of these possible effector protein into the target eukaryotic cell. 
effects. 30 Without beinn bound bv theorv. it is believed that at least 

u a * 

A further aspect of the present invention relates to diag- the HopPsyA effector proteins exert their cytotoxic effects 
nostic uses of the CEL and EEL. The CEL genes are through Mad2 interactions, disrupting cell checkpoint of 
universal to species of Gram negative bacteria, particularly spindle formation (see infra). 
pathogenic Gram negative bacteria (such as t? syvingae), The protein- or DNA-delivery systems can be provided in 
whereas the EEL seauences are strain-svecific and vrovide 35 the form of vharmaceutical comvositions which include the 
a "virulence gene fingerprint" that could be used to track the delivery system in a pharmaceutically acceptable carrier, 
presence, origins, and movement (and restrict the spread which may include suitable excipients or stabilizers. The 
through quarantines) of strains that are particularly threat- dosage can be in solid or liquid form, such as powders, 
ening. Although the CEL and EEL have been identified in solutions, suspensions, or emulsions. Typically, the compo- 
various pathovars of Pseudomonas syvingae, it is expected 40 sition will contain from about 0.01 to 99 percent, preferably 
that most all Gram-negative pathogens can be identified, from about 20 to 75 percent of active compound(s), together 
distinguished, and classified based upon the homology of the with the carrier, excipient, stabilizer, etc. 
CEL and EEL genes. The compositions of the present invention are preferably 

According to one embodiment, a method of determining administered in injectable or topically-applied dosages by 
relatedness between two bacteria is carried out by compar- 45 solution or suspension of these materials in a physiologically 
ing a nucleic acid alignment or amino acid alignment for a acceptable diluent with a pharmaceutical carrier. Such car- 
CEL of the two bacteria and then determining the related- riers include sterile liquids, such as water and oils, with or 
ness of the two bacteria, wherein a higher sequence identity without the addition of a surfactant and other pharmaceuti- 
indicates a closer relationship. The CEL is particularly cally and physiologically acceptable carrier, including 
useful for determining the relatedness of two distinct bac- so adjuvants, excipients or stabilizers. Illustrative oils are those 
terial species. of petroleum, animal, vegetable, or synthetic origin, for 

According to another embodiment, a method of determin- example, peanut oil, soybean oil, or mineral oil. In general, 
ing relatedness between two bacteria which is carried out by water, saline, aqueous dextrose and related sugar solution, 
comparing a nucleic acid alignment or amino acid alignment and glycols, such as propylene glycol or polyethylene 
for an EEL of the two bacteria and then determining the ss glycol, are preferred liquid carriers, particularly for inject- 
relatedness of the two bacteria, wherein a higher sequence able solutions. 
identity indicates a closer relationship. The EEL is particu- Alternatively, the effector proteins can also be delivered 
larly useful for determining the relatedness of two pathovars via solution or suspension packaged in a pressurized aerosol 
of a single bacterial species. container together with suitable propellants, for example, 

Given the methods of determining relatedness of bacteria 60 hydrocarbon propellants like propane, butane, or isobutane 
species andlor pathovars, these methods can be utilized in with conventional adjuvants. The materials of the present 
conjunction with plant breeding programs. By detecting the invention also may be administered in a non-pressurized 
"virulence gene fingerprint" of pathogens which are preva- form such as in a nebulizer or atomizer. 
lent in a particular growing region, it is possible either to Depending upon the treatment being effected, the com- 
develop transgenic cultivars as described above or to iden- 65 pounds of the present invention can be administered orally, 
tify existing plant cultivars which are resistant to the preva- topically, transdermally, parenterally, subcutaneously, 
lent pathogens. intravenously, intramuscularly, intraperitoneally, by intrana- 
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sal instillation, by intracavitary or intravesical instillation, Yet another approach for delivery of proteins or polypep- 
intraocularly, intraarterially, intralesionally, or by applica- tides involves preparation of chimeric proteins according to 
tion to mucous membranes, such as, that of the nose, throat, U.S. Pat. No. 5,817,789 to Heartlein et al. The chimeric 
and bronchial tubes. protein can include a ligand domain and, e.g., an effector 

Compositions within the scope of this invention include 5 protein of the present invention, ~h~ ligand domain is 
wherein the the Present specific for receptors located on a target cell. Thus, when the 

invention is contained in an amount effective to achieve its chimeric protein is delivered intravenously or otherwise 
intended purpose. While individual needs vary, determina- introduced into blood or lymph, the chimeric protein will 

of 'ptimal ranges of effective amounts of each cornPo- adsorb to the targeted cell, and the targeted cell will inter- 
nent is within the skill of the art. 

10 nalize the chimeric protein, which allows the effector protein One approach for delivering an effector protein into cells 
involves the use of liposomes, Basically, this involves to de-stabilize the cell checkpoint control mechanism, 

providing a liposome which includes that effector protein to affording its cytotoxic effects. 

be delivered, and then contacting the target cell with the When it is desirable to achieve heterologous expression of 
liposome under conditions effective for delivery of the an effector protein of the present invention in a target cell, 
effector protein into the cell. 15 DNA molecules encoding the desired effector protein can be 

Liposomes are vesicles comprised of one or more con- delivered into the cell. Basically, this includes providing a 
centrically ordered lipid bilayers which encapsulate an aque- nucleic acid molecule encoding the effector protein and then 
ous phase. They are normally not leaky, but can become introducing the nucleic acid molecule into the cell under 
leaky if a hole or pore occurs in the membrane, if the conditions effective to express the effector protein in the cell. 
membrane is dissolved or degrades, or if the membrane 20 Preferably, this is achieved by inserting the nucleic acid 
temperature is increased to the phase transition temperature. molecule into an expression vector before it is introduced 
Current methods of drug delivery via liposomes require that into the cell. 
the liposome carrier permeable and When transforming mammalian cells for heterologous 

the drug at the target site. This can be expression of an effector protein, an adenovims vector can 
accomplished, for example, in a passive manner wherein the 25 be employed, ~ d ~ ~ ~ ~ i ~ ~ ~  gene delivery vehicles can be 
liposome bi la~er  degrades Over time the readily prepared and utilized given the disclosure provided 
various agents in the body. Every liposome composition will in ~ ~ ~ k n ~ ~ ,  1988, and ~ ~ ~ ~ ~ f ~ l d  et al,, 1991, ~ d ~ ~ ~ -  
have a characteristic half-life in the circulation or at other associated viral gene delivery vehicles can be constructed 
sites in the body and, thus, by controlling the half-life of the and used to deliver a gene to cells, ~h~ use of adeno- 
liposome composition, the rate at which the bilayer degrades 30 associated viral gene delivery vehicles in vitro is described 
can be somewhat regulated. in Chatterjee et al. 1992; Walsh et al. 1992; Walsh et al., 

In passive drug active drug 1994; Flotte et al., 1993a; Ponnazhagan et al., 1994; Miller 
using an agent induce a permeability change in et al., 1994; Einerhand et al., 1995; Luo et al., 1995; and 

the liposome membranes can be Zhou et al., 1996. In viva use of these vehicles is described 
structed so that they become destabilized when the environ- 35 in ~l~~~~ et al,, 1993b and ~ ~ ~ l i ~ ~  et al,, 1994, ~ d d i ~ i ~ ~ ~ l  
ment becomes acidic near the liposome membrane (see, e.g., types of adenovirus vectors are described in U.S. Pat. No. 
~ v o c .  ~ a t l .    cad. Sci. USA 84:7851 (1987); Biochemistvy 6,057,155 to Wickham et al.; U.S. Pat. No. 6,033,908 to 
28:908 which are reference). Bout et al.; U.S. Pat. No. 6,001,557 to Wilson et al.; U.S. Pat. 
When liposomes are endOcytOsed by a target for No. 5,994,132 to Chamberlain et al.; U.S. Pat. No. 5,981,225 
example, they can be routed to acidic endosomes which will 40 to Kochanek et al,; U,S, Pat, No, 5,885,808 to Spooner et al,; 
destabilize the liposome and result in drug release. and U.S. Pat. No. 5,871,727 to Curiel. 

Alternatively, the liposome membrane can be chemically Retroviral vectors which have been modified to form 
modified such that an enzyme is placed as a coating on the infective transformation systems can also be used to deliver 
membrane which slowly destabilizes the liposome. Since nucleic acid encoding a desired effector protein into a target 
control of drug release depends on the concentration of 45 cell. One such type of retroviral vector is disclosed in U.S. 
enzyme initially placed in the membrane, there is no real Pat, No, 5,849,586 to Kriegler et al, 
effective way to modulate or alter drug release to achieve 
"on demand" drug delivery, The same problem exists for Regardless of the type of infective transformation system 

pH-sensitive liposomes in that as soon as the liposome employed, it should be targeted for delivery of the nucleic 
vesicle comes into contact with a target cell, it will be so acid a type. for the 
engulfed and a drop in pH will lead to drug release. nucleic acid into tumor cells, a high titer of the infective 

This liposome delivery system can also be made to transformation system can be injected directly within the 

accumulate at a target organ, tissue, or cell via active tumor site so as to enhance the likelihood of tumor cell 

targeting (e,g,, by incorporating an antibody or hormone on infection. The infected cells will then express the desired 

the surface of the liposomal vehicle). This can be achieved ss effector protein, e.g.2 HopPtoA2 HopPsyA2 Or HopPtoA22 
according to known methods. disrupting cellular functions and producing cytotoxic 

Different types of liposomes can be prepared according to effects. 

~~~~h~~ et al,, (1965); U,S, pat, N ~ ,  5,653,996 to H~~ et Particularly preferred is use of the effector proteins of the 
al,, U,S, pat, N ~ ,  5,643,599 to L~~ et al,; U,S, pat, N ~ ,  present invention to treat a cancerous condition (i.e., the 
5,885,613 to Holland et al.; U.S. Pat. No. 5,631,237 to Dzau 60 eukar~otic cell which is affected is a cancer cell). This can 
et al.; and U.S. Pat. No. 5,059,421 to Loughrey et al. be carried out by introducing a cytotoxic Pseudomonas 

alternative approach for delivery of effector proteins protein into cancer cells of a patient under conditions 
involves the conjugation of the desired effector protein to a effective to inhibit cancer cell division, thereby treating the 
polymer that is stabilized to avoid enzymatic degradation of cancerous condition. 
the conjugated effector protein. Conjugated proteins or 65 By introducing, it is intended that the effector protein is 
polypeptides of this type are described in U.S. Pat. No. administered to the patient, preferably in the form of a 
5,681,811 to Ekwuribe. composition which will target delivery to the cancer cells. 
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Alternatively, when using DNA-based therapies, it is DNAStar Program (Madison, Wis.), and databases 
intended that the introducing be carried out by administering were searched with the BLASTX, BLASTP, and 
a target DNA delivery system to the patient such that the BLASTN programs (Altschul et al., 1997). 
cancer cells are targeted and the effector protein is expressed 
therein. s Mutant Construction and Analysis 

EXAMPLES 

The following Examples are intended to be illustrative Large deletions in the Pto DC3000 Hrp Pai were con- 

and in no way are intended to limit the scope of the present structed by subcloning border fragments into restriction sites 

invention. on either side of an L2spR cassette in pRK415, electropo- 
Materials and Methods rating the recombinant plasmids into DC3000, and then 
Bacterial Strains, Culture Conditions, Plasmids, and DNA selecting and screening for marker exchange mutants as 
Manipulation Techniques described (Alfano et al., 1996). The following left and right 

Three experimentally amenable strains that represent dif- 
ferent levels of diversity in t? syvingae were investigated: side (FIGS. 2 and 3) deletion border fragments were used 
Psy 61, Psy B728a, and Pto DC3000, (i) Psy 61 is a weak ls (with residual gene fragments indicated): for CUCPB5110 
pathogen of bean whose hrp gene cluster, cloned on cosmid left tgt-gueA-tRNA-Leu-ORF4' (27 bp of ORF4) and right 
pHIR11, contains all of the genes necessary for nonpatho- ORF1'-hrpK (396 bp of ORF1); and for CUCPB5115 left 
genic bacteria like Pseudomonas fluovescens and Eschevi- hrpSt-avrEt (2569 bp of avrE) and right ORF6 (156 bp 
chia coli to elicit the HR in tobacco and to secrete in culture upstream of ORF6 start codon). The later fragment was 
the HrpZ harpin, a protein with unknown function that is 20 p ~ ~ - ~ ~ ~ l i f i ~ d  using the following primers: 
secreted abundantlv bv the HIT svstem (Alfano et al.. 1996). 
 he ~ H I R I I  hip ;l&ter ha; bien c<mpletely sequenck SEQ, ID, NO, 73, which primes in the ORF5-ORF6 
(FIG. 1) (Alfano and Collmer, 1997), and the hopPsyAgene intergenic region and contains an XbaI site: 
in the hypervariable region at the left edge of the cluster was 
shown to encode a protein that has an Avr phenotype, travels 2s SEQ. ID. 743 which primes in ORF6 and a 

the Hrp pathway, and elicits cell death when expressed in Hind111 site: 
tobacco cells (Alfano and Collmer, 1997; Alfano et al., 1997; Mutant constructions were confirmed by Southern hybrid- 
van Dijk et al., 1999). (ii) Psy B728a is in the same pathovar izations using previously described conditions 
as strain 61 but is highly virulent and is a model for studying (Charkowski et al., 1998). The ability of mutants to 
the the H~ system in fitness and patho- 30 secrete AvrPto was determined with anti-AvrPto anti- 
genicity (brown spot of bean) in the field (Hirano et al., bodies and immunoblot analysis of cell fractions as 
1999). (iii) Pto DC3000 is a well-studied pathogen of previously described (van Dijk et al., 1999). Mutant 
Avabidopsis and tomato (causing bacterial speck) that is CUCPB5 115 was complemented with pCPP3016, 
highly divergent from pathovar syringae strains. Analysis of 

which carries ORF2 through ORFlO in cosmid 
rRNA operon RFLP patterns has indicated that Pto and Psy 3s 

are distantly related and could be considered separate spe- pCPP47, and was introduced from E. coli DH5a by 

cies (Manceau and Horvais, 1997). Thus, we were able to triparental mating using helper strain E. coli DH5a 

compare two strains in the same pathovar with a strain from (pRK600), as described (Charkowski et al., 1998). 

a highly divergent pathovar. 
T7 Expression Analysis 

Conditions for culturing E. coli and t? syvingae strains 40 

have been described (van Dijk et al., 1999), as have the protein products of the Pto DC3000 EEL were analyzed 
for P s ~  61 et al., 1995), P s ~  B728a (HiranO by T7 polymerase-dependent expression using vector 

et al., 1999), and PtO DC3000 et al., 1995). pET21 and E, coli BLzl(DE3) as previously described 
and DNA manipulations were done in E. coli DH5a using 

(Huang et al., 1995). The following primer sets were used to 
pBluescript I1 (Stratagene, La Jolla, Calif.), pRK415 (Keen 
et al., 1988), and cosmid pCPP47 (Bauer and Collmer, 4s PCR each ORF from pCPP3091, which carries in pBSKSII+ 

1997), according to standard procedures (Ausubel et al., a BamH1 fragment containing tgt to hrcV: 
1994). Cosmid libraries of Pto DC3000 and Psy B728a 
genomic DNA were previously constructed (Charkowski et ORF1? SEQ. ID. Nos. 75 and 762 

al., 1998). Oligonucleotide synthesis and DNA sequencing 
were performed at the Cornell Biotechnology Center. The 

agtaggatcc tgaaatg tag  gggcccgg 28 
nucleotide sequence of the Pto DC3000 hrphrc cluster was 
determined using subclones of pCPP2473, a cosmid selected agtaaagc t t  a t g a t g c t g t  t t c c a g t a  28 

from a genomic cosmid library based on hybridization with 
the hrpK gene of Psy 61. The nucleotide sequence of the Psy ss ORF2, SEQ. ID. Nos. 77 and 78, respectively: 
B728a hrphrc cluster was determined using subclones of 
pCPP2346 and pCPP3017. These cosmids were selected 
from a genomic library based on hybridization with the hrpC agtaggatcc tc tcgaagga atggagca 28 

operon of 61. The left side of the Psy 61 EEL region was 
agtaaagc t t  cgtgaagatg c a t t t c g c  28 

cloned by PCR into pBSKSII+ Xhol and EcoRI sites using 60 

the following primers: ORF3, SEQ. ID. Nos. 79 and 80, respectively: 
SEQ. ID. NO. 71, which primes within queAand contains 

an Xhol site: 
SEQ. ID. NO. 72, which primes within hopPsyA and agtaggatcc t a g t c a c t g a  tcgaacg t  28 

contains an EcoRI site: 
6s agtactcgag ccacgaaata acacggta 28 

Pfu polymerase was used for all PCR experiments. DNA 
sequence data were managed and analyzed with the 
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ORF4, SEQ. ID. Nos. 81 and 82, respectively: 

agtaggatcc caggactgcc t t c c a g c g  28 

agtactcgag cagagcggcg tccg tggc  28 

tnpA, SEQ. ID. Nos. 83 and 84, respectively: 

agtaggatcc a g a a t t g t t g  aagaaatc 28 

ag taaagc t t  t g c g c t g t t a  a c t c a t c g  28 

Plant Bioassays 
Tobacco (Nicotiana tabacum L. cv. Xanthi) and tomato 

(Lycopevsicon esculentum Mill. cvs. Moneymaker and Rio 
Grande) were grown under greenhouse conditions and then 
maintained at 25' C. with daylight and supplemental halide 
illumination for HR and virulence assays. Bacteria were 
grown overnight on King's medium B agar supplemented 
with appropriate antibiotics, suspended in 5 mM MES pH 
5.6, and then infiltrated with a needleless syringe into the 
leaves of test plants at 10' cfulml for HR assays and lo4 
cfulml for pathogenicity assays (Charkowski et al., 1998). 
All assays were repeated at least four times on leaves from 
different alants. Bacterial growth in tomato leaves was a 

assayed by excising disks from infiltrated areas with a cork 
borer, comminuting the tissue in 0.5 ml of 5 mM MES, pH 
5.6, with a Kontes Pellet Pestle (Fisher Scientific, 
Pittsburgh, Pa.), and then dilution plating the homogenate on 
King's medium B agar with 50pglml rifampicin and 2pgiml 
cycloheximide to determine bacterial populations. The mean 
and SD from three leaf samples were determined for each 
time point. The relative growth in planta of DC3000 and 
CUCPB5110 was similarly assayed in 4 independent experi- 
ments and the relative growth of DC3000, CUCPB5115, and 
CUCPB5115(pCPP3016) in 3 independent experiments. 
Although the final population levels achieved by DC3000 
varied between experiments, the populations levels of the 
mutants relative to the wild type were the same as in the 
representative experiments presented below. 

Example 1 
Comparison of hrplhrc Gene Clusters of Psy 61, Psy B728a, 
and Pto DC3000 

To determine if the hrplhrc clusters from Psy B728a and 
Pto DC3000 were organized similarly to the previously 
characterized hrphrc cluster of Psy 61, two cosmids carry- 
ing hrphrc inserts were partially characterized. pCPP2346 
carries the entire hrphrc cluster of B728a, and pCPP2473 
carries the left half of the hrphrc cluster of DC3000. The 
right half of the DC3000 hrphrc cluster had been charac- 
terized previously (Preston et al., 1995). Sequencing the 
ends of several subclones derived from these cosmids pro- 
vided fingerprints of the B728a and DC3000 hrplhrc 
clusters, which indicated that both are arranged like that of 
strain 61 (FIG. 1). However, B728a contains between hrcU 
and hrpV a 3.6-kb insert with homologs of bacteriophage 
lambda genes Ea59 (23% amino-acid identity; E=2e-7) and 
Ea31 (30% amino-acid identity; E=6e-8) (Hendrix et al., 
1983), and the B728a hrcU ORF has 36 additional codons. 
Apossible insertion of this size in several Psy strains that are 
highly virulent on bean was suggested by a previous RFLP 
analysis (Legard et al., 1993). Cosmid pCPP2346, which 
contains the B728a hrplhrc region and flanking sequences (4 
kb on the left and 13 kb on the right), enabled t? fluovescens 
to secrete the B728a HrpZ harpin in culture and to elicit the 
HR in tobacco leaves, however, confluent necrosis devel- 
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oped more slowly than with t? fluovescens (pHIR11) (data 
not shown). To further test the relatedness of the Psy 61 and 
B728a hrphrc gene clusters using an internal reference, the 
B728a hrpA gene was sequenced. Of the hrphrc genes that 
have been sequenced in Psy and Pto, hrpA, which encodes 
the major subunit of the Hrp pilus (Roine et al., 1997), is the 
least conserved (28% amino-acid identity) (Preston et al., 
1995). However, the hrpA genes of strains 61 and B728a 
were 100% identical, which further supports the close rela- 
tionship of these strains and their Hrp systems. 

Example 2 
Identification of an Exchangeable Effector Locus (EEL) in 
the Hrp Pai between hrpK and tRNALeu 

Sequence analysis of the left side of the Psy 61, Psy 
B728a, and Pto DC3000 Hrp Pais revealed that the high 
percentage identity in hrpK sequences in these strains 
abruptly terminates three nucleotides after the hrpK stop 
codon and then is restored near ~RNA~'", queA, and tgt 
sequences after 2.5 kb (Psy 61), 7.3 kb (Psy B728a), or 5.9 
kb (Pto DC3000) of dissimilar, intervening DNA (FIG. 2). 
The difference between Psy strains 61 and B728a in this 
region was particularly surprising. This region of the t? 
syvingae Hrp Pai was given the EEL designation because it 
contained completely different effector protein genes (Table 
1 below), which appear to be exchanged at this locus at a 
high frequency. In this regard, it is noteworthy that (i) ORF2 
in the B728a EEL is a homolog of avrPphE, which is in a 
different location, immediately downstream of hrpK (hrpY), 
in Pph 1302A (Mansfield et al., 1994), (ii) hopPsyA (hrmA) 
is present in only a few Psy strains (Heu and Hutcheson, 
1993; Alfano et al., 1997), (iii) and ORF5 in the B728a EEL 
predicts a protein that is similar to Xanthomonas AvrBsT 
and possesses multiple motifs characteristic of the AvrRxv 
family (Ciesiolka et al., 1999). G+C content different from 
the genomic average is a hallmark of horizontally trans- 
ferred genes, and the G+C contents of the ORFs in the three 
EELs are considerably lower than the average of 59-61% 
fort? syvingae (Palleroni et al., 1984) (Table 1 below). They 
are also lower than hrpK (60%) and queA (63-64%). The 
ORFs in the Pto DC3000 EEL predict no products with 
similarity to known effector proteins, however T7 
polymerase-dependent expression revealed products in the 
size range predicted for ORF 1, ORF3, and ORF4. 
Furthermore, the ORFl protein is secreted in a hrp- 
dependent manner by E. coli(pCPP2156), which expresses 
an Evwinia chvysanthemi Hrp system that secretes t? syvin- 
gae Avr proteins (Ham et al., 1998). Several ORFs in these 
EELs are preceded by Hrp boxes indicative of HrpL- 
activated promoters (FIG. 1) (Xiao and Hutcheson, 1994), 
and the lack of intervening Rho-independent terminator 
sequences or promoters suggests that ORFl in DC3000 and 
ORFl and ORF2 in B728a are expressed from HrpL- 
activated promoters upstream of the respective hrpK genes. 

The EELs of these three strains also contain sequences 
homologous to insertion sequences, transposases, phage 
integrase genes, and plasmids (FIG. 2 and Table 1 below). 
The Psy B728a ORF5 and ORF6 operon is bordered on the 
left side linked to any type I11 secretion system genes or 
other genes in the Hrp Pai (FIG. 2). Thus, this is the apparent 
point of insertion of the Hrp Pai in the ancestral Pseudomo- 
nas genome. 

Example 3 
Identification of a Conserved Effector Locus (CEL) Located 
on the Right Side of the Hrp Pai in Psy B728a and Pto 
DC3000 

Previous studies of the region to the right of hrpR in 
DC3000 had revealed the existence of the avrE locus, which 
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is comprised of two transcriptional units (Lorang and Keen, 
1995), the 5' sequences for the first 4 transcriptional units 
beyond hrpR (Lorang and Keen, 1995), and the identity of 
the fourth transcriptional unit as the hrpW gene encoding a 
second harpin (Charkowski et al., 1998). The DNAsequence 
of the first 14 ORFs to the right of hrpR in Pto DC3000 was 
completed in this investigation and the corresponding region 
in Psy B728a was partially sequenced (FIG. 3). Like the 
EEL, this region contains putative effector genes, e.g., avrE 
(Lorang and Keen, 1995). Unlike the EEL, the ORFs in this 
region have an average G+C content of 58.0%, which is 
close to that of the hrphrc genes, the region contains no 
sequences similar to known mobile genetic elements, and it 
appears conserved between Psy and Pto (FIG. 3). Compari- 
son of the regions sequenced in B728a and DC3000 revealed 
that the first 7 ORFs are arranged identically and have an 
average DNA sequence identity of 78%. Hence, this region 
was given the CEL designation. 

The precise border of the CEL remains undefined, and no 
sequences that were repeated in the EEL border of the Hrp 
Pai were found. ORF7 and ORF8 are likely to be part of the 
CEL, based on the presence of an upstream Hrp box (FIG. 
3). However, the region beyond ORFlO probably is not in 
the CEL because the product of the next ORF shows 
homology to a family of bacterial GstAproteins (e.g., 28% 
identity with E. coli GstA over 204 amino acids; E=le-8) 
(Blattner et al., 1997), and glutathione-S-transferase activity 
is common in nonpathogenic fluorescent pseudomonads 
(Zablotowicz et al., 1995). The presence of a galP homolog 
(38% identity over 256 amino acids, based on incomplete 
sequence, to E. coli GalP; E=2e-42) (Blattner et al., 1997) in 
this region further suggests that it is beyond the CEL. 

Several other features of this region in B728a and 
DC3000 are noteworthy. (i) Both strains have a 1-kb inter- 
genic region between hrpR and ORFl that is distinguished 
by low sequence identity (44%) but which contains three 
inverted repeats that could form stem loop structures affect- 
ing expression of the hrpRS operon. (ii) ORFl is most 
similar to E. coli murein lytic transglycosylase MltD (38% 
identity over 324 amino acids; E=4e-56). (iii) ORF2 is 42% 
identical over 130 amino acids with E. arnylovova DspF 
(E=9e-24), a candidate chaperone (Bogdanove et al., 1998a; 
Gaudriault et al., 1997). (iv) The ORF5 protein is secreted in 
a hrp-dependent manner by E. coli(pCPP2156), but mutation 
with an QSpr cassette has little effect on either HR elicitation 
in tobacco or pathogenicity in tomato (Charkowski, 
unpublished). (v) Finally, six operons in this region are 
preceded by Hrp boxes (Lorang and Keen, 1995) (FIG. 3), 
which is characteristic of known avr genes in t? syvingae 
(Alfano et al., 1996). Thus, the CEL carries multiple can- 
didate effectors. 
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disease symptoms in tomato when infiltrated at a concen- 
tration of lo4 cfulml, and growth in planta was strongly 
reduced (FIG. 4B). However, the mutant elicited an HR 
dependent on the tomato Pto R gene that was indistinguish- 
able from the wild-type in tests involving PtoS (susceptible) 
and PtoR (resistant) Rio Grande tomato lines. Plasmid 
pCPP3016, which carries ORF2 through ORF10, fully 
restored the ability of CUCPB5115 to cause disease symp- 
toms and partially restored the ability of the mutant to 
multiply in tomato leaves (FIGS. 4B and 4E). Deletion of the 
hrphrc cluster abolishes HR and pathogenicity phenotypes 
in Pto DC3000 (Collmer et al., 2000). To confirm that the 
large deletions in Pto mutants CUCPB5110 and 
CUCPB5115 did not disrupt Hrp secretion functions, we 
compared the ability of these mutants, the DC3000 hrphrc 
deletion mutant, and wild-type DC3000 to make and secrete 
AvrPto in culture while retaining a cytoplasmic marker 
comprised of 0-lactamase lacking its signal peptide. AvrPto 
provided an ideal subject for this test because it is a 
well-studied effector protein that is secreted in culture and 
injected into host cells in planta (Alfano and Collmer, 1997; 
van Dijk et al., 1999). Only the hrplhrc deletion cluster 
mutant was impaired in AvrPto production and secretion 
(FIG. 5). 

Based on the above studies, the t? syvingae hrphrc genes 
are part of a Hrp Pai that has three distinct loci: an EEL, the 
hrphrc gene cluster, and a CEL. The EEL harbors exchange- 
able effector genes and makes only a quantitative contribu- 
tion to parasitic fitness in host plants. The hrphrc locus 
encodes the Hrp secretion system and is required for effector 
protein delivery, parasitism, and pathogenicity. The CEL 
makes no discernible contribution to Hrp secretion functions 
but contributes strongly to parasitic fitness and is required 
for Pto pathogenicity in tomato. The Hrp Pai oft? syvingae 
has several properties of Pais possessed by animal pathogens 
(Hacker et al., 1997), including the presence of many 
virulence-associated genes (several with relatively low G+C 
content) in a large (ca. 50-kb) chromosomal region linked to 
a tRNA locus and absent from the corresponding locus in a 
closely related species. In addition, the EEL portion of the 
Hrp Pai is unstable and contains many sequences related to 
mobile genetic elements. 

The EEL is a novel feature of known Pais, which is likely 
involved in fine-tuning the parasitic fitness o f t ?  syvingae 
strains with various plant hosts. By comparing closely- and 
distantly-related strains of t? syvingae, we were able to 
establish the high instability of this locus and the contrasting 
high conservation of its border sequences. No single mecha- 
nism can explain the high instability, as we found fragments 
related to phages, insertion sequences, and plasmids in the 
Psy and Pto EELs, and insertion sequences were recently 

Example 4 reported in the corresponding region of three other t? 
Investigation of EEL and CEL Roles in Pathogenicity syvingae strains (Inoue and Takikawa, 1999). The mecha- 

A mutation was constructed in DC3000 that replaced all nism or significance of the localization of the EELs between 
of the ORFs between hrpK and ~RNA~'"  (EEL) with an ss ~RNA~'"  and hrpK sequences in the Hrp Pais also is unclear. 
QSpr cassette (FIG. 2). This Pto mutant, CUCPB5110, was Pto DC3000 carries at least one other effector gene, avrPto, 
tested for its ability to elicit the HR in tobacco and to cause that is located elsewhere in the genome (Ronald et al., 1992), 
disease in tomato. The mutant retained the ability to elicit the many t? syvingae avr genes are located on plasmids (Leach 
HR and to produce disease symptoms, but it failed to reach and White, 1996), and the EEL ORFs represent a mix of 
population levels as high as the parental strain in tomato 60 widespread, (e.g., avrRxv family) and seemingly rare (e.g., 
(FIG. 4A). hopPsyA), effector genes. The G+C content of the EEL 

Amutation was constructed in DC3000 that replaced avrE ORFs is significantly lower than that of the rest of the Hrp 
through ORF5 (CEL) with an QSpr cassette. This deleted all Pai and the t? syvingae genome. Although certain genes in 
of the CEL ORFs that were both partially characterized and the non-EEL portions of the Hrp Pai, such as hrpA, are 
likely to encode effectors. This Pto mutant, CUCPB5115, 65 highly divergent, they have a high G+C content, and there is 
still elicited the HR in tobacco, but tissue collapse was no evidence that they have been horizontally transferred 
delayed ca. 5 h (FIG. 4C). The mutant no longer elicited separately from the rest of the Hrp Pai. The relatively low 
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G+C content of the ORFs in the EELS (and of other t? at this locus. Indeed, many t? syvingae avr genes are 
syvingae avr genes) suggests that these genes may be associated with mobile genetic elements, regardless of their 
horizontally acquired from a wider pool of pathogenic location (Kim et al., 1998). Thus, it appears that Hrp- 
bacteria than just t? syvingae (Kim et al., 1998). Indeed, the mediated pathogenicity in t?  syvingae is collectivel~ d e ~ e n -  
avrRxv family of genes is found in a wide range of plant and s dent on a set of genes that are universal among divergent 
animal pathogens (ciesiolka et al,, 1999). ~h~ weak effect pathovars and on another set that varies among strains even 

on parasitic fitness of deleting the Pto DC3000 EEL, or of in the same pathovar. The latter are presumably acquired and 

mutating hopPsyA(hrmA) in Psy 61 (Huang et al,, 1991), is lost in response to pressures to promote 

typical of mutations in individual avr genes and presumably parasitism while evading host R-gene surveillance systems. 

results from redundancy in the effector protein system 10 Example 5 
(Leach and White, 1996). Role of ShcA as a Type I11 Chaperone for the HopPsyA 

The functions of hrpK and of the CEL ORFl are unclear Effector 
but warrant discussion. These two ORFs reside just outside The ORF upstream of hopPsyA, tentatively named shcA, 
the hrpL and hrpR delimited cluster of operons containing encodes a protein product of the predicted molecular mass. 
both hrp and hrc genes and thereby spatially separate the IS The ORF upstream of the hopPsyAgene int? s. syvingae 61 
three regions of the Hrp Pai (FIGS. 1-3). hrpK mutants have (originally designated ORF1) shares sequence identity with 
a variable Hrp phenotype (Mansfield et al., 1994; Bozso et exsC and ORF7, which are genes adjacent to type I11 effector 
al., 1999), and a Psy B728a hrpK mutant still secretes HrpZ genes in t? aevuginosa and Yevsinia pestis, respectively 
(Alfano, unpublished), which suggests that HrpK may be an (Frank and Iglewski, 1991; Perry et al., 1998). Although 
effector protein. Nevertheless, the HrpK proteins of Psy 61 20 neither of these ORFs have been shown experimentally to 
and Pto DC3000 are 79% identical and therefore are more encode chaperones, they have been noted to share properties 
conserved than many Hrp secretion system components. It is that type I11 chaperones often possess (Cornellis et al., 
also noteworthy that hrpK appears to be in an operon with 1998). One of these properties is the location of the chap- 
other effector genes in Psy B728a and Pto DC3000. In erone gene itself (FIGS. 1 and 6). Chaperone genes are often 
contrast, the CEL ORFl may contribute (weakly or 25 adjacent to a gene that encodes the effector protein with 
redundantly) to Hrp secretion functions by promoting pen- which the chaperone interacts. Furthermore, shcA also 
etration of the system through the bacterial peptidoglycan shares other common characteristics of type I11 chaperones: 
layer. The ORFl product has extensive homology with E. its protein product is relatively small (about 14 kDa), it has 
coli MltD and shares a lysozyme-like domain with the an acidic PI, and it has a C-terminal region that is predicted 
product of ipgF (Mushegian et al., 1996), a Shigellaflexnevi 30 to be an amphipathic a-helix. To begin assessing the func- 
gene that is also located between loci encoding a type I11 tion of shcA, it was first determined whether shcA encodes 
secretion system and effector proteins (Allaoui et al., 1993). a protein product. A construct was prepared using PCR that 
Mutations in these genes in Pto and S. flexnevi have no fused shcA in-frame to a sequence encoding the FLAG 
obvious phenotype (Lorang and Keen, 1995; Allaoui et al., epitope. This construct, pLV26, contains the nucleotide 
1993), as is typical for genes encoding peptidoglycan hydro- 35 sequence upstream of shcA, including a putative ribosome 
lases (Dijkstra and Keck, 1996). binding site (RBS). DH5aFtIQ(pLV26) cultures were grown 

The loss of pathogenicity in Pto mutant CUCPB5115, in rich media and induced at the appropriate density with 
with an avrE-ORF5 deletion in the CEL, was surprising IPTG. Whole cell lysates were separated by SDS-PAGE and 
because pathogenicity is retained in DC3000 mutants in analyzed with immunoblots using anti-FLAG antibodies. By 
which the corresponding operons are individually disrupted 40 comparing the ShcA-FLAG encoded by pLV26 to a con- 
(Lorang and Keen, 1995; Charkowski et al., 1998). In struct that made ShcA-FLAG from a vector RBS, it was 
assessing the possible function of this region and the con- concluded that the native RBS upstream of shcA was 
servation of its constituent genes, it should be noted that competent for translation (FIG. 7). Thus, the shcA ORF is a 
avrE is unlike other avr genes found in Pto in that it confers legitimate gene that encodes a protein product. 
avirulence to t? syvingae pv glycinea on all tested soybean 45 To test the effects of shcA on bacterial-plant interactions, 
cultivars and it has a homolog (dspE) in E. arnylovova that an shcA mutation was constructed in the minimalist hrplhrc 
is required for pathogenicity (Lorang and Keen, 1995; cluster carried on cosmid pHIR11. There are distinct advan- 
Bogdanove et al., 1998b). Although the CEL is required for tages to having the shcA mutation marker-exchanged into 
pathogenicity, it is not essential for type I11 effector protein pHIR11. The main one is that the HR assay can be used as 
secretion because the mutant still secretes AvrPto. It also so a screen to determine if HopPsyA is being translocated into 
appears to play no essential role in type I11 translocation of plant cells because the pHIR11-dependent HR requires the 
effector proteins into plant cells because the mutant still delivery of HopPsyA into plant cells (Alfano et al., 1996; 
elicits the HR in nonhost tobacco and in a PtoR-resistance Alfano et al., 1997). With the chromosomal shcA mutant, 
tomato line, and pHIR11, which lacks this region, appears other Hop proteins would probably be delivered to the 
capable of translocating several Avr proteins (Gopalan et al., ss interior of plant cells. Some of these proteins would be 
1996; Pirhonen et al., 1996). The conservation of this region recognized by the R gene-based plant surveillance system 
in the divergent pathovars Psy and Pto, and its importance in and initiate an HR masking any defect in HopPsyAdelivery. 
disease, suggests that the products of the CEL may be E. coli MC4100 carrying pLV10, a pHIRll derivative, 
redundantly involved in a common, essential aspect of which contains a nonpolar nptII cartridge within shcA, was 
pathogenesis. 60 unable to elicit an HR on tobacco (FIG. 8). This indicates 

The similar G+C content and codon usage of the hrplhrc that shcA is required for the translocation of HopPsyA into 
genes, the genes in the CEL, and total t? syvingae genomic plant cells. To determine if HopPsyAwas secreted in culture, 
DNA suggests that the Hrp Pai was acquired early in the cultures of the nonpathogen t? fluovescens 55 were grown. 
evolution oft? syvingae. Although, the EELregion may have This bacterium carried either pHIR11, pCPP2089 (a pHIRll 
similarly developed early in the radiation oft? syvingae into 65 derivative defective in type I11 secretion), or pLV10. The 
its many pathovars, races, and strains, the apparent instabil- representative results can be seen in FIG. 8. shcA was 
ity that is discussed above suggests ongoing rapid evolution required for the in-culture type I11 secretion of the HopPsyA 



effector protein, but not for HrpZ secretion, another protein 
secreted by the pHIRll encoded Hrp system. These results 
indicate that the defect in type I11 secretion is specific to 
HopPsyA and are consistent with shcA encoding a chaper- 
one for HopPsyA. It was after these results that the ORF 
upstream of the hopPsyAgene was named shcA for specific 
hop chaperone for HopPsyA, a naming system consistent 
with the naming system researchers have employed for 
chaperones in the archetypal Yevsinia type I11 system. 

Example 6 
Cytotoxic Effects of hopPsyA Expressed in Plants 

Transient expression of hopPsyA DNA in planta induces 
cell death in Nicotiana tabacum, but not in N. benthamiana, 
bean, or in Avabidopsis. To determine whether HopPsyA 
induced cell death on tobacco leaves as it did when aroduced 
in tobacco suspension cells, a transformation system that 
delivers the hopPsyA gene on T-DNA of Agvobactevium 
tumefaciem was used (Rossi et al., 1993; van den Ack- 
erveken et al., 1996). This delivery system works better than 
biolistics for transiently transforming whole plant leaves. 
For these experiments, vector pTA7002, kindly provided by 
Nam-Hai Chua and his colleagues at Rockefeller University, 
was used. The unique property of this vector is that it 
contains an inducible expression system that uses the regu- 
latory mechanism of the glucocorticoid receptor (Picard et 
al., 1988; Aoyama and Chua, 1997; McNellis et al., 1998). 
pTA7002 encodes a chimeric transcription factor consisting 
of the DNA-binding domain of GAL4, the transactivating 
domain of the herpes viral protein VP16, and the receptor 
domain of the rat glucocorticoid receptor. Also contained on 
this vector is a promoter containing GAL4 upstream acti- 
vating sequences (UAS) upstream of a multiple cloning site. 
Thus, any gene cloned downstream of the promoter con- 
taining the GAL4-UAS is induced by glucocorticoids, of 
which a synthetic glucocorticoid, dexamethasone (DEX), is 
available commercially. hopPsyA was PCR-cloned down- 
stream of the GAL4-UAS. Plant leaves from several differ- 
ent test plants were infiltrated withAvgvobactevium carrying 
pTA7002::hopPsyA and after 48 hours these plants were 
sprayed with DEX. Only N. tabacum elicited an HR in 
response to the DEX-induced transient expression of 
hopPsyA (FIG. 13A). In contrast, N. benthamiana produced 
no obvious response after DEX induction (FIG. 13B). 
Moreover, transient expression of hopPsyA in bean plants 
(Phaseolus vulgavis L. 'Eagle')(data not shown) and Ava- 
bidopsis thaliana ecotype Col-1 (FIG. 13) did not result in 
a HR. These results suggest that bean cv. Eagle,Avabidopsis 
Col-1, and N. benthamiana lack a resistance protein that can 
recognize HopPsyA. The lack of an apparent defense 
response for HopPsyA transiently expressed in bean was 
predicted, because HopPsyA is normally produced in t? s. 
syvingae 61, a pathogen of bean. But, it was somewhat 
unknown how transient expression of HopPsyAwould effect 
Avabidopsis. However, since t? s. tomato DC3000, a patho- 
gen of Avabidopsis, appears to have a hopPsyA homolog 
based on DNA gel blots using hopPsyA as a probe, it was 
expected that HopPsyA would not to be recognized by an R 
protein in Avabidopsis (i.e., no HR produced) (Alfano et al., 
1997). Thus, these plants (bean, Avabidopsis, and N. 
benthamiana) should represent ideal plants to explore the 
bacterial-intended role of HopPsyA in plant pathogenicity. 

P.s. pv. syvingae 61 secretes HopPsyA in culture via the 
Hrp (type 111) protein secretion system. Because the t? 
syvingae Avr proteins AvrB and AvrPto were found to be 
secreted by the type I11 secretion system encoded by the 
functional E. chvysanthemi hrp cluster carried on cosmid 
pCPP2 156 expressed in E. coli (Ham et al., 1998), detection 

of HopPsyA secretion in culture directly via the native Hrp 
system carried in t? s. syvingae 61 was tested. t? s. syvingae 
61 cultures grown in hrp-derepressing fructose minimal 
medium at 22' C. were separated into cell-bound and 
supernatant fractions by centrifugation. Proteins present in 
the supernatant fractions were concentrated by TCA 
precipitation, and the cell-bound and supernatant samples 
were resolved with SDS-PAGE and analyzed with immu- 
noblots using anti-HopPsyA antibodies. A HopPsyA signal 
was detected in supernatant fractions from wild type t? s. 
syvingae 61 (FIG. 14). Importantly, HopPsyA was not 
detected in supernatant fractions from t? s. syvingae 
61-2089, which is defective in Hrp secretion, indicating that 
the HopPsyA signal in the supernatant was due specifically 
to type I11 protein secretion (FIG. 14). As a second control, 
both strains contained pCPP2318, which encodes the mature 
0-lactamase lacking its N-terminal signal peptide, and pro- 
vides a marker for cell lysis. 0-lactamase was detected only 
in the cell-bound fractions of these samples, clearly showing 
that cell lysis did not occur at a significant level (FIG. 14). 
The fact that HopPsyA is secreted via the type I11 secretion 
system in culture and that the avirulence activity of 
HopPsyA occurs only when it is expressed in plant cells 
strongly support that HopPsyA is delivered into plant cells 
via the type I11 pathway. 

HopPsyAcontributes in a detectable, albeit minor, way to 
growth oft? s. syvingae 61 in bean. The effect of a HopPsyA 
mutation on the multiplication o f t?  s. syvingae 61 in bean 
tissue has been reported (Huang et al., 1991). These data 
essentially indicate that HopPsyA contributes little to the 
ability o f t ?  s. syvingae 61 to multiply in bean. The t? s. 
syvingae 61 hopPsyA mutant does not grow as well in bean 
leaves as the wild-type strain (FIG. 15). This was 
unexpected, because these results are in direct conflict with 
previously reported data. One rationale for the discrepancy 
is that the previous reports focused primarily on the major 
phenotype that a hrp mutant exhibits on in planta growth and 
predated the discovery that HopPsyAwas a type 111-secreted 
protein. Thus, it is quite possible that the earlier experiments 
missed the more subtle effect that HopPsyA appears to have 
on the multiplication of t? s. syvingae 61 in bean tissue 
(Huang et al., 1991). The data presented here supports that 
HopPsyA contributes to the pathogenicity of t?  s. syvingae 
and are consistent with the hypothesis that the majority of 
Hops from t? syvingae contribute subtly to pathogenicity. 
The lack of strong pathogenicity phenotypes for mutants 
defective in different avr and hop genes may be due to 
possible avrlhop gene redundancy or a decreased depen- 
dence on any one Hop protein through coevolution with the 
plant. Indeed, the type 111-delivered proteins of plant patho- 
gens that are delivered into plant cells may not be virulence 
proteins per se, but rather they may suppress responses of 
the plant that are important for pathogenicity to proceed 
(Jakobek et al., 1993). These responses may be defense 
responses or other more general processes that maintain the 
status quo within the plant (e.g., the cell cycle). 

Example 7 
Molecular Interactions of HopPsyA 

HopPsyA interacts with the Avabidopsis Mad2 protein in 
60 the yeast 2-hybrid system. To determine a pathogenic target 

for HopPsyA, the yeast 2-hybrid system was used with 
cDNA libraries made from Avabidopsis (Fields and Song, 
1989; Finley and Brent, 1994). In the yeast 2-hybrid system, 
a fusion between the protein of interest (the "bait") and the 

65 LexA DNA-binding domain was transformed into a yeast 
tester strain. A cDNA expression library was constructed in 
a vector that creates fusions to a transcriptional activator 
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domain. This library was transformed into the tester strain en TABLE 1-continued 
masse, and clones encoding partners for the "bait" are 
selected via their ability to bring the transcriptional activator ORFs and fragments of genetic elements in the EELs of Pto 

DC3000, Psy B728a, and Psy 61 and similarities with known 
domain into proximity with the DNA binding domain, thus avr genes and mobile genetic elements. 

initiating transcription of the LEU2 selectable marker gene. 
BLAST E value with representative A second round screening of candidates, that activate the ORF or % similar sequence(s) in 

LEU2 marker, relies on their ability to also activate a lacZ sequence G + c size database, or relevant feature 

reporter gene. Bait constructs were initially made with 
psy B728a 

hopPsyA in the yeast vector pEG202 that corresponded to a lo 
full-length HopPsyA-LexA fusion, the carboxy-terminal ORF1 51 323 aa 9e-40 Pph AvrPphC (Yucel et al., 1994) 

ORF2 58 382 aa le-154 Pph AvrPphE (Mansfield et al., 
half of HopPsyAfused to LexA, and the amino-terminal half 1994'1 
of HopPsyA fused to LexA, and named these constructs ORF3 55 507 aa 2e-63 E. coli LOOIS (Perna et al., 1998) 

pLV23, pLV24, and pLV25, respectively. However, pLV23 :EF: 55 118 aa 9e-9 E. coli LO014 (Perna et al., 1998) 
49 411 aa le-4 Xcv AvrBsT (Ciesiolka et al., 

was lethal to yeast and pLV25 activated the lacZ reporter 1999) 
gene in relatively high amounts on its own (i.e., without the ORF6 52 120 aa None 

activation domain present). Thus, both pLV23 and pLV25 plasmid 46 96 nt le-" Pph pAV511 Vackson et 
1999) 

were not used to screen for protein interactors via the yeast ~ n t ~ '  59 49 aa 3e-5 E. coli CP~-like integrase 

2-hybrid system. pLV24, which contains the 3' portion of 20 (Perna et al., 1998) 
Psy 61 

hopPsyA fused to lexA, proved to be an appropriate con- - 

struct to use for bait in the yeast 2-hybrid system, because H O ~ P S ~ A  53 375 aa Hrp-secreted Avr (Alfano et al., 1997; 

it did not autoactivate the lacZ reporter gene and, based on van Dijk et al., 1999) 
ShcA 57 112 aa 6e-4 YO008 (Perry et al., 1998) 

the lacZ repression assay using pJK101, the 'HopPsyA- 
LexA fusion produced by pLV24 appeared to localize to the 25 aPathovar abbreviations correspond to the recommendations of Vivian and 

nucleus. In addition, it was confirmed that pLV24 made a 
M a ~ ~ ~ : ~ ~ ~ ~ $ ~ ~ ~ ~ ~ ~ a ~ < ~ ~ ~ ~ ~ ~ ~ ~ S  sequences similar to 

protein of the appropriate size that corresponds to HopPsyA many tRNALeu genes and to E. coli queA and tgt queuosine 
by performing immunoblots with anti-HopPsyA antibodies biosynthesis genes (ca. 70% amino-acid identity in predicted 
on yeast cultures carrying this vector. 

30 products). The EEL sequences terminate at the 3' end of the 
Initial screens with pLV24 and Avabidopsis cDNA librar- syvingae tRNA sequences, as is typical for Pais (Hou, 

ies in the yeast 2-hybrid vector pJG4-5. From three inde- 1999). Virtually identical t g t - q u e ~ - t ~ ~ ~ L e u  sequences are 
pendent screens, several hundred by sequences similar to found  in  the genome of P. aevuginosa P A O l  
those in a Pph plasmid that carries several avr genes (wwwpseudornonas.com), which is also in the fluorescent 

et 1999) and by a sequence homologous to 35 pseudomonad group. But PAOl is not a plant pathogen, and 
insertion elements that are typically found on plasmids, this ~RNA~'"  i n P  aevuginosa is not putative interactors with 
suggesting plasmid integration via an IS element in this HopPsyA were identified, each activating the two reporter 
region (Szabo and 1984)' P s ~  B728a ORF3 and ORF4 systems to varying degrees, When these putative positive 
show similarity to sequences implicated in the horizontal 

40 yeast strains were rescreened and criteria were limited to 
acquisition of the LEE Pai by pathogenic E. coli strains interactors that strongly induced both the lacZ reporter and 
(Perna et 1998)' These P s ~  B728a ORFs are not preceded LEU2 gene in the presence of galactose, about 50 yeast 

H r ~  boxes and are to encode effector proteins. strains were identified that appeared to contain pJG4-5 
TABLE 1 derivatives that encoded proteins that could interact with the 

ORFs and fragments of genetic elements in the EELS of Pto 45 C-terminal half of HopPsyA. DNA gel blots using PCR- 
DC3000, Psy B728a, and Psy 61 and similarities with known amplified inserts from selected pJG4-5 derivatives as probes 

avr genes and mobile genetic elements. allowed each of these putative positives to be grouped. 

BLAST E value with representative Approximately 50% of the pJG4-5 derivatives that encoded 
ORF or % similar sequence(s) in strong HopPsyA interactors belonged to the same group. A 
sequence G + C Size database, or relevant feature 

50 
pJG4-5 derivative containing this insert, pLV116 was 

Pto DC3000a 
sequenced. The predicted amino acid sequence of the insert 
contained within pLV116 shared high amino acid identity to 

ORFl 55 466 aa Hrp-secreted (Alfano, unpublished) Mad2 homologs (for mitotic arrest deficient) found in yeast, 
TnpA' 55 279 aa le-125 l? stutzeri TnpAl 55 humans, frogs, and corn. Moreover, based on amino acid 

(Bosch et al., 1999) 
ORF2 51 241 aa None 

comparison with the other Mad2 proteins, pLV116 contains 

ORF3 53 138 aa None a cDNA insert that corresponds to the full-length mad2 
ORF4 47 136 aa None mRNA. Table 2 below shows the amino acid percent identity 

of all of the Mad2 homologs currently in the databases. 

TABLE 2 

Percent Amino Acid Sequence Identity Between Different Mad2 Homologs* 

Mad2 Fission Budding 
Homolog Arabidopsis Corn Human Mouse Frog Yeast Yeast 

Arabidopsis - 
Corn 81.3 - 
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TABLE 2-continued 

Percent Amino Acid Sequence Identity Between Different Mad2 Homologs* 

Mad2 Fission Budding 
Homolog Arabidopsis Corn Human Mouse Frog Yeast Yeast 

Human 44.4 44.9 - 
Mouse 45.4 45.9 94.6 - 
Frog 43.3 42.9 78.3 77.3 - 
Fission 40.4 41.9 43.8 43.8 46.3 - 
Yeast 
Budding 38.3 38.8 39.3 39.3 39.8 45.4 - 
Yeast 

*Comparisons were made with the MEGALIGN program at DNAStar (Madison, WI) using 
sequences present in Genbank. Abbreviations and accession numbers are as follows: 
Arabidopsis, A. thaliana Col-0 (this work); Corn, Zea mays (AAD30555); Human, Homo 
sapiem (NPL002349); Mouse, Mus mlrsculus (AAD09238); Frog, Xenoplrs laevis, 
(AAB41527); Fission yeast, Schizosaccharomyces pombe (AAB68597); Budding yeast, Sac- 
charamoyces cerevisiae (P40958). 

Not unexpectedly, the sequence of the Avabidopsis Mad2 Required for the transition from metaphase to anaphase 
protein is more closely related to the corn Mad2, the only 20 (as well as other cell cycle transitions) is the ubiquitin 
plant Mad2 homolog represented in the databases. proteolysis pathway. Proteins that inhibit entry into 

The corn Mad2 is about 82% identical to the Avabidopsis anaphase (e.g., Pdsl in S. cevevisiae) are tagged for degra- 
Mad2. FIGS. 16A-B show yeast strains containing either dation via the ubiquitin pathway by the anaphase-promoting 
pLV24 and pJG4-5, pEG202 and pLV116, or pLV24 and complex (APC) (King et al., 1996). Only when these pro- 
pLV116 on leucine drop-out plates and plates containing 25 teins are degraded by the 26s proteosome are the cells 
X-Gal, showing that only when both HopPsyAand Mad2 are allowed to cycle to anaphase. Although it is not well 
present, 0-galactosidase and LEU2 activity are induced. It is understood how the APC knows when to tag the anaphase 
important to note that the cDNA library that yielded mad2 inhibitors for degradation, there have been several important 
has been used for many different yeast 2-hybrid screens and advances (Elledge, 1996; Elledge, 1998; Hardwick, 1998). 
a mad2 clone has never been isolated from it before. Thus, 30 The Mad2 protein and the Bubl protein kinase have been 
the results shown in FIGS. 16A-B are unlikely to represent shown to bind to kinetochores when these regions are not 
an artifact produced by the nature of the cDNA library. attached to microtubules (Chen et al., 1996; Li and Benezra, 
  ore over, different Mad2 homologs are known to interact 1996; Taylor and McKeon, 1997; Yu et al., 1999). Thus, 
with 'pecific proteins and One of these homologs was these proteins appear to somehow relay a signal that all of 

with a yeast 2-h~brid screen using a protein the 35 the chromosomes are not bound to spindle fibers ready to 
as bait (Kim et 1998). This is separate, Madl encodes a phosphoprotein, which becomes 

reassuring for two reasons. First, other Mad2 homologs do hyperphosphorylated when the spindle checkpoint is acti- not appear to be nonspecifically "sticky" proteins. Second, 
they appear to modulate cellular processes through protein- vated and the hyperphosphorylation of Mad1 is dependent 

protein interactions. on functional Bubl, Bub3, and Mad2 proteins (Hardwick 
The above results are very promising, because Mad2 is a 40 and Murray, 1995). Another required protein in this check- 

regulator controlling the transition from rnetaphase to point is Mpsl, a protein kinase that activates the spindle 
anaphase during mitosis, a key step in the cell cycle of checkpoint when overexpressed in a manner that is depen- 
eukaryotes. The eukaryotic cell cycle is dependent on the dent on all of the Bub and Mad proteins, indicating that 
completion of earlier events before another phase of the cell M P S ~  acts very early in the spindle checkpoint (Hardwick et 
cycle can be initiated. For example, before mitosis can occur 45 al., 1996). 
DNAreplication has to be completed. Some of these depen- Based on data from the different Mad2 homologs that 
dencies in the cell cycle can be relieved by mutations and have been studied, Mad2 appears to have a central role in the 
represent checkpoints that insure the cell cycle is proceeding spindle checkpoint. Addition of Mad2 to Xenopus egg 
normally (Hartwell and Weinert, 1989). In pioneering work, extracts results in inhibition of cyclin B degradation and 
Hoyt et al. and Li and Murray independently discovered that 50 mitotic arrest due to the inhibition of the ubiquitin ligase 
there is a checkpoint in place in Sacchavomyces cevevisiae activity of the APC (Li et al., 1997). The overexpression of 
to monitor whether the spindle assembly required for chro- Mad2 from fission yeast causes mitotic arrest by activating 
mosome segregation is completed (Hoyt et al., 1991; Li and the spindle checkpoint (He et al., 1997). Whereas, introduc- 
Murray, 1991). This so-called spindle checkpoint was dis- ing anti-Mad2 antibodies into mammalian cell cultures 
covered when the observation was made that wild-type yeast ss causes early transition to anaphase in the absence of micro- 
cells plated onto media containing drugs that disrupt micro- tubule drugs, indicating that Mad2 is involved in the normal 
tubule polymerization arrested in mitosis, whereas certain cell cycle. Several reports suggest that different Mad2 
mutants proceeded into anaphase. These initial reports iden- homologs directly interact with the APC (Li et al., 1997; 
tified 6 different nonessential genes that are involved in the Fang et al., 1998; Kallio et al., 1998). Another protein called 
spindle checkpoint: bubl-3 named for budding uninhibited 60 Cdc20 in S. cevevisiae binds to the APC, is required for 
by benzimidazole and madl-3 for mitotic arrest deficient. activation of the APC during certain cell cycles, and Mad2 
Mutations in these genes ignore spindle assembly abnor- binds to it (Hwang et al., 1998; Kim et al., 1998; Lorca et al., 
malities and attempt mitosis regardless. In the years since, 1998; Wassmann and Benezra, 1998). The picture that is 
the spindle checkpoint has been shown to be conserved in emerging from all of these exciting findings is that Mad2 
other eukaryotes and many advances have occurred resulting 65 acts as an inhibitor of the APC, probably by binding to 
in a better picture of what is taking place at the spindle Cdc20. When Mad2 is not present, the Cdc20 binds to the 
checkpoint (Glotzer, 1996; Rudner and Murray, 1996). APC, which activates the APC to degrade inhibitors of the 
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transition to anaphase. FIG. 12 shows a summary of the when raffinose was used instead of galactose. FLAG-tagged 
spindle checkpoint focusing on Mad2's involvement and nontoxic Avr proteins were used to confirm that the genes 
using the names of the spindle checkpoint proteins from S. were differentially expressed, as expected, on plates con- 
cevevisiae. taining galactose. Importantly, the toxic effect with 

The plant spindle checkpoint: A possible target of bacte- 5 HoppsyA was observed when the encoding gene was 
rial pathogens. Many of the cell cycle proteins from animals recloned into p416GALS, which expresses foreign genes at 
have homologs in plants (Mironov et al., 1999). In fact, one a lower level than p 4 1 5 ~ ~ 1 ,  
of the early clues that there existed a spindle checkpoint was 
first made in plants. The observation noted was that chro- References 
mosomes that lagged behind in their attachment to the lo 

caused a delay in the transition to anaphase ( ~ ~ j ~ ~  Each of the references cited herein or otherwise listed 
and Mole-Bajer, 1956). Moreover, mad2 has been recently below are expressly incorporated by reference in their 
isolated from corn and the Mad2 protein localization in plant entirety into this specification. 
cells undergoing mitosis is consistent with the localization Alfano et al., (1996) Mol. Micvobiol. 19:715-728. 
of Mad2 in other systems (Yu et al., 1999). Based on a Alfano et al., (1997) Mol. Plant-Microbe Interact. 
published meeting report, genes that encode components of 10:580-588. 
the APC Avabido~sis have been (Inze dfano and Collmer, (1997) J ,  Bacteviol, 169:5655-5662, 
et al., 1999). Thus, it appears that a functional spindle 
checkpoint probably is conserved in plants, The data pre- et Infect. Immun. 61:1707-1714. 

sented above shows that the P. syvingae HopPsyA protein 20 Altschul et al.9 (1997) Nucleic Acids Res. 2513389-3402, 
interacts with the Avabidopsis Mad2 protein in the yeast Aoyama and Chua, (1997) Plant Journal 11(3):605-612. 
2-hybrid system. Ausubel et al.. (1994) Cuvvent Pvotocols in Moleculav 

It is possible that a pathogenic strategy of a bacterial plant 
pathogen is to alter the plant cell cycle. Duan et al. recently 
reported that pthA, a member of the avrBs3 family of avr 2s 

genes from X. citvi, is expressed in citrus and causes cell 
enlargement and cell division, which may implicate the plant 
cell cycle (Duan et al., 1999). If HopPsyAdoes target Mad2, 
at least two possible benefits to pathogenicity can be envi- 
sioned. Since plant cells in mature leaves are quiescent, one 

30 
benefit of delivering HopPsyA into these cells may be that 
it may trigger cell division through its interaction with 
Mad2. This is consistent with the observation that anti-Mad2 
antibodies cause an early onset of anaphase in mammalian 
cells (Gorbsky et al., 1998). More plant cells near the 3s 

pathogen may increase the nutrients available in the apo- 
plast. A second possible benefit may occur if HopPsyA is 
delivered into plant cells actively dividing in young leaves. 
Delivery of HopPsyA into plant cells of these leaves may 
derail the spindle checkpoint through its interaction with 40 

Mad2. These cells would be prone to more mistakes segre- 
gating their chromosomes; in some cells this would result in 
death and the cellular contents would ultimately leak into the 
apoplast providing nutrients for the pathogen. 

Example 8 45 

Cytotoxic Effects of HopPtoA and HopPsyA Expressed in 
Yeast 

Both hopPtoA (SEQ. ID. No. 6) and hopPsyA (SEQ. ID. 
No. 35) were first cloned into pFLAG-CTC (Kodak) to 
generate an in-frame fusion with the FLAG epitope, which so 
permitted monitoring of protein production with anti-FLAG 
monoclonal antibodies. The FLAG-tagged genes were then 
cloned under the control of the GALL promoter in the yeast 
shuttle vector p415GALl(Mumberg et al., 1994). These 
regulatable promoters of Sacchavomyces cevevisiae allowed ss 
comparison of transcriptional activity and heterologous 
expression. The recombinant plasmids were transformed 
into uracil auxotrophic yeast strains FY83314, selecting for 
growth on SC-Ura (synthetic complete medium lacking 
uracil) based on the presence of the URA3 gene on the 60 

plasmid. The transformants were then streaked onto SC-Ura 
medium plates containing either 2% galactose (which will 
induce expression of HopPsyA and HopPtoA) or 2% glu- 
cose. No growth was observed on the plates supplemented 
with 2% galactose. This effect was observed with repeated 65 

testing and was not observed with empty vector controls, 
with four other effectors similarly cloned into p415GAL1, or 
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SEQUENCE L I S T I N G  

< 1 6 0 >  NUMBER O F  S E Q  I D  NOS: 9 1  

< 2 1 0 >  S E Q  I D  NO 1 
< 2 1 1 >  LENGTH: 3 0 3 6 5  
< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: Pseudomonas s y r i n g a e  
<2 2  0  > FEATURE : 
< 2 2 1 >  NAME/KEY: unsure 
< 2 2 2 >  LOCATION: ( 2 9 7 3 4 )  
< 2 2 3 >  OTHER INFORMATION: n  a t  any p o s i t i o n  i s  undefined 

< 4 0 0 >  SEQUENCE: 1 

ggtaccgggc t c t g t g a c g c  agagcgtcac gcaaggca t t  ccactggagc gtgaggaacg 

a t a a t c c t g a  c g a c a a c t a t  cgtgcgacgc tccgcgtcgg  c a t g c c g t t c  t g g a c g c t c t  

g c g t c c t g t c  t t g a g a g g t g  cgccaagcgc aaagcacggt  aag ta tcagg  gaggggtgta 

t aggagggt t  gcaaggcggg a g g t g t t c a t  atcaaggcag t g t t c a t g a a  c c c g t c t t g c  

c t g g g c t c a t  gaacacg t tc  ggc t tacgcg  g t c a g t g c a t  t t c c t c g c t c  aaa tgg tcca  

gccctgccag c a t c a a c t c a  tgccggtgga t g t c g t c c a g  gctggcgtag gaacccggt t  

t t t c g t t g a c  cgcgtgccac accacaaag t  cgcg tcg tac  gtccagaaac aggaagtag t  

ga t tgaaacg  c t c t g a c t c c  a t a a a a c g t c  g t t g c a g t g c  a tcacgcagt  tga tcgggac  

gcaacgcgcg g c c t t c t a t g  tgcaaggcga t c c c c c a a t c  a t g g t g t t c g  cgccgactga 

caaacgcgac gcca t tggcc  ac tggcca ta  c t g c t g g g c t  ctgggcggca acc tgagcgt  

aaaatgccga c t t t t c c g t t  a c c t c a a t c a  t t t c t a a t c c  t t t a a c t g c a  cgacag tg ta  

a t c c c g c t c a  t g g t c c c g g t  cgtccagacc t t c g c g c a t g  tcgggcggcc accaaa tgac  

cagctcgcgg t t g t t g g a g t  c c g g g c g t t t  gcaagcgt tc  cccgcacagc cgtgggtggc 

a c a c c c t g t c  agcgtagcaa acagcaagag caagagcgt t  aggctacgaa t c a t c a t g g t  

t t c g c t c c c c  ggagcagtga c g g c c t g c t t  t c t t t g g c c a  t t t t a g a t a t  ctgcggctgg 

cgcacagcga t g t a c a c c t c  a c t t t c t t c a  cccggctgca gcca tgca tg  aggccaggcc 

gcaacgccga tgacccagcg accgccgcat  c g g c t t t c g t  cga tacg tac  c g g c t t g t c c  

g t g t t g t t a c  gcgcaaccac cacagcaaca c c c c a g t c t t  t t t t g a c g a a  ccactgcgag 

cgc tgccca t  caagcgtcag a c c t t c g c c c  ggatcacaca g a c t t c g t g t  t t caaagggc  1 1 4 0  



agggtctggc cagcgcgcag gcc t tccggg gcggggccgt c g a t c a t t t g  ggtaaagact 

t t c t g g a t g t  cgccccgcgt tggcagtcgg cc tccg tcac  g t c g t t c c t t  g a t t t t c t t c  

a t c t g g t c a t  cgacgtcatg ggggt tgccg t t c t g t a c a t  agcgtgctgg a t t g a c c t g a  

tcgccgatca  gtcgaggggt cagaatgaac agccgctcgc gc tgac tcag  t t c g c g a c t g  

cgggactgga acagcagct t  gccgatatag ggaatgtcgc ccaacagcgg g a t c t t g t g a  

a t c c t g t c a t  t g g c t t c c a g  accgtggaag ccgccgatga ccagcgagcc gtgctcggca 

a tcaccgcc t  gggtgctgac a t t g c c t c g g  cgcacactgg g t t g g g t g t c  a t t g a t c g t c  

gacacatcga t c t g g c c a t c  c t c g a t g t c c  a c g a t c a t t t  ggacctgagg c t t g c c a t c g  

t t g t c c a g c g  aacgcggaat cact tgaagg c tgg tgcccg  ccgtgatggg cagaatgtca 

gcggcccgct cggaagtggg cg tcaggta t  tcggtgcgac tgaggtcga t  cactgcaggc 

t g a t t c t c c a  gggtcaggat cgacgggt tg gcgatgactg acgcagaacc a t t g c c t t c a  

agcgcatgca at tcggcaga a a a c t t g c t g  g c g t t c t g c a  agaacaacgt t g a a c t g g t g  

ccgccatcaa acaggttggc acccacctcc gacgctgccg ggcat tgaaa t t ccagccga 

c tggacagt t  cagccagt tc  a t tggggtcg  atgtcgagaa tgaccgcatc g a t t t c g a t c  

aggt tgcgcg gaacgtccag c t c c t t g a c c  a g t t t c t g g t  a c a t g g c c t t  gcgctctggc 

aggtcgtaaa tcaatacgga g t t g t t a c g c  acatcagcgc t t a c g c g g a t  a t t g c c t t g c  

ctgaggcatg accc t tggca  g t t t t t t t g c  t g t t g a a g t t  caatacgcgg tgcaatgccc 

c t g t t g c a g t  g c t c c c g t a t  c g a t a c c a t t  ggagcccagg t t g t a a g g c a  ggccggggcc 

gcgacacctg t g c t g t t g g c  aacactgctg ccctgccccg ccaacaagt t  cacgc tg tca  

a t g c t t t c g c  cacgcgaacg g c t t t c c a g c  a g c t c t t g a a  gaatactggc gacaccggcc 

accactaact  gctggtcacg gtagcgaata gtccgatcag ccgcgt tggc g t a t t t g a g t  

ggcagcacga c a a c a t c t t g  c t t g t c g g c c  t t c t c g t c g g  g c t t t t c g a c  t t t c t t g c t g  

tagtcgcgca caaactccac g t a t t t g g c c  ggaccacgaa ccagaaccac g c c t t c g t c a  

ggcagcgagc cccagcccaa a c g c t t g t c a  acaagaccga ca tcgg tcag  c g c c g t t t g c  

aggtcgtcca ccgcatccgg cgagact tcg atgcgccccg agg tg tgc tc  gctggaaggg 

ctgacataca g c g t g t c g t t  atagacgaac cactggaagt  g g t a t t c c t g  actcagccgc 

tcaagaaact  c t t c a g g g t t  ctgagcacga a t a c g t c c a t  c g a g g t t t c c  ctggacaggc 

gacatgtcga gcgacatacc gaac tccc tg  gcaaagtcag ccagggcagt agacaactcg 

gtctgccggg catcataggc gtaggcggtg t g t t t c c a g g  c t t c t g g g g t  gaccgcccac 

gtggcaggga tcaccccgat  caacaataaa ggcaaccaca t t a a g g c c t t  g c g c a t t t c a  

cac tcccgg t  tgccgg tga t  tgaggatcga acgcccggac aaagtgggcg t c g t g t t a c g  

a a t a g t g g t t  tgcatcaggc tgagcatgcc cgcgcgctga t tggccaggc t t t c c a g a c g  

atcgagcagg tcaccgaggc tgcaggggt t  tgcca tccag  ctgaccagca ctacgcagcg 

ggtctgcgga tcgatggcca gcgcgccgtc gcaggcacac gccaggc t tg  cgccgccctc 

gccaagcaag gct tcgagcc g t tgcgggtc  accggcgtcg tacgggtcga g c a g t t c g a t  

actgcaacgc accccgtcgc cgacgaccgc cagccgagca t t g g c g t c a t  cgatccagca 

gtccagcggc atcgctggac gctgggcaga ccactggcca acga tc tcgg  t g a a t t c a c t  

gaa t tcca tc  ga tgac tgc t  t t a t t g a t a c  c g t g c t t g g c  acgcaggcat t c a t t g a c g g  

caataccggc gacatcgacc t g c t g c t g g g  acatcgtgaa tgcc tgcagg t c t t c g a c g g  



t g c c a c t c t c  ggaggct tcc a t c g c t g c c t  g g t c c a t g t t  ggtgtgagca cggctcaccg 

aa t tg tcgag  a tggcg t tgc  aagc tg t tga  aac tga tca t  g t c c t g g t g c  tccagcagaa 

gggttcaaac c t tgag tgga  gcaaacccgc cgagcggt tc  catcatgcga tcaag tgag t  

gcagagagtg tg ta tcaggc  agcaggctcg acacccagca gcccc t tgcg  caggtctgcc 

caagcgatat  cgaacgcgcc a t t g g c a t c g  ctcagacgca agctgtccga g g c g a t c g t t  

gcatcgcgct  t g a g t t g c c a  gtgctcggaa aaacggctgt  ctgccagcca ctcagccacg 

gggtcggcta t t t g g g g g t g  aacactgagc gtcgcgaccg c t t c a t t g a g  c tggc tggcg  

gccaggt t t c  tggccagcgc ccgcgcacgt tcggccagcg t g g t g t c g t c  taacaagtgc 

cgcagggat t  cactcaacag t t c t t c t a c g  g c g g t c a t t g  c c t g c t c c t g  caacgcctcg 

cgc tgcacc t  gaagctcgcc gagaaacgcg t t g g c g t t t t  cccagaactg cgccagcgcc 

t g c t g c t g a a  ggtgctcggc t t t c t c t t g c  tcaagggcca g t a t c t g c g t  ggcctgctgc 

cgcgcg tc tg  ccaggatgtc gcgcgccagc aggctgtcgg c g a t g t c t t c  gcggcgcaag 

a tcgg t tcgc  gcagcagcgt agcggccgtc agagcaatac t g c g t t t g g c  gagcatgggc 

g t a t t c c t g a  tgcagagaag c t g g t t c g g a  t tcaggcagc cgtgacgcgc cacatgatgg 

cc tgcca taa  cgcctgaagt  t t g t t t t c g g  g t g c c t t g c c  gggggtgtcg g g c a c t t c a t  

tgggcgggca ctccagacac agtcgcgacc ag ta t tgcgg  cccaagccag gcgcccagca 

gaagacgcgc g t c c t c g t g t  t caaac tcca  gccagacacc ggggcgcagc g c t t t g g t c a  

acccccagca cca t tgaccg  t c a g g t c c g t  c g c t t t c g t t  acgggagaag cagatgcact  

gcgccaggct tagcgcctgc tcacgc tgcg  agggcgtcag cgccaaccag cgcagcaccg 

gt tccgcggg cgctggcggc tgagccgggt  caatgcccag actctgcaga aacacgccat 

gacggctggc catgagcgca tcgcagtcac tgaccgataa cccacgagcg t tggcgaatc  

ggtcatgcca c t c c g a a t g t  gcccactgcc aggggttgca ccaccagtga a t c c a g t g a t  

cctcggcaga aaggctcatc atgcacgtgc cggcagcgt t  gaacgaccgc gactgccaaa 

cccga tccg t  cgcaacagac tggcgcgcca gtcactgcgc accagcagtg caccgatcag 

caacaccaac gcaagaccga caggtgccac ccagagcatc aggt tccaga acggcaagt t  

c g t g c t g t c c  agct tgaagg gcccgaagct cacccat tgc g t g g t c t c t t  ggaactctgc 

agcaggcaca aacacgatgg a a a a c t t t t t  cgaatcgaca g a t t g c g t g g  acataccggg 

a a t a c t g c t g  gcgaccatct  g t tgaa tacg  tccgcgcaca c t g t c g g g a t  caagtgcagc 

agagtgc t tg  atgaacaccg cagcagaagc cggt tgaaca gg t tcgcccg  gcgcgatgcg 

ctcgggcagc accacatgca ccctggccac aatgactccg t c g a t c t g c g  acagcgtggc 

t t c a a g t t c c  tgggacaagg cg taga tg ta  acgggcacgc t c t t c a a g c g  gcgtcgaaat  

cacccc t tcc  t t c t t g a a a a  tc tcccccag cgtggtgcgc gagcgccgag gcagacccgc 

agcgtcgagc acgcgcacgg c g c g g t t c a t  t t c g c t g g t g  gcgacagtca cgacaacgcc 

g g t t t t c t c c  agacg t t tac  gcgcatcgat  a t g c t g a t c g  gcgaggcgcg c tacgacc tc  

a t tggaatcc  tgctcggaca agccagtgaa caaatcagtc t c a t c a c t g c  agccgccgag 

cagcagcatg cacaacagca gcagccctgc gctcagaaaa t tcacggaaa c c t c t a c t g c  

agg t tgg tca  a c t t g t c g a g  cgcctgagcg c t c t t g c t c a  c g a c c t t g g t  cgtcaacgcc 

a t t t g c a a c g  agcactgcga caacgcccga c t c a t c t g c a  c g a t g t c t c c  a g g a t c t t c g  

g t g t t c g a c a  c t t t c t t c a t  c tggcg taa t  g c t t g c t g t g  a a a g c t t c t c  ggtactgccc 

agccgctcgg acagcgcact ggctatccgg tcggacaggt  gcgacgctgc tggcccgc tg  



tcagggcgca t c g c c g c a t t  gaataggtcg aca tccgcc t  gaacgggt tc  ggagccgagc 

ccctgatgag c a t t c t g c c c  aagctccggc g a t a c a c t t t  t c a a a t t g c t  gagttgggaa 

atggtcacac t g g t t c t c c g  tcaggcggct  gtcagtcagg ccacagcctg g t t a g t c t g g  

t t a t t g g t g c  ct tgcaacag c g c a t t g a t c  agctgagctg ccac t tgcgc  agcgctcgat  

tgcaggtcgg c g c c g g t g t t  gccagcatcc tgaagcgtcg c t tccagccc  gcgt tgacgc 

aagccgctca gcagt tgacc caggtcctga t tggacacg t  tgcccg tcgg  g t t a g c c a c t  

ggcgtgccac c t g t c g g c t g  cg tggaat tg  tcgaccggtg taccaagacc accacccgac 

gaaaccgact gcaaaccacg g tcga tgag t  tgaccgatca g t t g a c c t a c  g tcgacgc tg  

g c a t t g c c a t  tggccgcggg a c c t g t g t t g  g c a t c g a t t g  caggat tacc cagggagctg 

tcac tcacgg gcgaacccag accgccgcca ctggtaacgc cactggcatc a c c t t g t t g c  

tggccgagct  g t tgaccaat  gacgtcgaga gccgaacgaa actgagcggt  t t c c t g t g c a  

tccaggccat  t g t c t t c c t t  c a g c t c g t t c  atccacgagc cgccgtcccg agtagggaac 

t g g g c c t t g t  t g t c g t c c a t  gaactgggca a c t t t t t c c a  gggtcggcat  g t c a t c a c t g  

gaaaaggttg t t c c g c c t t c  accactcggt  gtcagcagat  cgtccagcac g g c t t t g c c g  

aggccgt tca ggacctggct  catcagatcg gat tgcccgg cacccgcgtc gctgctcaga 

ccgccaccga cacccgaacc agaacccgcc ccgccaatgc caccgccacc gccacccgcg 

ccgatgccgg cagaggcacc gaaat tg tcg  CCgagCtttt  cgtggatcag c t t g t c g a g c  

gatgcagtga t g t c a t c g a t  gc tg t tagcc  gaCttgCCat ccgcagccat ggcc t tggcg  

a g c a t t t t g c  cgagcggtga g g t t t c a t c g  agCtgCCCaC t t t g g g t c a g  cgcctgaacc 

agctgatcga t c a c a g c c t t  g a g c t c t t t g  CtggaagtgC t g g t g t t g g c  gc tcaca tcg  

c t g t t g a g c g  acacggggaa caatgatgca gaggt t tgca  acgaactgat  g c t g t t a a g t  

g c t t g c a t a a  aacgcccatc ccaaggtagc ggccccc tc t  gatgaggggg caatcagaaa 

t a a t t a g t a a  c t g a t a c c t t  t a g c g t t c g t  CgCtgtggCa c t g a t c t t c t  t g t t g g t a g a  

g t c t t c t t t g  ccggcctgga tggcg t tgag  cacg tcca tg  g t c t g c t t c t  t c a t t g t t t c  

c tgggcctgc atcgcgatca gct tcgcgcc g t t g g c g t c g  g a c t c t t t a c  t g g c c t t g g c  

t t g t g c a t c a  accgacaggc t g t c g c c g g t  gcccaaaaga a t g t t t t t c t  gaagagtggc 

gttggaagca a c c g t g t t g a  caccctgcaa tgcgccgccg acaccgccaa c g g c g c t g t t  

accaaggt tg g t g a g t t t g g  agg t taa tcc  tgCaaatgCg a c c a t g a t t t  g a t g c c c c t t  

aaga t t tacc  agcg tga t tg  c t t g g t a c t c  aCtaggtggC agcagcctgc ga tacgg t tc  

c a g c g t c t t t  gcaaaaaatc agatctgcaa t t c t t t g a t g  cgtcgataga gcgtacgggc 

gtggcagtcc agt tccaggc t t a c c g a a t c  caaacaat tg t c g t g g c g c t  tgagcgactc 

ctgaatcagg g c t t t t t c a t  caactcgcaa t t g c g a t t t g  agcccacagg ccaagtgctc 

t t c g c c c t g c  ggctcggcgc ccagcaaggg gaaacccagc a c a t g g c g t t  tggctgcagc 

c t t g a g c t c a  cggata t tgc  cgggccagtc gtggCCCagC a g c a c t t t g t  gcagcagtgg 

gcaaacatcg ggaacgggaa caccgagctc cctcgcggcg gcggccgtaa aacgtgtgaa 

caggggaact atgcgatcag a c t g g t t a c g  tagcggagga a g c t t g a g t g  t c a g g a c g t t  

caggcgaaaa tacagatcgc gacgaaactg cccccgctcg acggcgtcgt  ccagcgagca 

t tgggcggag gcgatcacgc agatatccag g t t g a t c g t c  gacgtcgaac ccagccg t tc  

aagcgctcgg g t t t c c a g c a  ccctcagcaa t t t g g c t t g c  agggccagcg g c a t g c t a t c  



g a t c t c a t c c  

atcagcgccg 

cggaatggcc 

ccgtcgggca 

cagt tgcgaa 

atcctcaaac 

cacacctgcg 

t c a t g c g g t g  

t g t g c c t g t g  

tgcgcagccc 

cgagtacgaa 

tgagcagcag 

cga taccc tg  

ctggcaagtg 

g t tccaccag 

t g a a t t c g g t  

cctgcaggct  

c c t c t a t g t a  

a taac tggc t  

ccgacc tgc t  

ccccgcacaa 

c tga taa tgc  

t t g c a c t c t c  

a t a t t a a t t t  

a t t a a t a t c a  

t t a a t c t a t c  

cgcaagccat 

c c t t t g a g c a  

ctcgagagaa 

gaagaaaacc 

agcgaacaac 

gaacagtcga 

cagaggct tg 

g g c a t t t a g t  

ccaggcacag 

caggt t tagg  

g a a t g t t t c t  

a a t c a t a t g t  

gtaacgctca 

agcaccaaaa 

aggtacagcg 

gtgtaggcac 

gcgcaat tca 

a t c g t g t c t t  

a t a c t t t c g g  

c t t t c a t c a a  

tcacagaccc 

atacagggtg 

ccgc t tcaag  

Cgtggca999 

g c g c t t g g c t  

ctgcacacgc 

ggtgaact99 

aagcgtcagc 

t t c a t c c a g t  

cgagcccaga 

caacggcatg 

gccctcgcga 

ctctgccagc 

ggacaactcg 

cagcaagtcc 

agt tacgccc 

a tgg tggg tg  

ag t tccccgg  

ccataccaag 

g t t a c t c c a a  

agggcctctc 

gcaagcgccc 

acatataaga 

gaacacacaa 

aataacacga 

taccaaccag 

gatactggca 

ca tca tcgca  

ccatctaagg 

t t c t g t g a a c  

a a a t g t g t g t  

agcgctctac 

ataaaagaag 

aag tgcgc t t  

tgccgccc tg  

cgctgaccac 

tcgccaccag 

tgcccg tgcc  

caactatccc 

gactcatccc 

cggacctcgc 

c g t c t t g g c a  

gcatcctgga 

t c a a g c g c t t  

gcagact tca 

ccgc tg tcca  

tcgaacaatg 

acgt tgagcc 

ggccgct999 

cgctcgatac 

c t g t c g a t t t  

gcccggcata 

gactcgggaa 

tgaa tgcgg t  

atatccagaa 

caacactctc 

gcaagcggag 

gaaatgagaa 

acgaccctac 

tgcgaacaag 

cacacctcaa 

caaaatcgcg 

c t t t t c c a a a  

aacaagaaaa 

gaaaacaaaa 

c t t a g t t c c g  

aagcggtcat  

t t c g g c a a t c  

aatcgcggaa 

caggcggt ta 

a a t c t t t c a c  

a tca ta tggc  

t t g t a t t g a g  

t t c a g g g g t t  

cgccgc t tcg  

gccgaataac 

g c g c c c t t t g  

ggtctcaccc 

cagat tcgga 

atgaccccca 

agagtatcgg 

actccaactc 

t g a g c a t t t t  

ccacagggtc 

a t tcgcggat  

gcgcaggagc 

gcaggatctg 

gaaaaaacag 

ccgaggcaat 

c t c g a c t c t c  

catccaggta 

cgccggtgaa 

tggcggcgca 

tggccagtg t  

a c g c g c t a t t  

g g a c g t c c t t  

t a t t a a t a c c  

aaagatcaca 

cgatagactc 

cgct tacagc 

agcagctgtg 

caatgaaacg 

acaactaaag 

ccaaacggt t  

aacagcctga 

ccccacgagc 

agccccggt t  

cgaacaaaag 

aggattcagc 

atacgatcga 

t t a c a t t c g g  

taagcgccat  

gcagatcaat  

t t caa tagaa 

acataaccga 

t c g c t c t c g g  

cgggctgaca 

gatagcagca 

acccgc tcc t  

ggacatcaac 

cgc tgcaac t  

ctgaagcacc 

c t c g a t g a t g  

ggcgcccagc 

gt tgcccggc 

999acgtccg 

t t c a c g a c g t  

gtcgcgacgg 

gatccgcaga 

caacacacgc 

caaggtgcca 

t g c a c c g t t g  

g t t c a t g c c c  

g t c c t t g c c g  

c a t t g c a a t t  

a t c g a t g c c t  

a c g t c t t a c a  

aagttgagaa 

a g g c t c t t g a  

gtccatgcgc 

atccgggaca 

c a a c t a a c t t  

gggtcacaag 

t t t a g c g g c g  

c a c t a a c t a t  

a g t c g g a t t t  

t t t c g g c a c c  

cccacc tgc t  

g t a g c t t a a t  

t g a t c g c g t g  

ctaaaaaagt 

c t t t a g g g t c  

a t t g t c c g a c  

caatcgagta 

c tc tggagcg  

cgagggactc 

t c t c a t g a a t  

cgtcgatacc 

cgtccagatc 

g t tgga taac  

c c c a g t t c c t  

gcgtcgaaat  

c g c a t t t g c g  

aaggggaagc 

cagtcgtggc 

aactcggcag 

t tgcgcaagg 

a a a a g t c c t t  

tccaccggga 

a g c a g t t t g g  

ccactggagg 

accacaccga 

acaaagggtc 

g t g c c g g t t t  

tga tgacccg  

g t a c t c a t c g  

aggcagaaat 

t t a c t a t c a t  

g a t g a t t g c t  

tggc tcgccc  

agagcaggca 

c t c g t c a c t a  

taaggaagca 

agct taaaga 

t t g c a c t t t a  

ccgaacaaca 

a c t c a g t a c t  

t a g a c t a t t t  

accggaaccg 

cca tcacc ta  

t c a t c a a a a t  

caaaaaacgg 

aacgagaaaa 

aaaccggggt 



t a t t g g c g t g  gatcactggc aaaaaccacg acgcgcggcc ccgtaggcag ctcgcgcgga 

ccgctgcgat  a c t c g t c g t c  a t c a c g c t t g  cgaggcgacg aacggtcatc cc tga tgcgg  

ggcaactgta t c c g g t t t g t  aagcggatca ggt tccacaa caggtgcgga t tgggcgatc  

tc taccgccg  gcgc tga t tc  agctgcagga g c t g g c t g t a  acgcctcagg cgcagtgggc 

tgctgagcca ccggcaacgg c t g a g c c g t t  t tgggcgaag g c a g g t t c t c  ggctaactgg 

gccgactgca cgggct tggg cagcggcgga cgc tc tgcaa  cgcgcactgg acgctcagcc 

acaggcgcgg gcgcgggcag acgctcagcc g c c c g t t t c a  caatggctga aggggtgacc 

agcgggatgc tggcagtcac cggggactca ccggtaatgc gcgcgatgct  ggtcgtgagc 

a c g c g a t t c t  g g g t t t t a g g  tatcagcaga cgtcccggtc catcgaaggt  c t t t t t g c g c  

aggaatgccg agt tcagccg caacaactgg ccc tca tcca  cacccgccgt ggccgcgagc 

tggg tcaggt  c tacggcatg g t t a a g c t c g  actacgtcaa aatacggcgt  gt tggcgacc 

ggggtcag t t  t cacaccg ta  ggcat tgggg t tgcgcacaa ccat tgagag cgccaacagt 

c tgggcacgt  aa tcc tggg t  t t c c t t g g g t  aaa t tcaga t  t c c a g t a g t c  cacaggcaga 

ccacgccgtc gg t tggcc tc  aatcgcccga ccgacggtgc cctcccccgc g t t a t a g g c g  

gccagcgcca gcagccagtc a t t a t t g a a c  t g a t c a t g c a  agcgggtcag g t a a t c c a t c  

gccgcct tgc tggaggccac cacgtcacgg cgagcgtcgt  aggtcgcgct  t t g a t g c a g a  

t tgaagc tgc  gccccgtgga tggaatgaa t  tgccacaaac ctgccgcagc ggccggagag 

t t g g c c a t g g  gg t ta taaga g c t t t c g a t c  atcggcagca gtgccagctc cagcggcatg 

t t g c g c t c g t  ccaggcgctc gacaataaaa tgcagataag ggctggcccg gacactggct  

cccgtgataa a t c c g c g a t t  gctcagcaac cagtcgcgct  ggcgagcgat a c g c t c a t t c  

a tgcc t tggc  catcgaccag cctgcagcgc tgggcaaccc gctgccacac g tcc tcgccg  

t ta taaacag gcagatcgga g a t t t t g t c t  gcagcccgcg a a c c t t c c t t  a t c a t c t c c c  

ccccaataga ccagccccga caccagccgc ggcggacggt cctgacgcgg cggcgaatag 

tccacagact  ggcagcccac acacaaggcg cccatagcga ggactgcgat  t tgaacagcg 

cgagccagca agcgtgggct  cgatacgggg aaggcgacgg cgggcatggg cgggaatgtc 

c tgagcg tg t  ccaccctacg tggcacgctc gccgt tacgg t t c c c t t t t g  aaaccgagat 

cggcgcacac aacgcat tgc t g a a t c c t t t  cagccgtaag t t t t t c c g a t  ggaacccgct 

ggca t tgca t  gccactcatc ctgtgaagga a t t t t c a c g t  t t g g t a t c a g  gcggctatca 

gcgataaaat ggacagagag a t t c a c c g t g  cagtcaccat  cgatccaccg gaacaccgga 

agca tca t tc  agccaaccgt cacccctgac gcacgtgctg caac tgacc t  gcaggaaaga 

gccgaacaac ccaggcaacg c t c t t c g c a c  t c g t t g a g c a  gtgtcggcaa gcgggcgctg 

aaaagcgtcg g t a a a t t g t t  ccagaaatcc aaagcgccgc agcagaaagc tgccacgccg 

cccaccgcga aaaacgtcaa gacgcccccg c c t g c t t c a a  a tg tggc tac  gcccagaaac 

aaagcccgcg a a t c c g g t t t  t tccaacagc agcccgcaaa a taccca tag  ggcacccaag 

t g g a t t c t g c  gtaaccaccc caaccaggcg agcagctcgg gcgcgcagac gcatgaaata 

cacccggagg cagccccccg taaaaacctg cgcgtaaggt  t t g a t c t g c c  gcaagaccgc 

ct tgagcgca gcccgtcgta c c t c g a t t c a  gacaacccga tgaccgatga agaagcggtc 

gcaaatgcca c t c g c c a a t t  ccgg tcacc t  gacagtcacc tgcagggctc tgacggtacg 

c g c a t t t c a a  tgctggccac aga tcc tga t  cagcccagca gctccggcag caaaatcggt  



gat tcggacg gaccgat tcc gccgcgcgag c c c a t g c t g t  ggcgcagcaa cggaggccgt 

t t c g a g c t g a  aagacgaaaa ac tgg t tcgc  aactcagagc cacaaggcag c a t t c a g c t g  

gatgccaagg gaaagcctga c t t c t c c a c g  t t c a a t a c g c  ccggcctggc t c c a t t g c t c  

g a t t c c a t t c  t tgccacacc  caagcaaacc tacc tggccc  accaaagcaa agacggcgtg 

cacgggcacc a g t t g c t a c a  ggccaacggg c a c t t t c t g c  acctggcgca agacgacagc 

tcgc tggccg  t g a t c c g t a g  cagcaacgaa g c a c t c c t t a  tagaaggaaa gaaaccaccg 

gccgtgaaaa tggagcgtga agacggcaac a t t c a c a t c g  acaccgccag cggccgcaaa 

acccaagagc tcccaggcaa ggcacacatc g c t c a c a t t a  c c a a t g t g c t  t c t c a g t c a c  

gacggcgagc g t a t g c g t g t  gcatgaggac c g t c t c t a t c  agt tcgaccc gataagcact  

cgctggaaaa taccggaagg cctggaggat  a c c g c t t t c a  acagcctgtc cactggcggc 

aacggctcgg t t t a t g c a a a  aagtgacgat gccgtggtcg a c t t g t c g a g  c c c g t t c a t g  

ccgcacgtgg aagtcgaaga cc tgcag tca  t t t t c a g t c g  cgccggacaa cagagcagcg 

t t g c t c a g c g  gcaaaacgac ccaggcgatc c t a c t g a c t g  acatgagccc gg tga t tggc  

gggctgacgc cgaaaaaaac caaaggcct t  gagctcgacg gcggcaaggc gcaggcggcg 

gcgg tcgg t t  tgagtggcga c a a g c t g t t t  a tcgctgaca ctcagggcag a c t t t a c a g t  

gcggaccgta gcgcat tcga gggcgatgac ccgaaat tga agctgatgcc cgagcaggca 

aac t t t cagc  tggaaggcgt gcccctcgga ggccacaacc gcgtcaccgg a t t c a t c a a c  

ggggacgacg g c g g t g t t c a  cgcgctgatc aaaaaccgtc agggcgagac tcac tcccac  

g c t t t a g a c g  agcaaagctc aaaactgcaa agcggctgga acctgaccaa t g c g c t g g t a  

ctgaacaaca atcgcggcct  gaccatgccc ccgccaccca ccgccgctga ccggctcaac 

c t c g a t c g t g  cgggcctggt  tggcc tgag t  gaaggacgca t t c a a c g c t g  ggacgcaacg 

ccagaatgct  ggaaagacgc aggcataaaa ga ta tcga tc  gcctgcaacg cggcgccgac 

agcaatgc t t  a t g t a c t c a a  gggcggcaag ctgcacgcac tcaagat tgc  ggccgaacac 

cccaacatgg c t t t t g a c c g  caacacagca ctggcccaga ccgcacgctc gacaaaagtc 

gaaatgggca aagagatcga aggcctcgac gaccgagtga t c a a a g c c t t  tgcaa tgg tc  

agcaacaaac g c t t c g t c g c  cctcgatgac cagaacaagc tgaccgccca cagtaaggat 

cacaaacccg tcacac tcga  ca t tcccggg ctggaaggcg atatcaagag c c t g t c g c t g  

gacgaaaaac acaacctgca cgccctcacc agtaccggcg g g c t t t a c t g  cctgcccaag 

gaagcctggc aatcgacaaa gctgggggac cagt tgcgag cccgctggac gccgg t tgcg  

ctgcccggag ggcagccggt aaaggcact t  t t caccaacg  acgacaacgt gctcagcgcc 

cagatcgaag acgccgaggg caagggtc t t  atgcagctca aggcaggcca atggcaaagg 

t tcgaacagc gcccggtaga agaaaacggt t t g a a t g a t g  tgcac tcgcg  catcacaggt  

tcaaacaaga cctggcgaat  tccaaaaacc gggctgacgc tcagaatgga cgtcaataca 

t tcgggcgca gcggtgtgga gaaatccaaa aaagccagca ccagcgagt t  catccgcgcc 

aacatctaca aaaacaccgc agaaacgccc cgctggatga agaacgtagg t g a c c a t a t t  

cagcatcgct  accagggtcg c c t g g g t c t g  aaagaggt t t  atgaaaccga g t c g a t g c t g  

t tcaagcaac tggagc tga t  ccatgagtcc gggggaaggc ctccggcacg gggtcaagac 

ctgaaagcgc gcatcaccgc actggaagca aaactggggc ctcaaggcgc t a c g c t g g t c  

aaggaactgg aaaccctgcg cgacgagctg gaaaatcaca gctacaccgc g c t g a t g t c g  

atcggtcaga gctatggcaa ggcgaaaaac ct taaacagc aggacggcat t c tcaaccag 



catggcgagc tggccaagcc gtcggtgcgc a t g c a g t t t g  gcaagaagct t g c t g a t c t g  

ggcacaaagc t c a a c t t c a a  aagctctgga c a t g a c t t g g  tcaaggagct  gcaggatgcc 

t t g a c t c a a g  t g g c t c c g t c  tgctgaaaac cccaccaaaa a g t t g c t c g g  cacgctgaag 

catcaagggc tgaaactcag ccaccagaaa gccgacatac c t t t g g g a c a  gcgccgcgat 

gccagcgagg a t c a t g g c c t  gagcaaagcg cgcctggcgc t g g a t c t g g t  cacactgaaa 

agcct tggcg cgc tgc tcga  ccaggtcgaa cagctaccgc cgcaaagcga catagagccg 

t tacaaaaaa agctggcgac gc tgcg tga t  g t g a c t t a c g  gcgaaaaccc ggtcaaggtg 

gtcacagaca t g g g c t t t a c  cgataacaaa gcgctggaaa gcggt tacga atcggtcaag 

a c a t t c c t c a  a g t c g t t c a a  aaaagcggac ca tgccg tca  g c g t c a a t a t  gcgcgcagcc 

acaggcagca aggaccaggc cgagctggcc ggaaaattca aaagcatgct  caagcaactg 

gagcatggcg acgacgaagt cgggctgcag cgcagctacg gagtgaacct  caccaccccg 

t t c a t c a t t c  t tgccgacaa ggctacaggg c tc tggccaa cggcaggtgc caccggtaac 

cgtaactaca t a c t c a a t g c  cgagcgt tgc gagggcggcg t t a c g c t g t a  c c t c a t t a g c  

gaaggtgcgg gaaacgtgag c g g c g g t t t c  ggtgccggca aagactactg g c c g g g c t t t  

t t t g a c g c a a  a taa tcc tgc  acgcagtg t t  gatgtcggca acaaccgcac actgaccccc 

a a c t t t c g c c  tgggcgtgga cgtgaccgcc accgtcgccg ccagccagcg cgccggggtg 

g t c t t c a a t g  t t c c g g a t g a  agacatcgac g c a t t c g t c g  a c g a c c t g t t  tgaaggtcag 

t t g a a t c c a t  tgcaggtgc t  gaaaaaagca gtggaccatg agagctacga ggctcggcga 

t t c a a c t t c g  acctcacggc aggtggaact gccgatatac gcgccggaat aaacctgacc 

gaagaccgag acccgaatgc cgaccccaac agcgat tcg t  t t t c t g c g g t  agtgcgcggc 

g g a t t c g c t g  cgaacatcac c g t t a a c c t g  atgacctaca c c g a t t a t t c  g t tgacccag 

aaaaacgaca agaccgaact gaaggaaggc ggtaaaaacc gcccgcgc t t  t t t g a a t a a c  

gtgacggccg gcgggcagct t cgcgc tcag  atcggcggca gccacacggc ccccacaggc 

acacccgcct ccgccccagg ccccactccc gcatcacaaa cagccgccaa caact tgggc 

ggagcgctca a t t t c a g t g t  ggaaaacagg acggtcaaac gga tcaagt t  t c g t t a c a a c  

gtcgccaagc cgataacgac tgaaggtc tg  agcaaat tg t  cgaagggcct tggggaagcg 

t t c c t g g a c a  acacgaccaa agcaaaactg gcggagctgg ccgaccc tc t  gaatgcacgc 

tacacaggca agaaaccgga t g a g g t t a t t  caggcgcaac tcgacgggct  tgaagaactg 

t t t g c c g a c a  taccaccgcc caaagacaac gacaagcagt acaaggcat t  gcgcgac t tg  

aaacgcgcgg cggtcgagca tcgggcatca gccaacaagc acagcgtgat  ggacaacgca 

c g c t t t g a a a  ccagcaaaac caacc tc tcc  ggcctgtcca gtgaaagcat act taccaaa 

a t a a t g a g t t  ccgtgcgcga cgcgagcgcc ccgggcaatg cgacaagagt t g c c g a a t t c  

atgcgccagg acccgaaact t cgcgcca tg  ctcaaggaga tggagggcag tatcgggacg 

ctggcacgcg tacggctgga accgaaggac t c a c t g g t c g  acaagatcga tgaaggcagc 

ctcaacggca cca tgac tca  aagcgacctc tccagcatgc tggaggatcg caacgagatg 

cgcatcaagc g t c t g g t g g t  at tccacacc gcgacccagg c t g a a a a c t t  cacctcacca 

acaccgt tgg t c a g c t a t a a  cagtggagcg aatgtgagcg tcactaaaac actggggcgc 

a t c a a c t t c g  t t t a t g g c g c  agaccaggac aagccgat tg g t t a c a c c t t  cgacggcgaa 

t t g t c a c g a c  catcggcatc gctcaaggaa gcggctggcg act tgaagaa agaggggttc 



gaactgaaga gctaataacg aaaacagtaa aaaaagcgcc gca t tgaagt  g g c g c t t t t t  

t a t t c a a g c c  tgtaaaaaag cacgcgct tc  acgtgcctgg gaaatgaacc cgcgcgtcac 

gtcacaaaac g c t g g c t c a t  cgagtgaggc cagt tcacgc tgcgcgcata gacggacatc 

t c c c t g a t c g  accgcaaacc agcagccatg caagcgcgct acgtcgaagt  tcagactcaa 

cagacgcagc aaatcggggg c t c g t t c c g g  gcagcggcca atgcggcaat  gaaagatgac 

c a t c t c a c t g  tgctcgggca a t t c a a t g a t  cgccgc t tcg  t t g t t c t g a c  cgtcataaag 

agcgcatacg c c g t t c t g c a  aggtcagtga cgtgccgagc tgggcgccca gagaat tga t  

gaagcgggcg aaa tcgggt t  g c g a a g t t t t  c a t c g t c a t a  g t c c t t t a a g  gt taaaacag 

catgaagcat  gccggacagc aggcgcctgc agcc tg tg tc  cggcgccggg at taacgcgg 

gtcaagcaag c c c t c t t c a a  gtgccctcaa t g c g t c a t c g  t c t t t t g t c g  g c t g c t t a a g  

cgcc tcgcg t  gctgacgcga c t g c g t t c a a  cacacc t tca  tccacgaccc gaaccgtatc 

cacggccatc tgggtaggca actgcaatgc gcc tcg tccc  a tg tga tagg  c g t t t t c c g c  

gactcgtggg a taccgc tca  a c g t g c t c t t  c tggaacgta tgtggcagag a c t c c c t g t t  

cggatgacgg a t g t t a t t c a  aagcgtctcg gtacggtcca gca tagg tg t  tgcaccgccc 

a tgcc tgccg  c t t t c a a c g c  c t t g g c t t c t  gcggtaaccg a c t g g t t g g t  gtacaacgtg 

gacagatagg acaccgaacc cgtcgctgcc agggccatgt  tgcgcaaaat  agcccccgca 

ctgagcgtgc cact tgcgcc t t c a g c c t g a  gcggtcacag gcggcagtgc cgaggtcagt  

gcagaactct  gaatacccga aagagcct tg ctgtagaacg tgg tgcg tac  cgacggctcg 

cgcaggtcca t a c c t t t g a g  c a g g t c c t t t  t t c a g a t c g c  tc tcggcgcg  gtccggggta 

aataccggaa t t t t g c g c c c  t t g c g g g t c g  a c a t a a t t c g  a c t t c a a t t g  cagcagcgt t  

tgcgaactgg cagacaccgc cccgccaaaa ccggatgcca g a g c t c t t g c  actcagcgtc 

t g c c c a t t g a  tc tgg tgaac  a tcg t tgagc  atctggcgca cagcctgaga accaccgaag 

gcactgtaag ccatcagctc acctaccgga tgggtggacg aaccctgaac c t t c t t c t g g  

t tcagcagcg c g c g t t c a c t  t t t c a c g a a c  g c c t t g t c c t  gagcgact tc  c t c g g g c g t t  

t t t t t g a c c a  gc tcaccg tg  t t c g c t t t t c  agctcgaagg ggtcaggaat a a c c g t a t t g  

gtatccacag c c t t c a t t g g  c a c c a t g t t c  aggcg t tcg t  tgaggccagt  c t t c t g c a a g  

gcggcctgaa a c a t c g g c t t  gaccacgctg t t g a c c g t c t  cgtgagcaat  gcccgccacc 

a t c c c g a t t a  t c g a a g c c t t  gagca tg t tg  gcgtcgctgc t g g t c t c g g g  a a t c g t g t c t  

c g c a g c t t g t  cgctggtgga caaacgcaca taacccaagt  g t g t c a t t g a  agacaagaac 

tgcggaaccg cagccgcgac aatcggccct  g c a c c t t t c c  agccacccac c g t g t t a c g g  

gcagtgacga gatcgctgac gacg t tg tcc  a g t t g c g t a t  gtgcggcgac cgaagcaagg 

c g c t t g g c c t  ccggcgact t  gacgaaatcg gcgtgcaaac ctaccagggt  g g t t t t g g c g  

tcgaccagcg c c t g c c t g t c  agcgtgcaga g a c t c c t t g t  t g c c c t g t t c  g g c a t c t t g c  

agagtgagat ccagcgcact g a t g t g c t c a  tccagcgacg c g a t g c t g t t  gctcaggcct  

t c g c c g a t t g  c c t t g c t t g c  acgaccggcg t a t t c g c c a a  gggcagtctg actgacggca 

agcgtcgcct  t g t c c g c t t t  t g c a t g c t g g  c c t a c c g t t g  cgggcgaagc g t c a t g c a t c  

ag t tgaaagt  g c t c c a g t t g  atcagcgacc gactgagcaa a a c c c t t g a t  cag t tgcccg  

a c c t c g g c t t  t a t c c g g t a t  ctgacccggc tgggcgaat t  t t t c c a g c c g  c tgc tgcaag 

tccgagccc t  gaaac tgc t t  cag t tga tag  cgctcaggag a c a a t t t c t c  ggccatgact  

tcaaaaggca aaggctcggc ctgcagcaga c taccga tca  acaacgcagc acgcgaactg 



atcatcggcg cgccgctgac cggagccgtc cca tgc tcag  cct tgaaggc ctgcaaaagc 

t g t g t g t g t c  gagccgcgac at tcagccgc gccgcgccgg cagacgagct t t c t g t c g c g  

t g t g a c c c t g  actgatcggg agtcagcggc gga t tca tgc  ctgcagtgac t g c a t t t g g g  

t g a g c t g t c t  gggcgggaac ag ta tcg tgc  t g c t g g t t t a  cccggctgag t t t g a c g c c a  

ccggccccgc cgatccgcga a c t g a t c a t t  ggaatctccc aggagccgaa aggctctcgc 

g t t t g g c t g c  tggggcaaca g g t t g g t c c g  tcgaggagcc t g c a g t t g t g  gcctgcccca 

t g a a t c c a t g  ctcgcgccac t c t t t g g c c a  ggtcggaaaa c g a c t t c a t c  aacaacagca 

cgcct tcggc agaggctcgt  tcaagggcca cagagcccat cagcagcaca cgaccggtc t  

gcgcat taaa ggaaaatgcc gggctgtggg cgcccgcgaa catgtgaaag t t g a t g t c c a  

tcaacgccag caacgcgctc tcacggccgc gcgcgggcaa cgcgcccatg tcaccgtaga 

tcagaacggc acggcc t tcg  t c g c g g t c c t  gaaactgcag ggtgaagtcc a c t t c g c t g a  

t t t t g a a a t t  ggcagat tca tagaaacg t t  caggtgtgga aatcaggctg agtgcgcaga 

t t t c g t t g a t  aagggtgtgg t a c t g g t c a t  t g t t g g t c a t  t t c a a g g c c t  c tgagtgcgg 

tgcggacgaa t a c c a g t c t t  cc tgc tggcg  t g t g c a c a c t  gagtcgcagg c a t a g g c a t t  

t c a g t t c c t t  g c g t t g g t t g  ggcatataaa aaaaggaact t t t a a a a a c a  gtgcaatgag 

atgccggcaa aacgggaacc ggtcgctgcg c t t t g c c a c t  cact tcgagc aagctcaacc 

ccaaacatcc a c a t c c c t a t  cgaacggaca gcgatacggc c a c t t g c t c t  ggtaaaccct  

ggagctggcg t c g g t c c a a t  t g c c c a c t t a  gcgaggtaac gcagcatgag catcggcatc 

acaccccggc cgcaacagac caccacgcca c t c g a t t t t t  cggcgctaag cggcaagagt 

cctcaaccaa acacgt tcgg cgagcagaac actcagcaag cgatcgaccc gagtgcactg 

t t g t t c g g c a  gcgacacaca gaaagacgtc aact tcggca cgcccgacag caccgtccag 

aatccgcagg acgccagcaa gcccaacgac agccagtcca acatcgctaa a t t g a t c a g t  

g c a t t g a t c a  t g t c g t t g c t  gcagatgctc accaactcca ataaaaagca ggacaccaat 

caggaacagc ctgatagcca g g c t c c t t t c  cagaacaacg gcgggctcgg tacaccg tcg  

gccgatagcg ggggcggcgg tacaccggat  gcgacaggtg gcggcggcgg tgatacgcca 

agcgcaacag gcggtggcgg cgg tga tac t  ccgaccgcaa caggcggtgg cggcagcggt 

ggcggcggca cacccactgc aacaggtggc ggcagcggtg gcacacccac tgcaacaggc 

ggtggcgagg gtggcgtaac accgcaaatc actccgcagt  tggccaaccc taaccgtacc 

t c a g g t a c t g  gc tcgg tg tc  ggacaccgca g g t t c t a c c g  agcaagccgg caagatcaat  

gtggtgaaag acaccatcaa ggtcggcgct  ggcgaagtct  t tgacggcca cggcgcaacc 

t t c a c t g c c g  acaaatc ta t  gggtaacgga gaccagggcg aaaatcagaa g c c c a t g t t c  

gagctggctg aaggcgctac g t tgaagaat  gtgaacctgg gtgagaacga ggtcgatggc 

atccacgtga aagccaaaaa cgctcaggaa g t c a c c a t t g  acaacgtgca tgcccagaac 

gtcggtgaag acc tga t tac  ggtcaaaggc gagggaggcg cagcggtcac taa tc tgaac  

atcaagaaca gcagtgccaa aggtgcagac gacaaggt tg tccagc tcaa  cgccaacact 

cact tgaaaa t c g a c a a c t t  caaggccgac g a t t t c g g c a  c g a t g g t t c g  caccaacggt 

ggcaagcagt t t g a t g a c a t  gagcatcgag ctgaacggca tcgaagctaa ccacggcaag 

t t c g c c c t g g  tgaaaagcga cagtgacgat  c tgaagctgg caacgggcaa ca tcgcca tg  

accgacgtca aacacgccta cgataaaacc caggcatcga cccaacacac c g a g c t t t g a  



atccagacaa g tagc t tgaa  aaaagggggt ggactcgtcg agtccacccc c t t t t t a c t g  

t t t a g c t a c a  gctcacagat  t g c t t a c g a c  cgcataggcc gaaacggtat t t c a c t t g g a  

gaagccgccg tgcccccc tc  t t c t a t a t c a  gct tcacgag ccgggcg t tg  acgcaggt ta 

t t g a c c g t a t  tgcgcaagct  ggcgccggta tggg tga tcg  cctccccgcc c a t g t c t t t g  

a c g g t c t t c g  c c a g t t t g a c  g g t c t g g t c g  gctacgtagc c t g t g g t a c t  ggatgcagtc 

g a t t t c a c c g  t g t c c t g t a t  gaacgactcg g c t t t t t t c a  ccgcgggatc gg t tg tcagc  

gcggccgtgg tccagcc tgc  gaaaacggct gccgaacctg c c a g g t t g g t  caac tgac tg  

accgcggcct tggtcgccgg g tcgg tga ta  t t t t t c g t c g  c c a t c t c c t g  c a a c t t g c c t  

acccctgcaa agccacccgc cagggccaga c c g t t t t g g g  tcaggctgga cgctgacacc 

a g g c t t c t t a  ccgcacccat t g c g t c g g t c  gccatatcca gtggcagacc ggccatccgc 

t t g c c a g c g t  tgagcgccgc acccgagtag c t g g c c g a t t  t g a t t g c t t t  a taagcc tcg  

agccagtcgt  t t t c t t c g c t  cagt tgagcc t t g g g c t c t t  t a t c c t t c a a  accgagcact 

aatgcaccgc cacgctggtg atcacgcgac tgcacactga gcaggcggt t  gccaaagcct 

gcgt tggcag ccagaccacc cgccatcgat  acaccaaggt ccacagcacc ctgcacggcg 

ggtctggacg ccagtgccgg agccaatacg gtacgtacgg cgt tgcgcgc cgagtacgtc 

tgaaccgcaa cccccg tg tc  cagaacctgt  cgagcaaggc t t g g c g a g t g  gcgc t tcacc  

gaagcggcca t c g c a t c g t g  gagcctgtcc ggcgaggcgc t c a g g t a a t g  cagatcaccc 

gtcgcgcggt  c c a t c a t c t t  ggtgcccacc t g g t c c a t g g  cgcccgacag cgctccggaa 

atgagcgggg t c a g c g g t t t  gagcggagcc ggcagccaat c g c c c t t g t t  gatcgcaggc 

t g c a t g t a c t  gaagcaacga ggccatggca aagggcgtcg cccgcaacgc g c c t g a t g t a  

gtcgtcgcca atcggtcgag c t t t t c c g c c  t tggcgaagg t g t c g g c g a t  ggt tgccggg 

g t t t c c c c t t  cgaagtgcag gcggctggcg cgcg tc tcga  tcagcgcagt  gatctgcgca 

t t g t g t a c g t  caactgcagc t t g g c c a t c a  gccgaatcgg ccggcggcag t t t a t g c g c a  

gcgaacacat g a t c t g t c a g  gtaatcggca a t c g c a t t t a  t c t c g c g t t g  ctgatcggag 

ctgacagatc gcacagagct ggaggcaaga gacgcgtcgg acgc tg tccg  aaagctatcc 

gtcgcagtca caggcggt tg t tggacgcg t  c g g t t g a t g t  gcatggaaat t c c c t c t c g t  

tc tacggaag t t tgaacagc  gcagtgctga agcgggcgtg tccggagcga c t a c t t g c g t  

gaaagcaata cagtgaactg tcgatcaaac agcgccagaa acagcgaaac g t c c g g t c g t  

c c g c c g g t t t  aaaaggatcg acgaaggctg t g t g g t c c c g  ga tcgg t tga  c g g t t c c a c t  

gaa taa tc tg  cgtacgccca ctaccaagga ctgcgccgaa aaatcaccgt  c g t t t g t g t t  

gcagat tacg caaattgaaa ttaagcgagc t t t a a g g a t g  gcagcgtaag t t c a c a a c a t  

ggct tggcgc t tagcgagta  a g c g c c t t c t  tccaaaccag caaaggagtg ccgcaatgtc 

t g g t c c t t t c  gagaaaaaat g g c g g t g t t t  cacccgaacc g tgacc tacg  t t g g c t g g t c  

g c t g t t c t g g  c t t c t g c t c t  gggacgtggc cg tcaccg tg  gacgtcatgc tgatagaagg 

caaaggcatc gac t tccccc  t g a t g c c c c t  c a c g t t g c t t  tgctcggcac t g a t c g t g c t  

g a t c a g c t t t  cgcaactcga g t g c c t a t a a  c c g t t g g t g g  gaagcgcgca c c t t g t g g g g  

cgcaatggtc aacact tcac g c a g t t t t g g  ccggcaggta ctgacgctga tcgatggcga 

acgggatgac ctcaacaacc ctgtcaaagc c a t a c t c t t t  caacg tca tg  t g g c t t a c t t  

gcg tgccc tg  cgcgcgcacc tcaaaggcga cgtcaaaaca gcaaaactcg a c g g g t t a c t  

gtcgcccgac gagattcagc gcgccagcca gagcaacaac t t c c c c a a t g  aca tcc tcaa  



t g g c t c t g c t  g c g g t t a t c t  cgcaagcct t  tgccgccggc cagt tcgaca g c a t c c g t c t  

gacccgcctg gaatcgacca t g g t c g a t c t  g t c c a a c t g t  cagggcggca tggagcgcat  

cgccaacacg ccac tgccc t  acccc tacg t  t t a t t t c c c a  c g g c t g t t c a  g c a c g c t g t t  

c t g c a t c c t g  atgccgctga gcatggtcac caccctgggc t g g t t c a c c c  cggcgatctc 

cacggtggta ggctgcatgc tgc tggcaat  ggaccgcatc ggtacagacc tgcaagcccc 

gt tcggcaac agtcagcacc ggatccgcat  ggaagacctg tgcaacacca tcgaaaagaa 

cc tgcaa tcg  a t g t t c t c t t  cgccagagag gcagccgctg ctggctgacc tgaaaagccc 

cgtaccgtgg cgcgtggcca acgcatcaat  t g g c g g t c t g  agcaggcaga aaaacaggtt 

aggggaaggc gcgaggct ta tcgcaagtga aag tc tgc tc  tgggcaccat  t t c g c t c a g t  

tgcagacg t t  gctccgtgcc acgccagtgc g t a c c t a c g t  cgcgct tgaa cacatcagca 

agaaaatggc t c a t g t t g c t  gaagc tg tc t  gcctgaacca cgccaaaaag aggatcaaaa 

aaatgcagac a t c c c t g a c t  g tcc tga tgc  agagccatcg c a t g g c t a t c  actcaaaaac 

agaagcatct  g g t c t t t a c c  gggctgcaac a c t g c t t t g a  gatcgcgatc a a g g t t t t c c  

agagcaaccg catagtgcgc g t g c t g t g c t  ctgcccagcc c t t t t c c a a g  t g t c a t g c c c  

aacttgggaa g t g t g t c c a g  aagcataggt g c t g c g t t c t  g c a a c t t g t t  tgaataggcc 

t g c t g c t c g a  ta tgc tggaa gcccat tacc ctgggtagca atgcatcgcc c t g a t a g t c c  

t c c a g t t t g t  gaaagaaggc ctcatccgac t g c c c t t t t g  cacggc tc tg  a c a c c a a t t t  

actgatagcc ccagacaagc g tgcccg tcg  ccacccgcgc ggccatagtc agcagcaaac 

g c t c t a t c a t  c g a t a g t t t t  t t caaa taga  a a t t t g c t c t  ggtgaaacgg gtggacaagc 

tgacagccgt  gc tc t tgggc  a a t c t t t c t t  t t g g c t t c g a  t g t t c g c a g t  cgcgcc ta tg  

c t g t t g t c c g  c c a t a g c c t t  g a t t c t g g t c  t t g a t g t a t t  gcgtggcgcc g t c a c g t a a t  

gaggcgatag agaccatcag atccggtagc agggtacgca acgaatgaag c t g g g g t t g t  

acc tgc tcgg  gactgggaag atcagcggca tcgaccgacg aaaaggaaga gcgcgcatcg 

aaaaagacct c t t c a t g c c c  ctccaatggg acaaaggcgc c c g c c t t t t c  gggatgaaaa 

cgggcgaacg catccgacga accgggggcg agtccggaca atgacgaggg c t t a t c g t g t  

t g c g t c t t a g  cggcaacccc tga t tgggcg  c c a g a t t g c t  gga ta taca t  aaaccgccct 

c t g t c a g g t c  a tgaacg t tc  gtggggtcag atggacagcc ggtaagaacc g a g g c t c t t t  

c tgggcggt t  t t t c c g g c t t  gc tcc tggcg  t c g a t a a t c t  tccagatagc gctgcaacga 

gacggccaat g t g c t a a t t c  gcgtcatgag g tga tcaagt  c c g g t c t c a t  ccagatccgc 

ca t tgag tgc  acactgcgca acaacagt tc  c c t t g a a t c a  ggg t ta tagc  caagcgcagc 

gccacc tg tg  cgagcaggct ccagat tcag cgccat tgcc agaatcaaaa t g a c g t t g t c  

ctgcggcatc g t c a g c c t t t  c g a t c t g t g t  gaagatgaac aacgaagtgt c c t g t t c t g g  

caaccagagc agacactcgc t t c c a t t c g c  g g t c c t t a c g  t t g t g g c g t t  gaccc tcc tg  

cgcatcgatg c c t c g a t t g c  gcagccactg ataaagccga t c t t t t g c c t  cgacaggccg 

ca tggaaat t  ccccgc tcg t  t taacgatga  t t t t c c t c t g  t g g t t c a a g a  cgtgatgcgg 

t t c c c t t t a g  g g t t t g c a c t  aa ta tcaa tg  c g a t t c t t g t  aaaaatcgac tcg tgag tgc  

cgccgatggc aaaggtaacg ggatgggcag c g a g t t t t t g  g taacg t tgc  c g t t g t t g c a  

g g g t t g a a t t  t g t t g g g t g a  cgt taaaacg aaggaatgta t g c t t a a a a a  a t g c c t g c t a  

c t g g t t a t a t  c a a t g t c a c t  tggcggctgc tggagcctga t g a t t c a t c t  ggacggcgag 



c g t t g c a t c t  atcccggcac tcgccaaggt  tgggcgtggg gaacccataa cggagggcag 

agt tggccca t a c t t a t a g a  c g t g c c g t t t  t c c c t c g c g t  tggacacact  gc tgc tgccc  

tacgacc tca  c c g c t t t t c t  gcccgaaaat c t t g g c g g t g  atgaccgcaa a t g t c a g t t c  

agtggaggat tgaacg tgc t  c g g t t g a t c c  a t a t t t t t a c  tgcgacagaa gagtgcggcc 

c c g a c g c t t t  tggagagcac accagggat t  caaacccgcc t t a a a a g c t t  t a t a t g c g t g  

gcatgcacct  cgtcaactgc ctgaaagccg caacgtaagt  a a a a t t t t g c  tccgc tcgga 

g ta tcag tga  acaggcgcac ggcgaaaaat t cc tgcgccg  ca tgc tccac  aag tcga t tc  

accagagtct  t tccaaggcc t t g a c c t c t t  g a t g c g c t t g  cgacgtataa ccgtcgtagc 

c t g c c c a t a t  caccccgggc atgcggatca cgcgaaaggc c tccga tacc  tgccagagcg 

ccgtccagaa gtacgaccat  gaggcat tca c c c t t g g c c t  c g a a t c g a t t  c t t t c c g g a c  

c t c c a c t c c t  cgatcaagcg ggtaagaaac ctgaagccct  c t g c t a c t g c  c t c t t g c t c c  

aggatcagaa cctgacaagg c a a t t c a g t a  a tga tc tgga  c t t c t a c c t g  t t t c a t c t a a  

t g a c c t c a t c  cacagtggtc ctgcgctggc gaaaacacga gcaggtctgg acagaatgca 

tatgcaacag caaaggctgc aaccagtgca caccaccaga accgggt tcg  acagt taagc 

t g a t a t c a t t  caagcacctg caagccgagt agaagcacat gaaccgtcgc aagaaaatac 

agcaac tg t t  aaaggctcat  gccaagaaag ccagcgctaa actggcaccg gcaaacaaat 

ccagctacgt  gagcaaggct ga tcgg t tga  agctggcggc agagtccggt  aacgacccga 

t c a g t t c c g t  cgaggactga acagcgacgt t tacgcgcca  c c g g t a t g g t  c a g g c t g t t c  

a t t c c g a t g g  agcg ta t tgc  aaggagcctg t t c a a c a g c t  c a c t t a c t t c  gcaaacgagt 

actcaccgcc ctgctccagc gcctggcgat  acgcaggtct  t t c c t g g c a t  c g t t g t a c c c  

aggctgcaag g t taggatgc  ggctgcagca t t c c c t g c a t  t t t g g c g a a t  tcgccaatga 

a g c t c a t c t g  aatatccgcg c c a c t c a a t t  cgtcgcccag cagataaggc gtcagcccca 

g a g c t t c a t t  cagatagccc aga tag t tgg  ccagt tcaga gtgaatgcgc ggatgcaaag 

gcgcgcccgc gtcacccagg cgaccgacgt acaggt tgag catcagcggc agaatggccg 

aacct tcggc gaagtgcagc c a t t g t a c g t  a c t c a t c g t a  ggtggcgctg gcaggatccg 

gt tgcaggcg gccgtcgcca tgacggcgga tcagg taa tc  gacgatggcg ccagactcga 

taaccacatg gggaccgtct  t cga tcaccg  gggat t tgcc  cagcggatga a t g g c c t t c a  

gctcaggcgg cgcgaggt tg g t t t t c g g g t  cgcgctggta g c g t t t t a t c  tcgtacggca 

ggccaagt tc  t t cgag taac  cacagaatgc gctgcgaacg t g a g t t g t t c  aggtggtgga 

caa taa tca t  g tggg tc tcc  gctgggtgag ag tgggatg t  ctagaaaaag actgctgggc 

cgccgtagag tgccg tgaa t  c g a a t g t c c t  c tggcgacct  cagacgcgtc tgtcggcgca 

gagcgctgcc gactcaccgc gaagctgacg c tccac tgcc  g c t t t a t c g a  t taccgacca  

aacgccgat t  a t c t t g c c a t  cgc tgaa tg t  gtagaacaca t t t t c g g a a a  aggtgatgcg 

c c g t c c c t g t  g t g t c c t g c c  ccagaaatcg accctgtggc gagcagt tga agaccagccg 

ggcagcgacc t g t g g t g c t t  caacgaccag caaatcgatc t tgaaacgca agtcggggat 

aatcctgacg t c g t t t t c c a  g c a t t g t t t t  gtagccggaa aggctgatca g c t c a c c g t t  

gtaatgcaca t t g t c a t c g a  cgaagt tgcc caactggtgc caactacggt  cat tcagaca 

ggcgatgtaa gcccgatagt  gatcggtcag g t t c a t g g c g  c g c c c t c c t t  caggtgctca 

aagcagtcac t g t c a a t c a t  ccagataacc c g c a c a g t t t  taacagagtc atagggaact 

cgtgcggccg aca tcgccc t  aagcctcaca t c t a t g t a c t  ggcgcgacgc t g g t t t c a a g  



c g a a g g a c t t  c a g a t t c a t g  t c t t c a a g t a  gcac tacagc  agcggctgac acgcaagg tc  29640 

ggcaaaacgc c t c g c c t a a c  c g a c t g a t t t  t c a t c t c c g t  a c t t g t g g c a  accatgggcg 29700 

c g c t c g c g t t  t g g t t a t g a c  a c c g g t a t t a  tcgncggcgc a t t g c c c t t c  a t g a c g c t g c  29760 

cggccgatca gggcgggctg g g t t t g a a t g  cc tacagcga  aggga tga tc  a c g g c t t c g c  29820 

t g a t c g t c g g  t g c a g c c t t c  ggc tcac tgg  c c a g t g g c t a  t a t t t c c g a c  c g t t t c g g a c  29880 

gacgcctgac c c t g c g c c t c  c t g t c g g t g c  t g t t c a t c g c  ggg tgcgc tg  ggtacggcca 29940 

t t g c g c c g t c  c a t t c c g t t c  a tgg tcgccg  c g c g c t t c c t  g c t g g g t a t c  gcggtgggtg 30000 

gcggctcggc gacggtgccg g t g t t c a t t g  ccgaaa tcgc  cggcccc tcg  cg tcg tgcgc  30060 

ggc tgg tcag  ccgcaacgaa c t g a t g a t c g  tcagcggcca g t t g c t c g c c  t a t g t g c t c a  30120 

gcgcggtca t  ggccgcgctg c tgcacacgc  cgggca tc tg  g c g c t a t a t g  c t g g c g a t c g  30180 

cga tgg tgcc  gggggtg t tg  c t g c t g a t c g  g c a c c t t c t t  c g t a c c t c c t  t cgccgngc t  30240 

ggc tggcg tc  caaaggccgt  t t t g a c g a a g  c t c a g g a t g t  gctggagcaa c tgcgcagca  30300 

acaaggacga tgcgcancg t  gaagtggacg aaa tgaaagc  t c a t g a c g a g  caggcgcgca 30360 

a t c g t  30365 

<210> SEQ I D  NO 2  
<211> LENGTH: 1872 
<212> TYPE: DNA 
<213> ORGANISM: Pseudomonas s y r i n g a e  

<400> SEQUENCE: 2  

a t g a t c a g t t  cgcggatcgg cggggccggt ggcgtcaaac t cagccgggt  aaaccagcag 60 

c a c g a t a c t g  t t c c c g c c c a  gacagc tcac  ccaaa tgcag  t c a c t g c a g g  c a t g a a t c c g  120 

c c g c t g a c t c  c c g a t c a g t c  agggtcacac gcgacagaaa g c t c g t c t g c  cggcgcggcg 180 

cggc tgaa tg  t cgcggc tcg  acacacacag c t t t t g c a g g  c c t t c a a g g c  tgagca tggg  240 

acggctccgg tcagcggcgc g c c g a t g a t c  a g t t c g c g t g  c t g c g t t g t t  g a t c g g t a g t  300 

c tgc tgcagg  c c g a g c c t t t  g c c t t t t g a a  g tca tggccg  a g a a a t t g t c  t c c t g a g c g c  360 

t a t c a a c t g a  a g c a g t t t c a  gggctcggac t t g c a g c a g c  ggctggaaaa a t t c g c c c a g  420 

ccgggtcaga t a c c g g a t a a  agccgaggtc gggcaactga t c a a g g g t t t  t g c t c a g t c g  480 

g t c g c t g a t c  aactggagca c t t t c a a c t g  a t g c a t g a c g  c t t c g c c c g c  aacggtaggc 540 

cagca tgcaa  aagcggacaa ggcgacgc t t  g c c g t c a g t c  a g a c t g c c c t  t g g c g a a t a c  600 

gccgg tcg tg  caagcaaggc aatcggcgaa ggcctgagca acagca tcgc  g t c g c t g g a t  660 

gagcaca tca  g tgcgc tgga  t c t c a c t c t g  caaga tgccg  aacagggcaa c a a g g a g t c t  720 

c t g c a c g c t g  acaggcaggc gc tgg tcgac  gccaaaacca c c c t g g t a g g  t t t g c a c g c c  780 

g a t t t c g t c a  agtcgccgga ggccaagcgc c t t g c t t c g g  t cgccgcaca  t a c g c a a c t g  840 

gacaacg tcg  t c a g c g a t c t  c g t c a c t g c c  cg taacacgg  t g g g t g g c t g  gaaaggtgca 900 

gggccga t tg  t cgcggc tgc  gg t tccgcag  t t c t t g t c t t  caa tgacaca  c t t g g g t t a t  960 

g t g c g t t t g t  ccaccagcga caagctgcga g a c a c g a t t c  ccgagaccag cagcgacgcc 1020 

a a c a t g c t c a  a g g c t t c g a t  aa tcggga tg  gtggcgggca t t g c t c a c g a  gacgg tcaac  1080 

agcg tgg tca  a g c c g a t g t t  tcaggccgcc t t g c a g a a g a  c t g g c c t c a a  cgaacgcc tg  1140 

a a c a t g g t g c  caatgaaggc t g t g g a t a c c  a a t a c g g t t a  t t c c t g a c c c  c t t c g a g c t g  1200 

aaaagcgaac acgg tgagc t  gg tcaaaaaa  acgcccgagg a a g t c g c t c a  ggacaaggcg 1260 



t t c g t g a a a a  gtgaacgcgc g c t g c t g a a c  cagaagaagg t t c a g g g t t c  g t c c a c c c a t  1 3 2 0  

ccgg tagg tg  agc tga tggc  t t a c a g t g c c  t t c g g t g g t t  c t c a g g c t g t  gcgccagatg 1 3 8 0  

c t c a a c g a t g  t t c a c c a g a t  caatgggcag acgc tgag tg  c a a g a g c t c t  ggca tccgg t  1 4 4 0  

t t t g g c g g g g  c g g t g t c t g c  c a g t t c g c a a  a c g c t g c t g c  a a t t g a a g t c  g a a t t a t g t c  1 5 0 0  

gacccgcaag ggcgcaaaat  t c c g g t a t t t  accccggacc gcgccgagag c g a t c t g a a a  1 5 6 0  

aaggacctgc t c a a a g g t a t  ggacctgcgc gagccgtcgg t acgcaccac  g t t c t a c a g c  1 6 2 0  

a a g g c t c t t t  c g g g t a t t c a  g a g t t c t g c a  c t g a c c t c g g  cac tgccgcc  t g t g a c c g c t  1 6 8 0  

caggctgaag gcgcaagtgg c a c g c t c a g t  gcgggggcta t t t t g c g c a a  c a t g g c c c t g  1 7 4 0  

gcagcgacgg g t t c g g t g t c  c t a t c t g t c c  a c g t t g t a c a  ccaaccag tc  g g t t a c c g c a  1 8 0 0  

gaagccaagg c g t t g a a a g c  ggcaggcatg ggcggtgcaa c a c c t a t g c t  ggaccg tacc  1 8 6 0  

g a g a c g c t t t  ga 1 8 7 2  

<210>  SEQ I D  NO 3  
<211>  LENGTH: 6 2 3  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  

<400>  SEQUENCE: 3  

Met I l e  S e r  S e r  Arg I l e  Gly Gly Ala Gly Gly Val Lys Leu S e r  Arg 
1 5  1 0  1 5  

Val Asn Gln Gln His  Asp Thr Val Pro  Ala Gln Thr Ala His  Pro  Asn 
2 0  2 5  3  0  

Ala Val Thr Ala Gly Met Asn Pro  Pro  Leu Thr Pro  Asp Gln S e r  Gly 
3 5  4  0  4 5  

S e r  His  Ala Thr Glu S e r  S e r  S e r  Ala Gly Ala Ala Arg Leu Asn Val 
5  0  5  5  60  

Ala Ala Arg His  Thr Gln Leu Leu Gln Ala Phe Lys Ala Glu His  Gly 
6  5  7 0  7  5  8 0  

Thr Ala Pro  Val S e r  Gly Ala Pro  Met I l e  Ser  S e r  Arg Ala Ala Leu 
8  5  9 0  9 5  

Leu I l e  Gly S e r  Leu Leu Gln Ala Glu Pro  Leu Pro  Phe Glu Val Met 
1 0 0  1 0 5  1 1 0  

Ala Glu Lys Leu S e r  Pro  Glu Arg Tyr Gln Leu Lys Gln Phe Gln Gly 
1 1 5  1 2 0  1 2 5  

S e r  Asp Leu Gln Gln Arg Leu Glu Lys Phe Ala Gln Pro  Gly Gln I l e  
1 3 0  1 3 5  1 4 0  

Pro  Asp Lys Ala Glu Val Gly Gln Leu I l e  Lys Gly Phe Ala Gln Ser  
1 4 5  1 5 0  1 5 5  1 6 0  

Val Ala Asp Gln Leu Glu His  Phe Gln Leu Met His  Asp Ala S e r  Pro  
1 6 5  1 7 0  1 7 5  

Ala Thr Val Gly Gln His  Ala Lys Ala Asp Lys Ala Thr Leu Ala Val 
1 8 0  1 8 5  1 9 0  

S e r  Gln Thr Ala Leu Gly Glu Tyr Ala Gly Arg Ala S e r  Lys Ala I l e  
1 9 5  2 0 0  2 0 5  

Gly Glu Gly Leu S e r  Asn S e r  I l e  Ala S e r  Leu Asp Glu His  I l e  S e r  
2 1 0  2  1 5  2 2 0  

Ala Leu Asp Leu Thr Leu Gln Asp Ala Glu Gln Gly Asn Lys Glu Ser  
2 2 5  2 3 0  2 3 5  2 4 0  

Leu His  Ala Asp Arg Gln Ala Leu Val Asp Ala Lys Thr Thr Leu Val 
2 4 5  2 5 0  2 5 5  

Gly Leu His  Ala Asp Phe Val Lys S e r  Pro  Glu Ala Lys Arg Leu Ala 



S e r  V a l  A l a  A l a  H i s  T h r  G l n  L e u  A s p  A s n  V a l  V a l  S e r  A s p  L e u  V a l  
2 7 5  2 8 0  2 8 5  

T h r  A l a  A r g  A s n  T h r  V a l  G l y  G l y  T r p  L y s  G l y  A l a  G l y  P r o  I l e  V a l  
2 9 0  2 9 5  3 0 0  

A l a  A l a  A l a  V a l  P r o  G l n  P h e  L e u  S e r  S e r  M e t  T h r  H i s  L e u  G l y  T y r  
3 0 5  3 1 0  3  1 5  3 2 0  

V a l  A r g  L e u  S e r  T h r  S e r  A s p  L y s  L e u  A r g  A s p  T h r  I l e  P r o  G l u  T h r  
3 2 5  3 3 0  3 3 5  

S e r  S e r  A s p  A l a  A s n  M e t  L e u  L y s  A l a  S e r  I l e  I l e  G l y  M e t  V a l  A l a  
3 4 0  3 4 5  3 5 0  

G l y  I l e  A l a  H i s  G l u  T h r  V a l  A s n  S e r  V a l  V a l  L y s  P r o  M e t  P h e  G l n  
3 5 5  3 6 0  3 6 5  

A l a  A l a  L e u  G l n  L y s  T h r  G l y  L e u  A s n  G l u  A r g  L e u  A s n  M e t  V a l  P r o  
3 7 0  3 7 5  3 8 0  

M e t  L y s  A l a  V a l  A s p  T h r  A s n  T h r  V a l  I l e  P r o  A s p  P r o  P h e  G l u  L e u  
3 8 5  3 9 0  3 9 5  400  

L y s  S e r  G l u  H i s  G l y  G l u  L e u  V a l  L y s  L y s  T h r  P r o  G l u  G l u  V a l  A l a  
4 0 5  410  4 1 5  

G l n  A s p  L y s  A l a  P h e  V a l  L y s  S e r  G l u  A r g  A l a  L e u  L e u  A s n  G l n  L y s  
420  4 2 5  4 3 0  

L y s  V a l  G l n  G l y  S e r  S e r  T h r  H i s  P r o  V a l  G l y  G l u  L e u  M e t  A l a  T y r  
4 3 5  4 4 0  4 4 5  

S e r  A l a  P h e  G l y  G l y  S e r  G l n  A l a  V a l  A r g  G l n  M e t  L e u  A s n  A s p  V a l  
4 5 0  4 5 5  4 6 0  

H i s  G l n  I l e  A s n  G l y  G l n  T h r  L e u  S e r  A l a  A r g  A l a  L e u  A l a  S e r  G l y  
4 6 5  4 7 0  4 7 5  480  

P h e  G l y  G l y  A l a  V a l  S e r  A l a  S e r  S e r  G l n  T h r  L e u  L e u  G l n  L e u  L y s  
4 8 5  490  4 9 5  

S e r  A s n  T y r  V a l  A s p  P r o  G l n  G l y  A r g  L y s  I l e  P r o  V a l  P h e  T h r  P r o  
5 0 0  5 0 5  5 1 0  

A s p  A r g  A l a  G l u  S e r  A s p  L e u  L y s  L y s  A s p  L e u  L e u  L y s  G l y  M e t  A s p  
5 1 5  5 2 0  5 2 5  

L e u  A r g  G l u  P r o  S e r  V a l  A r g  T h r  T h r  P h e  T y r  S e r  L y s  A l a  L e u  S e r  
5 3 0  5 3 5  5 4 0  

G l y  I l e  G l n  S e r  S e r  A l a  L e u  T h r  S e r  A l a  L e u  P r o  P r o  V a l  T h r  A l a  
5 4 5  5 5 0  5 5 5  5 6 0  

G l n  A l a  G l u  G l y  A l a  S e r  G l y  T h r  L e u  S e r  A l a  G l y  A l a  I l e  L e u  A r g  
5 6 5  5 7 0  5 7 5  

A s n  M e t  A l a  L e u  A l a  A l a  T h r  G l y  S e r  V a l  S e r  T y r  L e u  S e r  T h r  L e u  
5 8 0  5 8 5  5 9 0  

T y r  T h r  A s n  G l n  S e r  V a l  T h r  A l a  G l u  A l a  L y s  A l a  L e u  L y s  A l a  A l a  
5 9 5  6 0 0  6 0 5  

G l y  M e t  G l y  G l y  A l a  T h r  P r o  M e t  L e u  A s p  A r g  T h r  G l u  T h r  L e u  
6 1 0  6  1 5  6 2 0  

<210>  SEQ I D  NO 4  
<211>  LENGTH: 495  
<212>  TYPE: DNA 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  

<400>  SEQUENCE: 4  

a t g a c c a a c a  a t g a c c a g t a  ccacaccctt  a t c a a c g a a a  t c t g c g c a c t  c a g c c t g a t t  6 0  

t c c a c a c c t g  a a c g t t t c t a  t g a a t c t g c c  a a t t t caaaa  t c a g c g a a g t  g g a c t t c a c c  1 2 0  



c t g c a g t t t c  aggaccgcga cgaaggccgt  g c c g t t c t g a  t c t a c g g t g a  catgggcgcg 

t t g c c c g c g c  gcggccgtga gagcgcg t tg  c t g g c g t t g a  t g g a c a t c a a  c t t t c a c a t g  

t t cgcgggcg  cccacagccc g g c a t t t t c c  t t t a a t g c g c  agaccggtcg t g t g c t g c t g  

a t g g g c t c t g  t g g c c c t t g a  a c g a g c c t c t  gccgaaggcg t g c t g t t g t t  ga tgaag tcg  

t t t t c c g a c c  tggccaaaga gtggcgcgag c a t g g a t t c a  tggggcaggc cacaac tgca  

g g c t c c t c g a  cggaccaacc t g t t g c c c c a  gcagccaaac gcgagagcct  t t c g g c t c c t  

gggaga t tcc  a a t g a  

<210>  SEQ I D  NO 5  
<211>  LENGTH: 1 6 4  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  

<400>  SEQUENCE: 5  

Met Thr Asn Asn Asp Gln Tyr His  Thr Leu I l e  Asn Glu I l e  Cys Ala 
1 5 1 0  1 5  

Leu S e r  Leu I l e  S e r  Thr Pro  Glu Arg Phe Tyr Glu S e r  Ala Asn Phe 
2 0  2 5  3  0  

Lys I l e  S e r  Glu Val Asp Phe Thr Leu Gln Phe Gln Asp Arg Asp Glu 
3 5  4  0  4 5  

Gly Arg Ala Val Leu I l e  Tyr Gly Asp Met Gly Ala Leu Pro  Ala Arg 
5  0  5  5  60  

Gly Arg Glu S e r  Ala Leu Leu Ala Leu Met Asp I l e  Asn Phe His  Met 
6  5  7 0  7  5  8 0  

Phe Ala Gly Ala His  S e r  Pro  Ala Phe S e r  Phe Asn Ala Gln Thr Gly 
8  5  9 0  9 5  

Arg Val Leu Leu Met Gly S e r  Val Ala Leu Glu Arg Ala S e r  Ala Glu 
1 0 0  1 0 5  1 1 0  

Gly Val Leu Leu Leu Met Lys S e r  Phe S e r  Asp Leu Ala Lys Glu Trp 
1 1 5  1 2 0  1 2 5  

Arg Glu His  Gly Phe Met Gly Gln Ala Thr Thr Ala Gly S e r  S e r  Thr 
1 3 0  1 3 5  1 4 0  

Asp Gln Pro  Val Ala Pro  Ala Ala Lys Arg Glu S e r  Leu S e r  Ala Pro  
1 4 5  1 5 0  1 5 5  1 6 0  

Gly Arg Phe Gln 

<210>  SEQ I D  NO 6  
<211>  LENGTH: 1 4 6 1  
<212>  TYPE: DNA 
<213>  ORGANISM: Pseudomonas s y r i n g a e  

<400>  SEQUENCE: 6  

a t g c a c a t c a  accgacgcgt  ccaacaaccg c c t g t g a c t g  cgacggatag c t t t c g g a c a  

gcgtccgacg c g t c t c t t g c  c t c c a g c t c t  g t g c g a t c t g  t c a g c t c c g a  t cagcaacgc  

g a g a t a a a t g  c g a t t g c c g a  t t a c c t g a c a  g a t c a t g t g t  t c g c t g c g c a  t a a a c t g c c g  

c c g g c c g a t t  cggc tga tgg  ccaagc tgca  g t t g a c g t a c  acaa tgcgca  g a t c a c t g c g  

c t g a t c g a g a  cgcgcgccag ccgcc tgcac  t t cgaagggg  aaaccccggc aacca tcgcc  

g a c a c c t t c g  ccaaggcgga aaagc tcgac  cga t tggcga  c g a c t a c a t c  aggcgcg t tg  

cgggcgacgc c c t t t g c c a t  g g c c t c g t t g  c t t c a g t a c a  t g c a g c c t g c  ga tcaacaag  

ggcga t tggc  t g c c g g c t c c  gc tcaaaccg  c tgaccccgc  t c a t t t c c g g  a g c g c t g t c g  4 8 0  



ggcgccatgg accaggtggg caccaaga tg  atggaccgcg cgacgggtga t c t g c a t t a c  5 4 0  

c t g a g c g c c t  cgccggacag g c t c c a c g a t  gcgatggccg c t t c g g t g a a  gcgccac tcg  6 0 0  

c c a a g c c t t g  c t c g a c a g g t  t c t g g a c a c g  ggggttgcgg t t c a g a c g t a  ctcggcgcgc 6 6 0  

aacgccg tac  g t a c c g t a t t  ggctccggca c t g g c g t c c a  gacccgccg t  gcagggtgc t  7 2 0  

g t g g a c c t t g  g t g t a t c g a t  ggcgggtggt  c t g g c t g c c a  a c g c a g g c t t  tggcaaccgc  7 8 0  

c t g c t c a g t g  tgcag tcgcg  t g a t c a c c a g  cg tggcggtg  c a t t a g t g c t  c g g t t t g a a g  8 4 0  

gataaagagc ccaaggc tca  actgagcgaa gaaaacgac t  ggctcgaggc t t a t a a a g c a  9 0 0  

a t c a a a t c g g  c c a g c t a c t c  gggtgcggcg c t c a a c g c t g  gcaagcggat  ggccgg tc tg  9 6 0  

c c a c t g g a t a  tggcgaccga cgcaa tggg t  gcggtaagaa g c c t g g t g t c  agcg tccagc  1 0 2 0  

c tgacccaaa  acgg tc tggc  cc tggcgggt  g g c t t t g c a g  gggtaggcaa g t tgcaggag  1 0 8 0  

atggcgacga a a a a t a t c a c  cgacccggcg accaaggccg c g g t c a g t c a  g t t g a c c a a c  1 1 4 0  

c t g g c a g g t t  cggcagccgt  t t t c g c a g g c  tggaccacgg ccgcgc tgac  aaccga tccc  1 2 0 0  

gcggtgaaaa aagccgagtc g t t c a t a c a g  gacacggtga a a t c g a c t g c  a t c c a g t a c c  1 2 6 0  

acaggc tacg  t agccgacca  gaccg tcaaa  ctggcgaaga ccg tcaaaga  catgggcggg 1 3 2 0  

gaggcgatca ccca taccgg  c g c c a g c t t g  cgcaa tacgg  t c a a t a a c c t  gcg tcaacgc  1 3 8 0  

ccggc tcg tg  a a g c t g a t a t  agaagagggg ggcacggcgg c t t c t c c a a g  t g a a a t a c c g  1 4 4 0  

t t t c g g c c t a  t g c g g t c g t a  a  1 4 6 1  

<210>  SEQ I D  NO 7  
<211>  LENGTH: 486  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  

<400>  SEQUENCE: 7 

Met His  I l e  Asn Arg Arg Val Gln Gln Pro  Pro Val Thr Ala Thr Asp 
1 5  1 0  1 5  

S e r  Phe Arg Thr Ala S e r  Asp Ala S e r  Leu Ala S e r  S e r  S e r  Val Arg 
2 0  2 5  3  0  

S e r  Val S e r  S e r  Asp Gln Gln Arg Glu I l e  Asn Ala I l e  Ala Asp Tyr 
3 5  4  0  4 5  

Leu Thr Asp His  Val Phe Ala Ala His  Lys Leu Pro  Pro  Ala Asp Ser  
5  0  5  5  60  

Ala Asp Gly Gln Ala Ala Val Asp Val His  Asn Ala Gln I l e  Thr Ala 
6  5  7 0  7  5  8 0  

Leu I l e  Glu Thr Arg Ala S e r  Arg Leu His  Phe Glu Gly Glu Thr Pro  
8  5  9 0  9 5  

Ala Thr I l e  Ala Asp Thr Phe Ala Lys Ala Glu Lys Leu Asp Arg Leu 
1 0 0  1 0 5  1 1 0  

Ala Thr Thr Thr S e r  Gly Ala Leu Arg Ala Thr Pro  Phe Ala Met Ala 
1 1 5  1 2 0  1 2 5  

S e r  Leu Leu Gln Tyr Met Gln Pro  Ala I l e  Asn Lys Gly Asp Trp Leu 
1 3 0  1 3 5  1 4 0  

Pro  Ala Pro  Leu Lys Pro  Leu Thr Pro  Leu I l e  S e r  Gly Ala Leu S e r  
1 4 5  1 5 0  1 5 5  1 6 0  

Gly Ala Met Asp Gln Val Gly Thr Lys Met Met Asp Arg Ala Thr Gly 
1 6 5  1 7 0  1 7 5  

Asp Leu His  Tyr Leu S e r  Ala S e r  Pro  Asp Arg Leu His  Asp Ala Met 
1 8 0  1 8 5  1 9 0  

Ala Ala S e r  Val Lys Arg His  S e r  Pro  S e r  Leu Ala Arg Gln Val Leu 



A s p  T h r  G l y  V a l  A l a  V a l  G l n  T h r  T y r  S e r  A l a  A r g  A s n  A l a  V a l  A r g  
2 1 0  2  1 5  2 2 0  

T h r  V a l  L e u  A l a  P r o  A l a  L e u  A l a  S e r  A r g  P r o  A l a  V a l  G l n  G l y  A l a  
2 2 5  2 3 0  2 3 5  2 4 0  

V a l  A s p  L e u  G l y  V a l  S e r  M e t  A l a  G l y  G l y  L e u  A l a  A l a  A s n  A l a  G l y  
2 4 5  2 5 0  2 5 5  

P h e  G l y  A s n  A r g  L e u  L e u  S e r  V a l  G l n  S e r  A r g  A s p  H i s  G l n  A r g  G l y  
2 6 0  2 6 5  2 7 0  

G l y  A l a  L e u  V a l  L e u  G l y  L e u  L y s  A s p  L y s  G l u  P r o  L y s  A l a  G l n  L e u  
2 7 5  2 8 0  2 8 5  

S e r  G l u  G l u  A s n  A s p  T r p  L e u  G l u  A l a  T y r  L y s  A l a  I l e  L y s  S e r  A l a  
2 9 0  2 9 5  3 0 0  

S e r  T y r  S e r  G l y  A l a  A l a  L e u  A s n  A l a  G l y  L y s  A r g  M e t  A l a  G l y  L e u  
3 0 5  3 1 0  3  1 5  3 2 0  

P r o  L e u  A s p  M e t  A l a  T h r  A s p  A l a  M e t  G l y  A l a  V a l  A r g  S e r  L e u  V a l  
3 2 5  3 3 0  3 3 5  

S e r  A l a  S e r  S e r  L e u  T h r  G l n  A s n  G l y  L e u  A l a  L e u  A l a  G l y  G l y  P h e  
3 4 0  3 4 5  3 5 0  

A l a  G l y  V a l  G l y  L y s  L e u  G l n  G l u  M e t  A l a  T h r  L y s  A s n  I l e  T h r  A s p  
3 5 5  3 6 0  3 6 5  

P r o  A l a  T h r  L y s  A l a  A l a  V a l  S e r  G l n  L e u  T h r  A s n  L e u  A l a  G l y  S e r  
3 7 0  3 7 5  3 8 0  

A l a  A l a  V a l  P h e  A l a  G l y  T r p  T h r  T h r  A l a  A l a  L e u  T h r  T h r  A s p  P r o  
3 8 5  3 9 0  3 9 5  400  

A l a  V a l  L y s  L y s  A l a  G l u  S e r  P h e  I l e  G l n  A s p  T h r  V a l  L y s  S e r  T h r  
4 0 5  410  4 1 5  

A l a  S e r  S e r  T h r  T h r  G l y  T y r  V a l  A l a  A s p  G l n  T h r  V a l  L y s  L e u  A l a  
420  4 2 5  4 3 0  

L y s  T h r  V a l  L y s  A s p  M e t  G l y  G l y  G l u  A l a  I l e  T h r  H i s  T h r  G l y  A l a  
4 3 5  4 4 0  4 4 5  

S e r  L e u  A r g  A s n  T h r  V a l  A s n  A s n  L e u  A r g  G l n  A r g  P r o  A l a  A r g  G l u  
4 5 0  4 5 5  4 6 0  

A l a  A s p  I l e  G l u  G l u  G l y  G l y  T h r  A l a  A l a  S e r  P r o  S e r  G l u  I l e  P r o  
4 6 5  4 7 0  4 7 5  480  

P h e  A r g  P r o  M e t  A r g  S e r  
4 8 5  

<210>  SEQ I D  NO 8  
<211>  LENGTH: 1 0 7 4  
<212>  TYPE: DNA 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  

<400>  SEQUENCE: 8  

a t g t c t g g t c  c t t t c g a g a a  a a a a t g g c g g  t g t t t c a c c c  g a a c c g t g a c  c t a c g t t g g c  

t g g t c g c t g t  t c t g g c t t c t  g c t c t g g g a c  g t g g c c g t c a  c c g t g g a c g t  c a t g c t g a t a  

g a a g g c a a a g  g c a t c g a c t t  c c c c c t g a t g  c c c c t c a c g t  t g c t t t g c t c  g g c a c t g a t c  

g t g c t g a t c a  g c t t t c g c a a  c t c g a g t g c c  t a t a a c c g t t  g g t g g g a a g c  g c g c a c c t t g  

t g g g g c g c a a  t g g t c a a c a c  t t c a c g c a g t  t t t g g c c g g c  a g g t a c t g a c  g c t g a t c g a t  

g g c g a a c g g g  a t g a c c t c a a  c a a c c c t g t c  a a a g c c a t a c  t c t t t c a a c g  t c a t g t g g c t  

t a c t t g c g t g  c c c t g c g c g c  g c a c c t c a a a  g g c g a c g t c a  a a a c a g c a a a  a c t c g a c g g g  

t t a c t g t c g c  c c g a c g a g a t  t c a g c g c g c c  a g c c a g a g c a  acaact tccc  c a a t g a c a t c  



c t c a a t g g c t  c t g c t g c g g t  t a t c t c g c a a  g c c t t t g c c g  c c g g c c a g t t  cgacagca tc  5 4 0  

c g t c t g a c c c  g c c t g g a a t c  g a c c a t g g t c  g a t c t g t c c a  a c t g t c a g g g  cggcatggag 6 0 0  

cgca tcgcca  acacgccac t  gccc tacccc  t a c g t t t a t t  t c c c a c g g c t  g t t c a g c a c g  6 6 0  

c t g t t c t g c a  t c c t g a t g c c  gc tgagca tg  g tcaccaccc  t g g g c t g g t t  caccccggcg 7 2 0  

a t c t c c a c g g  t g g t a g g c t g  c a t g c t g c t g  gcaatggacc g c a t c g g t a c  agacc tgcaa  7 8 0  

g c c c c g t t c g  gcaacag tca  gcaccggatc cgcatggaag a c c t g t g c a a  cacca tcgaa  8 4 0  

aagaacc tgc  a a t c g a t g t t  c t c t t c g c c a  gagaggcagc cgc tgc tggc  t g a c c t g a a a  9 0 0  

agccccg tac  cg tggcgcg t  ggccaacgca t c a a t t g g c g  g tc tgagcag  gcagaaaaac 9 6 0  

agg t tagggg  aaggcgcgag g c t t a t c g c a  a g t g a a a g t c  t g c t c t g g g c  a c c a t t t c g c  1 0 2 0  

t c a g t t g c a g  a c g t t g c t c c  gtgccacgcc a g t g c g t a c c  t a c g t c g c g c  t t g a  1 0 7 4  

<210>  SEQ I D  NO 9  
<211>  LENGTH: 3 5 7  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  

<400>  SEQUENCE: 9  

Met S e r  Gly Pro  Phe Glu Lys Lys Trp Arg Cys Phe Thr Arg Thr Val 
1 5  1 0  1 5  

Thr Tyr Val Gly Trp S e r  Leu Phe Trp Leu Leu Leu Trp Asp Val Ala 
2 0  2 5  3  0  

Val Thr Val Asp Val Met Leu I l e  Glu Gly Lys Gly I l e  Asp Phe Pro  
3 5  4  0  4 5  

Leu Met Pro  Leu Thr Leu Leu Cys S e r  Ala Leu I l e  Val Leu I l e  Ser  
5  0  5  5  6 0  

Phe Arg Asn S e r  S e r  Ala Tyr Asn Arg Trp Trp Glu Ala Arg Thr Leu 
6  5  7 0  7  5  8 0  

Trp Gly Ala Met Val Asn Thr S e r  Arg S e r  Phe Gly Arg Gln Val Leu 
8  5  9 0  9 5  

Thr Leu I l e  Asp Gly Glu Arg Asp Asp Leu Asn Asn Pro  Val Lys Ala 
1 0 0  1 0 5  1 1 0  

I l e  Leu Phe Gln Arg His  Val Ala Tyr Leu Arg Ala Leu Arg Ala His  
1 1 5  1 2 0  1 2 5  

Leu Lys Gly Asp Val Lys Thr Ala Lys Leu Asp Gly Leu Leu S e r  Pro  
1 3 0  1 3 5  1 4 0  

Asp Glu I l e  Gln Arg Ala S e r  Gln S e r  Asn Asn Phe Pro  Asn Asp I l e  
1 4 5  1 5 0  1 5 5  1 6 0  

Leu Asn Gly S e r  Ala Ala Val I l e  S e r  Gln Ala Phe Ala Ala Gly Gln 
1 6 5  1 7 0  1 7 5  

Phe Asp S e r  I l e  Arg Leu Thr Arg Leu Glu Ser  Thr Met Val Asp Leu 
1 8 0  1 8 5  1 9 0  

S e r  Asn Cys Gln Gly Gly Met Glu Arg I l e  Ala Asn Thr Pro  Leu Pro  
1 9 5  2 0 0  2 0 5  

Tyr Pro  Tyr Val Tyr Phe Pro  Arg Leu Phe Ser  Thr Leu Phe Cys I l e  
2 1 0  2  1 5  2 2 0  

Leu Met Pro  Leu S e r  Met Val Thr Thr Leu Gly Trp Phe Thr Pro  Ala 
2 2 5  2 3 0  2 3 5  2 4 0  

I l e  S e r  Thr Val Val Gly Cys Met Leu Leu Ala Met Asp Arg I l e  Gly 
2 4 5  2 5 0  2 5 5  

Thr Asp Leu Gln Ala Pro  Phe Gly Asn S e r  Gln His  Arg I l e  Arg Met 
2 6 0  2 6 5  2 7 0  



Glu Asp Leu Cys Asn Thr I l e  Glu Lys Asn Leu Gln S e r  Met Phe Ser  
2 7 5  2 8 0  2 8 5  

S e r  Pro  Glu Arg Gln Pro  Leu Leu Ala Asp Leu Lys S e r  Pro  Val Pro  
2 9 0  2 9 5  3 0 0  

Trp Arg Val Ala Asn Ala S e r  I l e  Gly Gly Leu S e r  Arg Gln Lys Asn 
3 0 5  3 1 0  3  1 5  3 2 0  

Arg Leu Gly Glu Gly Ala Arg Leu I l e  Ala Ser  Glu S e r  Leu Leu Trp 
3 2 5  3 3 0  3 3 5  

Ala Pro  Phe Arg S e r  Val Ala Asp Val Ala Pro Cys His  Ala S e r  Ala 
3 4 0  3 4 5  3 5 0  

Tyr Leu Arg Arg Ala 
3 5 5  

<210>  SEQ I D  NO 1 0  
<211>  LENGTH: 1 0 5 3  
<212>  TYPE: DNA 
<213>  ORGANISM: Pseudomonas s y r i n g a e  

<400>  SEQUENCE: 1 0  

a t g t a t a t c c  a g c a a t c t g g  cgcccaa tca  ggggt tgccg  c taagacgca  acacga taag  

c c c t c g t c a t  t g t c c g g a c t  cgcccccggt  t c g t c g g a t g  c g t t c g c c c g  t t t t c a t c c c  

gaaaaggcgg g c g c c t t t g t  c c c a t t g g a g  gggcatgaag a g g t c t t t t t  cgatgcgcgc 

t c t t c c t t t t  cg tcgg tcga  t g c c g c t g a t  c t t c c c a g t c  ccgagcaggt  acaaccccag 

c t t c a t t c g t  t g c g t a c c c t  g c t a c c g g a t  c t g a t g g t c t  c t a t c g c c t c  a t t a c g t g a c  

ggcgccacgc a a t a c a t c a a  gaccagaa tc  aaggc ta tgg  cggacaacag cataggcgcg 

ac tgcgaaca  t cgaagccaa  a a g a a a g a t t  gcccaagagc a c g g c t g t c a  g c t t g t c c a c  

c c g t t t c a c c  a g a g c a a a t t  t c t a t t t g a a  a a a a c t a t c g  a t g a t a g a g c  g t t t g c t g c t  

g a c t a t g g c c  gcgcgggtgg cgacgggcac g c t t g t c t g g  g g c t a t c a g t  a a a t t g g t g t  

cagagccgtg caaaagggca g tcgga tgag  g c c t t c t t t c  acaaac tgga  g g a c t a t c a g  

ggcga tgca t  t g c t a c c c a g  gg taa tgggc  t t c c a g c a t a  t cgagcagca  g g c c t a t t c a  

a a c a a g t t g c  agaacgcagc a c c t a t g c t t  c tggacacac  t t c c c a a g t t  gggcatgaca 

c t t g g a a a a g  ggctgggcag agcacagcac g c g c a c t a t g  c g g t t g c t c t  g g a a a a c c t t  

g a t c g c g a t c  t c a a a g c a g t  g t t g c a g c c c  ggtaaagacc a g a t g c t t c t  g t t t t t g a g t  

g a t a g c c a t g  c g a t g g c t c t  gcatcaggac ag tcaggga t  g t c t g c a t t t  t t t t g a t c c t  

c t t t t t g g c g  t g g t t c a g g c  a g a c a g c t t c  agcaaca tga  g c c a t t t t c t  t g c t g a t g t g  

t t c a a g c g c g  a c g t a g g t a c  gcac tggcg t  ggcacggagc a a c g t c t g c a  ac tgagcgaa  

a t g g t g c c c a  g a g c a g a c t t  t c a c t t g c g a  t a a  

<210>  SEQ I D  NO 11 
<211>  LENGTH: 3 5 0  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  

<400>  SEQUENCE: 1 1  

Met Tyr I l e  Gln Gln S e r  Gly Ala Gln S e r  Gly Val Ala Ala Lys Thr 
1 5 1 0  1 5  

Gln His  Asp Lys Pro  S e r  S e r  Leu S e r  Gly Leu Ala Pro  Gly S e r  Ser  
2 0  2 5  3  0  

Asp Ala Phe Ala Arg Phe His  Pro  Glu Lys Ala Gly Ala Phe Val Pro  
3 5  4  0  4 5  



L e u  G l u  G l y  H i s  G l u  G l u  V a l  P h e  P h e  A s p  A l a  A r g  S e r  S e r  P h e  S e r  
5  0  5  5  60  

S e r  V a l  A s p  A l a  A l a  A s p  L e u  P r o  S e r  P r o  G l u  G l n  V a l  G l n  P r o  G l n  
6  5  7 0  7  5  8 0  

L e u  H i s  S e r  L e u  A r g  T h r  L e u  L e u  P r o  A s p  L e u  M e t  V a l  S e r  I l e  A l a  
8  5  9 0  9 5  

S e r  L e u  A r g  A s p  G l y  A l a  T h r  G l n  T y r  I l e  L y s  T h r  A r g  I l e  L y s  A l a  
1 0 0  1 0 5  1 1 0  

M e t  A l a  A s p  A s n  S e r  I l e  G l y  A l a  T h r  A l a  A s n  I l e  G l u  A l a  L y s  A r g  
1 1 5  1 2 0  1 2 5  

L y s  I l e  A l a  G l n  G l u  H i s  G l y  C y s  G l n  L e u  V a l  H i s  P r o  P h e  H i s  G l n  
1 3 0  1 3 5  1 4 0  

S e r  L y s  P h e  L e u  P h e  G l u  L y s  T h r  I l e  A s p  A s p  A r g  A l a  P h e  A l a  A l a  
1 4 5  1 5 0  1 5 5  1 6 0  

A s p  T y r  G l y  A r g  A l a  G l y  G l y  A s p  G l y  H i s  A l a  C y s  L e u  G l y  L e u  S e r  
1 6 5  1 7 0  1 7 5  

V a l  A s n  T r p  C y s  G l n  S e r  A r g  A l a  L y s  G l y  G l n  S e r  A s p  G l u  A l a  P h e  
1 8 0  1 8 5  1 9 0  

P h e  H i s  L y s  L e u  G l u  A s p  T y r  G l n  G l y  A s p  A l a  L e u  L e u  P r o  A r g  V a l  
1 9 5  2 0 0  2 0 5  

M e t  G l y  P h e  G l n  H i s  I l e  G l u  G l n  G l n  A l a  T y r  S e r  A s n  L y s  L e u  G l n  
2 1 0  2  1 5  2 2 0  

A s n  A l a  A l a  P r o  M e t  L e u  L e u  A s p  T h r  L e u  P r o  L y s  L e u  G l y  M e t  T h r  
2 2 5  2 3 0  2 3 5  2 4 0  

L e u  G l y  L y s  G l y  L e u  G l y  A r g  A l a  G l n  H i s  A l a  H i s  T y r  A l a  V a l  A l a  
2 4 5  2 5 0  2 5 5  

L e u  G l u  A s n  L e u  A s p  A r g  A s p  L e u  L y s  A l a  V a l  L e u  G l n  P r o  G l y  L y s  
2 6 0  2 6 5  2 7 0  

A s p  G l n  M e t  L e u  L e u  P h e  L e u  S e r  A s p  S e r  H i s  A l a  M e t  A l a  L e u  H i s  
2 7 5  2 8 0  2 8 5  

G l n  A s p  S e r  G l n  G l y  C y s  L e u  H i s  P h e  P h e  A s p  P r o  L e u  P h e  G l y  V a l  
2 9 0  2 9 5  3 0 0  

V a l  G l n  A l a  A s p  S e r  P h e  S e r  A s n  M e t  S e r  H i s  P h e  L e u  A l a  A s p  V a l  
3 0 5  3 1 0  3  1 5  3 2 0  

P h e  L y s  A r g  A s p  V a l  G l y  T h r  H i s  T r p  A r g  G l y  T h r  G l u  G l n  A r g  L e u  
3 2 5  3 3 0  3 3 5  

G l n  L e u  S e r  G l u  M e t  V a l  P r o  A r g  A l a  A s p  P h e  H i s  L e u  A r g  
3 4 0  3 4 5  3 5 0  

<210>  SEQ I D  NO 1 2  
<211>  LENGTH: 480  
<212>  TYPE: DNA 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  

<400>  SEQUENCE: 1 2  

a t g c g g c c t g  t c g a g g c a a a  a g a t c g g c t t  t a t c a g t g g c  t g c g c a a t c g  a g g c a t c g a t  

g c g c a g g a g g  g t c a a c g c c a  c a a c g t a a g g  a c c g c g a a t g  g a a g c g a g t g  t c t g c t c t g g  

t t g c c a g a a c  a g g a c a c t t c  g t t g t t c a t c  t t c a c a c a g a  t c g a a a g g c t  g a c g a t g c c g  

c a g g a c a a c g  t c a t t t t g a t  t c t g g c a a t g  g c g c t g a a t c  t g g a g c c t g c  t c g c a c a g g t  

g g c g c t g c g c  t t g g c t a t a a  c c c t g a t t c a  a g g g a a c t g t  t g t t g c g c a g  t g t g c a c t c a  

a t g g c g g a t c  t g g a t g a g a c  c g g a c t t g a t  c a c c t c a t g a  c g c g a a t t a g  c a c a t t g g c c  

g t c t c g t t g c  a g c g c t a t c t  g g a a g a t t a t  c g a c g c c a g g  a g c a a g c c g g  a a a a a c c g c c  



c a g a a a g a g c  c t c g g t t c t t  a c c g g c t g t c  c a t c t g a c c c  c a c g a a c g t t  c a t g a c c t g a  4 8 0  

<210>  SEQ I D  NO 1 3  
<211>  LENGTH: 1 5 9  
<212>  TYPE: PRT 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  

<400>  SEQUENCE: 1 3  

M e t  A r g  P r o  V a l  G l u  A l a  L y s  A s p  A r g  L e u  T y r  G l n  T r p  L e u  A r g  A s n  
1 5 1 0  1 5  

A r g  G l y  I l e  A s p  A l a  G l n  G l u  G l y  G l n  A r g  H i s  A s n  V a l  A r g  T h r  A l a  
2 0  2 5  3  0  

A s n  G l y  S e r  G l u  C y s  L e u  L e u  T r p  L e u  P r o  G l u  G l n  A s p  T h r  S e r  L e u  
3 5  4  0  4 5  

P h e  I l e  P h e  T h r  G l n  I l e  G l u  A r g  L e u  T h r  M e t  P r o  G l n  A s p  A s n  V a l  
5  0  5  5  60  

I l e  L e u  I l e  L e u  A l a  M e t  A l a  L e u  A s n  L e u  G l u  P r o  A l a  A r g  T h r  G l y  
6  5  7 0  7  5  8 0  

G l y  A l a  A l a  L e u  G l y  T y r  A s n  P r o  A s p  S e r  A r g  G l u  L e u  L e u  L e u  A r g  
8  5  9 0  9 5  

S e r  V a l  H i s  S e r  M e t  A l a  A s p  L e u  A s p  G l u  T h r  G l y  L e u  A s p  H i s  L e u  
1 0 0  1 0 5  1 1 0  

M e t  T h r  A r g  I l e  S e r  T h r  L e u  A l a  V a l  S e r  L e u  G l n  A r g  T y r  L e u  G l u  
1 1 5  1 2 0  1 2 5  

A s p  T y r  A r g  A r g  G l n  G l u  G l n  A l a  G l y  L y s  T h r  A l a  G l n  L y s  G l u  P r o  
1 3 0  1 3 5  1 4 0  

A r g  P h e  L e u  P r o  A l a  V a l  H i s  L e u  T h r  P r o  A r g  T h r  P h e  M e t  T h r  
1 4 5  1 5 0  1 5 5  

<210>  SEQ I D  NO 1 4  
<211>  LENGTH: 2 8 8  
<212>  TYPE: DNA 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  

<400>  SEQUENCE: 1 4  

a t g c t t a a a a  a a t g c c t g c t  a c t g g t t a t a  t c a a t g t c a c  t t g g c g g c t g  c t g g a g c c t g  6 0  

a t g a t t c a t c  t g g a c g g c g a  g c g t t g c a t c  t a t c c c g g c a  c t c g c c a a g g  t t g g g c g t g g  1 2 0  

g g a a c c c a t a  a c g g a g g g c a  g a g t t g g c c c  a t a c t t a t a g  a c g t g c c g t t  t t c c c t c g c g  1 8 0  

t t g g a c a c a c  t g c t g c t g c c  c t a c g a c c t c  a c c g c t t t t c  t g c c c g a a a a  t c t t g g c g g t  2 4 0  

g a t g a c c g c a  a a t g t c a g t t  c a g t g g a g g a  t t g a a c g t g c  t c g g t t g a  2 8 8  

<210>  SEQ I D  NO 1 5  
<211>  LENGTH: 95  
<212>  TYPE: PRT 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  

<400>  SEQUENCE: 1 5  

M e t  L e u  L y s  L y s  C y s  L e u  L e u  L e u  V a l  I l e  S e r  M e t  S e r  L e u  G l y  G l y  
1 5 1 0  1 5  

C y s  T r p  S e r  L e u  M e t  I l e  H i s  L e u  A s p  G l y  G l u  A r g  C y s  I l e  T y r  P r o  
2 0  2 5  3  0  

G l y  T h r  A r g  G l n  G l y  T r p  A l a  T r p  G l y  T h r  H i s  A s n  G l y  G l y  G l n  S e r  
3 5  4  0  4 5  

T r p  P r o  I l e  L e u  I l e  A s p  V a l  P r o  P h e  S e r  L e u  A l a  L e u  A s p  T h r  L e u  
5  0  5  5  60  



L e u  L e u  P r o  T y r  A s p  L e u  T h r  A l a  P h e  L e u  P r o  G l u  A s n  L e u  G l y  G l y  
6  5  7 0  7  5  8 0  

A s p  A s p  A r g  L y s  C y s  G l n  P h e  S e r  G l y  G l y  L e u  A s n  V a l  L e u  G l y  
8  5  9 0  9 5  

<210>  SEQ I D  NO 1 6  
<211>  LENGTH: 447  
<212>  TYPE: DNA 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  

<400>  SEQUENCE: 1 6  

a t g a a a c a g g  t a g a a g t c c a  g a t c a t t a c t  g a a t t g c c t t  g t c a g g t t c t  g a t c c t g g a g  6 0  

c a a g a g g c a g  t a g c a g a g g g  c t t c a g g t t t  c t t a c c c g c t  t g a t c g a g g a  g t g g a g g t c c  1 2 0  

g g a a a g a a t c  g a t t c g a g g c  c a a g g g t g a a  t g c c t c a t g g  t c g t a c t t c t  g g a c g g c g c t  1 8 0  

c t g g c a g g t a  t c g g a g g c c t  t t c g c g t g a t  c c g c a t g c c c  g g g g t g a t a t  g g g c a g g c t a  2 4 0  

c g a c g g t t a t  a c g t c g c a a g  c g c a t c a a g a  g g t c a a g g c c  t t g g a a a g a c  t c t g g t g a a t  3 0 0  

c g a c t t g t g g  a g c a t g c g g c  g c a g g a a t t t  t t c g c c g t g c  g c c t g t t c a c  t g a t a c t c c g  3 6 0  

a g c g g a g c a a  a a t t t t a c t t  a c g t t g c g g c  t t t c a g g c a g  t t g a c g a g g t  g c a t g c c a c g  4 2 0  

c a t a t a a a g c  t t t t a a g g c g  g g t t t g a  4 4 7  

<210>  SEQ I D  NO 1 7  
<211>  LENGTH: 1 4 8  
<212>  TYPE: PRT 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  

<400>  SEQUENCE: 1 7  

M e t  L y s  G l n  V a l  G l u  V a l  G l n  I l e  I l e  T h r  G l u  L e u  P r o  C y s  G l n  V a l  
1 5 1 0  1 5  

L e u  I l e  L e u  G l u  G l n  G l u  A l a  V a l  A l a  G l u  G l y  P h e  A r g  P h e  L e u  T h r  
2 0  2 5  3  0  

A r g  L e u  I l e  G l u  G l u  T r p  A r g  S e r  G l y  L y s  A s n  A r g  P h e  G l u  A l a  L y s  
3 5  4  0  4 5  

G l y  G l u  C y s  L e u  M e t  V a l  V a l  L e u  L e u  A s p  G l y  A l a  L e u  A l a  G l y  I l e  
5  0  5  5  60  

G l y  G l y  L e u  S e r  A r g  A s p  P r o  H i s  A l a  A r g  G l y  A s p  M e t  G l y  A r g  L e u  
6  5  7 0  7  5  8 0  

A r g  A r g  L e u  T y r  V a l  A l a  S e r  A l a  S e r  A r g  G l y  G l n  G l y  L e u  G l y  L y s  
8  5  9 0  9 5  

T h r  L e u  V a l  A s n  A r g  L e u  V a l  G l u  H i s  A l a  A l a  G l n  G l u  P h e  P h e  A l a  
1 0 0  1 0 5  1 1 0  

V a l  A r g  L e u  P h e  T h r  A s p  T h r  P r o  S e r  G l y  A l a  L y s  P h e  T y r  L e u  A r g  
1 1 5  1 2 0  1 2 5  

C y s  G l y  P h e  G l n  A l a  V a l  A s p  G l u  V a l  H i s  A l a  T h r  H i s  I l e  L y s  L e u  
1 3 0  1 3 5  1 4 0  

L e u  A r g  A r g  V a l  
1 4 5  

<210>  SEQ I D  NO 1 8  
<211>  LENGTH: 1 1 4 5 8  
<212>  TYPE: DNA 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  
<220>  FEATURE: 
<221>  NAME/KEY: u n s u r e  
<222>  LOCATION: ( 1 0 9 4 0 )  
<223>  OTHER INFORMATION: n  a t  a n y  p o s i t i o n  i s  u n d e f i n e d  

<400>  SEQUENCE: 1 8  



ggatccagcg g c g t a t t g t c  gtggcgatgg aacgcgt tac g g a t t t t c a g  cacaccggta 

tcgatgaaca gg tggccg t t  gcgggcgt tg cgggtcggca tgacacaatc gaacatatca 

acgccacggc gcacacct tc  gaccagatct  t c g g g c t t g c  c tacaccca t  caagtaacga 

g g t t t g t c t g  ctggcataag gcccggcagg taatccagca c c t t g a t c a t  c t c g t g c t t g  

ggctcgccca ccgacagacc gccaatcgcc aggccgtcaa agccgatctc a tccaggcc t  

tcgagcgaac gct tgcgcag g t t c t c g t g c  a tgccaccc t  gaacaatgcc gaacagcgcg 

g c a g t g t t t t  cgccgtgcgc gacct tggag cgct tggccc agcgcaacga cagc tcca tg  

gagacacgtg c t a c g t c t t c  gtcggccggg tacggcgtgc actcatcgaa aa tca tcacg  

acgtccgaac ccaggtcacg ctggacctgc a t c g a c t c t t  ccgggcccat gaacacc t tg  

gcaccatcga ccggagaggc gaaggtcacg c c c t c c t c c t  t g a t c t t g c g  catggcgccc 

aggctgaaca cctgaaaacc gccagagtcg gtcagaatcg g c c c t t t c c a  ctgcatgaaa 

tcg tgcaggt  cgccgtggcc c t t g a t g a c c  tcgg tgcccg  gacgcagcca caagtggaag 

g t g t t g c c c a  g a a t c a t c t g  cgcaccggtg g c c t c g a t a t  cacgcggcaa c a t g c c c t t g  

accgtgccgt  aggtgcccac cggcatgaac gccggggtct  cgaccacgcc acgcggaaag 

gtcaggcgac cgcgacgggc c t t g c c g t c g  gtggccaaca actcgaaaga catacgacag 

gtgcgactca t g c g t g a t c c  t c t g g t g c c g  a t t c c t g t g g  ggccgtcggc gcgggat tgc 

gggtgatgaa catggcatca ccgtaactga agaagcggta c c c g t g t t c g  atggccgccg 

cgtaggccgc c a t g g t t t c g  ggataaccgg cgaacgccga aaccagcatc aacagcgtgg 

at tcaggcaa a tgaaaat ta  gtcaccaggg catcgaccac atgaaacggc cgccccggat 

agatgaagat g t c g g t g t c g  ccgctaaacg g c t t c a a c t g  gccatcacgc gcggcactct  

ccagcgaacg cacgctggtg gtcccgaccg caatcacccg cccgccccgc gcacggcacg 

ccgccacggc atcgaccacg t c c t g g c t g a  c t tccagcca  t t c g c t g t g c  a t g t g g t g a t  

c t t c g a t c t g  ctcgacacgc accggctgga acgtacccgc gccgacgtgc agagtgacaa 

aagcagtctc gacgccc t tg  gcggcaat tg c t t c c a t c a a  cggc tgg tcg  aaatgcaggc 

cggcagtcgg cgccgccaca gcaccggcgc gctgggcgta aacggtctga taacgctcgc 

ggtcggcacc t t c g t c c g g g  c g g t c t a t a t  aaggaggcaa cggcatatgg ccgacacgat 

ccagcaacgg c a g c a c t t c t  tcggcaaagc gcaactcgaa cagcgcgtca tgccgcgcca 

ccatctcggc ctcgccgccg cca tcga tca  ggatcgacga g c c c g g c t t t  ggcgact tgc 

tggcacgcac gtgcgccagc acacgatggc tgtccagcac gcgctcgacc agaatctcca 

gct tgccgcc ggacgcct tc  tgcccgaaca aacgtgcggg aatgacacgg g t a t t g t t g a  

acaccatcaa gtcgcccgag cgcaaatgct  cgagcaaatc gg tgaa t tga  cgatgtgcca 

gcgcgcccgt cggcccatca agggtcaaca gacgactgct  gcgacgctcg gccaacgggt 

gacgagcaat cagggaatcg gggagttcga aggtaaagtc agcgacgcgc a tga tcgggt  

t c g t t t a g c a  gggccgggaa g t t t a t c c g g  t t t g a c g g c a  t tag taaaaa acctgcgtaa 

a t c c c t g t t g  accaacggaa a a c t c a t c c t  t a t a c t t c g c  cgcca t tgag  ccctgatggc 

ggaat tgg ta  gacgcggcgg a t tcaaaatc  c g t t t t c g a a  agaagtggga g t t c g a t t c t  

ccctcggggc accacca t tg  agaaaagacc t t g a a a t t c a  a g g t c t t t t t  t t t c g t c t g g  

tggaaagtgg t c t g a c t g a g  g c t g c g a t c t  accccacctg cccggaat tg  gccgcggagc 

gcccaggact gcct tccagc gcagagcgtc ggtacccgga tcacacgacc aaggataacg 



ctatgaacaa 

t taaagtacc  

aagagaccca 

cgaaagacgt 

t a t t g c c t a t  

acaatagaac 

tcaccgaagg 

t g a c c t c g t g  

ggcaggcgta 

cacgaaataa 

g t t g t c g g t g  

t t t g t t g t c g  

g t t g t c c a g g  

a t c c t t g t c g  

gt tgccgcca 

aaatgcaggt 

c g t c a g g t t t  

gg t tac tgaa  

ccgacagagg 

tcacacgact  

cagtgtcgga 

t t t g t t g c g t  

a t g c c t c c g t  

aaggctacgc 

atcgagcaga 

caacaatccc 

t t t c t t t t c g  

cgacg tg tg t  

Cgcaggtggc 

tcaaccacag 

c t g a c a c t t a  

g t t c c g t a a g  

t tg taacgaa 

g c t t c g a c g t  

t cagg taca t  

cctgatacaa 

agcacagcat 

a t c t c t g c c t  

gccaacat tg 

ccaaagcgtc 

ga tcg tc tac  

tacaggcgaa 

gtggcagcaa 

cgaagacgca 

a t t g t c c g g g  

tgaactaagc 

cgtgacgctg 

ccacggacgc 

ctaacgtgca 

cacggtaggt  

t t g t t g t c g t  

t t g t c g a g a t  

t c c t t g t c g t  

t tgccgccaa 

cacgtggcac 

agcgaagtgc 

t t a t a c g c g c  

c a c g t t c g a t  

tcgaccaaac 

c tcc taccga  

t g g t t t g a c c  

ggcatgctaa 

caaatagtgg 

acgaggacat 

acgcccccat 

t g g c t t t t c c  

tgaagatgca 

cacatccagc 

tcaccacc tg  

gcaaccctgg 

ccgcaccggg 

cccaa tccg t  

cctgaacgag 

aatccagata 

tcgctgagcc 

ggtcgatcag 

c c a g t t t t t t  

gggcaccctg 

caaaggctaa 

gtcggacctg 

g taaaagc t t  

attaaaaagg 

accgggtggt  

gtggcgcaac 

g c t t a t g a t t  

ccaggagacc 

gtggcgaaaa 

cgc tc tgccc  

caagacctgc 

c g c g t t g c t a  

ta tcaagatc  

c t t t g t c g t t  

tacccccaaa 

atgccgcgtc 

c g g t g c t g t t  

caa tga tcg t  

gca tcaggt t  

cagtgactaa 

t g c a g c c t g t  

tgc tgggagt  

9 9 t t t t 9 9 9 9  

t c g a t a c a t t  

acgccagtca 

t g c t g a g a t t  

gccagccacc 

ga taca tag t  

t t t c g c a a g a  

CCgggaagcg 

actgtcgaca 

cagatagact  

g c t t a t c t g c  

gaaaaagtgc 

a t t c c t c a c a  

agcaaaacaa 

caccaacatg 

c t g a c c t t t a  

tgaggtg tag  

a a t a t c a c t t  

agcccatagg 

a t t g t g g c t c  

act tcaaacc 

g c t t t t t c g g  

c t g a t t g t c a  

t c a a t g c t g a  

atgcgctcaa 

a g t c c t a t g t  

a a t t t c a g t c  

cctgatacga 

ccgtatcagc 

c t t t t t a g c g  

g c g g t c a t t t  

accgccaaac 

tgccgcg tcg  

a g t c a c g t t g  

g t c g t t g t c c  

cagcgcaagc 

t t c c c g g a t a  

aacagta tg t  

t t c a t a c c c a  

accaaaaaac 

agaat tgc tc  

t a t c a g t g t g  

c g t t g c a t a a  

Cggct999ca 

c g t t a a c t c a  

ccagaaaagg 

c a g g g c c t t t  

9999tgtaaa 

aggcggctcg 

t t g c c t t t g g  

gcgg taa tg t  

t t g c g a t t c a  

a a a t c c t g c t  

t ccagacc tc  

t t t g a g c g g t  

t t c a t a t a a c  

gcatccagat  

cccggcgccg 

g t c g t c t t t t  

gcgatacgcg 

cat t9999ag 

cgacaaggaa 

gatagacggt 

c g g t t a t g a g  

ataccgatac 

c t t c g g c t a t  

gtctgcaagc 

aaacgcct tc  

aagcgcaaga 

gcagacggcg 

ccaccgaaag 

gc tgca tccg  

g t g t g g t g g t  

t c g t t a t c c a  

agatcacaat  

agaaagccgc 

agtgaaaatg 

aactgcagcc 

t c a a t t t c t a  

t t c c g c a c t g  

aaacggagaa 

t g a t g c g g t a  

aacctgacgt  

t t t t c g c t g t  

a t t g t c t t t t  

caaatccatc 

a tccg tcacg  

t g c c a a t g t a  

gga ta tacg t  

c c c t t t c a t t  

catccgccac 

aaaagtcaac 

gcga tg t tga  

tgaagtcga t  

a c g g t g t t c c  

t t t t g t t g g t  

t t a g t t t a a c  

gccccgaaac 

g c a t c t g a t t  

agcaggctgc 

gaagtctcgg 

atcatgaaaa 

gaacggctat  

at tcaaacgg 

gaaatacgtc 

ggctacagct  

tgaa taa tag  

ctcaacaaga 

cgc tcgcc tc  

t g c c g t t g t a  

ccgca tcgg t  

t a t g g t g a t c  

c a t t g t c c a t  

g a t c c t t g t c  

c g t t t a c g g c  

c g a t c t t t g c  

atgaagcaag 

t t c t g c a a g a  

tagcgaccgt  

c a t t t t t t t g  

c g a t g a g t t t  

t g g c a g c t t c  

cactccaaaa 

t tacacaggg 

gccctgaaaa 

a c c t t t c t g t  

ataaagaaac 

a tcaccggtg  

catgctacgc 

a a g g c g t t t t  

agggtatgcc 

atcgccaccc 

t c t t c g a a a c  

g a c t a a t t g t  

taaaaacgct  

gcgggct tcc 

g g g t g t t t t c  

cccacaccct  

c a c c g t a a t t  

t c c a t t c c t t  



cgagatgccg c a t t g g t t a g  c tcaa tcacg  g c g c a c t a t t  t a c c a c g t g t  c a t c g g t t g c  

g t c a t c g g c t  gggagcatca g t tggcaatg  c a t t c g c g g t  c tcggcc tca  gcagacgctg 

gtagtgccca gagtgcagct  gaccagcgtg ccgccatcga ggccgccgca gaggccgccc 

agcgatacgg a t t c g t t t g c  ggcaggggcc a tgcccgc ta  t tgaa tcggc  tgactggccc 

gtgataaagg c c t g a t g c c t  cagtacgcca c c t g g c t t a c  aggcgggt tg c a t t g c a a t a  

gg tc ta tacc  t t t t g c a a g g  t taacgaac t  gtcatcaaaa aacatggaag cacaatcaga 

aaaaagacct t g a g t t t c a a  g g t c t t t t t t  c g t t t g g t g a  aaagtga tc t  gactcaaccc 

gcga tc t tac  c c t c c t c t a c  tcggg t tggc  cgt tagcacc caaagctacc t t c c t g c g c g  

a a t g c t t g t t  t c g t t a t g g g  catggcgtga tacaagcggt  aggcgtacag caggtcca tg  

agtctcggga a c c t g a t t g a  gagccgctct  gcgctgtacc cccc tggcc t  gagccactgt  

tcaaggcaac g c t t c c c t g a  cct tgagcac c a c t t a g c t g  ggcgccacca tcggcatgca 

ccaaaggcat t tgcagagag aggacagcaa agctggccaa tgcaa tgaa t  t t t g t t t t a g  

agcagatatc t t t a a g t t t c  ataacaacca c c t t t g t t g a  t c a g a a t t g t  tgaagaaatc 

atgagtcacg c t t a t g t g t g  gcgactcatc gaaatcgg t t  ccaatgcaag a t g g g a t t t t  

tacgtccggc c t a t c c g c t g  atggcgatgc t g c g g a t t c a  cc tga tgcag  a a c t g g t t t g  

at tacagcga tccggcgatg gaggaagcac t t tacgagac  aacgatcc tg  cgccagt tcg  

cagggt tgag t c t g g a t c g a  atcgccgatg aaaccacgat t c t c a a t t t c  cggcgcctgc 

tggaaaagca tgag t tggca  ggcgggat t t  tgcaggtca t  c a a t g g c t a t  c tggg tga tc  

g a g g t t t g a t  gctgcgccaa gg ta tgg tgg  tcgatgcgac g a t c a t t c a t  gcgccgagct 

cgaccaagaa caaggacggc aaacgcgatc ccgaaatgca tcagacgaag aaaggaaacc 

a g t a t t t c t t  cggcatgaaa gcgcatatcg gcgtcgatgc cgagtcgggt  t t a g t c c a t a  

gcctggtggg tactgcggcg aatgtggcgg acgtgactca ggtcgatcaa c tgc tgcaca  

gtgaggaaac c t a t g t c a g c  ggtgatgcgg gctacaccgg cgtggacaag cgtgcggagc 

atcaggatcg ccagatgatc t g g t c a a t t g  cggcacgccc a a g c c g t t a t  aaaaagcatg 

gcgagaaaag t t t g a t c g c a  c g g g t c t a t c  gcaaaatcga gt tcacgaaa gcccagt tgc 

gggcgaaggt tgaacatccg c t t c g c g t g a  tcaagcgcca g t t t g g t t a t  acgaaagtcc 

g g t t t c g c g g  gctggctaaa aacaccgcgc aacaggctac t c t g t t t g c c  t t g t c g a a c c  

t t t g g a t g g t  gcgaaaacgg ctgctggcga tgggagaggt gcgcctgtaa tgcggaaaaa 

cgcct tggaa a g g t g c t g t t  tgaaggaaaa t c g a t g a g t t  aacagcgcaa aaacgtctga 

c t a t c t g a t c  gggcgagt t t  t t t t g a a c c t  caggccatga aggcatcaaa a a t c g a t g c t  

t a c t t c a g a c  c t t c c t t a a c  ctcagtagcg aggccggata aacgagtccc t t t c t a t g a t  

g c t g t t t c c a  gtaaactgac a a a t t t c a t g  cactgccgcc c g c g t g t t c a  agcgctcaga 

c c t t a t a g g a  aagcctcacg t c t g g a t t c a  gct tgccgcc g t a g t t t t t c  a c a t t g a t a t  

cgacggtcgc t c g g g a c t t g  aggcccagat catcgatcac cagactgcgt  accccatgca 

ac tc tgccaa  ccctgggact  ccgtcacagg aagtggcgtg cg t tgccccg  acaaaagcga 

cccac t tacc  t t c c g g t t t g  c t c a g c c t t a  t t t t t t c t g c  t g c g t a g t a a  t t c a t g g c t t  

gggcacgct t  t a t c t c a g c t  t t c t c c g g g g  cca ta tagg t  ggacg t tg ta  tccagcgaga 

caacgcgcaa cccggcgtgc t t g g c c g c t t  ccaccaaggt gg tgaagt ta  t a t t t c g t g t  

ggagc tc t tc  cggggcctga tgaccctgac t c t g c a a a t c  g a g g t a g t t t  t t c a g c c t g g  



caggcatcgg a c t g c c t t t g  ggcgcgctca g g t a a t t a t t  gagcgcc t tg  t c a t g t g a c t  

cggcgcagag g t g c t c c a t a  aaaagcgtgg tcacgccac t  ggcc t tcaag  c t c t t c a t g t  

t a t t g a t c a g  t t c a c g c t t g  c t g g a c g t t g  aa t tg tgacc  c tcaccaata  acaagccccg 

gcgcatcacg taacagctcg cgcatgacac cgagactgtc c t t g c t t t t c  a t c t t c g t c a  

acggcgccag ctcaggtaac t t t t g c g c g t  tgaaa tca tc  aaaataacgc g c t g c c t t g g  

c a a t c a g t t t  c t t g t c a t t a  c t g t c a g g t g  cccataaacc c t t g g a c g t c  cccagacaac 

t g t c c a t t t c  aaggtaa t tg  a g a t t t a t a t  gaaggtggtc ccgacc t tcc  gagacaacaa 

cgtcggccag c t t g a g a c c t  tgagcctcaa ggcgc tg t tc  aagggcgtgc t t g c c t t c t t  

gcaacaggat gctcacaaca t t t g c a g a c a  g t t g g c t g c t  t t t c c c c g c t  g c t t t t g a g g  

gtgccagcgc ataggggtgc gggctctcac accagcgcgc gagctcggca aga tcgc tcg  

c c t t g a a g t t  c g t a t c c t g c  a a t g c t t t g c  t t t g a g c t g a  agccgaggtc gaggccacgc 

tc tggccgcc  gtgcacatga c t g c t g c c t g  c tgcg tccgg  c t t a c g c c t t  c t g g t g t g c t  

t t a c g c c a t c  c t t t c c g c c a  ggctcctgcc c c t c g a t t t t  cagccggata t t t t c t a c c t  

t c a t a t c c g g  atagcgcccg gctggaaagc gc t tcagg tc  ccccagca t t  g g a g t c t c t g  

gcgcaacgct ggctgctgga gaggaactgg cctgtgaaga tcgggcgcga t c g t t t c c t g  

cagct tgcgc agtgggacgc t c a g c t t c a t  aggt tggcgg a t a a t a g c c t  ggagccggtc 

caccgacggg t c t c a t g a t t  gaatctccgc gtacgaaaaa tagtgccgag cccgggcgtg 

acgctgcccg ggccccgaca t t t c a g t c a a  tCaatgCgCC t t c g c a a t c c  cgaactgatc 

aagcaccgga t c a a c g t t a t  ggtcgaacgc c t t c t g c g c c  t t a t g c t t t t  tcacagcatc 

aa tga tca tg  gaaataccga aacctaccgc cagggcgcca t c g a t t g c c c  agccgaccac 

tggaatcgcg gcgcctaggg cggcacctgc ggcaaggccg g t g g c t t c a c  cggcaaccat 

gccgacggcg cgaccgatca t c t g t c c g c c  CagaCgCCCt aggccggctg aggc t tcgcg  

gcccatcatc t t cgccccgg cgtcgatgcc a c c t t t a a t g  gcctcggcgc c c a t c c t c g t  

g c t g t c g t a a  atggcctggg t tgcgccaag CttgtCgCCa tgagcgatca ggctggacac 

tgaagcaaag cccacgatcg agttgagcgc c t tgccgccg  acgcccgcct cggcgagctg 

agtcaacatg gacggtccgc c c t c a t c g c t  t t t g c c t t c c  agaagct tgc g g c c t t t t t t  

ggag tc t tgc  agcgtaccca a c g t g c t g t t  C a t g t a g t t t  t c a t g c t g a t  t t t c g g t g a a  

atcagggggc agcacgctgt  cgtaaatggc t t t c t g g t t a  t c g g c g g t t t  gcagagactg 

gctggcatca g a c t t t t t c t  ggccaagcag CtgCttCagt gcaccgcc t t  c g c t g a a g t t  

ggtcacgtag gacgtggcaa t c t t g t c t t g  CagatCgggt t t g t t t t c a a  g c a c c t g a t t  

gg tag tggg t  a c t t t g g a a t  cggggaacag g t c t t t t t g c  a g t t g c a a c t  gggcggacaa 

accgctgatg gcgccgctgt  aa tcggca t t  c g g a t t a t g t  t t g t t g a c g g  c c t t g t c c g c  

c t t g t c c a t a  t c a g t c t g c a  gcgct tgacc gCtattgaCg t t t t t c g t c t  gctcgacgac 

t g c c t t t t g c  agcgaggcat cactgcggac CagattgCgC t c c t g c t c g g  g a a t g c t t t t  

a t tgaggtac  g c t t g t a c g t  caggatcagc CtgtagCtgg gaaatccggt  cgt tcaaacc 

c t g c t c g g t c  t t g t c g g t g t  tgcgcaggct  gcgcccggcg a t a a c g c t t t  g c t g g g t c t g  

c t g c a a c t t g  accatgacgg c c g c t t t c t g  tgCaCCgCtg t a a g a c t t g g  g t t t g t c g a a  

t a c g t c c t t g  t c c a q c t t q c  t g a t a t c a a t  cccggccacc gcat tgagcg tcgcagaatc 

gctgagcatg ctggcgaact  ggccgccgt t  ggtgggtgcg c t t t t c t t g a  t c c a c t c a c t  

c a g a t t t t t c  gcgtcgaaca t c t t a t c a g g  gctgtgcgca g c c t t c t t g c  gccccgacat 



g c c c g c t t c g  t c t a c c t g a c  ccaaaaagcc t g g t t g c g a c  cagg tgc tgc  a g g a c t g t t t  9540 

gagcgctccg gacaaccc tg  g g t t a c t t t g  tgccaacccc  t t c a g g t c t t  c t g c g t c g a c  9600 

a t t a c c g t c a  a c t t t g g t c t  t g t c c g c t g c  a t c c a c t g c a  t g a t g t g g g t  cggcagcaa t  9660 

cgccagtggc a t a t t g g c t c  g c a t c a c t g c  cgcgctgcgc a c c a t t t c c a  g tgac tgcgg  9720 

g tcagcg tcg  g g g t t g t c c t  t g g t g t a g t t  ggccaagtcc t t g t c g g c a c  t g t c t g c g g c  9780 

c t t t t c c a t a  t t t t t t g c g a  a g g t c t t g a g  a t c t t t g t t c  g t g a t c t t g c  c a t c t g c g t t  9840 

gccaccaccc t g a g c a a c g t  ccacggcggt  c t t c a g c g c c  g g g t t g g c g t  t g a t g a a a t c  9900 

c a t g g c c t t g  ccggcatcgg g g c c a t c a t c  acgcgcca tc  c a t g c c g c t g  caatcgggcg 9960 

a t t g a g c t c t  t t c g c c g c c t  g c t c g c g c t c  t t cgggcggc  agatgggcaa c c a t c g g c t c  10020 

c c a a c g t t t c  a g a g c t t c t g  gcgaggagta t t c a g a a t t g  tcgagaaagg c t g c g t c t g c  10080 

g g c t t t g g g g  gcg t tggaag  c g t c g g t t g c  a t c t g t g t t c  g tgggagc tg  c g a c c t g t t c  10140 

aaccggagcg gccggggcag t c g c t t c a g t  cggtgcagcc tcggcaggag a a t c t g c g c a  10200 

gggttgcggc t g g a c c t g a t  t a t t c a c a t t  ggca t tggca  gc tgccccgc  c a c t g c c c t g  10260 

gagcaaaaga gccaggatag acgacgcggt  c t g c t c g g c t  c c t g t c g g c g  c g c c t t g c g t  10320 

g t tgccggcc  ggctgaccga ac tgcacgcc  g g c t t g c c c a  ccgccaccca cagg tg tcgg  10380 

c a a g g c t t t g  gcaagaggcg ac tcaacagc  cagagccagt  tcgccaggag t g g g t t g g t t  10440 

cacga taacg  aagggagaac t g g a t a t a c g  c a t g g t g a g t  t g c c a t c c g a  gagtgagcga 10500 

t g g c a a c t g t  g t g g t t g a a g  g t g c a a g t t g  g t t c c a g a a a  a a a t g a t c g a  g a t c g c c a t t  10560 

caggcgaacg g g t c g a t t t g  c t g c t t g a g c  tgaacccgcg  cgcgggacag gcgtgagcga 10620 

acggtgccaa tcggcacgcc g a g g c t g t t c  g c t g t t t c c t  g a t a a t t g c c  g t c c a t c t c c  10680 

a g c g a c a c t t  c c a g c a c t t t  t t g c a t g t t c  gacggcaggc a a t c a a t g g c  c t g a a t g a c t  10740 

c g c g c c a g t t  gccgatgccc c t c t a c c t g a  t g a c t g a c a t  caccg tgccc  t t c c a g c t c g  10800 

g a a t g c a c t t  c g t c t t c c c a  g c t t t c c t g a  t a c g g c t g a c  g a t a c a t t t t  gcggaagtga 10860 

t t g c g g a t c a  gg t tcagcgc  ga tgccacac  a g c c a g g t c t  g c g g t t t g c t  g g c a t g t t g a  10920 

a a c t t g t g c t  c g t t a c g c a n  g g c t t c a a g a  aacacgcac t  ggagaa tg tc  a t c c a c a t c a  10980 

t c a g g g t t c a  t a c c c g c t t t  t t g g a t a a a c  gccctgagca t c t g a a t c t g  atcgggcggc 11040 

a t t t g g c g a a  ataccgcgga cnaaaatggc tgacngggc t  g g g t t g a g t c  nanga tcaca  11100 

a t c t t t t g a a  a c a t g g g c t t  a c c c t g a t t a  a tggngtaca  a a c c c t a t a g  c g a t a a c c a t  11160 

g c c n n c t t a a  aaaaanaaaa aac tggn tga  t t t a t n a a a a  a a t t t t a a a a  a n n g a a a t t t  11220 

t t t g t a t a c a  a a a c t t g g g c  n a c c g n t t t t  gcccaaaac t  t t t g g g c a a a  aanatnggan 11280 

c t t t c a n g g g  an tga tccng  gaccgnaacc c t t annggaa  t a a t c c g g t t  aaancggc ta  11340 

tnaaanagng t t c c n c t a t a  t g g n a a a a t t  cgggggccca c c c n t t n g a a  c c t t t t g g n a  11400 

a c c c t t t c a a  t g t t g a t t t g  ncaaa taagg  g a t t n n c c c a  a a a g g t t t n g  c t t t n g g g  11458 

<210> SEQ I D  NO 19 
<211> LENGTH: 1401 
<212> TYPE: DNA 
<213> ORGANISM: Pseudomonas s y r i n g a e  

<400> SEQUENCE: 19 

a tgagacccg  t cgg tggacc  ggctccaggc t a t t a t c c g c  c a a c c t a t g a  agc tgagcg t  60 

cccac tgcgc  aagctgcagg aaacga tcgc  g c c c g a t c t t  cacaggccag t t c c t c t c c a  120 



gcagccagcg t t g c g c c a g a  g a c t c c a a t g  ctgggggacc t g a a g c g c t t  tccagccggg 1 8 0  

c g c t a t c c g g  a t a t g a a g g t  a g a a a a t a t c  cggctgaaaa tcgaggggca ggagcctggc 2 4 0  

ggaaaggatg gcgtaaagca caccagaagg cgtaagccgg acgcagcagg c a g c a g t c a t  3 0 0  

gtgcacggcg gccagagcgt  ggcctcgacc t c g g c t t c a g  c tcaaagcaa  a g c a t t g c a g  3 6 0  

g a t a c g a a c t  tcaaggcgag c g a t c t t g c c  gagctcgcgc g c t g g t g t g a  gagcccgcac 4 2 0  

c c c t a t g c g c  t g g c a c c c t c  aaaagcagcg gggaaaagca g c c a a c t g t c  t g c a a a t g t t  4 8 0  

g t g a g c a t c c  t g t t g c a a g a  aggcaagcac g c c c t t g a a c  a g c g c c t t g a  ggc tcaagg t  5 4 0  

c t c a a g c t g g  c c g a c g t t g t  t g t c t c g g a a  ggtcgggacc a c c t t c a t a t  a a a t c t c a a t  6 0 0  

t a c c t t g a a a  t g g a c a g t t g  t c tggggacg  t c c a a g g g t t  t a t g g g c a c c  t g a c a g t a a t  6 6 0  

gacaagaaac t g a t t g c c a a  ggcagcgcgt  t a t t t t g a t g  a t t t c a a c g c  g c a a a a g t t a  7 2 0  

cc tgagc tgg  c g c c g t t g a c  gaagatgaaa agcaaggaca g t c t c g g t g t  catgcgcgag 7 8 0  

c t g t t a c g t g  atgcgccggg g c t t g t t a t t  ggtgagggtc a c a a t t c a a c  g tccagcaag  8 4 0  

c g t g a a c t g a  t c a a t a a c a t  gaagagc t tg  aaggccagtg gcg tgaccac  g c t t t t t a t g  9 0 0  

g a g c a c c t c t  gcgccgagtc aca tgacaag  g c g c t c a a t a  a t t a c c t g a g  cgcgcccaaa 9 6 0  

ggcagtccga t g c c t g c c a g  gc tgaaaaac  t a c c t c g a t t  t g c a g a g t c a  ggg tca tcag  1 0 2 0  

gccccggaag agc tccacac  g a a a t a t a a c  t t c a c c a c c t  tgg tggaagc  ggccaagcac 1 0 8 0  

gccgggt tgc  g c g t t g t c t c  g c t g g a t a c a  a c g t c c a c c t  a t a t g g c c c c  ggagaaagct  1 1 4 0  

gagataaagc gtgcccaagc c a t g a a t t a c  t acgcagcag  a a a a a a t a a g  gc tgagcaaa  1 2 0 0  

ccggaaggta ag tggg tcgc  t t t t g t c g g g  gcaacgcacg c c a c t t c c t g  tgacggag tc  1 2 6 0  

ccagggt tgg  c a g a g t t g c a  tggggtacgc  a g t c t g g t g a  t c g a t g a t c t  gggcctcaag 1 3 2 0  

tcccgagcga c c g t c g a t a t  c a a t g t g a a a  aac tacggcg  gcaagc tgaa  t c c a g a c g t g  1 3 8 0  

a g g c t t t c c t  a t a a g g t c t g  a  1 4 0 1  

<210>  SEQ I D  NO 2 0  
<211>  LENGTH: 466  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  

<400>  SEQUENCE: 2 0  

Met Arg Pro  Val Gly Gly Pro  Ala Pro  Gly Tyr Tyr Pro  Pro  Thr Tyr 
1 5  1 0  1 5  

Glu Ala Glu Arg Pro  Thr Ala Gln Ala Ala Gly Asn Asp Arg Ala Arg 
2 0  2 5  3  0  

S e r  S e r  Gln Ala S e r  S e r  S e r  Pro  Ala Ala Ser  Val Ala Pro  Glu Thr 
3 5  4  0  4 5  

Pro  Met Leu Gly Asp Leu Lys Arg Phe Pro  Ala Gly Arg Tyr Pro  Asp 
5  0  5  5  60  

Met Lys Val Glu Asn I l e  Arg Leu Lys I l e  Glu Gly Gln Glu Pro  Gly 
6  5  7 0  7  5  8 0  

Gly Lys Asp Gly Val Lys His  Thr Arg Arg Arg Lys Pro  Asp Ala Ala 
8  5  9 0  9 5  

Gly S e r  S e r  His  Val His  Gly Gly Gln S e r  Val Ala S e r  Thr S e r  Ala 
1 0 0  1 0 5  1 1 0  

S e r  Ala Gln S e r  Lys Ala Leu Gln Asp Thr Asn Phe Lys Ala S e r  Asp 
1 1 5  1 2 0  1 2 5  

Leu Ala Glu Leu Ala Arg Trp Cys Glu S e r  Pro His  Pro  Tyr Ala Leu 
1 3 0  1 3 5  1 4 0  



A l a  P r o  S e r  L y s  A l a  A l a  G l y  L y s  S e r  S e r  G l n  L e u  S e r  A l a  A s n  V a l  
1 4 5  1 5 0  1 5 5  1 6 0  

V a l  S e r  I l e  L e u  L e u  G l n  G l u  G l y  L y s  H i s  A l a  L e u  G l u  G l n  A r g  L e u  
1 6 5  1 7 0  1 7 5  

G l u  A l a  G l n  G l y  L e u  L y s  L e u  A l a  A s p  V a l  V a l  V a l  S e r  G l u  G l y  A r g  
1 8 0  1 8 5  1 9 0  

A s p  H i s  L e u  H i s  I l e  A s n  L e u  A s n  T y r  L e u  G l u  M e t  A s p  S e r  C y s  L e u  
1 9 5  2 0 0  2 0 5  

G l y  T h r  S e r  L y s  G l y  L e u  T r p  A l a  P r o  A s p  S e r  A s n  A s p  L y s  L y s  L e u  
2 1 0  2  1 5  2 2 0  

I l e  A l a  L y s  A l a  A l a  A r g  T y r  P h e  A s p  A s p  P h e  A s n  A l a  G l n  L y s  L e u  
2 2 5  2 3 0  2 3 5  2 4 0  

P r o  G l u  L e u  A l a  P r o  L e u  T h r  L y s  M e t  L y s  S e r  L y s  A s p  S e r  L e u  G l y  
2 4 5  2 5 0  2 5 5  

V a l  M e t  A r g  G l u  L e u  L e u  A r g  A s p  A l a  P r o  G l y  L e u  V a l  I l e  G l y  G l u  
2 6 0  2 6 5  2 7 0  

G l y  H i s  A s n  S e r  T h r  S e r  S e r  L y s  A r g  G l u  L e u  I l e  A s n  A s n  M e t  L y s  
2 7 5  2 8 0  2 8 5  

S e r  L e u  L y s  A l a  S e r  G l y  V a l  T h r  T h r  L e u  P h e  M e t  G l u  H i s  L e u  C y s  
2 9 0  2 9 5  3 0 0  

A l a  G l u  S e r  H i s  A s p  L y s  A l a  L e u  A s n  A s n  T y r  L e u  S e r  A l a  P r o  L y s  
3 0 5  3 1 0  3  1 5  3 2 0  

G l y  S e r  P r o  M e t  P r o  A l a  A r g  L e u  L y s  A s n  T y r  L e u  A s p  L e u  G l n  S e r  
3 2 5  3 3 0  3 3 5  

G l n  G l y  H i s  G l n  A l a  P r o  G l u  G l u  L e u  H i s  T h r  L y s  T y r  A s n  P h e  T h r  
3 4 0  3 4 5  3 5 0  

T h r  L e u  V a l  G l u  A l a  A l a  L y s  H i s  A l a  G l y  L e u  A r g  V a l  V a l  S e r  L e u  
3 5 5  3 6 0  3 6 5  

A s p  T h r  T h r  S e r  T h r  T y r  M e t  A l a  P r o  G l u  L y s  A l a  G l u  I l e  L y s  A r g  
3 7 0  3 7 5  3 8 0  

A l a  G l n  A l a  M e t  A s n  T y r  T y r  A l a  A l a  G l u  L y s  I l e  A r g  L e u  S e r  L y s  
3 8 5  3 9 0  3 9 5  400  

P r o  G l u  G l y  L y s  T r p  V a l  A l a  P h e  V a l  G l y  A l a  T h r  H i s  A l a  T h r  S e r  
4 0 5  410  4 1 5  

C y s  A s p  G l y  V a l  P r o  G l y  L e u  A l a  G l u  L e u  H i s  G l y  V a l  A r g  S e r  L e u  
420  4 2 5  4 3 0  

V a l  I l e  A s p  A s p  L e u  G l y  L e u  L y s  S e r  A r g  A l a  T h r  V a l  A s p  I l e  A s n  
4 3 5  4 4 0  4 4 5  

V a l  L y s  A s n  T y r  G l y  G l y  L y s  L e u  A s n  P r o  A s p  V a l  A r g  L e u  S e r  T y r  
4 5 0  4 5 5  4 6 0  

L y s  V a l  
4 6 5  

<210>  SEQ I D  NO 2 1  
<211>  LENGTH: 7 2 6  
<212>  TYPE: DNA 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  

<400>  SEQUENCE: 2 1  

a t g c a a a a g a  c g a c c c t a t g  g g c t t t a g c c  t t t g c a a t g t  t g g c a g g g t g  t g g g g t t t c g  6 0  

g g g c c g g c g c  c g g g a a g t g a  t a t t c a g g g t  g c c c a g g c a g  a g a t g a a a a c  a c c c g t t a a a  1 2 0  

c t a a a t c t g g  a t g c c t a c a c  ctcaaaaaaa c t g g a t g c t g  t g c t g g a a g c  c c g c a c c a a c  1 8 0  

a a a a g t t a t a  t g a a t a a a g g  t c a g c t g a t c  g a c c t t g t a t  c a g g a g c g t t  t t t a g g a a c a  2 4 0  



c c g t a c c g c t  c a a a c a t g t t  gg tgggc tca  g c g a a t g t a c  c t g a a c a a t t  a g t c a t c g a c  

t t c a g a g g t c  t g g a t t g t t t  t g c t t a t c t g  g a t t a c g t c g  a a g c g t t t c g  aaga tcaaca  

tcgcagcagg a t t t t g t g a g  g a a t c t c g t t  c a g g t t c g t t  acaagggtgg c g a t g t t g a c  

t t t t t g a a t c  g c a a g c a c t t  t t t c a c g g a t  t g g g c t t a c g  gaacggca ta  c c c t g t g g c g  

g a t g a c a t t a  ccgcgcagat  aagccccggt  gcgg taag tg  t cagaaaacg  c c t t a a t g a a  

agggccaaag g c a a a g t c t a  t c tgccaggg  t t g c c t g t g g  t t g a g c g t a g  c a t g a c g t a t  

a tcccgagcc  g c c t t g t c g a  cag tcagg tg  gtgagccacc tgcgcaccgg t g a t t a c a t t  

g g c a t t t a c a  c c c c c g c t t c  ccgggctgga t g t g a c a c a c  g t c g g t t t c t  t t a t c g t g a c  

gga taa  

<210>  SEQ I D  NO 2 2  
<211>  LENGTH: 2 4 1  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  

<400>  SEQUENCE: 2 2  

Met Gln Lys Thr Thr Leu Trp Ala Leu Ala Phe Ala Met Leu Ala Gly 
1 5 1 0  1 5  

Cys Gly Val S e r  Gly Pro  Ala Pro  Gly S e r  Asp I l e  Gln Gly Ala Gln 
2 0  2 5  3  0  

Ala Glu Met Lys Thr Pro  Val Lys Leu Asn Leu Asp Ala Tyr Thr Ser  
3 5  4  0  4 5  

Lys Lys Leu Asp Ala Val Leu Glu Ala Arg Thr Asn Lys S e r  Tyr Met 
5  0  5  5  60  

Asn Lys Gly Gln Leu I l e  Asp Leu Val S e r  Gly Ala Phe Leu Gly Thr 
6  5  7 0  7  5  8 0  

Pro  Tyr Arg S e r  Asn Met Leu Val Gly S e r  Ala Asn Val Pro  Glu Gln 
8  5  9 0  9 5  

Leu Val I l e  Asp Phe Arg Gly Leu Asp Cys Phe Ala Tyr Leu Asp Tyr 
1 0 0  1 0 5  1 1 0  

Val Glu Ala Phe Arg Arg S e r  Thr S e r  Gln Gln Asp Phe Val Arg Asn 
1 1 5  1 2 0  1 2 5  

Leu Val Gln Val Arg Tyr Lys Gly Gly Asp Val Asp Phe Leu Asn Arg 
1 3 0  1 3 5  1 4 0  

Lys His  Phe Phe Thr Asp Trp Ala Tyr Gly Thr Ala Tyr Pro  Val Ala 
1 4 5  1 5 0  1 5 5  1 6 0  

Asp Asp I l e  Thr Ala Gln I l e  S e r  Pro  Gly Ala Val S e r  Val Arg Lys 
1 6 5  1 7 0  1 7 5  

Arg Leu Asn Glu Arg Ala Lys Gly Lys Val Tyr Leu Pro  Gly Leu Pro  
1 8 0  1 8 5  1 9 0  

Val Val Glu Arg S e r  Met Thr Tyr I l e  Pro  Ser  Arg Leu Val Asp S e r  
1 9 5  2 0 0  2 0 5  

Gln Val Val S e r  His  Leu Arg Thr Gly Asp Tyr I l e  Gly I l e  Tyr Thr 
2 1 0  2  1 5  2 2 0  

Pro  Ala S e r  Arg Ala Gly Cys Asp Thr Arg Arg Phe Leu Tyr Arg Asp 
2 2 5  2 3 0  2 3 5  2 4 0  

<210>  SEQ I D  NO 2 3  
<211>  LENGTH: 417  
<212>  TYPE: DNA 
<213>  ORGANISM: Pseudomonas s y r i n g a e  



<400>  SEQUENCE: 2 3  

a tgcgcgcg t  a t a a a a a c c t  gacggcaaag a tcggcggc t  t t c t g c t t g c  g c t g a c g a t c  

a t t g g c a c t t  c g c t a c c t g c  a t t t g c c g t a  a a c g a t t g t g  a t c t g g a c a a  cgacaacagc 

accggtgcca cg tg tggcgg  caacgacaag g a t c t g g a t a  acgacaacg t  gactgacgcg 

g c a t t t g g c g  gcaacgacaa gga ta tggac  aa tgaccacc  acaccgacgc g g c a t t t g g g  

ggtaacgaca aggacctgga caacga tcac  c a t a c g g a t g  c a g c g t t t g g  cgg taacgac  

a a a g a t c t c g  acaacgacaa caaaaccga t  g c g g c t t t c g  g tggaaa tga  c c g c g a t c t t  

ga taacgaca  acaacaccga c a a c t a c a a c  ggcacgccgt  c t g c c g c t a a  aaag tag  

<210>  SEQ I D  NO 2 4  
<211>  LENGTH: 1 3 8  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  

<400>  SEQUENCE: 2 4  

Met Arg Ala Tyr Lys Asn Leu Thr Ala Lys I l e  Gly Gly Phe Leu Leu 
1 5 1 0  1 5  

Ala Leu Thr I l e  I l e  Gly Thr S e r  Leu Pro  Ala Phe Ala Val Asn Asp 
2 0  2 5  3  0  

Cys Asp Leu Asp Asn Asp Asn S e r  Thr Gly Ala Thr Cys Gly Gly Asn 
3 5  4  0  4 5  

Asp Lys Asp Leu Asp Asn Asp Asn Val Thr Asp Ala Ala Phe Gly Gly 
5  0  5  5  60  

Asn Asp Lys Asp Met Asp Asn Asp His  His  Thr Asp Ala Ala Phe Gly 
6  5  7 0  7  5  8 0  

Gly Asn Asp Lys Asp Leu Asp Asn Asp His  His Thr Asp Ala Ala Phe 
8  5  9 0  9 5  

Gly Gly Asn Asp Lys Asp Leu Asp Asn Asp Asn Lys Thr Asp Ala Ala 
1 0 0  1 0 5  1 1 0  

Phe Gly Gly Asn Asp Arg Asp Leu Asp Asn Asp Asn Asn Thr Asp Asn 
1 1 5  1 2 0  1 2 5  

Tyr Asn Gly Thr Pro  S e r  Ala Ala Lys Lys 
1 3 0  1 3 5  

<210>  SEQ I D  NO 2 5  
<211>  LENGTH: 4 1 1  
<212>  TYPE: DNA 
<213>  ORGANISM: Pseudomonas s y r i n g a e  

<400>  SEQUENCE: 2 5  

a tgaacaaga  t c g t c t a c g t  a a a a g c t t a c  t t c a a a c c c a  t tggggagga  a g t c t c g g t t  

a a a g t a c c t a  caggcgaaat  taaaaagggc t t t t t c g g c g  acaaggaaa t  ca tgaaaaaa  

gagacccagt  ggcagcaaac c g g g t g g t c t  g a t t g t c a g a  t agacgg tga  a c g g c t a t c g  

aaagacg tcg  aagacgcagt  ggcgcaactc  a a t g c t g a c g  g t t a t g a g a t  t c a a a c g g t a  

t t g c c t a t a t  tg tccggggc  t t a t g a t t a t  g c g c t c a a a t  accga tacga  a a t a c g t c a c  

a a t a g a a c t g  aac taagccc  aggagaccag t c c t a t g t c t  t c g g c t a t g g  c t a c a g c t t c  

accgaaggcg t g a c g c t g g t  ggcgaaaaaa t t t c a g t c g t  c t g c a a g c t g  a  

<210>  SEQ I D  NO 2 6  
<211>  LENGTH: 1 3 6  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  



<400>  SEQUENCE: 2 6  

Met Asn Lys I l e  Val Tyr Val Lys Ala Tyr Phe Lys Pro  I l e  Gly Glu 
1 5 1 0  1 5  

Glu Val S e r  Val Lys Val Pro  Thr Gly Glu I l e  Lys Lys Gly Phe Phe 
2 0  2 5  3  0  

Gly Asp Lys Glu I l e  Met Lys Lys Glu Thr Gln Trp Gln Gln Thr Gly 
3 5  4  0  4 5  

Trp S e r  Asp Cys Gln I l e  Asp Gly Glu Arg Leu S e r  Lys Asp Val Glu 
5  0  5  5  60  

Asp Ala Val Ala Gln Leu Asn Ala Asp Gly Tyr Glu I l e  Gln Thr Val 
6  5  7 0  7  5  8 0  

Leu Pro  I l e  Leu S e r  Gly Ala Tyr Asp Tyr Ala Leu Lys Tyr Arg Tyr 
8  5  9 0  9 5  

Glu I l e  Arg His  Asn Arg Thr Glu Leu S e r  Pro Gly Asp Gln S e r  Tyr 
1 0 0  1 0 5  1 1 0  

Val Phe Gly Tyr Gly Tyr S e r  Phe Thr Glu Gly Val Thr Leu Val Ala 
1 1 5  1 2 0  1 2 5  

Lys Lys Phe Gln S e r  S e r  Ala Ser 
1 3 0  1 3 5  

<210>  SEQ I D  NO 2 7  
<211>  LENGTH: 9 7 2  
<212>  TYPE: DNA 
<213>  ORGANISM: Pseudomonas s y r i n g a e  

<400>  SEQUENCE: 2 7  

a t g g g t t g c g  t a t c g t c a a a  a g c a t c t g t c  a t t t c t t c g g  a c a g c t t t c g  c g c a t c a t a t  

a c a a a c t c t c  cagaggcatc  c t c a g t c c a t  caacgagcca ggacgccaag g tgcgg tgag  

c t t caggggc  cccaag tgag  c a g a t t g a t g  c c t t a c c a g c  a g g c g t t a g t  agg tg tggcc  

c g a t g g c c t a  a t c c g c a t t t  taacagggac gatgcgcccc accaga tgga  g ta tggagaa  

t c g t t c t a c c  a taaaagccg  a g a g c t t g g t  gcg tcgg tcg  ccaa tggaga  ga tagaaacg  

t t t c a g g a g c  t c t g g a g t g a  a g c t c g t g a t  t g g a g a g c t t  ccagagcagg c c a a g a t g c t  

c g g c t t t t t a  g t t c a t c g c g  t g a t c c c a a c  t c t t c a c g g g  c g t t t g t t a c  g c c t a t a a c t  

ggacca tacg  a a t t t t t a a a  a g a t a g a t t c  gcaaaccg ta  aagatggaga aaagca taag  

a t g a t g g a t t  t t c t c c c a c a  cagcaa tacg  t t t a g g t t t c  a t g g g a a a a t  tgacgg tgag  

c g a c t t c c t c  t c a c c t g g a t  c t c g a t a a g t  t c t g a t c g t c  gtgccgacag aacaaagga t  

c c t t a c c a a a  gg t tgcgcga  ccaaggca tg  aacga tg tgg  g t g a g c c t a a  t g t g a t g t t g  

cacacccaag c c g a g t a t g t  g c c c a a a a t t  a t g c a a c a t g  t g g a g c a t c t  t t a t a a g g c c  

gc tacgga tg  c t g c a t t g t c  c g a t g c c a a t  gcgctgaaaa aac tcgcaga  g a t a c a t t g g  

tggacgg tac  a a g c t g t t c c  c g a c t t t c g t  ggaagtgcag c t a a g g c t g a  g c t c t g c g t g  

c g c t c c a t t g  cccaggcaag gggcatggac ctgccgccga t g a g a c t c g g  c a t c g t g c c g  

ga tc tggaag  c g c t t a c g a t  g c c t t t g a a a  g a c t t t g t g a  a a a g t t a c g a  a g g g t t c t t c  

g a a c a t a a c t  ga 

<210>  SEQ I D  NO 2 8  
<211>  LENGTH: 3 2 3  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  

<400>  SEQUENCE: 2 8  



M e t  G l y  C y s  V a l  S e r  S e r  L y s  A l a  S e r  V a l  I l e  S e r  S e r  A s p  S e r  P h e  
1 5  1 0  1 5  

A r g  A l a  S e r  T y r  T h r  A s n  S e r  P r o  G l u  A l a  S e r  S e r  V a l  H i s  G l n  A r g  
2 0  2 5  3  0  

A l a  A r g  T h r  P r o  A r g  C y s  G l y  G l u  L e u  G l n  G l y  P r o  G l n  V a l  S e r  A r g  
3 5  4  0  4 5  

L e u  M e t  P r o  T y r  G l n  G l n  A l a  L e u  V a l  G l y  V a l  A l a  A r g  T r p  P r o  A s n  
5  0  5  5  60  

P r o  H i s  P h e  A s n  A r g  A s p  A s p  A l a  P r o  H i s  G l n  M e t  G l u  T y r  G l y  G l u  
6  5  7 0  7  5  8 0  

S e r  P h e  T y r  H i s  L y s  S e r  A r g  G l u  L e u  G l y  A l a  S e r  V a l  A l a  A s n  G l y  
8  5  9 0  9 5  

G l u  I l e  G l u  T h r  P h e  G l n  G l u  L e u  T r p  S e r  G l u  A l a  A r g  A s p  T r p  A r g  
1 0 0  1 0 5  1 1 0  

A l a  S e r  A r g  A l a  G l y  G l n  A s p  A l a  A r g  L e u  P h e  S e r  S e r  S e r  A r g  A s p  
1 1 5  1 2 0  1 2 5  

P r o  A s n  S e r  S e r  A r g  A l a  P h e  V a l  T h r  P r o  I l e  T h r  G l y  P r o  T y r  G l u  
1 3 0  1 3 5  1 4 0  

P h e  L e u  L y s  A s p  A r g  P h e  A l a  A s n  A r g  L y s  A s p  G l y  G l u  L y s  H i s  L y s  
1 4 5  1 5 0  1 5 5  1 6 0  

M e t  M e t  A s p  P h e  L e u  P r o  H i s  S e r  A s n  T h r  P h e  A r g  P h e  H i s  G l y  L y s  
1 6 5  1 7 0  1 7 5  

I l e  A s p  G l y  G l u  A r g  L e u  P r o  L e u  T h r  T r p  I l e  S e r  I l e  S e r  S e r  A s p  
1 8 0  1 8 5  1 9 0  

A r g  A r g  A l a  A s p  A r g  T h r  L y s  A s p  P r o  T y r  G l n  A r g  L e u  A r g  A s p  G l n  
1 9 5  2 0 0  2 0 5  

G l y  M e t  A s n  A s p  V a l  G l y  G l u  P r o  A s n  V a l  M e t  L e u  H i s  T h r  G l n  A l a  
2 1 0  2  1 5  2 2 0  

G l u  T y r  V a l  P r o  L y s  I l e  M e t  G l n  H i s  V a l  G l u  H i s  L e u  T y r  L y s  A l a  
2 2 5  2 3 0  2 3 5  2 4 0  

A l a  T h r  A s p  A l a  A l a  L e u  S e r  A s p  A l a  A s n  A l a  L e u  L y s  L y s  L e u  A l a  
2 4 5  2 5 0  2 5 5  

G l u  I l e  H i s  T r p  T r p  T h r  V a l  G l n  A l a  V a l  P r o  A s p  P h e  A r g  G l y  S e r  
2 6 0  2 6 5  2 7 0  

A l a  A l a  L y s  A l a  G l u  L e u  C y s  V a l  A r g  S e r  I l e  A l a  G l n  A l a  A r g  G l y  
2 7 5  2 8 0  2 8 5  

M e t  A s p  L e u  P r o  P r o  M e t  A r g  L e u  G l y  I l e  V a l  P r o  A s p  L e u  G l u  A l a  
2 9 0  2 9 5  3 0 0  

L e u  T h r  M e t  P r o  L e u  L y s  A s p  P h e  V a l  L y s  S e r  T y r  G l u  G l y  P h e  P h e  
3 0 5  3 1 0  3  1 5  3 2 0  

G l u  H i s  A s n  

<210>  SEQ I D  NO 2 9  
<211>  LENGTH: 1 1 4 9  
<212>  TYPE: DNA 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  

<400>  SEQUENCE: 2 9  

a t g a g a a t t c  a c a g t t c c g g  t c a t g g c a t c  t c c g g a c c a g  t a t c c t c t g c  a g a a a c c g t t  6 0  

g a a a a g g c c g  t g c a a t c a t c  g g c c c a a g c g  c a g a a t g a a g  c g t c t c a c a g  c g g t c c a t c a  1 2 0  

g a a c a t c c t g  a a t c c c g c t c  c t g t c a g g c a  c g c c c g a a c t  a c c c t t a t t c  g t c a g t c a a a  1 8 0  

a c a c g g t t a c  c c c c t g t t g c  g t c t g c a g g g  c a g t c g c t g t  c t g a g a c a c c  c t c t t c a t t g  2 4 0  

c c t g g c t a c c  t g c t g t t a c g  t c g g c t t g a t  c g t c g t c c g c  t g g a c c a g g a  c g c a a t a a a g  3 0 0  



g g g c t t a t t c  c t g c t g a t g a  agcagtgggc gaagcgcgcc gcgcg t tgcc  c t t c g g c a g g  

g g c a a c a t t g  a t g t g g a t g c  gcaacgc tcc  aacc tggaaa  gcggggcccg cacgc tcgcc  

gcaagacgcc tgagaaaaga cgccgagacg gcgggtca tg  agccga tgcc  cgagaacgaa 

g a c a t g a a c t  g g c a t g t g c t  g g t t g c c a t g  t cggg tcagg  t g t t c g g g g c  t g g c a a c t g t  

ggcgaacatg c c c g t a t a g c  g a g c t t t g c c  t a c g g t g c a t  cggctcagga aaaaggacgc 

gc tggcga tg  a a a a t a t t c a  t c t g g c t g c g  cagagcgggg a a g a t c a t g t  c tgggc tgaa  

a c g g a t g a t t  ccagcgctgg c t c t t c g c c t  a t t g t c a t g g  a c c c c t g g t c  a a a c g g t c c t  

g c c g t t t t t g  cagaggacag t c g g t t t g c t  aaagataggc gcgcggtaga gcgaacggat  

t c g t t c a c g c  t t t c a a c c g c  tgccaaagca  g g c a a g a t t a  cacgagagac agccgagaag 

gcgctgaccc aagcgaccag c c g t t t g c a g  c a a c g t c t t g  c t g a t c a g c a  ggcgcaagtc 

t c g c c g g t t g  aagg tgg tcg  c t a t c g g c a a  gaaaac tcgg  t g c t t g a t g a  t g c g t t c g c c  

cgacgagtca g t g a c a t g t t  gaacaa tgcc  gatccacggc g t g c a t t g c a  gg tggaaa tc  

gaggcgtccg g a g t t g c a a t  g t c g c t g g g t  gcccaaggcg t c a a g a c g g t  cg tccgacag  

gcgccaaaag tgg tcaggca  agccagaggc g t c g c a t c t g  c t a a a g g t a t  g t c t c c g c g a  

gcaacc tga  

<210>  SEQ I D  NO 3 0  
<211>  LENGTH: 3 8 2  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  

<400>  SEQUENCE: 3 0  

Met Arg I l e  His  S e r  S e r  Gly His  Gly I l e  Ser  Gly Pro  Val S e r  Ser  
1 5 1 0  1 5  

Ala Glu Thr Val Glu Lys Ala Val Gln S e r  Ser  Ala Gln Ala Gln Asn 
2 0  2 5  3  0  

Glu Ala S e r  His  S e r  Gly Pro  S e r  Glu His  Pro Glu S e r  Arg S e r  Cys 
3 5  4  0  4 5  

Gln Ala Arg Pro  Asn Tyr Pro  Tyr S e r  S e r  Val Lys Thr Arg Leu Pro  
5  0  5  5  60  

Pro  Val Ala S e r  Ala Gly Gln S e r  Leu S e r  Glu Thr Pro  S e r  S e r  Leu 
6  5  7 0  7  5  8 0  

Pro  Gly Tyr Leu Leu Leu Arg Arg Leu Asp Arg Arg Pro  Leu Asp Gln 
8  5  9 0  9 5  

Asp Ala I l e  Lys Gly Leu I l e  Pro  Ala Asp Glu Ala Val Gly Glu Ala 
1 0 0  1 0 5  1 1 0  

Arg Arg Ala Leu Pro  Phe Gly Arg Gly Asn I l e  Asp Val Asp Ala Gln 
1 1 5  1 2 0  1 2 5  

Arg S e r  Asn Leu Glu S e r  Gly Ala Arg Thr Leu Ala Ala Arg Arg Leu 
1 3 0  1 3 5  1 4 0  

Arg Lys Asp Ala Glu Thr Ala Gly His  Glu Pro Met Pro  Glu Asn Glu 
1 4 5  1 5 0  1 5 5  1 6 0  

Asp Met Asn Trp His  Val Leu Val Ala Met Ser  Gly Gln Val Phe Gly 
1 6 5  1 7 0  1 7 5  

Ala Gly Asn Cys Gly Glu His  Ala Arg I l e  Ala S e r  Phe Ala Tyr Gly 
1 8 0  1 8 5  1 9 0  

Ala S e r  Ala Gln Glu Lys Gly Arg Ala Gly Asp Glu Asn I l e  His  Leu 
1 9 5  2 0 0  2 0 5  

Ala Ala Gln S e r  Gly Glu Asp His  Val Trp Ala Glu Thr Asp Asp Ser  



S e r  Ala Gly S e r  S e r  Pro  I l e  Val Met Asp Pro Trp S e r  Asn Gly Pro  
2 2 5  2 3 0  2 3 5  2 4 0  

Ala Val Phe Ala Glu Asp S e r  Arg Phe Ala Lys Asp Arg Arg Ala Val 
2 4 5  2 5 0  2 5 5  

Glu Arg Thr Asp S e r  Phe Thr Leu S e r  Thr Ala Ala Lys Ala Gly Lys 
2 6 0  2 6 5  2 7 0  

I l e  Thr Arg Glu Thr Ala Glu Lys Ala Leu Thr Gln Ala Thr S e r  Arg 
2 7 5  2 8 0  2 8 5  

Leu Gln Gln Arg Leu Ala Asp Gln Gln Ala Gln Val S e r  Pro  Val Glu 
2 9 0  2 9 5  3 0 0  

Gly Gly Arg Tyr Arg Gln Glu Asn S e r  Val Leu Asp Asp Ala Phe Ala 
3 0 5  3 1 0  3  1 5  3 2 0  

Arg Arg Val S e r  Asp Met Leu Asn Asn Ala Asp Pro  Arg Arg Ala Leu 
3 2 5  3 3 0  3 3 5  

Gln Val Glu I l e  Glu Ala S e r  Gly Val Ala Met S e r  Leu Gly Ala Gln 
3 4 0  3 4 5  3 5 0  

Gly Val Lys Thr Val Val Arg Gln Ala Pro  Lys Val Val Arg Gln Ala 
3 5 5  3 6 0  3 6 5  

Arg Gly Val Ala S e r  Ala Lys Gly Met S e r  Pro Arg Ala Thr 
3 7 0  3 7 5  3 8 0  

<210>  SEQ I D  NO 3 1  
<211>  LENGTH: 1 2 3 6  
<212>  TYPE: DNA 
<213>  ORGANISM: Pseudomonas s y r i n g a e  

<400>  SEQUENCE: 3 1  

a t g a a t a t c t  caggtccgaa cagacg tcag  gggactcagg cagagaacac t g a a a g c g c t  

t c g t c a t c a t  c g g t a a c t a a  cccaccgc ta  cagcgtggcg agggcagacg t c t g c g a c g t  

caggatgcgc tgccaacgga t a t c a g a t a c  aacgccaacc agacagcgac a tcaccgcaa  

aacgcgcgcg cggcaggaag a t a t g a a t c a  ggggccagct  ca tccggcgc  g a a t g a t a c t  

ccgcaggctg a a g g t t c a a t  g c c t t c g t c g  t c c g c c c t t t  t a c a a t t t c g  cc tcgccggc  

gggcggaacc a t t c t g a g c t  g g a a a a t t t t  c a t a c t a t g a  t g c t g a a c t c  accgaaagca 

tcacggggag a t g c t a t a c c  tgagaagccc gaagcaa tac  c t a a g c g c c t  actggagaag 

atggaaccga t t a a c c t g g c  c c a g t t a g c t  t t g c g t g a t a  a g g a t c t g c a  t g a a t a t g c c  

g t a a t g g t c t  g t a a c c a a g t  gaaaaagggt  gaaggtccga a c t c c a a t a t  t acgcaagga  

g a t a t c a a g t  t a c t g c c g c t  g t t c g c c a a a  gcggaaaata  caagaaa tcc  c g g c t t g a a t  

c t g c a t a c a t  t c a a a a g t c a  t a a a g a c t g t  taccaggcga t aaaagagca  aaacaggga t  

a t t c a a a a a a  acaagcaa tc  g c t g a g t a t g  c g g g t t g t t t  a c c c c c c a t t  caaaaaga tg  

ccagaccacc a t a t a g c c t t  g g a t a t c c a a  c t g a g a t a c g  gcca tcgacc  g t c g a t t g t c  

g g c t t t g a g t  c t g c c c c t g g  g a a c a t t a t a  ga tgc tgcag  aaagggaaa t  a c t t t c a g c a  

t t a g g c a a c g  t c a a a a t c a a  aa tgg tagga  a a t t t t c t t c  a a t a c t c g a a  a a c t g a c t g c  

a c c a t g t t t g  c g c t t a a t a a  cgccc tgaaa  g c t t t t a a a c  a tcacgaaga  a t a t a c c g c c  

c g t c t g c a c a  atggagaaaa gcagg tgcc t  a tcccggcga c c t t c t t g a a  a c a t g c t c a g  

t c a a a a a g c t  t ag tggagaa  t cacccggaa  aaaga tacca  c c g t c a c t a a  agaccagggc 

g g t c t g c a t a  t g g a a a c g c t  a t t a c a c a g a  a a c c g t g c c t  accgggcgca a c g a t c t g c c  

ggtcagcacg t t a c c t c t a t  t g a a g g t t t c  agaatgcagg aaa taaagag  agcaggtgac 



t t c c t t g c c g  c a a a c a g g g t  c c g g g c c a a g  c c t t g a  1 2 3 6  

<210>  SEQ I D  NO 3 2  
<211>  LENGTH: 4 1 1  
<212>  TYPE: PRT 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  

<400>  SEQUENCE: 3 2  

M e t  A s n  I l e  S e r  G l y  P r o  A s n  A r g  A r g  G l n  G l y  T h r  G l n  A l a  G l u  A s n  
1 5  1 0  1 5  

T h r  G l u  S e r  A l a  S e r  S e r  S e r  S e r  V a l  T h r  A s n  P r o  P r o  L e u  G l n  A r g  
2 0  2 5  3  0  

G l y  G l u  G l y  A r g  A r g  L e u  A r g  A r g  G l n  A s p  A l a  L e u  P r o  T h r  A s p  I l e  
3 5  4  0  4 5  

A r g  T y r  A s n  A l a  A s n  G l n  T h r  A l a  T h r  S e r  P r o  G l n  A s n  A l a  A r g  A l a  
5  0  5  5  60  

A l a  G l y  A r g  T y r  G l u  S e r  G l y  A l a  S e r  S e r  S e r  G l y  A l a  A s n  A s p  T h r  
6  5  7 0  7  5  8 0  

P r o  G l n  A l a  G l u  G l y  S e r  M e t  P r o  S e r  S e r  S e r  A l a  L e u  L e u  G l n  P h e  
8  5  9 0  9 5  

A r g  L e u  A l a  G l y  G l y  A r g  A s n  H i s  S e r  G l u  L e u  G l u  A s n  P h e  H i s  T h r  
1 0 0  1 0 5  1 1 0  

M e t  M e t  L e u  A s n  S e r  P r o  L y s  A l a  S e r  A r g  G l y  A s p  A l a  I l e  P r o  G l u  
1 1 5  1 2 0  1 2 5  

L y s  P r o  G l u  A l a  I l e  P r o  L y s  A r g  L e u  L e u  G l u  L y s  M e t  G l u  P r o  I l e  
1 3 0  1 3 5  1 4 0  

A s n  L e u  A l a  G l n  L e u  A l a  L e u  A r g  A s p  L y s  A s p  L e u  H i s  G l u  T y r  A l a  
1 4 5  1 5 0  1 5 5  1 6 0  

V a l  M e t  V a l  C y s  A s n  G l n  V a l  L y s  L y s  G l y  G l u  G l y  P r o  A s n  S e r  A s n  
1 6 5  1 7 0  1 7 5  

I l e  T h r  G l n  G l y  A s p  I l e  L y s  L e u  L e u  P r o  L e u  P h e  A l a  L y s  A l a  G l u  
1 8 0  1 8 5  1 9 0  

A s n  T h r  A r g  A s n  P r o  G l y  L e u  A s n  L e u  H i s  T h r  P h e  L y s  S e r  H i s  L y s  
1 9 5  2 0 0  2 0 5  

A s p  C y s  T y r  G l n  A l a  I l e  L y s  G l u  G l n  A s n  A r g  A s p  I l e  G l n  L y s  A s n  
2 1 0  2  1 5  2 2 0  

L y s  G l n  S e r  L e u  S e r  M e t  A r g  V a l  V a l  T y r  P r o  P r o  P h e  L y s  L y s  M e t  
2 2 5  2 3 0  2 3 5  2 4 0  

P r o  A s p  H i s  H i s  I l e  A l a  L e u  A s p  I l e  G l n  L e u  A r g  T y r  G l y  H i s  A r g  
2 4 5  2 5 0  2 5 5  

P r o  S e r  I l e  V a l  G l y  P h e  G l u  S e r  A l a  P r o  G l y  A s n  I l e  I l e  A s p  A l a  
2 6 0  2 6 5  2 7 0  

A l a  G l u  A r g  G l u  I l e  L e u  S e r  A l a  L e u  G l y  A s n  V a l  L y s  I l e  L y s  M e t  
2 7 5  2 8 0  2 8 5  

V a l  G l y  A s n  P h e  L e u  G l n  T y r  S e r  L y s  T h r  A s p  C y s  T h r  M e t  P h e  A l a  
2 9 0  2 9 5  3 0 0  

L e u  A s n  A s n  A l a  L e u  L y s  A l a  P h e  L y s  H i s  H i s  G l u  G l u  T y r  T h r  A l a  
3 0 5  3 1 0  3  1 5  3 2 0  

A r g  L e u  H i s  A s n  G l y  G l u  L y s  G l n  V a l  P r o  I l e  P r o  A l a  T h r  P h e  L e u  
3 2 5  3 3 0  3 3 5  

L y s  H i s  A l a  G l n  S e r  L y s  S e r  L e u  V a l  G l u  A s n  H i s  P r o  G l u  L y s  A s p  
3 4 0  3 4 5  3 5 0  

T h r  T h r  V a l  T h r  L y s  A s p  G l n  G l y  G l y  L e u  H i s  M e t  G l u  T h r  L e u  L e u  
3 5 5  3 6 0  3 6 5  



His Arg Asn Arg Ala Tyr Arg Ala Gln Arg Ser  Ala Gly Gln His  Val 
3 7 0  3 7 5  3 8 0  

Thr S e r  I l e  Glu Gly Phe Arg Met Gln Glu I l e  Lys Arg Ala Gly Asp 
3 8 5  3 9 0  3 9 5  400  

Phe Leu Ala Ala Asn Arg Val Arg Ala Lys Pro 
4 0 5  410  

<210>  SEQ I D  NO 3 3  
<211>  LENGTH: 3 6 3  
<212>  TYPE: DNA 
<213>  ORGANISM: Pseudomonas s y r i n g a e  

<400>  SEQUENCE: 3 3  

a tgacgc tgg  a a c g g a t t g a  acagcaaaa t  a c g c t g t t t g  t t t a t c t g t g  cgtgggcacg 

c t t t c t a c t c  cagccagcag c a c a c t t c t g  a g c g a t a t t c  tggccgccaa  c c t c t t t c a t  

t a t g g g t c c a  gcgatggggc ggcc t t cggg  ctggacgaaa a a a a t a a t g a  a g t g c t g c t t  

t t t c a g c g g t  t t g a t c c g t t  a c g g a t t g a t  g a g g a t c a c t  t t g t c a g c g c  c t g c g t t c a g  

a t g a t c g a a g  t g g c g a a a a t  a tggcgggca a a g t t a c t g c  a t g g c c a t t c  t g c t c c g c t c  

g c c t c c t c a a  ccaggctgac gaaagccggt  t t a a t g c t a a  ccatggcggg g a c t a t t c g a  

<210>  SEQ I D  NO 3 4  
<211>  LENGTH: 1 2 0  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  

<400>  SEQUENCE: 3 4  

Met Thr Leu Glu Arg I l e  Glu Gln Gln Asn Thr Leu Phe Val Tyr Leu 
1 5 1 0  1 5  

Cys Val Gly Thr Leu S e r  Thr Pro  Ala S e r  Ser  Thr Leu Leu S e r  Asp 
2 0  2 5  3  0  

I l e  Leu Ala Ala Asn Leu Phe His  Tyr Gly Ser  S e r  Asp Gly Ala Ala 
3 5  4  0  4 5  

Phe Gly Leu Asp Glu Lys Asn Asn Glu Val Leu Leu Phe Gln Arg Phe 
5  0  5  5  60  

Asp Pro  Leu Arg I l e  Asp Glu Asp His  Phe Val S e r  Ala Cys Val Gln 
6  5  7 0  7  5  8 0  

Met I l e  Glu Val Ala Lys I l e  Trp Arg Ala Lys Leu Leu His  Gly His 
8  5  9 0  9 5  

S e r  Ala Pro  Leu Ala S e r  S e r  Thr Arg Leu Thr Lys Ala Gly Leu Met 
1 0 0  1 0 5  1 1 0  

Leu Thr Met Ala Gly Thr I l e  Arg 
1 1 5  1 2 0  

<210>  SEQ I D  NO 3 5  
<211>  LENGTH: 1 1 2 8  
<212>  TYPE: DNA 
<213>  ORGANISM: Pseudomonas s y r i n g a e  

<400>  SEQUENCE: 3 5  

g t g a a c c c t a  t c c a t g c a c g  c t t c t c c a g c  gtagaagcgc t c a g a c a t t c  a a a c g t t g a t  

a t t c a g g c a a  t c a a a t c c g a  g g g t c a g t t g  gaag tcaacg  g c a a g c g t t a  c g a g a t t c g t  

gcggccgctg a c g g c t c a a t  c g c g g t c c t c  agacccga tc  aacag tccaa  agcagacaag 

t t c t t c a a a g  gcgcagcgca t c t t a t t g g c  ggacaaagcc agcg tgccca  aa tagcccag  2 4 0  



g t a c t c a a c g  agaaagcggc g g c a g t t c c a  cgcctggaca g a a t g t t g g g  c a g a c g c t t c  3 0 0  

ga tc tggaga  agggcggaag t a g c g c t g t g  ggcgccgcaa t c a a g g c t g c  cgacagccga 3 6 0  

c t g a c a t c a a  a a c a g a c a t t  t g c c a g c t t c  cagcaatggg c tgaaaaagc  tgaggcgc tc  4 2 0  

gggcgatacc g a a a t c g g t a  t c t a c a t g a t  c tacaagagg  gacacgccag acacaacgcc 4 8 0  

t a t g a a t g c g  gcagagtcaa g a a c a t t a c c  t g g a a a c g c t  a c a g g c t c t c  ga taacaaga  5 4 0  

a a a a c c t t a t  ca tacgcccc  g c a g a t c c a t  ga tga tcggg  aagaggaaga g c t t g a t c t g  6 0 0  

ggccgataca t c g c t g a a g a  cagaaa tgcc  agaaccggct  t t t t t a g a a t  g g t t c c t a a a  6 6 0  

gaccaacgcg cacc tgagac  aaactcggga c g a c t t a c c a  t t g g t g t a g a  a c c t a a a t a t  7 2 0  

ggagcgcagt  t g g c c c t c g c  aa tggcaacc  c t g a t g g a c a  agcacaaa tc  t g t g a c a c a a  7 8 0  

ggtaaag tcg  t cgg tccggc  a a a a t a t g g c  cagcaaac tg  a c t c t g c c a t  t c t t t a c a t a  8 4 0  

a a t g g t g a t c  t t g c a a a a g c  a g t a a a a c t g  ggcgaaaagc t g a a a a a g c t  gagcggta tc  9 0 0  

c c t c c t g a a g  g a t t c g t c g a  aca tacaccg  c t a a g c a t g c  agtcgacggg t c t c g g t c t t  9 6 0  

t c t t a t g c c g  a g t c g g t t g a  agggcagcct  t ccagccacg  gacaggcgag a a c a c a c g t t  1 0 2 0  

a t c a t g g a t g  c c t t g a a a g g  ccagggcccc atggagaaca g a c t c a a a a t  ggcgctggca 1 0 8 0  

gaaagaggct  a tgacccgga aaa tccggcg  ctcagggcgc gaaac tga  1 1 2 8  

<210>  SEQ I D  NO 3 6  
<211>  LENGTH: 3 7 5  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  

<400>  SEQUENCE: 3 6  

Val Asn Pro  I l e  His  Ala Arg Phe S e r  S e r  Val Glu Ala Leu Arg His 
1 5  1 0  1 5  

S e r  Asn Val Asp I l e  Gln Ala I l e  Lys S e r  Glu Gly Gln Leu Glu Val 
2 0  2 5  3  0  

Asn Gly Lys Arg Tyr Glu I l e  Arg Ala Ala Ala Asp Gly S e r  I l e  Ala 
3 5  4  0  4 5  

Val Leu Arg Pro  Asp Gln Gln S e r  Lys Ala Asp Lys Phe Phe Lys Gly 
5  0  5  5  60  

Ala Ala His  Leu I l e  Gly Gly Gln S e r  Gln Arg Ala Gln I l e  Ala Gln 
6  5  7 0  7  5  8 0  

Val Leu Asn Glu Lys Ala Ala Ala Val Pro  Arg Leu Asp Arg Met Leu 
8  5  9 0  9 5  

Gly Arg Arg Phe Asp Leu Glu Lys Gly Gly Ser  S e r  Ala Val Gly Ala 
1 0 0  1 0 5  1 1 0  

Ala I l e  Lys Ala Ala Asp S e r  Arg Leu Thr Ser  Lys Gln Thr Phe Ala 
1 1 5  1 2 0  1 2 5  

S e r  Phe Gln Gln Trp Ala Glu Lys Ala Glu Ala Leu Gly Arg Tyr Arg 
1 3 0  1 3 5  1 4 0  

Asn Arg Tyr Leu His  Asp Leu Gln Glu Gly His Ala Arg His  Asn Ala 
1 4 5  1 5 0  1 5 5  1 6 0  

Tyr Glu Cys Gly Arg Val Lys Asn I l e  Thr Trp Lys Arg Tyr Arg Leu 
1 6 5  1 7 0  1 7 5  

S e r  I l e  Thr Arg Lys Thr Leu S e r  Tyr Ala Pro Gln I l e  His  Asp Asp 
1 8 0  1 8 5  1 9 0  

Arg Glu Glu Glu Glu Leu Asp Leu Gly Arg Tyr I l e  Ala Glu Asp Arg 
1 9 5  2 0 0  2 0 5  

Asn Ala Arg Thr Gly Phe Phe Arg Met Val Pro Lys Asp Gln Arg Ala 



P r o  G l u  T h r  A s n  S e r  G l y  A r g  L e u  T h r  I l e  G l y  V a l  G l u  P r o  L y s  T y r  
2 2 5  2 3 0  2 3 5  2 4 0  

G l y  A l a  G l n  L e u  A l a  L e u  A l a  M e t  A l a  T h r  L e u  M e t  A s p  L y s  H i s  L y s  
2 4 5  2 5 0  2 5 5  

S e r  V a l  T h r  G l n  G l y  L y s  V a l  V a l  G l y  P r o  A l a  L y s  T y r  G l y  G l n  G l n  
2 6 0  2 6 5  2 7 0  

T h r  A s p  S e r  A l a  I l e  L e u  T y r  I l e  A s n  G l y  A s p  L e u  A l a  L y s  A l a  V a l  
2 7 5  2 8 0  2 8 5  

L y s  L e u  G l y  G l u  L y s  L e u  L y s  L y s  L e u  S e r  G l y  I l e  P r o  P r o  G l u  G l y  
2 9 0  2 9 5  3 0 0  

P h e  V a l  G l u  H i s  T h r  P r o  L e u  S e r  M e t  G l n  S e r  T h r  G l y  L e u  G l y  L e u  
3 0 5  3 1 0  3  1 5  3 2 0  

S e r  T y r  A l a  G l u  S e r  V a l  G l u  G l y  G l n  P r o  S e r  S e r  H i s  G l y  G l n  A l a  
3 2 5  3 3 0  3 3 5  

A r g  T h r  H i s  V a l  I l e  M e t  A s p  A l a  L e u  L y s  G l y  G l n  G l y  P r o  M e t  G l u  
3 4 0  3 4 5  3 5 0  

A s n  A r g  L e u  L y s  M e t  A l a  L e u  A l a  G l u  A r g  G l y  T y r  A s p  P r o  G l u  A s n  
3 5 5  3 6 0  3 6 5  

P r o  A l a  L e u  A r g  A l a  A r g  A s n  
3 7 0  3 7 5  

<210>  SEQ I D  NO 3 7  
<211>  LENGTH: 3 3 6  
<212>  TYPE: DNA 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  

<400>  SEQUENCE: 3 7  

a t g g a g a t g c  c c g c c t t g g c  g t t t g a c g a t  a a g g g t g c g t  g c a a c a t g a t  c a t c g a c a a g  6 0  

g c a t t c g c t c  t g a c g c t g t t  g c g c g a c g a c  a c g c a t c a a c  g t t t g t t g c t  g a t t g g t c t g  1 2 0  

c t t g a g c c a c  a c g a g g a t c t  a c c c t t g c a g  c g c c t g t t g g  c t g g c g c t c t  caaccccct t  1 8 0  

g t g a a t g c c g  g c c c c g g c a t  t g g c t g g g a t  g a g c a a a g c g  g c c t g t a c c a  c g c t t a c c a a  2 4 0  

a g c a t c c c g c  g g g a a a a a g t  c a g c g t g g a g  a t g c t g a a g c  t c g a a a t t g c  a g g a t t g g t c  3 0 0  

g a a t g g a t g a  a g t g t t g g c g  a g a a g c c c g c  a c g t g a  3 3 6  

<210>  SEQ I D  NO 3 8  
<211>  LENGTH: 111 
<212>  TYPE: PRT 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  

<400>  SEQUENCE: 3 8  

M e t  G l u  M e t  P r o  A l a  L e u  A l a  P h e  A s p  A s p  L y s  G l y  A l a  C y s  A s n  M e t  
1 5  1 0  1 5  

I l e  I l e  A s p  L y s  A l a  P h e  A l a  L e u  T h r  L e u  L e u  A r g  A s p  A s p  T h r  H i s  
2 0  2 5  3  0  

G l n  A r g  L e u  L e u  L e u  I l e  G l y  L e u  L e u  G l u  P r o  H i s  G l u  A s p  L e u  P r o  
3 5  4  0  4 5  

L e u  G l n  A r g  L e u  L e u  A l a  G l y  A l a  L e u  A s n  P r o  L e u  V a l  A s n  A l a  G l y  
5  0  5  5  60  

P r o  G l y  I l e  G l y  T r p  A s p  G l u  G l n  S e r  G l y  L e u  T y r  H i s  A l a  T y r  G l n  
6  5  7 0  7  5  8 0  

S e r  I l e  P r o  A r g  G l u  L y s  V a l  S e r  V a l  G l u  M e t  L e u  L y s  L e u  G l u  I l e  
8  5  9 0  9 5  

A l a  G l y  L e u  V a l  G l u  T r p  M e t  L y s  C y s  T r p  A r g  G l u  A l a  A r g  T h r  



<210>  SEQ I D  NO 3 9  
<211>  LENGTH: 1 1 4 3  
<212>  TYPE: DNA 
<213>  ORGANISM: Pseudomonas s y r i n g a e  pv. angu la ta  

<400>  SEQUENCE: 3 9  

a t g a g a a t t c  acag tgc tgg  t c a c a g c c t g  cc tgcgccag  g c c c t a g c g t  ggaaaccac t  6 0  

gaaaaggctg t t c a a t c a t c  a tcggcccag  a a c c c c g c t t  c t t a c a g t t c  acaaacagaa 1 2 0  

c g t c c t g a a g  c c g g t t c g a c  t c a a g t g c g a  c t g a a c t a c c  c t t a c t c a t c  ag tcaagaca  1 8 0  

c g c t t g c c a c  c c g t t t c t t c  tacagggcag g c c a t t t c t g  ccacgcca tc  t t c a t t g c c c  2 4 0  

g g t t a c c t g c  t g t t a c g t c g  gctcgaccga c g t c c a c t g g  a tgaagacag  t a t c a a g g c t  3 0 0  

c t g g t t c c g g  cagacgaagc gg tgcg tgaa  gcacgccgcg c g t t g c c c t t  cggcaggggc 3 6 0  

a a c a t t g a t g  t g g a t g c a c a  acg tacccac  c tgcaaagcg  gcgctcgcgc a g t c g c t g c a  4 2 0  

a a g c g c t t g a  gaaaagatgc cgagcgcgct  ggccatgagc cgatgcccgg gaa tga tgag  4 8 0  

a t g a a c t g g c  a t g t t c t t g t  c g c c a t g t c a  gggcaggtgt  t t g g c g c t g g  c a a c t g t g g c  5 4 0  

g a a c a t g c t c  g t a t a g c a a g  c t t c g c t t a c  ggggccctgg c tcaggaaag  cgggcg tag t  6 0 0  

ccccgcgaaa a g a t t c a t t t  ggccgagcag cccggaaaag a t c a c g t c t g  ggctgaaacg 6 6 0  

g a t a a t t c c a  gcgc tggc tc  t t c g c c c a t c  g t c a t g g a c c  c g t g g t c t a a  cggcgcagcc 7 2 0  

a t t t t g g c g g  aggacagccg g t t t g c c a a a  g a t c g c a g t a  cggtagagcg a a c a t a t t c a  7 8 0  

t t c a c c c t t g  caatggcagc tgaagccggc a a g g t t a c g c  g tgaaaccgc  c g a g a a c g t t  8 4 0  

c tgacccaca  cgacaagccg t c t g c a g a a a  c g t c t t g c t g  a t c a g t t g c c  g a a c g t c t c a  9 0 0  

c c g c t t g a a g  gaggccgcta tcagcaggaa aag tcgg tgc  t t g a t g a g g c  g t t c g c c c g a  9 6 0  

cgagtgagcg a c a a g t t g a a  t a g t g a c g a t  ccacggcgtg c g t t g c a g a t  g g a a a t t g a a  1 0 2 0  

g c t g t t g g t g  t t g c a a t g t c  gc tggg tgcc  gaaggcgtca agacggtcgc ccgacaggcg 1 0 8 0  

ccaaaggtgg tcaggcaagc cagaagcgtc g c g t c g t c t a  aaggca tgcc  t ccacgaaga  1 1 4 0  

t a a  1 1 4 3  

<210>  SEQ I D  NO 4 0  
<211>  LENGTH: 3 8 0  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  pv. a n g u l a t a  

<400>  SEQUENCE: 4 0  

Met Arg I l e  His  S e r  Ala Gly His  S e r  Leu Pro Ala Pro  Gly Pro  Ser  
1 5  1 0  1 5  

Val Glu Thr Thr Glu Lys Ala Val Gln S e r  Ser  S e r  Ala Gln Asn Pro  
2 0  2 5  3  0  

Ala S e r  Tyr S e r  S e r  Gln Thr Glu Arg Pro  Glu Ala Gly S e r  Thr Gln 
3 5  4  0  4 5  

Val Arg Leu Asn Tyr Pro  Tyr S e r  S e r  Val Lys Thr Arg Leu Pro  Pro  
5  0  5  5  60  

Val S e r  S e r  Thr Gly Gln Ala I l e  S e r  Ala Thr Pro  S e r  S e r  Leu Pro  
6  5  7 0  7  5  8 0  

Gly Tyr Leu Leu Leu Arg Arg Leu Asp Arg Arg Pro  Leu Asp Glu Asp 
8  5  9 0  9 5  

S e r  I l e  Lys Ala Leu Val Pro  Ala Asp Glu Ala Val Arg Glu Ala Arg 
1 0 0  1 0 5  1 1 0  



Arg Ala Leu Pro  Phe Gly Arg Gly Asn I l e  Asp Val Asp Ala Gln Arg 
1 1 5  1 2 0  1 2 5  

Thr His  Leu Gln S e r  Gly Ala Arg Ala Val Ala Ala Lys Arg Leu Arg 
1 3 0  1 3 5  1 4 0  

Lys Asp Ala Glu Arg Ala Gly His  Glu Pro  Met Pro  Gly Asn Asp Glu 
1 4 5  1 5 0  1 5 5  1 6 0  

Met Asn Trp His  Val Leu Val Ala Met S e r  Gly Gln Val Phe Gly Ala 
1 6 5  1 7 0  1 7 5  

Gly Asn Cys Gly Glu His  Ala Arg I l e  Ala Ser  Phe Ala Tyr Gly Ala 
1 8 0  1 8 5  1 9 0  

Leu Ala Gln Glu S e r  Gly Arg S e r  Pro  Arg Glu Lys I l e  His  Leu Ala 
1 9 5  2 0 0  2 0 5  

Glu Gln Pro  Gly Lys Asp His  Val Trp Ala Glu Thr Asp Asn S e r  S e r  
2 1 0  2  1 5  2 2 0  

Ala Gly S e r  S e r  Pro  I l e  Val Met Asp Pro  Trp S e r  Asn Gly Ala Ala 
2 2 5  2 3 0  2 3 5  2 4 0  

I l e  Leu Ala Glu Asp S e r  Arg Phe Ala Lys Asp Arg S e r  Thr Val Glu 
2 4 5  2 5 0  2 5 5  

Arg Thr Tyr S e r  Phe Thr Leu Ala Met Ala Ala Glu Ala Gly Lys Val 
2 6 0  2 6 5  2 7 0  

Thr Arg Glu Thr Ala Glu Asn Val Leu Thr His Thr Thr S e r  Arg Leu 
2 7 5  2 8 0  2 8 5  

Gln Lys Arg Leu Ala Asp Gln Leu Pro  Asn Val S e r  Pro  Leu Glu Gly 
2 9 0  2 9 5  3 0 0  

Gly Arg Tyr Gln Gln Glu Lys S e r  Val Leu Asp Glu Ala Phe Ala Arg 
3 0 5  3 1 0  3  1 5  3 2 0  

Arg Val S e r  Asp Lys Leu Asn S e r  Asp Asp Pro Arg Arg Ala Leu Gln 
3 2 5  3 3 0  3 3 5  

Met Glu I l e  Glu Ala Val Gly Val Ala Met Ser  Leu Gly Ala Glu Gly 
3 4 0  3 4 5  3 5 0  

Val Lys Thr Val Ala Arg Gln Ala Pro  Lys Val Val Arg Gln Ala Arg 
3 5 5  3 6 0  3 6 5  

S e r  Val Ala S e r  S e r  Lys Gly Met Pro  Pro  Arg Arg 
3 7 0  3 7 5  3 8 0  

<210>  SEQ I D  NO 4 1  
<211>  LENGTH: 1 1 4 3  
<212>  TYPE: DNA 
<213>  ORGANISM: Pseudomonas s y r i n g a e  pv. g lyc inea  

<400>  SEQUENCE: 4 1  

a t g a g a a t t c  acag tgc tgg  t c a c a g c c t g  cccgcgccag g c c c t a g c g t  ggaaaccac t  

gaaaaggctg t t c a a t c a t c  a tcggcccag  a a c c c c g c t t  c t t g c a g t t c  acaaacagaa 

c g t c c t g a a g  c c g g t t c g a c  t c a a g t g c g a  ccgaac tacc  c t t a c t c a t c  ag tcaagaca  

c g c t t g c c a c  c c g t t t c t t c  cacagggcag g c c a t t t c t g  acacgcca tc  t t c a t t g t c c  

g g t t a c c t g c  t g t t a c g t c g  gctcgaccga c g t c c a c t g g  a tgaagacag  t a t c a a g g c t  

c t g g t t c c g g  cagacgaagc g t t g c g t g a a  gcacgccgcg c g t t g c c c t t  cggcaggggc 

a a c a t t g a t g  t g g a t g c a c a  acg tacccac  c tgcaaagcg  gcgctcgcgc a g t c g c t g c a  

a a g c g c t t g a  gaaaagatgc cgagcgcgct  ggccatgagc cga tgcccga  gaa tga tgag  

a t g a a c t g g c  a t g t t c t t g t  c g c c a t g t c a  gggcaggtgt  t t g g c g c t g g  c a a c t g t g g c  

g a a c a t g c t c  g t a t a g c a a g  c t t c g c t t a c  ggggccctgg c tcaggaaag  cgggcg tag t  



ccccgcgaaa a g a t t c a t t t  ggccgagcag cccggaaaag a t c a c g t c t g  ggctgaaacg 6 6 0  

g a t a a t t c c a  gcgc tggc tc  t t c g c c c a t c  g t c a t g g a c c  c g t g g t c t a a  cggcgtagcc 7 2 0  

a t t t t g g c g g  aggacagccg g t t t g c c a a a  ga tcgcag tg  cggtagagcg a a c a t a t t c a  7 8 0  

t t c a c c c t t g  caatggcagc tgaagccggc aagg t tgcgc  g tgaaaccgc  c g a g a a c g t t  8 4 0  

c tgacccaca  cgacaagccg t c t g c a g a a a  c g t c t t g c t g  a t c a g t t g c c  g a a c g t c t c a  9 0 0  

c c g c t t g a a g  gaggccgcta tcagccggaa aag tcgg tgc  t t g a t g a g g c  g t t c g c c c g a  9 6 0  

cgagtgagcg a c a a g t t g a a  t a g t g a c g a t  ccacggcgtg c g t t g c a g a t  g g a a a t t g a a  1 0 2 0  

g c t g t t g g t g  t t g c a a t g t c  gc tggg tgcc  gaaggcgtca agacggtcgc ccgacaggcg 1 0 8 0  

ccaaaggtgg tcaggcaagc cagaagcgtc g c g t c g t c t a  aaggca tgcc  t ccacgaaga  1 1 4 0  

t a a  1 1 4 3  

<210>  SEQ I D  NO 4 2  
<211>  LENGTH: 3 8 0  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  pv. g lyc inea  

<400>  SEQUENCE: 4 2  

Met Arg I l e  His  S e r  Ala Gly His  S e r  Leu Pro Ala Pro  Gly Pro  Ser  
1 5  1 0  1 5  

Val Glu Thr Thr Glu Lys Ala Val Gln S e r  Ser  S e r  Ala Gln Asn Pro  
2 0  2 5  3  0  

Ala S e r  Cys S e r  S e r  Gln Thr Glu Arg Pro  Glu Ala Gly S e r  Thr Gln 
3 5  4  0  4 5  

Val Arg Pro  Asn Tyr Pro  Tyr S e r  S e r  Val Lys Thr Arg Leu Pro  Pro  
5  0  5  5  60  

Val S e r  S e r  Thr Gly Gln Ala I l e  S e r  Asp Thr Pro  S e r  S e r  Leu Ser  
6  5  7 0  7  5  8 0  

Gly Tyr Leu Leu Leu Arg Arg Leu Asp Arg Arg Pro  Leu Asp Glu Asp 
8  5  9 0  9 5  

S e r  I l e  Lys Ala Leu Val Pro  Ala Asp Glu Ala Leu Arg Glu Ala Arg 
1 0 0  1 0 5  1 1 0  

Arg Ala Leu Pro  Phe Gly Arg Gly Asn I l e  Asp Val Asp Ala Gln Arg 
1 1 5  1 2 0  1 2 5  

Thr His  Leu Gln S e r  Gly Ala Arg Ala Val Ala Ala Lys Arg Leu Arg 
1 3 0  1 3 5  1 4 0  

Lys Asp Ala Glu Arg Ala Gly His  Glu Pro  Met Pro  Glu Asn Asp Glu 
1 4 5  1 5 0  1 5 5  1 6 0  

Met Asn Trp His  Val Leu Val Ala Met S e r  Gly Gln Val Phe Gly Ala 
1 6 5  1 7 0  1 7 5  

Gly Asn Cys Gly Glu His  Ala Arg I l e  Ala Ser  Phe Ala Tyr Gly Ala 
1 8 0  1 8 5  1 9 0  

Leu Ala Gln Glu S e r  Gly Arg S e r  Pro  Arg Glu Lys I l e  His  Leu Ala 
1 9 5  2 0 0  2 0 5  

Glu Gln Pro  Gly Lys Asp His  Val Trp Ala Glu Thr Asp Asn S e r  Ser  
2 1 0  2  1 5  2 2 0  

Ala Gly S e r  S e r  Pro  I l e  Val Met Asp Pro  Trp S e r  Asn Gly Val Ala 
2 2 5  2 3 0  2 3 5  2 4 0  

I l e  Leu Ala Glu Asp S e r  Arg Phe Ala Lys Asp Arg S e r  Ala Val Glu 
2 4 5  2 5 0  2 5 5  

Arg Thr Tyr S e r  Phe Thr Leu Ala Met Ala Ala Glu Ala Gly Lys Val 
2 6 0  2 6 5  2 7 0  



Ala Arg Glu Thr Ala Glu Asn Val Leu Thr His Thr Thr S e r  Arg Leu 
275 280 285 

Gln Lys Arg Leu Ala Asp Gln Leu Pro  Asn Val S e r  Pro  Leu Glu Gly 
290 295 300 

Gly Arg Tyr Gln Pro  Glu Lys S e r  Val Leu Asp Glu Ala Phe Ala Arg 
305 310 3  15 320 

Arg Val S e r  Asp Lys Leu Asn S e r  Asp Asp Pro Arg Arg Ala Leu Gln 
325 330 335 

Met Glu I l e  Glu Ala Val Gly Val Ala Met Ser  Leu Gly Ala Glu Gly 
340 345 350 

Val Lys Thr Val Ala Arg Gln Ala Pro  Lys Val Val Arg Gln Ala Arg 
355 360 365 

S e r  Val Ala S e r  S e r  Lys Gly Met Pro  Pro  Arg Arg 
370 375 380 

<210> SEQ I D  NO 43 
<211> LENGTH: 1143 
<212> TYPE: DNA 
<213> ORGANISM: Pseudomonas s y r i n g a e  pv. t a b a c i  

<400> SEQUENCE: 43 

a t g a g a a t t c  acag tgc tgg  t c a c a g c c t g  cc tgcgccag  g c c c t a g c g t  ggaaaccac t  60 

gaaaaggctg t t c a a t c a t c  a tcggcccag  a a c c c c g c t t  c t t g c a g t t c  acaaacagaa 120 

c g t c c t g a a g  c c g g t t c g a c  t c a a g t g c g a  ccgaac tacc  c t t a c t c a t c  ag tcaagaca  180 

c g c t t g c c a c  c c g t t t c t t c  tacagggcag g c c a t t t c t g  acacgcca tc  t t c a t t g c c c  240 

g g t t a c c t g c  t g t t a c g t c g  gctcgaccga c g t c c a c t g g  a tgaagacag  t a t c a a g g c t  300 

c t g g t t c c g g  cagacgaagc gg tgcg tgaa  gcacgccgcg c g t t g c c c t t  cggcaggggc 360 

a a c a t t g a t g  t g g a t g c a c a  acg tacccac  c tgcaaagcg  gcgctcgcgc a g t c g c t g c a  420 

a a g c g c t t g a  gaaaagatgc cgagcgcgct  ggccatgagc cgatgcccgg gaa tga tgag  480 

a t g a a c t g g c  a t g t t c t t g t  c g c c a t g t c a  gggcaggtgt  t t g g c g c t g g  c a a c t g t g g c  540 

g a a c a t g c t c  g t a t a g c a a g  c t t c g c t t a c  ggggccctgg c tcaggaaag  cgggcg tag t  600 

ccccgcgaaa a g a t t c a t t t  ggccgagcag cccggaaaag a t c a c g t c t g  ggctgaaacg 660 

g a t a a t t c c a  gcgc tggc tc  t t c g c c c a t c  g t c a t g g a c c  c g t g g t c t a a  cggcgcagcc 720 

a t t t t g g c g g  aggacagccg g t t t g c c a a a  ga tcgcag tg  cggtagagcg a a c a t a t t c a  780 

t t c a c c c t t g  caatggcagc tgaagccggc a a g g t t a c g c  g t g a a a c t g c  c g a g a a c g t t  840 

c tgacccaca  cgacaagccg t c t g c a g a a a  c g t c t t g c t g  a t c a g t t g c c  g a a c g t c t c a  900 

c c g c t t g a a g  gaggccgcta tcagcaggaa aag tcgg tgc  t t g a t g a g g c  g t t c g c c c g a  960 

cgagtgagcg a c a a g t t g a a  t a g t g a c g a t  ccacggcgtg c g t t g c a g a t  g g a a a t t g a a  1020 

g c t g t t g g t g  t t g c a a t g t c  gc tggg tgcc  gaaggcgtca agacggtcgc ccgacaggcg 1080 

ccaaaggtgg tcaggcaagc cagaagcgtc g c g t c g t c t a  aaggca tgcc  t ccacgaaga  1140 

t a a  1143 

<210> SEQ I D  NO 44 
<211> LENGTH: 380 
<212> TYPE: PRT 
<213> ORGANISM: Pseudomonas s y r i n g a e  pv. t a b a c i  

<400> SEQUENCE: 44 

Met Arg I l e  His  S e r  Ala Gly His  S e r  Leu Pro Ala Pro  Gly Pro  Ser  
1  5  10 15 



V a l  G l u  T h r  T h r  G l u  L y s  A l a  V a l  G l n  S e r  S e r  S e r  A l a  G l n  A s n  P r o  
2 0  2 5  3  0  

A l a  S e r  C y s  S e r  S e r  G l n  T h r  G l u  A r g  P r o  G l u  A l a  G l y  S e r  T h r  G l n  
3 5  4  0  4 5  

V a l  A r g  P r o  A s n  T y r  P r o  T y r  S e r  S e r  V a l  L y s  T h r  A r g  L e u  P r o  P r o  
5  0  5  5  60  

V a l  S e r  S e r  T h r  G l y  G l n  A l a  I l e  S e r  A s p  T h r  P r o  S e r  S e r  L e u  P r o  
6  5  7 0  7  5  8 0  

G l y  T y r  L e u  L e u  L e u  A r g  A r g  L e u  A s p  A r g  A r g  P r o  L e u  A s p  G l u  A s p  
8  5  9 0  9 5  

S e r  I l e  L y s  A l a  L e u  V a l  P r o  A l a  A s p  G l u  A l a  V a l  A r g  G l u  A l a  A r g  
1 0 0  1 0 5  1 1 0  

A r g  A l a  L e u  P r o  P h e  G l y  A r g  G l y  A s n  I l e  A s p  V a l  A s p  A l a  G l n  A r g  
1 1 5  1 2 0  1 2 5  

T h r  H i s  L e u  G l n  S e r  G l y  A l a  A r g  A l a  V a l  A l a  A l a  L y s  A r g  L e u  A r g  
1 3 0  1 3 5  1 4 0  

L y s  A s p  A l a  G l u  A r g  A l a  G l y  H i s  G l u  P r o  M e t  P r o  G l y  A s n  A s p  G l u  
1 4 5  1 5 0  1 5 5  1 6 0  

M e t  A s n  T r p  H i s  V a l  L e u  V a l  A l a  M e t  S e r  G l y  G l n  V a l  P h e  G l y  A l a  
1 6 5  1 7 0  1 7 5  

G l y  A s n  C y s  G l y  G l u  H i s  A l a  A r g  I l e  A l a  S e r  P h e  A l a  T y r  G l y  A l a  
1 8 0  1 8 5  1 9 0  

L e u  A l a  G l n  G l u  S e r  G l y  A r g  S e r  P r o  A r g  G l u  L y s  I l e  H i s  L e u  A l a  
1 9 5  2 0 0  2 0 5  

G l u  G l n  P r o  G l y  L y s  A s p  H i s  V a l  T r p  A l a  G l u  T h r  A s p  A s n  S e r  S e r  
2 1 0  2  1 5  2 2 0  

A l a  G l y  S e r  S e r  P r o  I l e  V a l  M e t  A s p  P r o  T r p  S e r  A s n  G l y  A l a  A l a  
2 2 5  2 3 0  2 3 5  2 4 0  

I l e  L e u  A l a  G l u  A s p  S e r  A r g  P h e  A l a  L y s  A s p  A r g  S e r  A l a  V a l  G l u  
2 4 5  2 5 0  2 5 5  

A r g  T h r  T y r  S e r  P h e  T h r  L e u  A l a  M e t  A l a  A l a  G l u  A l a  G l y  L y s  V a l  
2 6 0  2 6 5  2 7 0  

T h r  A r g  G l u  T h r  A l a  G l u  A s n  V a l  L e u  T h r  H i s  T h r  T h r  S e r  A r g  L e u  
2 7 5  2 8 0  2 8 5  

G l n  L y s  A r g  L e u  A l a  A s p  G l n  L e u  P r o  A s n  V a l  S e r  P r o  L e u  G l u  G l y  
2 9 0  2 9 5  3 0 0  

G l y  A r g  T y r  G l n  G l n  G l u  L y s  S e r  V a l  L e u  A s p  G l u  A l a  P h e  A l a  A r g  
3 0 5  3 1 0  3  1 5  3 2 0  

A r g  V a l  S e r  A s p  L y s  L e u  A s n  S e r  A s p  A s p  P r o  A r g  A r g  A l a  L e u  G l n  
3 2 5  3 3 0  3 3 5  

M e t  G l u  I l e  G l u  A l a  V a l  G l y  V a l  A l a  M e t  S e r  L e u  G l y  A l a  G l u  G l y  
3 4 0  3 4 5  3 5 0  

V a l  L y s  T h r  V a l  A l a  A r g  G l n  A l a  P r o  L y s  V a l  V a l  A r g  G l n  A l a  A r g  
3 5 5  3 6 0  3 6 5  

S e r  V a l  A l a  S e r  S e r  L y s  G l y  M e t  P r o  P r o  A r g  A r g  
3 7 0  3 7 5  3 8 0  

<210>  SEQ I D  NO 4 5  
<211>  LENGTH: 1 1 4 3  
<212>  TYPE: DNA 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  p v .  t a b a c i  

<400>  SEQUENCE: 4 5  

a t g a g a a t t c  a c a g t g c t g g  t c a c a g c c t g  c c t g c g c c a g  g c c c t a g c g t  g g a a a c c a c t  6 0  



gaaaaggctg t t c a a t c a t c  a tcggcccag  a a c c c c g c t t  c t t g c a g t t c  acaaacagaa 

c g t c c t g a a g  c c g g t t c g a c  t c a a g t g c g a  ccgaac tacc  c t t a c t c a t c  ag tcaagaca  

c g c t t g c c a c  c c g t t t c t t c  tacagggcag g c c a t t t c t g  acacgcca tc  t t c a t t g c c c  

g g t t a c c t g c  t g t t a c g t c g  gctcgaccga c g t c c a c t g g  a tgaagacag  t a t c a a g g c t  

c t g g t t c c g g  cagacgaagc gg tgcg tgaa  gcacgccgcg c g t t g c c c t t  cggcaggggc 

a a c a t t g a t g  t g g a t g c a c a  acg tacccac  c tgcaaagcg  gcgctcgcgc a g t c g c t g c a  

a a g c g c t t g a  gaaaagatgc cgagcgcgct  ggccatgagc cgatgcccgg gaa tga tgag  

a t g a a c t g g c  a t g t t c t t g t  c g c c a t g t c a  gggcaggtgt  t t g g c g c t g g  c a a c t g t g g c  

g a a c a t g c t c  g t a t a g c a a g  c t t c g c t t a c  ggggccctgg c tcaggaaag  cgggcg tag t  

ccccgcgaaa a g a t t c a t t t  ggccgagcag cccggaaaag a t c a c g t c t g  ggctgaaacg 

g a t a a t t c c a  gcgc tggc tc  t t c g c c c a t c  g t c a t g g a c c  c g t g g t c t a a  cggcgcagcc 

a t t t t g g c g g  aggacagccg g t t t g c c a a a  ga tcgcag tg  cggtagagcg a a c a t a t t c a  

t t c a c c c t t g  caatggcagc tgaagccggc a a g g t t a c g c  g t g a a a c t g c  c g a g a a c g t t  

c tgacccaca  cgacaagccg t c t g c a g a a a  c g t c t t g c t g  a t c a g t t g c c  g a a c g t c t c a  

c c g c t t g a a g  gaggccgcta tcagcaggaa aag tcgg tgc  t t g a t g a g g c  g t t c g c c c g a  

cgagtgagcg a c a a g t t g a a  t a g t g a c g a t  ccacggcgtg c g t t g c a g a t  g g a a a t t g a a  

g c t g t t g g t g  t t g c a a t g t c  gc tggg tgcc  gaaggcgtca agacggtcgc ccgacaggcg 

ccaaaggtgg tcaggcaagc cagaagcgtc g c g t c g t c t a  aaggca tgcc  t ccacgaaga  

<210>  SEQ I D  NO 4 6  
<211>  LENGTH: 3 8 0  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  pv. t a b a c i  

<400>  SEQUENCE: 4 6  

Met Arg I l e  His  S e r  Ala Gly His  S e r  Leu Pro Ala Pro  Gly Pro  Ser  
1 5 1 0  1 5  

Val Glu Thr Thr Glu Lys Ala Val Gln S e r  Ser  S e r  Ala Gln Asn Pro  
2 0  2 5  3  0  

Ala S e r  Cys S e r  S e r  Gln Thr Glu Arg Pro  Glu Ala Gly S e r  Thr Gln 
3 5  4  0  4 5  

Val Arg Pro  Asn Tyr Pro  Tyr S e r  S e r  Val Lys Thr Arg Leu Pro  Pro  
5  0  5  5  60  

Val S e r  S e r  Thr Gly Gln Ala I l e  S e r  Asp Thr Pro  S e r  S e r  Leu Pro  
6  5  7 0  7  5  8 0  

Gly Tyr Leu Leu Leu Arg Arg Leu Asp Arg Arg Pro  Leu Asp Glu Asp 
8  5  9 0  9 5  

S e r  I l e  Lys Ala Leu Val Pro  Ala Asp Glu Ala Val Arg Glu Ala Arg 
1 0 0  1 0 5  1 1 0  

Arg Ala Leu Pro  Phe Gly Arg Gly Asn I l e  Asp Val Asp Ala Gln Arg 
1 1 5  1 2 0  1 2 5  

Thr His  Leu Gln S e r  Gly Ala Arg Ala Val Ala Ala Lys Arg Leu Arg 
1 3 0  1 3 5  1 4 0  

Lys Asp Ala Glu Arg Ala Gly His  Glu Pro  Met Pro  Gly Asn Asp Glu 
1 4 5  1 5 0  1 5 5  1 6 0  

Met Asn Trp His  Val Leu Val Ala Met S e r  Gly Gln Val Phe Gly Ala 
1 6 5  1 7 0  1 7 5  



Gly Asn Cys Gly Glu His  Ala Arg I l e  Ala Ser  Phe Ala Tyr Gly Ala 
1 8 0  1 8 5  1 9 0  

Leu Ala Gln Glu S e r  Gly Arg S e r  Pro  Arg Glu Lys I l e  His  Leu Ala 
1 9 5  2 0 0  2 0 5  

Glu Gln Pro  Gly Lys Asp His  Val Trp Ala Glu Thr Asp Asn S e r  Ser  
2 1 0  2  1 5  2 2 0  

Ala Gly S e r  S e r  Pro  I l e  Val Met Asp Pro  Trp S e r  Asn Gly Ala Ala 
2 2 5  2 3 0  2 3 5  2 4 0  

I l e  Leu Ala Glu Asp S e r  Arg Phe Ala Lys Asp Arg S e r  Ala Val Glu 
2 4 5  2 5 0  2 5 5  

Arg Thr Tyr S e r  Phe Thr Leu Ala Met Ala Ala Glu Ala Gly Lys Val 
2 6 0  2 6 5  2 7 0  

Thr Arg Glu Thr Ala Glu Asn Val Leu Thr His Thr Thr S e r  Arg Leu 
2 7 5  2 8 0  2 8 5  

Gln Lys Arg Leu Ala Asp Gln Leu Pro  Asn Val S e r  Pro  Leu Glu Gly 
2 9 0  2 9 5  3 0 0  

Gly Arg Tyr Gln Gln Glu Lys S e r  Val Leu Asp Glu Ala Phe Ala Arg 
3 0 5  3 1 0  3  1 5  3 2 0  

Arg Val S e r  Asp Lys Leu Asn S e r  Asp Asp Pro Arg Arg Ala Leu Gln 
3 2 5  3 3 0  3 3 5  

Met Glu I l e  Glu Ala Val Gly Val Ala Met Ser  Leu Gly Ala Glu Gly 
3 4 0  3 4 5  3 5 0  

Val Lys Thr Val Ala Arg Gln Ala Pro  Lys Val Val Arg Gln Ala Arg 
3 5 5  3 6 0  3 6 5  

S e r  Val Ala S e r  S e r  Lys Gly Met Pro  Pro  Arg Arg 
3 7 0  3 7 5  3 8 0  

<210>  SEQ I D  NO 4 7  
<211>  LENGTH: 1 1 4 3  
<212>  TYPE: DNA 
<213>  ORGANISM: Pseudomonas s y r i n g a e  pv. g lyc inea  

<400>  SEQUENCE: 4 7  

a t g a g a a t t c  acag tgc tgg  t c a c a g c c t g  cccgcgccag g c c c t a g c g t  ggaaaccac t  6 0  

gaaaaggctg t t c a a t c a t c  a tcggcccag  a a c c c c g c t t  c t t g c a g t t c  acaaacagaa 1 2 0  

c g t c c t g a a g  c c g g t t c g a c  t c a a g t g c g a  ccgaac tacc  c t t a c t c a t c  ag tcaagaca  1 8 0  

c g c t t g c c a c  c c g t t t c t t c  cacagggcag g c c a t t t c t g  acacgcca tc  t t c a t t g t c c  2 4 0  

g g t t a c c t g c  t g t t a c g t c g  gctcgaccga c g t c c a c t g g  a tgaagacag  t a t c a a g g c t  3 0 0  

c t g g t t c c g g  cagacgaagc g t t g c g t g a a  gcacgccgcg c g t t g c c c t t  cggcaggggc 3 6 0  

a a c a t t g a t g  t g g a t g c a c a  acg tacccac  c tgcaaagcg  gcgctcgcgc a g t c g c t g c a  4 2 0  

a a g c g c t t g a  gaaaagatgc cgagcgcgct  ggccatgagc cga tgcccga  gaa tga tgag  4 8 0  

a t g a a c t g g c  a t g t t c t t g t  c g c c a t g t c a  gggcaggtgt  t t g g c g c t g g  c a a c t g t g g c  5 4 0  

g a a c a t g c t c  g t a t a g c a a g  c t t c g c t t a c  ggggccctgg c tcaggaaag  cgggcg tag t  6 0 0  

ccccgcgaaa a g a t t c a t t t  ggccgagcag cccggaaaag a t c a c g t c t g  ggctgaaacg 6 6 0  

g a t a a t t c c a  gcgc tggc tc  t t c g c c c a t c  g t c a t g g a c c  c g t g g t c t a a  cggcgtagcc 7 2 0  

a t t t t g g c g g  aggacagccg g t t t g c c a a a  ga tcgcag tg  cggtagagcg a a c a t a t t c a  7 8 0  

t t c a c c c t t g  caatggcagc tgaagccggc aagg t tgcgc  g tgaaaccgc  c g a g a a c g t t  8 4 0  

c tgacccaca  cgacaagccg t c t g c a g a a a  c g t c t t g c t g  a t c a g t t g c c  g a a c g t c t c a  9 0 0  

c c g c t t g a a g  gaggccgcta tcagccggaa aag tcgg tgc  t t g a t g a g g c  g t t c g c c c g a  9 6 0  



c g a g t g a g c g  a c a a g t t g a a  t a g t g a c g a t  c c a c g g c g t g  c g t t g c a g a t  g g a a a t t g a a  1 0 2 0  

g c t g t t g g t g  t t g c a a t g t c  g c t g g g t g c c  g a a g g c g t c a  a g a c g g t c g c  c c g a c a g g c g  1 0 8 0  

c c a a a g g t g g  t c a g g c a a g c  c a g a a g c g t c  g c g t c g t c t a  a a g g c a t g c c  t c c a c g a a g a  1 1 4 0  

t a a  1 1 4 3  

<210>  SEQ I D  NO 4 8  
<211>  LENGTH: 3 8 0  
<212>  TYPE: PRT 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  p v .  g l y c i n e a  

<400>  SEQUENCE: 4 8  

M e t  A r g  I l e  H i s  S e r  A l a  G l y  H i s  S e r  L e u  P r o  A l a  P r o  G l y  P r o  S e r  
1 5  1 0  1 5  

V a l  G l u  T h r  T h r  G l u  L y s  A l a  V a l  G l n  S e r  S e r  S e r  A l a  G l n  A s n  P r o  
2 0  2 5  3  0  

A l a  S e r  C y s  S e r  S e r  G l n  T h r  G l u  A r g  P r o  G l u  A l a  G l y  S e r  T h r  G l n  
3 5  4  0  4 5  

V a l  A r g  P r o  A s n  T y r  P r o  T y r  S e r  S e r  V a l  L y s  T h r  A r g  L e u  P r o  P r o  
5  0  5  5  60  

V a l  S e r  S e r  T h r  G l y  G l n  A l a  I l e  S e r  A s p  T h r  P r o  S e r  S e r  L e u  S e r  
6  5  7 0  7  5  8 0  

G l y  T y r  L e u  L e u  L e u  A r g  A r g  L e u  A s p  A r g  A r g  P r o  L e u  A s p  G l u  A s p  
8  5  9 0  9 5  

S e r  I l e  L y s  A l a  L e u  V a l  P r o  A l a  A s p  G l u  A l a  L e u  A r g  G l u  A l a  A r g  
1 0 0  1 0 5  1 1 0  

A r g  A l a  L e u  P r o  P h e  G l y  A r g  G l y  A s n  I l e  A s p  V a l  A s p  A l a  G l n  A r g  
1 1 5  1 2 0  1 2 5  

T h r  H i s  L e u  G l n  S e r  G l y  A l a  A r g  A l a  V a l  A l a  A l a  L y s  A r g  L e u  A r g  
1 3 0  1 3 5  1 4 0  

L y s  A s p  A l a  G l u  A r g  A l a  G l y  H i s  G l u  P r o  M e t  P r o  G l u  A s n  A s p  G l u  
1 4 5  1 5 0  1 5 5  1 6 0  

M e t  A s n  T r p  H i s  V a l  L e u  V a l  A l a  M e t  S e r  G l y  G l n  V a l  P h e  G l y  A l a  
1 6 5  1 7 0  1 7 5  

G l y  A s n  C y s  G l y  G l u  H i s  A l a  A r g  I l e  A l a  S e r  P h e  A l a  T y r  G l y  A l a  
1 8 0  1 8 5  1 9 0  

L e u  A l a  G l n  G l u  S e r  G l y  A r g  S e r  P r o  A r g  G l u  L y s  I l e  H i s  L e u  A l a  
1 9 5  2 0 0  2 0 5  

G l u  G l n  P r o  G l y  L y s  A s p  H i s  V a l  T r p  A l a  G l u  T h r  A s p  A s n  S e r  S e r  
2 1 0  2  1 5  2 2 0  

A l a  G l y  S e r  S e r  P r o  I l e  V a l  M e t  A s p  P r o  T r p  S e r  A s n  G l y  V a l  A l a  
2 2 5  2 3 0  2 3 5  2 4 0  

I l e  L e u  A l a  G l u  A s p  S e r  A r g  P h e  A l a  L y s  A s p  A r g  S e r  A l a  V a l  G l u  
2 4 5  2 5 0  2 5 5  

A r g  T h r  T y r  S e r  P h e  T h r  L e u  A l a  M e t  A l a  A l a  G l u  A l a  G l y  L y s  V a l  
2 6 0  2 6 5  2 7 0  

A l a  A r g  G l u  T h r  A l a  G l u  A s n  V a l  L e u  T h r  H i s  T h r  T h r  S e r  A r g  L e u  
2 7 5  2 8 0  2 8 5  

G l n  L y s  A r g  L e u  A l a  A s p  G l n  L e u  P r o  A s n  V a l  S e r  P r o  L e u  G l u  G l y  
2 9 0  2 9 5  3 0 0  

G l y  A r g  T y r  G l n  P r o  G l u  L y s  S e r  V a l  L e u  A s p  G l u  A l a  P h e  A l a  A r g  
3 0 5  3 1 0  3  1 5  3 2 0  

A r g  V a l  S e r  A s p  L y s  L e u  A s n  S e r  A s p  A s p  P r o  A r g  A r g  A l a  L e u  G l n  
3 2 5  3 3 0  3 3 5  



Met Glu I l e  Glu Ala Val Gly Val Ala Met Ser  Leu Gly Ala Glu Gly 
340 345 350 

Val Lys Thr Val Ala Arg Gln Ala Pro  Lys Val Val Arg Gln Ala Arg 
355 360 365 

S e r  Val Ala S e r  S e r  Lys Gly Met Pro  Pro  Arg Arg 
370 375 380 

<210> SEQ I D  NO 49 
<211> LENGTH: 1143 
<212> TYPE: DNA 
<213> ORGANISM: Pseudomonas s y r i n g a e  pv. p h a s e o l i c o l a  

<400> SEQUENCE: 49 

a t g a g a a t t c  acag tgc tgg  t c a c a g c c t g  cccgcgccag g c c c t a g c g t  ggaaaccac t  60 

gaaaaggctg t t c a a t c a t c  a tcggcccag  a a c c c c g c t t  c t t g c a g t t c  acaaacagaa 120 

c g t c c t g a a g  c c g g t t c g a c  t c a a g t g c g a  ccgaac tacc  c t t a c t c a t c  ag tcaagaca  180 

c g c t t g c c a c  c c g t t t c t t c  cacagggcag g c c a t t t c t g  acacgcca tc  t t c a t t g c c c  240 

g g t t a c c t g c  t g t t a c g t c g  gctcgaccga c g t c c a c t g g  a tgaagacag  t a t c a a g g c t  300 

c t g g t t c c g g  cagacgaagc g t t g c g t g a a  gcacgccgcg c g t t g c c c t t  cggcaggggc 360 

a a c a t t g a t g  t g g a t g c a c a  acg tacccac  c tgcaaagcg  gcgctcgcgc a g t c g c t g c a  420 

a a g c g c t t g a  gaaaagatgc cgagcgcgct  ggccatgagc cga tgcccga  gaa tga tgag  480 

a t g a a c t g g c  a t g t t c t t g t  c g c c a t g t c a  gggcaggtgt  t t g g c g c t g g  c a a c t g t g g c  540 

g a a c a t g c t c  g t a t a g c a a g  c t t c g c t t a c  ggggccctgg c tcaggaaag  cgggcg tag t  600 

ccccgcgaaa a g a t t c a t t t  ggccgagcag cccggaaaag a t c a c g t c t g  ggctgaaacg 660 

g a t a a t t c c a  gcgc tggc tc  t t c g c c c a t c  g t c a t g g a c c  c g t g g t c t a a  cggcgcagcc 720 

a t t t t g g c g g  aggacagccg g t t t g c c a a a  ga tcgcag tg  cggtagagcg a a c a t a t t c a  780 

t t c a c c c t t g  caatggcagc tgaagccggc aagg t tgcgc  g tgaaaccgc  c g a g a a c g t t  840 

c tgacccaca  cgacaagccg t c t g c a g a a g  c g t c t t g c t g  a t c a g t t g c c  g a a c g t c t c a  900 

c c g c t t g a a g  gaggccgcta tcagccggaa aag tcgg tgc  t t g a t g a g g c  g t t c g c c c g a  960 

cgagtgagcg a c a a g t t g a a  t a g t g a c g a t  ccacggcgtg c g t t g c a g a t  g g a a a t t g a a  1020 

g c t g t t g g t g  t t g c a a t g t c  gc tggg tgcc  gaaggcgtca agacggtcgc ccgacaggcg 1080 

ccaaaggtgg tcaggcaagc cagaagcgtc g c g t c g t c t a  aaggca tgcc  t ccacgaaga  1140 

t a a  1143 

<210> SEQ I D  NO 50 
<211> LENGTH: 380 
<212> TYPE: PRT 
<213> ORGANISM: Pseudomonas s y r i n g a e  pv. p h a s e o l i c o l a  

<400> SEQUENCE: 50 

Met Arg I l e  His  S e r  Ala Gly His  S e r  Leu Pro Ala Pro  Gly Pro  S e r  
1  5  10 15 

Val Glu Thr Thr Glu Lys Ala Val Gln S e r  Ser  S e r  Ala Gln Asn Pro  
20 25 3  0  

Ala S e r  Cys S e r  S e r  Gln Thr Glu Arg Pro  Glu Ala Gly S e r  Thr Gln 
35 4  0  45 

Val Arg Pro  Asn Tyr Pro  Tyr S e r  S e r  Val Lys Thr Arg Leu Pro  Pro  
5  0  5  5  60 

Val S e r  S e r  Thr Gly Gln Ala I l e  S e r  Asp Thr Pro  S e r  S e r  Leu Pro  



G l y  T y r  L e u  L e u  L e u  A r g  A r g  L e u  A s p  A r g  A r g  P r o  L e u  A s p  G l u  A s p  
8  5  9 0  9 5  

S e r  I l e  L y s  A l a  L e u  V a l  P r o  A l a  A s p  G l u  A l a  L e u  A r g  G l u  A l a  A r g  
1 0 0  1 0 5  1 1 0  

A r g  A l a  L e u  P r o  P h e  G l y  A r g  G l y  A s n  I l e  A s p  V a l  A s p  A l a  G l n  A r g  
1 1 5  1 2 0  1 2 5  

T h r  H i s  L e u  G l n  S e r  G l y  A l a  A r g  A l a  V a l  A l a  A l a  L y s  A r g  L e u  A r g  
1 3 0  1 3 5  1 4 0  

L y s  A s p  A l a  G l u  A r g  A l a  G l y  H i s  G l u  P r o  M e t  P r o  G l u  A s n  A s p  G l u  
1 4 5  1 5 0  1 5 5  1 6 0  

M e t  A s n  T r p  H i s  V a l  L e u  V a l  A l a  M e t  S e r  G l y  G l n  V a l  P h e  G l y  A l a  
1 6 5  1 7 0  1 7 5  

G l y  A s n  C y s  G l y  G l u  H i s  A l a  A r g  I l e  A l a  S e r  P h e  A l a  T y r  G l y  A l a  
1 8 0  1 8 5  1 9 0  

L e u  A l a  G l n  G l u  S e r  G l y  A r g  S e r  P r o  A r g  G l u  L y s  I l e  H i s  L e u  A l a  
1 9 5  2 0 0  2 0 5  

G l u  G l n  P r o  G l y  L y s  A s p  H i s  V a l  T r p  A l a  G l u  T h r  A s p  A s n  S e r  S e r  
2 1 0  2  1 5  2 2 0  

A l a  G l y  S e r  S e r  P r o  I l e  V a l  M e t  A s p  P r o  T r p  S e r  A s n  G l y  A l a  A l a  
2 2 5  2 3 0  2 3 5  2 4 0  

I l e  L e u  A l a  G l u  A s p  S e r  A r g  P h e  A l a  L y s  A s p  A r g  S e r  A l a  V a l  G l u  
2 4 5  2 5 0  2 5 5  

A r g  T h r  T y r  S e r  P h e  T h r  L e u  A l a  M e t  A l a  A l a  G l u  A l a  G l y  L y s  V a l  
2 6 0  2 6 5  2 7 0  

A l a  A r g  G l u  T h r  A l a  G l u  A s n  V a l  L e u  T h r  H i s  T h r  T h r  S e r  A r g  L e u  
2 7 5  2 8 0  2 8 5  

G l n  L y s  A r g  L e u  A l a  A s p  G l n  L e u  P r o  A s n  V a l  S e r  P r o  L e u  G l u  G l y  
2 9 0  2 9 5  3 0 0  

G l y  A r g  T y r  G l n  P r o  G l u  L y s  S e r  V a l  L e u  A s p  G l u  A l a  P h e  A l a  A r g  
3 0 5  3 1 0  3  1 5  3 2 0  

A r g  V a l  S e r  A s p  L y s  L e u  A s n  S e r  A s p  A s p  P r o  A r g  A r g  A l a  L e u  G l n  
3 2 5  3 3 0  3 3 5  

M e t  G l u  I l e  G l u  A l a  V a l  G l y  V a l  A l a  M e t  S e r  L e u  G l y  A l a  G l u  G l y  
3 4 0  3 4 5  3 5 0  

V a l  L y s  T h r  V a l  A l a  A r g  G l n  A l a  P r o  L y s  V a l  V a l  A r g  G l n  A l a  A r g  
3 5 5  3 6 0  3 6 5  

S e r  V a l  A l a  S e r  S e r  L y s  G l y  M e t  P r o  P r o  A r g  A r g  
3 7 0  3 7 5  3 8 0  

<210>  SEQ I D  NO 5 1  
<211>  LENGTH: 1 1 4 3  
<212>  TYPE: DNA 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  p v .  a n g u l a t a  

<400>  SEQUENCE: 5 1  

a t g a g a a t t c  a c a g t g c t g g  t c a c a g c c t g  c c t g c g c c a g  g c c c t a g c g t  g g a a a c c a c t  6 0  

g a a a a g g c t g  t t c a a t c a t c  a t c g g c c c a g  a a c c c c g c t t  c t t a c a g t t c  a c a a a c a g a a  1 2 0  

c g t c c t g a a g  c c g g t t c g a c  t c a a g t g c g a  c t g a a c t a c c  c t t a c t c a t c  a g t c a a g a c a  1 8 0  

c g c t t g c c a c  c c g t t t c t t c  t a c a g g g c a g  g c c a t t t c t g  c c a c g c c a t c  t t c a t t g c c c  2 4 0  

g g t t a c c t g c  t g t t a c g t c g  g c t c g a c c g a  c g t c c a c t g g  a t g a a g a c a g  t a t c a a g g c t  3 0 0  

c t g g t t c c g g  c a g a c g a a g c  g g t g c g t g a a  g c a c g c c g c g  c g t t g c c c t t  c g g c a g g g g c  3 6 0  



a a c a t t g a t g  t g g a t g c a c a  acg tacccac  c tgcaaagcg  gcgctcgcgc a g t c g c t g c a  4 2 0  

a a g c g c t t g a  gaaaagatgc cgagcgcgct  ggccatgagc cgatgcccgg gaa tga tgag  4 8 0  

a t g a a c t g g c  a t g t t c t t g t  c g c c a t g t c a  gggcaggtgt  t t g g c g c t g g  c a a c t g t g g c  5 4 0  

g a a c a t g c t c  g t a t a g c a a g  c t t c g c t t a c  ggggccctgg c tcaggaaag  cgggcg tag t  6 0 0  

ccccgcgaaa a g a t t c a t t t  ggccgagcag cccggaaaag a t c a c g t c t g  ggctgaaacg 6 6 0  

g a t a a t t c c a  gcgc tggc tc  t t c g c c c a t c  g t c a t g g a c c  c g t g g t c t a a  cggcgcagcc 7 2 0  

a t t t t g g c g g  aggacagccg g t t t g c c a a a  g a t c g c a g t a  cggtagagcg a a c a t a t t c a  7 8 0  

t t c a c c c t t g  caatggcagc tgaagccggc a a g g t t a c g c  g tgaaaccgc  c g a g a a c g t t  8 4 0  

c tgacccaca  cgacaagccg t c t g c a g a a a  c g t c t t g c t g  a t c a g t t g c c  g a a c g t c t c a  9 0 0  

c c g c t t g a a g  gaggccgcta tcagcaggaa aag tcgg tgc  t t g a t g a g g c  g t t c g c c c g a  9 6 0  

cgagtgagcg a c a a g t t g a a  t a g t g a c g a t  ccacggcgtg c g t t g c a g a t  g g a a a t t g a a  1 0 2 0  

g c t g t t g g t g  t t g c a a t g t c  gc tggg tgcc  gaaggcgtca agacggtcgc ccgacaggcg 1 0 8 0  

ccaaaggtgg tcaggcaagc cagaagcgtc g c g t c g t c t a  aaggca tgcc  t ccacgaaga  1 1 4 0  

t a a  1 1 4 3  

<210>  SEQ I D  NO 5 2  
<211>  LENGTH: 3 8 0  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  pv. angu la ta  

<400>  SEQUENCE: 5 2  

Met Arg I l e  His  S e r  Ala Gly His  S e r  Leu Pro Ala Pro  Gly Pro  Ser  
1 5  1 0  1 5  

Val Glu Thr Thr Glu Lys Ala Val Gln S e r  Ser  S e r  Ala Gln Asn Pro  
2 0  2 5  3  0  

Ala S e r  Tyr S e r  S e r  Gln Thr Glu Arg Pro  Glu Ala Gly S e r  Thr Gln 
3 5  4  0  4 5  

Val Arg Leu Asn Tyr Pro  Tyr S e r  S e r  Val Lys Thr Arg Leu Pro  Pro  
5  0  5  5  60  

Val S e r  S e r  Thr Gly Gln Ala I l e  S e r  Ala Thr Pro  S e r  S e r  Leu Pro  
6  5  7 0  7  5  8 0  

Gly Tyr Leu Leu Leu Arg Arg Leu Asp Arg Arg Pro  Leu Asp Glu Asp 
8  5  9 0  9 5  

S e r  I l e  Lys Ala Leu Val Pro  Ala Asp Glu Ala Val Arg Glu Ala Arg 
1 0 0  1 0 5  1 1 0  

Arg Ala Leu Pro  Phe Gly Arg Gly Asn I l e  Asp Val Asp Ala Gln Arg 
1 1 5  1 2 0  1 2 5  

Thr His  Leu Gln S e r  Gly Ala Arg Ala Val Ala Ala Lys Arg Leu Arg 
1 3 0  1 3 5  1 4 0  

Lys Asp Ala Glu Arg Ala Gly His  Glu Pro  Met Pro  Gly Asn Asp Glu 
1 4 5  1 5 0  1 5 5  1 6 0  

Met Asn Trp His  Val Leu Val Ala Met S e r  Gly Gln Val Phe Gly Ala 
1 6 5  1 7 0  1 7 5  

Gly Asn Cys Gly Glu His  Ala Arg I l e  Ala Ser  Phe Ala Tyr Gly Ala 
1 8 0  1 8 5  1 9 0  

Leu Ala Gln Glu S e r  Gly Arg S e r  Pro  Arg Glu Lys I l e  His  Leu Ala 
1 9 5  2 0 0  2 0 5  

Glu Gln Pro  Gly Lys Asp His  Val Trp Ala Glu Thr Asp Asn S e r  S e r  
2 1 0  2  1 5  2 2 0  

Ala Gly S e r  S e r  Pro  I l e  Val Met Asp Pro  Trp S e r  Asn Gly Ala Ala 



I l e  Leu Ala Glu Asp S e r  Arg Phe Ala Lys Asp Arg S e r  Thr Val Glu 
245 250 255 

Arg Thr Tyr S e r  Phe Thr Leu Ala Met Ala Ala Glu Ala Gly Lys Val 
260 265 270 

Thr Arg Glu Thr Ala Glu Asn Val Leu Thr His Thr Thr S e r  Arg Leu 
275 280 285 

Gln Lys Arg Leu Ala Asp Gln Leu Pro  Asn Val S e r  Pro  Leu Glu Gly 
290 295 300 

Gly Arg Tyr Gln Gln Glu Lys S e r  Val Leu Asp Glu Ala Phe Ala Arg 
305 310 3  15 320 

Arg Val S e r  Asp Lys Leu Asn S e r  Asp Asp Pro Arg Arg Ala Leu Gln 
325 330 335 

Met Glu I l e  Glu Ala Val Gly Val Ala Met Ser  Leu Gly Ala Glu Gly 
340 345 350 

Val Lys Thr Val Ala Arg Gln Ala Pro  Lys Val Val Arg Gln Ala Arg 
355 360 365 

S e r  Val Ala S e r  S e r  Lys Gly Met Pro  Pro  Arg Arg 
370 375 380 

<210> SEQ I D  NO 53 
<211> LENGTH: 1155 
<212> TYPE: DNA 
<213> ORGANISM: Pseudomonas s y r i n g a e  pv. d e l p h i n i i  

<400> SEQUENCE: 53 

a t g a a a a t a c  a t a a c g c t g g  c c c a a g c a t t  ccga tgcccg  c t c c a t c g a t  tgagagcgc t  60 

ggcaagactg c g c a a t c a t c  a t t g g c t c a a  ccgcagagcc aacgagccac c c c c g t c t c g  120 

cca tcagaga  c t t c t g a t g c  c c g t c c g t c c  a g t g t g c g t a  cgaac taccc  t t a t t c a t c a  180 

g tcaaaacac  g g t t g c c t c c  c g t t g c g t c t  gcagggcagc c a c t g t c c g g  g a t g c c g t c t  240 

t c a t t a c c c g  g c t a c t t g c t  g t t a c g t c g g  c t t g a c c a t c  g t c c a c t g g a  t c a a g a c g g t  300 

a t c a a a g g t t  t g a t t c c a g c  agatgaagcg g tggg tgaag  cacg tcgcgc  g t t g c c t t t c  360 

ggcaggggca a t a t c g a c g t  ggatgcgcaa c g c t c c a a c t  tggaaagcgg agcccgcaca 420 

c t c g c g g c t a  g g c g t t t g a g  aaaaga tgcc  gaggccgcgg g tcacgaacc  a a t g c c t g c a  480 

a a t g a a g a t a  t g a a c t g g c a  t g t t c t t g t t  gcga tg tcag  g a c a g g t t t t  tggcgcaggt  540 

aactgcgggg aaca tgcccg  c a t a g c g a g t  t t c g c c t a c g  g tgcac tggc  t caggaaaaa  600 

gggcggaacg ccgatgagac t a t t c a t t t g  gctgcgcaac gcggtaaaga c c a c g t c t g g  660 

gctgaaacgg a c a a t t c a a g  c g c t g g a t c t  t c a c c g g t t g  t c a t g g a t c c  g tgg tcgaac  720 

g g t c c t g c c a  t t t t t g c g g a  gga tag tcgg  t t t g c c a a a g  a t c g a a g t a c  ggtagaacga 780 

a c g g a t t c c t  t c a c g c t t g c  a a c t g c t g c t  gaagcaggca aga tcacgcg  agagacggcc 840 

g a g a a t g c t t  tgacacaggc gaccagccgt  t t g c a g a a a c  g t c t t g c t g a  t cagaaaacg  900 

c a a g t c t c g c  cgc t tgcagg  agggcgc ta t  cggcaagaaa a t t c g g t g c t  t g a t g a c g c g  960 

t t c g c c c g a c  gggcaagtgg c a a g t t g a g c  aacaagga tc  cgcggcatgc a t t a c a g g t g  1020 

gaaatcgagg cggccgcagt  t g c a a t g t c g  ctgggcgccc aaggcg taaa  agcgg t tgcg  1080 

gaacaggccc ggacgg tag t  tgaacaagcc  aggaaggtcg c a t c t c c c c a  aggcacgcc t  1140 

cagcgagata c g t g a  1155 

<210> SEQ I D  NO 54 



<211>  LENGTH: 3 8 4  
<212>  TYPE: PRT 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  p v .  d e l p h i n i i  

<400>  SEQUENCE: 5 4  

M e t  L y s  I l e  H i s  A s n  A l a  G l y  P r o  S e r  I l e  P r o  M e t  P r o  A l a  P r o  S e r  
1 5  1 0  1 5  

I l e  G l u  S e r  A l a  G l y  L y s  T h r  A l a  G l n  S e r  S e r  L e u  A l a  G l n  P r o  G l n  
2 0  2 5  3  0  

S e r  G l n  A r g  A l a  T h r  P r o  V a l  S e r  P r o  S e r  G l u  T h r  S e r  A s p  A l a  A r g  
3 5  4  0  4 5  

P r o  S e r  S e r  V a l  A r g  T h r  A s n  T y r  P r o  T y r  S e r  S e r  V a l  L y s  T h r  A r g  
5  0  5  5  60  

L e u  P r o  P r o  V a l  A l a  S e r  A l a  G l y  G l n  P r o  L e u  S e r  G l y  M e t  P r o  S e r  
6  5  7 0  7  5  8 0  

S e r  L e u  P r o  G l y  T y r  L e u  L e u  L e u  A r g  A r g  L e u  A s p  H i s  A r g  P r o  L e u  
8  5  9 0  9 5  

A s p  G l n  A s p  G l y  I l e  L y s  G l y  L e u  I l e  P r o  A l a  A s p  G l u  A l a  V a l  G l y  
1 0 0  1 0 5  1 1 0  

G l u  A l a  A r g  A r g  A l a  L e u  P r o  P h e  G l y  A r g  G l y  A s n  I l e  A s p  V a l  A s p  
1 1 5  1 2 0  1 2 5  

A l a  G l n  A r g  S e r  A s n  L e u  G l u  S e r  G l y  A l a  A r g  T h r  L e u  A l a  A l a  A r g  
1 3 0  1 3 5  1 4 0  

A r g  L e u  A r g  L y s  A s p  A l a  G l u  A l a  A l a  G l y  H i s  G l u  P r o  M e t  P r o  A l a  
1 4 5  1 5 0  1 5 5  1 6 0  

A s n  G l u  A s p  M e t  A s n  T r p  H i s  V a l  L e u  V a l  A l a  M e t  S e r  G l y  G l n  V a l  
1 6 5  1 7 0  1 7 5  

P h e  G l y  A l a  G l y  A s n  C y s  G l y  G l u  H i s  A l a  A r g  I l e  A l a  S e r  P h e  A l a  
1 8 0  1 8 5  1 9 0  

T y r  G l y  A l a  L e u  A l a  G l n  G l u  L y s  G l y  A r g  A s n  A l a  A s p  G l u  T h r  I l e  
1 9 5  2 0 0  2 0 5  

H i s  L e u  A l a  A l a  G l n  A r g  G l y  L y s  A s p  H i s  V a l  T r p  A l a  G l u  T h r  A s p  
2 1 0  2  1 5  2 2 0  

A s n  S e r  S e r  A l a  G l y  S e r  S e r  P r o  V a l  V a l  M e t  A s p  P r o  T r p  S e r  A s n  
2 2 5  2 3 0  2 3 5  2 4 0  

G l y  P r o  A l a  I l e  P h e  A l a  G l u  A s p  S e r  A r g  P h e  A l a  L y s  A s p  A r g  S e r  
2 4 5  2 5 0  2 5 5  

T h r  V a l  G l u  A r g  T h r  A s p  S e r  P h e  T h r  L e u  A l a  T h r  A l a  A l a  G l u  A l a  
2 6 0  2 6 5  2 7 0  

G l y  L y s  I l e  T h r  A r g  G l u  T h r  A l a  G l u  A s n  A l a  L e u  T h r  G l n  A l a  T h r  
2 7 5  2 8 0  2 8 5  

S e r  A r g  L e u  G l n  L y s  A r g  L e u  A l a  A s p  G l n  L y s  T h r  G l n  V a l  S e r  P r o  
2 9 0  2 9 5  3 0 0  

L e u  A l a  G l y  G l y  A r g  T y r  A r g  G l n  G l u  A s n  S e r  V a l  L e u  A s p  A s p  A l a  
3 0 5  3 1 0  3  1 5  3 2 0  

P h e  A l a  A r g  A r g  A l a  S e r  G l y  L y s  L e u  S e r  A s n  L y s  A s p  P r o  A r g  H i s  
3 2 5  3 3 0  3 3 5  

A l a  L e u  G l n  V a l  G l u  I l e  G l u  A l a  A l a  A l a  V a l  A l a  M e t  S e r  L e u  G l y  
3 4 0  3 4 5  3 5 0  

A l a  G l n  G l y  V a l  L y s  A l a  V a l  A l a  G l u  G l n  A l a  A r g  T h r  V a l  V a l  G l u  
3 5 5  3 6 0  3 6 5  

G l n  A l a  A r g  L y s  V a l  A l a  S e r  P r o  G l n  G l y  T h r  P r o  G l n  A r g  A s p  T h r  
3 7 0  3 7 5  3 8 0  



<210>  SEQ I D  NO 5 5  
<211>  LENGTH: 9 5 1  
<212>  TYPE: DNA 
<213>  ORGANISM: Pseudomonas s y r i n g a e  pv. d e l p h i n i i  

<400>  SEQUENCE: 5 5  

g t g g t t g a g c  gaaccggcac t g c a t a t c g a  aggcgtggag c a g c c t g c t c  g c g t a t c a c g  

agccaaaa tc  aggtccgacg a c g c t t t g g a  a t t a c g g t g a  a t c a g a t g c a  aaagacg tcc  

c t a t t g g c t t  t g g c c t t t g c  a a t c c t g g c a  gggtgtgggg g t t cggggca  ggcgccgggg 

a g t g a t a t t c  agggtgccca ggcagagatg aaaacaccca t t a a a g t a g a  t c t g g a t g c c  

t a c a c c t c a a  a a a a a c t t g a  t g c t g t g t t g  gaagctcggg c c a a t a a a a g  c t a t g t g a a t  

aaagg tcaac  t g a t c g a c c t  t g t g t c a g g g  g c g t t t t t g g  gaacaccg ta  ccgc tcaaac  

a t g t t g g t g g  gcacagagga a a t a c c t g a a  c a g t t a g t c a  t c g a c t t t a g  a g g t c t g g a t  

t g t t t t g c t t  a t c t g g a t t a  cgtagaggcg t t g c g a a g a t  caaca tcgca  g c a g g a t t t t  

g tgaggaa tc  t c g t t c a g g t  t c g t t a c a a g  g g t g g t g a t g  t t g a c t t t t t  gaa tcgcaag  

c a c t t t t t c a  cgga t tgggc  t t a t g g c a c t  acacacccgg tggcgga tga  c a t c a c c a c g  

caga taagcc  ccgg tgcgg t  a a g t g t c a g a  a a a c g c c t t a  atgaaagggc caaaggcaaa 

g t c t a t c t g c  c a g g t t t g c c  t g t g g t t g a g  cgcagcatga c c t a t a t c c c  g a g c c g c c t t  

g t c g a c a g t c  agg tgg taag  c c a c t t g c g c  a c a g g t g a t t  a c a t c g g c a t  t t a c a c c c c g  

c t t c c c g g g c  t g g a t g t g a c  gcacg tcgg t  t t c t t t a t c a  t g a c g g a t a a  a g g c c c t g t c  

t t g c g a a a t g  c a t c t t c a c g  aaaagaaaac agaaaggtaa t g g a t t t g c c  t t t t c t g g a c  

t a t g t a t c g g  aaaagccagg g a t t g t t g t t  t t c a g g g c a a  a a g a c a a t t g  a  

<210>  SEQ I D  NO 5 6  
<211>  LENGTH: 3 1 6  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  pv. d e l p h i n i i  

<400>  SEQUENCE: 5 6  

Val Val Glu Arg Thr Gly Thr Ala Tyr Arg Arg Arg Gly Ala Ala Cys 
1 5 1 0  1 5  

S e r  Arg I l e  Thr S e r  Gln Asn Gln Val Arg Arg Arg Phe Gly I l e  Thr 
2 0  2 5  3  0  

Val Asn Gln Met Gln Lys Thr S e r  Leu Leu Ala Leu Ala Phe Ala I l e  
3 5  4  0  4 5  

Leu Ala Gly Cys Gly Gly S e r  Gly Gln Ala Pro Gly S e r  Asp I l e  Gln 
5  0  5  5  60  

Gly Ala Gln Ala Glu Met Lys Thr Pro  I l e  Lys Val Asp Leu Asp Ala 
6  5  7 0  7  5  8 0  

Tyr Thr S e r  Lys Lys Leu Asp Ala Val Leu Glu Ala Arg Ala Asn Lys 
8  5  9 0  9 5  

S e r  Tyr Val Asn Lys Gly Gln Leu I l e  Asp Leu Val S e r  Gly Ala Phe 
1 0 0  1 0 5  1 1 0  

Leu Gly Thr Pro  Tyr Arg S e r  Asn Met Leu Val Gly Thr Glu Glu I l e  
1 1 5  1 2 0  1 2 5  

Pro  Glu Gln Leu Val I l e  Asp Phe Arg Gly Leu Asp Cys Phe Ala Tyr 
1 3 0  1 3 5  1 4 0  

Leu Asp Tyr Val Glu Ala Leu Arg Arg S e r  Thr S e r  Gln Gln Asp Phe 
1 4 5  1 5 0  1 5 5  1 6 0  

Val Arg Asn Leu Val Gln Val Arg Tyr Lys Gly Gly Asp Val Asp Phe 
1 6 5  1 7 0  1 7 5  



L e u  A s n  A r g  L y s  H i s  P h e  P h e  T h r  A s p  T r p  A l a  T y r  G l y  T h r  T h r  H i s  
1 8 0  1 8 5  1 9 0  

P r o  V a l  A l a  A s p  A s p  I l e  T h r  T h r  G l n  I l e  S e r  P r o  G l y  A l a  V a l  S e r  
1 9 5  2 0 0  2 0 5  

V a l  A r g  L y s  A r g  L e u  A s n  G l u  A r g  A l a  L y s  G l y  L y s  V a l  T y r  L e u  P r o  
2 1 0  2  1 5  2 2 0  

G l y  L e u  P r o  V a l  V a l  G l u  A r g  S e r  M e t  T h r  T y r  I l e  P r o  S e r  A r g  L e u  
2 2 5  2 3 0  2 3 5  2 4 0  

V a l  A s p  S e r  G l n  V a l  V a l  S e r  H i s  L e u  A r g  T h r  G l y  A s p  T y r  I l e  G l y  
2 4 5  2 5 0  2 5 5  

I l e  T y r  T h r  P r o  L e u  P r o  G l y  L e u  A s p  V a l  T h r  H i s  V a l  G l y  P h e  P h e  
2 6 0  2 6 5  2 7 0  

I l e  M e t  T h r  A s p  L y s  G l y  P r o  V a l  L e u  A r g  A s n  A l a  S e r  S e r  A r g  L y s  
2 7 5  2 8 0  2 8 5  

G l u  A s n  A r g  L y s  V a l  M e t  A s p  L e u  P r o  P h e  L e u  A s p  T y r  V a l  S e r  G l u  
2 9 0  2 9 5  3 0 0  

L y s  P r o  G l y  I l e  V a l  V a l  P h e  A r g  A l a  L y s  A s p  A s n  
3 0 5  3 1 0  3  1 5  

<210>  SEQ I D  NO 5 7  
<211>  LENGTH: 3 9 6  
<212>  TYPE: DNA 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  p v .  d e l p h i n i i  

<400>  SEQUENCE: 5 7  

a t g a a a a a c t  c a t t t g a t c t  t c t t g t c g a c  g g t t t g g c g a  a a g a c t a c a g  c a t g c c g a a t  6 0  

t t g c c g a a c a  a g a a a c a c g a  c a a t g a a g t c  t a t t g c t t c a  c a t t c c a g a g  c g g g c t c g a a  1 2 0  

g t a a a c a t t t  a t c a g g a c g a  c t g t c g a t g g  g t g c a t t t c t  c c g c c a c a a t  c g g a c a a t t t  1 8 0  

c a a g a c g c c a  g c a a t g a c a c  g c t c a g c c a c  g c a c t t c a a c  t g a a c a a t t t  c a g t c t t g g a  2 4 0  

a a g c c c t t c t  t c a c c t t t g g  a a t g a a c g g a  g a a a a g g t c g  g c g t a c t t c a  c a c a c g c g t t  3 0 0  

c c g t t g a t t g  a a a t g a a t a c  c g t t g a a a t g  c g c a a g g t a t  t c g a g g a c t t  g c t c g a t g t a  3 6 0  

g c a g g c g g c a  t c a g a g c g a c  a t t c a a g c t c  a g t t a a  3 9 6  

<210>  SEQ I D  NO 5 8  
<211>  LENGTH: 1 3 1  
<212>  TYPE: PRT 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  p v .  d e l p h i n i i  

<400>  SEQUENCE: 5 8  

M e t  L y s  A s n  S e r  P h e  A s p  L e u  L e u  V a l  A s p  G l y  L e u  A l a  L y s  A s p  T y r  
1 5 1 0  1 5  

S e r  M e t  P r o  A s n  L e u  P r o  A s n  L y s  L y s  H i s  A s p  A s n  G l u  V a l  T y r  C y s  
2 0  2 5  3  0  

P h e  T h r  P h e  G l n  S e r  G l y  L e u  G l u  V a l  A s n  I l e  T y r  G l n  A s p  A s p  C y s  
3 5  4  0  4 5  

A r g  T r p  V a l  H i s  P h e  S e r  A l a  T h r  I l e  G l y  G l n  P h e  G l n  A s p  A l a  S e r  
5  0  5  5  60  

A s n  A s p  T h r  L e u  S e r  H i s  A l a  L e u  G l n  L e u  A s n  A s n  P h e  S e r  L e u  G l y  
6  5  7 0  7  5  8 0  

L y s  P r o  P h e  P h e  T h r  P h e  G l y  M e t  A s n  G l y  G l u  L y s  V a l  G l y  V a l  L e u  
8  5  9 0  9 5  

H i s  T h r  A r g  V a l  P r o  L e u  I l e  G l u  M e t  A s n  T h r  V a l  G l u  M e t  A r g  L y s  
1 0 0  1 0 5  1 1 0  



Val Phe Glu Asp Leu Leu Asp Val Ala Gly Gly I l e  Arg Ala Thr Phe 
1 1 5  1 2 0  1 2 5  

Lys Leu S e r  
1 3 0  

<210>  SEQ I D  NO 5 9  
<211>  LENGTH: 6 4 8  
<212>  TYPE: DNA 
<213>  ORGANISM: Pseudomonas s y r i n g a e  pv. d e l p h i n i i  

<400>  SEQUENCE: 5 9  

a t g a g t a c t a  t a c c t g g c a c  c tcgggcgc t  c a c c c g a t t t  a t a g c t c a a t  t t c c a g c c c a  6 0  

c g a a a t a t g t  c t g g c t c g c c  cacaccgag t  c a c c g t a t t g  gcggggaaac c c t g a c c t c t  1 2 0  

a t t c a t c a g c  t c t c t g c c a g  ccagagagaa c a a t t t c t g a  a t a c t c a t g a  cccca tgaga  1 8 0  

aaac tcagga  t t a a c a a t g a  t a c g c c a c t g  t acagaacaa  ccgagaagcg t t t t a t a c a g  2 4 0  

gaaggcaaac tggccggcaa t c c a a a g t c t  a t t g c a c g t g  t c a a c t t g c a  cgaagaac tg  3 0 0  

c a g c t t a a t c  cgc tcgccag  t a t t t t a g g g  a a c t t a c c t c  acgaggcaag c g c t t a c t t t  3 6 0  

ccgaaaagcg cccgcgctgc g g a t c t g a a a  g a c c c t t c a t  t g a a t g t a a t  g a c a g g c t c t  4 2 0  

cgggcaaaaa a t g c t a t t c g  c g g c t a c g c t  ca tgacgacc  a t g t g g c g g t  caaga tgcga  4 8 0  

c tgggcgac t  t t c t t g a a a a  aggcggcaag g tg tacgcgg  a c a c t t c a t c  a g t c a t t g a c  5 4 0  

ggcggagacg aggcgagcgc g c t g a t c g t t  a c a t t g c c t a  aaggacaaaa a g t t c c a g t c  6 0 0  

g a g a t t a t c c  c t a c c c a t a a  cgacaacagc aa taaaggca  gaggctga 6 4 8  

<210>  SEQ I D  NO 6 0  
<211>  LENGTH: 2 1 5  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  pv. d e l p h i n i i  

<400>  SEQUENCE: 6 0  

Met S e r  Thr I l e  Pro  Gly Thr S e r  Gly Ala His Pro  I l e  Tyr S e r  S e r  
1 5 1 0  1 5  

I l e  S e r  S e r  Pro  Arg Asn Met S e r  Gly S e r  Pro Thr Pro  S e r  His  Arg 
2 0  2 5  3  0  

I l e  Gly Gly Glu Thr Leu Thr S e r  I l e  His  Gln Leu S e r  Ala S e r  Gln 
3 5  4  0  4 5  

Arg Glu Gln Phe Leu Asn Thr His  Asp Pro  Met Arg Lys Leu Arg I l e  
5  0  5  5  60  

Asn Asn Asp Thr Pro  Leu Tyr Arg Thr Thr Glu Lys Arg Phe I l e  Gln 
6  5  7 0  7  5  8 0  

Glu Gly Lys Leu Ala Gly Asn Pro  Lys S e r  I l e  Ala Arg Val Asn Leu 
8  5  9 0  9 5  

His Glu Glu Leu Gln Leu Asn Pro  Leu Ala Ser  I l e  Leu Gly Asn Leu 
1 0 0  1 0 5  1 1 0  

Pro  His  Glu Ala S e r  Ala Tyr Phe Pro  Lys Ser  Ala Arg Ala Ala Asp 
1 1 5  1 2 0  1 2 5  

Leu Lys Asp Pro  S e r  Leu Asn Val Met Thr Gly S e r  Arg Ala Lys Asn 
1 3 0  1 3 5  1 4 0  

Ala I l e  Arg Gly Tyr Ala His  Asp Asp His  Val Ala Val Lys Met Arg 
1 4 5  1 5 0  1 5 5  1 6 0  

Leu Gly Asp Phe Leu Glu Lys Gly Gly Lys Val Tyr Ala Asp Thr Ser  
1 6 5  1 7 0  1 7 5  

S e r  Val I l e  Asp Gly Gly Asp Glu Ala S e r  Ala Leu I l e  Val Thr Leu 
1 8 0  1 8 5  1 9 0  



Pro  Lys Gly Gln Lys Val Pro  Val Glu I l e  I l e  Pro  Thr His  Asn Asp 
1 9 5  2 0 0  2 0 5  

Asn S e r  Asn Lys Gly Arg Gly 
2 1 0  2  1 5  

<210>  SEQ I D  NO 6 1  
<211>  LENGTH: 1 1 2 8  
<212>  TYPE: DNA 
<213>  ORGANISM: Pseudomonas s y r i n g a e  pv. s y r i n g a e  

<400>  SEQUENCE: 6 1  

g t g a a c c c t a  t c c a t g c a c g  c t t c t c c a g c  gtagaagcgc t c a g a c a t t c  a a a c g t t g a t  6 0  

a t t c a g g c a a  t c a a a t c c g a  g g g t c a g t t g  gaag tcaacg  g c a a g c g t t a  c g a g a t t c g t  1 2 0  

gcggccgctg a c g g c t c a a t  c g c g g t c c t c  agacccga tc  aacag tccaa  agcagacaag 1 8 0  

t t c t t c a a a g  gcgcagcgca t c t t a t t g g c  ggacaaagcc agcg tgccca  aa tagcccag  2 4 0  

g t a c t c a a c g  agaaagcggc g g c a g t t c c a  cgcctggaca g a a t g t t g g g  c a g a c g c t t c  3 0 0  

ga tc tggaga  agggcggaag t a g c g c t g t g  ggcgccgcaa t c a a g g c t g c  cgacagccga 3 6 0  

c t g a c a t c a a  a a c a g a c a t t  t g c c a g c t t c  cagcaatggg c tgaaaaagc  tgaggcgc tc  4 2 0  

gggcgcgata ccgaaa tcgg  t a t c t a c a t g  a t c t a c a a g a  gggacacgcc agacacaacg 4 8 0  

c c t a t g a a t g  cggcagagca a g a a c a t t a c  ctggaaacgc t a c a g g c t c t  cga taacaag  5 4 0  

a a a a a c c t t a  t c a t a c g c c c  g c a g a t c c a t  ga tga tcggg  aagaggaaga g c t t g a t c t g  6 0 0  

ggccgataca t c g c t g a a g a  cagaaa tgcc  agaaccggct  t t t t t a g a a t  g g t t c c t a a a  6 6 0  

gaccaacgcg cacc tgagac  aaactcggga c g a c t t a c c a  t t g g t g t a g a  a c c t a a a t a t  7 2 0  

ggagcgcagt  t g g c c c t c g c  aa tggcaacc  c t g a t g g a c a  agcacaaa tc  t g t g a c a c a a  7 8 0  

ggtaaag tcg  t cgg tccggc  a a a a t a t g g c  cagcaaac tg  a c t c t g c c a t  t c t t t a c a t a  8 4 0  

a a t g g t g a t c  t t g c a a a a g c  a g t a a a a c t g  ggcgaaaagc t g a a a a a g c t  gagcggta tc  9 0 0  

c c t c c t g a a g  g a t t c g t c g a  aca tacaccg  c t a a g c a t g c  agtcgacggg t c t c g g t c t t  9 6 0  

t c t t a t g c c g  a g t c g g t t g a  agggcagcct  t ccagccacg  gacaggcgag a a c a c a c g t t  1 0 2 0  

a t c a t g g a t g  c c t t g a a a g g  ccagggcccc atggagaaca g a c t c a a a a t  ggcgctggca 1 0 8 0  

gaaagaggct  a tgacccgga aaa tccggcg  ctcagggcgc gaaac tga  1 1 2 8  

<210>  SEQ I D  NO 6 2  
<211>  LENGTH: 3 7 5  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  pv. s y r i n g a e  

<400>  SEQUENCE: 6 2  

Val Asn Pro  I l e  His  Ala Arg Phe S e r  S e r  Val Glu Ala Leu Arg His 
1 5  1 0  1 5  

S e r  Asn Val Asp I l e  Gln Ala I l e  Lys S e r  Glu Gly Gln Leu Glu Val 
2 0  2 5  3  0  

Asn Gly Lys Arg Tyr Glu I l e  Arg Ala Ala Ala Asp Gly S e r  I l e  Ala 
3 5  4  0  4 5  

Val Leu Arg Pro  Asp Gln Gln S e r  Lys Ala Asp Lys Phe Phe Lys Gly 
5  0  5  5  60  

Ala Ala His  Leu I l e  Gly Gly Gln S e r  Gln Arg Ala Gln I l e  Ala Gln 
6  5  7 0  7  5  8 0  

Val Leu Asn Glu Lys Ala Ala Ala Val Pro  Arg Leu Asp Arg Met Leu 
8  5  9 0  9 5  



Gly Arg Arg Phe Asp Leu Glu Lys Gly Gly Ser  S e r  Ala Val Gly Ala 
1 0 0  1 0 5  1 1 0  

Ala I l e  Lys Ala Ala Asp S e r  Arg Leu Thr Ser  Lys Gln Thr Phe Ala 
1 1 5  1 2 0  1 2 5  

S e r  Phe Gln Gln Trp Ala Glu Lys Ala Glu Ala Leu Gly Arg Asp Thr 
1 3 0  1 3 5  1 4 0  

Glu I l e  Gly I l e  Tyr Met I l e  Tyr Lys Arg Asp Thr Pro  Asp Thr Thr 
1 4 5  1 5 0  1 5 5  1 6 0  

Pro  Met Asn Ala Ala Glu Gln Glu His  Tyr Leu Glu Thr Leu Gln Ala 
1 6 5  1 7 0  1 7 5  

Leu Asp Asn Lys Lys Asn Leu I l e  I l e  Arg Pro Gln I l e  His  Asp Asp 
1 8 0  1 8 5  1 9 0  

Arg Glu Glu Glu Glu Leu Asp Leu Gly Arg Tyr I l e  Ala Glu Asp Arg 
1 9 5  2 0 0  2 0 5  

Asn Ala Arg Thr Gly Phe Phe Arg Met Val Pro Lys Asp Gln Arg Ala 
2 1 0  2  1 5  2 2 0  

Pro  Glu Thr Asn S e r  Gly Arg Leu Thr I l e  Gly Val Glu Pro  Lys Tyr 
2 2 5  2 3 0  2 3 5  2 4 0  

Gly Ala Gln Leu Ala Leu Ala Met Ala Thr Leu Met Asp Lys His  Lys 
2 4 5  2 5 0  2 5 5  

S e r  Val Thr Gln Gly Lys Val Val Gly Pro  Ala Lys Tyr Gly Gln Gln 
2 6 0  2 6 5  2 7 0  

Thr Asp S e r  Ala I l e  Leu Tyr I l e  Asn Gly Asp Leu Ala Lys Ala Val 
2 7 5  2 8 0  2 8 5  

Lys Leu Gly Glu Lys Leu Lys Lys Leu S e r  Gly I l e  Pro  Pro  Glu Gly 
2 9 0  2 9 5  3 0 0  

Phe Val Glu His  Thr Pro  Leu S e r  Met Gln Ser  Thr Gly Leu Gly Leu 
3 0 5  3 1 0  3  1 5  3 2 0  

S e r  Tyr Ala Glu S e r  Val Glu Gly Gln Pro  Ser  S e r  His  Gly Gln Ala 
3 2 5  3 3 0  3 3 5  

Arg Thr His  Val I l e  Met Asp Ala Leu Lys Gly Gln Gly Pro  Met Glu 
3 4 0  3 4 5  3 5 0  

Asn Arg Leu Lys Met Ala Leu Ala Glu Arg Gly Tyr Asp Pro  Glu Asn 
3 5 5  3 6 0  3 6 5  

Pro  Ala Leu Arg Ala Arg Asn 
3 7 0  3 7 5  

<210>  SEQ I D  NO 6 3  
<211>  LENGTH: 1 1 4 9  
<212>  TYPE: DNA 
<213>  ORGANISM: Pseudomonas s y r i n g a e  pv. a t r o f a c i e n s  

<400>  SEQUENCE: 6 3  

a tgaacccga  t acaaacgcg  t t t c t c t a a c  gtcgaagcac t t a g a c a t t c  agagg tgga t  6 0  

gtacaggagc t caaagcaca  c g g t c a a a t a  gaag tggg tg  g c a a a t g c t a  c g a c a t t c g c  1 2 0  

gcggctgcca a t a a c g a c c t  g a c t g t c c a g  c g t t c t g a c a  aacaga tggc  gatgagcaag 1 8 0  

t t t t t c a a a a  aagcagggt t  aag tgggag t  t c c g g c a g t c  a g t c c g a t c a  a a t t g c g c a g  2 4 0  

g t a c t g a a t g  acaagcgcgg c t c t t c c g t t  c c c c g t c t t a  tacgccaggg gcagaccca t  3 0 0  

c tgggccg ta  t g c a a t t c a a  ca tcgaagag  gggcaaggca g t t cggccgc  c a c g t c c g t c  3 6 0  

cagaacagca ggctgcccaa t g g c c g c t t g  g taaacagca  g t a t t t t g c a  a tggg tcgaa  4 2 0  

aaggcgaaag ccaa tggcag  cacaag tacc  a g t g c t c t t t  a t c a g a t c t a  cgcaaaagaa 4 8 0  

c t c c c g c g t g  t a g a a c t g c t  gccacgcac t  gagcaccggg c g t g t c t g g c  g c a t a t g t a t  5 4 0  



aagc tgaacg  gtaaggacgg t a t c a g t a t t  tggccgcag t  t t c t g g a t g g  cgtgcgcggg 6 0 0  

t t g c a g c t a a  aaca tgacac  a a a a g t g t t c  a t g a t g a a c a  accccaaagc agcggacgag 6 6 0  

t t c t a c a a g a  t c g a a c g t t c  gggcacgcaa t t t c c g g a t g  a g g c t g t c a a  ggcgcgcctg 7 2 0  

a c g a t a a a t g  t c a a a c c t c a  a t t c c a g a a g  gcca tgg tcg  acgcagcggt  c a g g t t g a c c  7 8 0  

gc tgagcg tc  a c g a t a t c a t  t a c t g c c a a a  g tggcagg tc  c t g c a a a g a t  t g g c a c g a t t  8 4 0  

acaga tgcag  c g g t t t t c t a  tg taagcgga  g a t t t t t c c g  c tgcgcagac  a c t t g c a a a a  9 0 0  

gagc t tcagg  c a c t g c t c c c  tgacga tgcg  t t t a t c a a t c  a tacgccagc  t g g a a t g c a a  9 6 0  

t c c a t g g g c a  aggggc tg tg  t t a c g c c g a g  cg tacaccgc  aggacaggac aagccacgga 1 0 2 0  

a tg tcgcgcg  c c a g c a t a a t  cgagtcggca ctggcagaca ccagcaggtc  g tcac tggag  1 0 8 0  

aagaagctgc g c a a t g c t t t  caagagcgcc g g a t a c a a t c  ccgacaaccc ggca t t cagg  1 1 4 0  

t t g g a a t g a  1 1 4 9  

<210>  SEQ I D  NO 6 4  
<211>  LENGTH: 3 8 2  
<212>  TYPE: PRT 
<213>  ORGANISM: Pseudomonas s y r i n g a e  pv. a t r o f a c i e n s  

<400>  SEQUENCE: 6 4  

Met Asn Pro  I l e  Gln Thr Arg Phe S e r  Asn Val Glu Ala Leu Arg His  
1 5  1 0  1 5  

S e r  Glu Val Asp Val Gln Glu Leu Lys Ala His Gly Gln I l e  Glu Val 
2 0  2 5  3  0  

Gly Gly Lys Cys Tyr Asp I l e  Arg Ala Ala Ala Asn Asn Asp Leu Thr 
3 5  4  0  4 5  

Val Gln Arg S e r  Asp Lys Gln Met Ala Met Ser  Lys Phe Phe Lys Lys 
5  0  5  5  60  

Ala Gly Leu S e r  Gly S e r  S e r  Gly S e r  Gln Ser  Asp Gln I l e  Ala Gln 
6  5  7 0  7  5  8 0  

Val Leu Asn Asp Lys Arg Gly S e r  S e r  Val Pro Arg Leu I l e  Arg Gln 
8  5  9 0  9 5  

Gly Gln Thr His  Leu Gly Arg Met Gln Phe Asn I l e  Glu Glu Gly Gln 
1 0 0  1 0 5  1 1 0  

Gly S e r  S e r  Ala Ala Thr S e r  Val Gln Asn Ser  Arg Leu Pro  Asn Gly 
1 1 5  1 2 0  1 2 5  

Arg Leu Val Asn S e r  S e r  I l e  Leu Gln Trp Val Glu Lys Ala Lys Ala 
1 3 0  1 3 5  1 4 0  

Asn Gly S e r  Thr S e r  Thr S e r  Ala Leu Tyr Gln I l e  Tyr Ala Lys Glu 
1 4 5  1 5 0  1 5 5  1 6 0  

Leu Pro  Arg Val Glu Leu Leu Pro  Arg Thr Glu His  Arg Ala Cys Leu 
1 6 5  1 7 0  1 7 5  

Ala His  Met Tyr Lys Leu Asn Gly Lys Asp Gly I l e  S e r  I l e  Trp Pro  
1 8 0  1 8 5  1 9 0  

Gln Phe Leu Asp Gly Val Arg Gly Leu Gln Leu Lys His  Asp Thr Lys 
1 9 5  2 0 0  2 0 5  

Val Phe Met Met Asn Asn Pro  Lys Ala Ala Asp Glu Phe Tyr Lys I l e  
2 1 0  2  1 5  2 2 0  

Glu Arg S e r  Gly Thr Gln Phe Pro  Asp Glu Ala Val Lys Ala Arg Leu 
2 2 5  2 3 0  2 3 5  2 4 0  

Thr I l e  Asn Val Lys Pro  Gln Phe Gln Lys Ala Met Val Asp Ala Ala 
2 4 5  2 5 0  2 5 5  



Val Arg Leu Thr Ala Glu Arg His  Asp I l e  I l e  Thr Ala Lys Val Ala 
2 6 0  2 6 5  2 7 0  

Gly Pro  Ala Lys I l e  Gly Thr I l e  Thr Asp Ala Ala Val Phe Tyr Val 
2 7 5  2 8 0  2 8 5  

S e r  Gly Asp Phe S e r  Ala Ala Gln Thr Leu Ala Lys Glu Leu Gln Ala 
2 9 0  2 9 5  3 0 0  

Leu Leu Pro  Asp Asp Ala Phe I l e  Asn His  Thr Pro  Ala Gly Met Gln 
3 0 5  3 1 0  3  1 5  3 2 0  

S e r  Met Gly Lys Gly Leu Cys Tyr Ala Glu Arg Thr Pro  Gln Asp Arg 
3 2 5  3 3 0  3 3 5  

Thr S e r  His  Gly Met S e r  Arg Ala S e r  I l e  I l e  Glu S e r  Ala Leu Ala 
3 4 0  3 4 5  3 5 0  

Asp Thr S e r  Arg S e r  S e r  Leu Glu Lys Lys Leu Arg Asn Ala Phe Lys 
3 5 5  3 6 0  3 6 5  

S e r  Ala Gly Tyr Asn Pro  Asp Asn Pro  Ala Phe Arg Leu Glu 
3 7 0  3 7 5  3 8 0  

<210>  SEQ I D  NO 6 5  
<211>  LENGTH: 1 4 6 4  
<212>  TYPE: DNA 
<213>  ORGANISM: Pseudomonas s y r i n g a e  pv. tomato 

<400>  SEQUENCE: 6 5  

a t g c a c a t c a  accaa tccgc  ccaacaaccg c c t g g c g t t g  caatggagag t t t t c g g a c a  

g c t t c c g a c g  c g t c c c t t g c  t t c g a g t t c t  g t g c g g t c t g  t c a g c a c t a c  c t c g t g c c g c  

g a t c t a c a a g  c t a t t a c c g a  t t a t c t g a a a  c a t c a c g t g t  t c g c t g c g c a  c a g g t t t t c g  

g t a a t a g g c t  caccggatga gcg tga tgcc  g c t c t t g c a c  acaacgagca ga tcga tgcg  

t t g g t a g a g a  cacgcgccaa c c g c c t g t a c  tccgaagggg agacccccgc aacca tcgcc  

g a a a c a t t c g  ccaaggcgga a a a g t t c g a c  c g t t t g g c g a  cgaccgca tc  a a g t g c t t t t  

gagaacacgc c a t t t g c c g c  t g c c t c g g t g  c t t c a g t a c a  t g c a g c c t g c  ga tcaacaag  

ggcga t tggc  t agcaacgcc  gc tcaagccg  c tgaccccgc  t c a t t t c c g g  a g c g c t g t c g  

ggagccatgg accaggtggg caccaaaa tg  a t g g a t c g t g  cgaggggtga t c t g c a t t a c  

c t g a g c a c t t  cgccggacaa g t t g c a t g a t  gcgatggccg t a t c g g t g a a  gcgccac tcg  

c c t g c g c t t g  g tcgacagg t  t g t g g a c a t g  ggga t tgcag  t g c a g a c g t t  c t c g g c g c t a  

a a t g t g g t g c  g t a c c g t a t t  ggctccagca c t a g c g t c c a  gaccg tcgg t  gcagggtgc t  

g t t g a t t t t g  g c g t a t c t a c  ggcgggtggc t t g g t t g c g a  a t g c a g g c t t  tggcgaccgc 

a t g c t c a g t g  t g c a a t c g c g  c g a t c a a c t g  cgtggggggg c a t t c g t a c t  t g g c a t g a a a  

gataaagagc ccaaggccgc g t t g a g t g a a  g a a a c t g a t t  g g c t t g a t g c  t t a c a a a g c g  

a t c a a g t c g g  c c a g c t a c t c  aggtgcggcg c t c a a t g c g g  gcaagcggat  ggccggcctg 

ccac tggacg  tcgcgaccga cgggctcaag gcggtgagaa g t c t g g t g t c  ggccaccagc 

c tgacaaaaa  a tggcc tggc  c c t a g c c g g t  gg t tacgccg  ggg taag taa  g t t g c a g a a a  

atggcgacga a a a a t a t c a c  t g a t t c g g c g  accaaggc tg  c g g t t a g t c a  gc tgagcaac  

c t g g t g g g t t  cgg taggcg t  t t t c g c a g g c  tggaccaccg  c tggac tggc  g a c t g a c c c t  

gcgg t taaga  aagccgagtc g t t t a t a c a g  ga taagg tga  aa tcgaccgc  a t c t a g t a c c  

a c a a g c t a t g  t t g c c g a c c a  gaccg tcaaa  ctggcgaaaa cag tcaagga  catgagcggg 

gaggcga tc t  ccagcaccgg t g c c a g c t t a  c g c a g t a c t g  t c a a t a a c c t  g c g t c a t c g c  

t c c g c t c c g g  a a g c t g a t a t  cgaagaaggt  g g g a t t t c g g  c g t t t t c t c g  aag tgaaaca  1 4 4 0  



c c g t t t c a g c  t c a g g c g t t t  g t a a  1 4 6 4  

<210>  SEQ I D  NO 6 6  
<211>  LENGTH: 487  
<212>  TYPE: PRT 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  p v .  t o m a t o  

<400>  SEQUENCE: 6 6  

M e t  H i s  I l e  A s n  G l n  S e r  A l a  G l n  G l n  P r o  P r o  G l y  V a l  A l a  M e t  G l u  
1 5  1 0  1 5  

S e r  P h e  A r g  T h r  A l a  S e r  A s p  A l a  S e r  L e u  A l a  S e r  S e r  S e r  V a l  A r g  
2 0  2 5  3  0  

S e r  V a l  S e r  T h r  T h r  S e r  C y s  A r g  A s p  L e u  G l n  A l a  I l e  T h r  A s p  T y r  
3 5  4  0  4 5  

L e u  L y s  H i s  H i s  V a l  P h e  A l a  A l a  H i s  A r g  P h e  S e r  V a l  I l e  G l y  S e r  
5  0  5  5  60  

P r o  A s p  G l u  A r g  A s p  A l a  A l a  L e u  A l a  H i s  A s n  G l u  G l n  I l e  A s p  A l a  
6  5  7 0  7  5  8 0  

L e u  V a l  G l u  T h r  A r g  A l a  A s n  A r g  L e u  T y r  S e r  G l u  G l y  G l u  T h r  P r o  
8  5  9 0  9 5  

A l a  T h r  I l e  A l a  G l u  T h r  P h e  A l a  L y s  A l a  G l u  L y s  P h e  A s p  A r g  L e u  
1 0 0  1 0 5  1 1 0  

A l a  T h r  T h r  A l a  S e r  S e r  A l a  P h e  G l u  A s n  T h r  P r o  P h e  A l a  A l a  A l a  
1 1 5  1 2 0  1 2 5  

S e r  V a l  L e u  G l n  T y r  M e t  G l n  P r o  A l a  I l e  A s n  L y s  G l y  A s p  T r p  L e u  
1 3 0  1 3 5  1 4 0  

A l a  T h r  P r o  L e u  L y s  P r o  L e u  T h r  P r o  L e u  I l e  S e r  G l y  A l a  L e u  S e r  
1 4 5  1 5 0  1 5 5  1 6 0  

G l y  A l a  M e t  A s p  G l n  V a l  G l y  T h r  L y s  M e t  M e t  A s p  A r g  A l a  A r g  G l y  
1 6 5  1 7 0  1 7 5  

A s p  L e u  H i s  T y r  L e u  S e r  T h r  S e r  P r o  A s p  L y s  L e u  H i s  A s p  A l a  M e t  
1 8 0  1 8 5  1 9 0  

A l a  V a l  S e r  V a l  L y s  A r g  H i s  S e r  P r o  A l a  L e u  G l y  A r g  G l n  V a l  V a l  
1 9 5  2 0 0  2 0 5  

A s p  M e t  G l y  I l e  A l a  V a l  G l n  T h r  P h e  S e r  A l a  L e u  A s n  V a l  V a l  A r g  
2 1 0  2  1 5  2 2 0  

T h r  V a l  L e u  A l a  P r o  A l a  L e u  A l a  S e r  A r g  P r o  S e r  V a l  G l n  G l y  A l a  
2 2 5  2 3 0  2 3 5  2 4 0  

V a l  A s p  P h e  G l y  V a l  S e r  T h r  A l a  G l y  G l y  L e u  V a l  A l a  A s n  A l a  G l y  
2 4 5  2 5 0  2 5 5  

P h e  G l y  A s p  A r g  M e t  L e u  S e r  V a l  G l n  S e r  A r g  A s p  G l n  L e u  A r g  G l y  
2 6 0  2 6 5  2 7 0  

G l y  A l a  P h e  V a l  L e u  G l y  M e t  L y s  A s p  L y s  G l u  P r o  L y s  A l a  A l a  L e u  
2 7 5  2 8 0  2 8 5  

S e r  G l u  G l u  T h r  A s p  T r p  L e u  A s p  A l a  T y r  L y s  A l a  I l e  L y s  S e r  A l a  
2 9 0  2 9 5  3 0 0  

S e r  T y r  S e r  G l y  A l a  A l a  L e u  A s n  A l a  G l y  L y s  A r g  M e t  A l a  G l y  L e u  
3 0 5  3 1 0  3  1 5  3 2 0  

P r o  L e u  A s p  V a l  A l a  T h r  A s p  G l y  L e u  L y s  A l a  V a l  A r g  S e r  L e u  V a l  
3 2 5  3 3 0  3 3 5  

S e r  A l a  T h r  S e r  L e u  T h r  L y s  A s n  G l y  L e u  A l a  L e u  A l a  G l y  G l y  T y r  
3 4 0  3 4 5  3 5 0  

A l a  G l y  V a l  S e r  L y s  L e u  G l n  L y s  M e t  A l a  T h r  L y s  A s n  I l e  T h r  A s p  
3 5 5  3 6 0  3 6 5  



S e r  Ala Thr Lys Ala Ala Val S e r  Gln Leu Ser  Asn Leu Val Gly Ser  
3 7 0  3 7 5  3 8 0  

Val Gly Val Phe Ala Gly Trp Thr Thr Ala Gly Leu Ala Thr Asp Pro  
3 8 5  3 9 0  3 9 5  400  

Ala Val Lys Lys Ala Glu S e r  Phe I l e  Gln Asp Lys Val Lys S e r  Thr 
4 0 5  410  4 1 5  

Ala S e r  S e r  Thr Thr S e r  Tyr Val Ala Asp Gln Thr Val Lys Leu Ala 
420  4 2 5  4 3 0  

Lys Thr Val Lys Asp Met S e r  Gly Glu Ala I l e  S e r  S e r  Thr Gly Ala 
4 3 5  4 4 0  4 4 5  

S e r  Leu Arg S e r  Thr Val Asn Asn Leu Arg His Arg S e r  Ala Pro  Glu 
4 5 0  4 5 5  4 6 0  

Ala Asp I l e  Glu Glu Gly Gly I l e  S e r  Ala Phe S e r  Arg S e r  Glu Thr 
4 6 5  4 7 0  4 7 5  480  

Pro  Phe Gln Leu Arg Arg Leu 
4 8 5  

<210>  SEQ I D  NO 6 7  
<211>  LENGTH: 88  
<212>  TYPE: DNA 
<213>  ORGANISM: Pseudomonas s y r i n g a e  pv. tomato 

<400>  SEQUENCE: 6 7  

gccc tga tgg  c g g a a t t g g t  agacgcggcg g a t t c a a a a t  c c g t t t t c g a  aagaagtggg 

a g t t c g a t t c  t ccc tcgggg  caccacca 

<210>  SEQ I D  NO 6 8  
<211>  LENGTH: 85  
<212>  TYPE: DNA 
<213>  ORGANISM: Pseudomonas s y r i n g a e  pv. s y r i n g a e  

<400>  SEQUENCE: 6 8  

gccc tga tgg  c g g a a t t g g t  agacgcggcg g a t t c a a a a t  c c g t t t t c g a  aagaagtggg 

a g t t c g a t t c  t ccc tcgggg  cacca  

<210>  SEQ I D  NO 6 9  
<211>  LENGTH: 1 0 6 5  
<212>  TYPE: DNA 
<213>  ORGANISM: Pseudomonas s y r i n g a e  pv. tomato 

<400>  SEQUENCE: 6 9  

a tgcgcg tcg  c t g a c t t t a c  c t t c g a a c t c  c c c g a t t c c c  t g a t t g c t c g  t c a c c c g t t g  

gccgagcgtc gcagcagtcg t c t g t t g a c c  c t t g a t g g g c  cgacgggcgc g c t g g c a c a t  

c g t c a a t t c a  c c g a t t t g c t  c g a g c a t t t g  cgctcgggcg a c t t g a t g g t  g t t c a a c a a t  

a c c c g t g t c a  t t c c c g c a c g  t t t g t t c g g g  cagaaggcgt  ccggcggcaa g c t g g a g a t t  

c tgg tcgagc  gcg tgc tgga  c a g c c a t c g t  g tgc tggcgc  acg tgcg tgc  cagcaag tcg  

ccaaagccgg g c t c g t c g a t  c c t g a t c g a t  ggcggcggcg aggccgagat  ggtggcgcgg 

catgacgcgc t g t t c g a g t t  g c g c t t t g c c  gaagaagtgc t g c c g t t g c t  g g a t c g t g t c  

g g c c a t a t g c  c g t t g c c t c c  t t a t a t a g a c  cgcccggacg aaggtgccga ccgcgagcgt  

t a t c a g a c c g  t t t a c g c c c a  gcgcgccggt  gc tg tggcgg  cgccgac tgc  c g g c c t g c a t  

t t c g a c c a g c  c g t t g a t g g a  a g c a a t t g c c  gccaagggcg t c g a g a c t g c  t t t t g t c a c t  

c t g c a c g t c g  gcgcgggtac g t t c c a g c c g  g t g c g t g t c g  agcaga tcga  aga tcaccac  6 6 0  



a t g c a c a g c g  a a t g g c t g g a  a g t c a g c c a g  g a c g t g g t c g  a t g c c g t g g c  g g c g t g c c g t  7 2 0  

g c g c g g g g c g  g g c g g g t g a t  t g c g g t c g g g  a c c a c c a g c g  t g c g t t c g c t  g g a g a g t g c c  7 8 0  

g c g c g t g a t g  g c c a g t t g a a  g c c g t t t a g c  g g c g a c a c c g  a c a t c t t c a t  c t a t c c g g g g  8 4 0  

c g g c c g t t t c  a t g t g g t c g a  t g c c c t g g t g  a c t a a t t t t c  a t t t g c c t g a  a t c c a c g c t g  9 0 0  

t t g a t g c t g g  t t t c g g c g t t  c g c c g g t t a t  c c c g a a a c c a  t g g c g g c c t a  c g c g g c g g c c  9 6 0  

a t c g a a c a c g  g g t a c c g c t t  c t t c a g t t a c  g g t g a t g c c a  t g t t c a t c a c  c c g c a a t c c c  1 0 2 0  

g c g c c g a c g g  c c c c a c a g g a  a t c g g c a c c a  g a g g a t c a c g  c a t g a  1 0 6 5  

<210>  SEQ I D  NO 7 0  
<211>  LENGTH: 3 5 4  
<212>  TYPE: PRT 
<213>  ORGANISM: P s e u d o m o n a s  s y r i n g a e  p v .  t o m a t o  

<400>  SEQUENCE: 7 0  

M e t  A r g  V a l  A l a  A s p  P h e  T h r  P h e  G l u  L e u  P r o  A s p  S e r  L e u  I l e  A l a  
1 5  1 0  1 5  

A r g  H i s  P r o  L e u  A l a  G l u  A r g  A r g  S e r  S e r  A r g  L e u  L e u  T h r  L e u  A s p  
2 0  2 5  3  0  

G l y  P r o  T h r  G l y  A l a  L e u  A l a  H i s  A r g  G l n  P h e  T h r  A s p  L e u  L e u  G l u  
3 5  4  0  4 5  

H i s  L e u  A r g  S e r  G l y  A s p  L e u  M e t  V a l  P h e  A s n  A s n  T h r  A r g  V a l  I l e  
5  0  5  5  60  

P r o  A l a  A r g  L e u  P h e  G l y  G l n  L y s  A l a  S e r  G l y  G l y  L y s  L e u  G l u  I l e  
6  5  7 0  7  5  8 0  

L e u  V a l  G l u  A r g  V a l  L e u  A s p  S e r  H i s  A r g  V a l  L e u  A l a  H i s  V a l  A r g  
8  5  9 0  9 5  

A l a  S e r  L y s  S e r  P r o  L y s  P r o  G l y  S e r  S e r  I l e  L e u  I l e  A s p  G l y  G l y  
1 0 0  1 0 5  1 1 0  

G l y  G l u  A l a  G l u  M e t  V a l  A l a  A r g  H i s  A s p  A l a  L e u  P h e  G l u  L e u  A r g  
1 1 5  1 2 0  1 2 5  

P h e  A l a  G l u  G l u  V a l  L e u  P r o  L e u  L e u  A s p  A r g  V a l  G l y  H i s  M e t  P r o  
1 3 0  1 3 5  1 4 0  

L e u  P r o  P r o  T y r  I l e  A s p  A r g  P r o  A s p  G l u  G l y  A l a  A s p  A r g  G l u  A r g  
1 4 5  1 5 0  1 5 5  1 6 0  

T y r  G l n  T h r  V a l  T y r  A l a  G l n  A r g  A l a  G l y  A l a  V a l  A l a  A l a  P r o  T h r  
1 6 5  1 7 0  1 7 5  

A l a  G l y  L e u  H i s  P h e  A s p  G l n  P r o  L e u  M e t  G l u  A l a  I l e  A l a  A l a  L y s  
1 8 0  1 8 5  1 9 0  

G l y  V a l  G l u  T h r  A l a  P h e  V a l  T h r  L e u  H i s  V a l  G l y  A l a  G l y  T h r  P h e  
1 9 5  2 0 0  2 0 5  

G l n  P r o  V a l  A r g  V a l  G l u  G l n  I l e  G l u  A s p  H i s  H i s  M e t  H i s  S e r  G l u  
2 1 0  2  1 5  2 2 0  

T r p  L e u  G l u  V a l  S e r  G l n  A s p  V a l  V a l  A s p  A l a  V a l  A l a  A l a  C y s  A r g  
2 2 5  2 3 0  2 3 5  2 4 0  

A l a  A r g  G l y  G l y  A r g  V a l  I l e  A l a  V a l  G l y  T h r  T h r  S e r  V a l  A r g  S e r  
2 4 5  2 5 0  2 5 5  

L e u  G l u  S e r  A l a  A l a  A r g  A s p  G l y  G l n  L e u  L y s  P r o  P h e  S e r  G l y  A s p  
2 6 0  2 6 5  2 7 0  

T h r  A s p  I l e  P h e  I l e  T y r  P r o  G l y  A r g  P r o  P h e  H i s  V a l  V a l  A s p  A l a  
2 7 5  2 8 0  2 8 5  

L e u  V a l  T h r  A s n  P h e  H i s  L e u  P r o  G l u  S e r  T h r  L e u  L e u  M e t  L e u  V a l  
2 9 0  2 9 5  3 0 0  



S e r  A l a  P h e  A l a  G l y  T y r  P r o  G l u  T h r  M e t  A l a  A l a  T y r  A l a  A l a  A l a  
3 0 5  3 1 0  3  1 5  3 2 0  

I l e  G l u  H i s  G l y  T y r  A r g  P h e  P h e  S e r  T y r  G l y  A s p  A l a  M e t  P h e  I l e  
3 2 5  3 3 0  3 3 5  

T h r  A r g  A s n  P r o  A l a  P r o  T h r  A l a  P r o  G l n  G l u  S e r  A l a  P r o  G l u  A s p  
3 4 0  3 4 5  3 5 0  

H i s  A l a  

< 2 1 0 >  S E Q  I D  NO 7 1  
< 2 1 1 >  LENGTH: 2 8  
< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: A r t i f i c i a l  S e q u e n c e  
< 2 2 0 >  FEATURE: 
< 2 2 3 >  OTHER INFORMATION: D e s c r i p t i o n  o f  A r t i f i c i a l  S e q u e n c e :  p r i m e r  

< 4 0 0 >  SEQUENCE: 7 1  

a t g a c t c g a g  g c g t g g a t t c  a g g c a a a t  

< 2 1 0 >  S E Q  I D  NO 7 2  
< 2 1 1 >  LENGTH: 2 8  
< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: A r t i f i c i a l  S e q u e n c e  
< 2 2 0 >  FEATURE: 
< 2 2 3 >  OTHER INFORMATION: D e s c r i p t i o n  o f  A r t i f i c i a l  S e q u e n c e :  p r i m e r  

< 4 0 0 >  SEQUENCE: 7 2  

a t g a g a a t t c  t g c c g c c g c t  t t c t c g t t  

< 2 1 0 >  S E Q  I D  NO 7 3  
< 2 1 1 >  LENGTH: 2 0  
< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: A r t i f i c i a l  S e q u e n c e  
< 2 2 0 >  FEATURE: 
< 2 2 3 >  OTHER INFORMATION: D e s c r i p t i o n  o f  A r t i f i c i a l  S e q u e n c e :  p r i m e r  

< 4 0 0 >  SEQUENCE: 7 3  

c g c t c t a g a c  c a a g g a c t g c  

< 2 1 0 >  S E Q  I D  NO 7 4  
< 2 1 1 >  LENGTH: 2 3  
< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: A r t i f i c i a l  S e q u e n c e  
< 2 2 0 >  FEATURE: 
< 2 2 3 >  OTHER INFORMATION: D e s c r i p t i o n  o f  A r t i f i c i a l  S e q u e n c e :  p r i m e r  

< 4 0 0 >  SEQUENCE: 7 4  

c c a g a a g c t t  c t g t t t t t g a  g t c  

< 2 1 0 >  S E Q  I D  NO 7 5  
< 2 1 1 >  LENGTH: 2 8  
< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: A r t i f i c i a l  S e q u e n c e  
< 2 2 0 >  FEATURE: 
< 2 2 3 >  OTHER INFORMATION: D e s c r i p t i o n  o f  A r t i f i c i a l  S e q u e n c e :  p r i m e r  

< 4 0 0 >  SEQUENCE: 7 5  

a g t a g g a t c c  t g a a a t g t a g  g g g c c c g g  

< 2 1 0 >  S E Q  I D  NO 7 6  
< 2 1 1 >  LENGTH: 2 8  
< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: A r t i f i c i a l  S e q u e n c e  
< 2 2 0 >  FEATURE: 
< 2 2 3 >  OTHER INFORMATION: D e s c r i p t i o n  o f  A r t i f i c i a l  S e q u e n c e :  p r i m e r  



< 4 0 0 >  SEQUENCE: 7 6  

a g t a a a g c t t  a t g a t g c t g t  t t c c a g t a  2  8  

< 2 1 0 >  S E Q  I D  NO 7 7  
< 2 1 1 >  LENGTH: 2 8  
< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: A r t i f i c i a l  S e q u e n c e  
< 2 2 0 >  FEATURE: 
< 2 2 3 >  OTHER INFORMATION: D e s c r i p t i o n  o f  A r t i f i c i a l  S e q u e n c e :  p r i m e r  

< 4 0 0 >  SEQUENCE: 7 7  

a g t a g g a t c c  t c t c g a a g g a  a t g g a g c a  

< 2 1 0 >  S E Q  I D  NO 7 8  
< 2 1 1 >  LENGTH: 2 8  
< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: A r t i f i c i a l  S e q u e n c e  
< 2 2 0 >  FEATURE: 
< 2 2 3 >  OTHER INFORMATION: D e s c r i p t i o n  o f  A r t i f i c i a l  S e q u e n c e :  p r i m e r  

< 4 0 0 >  SEQUENCE: 7 8  

a g t a a a g c t t  c g t g a a g a t g  c a t t t c g c  

< 2 1 0 >  S E Q  I D  NO 7 9  
< 2 1 1 >  LENGTH: 2 8  
< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: A r t i f i c i a l  S e q u e n c e  
< 2 2 0 >  FEATURE: 
< 2 2 3 >  OTHER INFORMATION: D e s c r i p t i o n  o f  A r t i f i c i a l  S e q u e n c e :  p r i m e r  

< 4 0 0 >  SEQUENCE: 7 9  

a g t a g g a t c c  t a g t c a c t g a  t c g a a c g t  

< 2 1 0 >  S E Q  I D  NO 8 0  
< 2 1 1 >  LENGTH: 2 8  
< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: A r t i f i c i a l  S e q u e n c e  
< 2 2 0 >  FEATURE: 
< 2 2 3 >  OTHER INFORMATION: D e s c r i p t i o n  o f  A r t i f i c i a l  S e q u e n c e :  p r i m e r  

< 4 0 0 >  SEQUENCE: 8 0  

a g t a c t c g a g  c c a c g a a a t a  a c a c g g t a  

< 2 1 0 >  S E Q  I D  NO 8 1  
< 2 1 1 >  LENGTH: 2 8  
< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: A r t i f i c i a l  S e q u e n c e  
< 2 2 0 >  FEATURE: 
< 2 2 3 >  OTHER INFORMATION: D e s c r i p t i o n  o f  A r t i f i c i a l  S e q u e n c e :  p r i m e r  

< 4 0 0 >  SEQUENCE: 8 1  

a g t a g g a t c c  c a g g a c t g c c  t t c c a g c g  

< 2 1 0 >  S E Q  I D  NO 8 2  
< 2 1 1 >  LENGTH: 2 8  
< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: A r t i f i c i a l  S e q u e n c e  
< 2 2 0 >  FEATURE: 
< 2 2 3 >  OTHER INFORMATION: D e s c r i p t i o n  o f  A r t i f i c i a l  S e q u e n c e :  p r i m e r  

< 4 0 0 >  SEQUENCE: 8 2  

a g t a c t c g a g  c a g a g c g g c g  t c c g t g g c  

< 2 1 0 >  S E Q  I D  NO 8 3  
< 2 1 1 >  LENGTH: 2 8  



< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: A r t i f i c i a l  S e q u e n c e  
< 2 2 0 >  FEATURE: 
< 2 2 3 >  OTHER INFORMATION: D e s c r i p t i o n  o f  A r t i f i c i a l  S e q u e n c e :  p r i m e r  

< 4 0 0 >  SEQUENCE: 8 3  

a g t a g g a t c c  a g a a t t g t t g  a a g a a a t c  

< 2 1 0 >  S E Q  I D  NO 8 4  
< 2 1 1 >  LENGTH: 2 8  
< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: A r t i f i c i a l  S e q u e n c e  
< 2 2 0 >  FEATURE: 
< 2 2 3 >  OTHER INFORMATION: D e s c r i p t i o n  o f  A r t i f i c i a l  S e q u e n c e :  p r i m e r  

< 4 0 0 >  SEQUENCE: 8 4  

a g t a a a g c t t  t g c g c t g t t a  a c t c a t c g  

< 2 1 0 >  S E Q  I D  NO 8 5  
< 2 1 1 >  LENGTH: 8 2  
< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: P s e u d o m o n a s  s y r i n g a e  p v .  t o m a t o  

< 4 0 0 >  SEQUENCE: 8 5  

g g g g c a c c a c  c a t t g a g a a a  a g a c c t t g a a  a t t c a a g g t c  t t t t t t t t c g  t c t g g t g g a a  6 0  

a g t g g t c t g a  c t g a g g c t g c  g a  8 2  

< 2 1 0 >  S E Q  I D  NO 8 6  
< 2 1 1 >  LENGTH: 8 2  
< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: P s e u d o m o n a s  s y r i n g a e  p v .  s y r i n g a e  

< 4 0 0 >  SEQUENCE: 8 6  

g g g g c a c c a c  a t a g c a g t a t  c c a g a g g t c c  c a a c c a g c c c  c g c a a c a c c a  g a t a a a c c g g  6 0  

c c c a c g a g c c  g g t t t t t t t g  t g  8 2  

< 2 1 0 >  S E Q  I D  NO 8 7  
< 2  1 1 >  LENGTH: 8 1  
< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: P s e u d o m o n a s  s y r i n g a e  p v .  s y r i n g a e  

< 4 0 0 >  SEQUENCE: 8 7  

g g g g c a c c a c  c t t t aaaaaa  g a c c t t g a a a  t t c a a g g t c t  t t t t t t t c g t  c t g g t g g a a a  6 0  

g t g c c t t g a t  c c a a t c c t c g  c 8  1 

< 2 1 0 >  S E Q  I D  NO 8 8  
< 2 1 1 >  LENGTH: 8 2  
< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: P s e u d o m o n a s  s y r i n g a e  p v .  t o m a t o  

< 4 0 0 >  SEQUENCE: 8 8  

g c c c g g g c g t  g a c g c t g c c c  g g g c c c c g a c  a t t t c a g t c a  a t c a a t g c g c  c t t c g c a a t c  6 0  

c c g a a c t g a t  c a a g c a c c g g  a t  8 2  

< 2 1 0 >  S E Q  I D  NO 8 9  
< 2 1 1 >  LENGTH: 8 2  
< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: P s e u d o m o n a s  s y r i n g a e  p v .  s y r i n g a e  

< 4 0 0 >  SEQUENCE: 8 9  

g a a g g c t c a g  c a t t c a g g g c  g t c t g a g c c g  a c t caa t t ca  a t c a a t g c g c  c t t g t c a a t c  6 0  



c c g a a c t g a t  c c a g c a c c g g  g t  8 2  

< 2 1 0 >  S E Q  I D  NO 9 0  
< 2 1 1 >  LENGTH: 8 2  
< 2 1 2 >  TYPE:  DNA 
< 2 1 3 >  ORGANISM: P s e u d o m o n a s  s y r i n g a e  p v .  s y r i n g a e  

< 4 0 0 >  SEQUENCE: 9 0  

g a g g a a g a g g  c t t g a a a a a g  a g t t c a a c c t  c t t c c c t g c t  a t c a a t g c g c  c c t g t c a a t c  6 0  

c c g a a c t g a t  c c a g c a c c g g  g t  8 2  

< 2 1 0 >  S E Q  I D  NO 9 1  
< 2  1 1 >  LENGTH: 11 
< 2 1 2 >  TYPE:  P R T  
< 2 1 3 >  ORGANISM: A r t i f i c i a l  S e q u e n c e  
< 2 2 0 >  FEATURE: 
< 2 2 3 >  OTHER INFORMATION: D e s c r i p t i o n  o f  A r t i f i c i a l  S e q u e n c e :  h u m a n  

i m m u n o d e f i c i e n c y  v i r u s  TAT p r o t e i n ,  t r a n s d u c t i o n  
d o m a i n  

< 4 0 0 >  SEQUENCE: 9 1  

T y r  G l y  A r g  L y s  L y s  A r g  A r g  G l n  A r g  A r g  A r g  
1 5 1 0  

What is claimed: acid molecule whose complement hybridizes, at a tempera- 
1. An isolated protein or polypeptide selected from the ture of at least about 37" C. in a medium comprising at most 

group consisting of (i) a protein or polypeptide comprising 30 about 0.9M SSC, to a DNAmolecule comprising the nucle- 
an amino acid sequence of SEQ ID NO: 7 or SEQ ID NO: otide sequence of SEQ ID NO: 6 or SEQ ID NO: 65. 
66, and (ii) a protein or polypeptide encoded by a nucleic 8. The isolated protein or polypeptide according to claim 
acid molecule whose complement hybridizes, at a tempera- 1 3  wherein the protein or polypeptide is encodedb~ a nucleic 
ture of at least about 370 C, in a medium comprising at most acid molecule whose complement hybridizes, at a tempera- 
about 0,9M SSC, to a DNA molecule comprising the nucle- 35 ture of at least about 42" C. in a medium comprising at most 
otide sequence of SEQ ID NO: 6 or SEQ ID NO: 65. about 0.9M SSC, to a DNAmolecule comprising the nucle- 

2. The isolated protein or polypeptide according to claim otide sequence of SEQ ID NO: 6 or SEQ ID NO: 65. 
9. The isolated protein or polypeptide according to claim 1, wherein the protein or polypeptide comprises an amino 1, wherein the protein or polypeptide is encoded by a nucleic 

acid sequence of SEQ ID Or SEQ ID 66. 40 acid molecule whose complement hybridizes, at a tempera- 
3. A composition comprising: ture of about 65" C. in a medium comprising at most about 
a carrier and 0.9M SSC, to a DNA molecule comprising the nucleotide 
a protein or polypeptide according to claim 1. sequence of SEQ ID NO: 6 or SEQ ID NO: 65. 
4. The isolated protein or polypeptide according to claim 10. The composition according to claim 3, wherein the 

1, wherein the protein or polypeptide is a recombinant 45 protein or polypeptide comprises an amino acid sequence of 
protein or polypeptide. SEQ ID NO: 7 or SEQ ID NO: 66. 

5. The isolated protein or polypeptide according to claim 11. The composition according to claim 3, wherein the 
1, wherein the protein or polypeptide is at least about 80% protein or polypeptide is encoded by a nucleic acid molecule 
pure. whose complement hybridizes, at a temperature of at least 

6. The isolated protein or polypeptide according to claim so about 37" C. in a medium comprising at most about 0.9M 
1, wherein the protein or polypeptide is at least about 90% SSC, to a DNA molecule comprising the nucleotide 
pure. sequence of SEQ ID NO: 6 or SEQ ID NO: 65. 

7. The isolated protein or polypeptide according to claim 
1, wherein the protein or polypeptide is encoded by a nucleic * * * * *  


	DNA MOLECULES AND POLYPEPTIDES OF PSEUDOMONAS SIRINGAE HRP PATHOGENICITY ISLAND AND THEIR USES: U.S. Patent No. US 6,852,835 B2
	

	DNA molecules and polypeptides of Pseudomonas syringae Hrp pathogenicity island and their uses

