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INTRODUCTION

Phytopathogenic bacteria cause many diseases, including aberrant growth,
wilts, scorches, blights, soft rots, and leaf spots, and affect almost every cultivated
plant. Although it is difficult to estimate the cost of bacterial pathogenesis, microbial
diseases cause the United States farming industry to lose approximately $9.1 billion
per year (Agrios, 1997). Worldwide, annual crop loss due to bacterial soft rot, a single
type of bacterial disease, amounts to about $100 million (Perombelon and Salmond,
1995). Characterizing phytopathogenic bacteria inhabiting the phyllosphere will allow
researchers to develop methods for combating plant disease and maximizing crop
yield.

Some bacteria, such as Pseudomonas syringaghomonas campestyis
Ralstonia solanacearymand Erwinia amylovoraare facultatively parasitic. These
pathogens often arrive on the surface of leaves by rainsplash and grow epiphytically,
enduring the stresses of temperature, ultraviolet light, and competition with other
members of the phyllosphere, until a wound on the leaf provides the opportunity for
entry into the apoplast (Reviewed in Hirano and Upper, 2000). P. syramgtée
campestrisare members of a select group of phytopathogens that encode ice
nucleation proteins to assist the formation of frost-induced wounds (Reviewed in
Hirano et al., 1995; Lindow, 1983). Once inside the apoplast, these bacteria secrete
proteins that promote their reproduction and colonization (Reviewed in Lindgren,
1997).

Plant cells, however, do not rely on the benevolence of potential parasites; they

have co-evolved with their pathogens to have an active biochemical defense system



(Keen, 1992; Keen, 1981). In general, there are two types of interactions between
plants and their bacterial pathogens: compatible and incompatible. A compatible
interaction is associated with bacterial colonization, establishment of disease, and
development of late necrosis. An incompatible interaction is associated with reduced
or absent colonization. A plant’s lack of susceptibility to a particular pathogen is often
due to arecognition event that induces localized cell death, known as the

hypersensitive response (HR), in host cells near the site of inoculation (Klement,

1982). During the HR, aplant cell dissolvesits intracellular membranes (Lamb et &,
1989), strengthensits cell wall (Lamb et al, 1989), and increases production of active
oxygen species (H20,, O,, and OH) (Baker et a., 1991; Slusarenko et al., 1991) and
antimicrobial substances such as phytoaexins (Dixon and Lamb, 1990). Each of these
responsesis an effort to create an extracellular environment that is inhospitable for
phytopathogens and hinders the progression of disease.

Some bacterial pathogens use atype 111 secretion system (TTSS) to attempt to
parasitize plant cells. Notably, TTSSs are not limited to plant pathogens; animal-
pathogenic Salmonella typhimuriurtGroisman and Ochman, 1993), Shigella flexneri
(Venkatesan et a., 1992), enteropathogenic Escherichia col{(Jarvis et al., 1995), and
Yersiniaspecies (Cornelis, 1994) also contain TTSSs. A TTSS employs aflagellum-
like structure to transport virulence proteins, called effectors, from the cytosol of a
bacterium directly into host cells (Reviewed in He, 1998). Onceinside aplant cell,
effectors promote the leakage of nutrients into the apoplast (Dangl and Jones, 2001).

For most effectors, the mechanism of action has not been determined (Jin et a., 1997).



Initiation of the HR is dependent on a set of plant genes known as resistance
(R) genes. In resistant plants, at least one of the effectors interacts with the products
of Rgenes to elicit the HR (Dangl and Jones, 2001). Bacterial genes encoding
effectors that induce the HR are sometimes referred to as aviruéemcgegnes.
There is acognate, or “gene-for-gene,” relationship between avr and R genes
(Staskawicz et al., 1984). That is, aplant must express a specific R gene to recognize
aspecific translocated Avr protein and initiate the HR. For example, P. syringaeov.
glycinearace 4 strains normally have a compatible relationship with specific soybean
cultivars, and P. syringaepv. glycinearace 6 strains normally have an incompatible
relationship with these soybean cultivars. However, if arace 4 strain expresses the avr
gene avrAisolated from race 6, it becomes incompatible with the soybean cultivars
(Staskawicz et al., 1984). In this case, the soybean cultivars contain R genes whose
products are capable of recognizing AvrA translocated by the TTSS.

The genes encoding structural and regulatory components of TTSSs usually
cluster in a pathogen’s genome (Lindgren, 1997). The cluster of genes encoding the
TTSSfor P. syringagAlfano et a., 2000; Hutcheson 1999), X. campestrigBonas et
a., 1991; Daniels et a., 1988), E. amylovora (Steinberger and Beer, 1988), ancR.
solanacearungBoucher et al., 1986) has been termed the hrp/hrc cluster (hrp for HR
and pathogenicity, and hrcfor HR and conserved). The P. syringae hrp pathogenicity
island is one of the most studied hrp/hrc clusters.

P. syringads arod shaped, gram-negative, usually fluorescent strict aerobe
that is currently classified based on rRNA sequence as a member of the gamma

subgroup of the Proteobacteria. It is oxidase and arginine dihydrolase negative, which



distinguishes it from most other fluorescent pseudomonads (Doudoroff and Palleroni,
1974; Hirano and Upper, 2000). P. syringeeas isolated from diseased lil&yfinga
vulgaris) in 1899, and was characterized and named after its host in 1902 by C. J. J.
van Hall (Young, 1991; Hirano and Upper, 2000). Subsequently isolated str&ns of
syringae as well as the type strain, were found to be facultative pathogens of a variety
of plant species. They were eventually assigned an additional infrasubspecific
designation, pathovar (pv.), according to their host ranges (Dye et al., 1980; Pallaroni,
1984), which are often narrow relative to other phytopathogenic bacteria (Bradbury,
1986). There are currently more than 40 recognized pathovars (Young et al, 1992;
Hirano and Upper, 2000).

TheP. syringaenhrp/hrc cluster is a 25-kilobase chromosomal tripartite
pathogenicity island composed of an exchangeable effector locus (EEL), a conserved
effector locus (CEL), and a central conserved region (CCR) that expresses the TTSS
(Alfano et al., 2000). There is a well-studied regulatory system that controls
expression of the hrp TTSS. One of the key features is an alternative sigma factor
called HrpL, which activates expression of effectors in addition to other structural and
regulatory components of the TTSS (Xiao et al., 1994). Notably, a cosmid clone,
pHIR11, with a 31 kilobase (kb) genomic insert containinghtipecluster from P.
syringaepv. syringae 61 is able to confer type Il secretion-dependent translocation of
effectors when transformed into normally saprophytic E.(¢tlitcheson et al, 1989).

P. syringaegenes encoding known effectors are preceded by a HrpL-dependent
promoter (Innis et al., 1993). Effectors also appear to contain a rather cryptic

amphipathic type Ill secretion signal in their first 50 amino acid residues (Petnicki-



Ocwieja et al, 2002). In susceptible plants, the translocated effectors, known as Awvr,
Vir, or Hop proteins, suppress or modify the cellular defense responses of the host
(Chen et al., 2000) or alter the physiology of the host cell to favor growth of the
pathogen (Dangl and Jones, 2001; Hutcheson, 2001). Translocated effectors are
essential for the virulence of P. syringsteains, but also control the host range by
initiating host defenses, including the HR, in resistant plants. Strains with similar host
ranges likely encode comparable sets of effectors that are necessary for virulence in
their hosts; strains with distinct host ranges likely differ in the effectors they
translocate into plant cells. Consequently, to understand the pathogenicity and host
range of a givel®. syringaestrain, it is important to identify the effectors that are
expressed and translocated by that strain.

Several methods have been used to survey P. syrgtgaes for translocated
effectors. Most effector genes have been identified by screening a genomic library of
one strain for genes that affect the host range of another strain (Leach and White 1996;
Staskawicz et al., 1984; Vivian and Gibbon, 1997). Bioinformatic analysis Bf the
syringaepathovar (pv.) tomato DC3000 genome identified 51 putative or verified
effectors that appear to be expressed from HrpL-dependent promoters (Fouts et al.,
20002) or carry type Il secretion signals (Guttman and Greenberg, 2001; Guttman et
al., 2002; Petnicki-Ocweija et al., 2002). Some translocated proteins have been
identified by using randomly geneed genomic fusions to an ‘avrRpt2 cassette that
requires TTSS-dependent translocation for activity in RPS2ines of Arabidopsis
thaliana(RPS2is the cognate R gene for avrRpt? (Guttman et a. 2002). In some

cases, culture filtrates have been used to identify secreted proteins (Mudgett and



Staskawicz, 1999; van Dijk et al. 1999; Yuan and He, 1996). Unfortunately, most P.
syringaestrains secrete effectors into liquid media below the threshold of detection
(Alfano and Collmer, 1997; Hutcheson, 1999; Li et al., 1992). The results of these
screens indicate that effector genes can be dispersed throughout the genome (Kim et
al., 1998), clustered in plasmid-borne pathogenicity islands (Jackson et al., 1999), or
associated with the hfiprc cluster in either the EEL or the CEL (Alfano et al, 2000;
Hutcheson, 1999).

Although effectors located in the EEL are unlikely to be solely responsible for
astrain’s host range, the EEL is remarkable because it appears to be ahighly variable
source for effectors (Alfano et a., 2000). Each strain characterized thus far contains a
distinct EEL with at least one demonstrated effector (Figure 1) (Alfano et al. 2000;

Heu and Hutcheson, 1993; Mansfield et al., 1994; Petnicki-Ocweijaet a., 2002). In
P. syringaev. syringae (Psy) 61, aweak bean pathogen, the EEL consists of an
operon containing hopPsyAaso known as hrmA), which encodes a TTSS-dependent
effector (Alfano et a., 1997; Heu and Hutcheson et al., 1993), and shcA which
encodes a chaperone for HopPsyA (van Dijk et a., 2002). The EEL of PsyB728a, a
more virulent bean pathogen, includes six genes, three of which—hopPsyC1
hopPsyEland hopPsyV1—encode translocated effectors (Alfano et a., 2000). IrP.
syringaepv. tomato (Pto) DC3000, a pathogen of Arabidopsisand tomato, the EEL
encodes the effector HopPtoB1 and contains four other genes that are entirely
dissimilar from the genesin the Psy61 and PsyB728a EELs (Alfano et a., 2000;

Fouts et al., 2002; Petnicki-Ocweija et al., 2002).



The EELs in Psy1, PtoDC3000, and PsB728a are bordered on one side by queA
and a tRNAy, gene, and on the other side by hr@fano et al., 2000). quek a
housekeeping gene involved in the modification of tRNA nucleoside 34 (Reuter et al.,
1991) and is not functionally linked to the TTSS; hypKich is located in the CCR
of thehrp/hrc cluster (Alfano et al. 2000), has an unknown function. The presence of
these conserved genes adjacent to the EEL introduced the possibility of using
polymerase chain reaction (PCR) to amplify the EEL from dtheyringaestrains.

Such a study may facilitate the identification of novel effector genes, alleles of known
effector genes, and an association between a strain’s host range and the genetic

composition of its EEL. This report describes the properties of the EELs and effector

genes amplified from 29 P. syringaestrains isolated mostly from North American

SOurces.
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Figure 1. The exchangeable effector locus (EEL). (A) Effectors associated with the hrp pathogenicity island flank the cluster of
operons that make up the central conserved region and are located in either the EEL or the conserved effector locus (Alfano et al.,
2000). (B) The EEL has been characterized for three strains. Psy B728a, Pto DC3000, and Psy 61 (Alfano et al., 2000). Arrows
indicate the direction of transcription. A circle at thetail of an arrow indicates the transcriptional unit is controlled by a HrpL-
dependent promoter. Tan shading indicates the gene encodes an effector. Elements that are not part of the EELs are gray. An
open reading frame that is likely not expressed but has similarity to transposable elementsislabeled "T.E."



SPECIFIC AIMS
The exchangeable effector locus (EEL) borders one side of the central conserved
region of the hrgirc cluster in P. syringaend is a source for effectors that are
translocated by the type Il secretion system. Variation within the EERSy#1,
Pto DC3000, and PsB728a indicates other P. syringsieains might contain unique
effectors in the EEL that may affect their host ranges. A conservedaesrsof

hrpK) borders each side of the EEL. The purpose of this project was as follows:

1. Amplify the EEL from P. syringastrains.
This may be accomplished by designing and ukipg- and queAspecific
primers to PCR screen P. syringsteains. At least one EEL must be amplified
before addressing the other specific aims.

2. Determine the sequences of the EELSs.
After an EEL has been amplified, it may be partially sequenced. If a particular
EEL appears to be divergent from the previously characterized EELSs, it may be
completely sequenced.

3. Identify potentially novel effectors.
Sequence data generated from specific aim (2) may be used to identify novel

effectors that could function in P. syringpathogenicity.



MATERIALS AND METHODS

Bacterial strains

Pseudomonas syringaend Escherichia cobtrains were grown in Kings B (KB)
medium at 25°C and 37°C, respectively (King et a., 1954). Rifampin (200 pg/ml)
and spectinomycin (100 pg/ml) were added to the media when appropriate.
Previously described strains, plasmids, and primers that were used are listed in Tables

1, 2, and 3, respectively.

PCR amplification of the EEL

Colony PCR reactions employed a Hybaid PCR Sprint™ thermocycler using a 10
minute extension time and either Proofsprinter™ (Hybaid) or ProofPro™ (Continental
Lab Products) DNA polymerase enzyme mixtures. The primers K2688 and Q920
were chosen based on their ability to amplify the previously characterized EELSs of Psy
61, PsyB728a, and Pto DC3000. All other variables were set according to standard
protocol or manufacturer's instructions for long-range PCR. PCR products were gel
purified and extracted using the Bio-Rad (Hercules, CA) Prep-A-Gene™ Master Kit
prior to sequencing. DNA was sequenced at the University of Maryland

Biotechnology Institute using an ABI Model 3100 Automated Sequencer.

Diagnostic PCR to determine conservation of Pto DC3000- and B728-like EELs

Published sequences of Pto DC3000 and PsyB728a were used to create primers
internal to selected ORFs. Primers were appropriately paired and utilized in Taq

polymerase (Invitrogen)-based PCR amplification with a 5-minute extension time. For
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thePsyB728a-like EEL, the following primer sets were used: B1F and BER amplified
hopPsyC1 to hopPsyEBEF and B5R amplifiethopPsyE1 to hopPsyVB5F and

Q920 amplified hopPsyV1 to quekor the PtabC3000-like EEL, the following

primer sets were used: D1F and D2R amplihegPtoB1 to eelHD2F and D3R

amplifiedeelHto eelF1 and D3F and Q920 amplified eelfd queA

Construction of ‘avrRpt2 fusions to PsyB5 hopPsyB1

A 259 base pair (bp) fragment carrying the 5’ -portion of hopPsyB1 (includes the
native ribosome binging site and the first 86 codons), was PCR amplified from PsyB5
using the primers BSEEL 1950-X and BSEEL1565-RI. A 528 bp fragment carrying
the 3'-portion of avrRpt2 (including the last 176 codons) was amplified using the
primers avrRpt2412-R1 and avrRpt21028-H. Both fragments were gel-purified
using the Bio-Rad Prep-A-Gene™ Master Kit, digested with EcoRlI, and ligated. The
desired fusion was amplified from the ligation mixture using primers BSEEL 1950-X
and avrRpt21028-H, gel-purified, and ligated into pDSK519 as a Xbal, HindllI

fragment to create pPJCB5EEL 2-AR2.

Plant assays

For pathogenicity trias, overnight cultures grown at 25° C were diluted to an ODgg Of
0.1, diluted 10° fold into water and infiltrated into leaves of the indicated plants. Plant
responses were scored daily and bacteria popul ations were monitored using the leaf
disk assay of Bertoni and Mills (Bertoni and Mills, 1987). For assessment of the

ability to dlicit the HR, overnight cultures were harvested, washed in water, and

11



resuspended to $@olony forming units (cfu)/mL for Pt&C3000 derivatives and 10
cfu/mL for E. coliMC4100 derivatives. Leaf tissue was inoculated using a syringe

and scored for responses at 18 or 24 hours, as indicated.
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Table 1. Strains.

Strain Properties Reference
P. syringaestrains

Pto DC3000 tomato / Arabidopspathogen; | (Cuppels, 1986)
Rif" derivative of NCBPP1106
isolated in the United Kingdom;
carries a Family VA EEL

Psy61 weak bean pathogen; (Baker et al., 1987)
carries a Family IA EEL

PsyB728a Bean pathogen; (Hirano et al., 1999)
carries a Family IlIA EEL

Pph1032A Bean pathogen; (Mansfield et al., 1994)

E. colistrains
DH5a

MC4100

carries a Family Il EEL

(r my) recAlrelAlA(argF-
lacZYAU169 @0dlazDM15

F’ A(argF-lacZYAU169

Invitrogen

(Casadaban, 1976)

13



Table 2. Plasmids.

Plasmid Properties Reference
pDSK519 incQ, Kh (Keen et al., 1988)
pDSK600 incQ, Sptriple lacUV5 (Murillo et al., 1994)
promoter, mcs

pHIR11 hrp PAI from Psy61cloned into | (Huang et al., 198§
pLAFR3

pHIR11-2070 pHIR11 derivative carrying a | (Huang et al., 199)
hopPsyATnphoAinsertion

pJC avrRpt2-600 617 becoR1-Hirdlll fragment | This report
carrying C-terminal effector
domain of avrRpt2 ligated into
pDSK600

pJCB5EEL2-AR2 | 259 bpbal-Hindlll fragment This report
carryinghopPsyB RBS and N-
terminal 86 codons ligated into
pDSK519

pLAFR3 incP-1 T€cosmid vector (Staskawicz et al.,
1987)

pSHB5EEL1-600 The 3.5 kb EEL from P. syringgdCharity et al., 2003)
B5 cloned as a XidaEcoR1
fragment into pDSK600

pYXI1L the shcA-hopPsyA operon cloned (Pirhonen et al., 1996)
as a Barrl1-EcoR1 fragment in
pLAFR3

pYXL2B expresses thierpL locus from (Xiao et al., 1994)

vector promoter
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Table 3. Primers

Primer Properties Reference
K2688 CTGGGCGGACAGATGATC This report
Q920 AACGCCGAAACCAGCATCAA This report
D1F GCAGAGTCAGGGTCATCAG This report
D2R TTCCAGCACAGCATCCAGTT This report
D2F GGTGCGGTAAGTGTCAGAAA This report
D3R CGGTGTGGTGGTCATTGTC This report
D3F TCATTGGCACTTCGCTACCT This report
B1F CGATGTGGGTGAGCCTAATG This report
BER GGAGCGGGATTCAGGATGT This report
BEF GTGGTCGCTATCGGCAAGAA This report
B5F TACTTTCAGCATTAGGCAACG This report
B5R GTCTGCCCTCGCCACGCTGTA This report
BSEEL1950.X | GCTCTAGAGCTGTATATCGGCTTTA gﬁ’hgg%‘;t
BSEEL1565.RI | CGGAATTCCGCGCGCTTGTCATTCAGTA gihgggy;;t
aviRpt2412-RI | CGGAATTCCACGAGACGGGCGGTTCAAG | This report
avrRpt21028-H | CCCAAGCTTTAGGGACCAAAAAGCCAGAC | This report
P197-R1 CCGGAATTCGGACGGTCTATATAAGGAGG | This report
PB50ORF1-Xbal | GCTCTAGACAGTTCGGGATTGACAGG This report
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RESULTS

Development of a PCR screen for the P. syringgé

Conserved regions within alleles of quaAdhrpK from Psy61,Pto DC3000, and Psy
B728a were used to design oligonucleotide primers, K2688 and Q920, for amplifying
the EEL (Figure 2A,B,C). The K2688/Q920 primer pair was used with a commercial
long-range PCR amplification kit to amplify the EEL from BdyPto DC3000, and
PsyB728a. The expected fragment sizes were generated (Figure 2D) and were

identified as EEL by sequencing approximately 400 nucleotides downstrdapKof

Characterization of hrptéssociated EELs amplified frobh syringaestrains

Using the K2688/Q920 primer pair and a commercial long range PCR
amplification kit, 86 P. syringastrains were screened for the EEL. The EEL was
successfully amplified from 29 predominantly North American P. syripyae
syringae strains that were originally isolated from a variety of plants (Table 4). The
amplified EELs were initially differentiated by size, nucleotide sequence adjacent to
hrpK, and in some cases, the amplification of diagnostic internal fragments. The
complete nucleotide sequence was obtained for a representative of each EEL identified
as novel (Table 4).

Twelve strains had an EEL equivalent to the EEP®§61,Pto DC3000, or Psy
B728a. Seventeen strains contained an EEL that was different from the previously
characterized EELs. The EELs were classified into six families based on their
constituent genes. A representative for each novel EEL was fully sequenced (Table

4). The absence of an accession number in Table 4 indicates that a strain did not have
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its EEL completely sequenced. When this applies, the strain’s EEL was classified
based on its size, its nucleotide sequence immediately downstream of hrpK
(approximately 400 nucleotides), and possibly other diagnostic methods, as discussed
below. Strains classified as having the same type of EEL retained >98% identity to
the representative EEL across sequenced portions of the region.

Severd of the strains used were recalcitrant to EEL amplification using hrpK- and
queAderived primers. The attempt was made to amplify the EEL from a subset of
these strains using Q920 and a primer complementary to a conserved region of hrpL,
which lies directly upstream of hrpK. The EELSs of three strains were amplified in this
manner. However, each of these EELs was equivaent to one of the EELs amplified in
the previous survey. The reason for the inability to amplify the EEL from some
strains has not been determined, but it may be that these strains have especially long
EELSs, sequence divergence at the primer sites preventing primer binding or

elongation, or the absence of closely linked queAand hrpK or hrpL alleles.
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A. Q920
| queA | | EEL | | hrpK |
<
K2688

Psy 61 Leejjeifeceeryyivissees e/ \A\CCCCCAAACCAGCAT CAAWIESEIIEELY B IO (€ E $IVIVN
Pt o DC3000 EGT T CGGGATAA EAACGCCGAAACCAGCATCAAwcoclceiy o e c o Vv

Psy B728a  |fe€jfejjeceeryyrieeeese \\CCCCCAAACCAGCATCAAWICOE[eEry Lo EE e/ V.V

Psy 61 GCGT CCGCCGGCCTTGGT CTGGGCGGACAGATGATCecsscocejfcjjoccesijcel)

Pt o DC3000 [ec® €0 €1JCTGGCCCGACAGATGATCee T[ecece CGCO
Psy B728a CTGGGCGGACAGATGAT €

Sizein kilobases

N Wb o 00O

Figure 2. Amplification of the EELs from P87 28a,Pto DC3000, and Ps@1.

(A) Oligonucleotide primers Q920 and K2688 were designed to be complementary to
internal regions of queAnd hrpK as depicted by the arrows. (B) The sequence of the
primer Q920 is shown (gray) along with flanking sequence fromyuléalleles in
Psy61,Pto DC3000, and PsB728a. Non-conserved nucleotides have a white
background. (C) The sequence of the primer K2688 is shown (gray) along with
flanking sequence from the hrpleles in Psy1, PtoDC3000, and PsB728a.
Non-conserved nucleotides have a white background. (D) Primers Q920 and K2688
and ProofPro™ polymerase (Continental Lab Products, San Diego, CA) were used to

PCR amplify the EELs from whole cells of (a) Psy61, (b) Pto DC3000, and (c) Psy

B728. The amplified fragments were gel-purified and sequenced from hrpK to verify

they contained EELs

18



Table 4. Properties of the strains whose EELs were amplified..

Strairf Plant Geographical Amplified EEL Accession
Sourc8 Locatiorf PCR Typ€e Number
Product

PsyB76 Tomato GA 4.0 A
PsyB458 Orange CA 4.0 A
Psy Tomato AU 4.0 1A
PDDCC3523
PsyPS-1 Peach NC 4.0 IA
PsyPS-14 Apricot NC 4.0 IA
PsyPs6-SB Soybean NE 4.0 IA
Psy84-15 Tomato GA 4.0 IA
Psy85-274 Tomato GA 4.0 1A
Psy B5 Soybean MC 35 1B AY 147022
PsyB6 Soybean MC 3.5 B AY147023
Psy464 Corn SD 3.5 IB AY147017
PsyB301D Pear UK 3.5 IB AY147020
PsyBK034 Wheat MN 3.5 B AY147024
Psy Pear GR 3.5 IB AY147027
PDDCC3907
Psm567 Cherry UK 3.5 B
Psy 5D4198 Plum CA 8.0 IC AY 147019
Pph BK378 Bean MN 4.0 [ AY 147025
PpaB138 Apple GA 4.0 Il
PsyB362 Bean CA 8.5 A
PsyPs1Bean Bean WA 8.5 A
Psy B452 Orange CA 55 1B AY147021
PsyB460 Lemon CA 5.5 1B
PsyBK035 Wild Rice MN 5.5 1B
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Table 4 continued.

Strairff Plant Geographical Amplified EEL Accession
Sourc8 Locatiorf PCR Typ€e® Number
Product
Psy W4N15 Apple WA 55 IV AY 147028
PsyWA4N27 Pear OR 5.5 \Y,
Psy Millet ET 7.5 VA
NCPPB1053
Pto 2844 Tomato UK 7.5 VA
Ppe 5846 Peach FR 6.0 VB AY 147018
Psy DH015 Bean Wi 5.0 VI AY 147026

Superscripts:

4 See (Denny et al., 1988) for strain references. Abbreviations; Prsgringaepv.
morsprunorum; PpaP. syringaepv papulans; PpeP. syringaepv. persicaePph P.
syringaepv. phaseolicola; Psy. syringaepv. syringae; PtpP. syringaepv. tomato.
Representative strains used for each type of EEL are shown inRPs}él1, Psy

B728A and PtddC3000 were used as the representative strains for type IA, llIA, and
VA EEL.

® Type of plant the strain was isolated from or reported to cause symptoms in.

¢ Geographical region the strain was reported to be isolated from. Abbreviations: AU,
Australia; CA, California, USA; ET, Ethiopia; FR, France; GA, Georgia, USA; GR,
Greece; MC, Manitoba, Canada; MN, Minnesota, USA; NC, North Carolina, USA;
NE, Nebraska, USA; OR, Oregon, USA; SD, South Dakota, USA; UK, United
Kingdom; WA, Washington, USA; WI, Wisconsin, USA.

9 The indicated strain was used to initiate PCR amplification of the EEL using primers
Q920 and K2468, as described in Materials and Methods. The indicated size was
determined by agarose gel electrophoresis and represents the amplified EEL plus
approximately 1.5 kb of sequence internal to gaed hrpK

® Genetic organizations of EELs are shown in Figure 33. Placement into the indicated
families was based on sequence similarities.

" The following strains were negative for PCR amplification of the EEL using Q920
and K2688: Psy80, P. syringa@v. delphinii 529, Pt@424,P. syringaepv.

berberidis 4116P. syringaepv. antirrhini 4303 P. syringaepv. savastanoi 4358Bmo
5795, P. syringa@v. maculicola Pmg #1, Pma#5,Pma#10,Pmal1083-3, Psy

5D417, Pto832F, PtoB117, PtoB118, PtoB120,Pto B121, PtoB122, PtoB125,
PphB130, PsyB15,Pto B19,PsyB359,PsyB368,PsyB382, PsyB3A, PsyB407,
PsyB427, PsyB455, PtoB67, PtoB88, PsyBK036, PtoCNBP1323, PtdDAR26742,

Pto 30555,Pto DAR31861, PsyHS191, PtaJL1053, PtaJL1060, PtaJL1075, Pto
JL1105, PtalL1120, PtaNCPPB880, PpiNK343, PtoPDDCC 3357, Pté’DDCC

4355, PtoPT14, PtoPT21, PtoPT30, PtoRG-4, Psy5-4B-1, Psy5D19, Ptol'1, Pto

T4B1, PsyW4N108, PsyW4N43.
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Family | EEL

Sixteen strains carried an EEL related to the EBRIp61. In eight strains—Psy
B76, PsyB458, PsyPDDCC3523, PsyPS-1, PsyPS-14, PsyPs6-SB, Psy84-15, and
Psy85-274—the locus was equivalent to the EEL in Psy61. The fragments amplified
from these strains were about the same size as the fragment amplified from Psy61 and
initial sequence (approximately 400 nucleotides) downstream of hrpK had >98%
identity with the Psy61 EEL. Thistype of EEL was classified into Family [A
(representative strain: Psy61).

The EELsin seven additional strains—PsyB5, PsyB6, Psy464, PsyB301D, Psy
BK034, PsyPDDCC3907, and Psy567—contained two genes. Thefirst gene
downstream of hrpK was similar to Psy61 shcA and the second gene downstream of
hrpK was similar to Psy61 hopPsyA The orientation of the genes was reversed
relative to the EEL of Psy61, and the two genes appeared to be expressed as part of
the hrpK operon. The apparent transational start of the shcA ortholog, designated
shcB1 overlapped the stop codon of hrpK, and the stop codon of shcBlwas
immediately followed by the translational start of the hopPsyAortholog, designated
hopPsyB1 The deduced PsyB5 ShcB1 product was 175 amino acid residues long and
had a predicted mass of 19.5 kDa. Four minor sequence variants of ShcB1 were
detected. ShcB1 shared 56% identity (1) and 69% similarity (S) with Psy61 ShcA, but
was 65 residues longer than ShcA at the N-terminus (Figure 3). PsyB5 hopPsyB1
encoded a 382 amino acid residue polypeptide with a predicted mass of 41.9 kDa. The
amino-terminal 44 residues shared 68% | and 82% S with the amino terminus of

HopPsyA (Figure 4). Thisdomain, which likely carriesthe type |11 secretion signal
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(Mudgett and Staskawicz, 1999), was serine rich, as observed irPohgingae
TTSS-dependent effectors (Guttman et al., 2002). It did not, however, fit many of the
criteria proposed by Petnicki-Ocweija and associates for TTSS translocated effectors.
For example, the deduced HopPsyB1 product has hydrophobic residues at positions
three and four, a glutamic acid residue at position 12, and multiple cysteine residues.
However, other translocated effectors, including HopPsyA, also display these
characteristics. Over its whole length, HopPsyB1 shared only 35% | and 45% S with
HopPsyA and required several gaps to align with HopPsyA. This suggested that the
effector activity of the two proteins might be different. Since the EEL in these strains
appeared to be an inversion of the B$¥EL, this type of EEL was classified into
Family IB (representative straiRsyB5) (Figure 5).

A third variant of the Family | EEL was identified Rsy5D4198. This EEL
encoded orthologs of ShcB and HopPsyB (>97% amino acid residue identity; Figures
3 and 4) and carried three additional genes, designatedestBrandeelC
downstream of the hopPsgRllele. eelAencoded a 256 amino acid residue
polypeptide with a predicted mass of 30 kDa; emiBoded a 243 amino acid residue
polypeptide with a predicted mass of 27.2 kDa; emi€oded a 545 amino acid
residue polypeptide with a predicted mass of 62 kDa. @ed@elClikely formed an
operon since they were separated by only 97 bp, were oriented in the same direction,
and were not separated by an obvious Rho-independent transcriptional terminator.
Neither orthologs nor conserved functional domains could be located in online
databases for any of the three gene products. Additionally, no obvious secretion

signals were found. A partial duplication of the tRNAene was identified between
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eelAand hopPsyB2 (Figure 6), indicating that eahdl eelBGnight have been part of
a4 kb insertion into the tRNA, gene. Consistent with this interpretation, the region
between the truncated tRNAgene and hopPsyB2 shared 95% identity with the
intergenic region separating the tRjAgene andhopPsyB1 in the P95 EEL

(Figure 6). No obvious HrpL-dependent promoters were detected upstrea of
eelBC suggesting neither transciptional unit is part of the HrpL-dependent regulon.
This type of EEL was classified into Family IC (representative stPan5D4198)

(Figure 5).
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B5 VONSRAARIL SSYIL FRECVVLQTSM NTPPGEVI YRPREFVQCSGHRGVLMIDRL YKTVLA
464 VOWSRAAGIL SSI LFRECVWLQTSM NTPPGEVI YRPRPFVQCSGHEGVLMIDRLYKTVLA
ISV NEST: I\ O/\SRAAAL SS| LFRECVVL JTSM NTPPGEVI YRPRPFVQCSGHRGVL MTDRL YKTVLA
ShcA e
B5 DL STSL TMQPL MFDDT GACDVWVDEE! ALKVWVDPRVFQRLLLI GLVDI SPDLPLQRLLS
464 JOMDL STSL TMOPL MFDDT GACDVVVDEE! ALKVVVDPRVFQRLLLI GLVDI SPDLPLQRLLS
504198 61

R TR

ShcA 1 ----- A DESIECRL L LI GLEEEEEDL PLORL LA

B5 KVVMGAL NPL FNDGPGL GAHAGSEL YI GFKAI PRENVSVWTLKQAI AEL VEW KRVWRDAHS

SBi1os 120 GIVACSEL V] G KAl PRENVWTLKG AELVEW KTWOAL

IRYA LI PIV I GAL NPL FNDGPGL GAHAGSEL Y1 GEKAI PRENVSVVTLKQAI AELVEW KTWRDAHS

ShcA SISl CALNPLIYNAGPGIGV[REeS(eL VIZAVIOS| PRERVSVENL KlEI A€L VEVWKOVWREARI

Figure 3. Sequence alignment of ShcA orthologs. The deduced sequences of ShcB
from the EELs of Ps85, Psy464, and Ps$pD4198 were aligned to ShcA from the

EEL of Psy61using ClustalW version 1.8. Identical residues have a black
background and similar residues have a gray background.
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B5 (VNP QT RFSNVEAL RHSEVDVQEL KAHGQ EVGGKCYDI RAAANNDL TVQRSDKQVAVSK]
464 Fll\VI\PI OTRFSNVEAL RHSEVDVOEL KAHGQ EVGGKCYDI RAAANNDL TVORSDKQVAVSK]
504198 1 0 0 0
HopPsyA 1

B5 61
464 ¥ FKKAGL SGSSGSQSDQ AQVL NDKRGSSVPRLINRQGOTHLGRVQENI EEGQGSSAATS

ISV N ST I T F K KAGL SGSSGSQSDQl AQVLNDKRGSSVPRLI RQGUITHL GRVMOFNI EEGOGSSAATS
HopPsyA 61 [SERCRZHLI GCOSORAGIOYEY- ECVWEREOE- - - - MEEZRFDL EKCESSAVIERAI K

B5 INRRONSRL PNGRLVNSS| L QNEKAKANGSTSSSALYQ YAKEL PRVELLPRTEHRACLAH
464 IIAIIONSRL PNGRL VNSSI LONAEKAKANGSTSSSAL YQI YAKEL PRVEL L PRTEHRACLAH

107 Kol Iy 2 B ONSRL PNGRL VNSSI L QAAEKAKANGSTSESAL YQ YAKEL PRVEL L PRTEHRACLAH
HopPsyA 116 AADSRLTSHQTFASFCONASAER [ERYRNRYEHDEQEGHARENAYECGRVIENI TVKEYR

B5 HENIKI NGKDGE S| WPQFL DGVRG. QL KHDTKVEFMVINNPKAADEF YKI ERSGT QFPDEAVKARL
464 IRSNARKI NGKDA S| WPOQFL DGVRGL QL KHDTKVFMVNNPKAADEFYKI ERSGT QFPDEAVKARL
17 NI A RN | NGKDA S| WPOFL DGVRGL QL KHDTKVFMWNNPKAADEF YKI ERSGT QF PDEAVKARL

HopPsyA 176 LS| TizKTIBSYARS! HBDRE- - [=EELBL GRZBAEBRNART Qg 551/ VPK- DERAPETNSERE

B5 PN TI NVKPOFQKAMVDAAVRL TAERHDI | TAKVAGPAKI GT1 TDAAVFYVSGDFSAAQTLAK]
464 LN T NVKPOFQKAMVDAAVRL TAERHDI | TAKVAGPAKI GT1 TDAAVFYVSGDFSAAQTLAK]
5D4198 241 pINWVGeIe: QTLNK
HopPsyA 233

B5 CIUREL QALRRY PDDAFI NHTPAGMOSMGKG. CYAERTPQDRTSHGVBRASI | ESALADTSRSS
464 301 - 8L PDDAFI NHTPAGMQSMEKGEL CYAERT PQDRTSHGVERASI | ESALADTSRSS
YN IO | QAL PDDAFI NHTPAGMOSMGKGL CYAERTPODRTSHGVERASI | ESALADTSRSS

HopPsyA 293 KEKKESGHEP=EEYERIEL SYes TleL [EBS7I=SVECOPESEEQRTHIVOEKGG - P

464 LTl FKKL RNAFKSAGYNPDNPAFRL ES

HopPsyA 351 [NENIIMALAEREY =N [FARN

Figure 4. Sequence alignment of HopPsyA orthologs. The deduced sequences of
HopPsyB from the EELs d?syB5, Psy464,andPsy5D4198 were aligned with

HopPsyA from the EEL of Psy1 using ClustalW version 1.8. Identical residues have
ablack background and similar residues have a gray background.
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Figure 5. The EELs of Family I. The EELs are aligned by their hrpK sequences. hrpK and queA were not fully sequenced for the
representatives of Family IB or IC. Arrowsindicate the direction of transcription. Conserved regions surrounding the EELs are
gray. Shared colors denote similar genes. Open boxes identify genes dissimilar from other genesin the EELs of Family I. Family
representatives: |A, Psy 61, 1B, Psy B5, IC, Psy 5D4198.



A.

PsyB5 queA 465 bp hopPsyB1

Psy5D4198 eelA 394 bp hopPsyB2

B.

B5
504198

B5
5D4198

B5
504198

B5
5D4198

B5
504198

B5
5D4198

B5
5D4198

B5
504198

Figure 6. Sequence alignment of the intergenic region betguesfandhopPsyB1 in

IGATCGGGT TCGT TTAGCAGGEGCCEEGAAGT TTATCCGGTTTGAG (Eﬂé VAAC

o WACT

ol TS Gl ISS CT CT T GACCRRCASAGAACTICUSS THLIACT TCCCCCCCAT T GRG0
17 SICACRGCCT(SEE- - - - [SeCTIETRACAMIGT CAQUAGCS]- - [€- - - - - - - - GAGY

L E R CTGAT GOOCGAAT TGGT AGACGOGGOGGAT TCAAAAT COGT T T TOGAAAGAAGT GG
63 - JORAECee dNy- - - - - -

WEJ TCCATTCTCCCTCGEEECACCACET THAAAAAAGACCT TGANATTCAAGGTICTTTTTTT
W0l T CGAT TCT CCCT CGGEECACCACCT TIRAAAAAAGACCT TGAAIITTCAAGGTCTTTTTTT

PN CGT CTGGTGGAAAGTGECTTGT TGTCGT TTACCHJATGCATCTCCTGAAAAAAAT CTGCA
ISI*RCGT CTGGT GGAAAGTJICTTGT TGT CGT T TACCESAT GCATCTCCTGAAAAAAAT CTGCQ

IO} T GGCTCAATCTCTAAAAACGCCT TTCT CTGI CAGGGCAGECTGCCTGAAACA

Al T GGCTCAATCTCTAAAAACGCCTTTCT CTGT CAGGECAGGECT GCCTGAAACATIRAAACAG

TSH AT T CACGGCAAGOCT GT GT TCGAGCAAGSGAINGGATACGOJEGAGAAT GGOCCCT CA

VIS ATTCACGGCAAGCCT GT GT TCGAGCAAGEGA@GGAT ACGCYGAGAAT GGCCCCT CA

VYN CCGT QT CCTGEECCCGCGACT TTGGGA AETTCATAQ
KV CCGT (e TCCTGCGECCCGCGACTTTTGCEA ARTTCATAQ

PsyB5 and the intergenic region between el hopPsyB2 in P§D4198.

(A) Diagram showing the intergenic regions (IGRs) aligned in (B) and flanking genes.
Solid arrows indicate the direction of transcription. The dashed 5’to 3’arrow over the
IGRs denotes the direction of alignment. The number of base pairs (bp) in the IGRs

are labeled. Note that the figure was not drawn to scale. (B) Alignment of the IGRs

displayed in (A). The full-length tRNA of PsyB5 has a gray background. Non-

conserved nucleotides have a white background.
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Family Il EEL

Initial sequencing of the 4 kb fragments amplified fiensyringaepv.
phaseolicolaPph) BK378 and PpiB130 identified an open reading frame (ORF)
downstream of hrpKhat had similarity to avrPphBvhich was originally discovered
in Pph1032A(race 4) (Mansfield et al., 1994). After completely sequencing the
fragment from PplBK378, it was found that theph BK378 EEL consisted of two
ORFs. The product of the first ORF downstream of hn@s similar to AvrPphE
from Pph1032Aand HopPsyE1 from the P8728a EEL. In the product of the
BK378 avrPphEallele, residues G191, W235, and E310, which have been reported as
essential for R2-specific avirulence activity (Stevens et al., 1998), were conserved.
However, the PpIiBK378 AvrPphE was 60 residues longer thanRpa 1032A
AvrPphE. A similar 3-extension is present in an avrPphES allele fouRd syringae
pv. phaseolicola race 8 strains (Stevens et al., 1998), incledsyyingaepv.
phaseolicola 2656A, so the PBIK378 allele was designated avrPphES8 (Figure 7).
This extension attenuates the activity of AvrPphE (Stevens et al., 1998). The second
ORF was located 154 bp downstream of avrPphE8 and exhibited 83% | and 87% S
with eelF1from the PtoDC3000 EEL. In recognition of its similarity &elF1, this
ORF was named eelFANotably, EelF4 was missing the fourth 16 residue repeat
found in EelF1 (Figure 8). The functions of EelF1 and the repeats are unknown.

The intergenic region betweénpK and avrPphE8n PphBK378 was less than
41% identical to the intergenic region between hopPsyC1 and hopPsyE 1BiZ8zy
(Figure 9). This indicated that the genetic arrangement &fgth®&K378 EEL was

likely not the result of a deletion in the FBy28a EEL; conversely, the PBy28a
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EEL likely did not arise by an insertion into the FpiK378 EEL. Accordingly, the
PphBK378 EEL was classified into Family Il (representative sti@aphBK378), a
separate group from thiesyB728a EEL (Figure 10).

Alleles of queAand a tRNA, gene bordered the P@K378 EEL (Figure 10).
Although a nearly identical avrPphdtlele is downstream of a hrpK allele in Pph
1032A (Mansfield et al., 1994; Stevens et al., 1998), the chromosomal location of the
hrp PAI in this strain was not established. The detectiqqueAand the tRNA,
gene in PpiBK378 indicated the location of the hRAI in strains carrying a Family
Il EEL was likely identical to the location of the hiRAl in other strains with

characterized EELSs.
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HopPsyEl 361 --a%&wﬂi-‘m --------------------------------------

Avr PphE8 360 RRAWIROAR SKIEERNKIZFL OKSKPVNI GAPARFL SKKMGFFRGY[MAG RSB\
1

| S2656A 1 -------------- KISERNK[2FL OKSKPVNI GAPARFL SKKVGEFRGY IR
AVrPphE  --eeeeeeeiee e

HopPsyEl ~  --------mmmo

Avr PphE8 420 RTLSNKKLI ALPM NFQENRS

| S2656A ----eeeeeeiooaa oo

Figure 7. Sequence alignment of AvrPphE, HopPsyE1, and the ddeipic&K378
AvrPphES8 gene product. AvrPphE from Ps302A (race 4), HopPsyE1l from the Psy
B728a EEL, AvrPphES8 from the P@BK378 EEL, and the product of an insertion
sequence observed in a PPBE6A (race 8) avrPphEllele were aligned using
ClustalW version 1.8. Conserved residues have a black background and similar
residues have a gray background.
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<- -
S O RN TAKI GGaL LI TIIGT SLPARAVNDCDEDNDNS Te AICGGNDKDL DNDNVTDA
SIS RV VIV TAKI GGl LWL TIMVGT SLPAYAVNDCDIVDNDNS T[B AR CGGNDKDL DNDNVTDA

- Repeat 1- - Repeat 2- - Repeat 3- - Repeat 4-
EelF1 61 PEEEYSMTANGENIVICE I\MWWMIEAAF_
Sl S - B A= GGNDKDIVDNDHHT DAAFGEIIDKDL DNCIRHT DAAFGCIDRDL DNDNE TS IREEEE

Eel F1 121 GT
S(PSAAKK

Eel F4 115 ----------

Figure 8. Sequence alignment of EelF1 and the deduce®8IRpn3 EelF4 gene

product. EelF1 from thBto DC3000 EEL was aligned with EelF4 from the Pph
BK378 EEL using ClustalW version 1.8. Identical residues have a black background
and similar residues have a gray background. Repeated domains are overlined and
numbered. Note that one of the domains in EelF4 was disrupted.
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B —————————— »3
<
PsyB728a  hopPsyEl 148 bp hopPsyC1
<
PphBK378  avrPphES 95 bp hrpK
B.
B728a GE -------- [ORCTCETCACTIGEAAAAGCTIIART

CAANSSINISS
Ba7e 1 -W@EUEOD-@U‘TEAC@ CA
B728a 52 [eTle(eVCEI RSOGO ATAT G eETI[ECe OT[OA
BK378 59 [BAEG [Yee- - - - le- @CATCTCiAee]}- - @ SAOT

Y2 N M T ACT GCCAGCGT TCAAACGCCAGT AACGCT GCAACGA

BK378 s --e-mmemmmmmmemmemmamea i

Figure 9. Sequence alignment of the intergenic region betingeEPsyE1l and

hopPsyC1 in Ps728a and the intergenic region betwagrPphE8and hrpKin Pph
BK378 (A) Diagram showing the intergenic regions (IGRs) aligned in (B) and
flanking genes. Solid arrows indicate the direction of transcription. The dashed 5'to
3’arrow over the IGRs denotes the direction of alignment. The number of base pairs
(bp) in the IGRs are labeled. Note that the figure was not drawn to scale.

(B) Alignment of the IGRs displayed in (A). Conserved nucleotides have a black
background.
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> > <

[ queA H] [ H hopPsyA  F— hrpK
tRNAe, ShcA
<> <«
hopPsyB1_JsheBil {
queA tRNA e, hrpK
> < »> €
&C H edB { edA H—{ hoppsyez shee2l ]
queA tRNA g, pseudo -tRNA g, hrpkK
(» — <
H__ awrPphES H:R
queA tRNA&eI F4 hrpK
[ ]
1 kilobase

Family |

Family |1

Figure 10. The EELs of Families| and Il. The EELsare aligned by their hrpK sequences. hrpK and queA were not fully
sequenced for the representatives of Families IB, IC, or Il. Arrows indicate the direction of transcription. Conserved regions
surrounding the EELs are gray. Shared colors denote similar genes. Open boxes identify genes dissimilar from other genesin the

EELsof Families| and Il. Family representatives: |1A, Psy 61; 1B, Psy B5, IC, Psy 5D4198; |1, Pph BK378.



Family Il EEL

Two strains—PsyB362 and PsyPsl-Bean—appeared to carry an EEL
equivalent to the PsyB728a EEL. Their amplified fragments were about the same size
as the fragment amplified from PsyB728a, and their sequence (approximately 400
nucleotides) downstream of hrpK was >98% identical to the region downstream of
hrpKin the PsyB728a EEL. Totest if the PsyB362 and PsyPsl-Bean EELs were
likely equivalent to the PsyB728a EEL, the published nucleotide sequence of the Psy
B728a EEL (locus AF232005) was used to choose pairs of primers for amplifying
internal regions of PsyB728a. A diagnostic PCR screen showed that all fragments
amplified from PsyB728a could a so be amplified from PsyB362 and PsyPsl-Bean
(Figure 11), indicating the genetic organization of the EELs in these two strains was
likely the same as the genetic organization of the PsyB728a EEL. No attempt was
made to identify strain-specific sequence polymorphismsin these EELs. Thistype of
EEL was classified into Family I11A (representative strain: PsyB728a).

Three additional strains—PsyB452, PsyB460, and PsyBK 035—appeared to
have an ortholog of PsyB728ahopPsyC1 downstream of hrpKbut had EELs 3 kb
smaller than PsyB728a. The diagnostic PCR screen was repeated, and it was observed
that these strains might lack an avrPphEallele and the transposition-associated eelDE
operon (Figure 11).

Complete sequencing of the PsyB452 EEL revealed that there was nearly a
complete deletion of the hopPsyCalele. Only the coding sequence for the N-terminal

3to 71 amino acid residues were conserved, and the truncated ORF lacked an
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identifiable ribosome binding site and start codon. This ORF was designated
'hopPsyC’ (Figure 12). Alleles of sheWhich encodes a putative chaperone, and
hopPsyVYwhich encodes an effector with similarityderXct were present, as in Psy
B728 (Figure 13). These alleles were designated ahd\hopPsyV2gspectively. In
PsyB452, the hopPsyV2 allele has a frameshift mutation in codon 208 that likely
inactivates effector activity. In P8452, as in Psi3728a, there was a short ORF
between the tRNA, gene anaghcV2that had sequence similarity to a site-specific
recombinase in PtBC3000 (Figure 14).

The intergenic region between hr@ikd hopPsyC’ in Psy B452 was nearly
identical to the intergenic region between hrgakd hopPsyC1 in PsyB728a (Figure
15), and the intergenic region downstream of hopPsyV2 (the intergenic region
downstream of where similarity with the hopPsyV1 allele ends, which is 613 bp past
the stop codon of hopPsyVayas nearly identical to the intergenic region downstream
of Psy B728a hopPsyV1 (Figure 16), indicating the type of EEL in these strains
(classified into Family 111B [representative stralPsy B452]) was likely a deletion

derivative of a Family IlIA EEL (Figure 17).

35



A B C

1234567812345678123456738

5.0kb
3.0kb

2.0kb

1.0kb

Figure 11. Amplification of diagnostic fragments in Family 1ll EELs. The sizes of
marker bands are labeled on the left. Primer pairs and strains: A, B1F and BER,
which amplify a 630 bp fragment from PBy28a extending from hopPsyC1 to
hopPsyE1B, BEF and B5R, which amplify a 2898 bp fragment fiegayB728a
extending from hopPsyE1 to hopPsy\Z1;B5F and Q920, which amplify a 2651 bp
fragment extending from hopPsyV1 to quéAPsyB362; 2, PsyPsl-bean; 3, Psy
B452; 4, PsyB460; 5,PsyBK035; 6, PsywW4N15; 7, PsyW4N27; 8, PsyB728a. The
fragments amplified from P9362 and Psysl-bean were about the same size as the
fragments amplified from P99728a. The remaining strains clustered by banding
pattern into two groups: GroupAPsyB452, PsyB460, and PsyBK035; Group 2—
PsyW4N15 and PsyW4N27.
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A.

HopPsyCl IR\ ECVSSKASVI SSDSFRASYTNSPEASSVHOQRART PRCGEL QGPQVSRL MPQQAL
' HopPsyC VBI\VEL[ECVSSKASVI SSDSFRASYTNSPEASSVHQRARTPRCGEL QGPQVSRL MP@QOAL
HopPsyCl G-l GVARWPNPHFNRDDAPHQVE Y GESF YHKSREL GASVANGE! ETFQEL WSEARDWRASRAG
B o /- ¥ o

opPsyC2 - 118 EIENFSS R TFRFHEZ]
' HopPsyC 72 ----- SLLN--- - - - RG VF ------ NRFMY- - -

o]z WA DGERL PL TW S| SSDRRADRTKDPYQRL RDQGVNDVGEPNVMLHT QAEYVPKI MOHVEHL
CHOPPSYC s m oo m oo oo

(2 oJoI= 310 ATl K AAT DAAL SDANAL KKL AEI HWATVQAVPDFRGSAAKAEL CVRSI AQARGVDL PPVRLG
"HOPPSYC e e e

HopPsyCl 298 [RYueR= RpVyRes vy (=caz=y

"HopPsyC  ------ieeeeeeiee oo

B.

Shine-Delgarno sequence and start codon for HopPsyC1:

GTTAAAAAAGGTGAGCCCGATGG

PsyB452 hopPsyC’ was missing the start codon of hopPsy@Lit might still be

expressed upstream from a GTG start codon. Nonetheless, expression of HopPsyC’
would likely be low since the possible GTG start codon was immediately downstream
of the Shine-Delgarno sequence:

GTTAAAAAAGGTGAGCCTGAAGA

Figure 12. Properties ¢fsy B452 hopPsyC'. (A) Sequence alignment of HopPsyC1

and the deduced P8452 HopPsyC’ gene product. HopPsyC1 from the BP&28a

EEL and HopPsyCfrom the PsyB452 EEL were aligned using ClustalW version 1.8.
Identical residues have a black background and similar residues have a gray
background. (B) HopPsyB’was unlikely to be highly expressed due to a weak Shine-
Delgarno site.
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A

B728a ShcV IMTLERI EQONTLFVYLCVGTLSTPASSTLLSDI LAANLFHYGSSDGAAFGLDEKNNEVLL
B452 ShcV IMTLERI EQONTLFVYLCVGTLSTPASSTLLSDI LAANLFHYGSSDGAAFGLDEKNNEVL L

Sy WS T VAR N A - ORFDPL RI DEDHFVSACVQM EVAKI WRAKL LHGHSAPLASSTRLTKAGLMLTVAGTI R
B452 ShcV SYAFORFDPLRI DEDHFVSACVOM EVAKI WRAKL L HGHSAPLASSTRLTKAGLMLTMAGT| R

B

HopPsyV1 (VNI SGPNRRQGT QAENTESASSSSVTNPPL QRGEGRRL RRQDAL PTDI RYNANQTAISPQ
HopPsy V2 (VNI SGPNRRQGT QAENTESASSSSVTNPPL QRGEGRRL RRQDAL PTDI RYNANQTARSPQ

HopPsyV1 CNIINARAAGRYESGASSSGANDT PBAEGSMPSSSARL QFRLIZGER ENFHTMVLNSPKA
HopPsyV2 CHIINARAAGRYESGASSSGANDT PERAEGSMPSSSARL QFRLIEGGH] ERFHTMVLNSPKA
(g o o] S AVA RN A B SRCDAI PEKPEAI PKRLLEKMEPI NLAQLAL RDKDLHEYAVMVCNQVKKGEGPNSNI TQG
[n oJ oI AV N B SRGDAI PEKPEAI PKRLLEKMEPI NLAQLAL RDKDLHEYAVIMWCNQVKKGEGPNSNI TQJ

[FNAVAR RN DI KL L PLFAKAENTRNPGLNL[ETFKISEKDCYQAI KEQNRDI QKNKQSL SMRVWYPPFKK|
(ST NAVZ IR RN DI KL L PL FAKAENT RNPGL NL{@ T ]y

(g oJ oI SAAVA R N B PDHH| AL DI QLRYGHRPSI VGFESAPGNI | DAAEREI L SAL GNVKI KMWGNFL QYSKTD(Q

HOPPSYV2 = - e e e o e e

[ o] o] 53 YAVA RERCT 0k R T VAL NNAL KAFKHHEEYTARL HNGEKQVPI PATFL KHAQSKSLVENHPEKDT TVTKDQG

HOPPSYV2  mmmmmmm oo oo

(g oJ oI SAAVARRRCTN ANl HVET L L HRNRAYRAQRSAGOHVTSI EGFRMQEI KRAGDFL AANRVRAKP

HopPsyV2  --memmm oo e

Figure 13. Ps¥B452 contained alleles of shcV and hopPs§A) Sequence alignment
of ShcV and the deduced PB¢52 ShcV gene product. ShcV from the B328a

EEL and ShcV from the PE452 EEL were aligned using ClustalW version 1.8.
Identical residues have a black background. (B) Sequence alignment of HopPsyV1
and the deduced HopPsyV2 gene product. HopPsyV1 from thB/28a EEL and
HopPsyV2 from the PsB452 EEL were aligned as in (A).
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B728a ORF 1 IEFGPDF'OP VLAL TDTAIRTAKPREKL YCL TIRTAGLCLE

B452 ORF (Bl EF GPDR{SHSDGKI PRORCEMIPRGFVLAL TDTA RTAKPREKLYCLTDTAGLCLEI TR
integrase = 1 -------o--eo-meoaoaaooas =L SDTjl RTAKPREKL YEL TOANGL CLE! IES]
B728a ORF 61 ESIREREESIRTI SI TKPE ---------------------- TLEKPI QGEALNEI AR
B452 ORF 59 CBKLV\RFRYRF NNEE.- - - - - - - - - - e oo
integrase 34 [€ I\-AIAYPAVTLLKARQ_RDSARQLVEGND;GEHI«TA[ (JYeK
B728a ORF 99 w Q) EK--- - - - B OiLLBEGVEHEREPIRNSZPTLD- - FBY- - - - - -
B452 ORF 80 AYETVTLAKRAEERR - - - - - ------- - - ENRORHINOGYER- - - - - - - - - - - -
integrase 94 VEd!TEETLHEV\FV‘YNSPRV\AESTT]YKMLYI\/E[EL['PG]G"@KALTFE:LVDLVRK
B7288 ORF === mm o mm e e e
BA52 ORF = mm e e eeeeeeaaaa
integrase 154 VEARGTLNAAGKI RQALHQ FRYGLAKGVVESNPAT DL DVWWAAPQKAPRHHPHVPFSEL P
B7288 ORF === mm s m e e
BA52 ORF = mm e eeeeeeaaaa
integrase 214 ELLEI CDGSKI NTLTRCAI HLLVLTAVRPGEL RNAPWSEFDL DAATWAI PKERMKARRPH
B7288 ORF === mm o mm e e e
BA52 ORF = mm e eeeeeeaaaa
integrase 274 VWPLPTQAVDI LRQLQPI TGRYPLVFAGQHNPSRPMSENTI NKALRLL GYENRQTGHGFR
B7288 ORF === mm o mm e e e
BA52 ORF = mm e eeeeeeaaaa
integrase 334 HLLSTELNGRGYNKDW ERQLAHGDADG RDTYNHASYLEQRRGVMQAWADS| DAL SAGS
B728a ORF ~ ---------

B452 ORF ~ ---------

i ntegrase 394 NVVSI KRQA

Figure 14. Sequence alignment of a site-specific recombind&de IXC3000 with

short, and likely not expressed, ORFs in Bgg8a andPsyB452. The site-specific
recombinase in PtBC3000 (locus tag PSPTO5344, accession NP_795075) and the
short ORFs located between the tRiNAene and shcV in P8728a andPsyB452

were aligned using ClustalW version 1.8. Identical residues have a black background
and similar residues have a gray background.

39



'
PsyB728a  hopPsyC1 194 bp hrpK

«
PphB452 hopPsyC’ 193 bp hrpK

B.

B728a W C€GGCTCACCTTTTTTAACTIAT T TAAT TIEAAT GTCAGGCCTGACAAAAGJCCGATATTTG
B452 Il C\GGCTCACCTTTTTTAACT(€TTTAAT TIJAAT GTCAGGCCT GACAAAACGECCGATATTTG

B728a SR TCAAATAGCCTCAATTTTTTAGCGT CTAGCGCTAACCCTHTCCATAAACTT ded
B452 Y TCAAATAGCCTCCETTTTTTAGCGT CTAGCGCTAACGCT{E€TCCATAAACTT eT(e
SY@22 - W B CGAT TAAACAGCT CACACGGGAT CTGT ARAAAT GAAGGCT CAGCAT TCACGGCGT CTGAG
B452 VAR CCGATTAAACAGCT CACACGGIAT CTGT AGAAAT GAAGGCT CAGCAT TCAAGGCGT CTGAQG

B728a 181 eeC NSO VNRLeV.
B452 IRV CCGACT CAATTCAA

Figure 15. Sequence alignment of the intergenic region betwggd?syC1 and hrpK

in PsyB728a and the intergenic region betwdepPsyCand hrpKin PsyB452. (A)
Diagram showing the intergenic regions (IGRs) aligned in (B) and flanking genes.
Solid arrows indicate the direction of transcription. The dashed 5’to 3’arrow over the
IGRs denotes the direction of alignment. The number of base pairs (bp) in the IGRs
are labeled. (B) Alignment of the IGRs displayed in (A). Conserved nucleotides have
ablack background.
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PsyB728a  hopPsyV1 211 bp hopPsyE1

PphB452  hopPsyV2 613 bp 597 bp hopPsyC’

B.

B728a 1
B452 1

B728a 61
B452 61

B728a 121
B452 121

B728a 175
B452 181

B728a
B452 241

B728a
B452 301

B728a
B452 361

B728a
B452 421

B728a
B452 481

B728a
B452 541

Figure 16.

CTCACGT CCTCTGAAAAAACGCGCCT TASGGT TGECGCGT TTTGI CCGAGGACAGGTGT
CTCACGT CCTCTGAAAAAACGCGCCT TAIIGGT TGECGCGT TTTGI CCGAGGACAGGTGT!

CGAGAAGAAT AAAGGT TGT CACCT CAAGAGGCAGGAGGAACGAGT CGAGCCTCGECTTE]

CGAGAAGAAT AAAGGT TGT CACCT CAAGAGGCAGGAGGAACGAGT CGAGGCTCGECT TG
Sl - [E8TCSCEA TS T T TACERCCRCRACTITIC -
TGTAT CCOGCCelI A e e e AR ARER A CAEE TATRGAAMGACGT GUGT CACT

ATCTCCACTTCCTCGATTGCCACCGT CTGCCT CCCCGECCAGECGATCCTCATTTCGO

Sequence alignment of the intergenic region betwgdtsyVland

hopPsyE1 in Psf3728a and the intergenic region betwaepPsyV2 andbpPsyCin

PsyB452.

For Ps452, the aligned intergenic sequence is downstream of where

similarity with thehopPsyV1 allele ends, which is 613 bp past the stop codon of
hopPsyV2 (A) Diagram showing the intergenic regions (IGRs) aligned in (B) and
flanking genes. Solid arrows indicate the direction of transcription. The dashed 5'to
3’arrow over the IGRs denotes the direction of alignment. The number of base pairs
(bp) in the IGRs are labeled. Note that the figure was not drawn to scale.

(B) Alignment of the gray IGRs displayed in (A). Conserved nucleotides have a black
background.
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[ queA H] [ H hopPpsyA | hrpK | A
tRNA|o, ShcA
«>» < )
HI—hopPs/B1Ysheeal B | Family |
queA tRNA hrpK
> < »> <
§—||—| edlC H edB { edA H—{ hoppspz  [shcB2l | C
queA tRNAg pseudo -tRNAg, hrpK
(> «— <
-{_avpphes _ H| Family I1
queAtRNA&el F4 hrpK
 S— .4 > <
queA TE hopPsw1 | | eclE H__ hopPsyEl | hopPsyCl hrpK | A
tRNA sheV .
« Family 111
tRNAe, sheV hopPsyV2 'hopPsyC’ hrpK
|
1 kilobase

Figure 17. The EELs of Families|, I, and Ill. The EELs are aligned by their hrpK sequences. hrpK and queA were not fully
sequenced for the representatives of FamiliesIB, IC, 11, or 111B. Arrows indicate the direction of transciption. Conserved regions
bordering the EEL s are gray. Shared colors denote similar genes. Open boxes identify genes dissimilar from other genesin the
EELs of Families|, II, and I11. Open reading frames that have similarity to transposable elements are labeled "T.E." Family
representatives: |A, Psy 61; IB, Psy B5; IC, Psy 5D4198; 11, Pph BK378; I11A, Psy B7283a; 111B, Psy B452.



Family IV EEL

The EEL of PsyW4N15 and PsW4N27 amplified as a 5.5 kb fragment and
had an ORF immediately downstream of hrpK that was similBsy®728a
hopPsyC1 The diagnostic PCR experiment (Figure 11) displayed that these two
strains might have an EEL different from the Family IlIA and IlIB EELs. Complete
sequencing of the P&y¥4N15 EEL revealed that this locus containduaEK-
hopPsyGhopPsyEoperon, as in the Family lIlIA EEL, and alleleseelF andeelG as
in the PtoDC3000 EEL. InPPsyW4N15, the deduced product of the first gene
downstream of hrpKvas 74% | and 80% S to HopPsyC1, and was designated
HopPsyC2 (Figure 18). The deduced product of the next gene downstream of
hopPsyC2 was 97% identical to HopPsyE1 from theB¥38a EEL, and was named
HopPsyE2 (Figure 19). The deduced gene products eelr@andeelGalleles were
85% identical and 89% identical, respectively, to B@&3000 EelF1 and EelG1, and
were appropriately named EelF3 and EelG3 (Figure 20). This type of EEL was

classified into Family IV (representative straisyW4N15) (Figure 21).
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HopPsy Cl B\VGCVSSKASVI SSDSFRASYTNSP E QRARTPROGEL QGPQYSRL MPYQQA
HopPsyC2 VVGCVSSKASVI SSDSFRASYTNSPGAFRAE RARTPRYGEL QGPJASRL MPYQQA
(1= BTl /Gy ARVPNEHFNRDDAPHQVEYGESF Y{gKSREL GASVANGE! [SEFQEL
P IE| | GvARVPREHFNRDDAPHQVEYSF YINKSRAL GBSVANGE! [€SFQEL WSEARDVRASH

HopPsyCl 116 ZeCs SERENSSEAE LK€ 5 Y[=FL K DRFANRKDGEG MY YDFL PHSNTFRERG
HopPsyC2 121 ZJeABREDV[5l SPRBENS YK IN=0 YISVl KDRFANRKDGEESINDFL PKSXTFRESG

RSl liciA SRl DCEREPL T SESEDRRADRIENOPY[@R! RBQAUIDVGEPNVMEHTISAEYVPSI MeHVE
ASILEV A R K| DCERIIPL TS [TV SEDRBADRIZIDPYERL RNOGREDECGEPNENSHTRAEYVRSI MEHVE

HopPsyCl 236 Yl D DA q = NS AVPORRGSAAKIAEL CVRSI AQARGVDL PPV
HopPsyC2 241 BP BS| QL AHB A ANPOINRGSAAKIIEL CVRSI AQARGVDL PPIVR

TPl G \/PDLEAL TVPL KDFVKSY[EGHE=HN
HopPsyC2 301 RERGENIARIVENO=VS(€zSR)-

Figure 18. Sequence alignment of HopPsyC1 and the deduced HopPsyC2 gene
product. HopPsyC1 from the PBy28a EEL and HopPsyC2 from the R&¢N15
EEL were aligned using ClustalW version 1.8. Identical residues have a black
background and similar residues have a gray background.
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HopPsyEL1 VR HSSGHG BEPVSSAETVEKAVQESAQAQNEASHSGPSEHPESRSCQARPNYPYSSVK
HopPsyE8 VR HSAGHEAPES YETHIEKAV OSSR AQNGASS ST ERPEREQYRPNYPYSSVK
HopPsyE2 VR HSSGHG [8APVSSAETVEKAVQSSAQAQNEASHSGPSEHPESRSCQARPNYPYSSVK]

HopPsyE1l (XYM TRL PPVASAGQSL SETPSSLPGYLLLRRLDRRPL DQDAI KG.1 PADEAVGEARRAL PFCR
HopPsyE8 [V TRL PPVSHIGQAISBTPSSL PGYL L L RRLDRRPLDEDS| KALVPADEAEREARRAL PFGR
HopPsyE2 [ TRL PPVASAGQSL SETPSSL PGYL L L RRL DRRPL DQDAI KA. PADEAVGEARRAL PFGR

HopPsyE1 (AN DVDAQRSNL ESGARTL AARRL RKDAETAGHEPMPENEDVNWHVL VAVBGQVFGAGNG
HopPsyE8 LGN DVDAQRITELBSGARWAARRL RKDAERAGHEPVPENBEMNWHVL VAVSGQVFGAGNG
HopPsyE2 (5B G\ DVDAQRSNL ESGART L AARRL RKDAE T AGHEPVPEE EDVNWHVL VANSGQVFGAGNG

[N

HopPsyE1 NN GEHARI ASFAYGASAQEKGRIAGDENI HLAAQSGEDHVWAETDDSSAGSSPI VIVDPWENGP
HopPsyES SEJOGEHARI ASFAYGAL AQERGRSGRERI HL AR ARDHVVAETDNSSAGSSPI VIVDPVENA
HopPsyE2 WENGEHARI ASFAYGAL AQEKGRIIGDENI HLEAQSGEDHVWAET DDSSAGSSPI VVDPWNGP
HopPsyE1 rZYMA\/FAEDSRFAKDREAVERTDSFTL STAARAGKI TRETAEKALTQATSRLQRLADQQA
HopPsyES 2l AIAEDSRFAKDRSAVER

HopPsyE2 ZYEM A\ AEDSRFAKDRSAVERT DSFTL STAAEAGK! TRETAEKAL TQATSRLQORLADQQAQ
HopPsyE1 KONl SPVEGGRYRQENSVL DDAFARRVSOYL NNADPRRAL QVEI EASG\/AI\/SLGA(I;VKTW
HopPsyES BTl SPIEGCRYEERSVL DEAFARRVSOLNSBDPRRAL QVE! EANGVAVEL GAEGVKTVERG
HopPsyE2 ENE SPVEGERYRQENSVL DDAFARRVSDYL NNADPRRAL QVEI EASGVAVBL GAQGVKTVWEQ
HopPsyE1 KNl A\ PK\/VRQARGY ASAK GVE E RA T T
HopPsyES &I{olAPKVVRQAREVASS <EGL {PFLQKSKPVNI GAPARFL SKKMEFFRGYLKACLHEDNVSI
HopPsyE2 Kl APKVVRQARGYASAKGVEERA T R
HopPsyE1l ~  ----eeieeeea -

HopPsyES 420 RTLSNKKLI ALPM NFQENRS

HopPsyE2 ~  --eeeeeeeeaa

Figure 19. Sequence alignment of HopPsyE1, AvrPphES8, and the deduced HopPsyE2
gene product. HopPsyE1 from the Bsi28a EEL, AvrPphES8 from the PBK378

EEL, and HopPsyE2 from the P¥y4N15 EEL were aligned using ClustalW version

1.8. Identical residues have a black background and similar residues have a gray
background.
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A.

Eel F1 1 L TAKI GAgLLALTI HGT SL PAEAVNDCDEDNDNST[€AT CGGNDKDL DNDNVT DA
Eel F4 AL TAKI GGLLLWYL TIMVGT SL PAYAVNDCDIVDNDNS TDARCGGNDKDL DNDNVT DA

Eel F3 1 LTAKI GGLLLALTI VGISLPJJYAVNDCDVDNDNST DATCGGNDKDL DNDNVTDA

Eel F1 4l A-GGNDK DIVDNDHHT DAAFGGNDK DL DND{gHT DAAFGGNDKDIEDND] KTDAAFGGNDRDL
Eel F4 S AFGGNDKDIVDNDHHT DAAFGGT DKDLDNDNHTDAAF G -----------------

S W<l - GGNDKDIVDNDNHT DAAF GGT DKDL DNDNHT DASF GGNDKDVDNDHT DAAF GG DRDL

Eel F1 121
Eel F4 104 DNDNNTDK

BelF3 121 -DCGW

B.

Eel Gl IMNKI VYVKAYFKPY SVKVPTGE! KUGFFGEKE WQQTGABDCQI DGERLS
Eel G3 1 IMNKI VYVKAYFKP VKVPTGE| KSGFFGEKE -V\QQTGV\SDCQ DGERLS
=YW IS B D\/EDAVAQL NADGYEI QTVLPI LSGAYDYALKYRYENRHIRTELSREC®SYVFGYGYS
SN e< I3 < DVEDAVAQLNADGYEI QTVLPI L SGAYDYAL KYRYENRHRRTBLSEOMSYVFGYGYS

Eel GL 121 S

Eel B 121 YEeAVNGFEOSSR

Figure 20. Sequence alignments with EelF3 and EelG3. (A) Sequence alignment of
EelF1, EelF4, and the deduced EelF3 gene product. EelF1 frapotBe3000 EEL,

EelF4 from thePph BK378 EEL, and EelF3 from the P¥y4N15 EEL were aligned

using ClustalW version 1.8. Identical residues have a black background and similar
residues have a gray background. (B) Sequence alignment of EelG1 and the deduced

EelG3 gene product. EelG1 from the Bt63000 EEL and EelG3 from the Psy
WA4N15 EEL were aligned as in (A).
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D S—— > > <
[ queA HHTEH— hopPsvi H{ | edlE FH_— hopPsyEL | hopPsyC1 ] hrpK | A
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Figure 21. The EELs of Families|, 11, 111, and IV. The EELs are aligned by their hrpK sequences. hrpK and queA were not fully
sequenced for the representatives of Families IB, IC, 11, 11IB, or IV. Arrows indicate the direction of transcription. Conserved
regions bordering the EELs are gray. Shared colors denote similar genes. Open boxes identify genes dissimilar from other genes
in the EELs of Families|, 1, 11, and IV. Open reading frames that have similarity to transposable elements are |abeled "T.E."

Family representatives: |A, Psy 61; 1B, Psy B5; IC, Psy 5D4198; 11, Pph BK378; I11A, Psy B728a; 111B, Psy B452; IV, Psy
WA4N1S5.



Family V EEL

The EELs amplified from three strairg®>syNCPPB1053, Pto 2844, and Ppe
5846—contained an ORF immediately downstream of hrpK with high identity to Pto
DC3000 hopPtoB1. The fragments amplified from PsyNCPPB1053 and Pto 2844
were about the same size as the fragment amplified from Pto DC3000, and the
fragment amplified from Ppe5846 was approximately 2.5 kb smaller than the
fragment amplified from Pto DC3000. Totest if the EELs of PsyNCPPB 1053 and
Pto 2844 were likely equivalent to the Pto DC3000 EEL, the published nucleotide
sequence of the Pto DC3000 EEL (locus AF232004) was used to identify primer pairs
for amplifying internal regions of the Pto DC3000 EEL. A diagnostic PCR screen was
used to differentiate these EELs (Figure 22). For PsyNCPPB1053 and Pto 2844, the
diagnostic-PCR-amplified fragments were approximately the same size as the
fragments amplified from Pto DC3000, indicating the EELs in these strains were
likely equivalent to the Pto DC3000 EEL. The PsyNCPPB1053 and Pto 2844 EELs
were classified with the Pto DC3000 EEL into Family VA (representative strain: Pto
DC3000). No attempt was made to identify sequence polymorphismsin these EELS.

In the diagnostic-PCR screen, the fragment extending from eelF1to queA
could not be amplified from the Ppe5845 EEL. After completely sequencing the Ppe
5846 EEL, it was found that the deduced product of the first ORF downstream of hrpK
retained 99% | to Pto DC3000 HopPtoB1 over the magority of its length, but was 138
residues shorter than HopPtoB1 at its carboxy terminus. This ORF was named

HopPtoB5 (Figure 23A). Since the active domains of HopPtoB have not been
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established, it is unclear whether HopPtoB5 likely functions in the same manner as
HopPtoB1. Nonetheless, HopPtoB5 is probably secreted by the hrp TTSS given that
it shared its 82 amino-terminal residues with HopPtoB1, and HopPtoB1 is a known
effector. The next two ORFs downstream of hopPtoB5 displayed high identity to
transposable elements. The ORF immediately downstreaopéftoB5 was similar

to a cointegrase from Pseudomonas stutEegure 24A). The other ORF was similar
to a putative transposase from P. stutédeigure 24B). These ORFs were not named.
The remaining ORF in the PES846EEL was similar to eel@und the EELs of

Families IV and V, and was designaeelG2(Figure 23B). EelG2 lacked the coding
sequence for the 53 carboxy-terminal residues found iiDR®000 EelG1, but was
99% identical to the first 82 amino-terminal residues of EelG1. The remaining
polypeptide retained 99% identity to EelG1. The intergenic region betwpKrand
hopPtoB5 in Pp&846was nearly identical to the intergenic region betwegiK and
hopPtoB1 in PtdC3000 (Figure 25). Additionally, the intergenic region downstream
of the tRNAg,gene was nearly identical in the two EELs (Figure 26). This58gé

EEL (classified into Family IVB [representative straitpe5846]) was likely a

deletion derivative of a Family IVA EEL (Figure 27).
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A B C

123412341234

Figure 22. Amplification of diagnostic fragments in Family V EELs. The sizes of
marker bands are labeled on the left. Primer pairs and strains: A, D1F and D2R,
which amplify a 2059 bp fragment from AIC3000 extending from hopPtoB1 to
eelH B, D2F and D3R, which amplify a 911 bp fragment from P@3000 extending
from eelHto eelF1 C, D3F and Q920, which amplify a 2065 bp fragment from
DC3000 extending froreelF1to queA 1, PsyNCPPB1053; 2, Pp8846;3, Pto

2844; 4, PtddC3000. The fragments amplified frddisyNCPPB1053 and Pt2844
were about the same size as the fragments amplifiedAto@C3000. The fragment
extending from eelF1o queAcould not be amplified frorRpe5846.
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A.
HopPt 0B1 IIVRPVGGPAPGYYPPTYEAERPTAQAAGNDRARSSQASSSPAASVAPETPM.GDLKRFPAG
HopPt 0B5 iI\VRPVGGPAPGYYPPTYEAERPT AQAAGNDRARSSQASSSPAASVAPETPM._GDL KRFPAG

HopPt 0B1 SIRYPDIVKVENI RLKI EGQEPGGEKEGVKHT RRRKPDAAGSSHVHGGQSVAST SAFAQSKALQ
HopPt 0B5 SHIRYPDVKVENI RLKI EGQEPGGKEGVKHT RRRKPDAAGSSHVHGGQSVAST SASSQSKAL ()

(g oJo]n o] 4 RN X Bl DT NFKASDL AEL ARWCESPHPYAL APSKAAGKSSQL SANVVSI LLQEGKHAL EQRLEAQQG
(g o] o] oMol = SHNN A B D T NF KASDL AEL ARWCESPHPYAL APSKAAGKSSQL SANVVSI LL QEGKHAL EQRL EAQG

o]o]nWe] i RENECNAN| K| ADVVVSEGRDHLHI NLNYLEMDSCL GTSKGLWAPDSNDKKL| AKAARYFDDFNAQKL
[goJelu el SR WA KL ADVVVSEGRDHLHI NLNYLENVDSCL GT SKGLWAPDSNDKKL | ARAARYFDDFNAQKL

(g oJe] el R NRPE| APL TKIVKSKDSL GVMRELLRDAPGLVI GEGHNSTSSKRELI NNMKSLKASGVTTLF
po]o] ool S Y N RPE| APL TKMKSKDSL GVIVREL L RDAPGLVI GEGHNSTSSKREL | NNVKSLKASGVTTLF

(Y = R =S TN = HL_ CAESHDKIAL NNYL SAPKGSPIMZARIKNYL DL QSQGHQAPEEL HTKYNFET TLVEAAK
S = A= SR [ VA= HL CAE SHDKIYL NNYL SAPKGS P | Yy

g oJe]n o] i RERCTNINAGL RVVSLDTTSTYVAPEKAEI KRAQAMNYYAAEKI RL SKPEGKWAFVGATHATSCD

HOpPt 0BS - ----imi oo

ool ool i NN RP Gl AEL HGVRSL VI DDL G KSRATVDI NVKNYGGKLNPDVRLSY!

HOPPt OBS === mmmmmmmmm e e e e

B.
Eel GL IVNKI VYVKAYFKPI GEEVSVKVPTGEI KKGFFGDKEI MKKETQMWQTGASD®Q DGERLS
Eel & IIMVNKI VYVKAYFKPI GEEVSVKVPTGEI KKGFFGDKEI MKKETQAMQTGASDEQ DGERLY

SN D\VEDAVAQL NADGYE! QT VL PRESIEAYDYAL KYRYEI RHNRTEL SPGDQSYVFGYGYS
=N 7 < D\VEDAVAQL NADGYET TV Pyl (@@ 2 e e

Eel G1 121 EeVIRVZANSEOSSLS

Eel @ = —cmme e e e

Figure 23. Sequence alignments with HopPtoB5 and EelG2. (A) Sequence alignment
of HopPtoB1 and the deduced HopPtoB5 gene product. HopPtoB1 frd?hothe

DC3000 EEL and HopPtoB5 from the Pp846 EEL were aligned using ClustalW
version 1.8. Identical residues have a black background and similar residues have a
gray background. (B) Sequence alignment of EelG1 from th®e8000 EEL and

the deduced EelG2 gene product from the Bp#6 EEL. EelG1 and EelG2 were

aligned as in (A).
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A.
coi nt egrase i VEV\RAWPRPNHHPASKPTCRSRKPPSL TRRATTACVARPRRSVIVRDL MAEL KEL RL HGVA

5846 ORF L mmmmmmmmmmmmmmmmmmmmmmmm e

(oo Tl M-To I o-CY-IC NI T AVAEL TAQGESNTASSKW. L EHL L EQEHT DRAVRSVSHQVNVAKL PVHRDL ASFDFNAS

5846 ORF L s mmm o mmmmmm e mmmm e meaommaoiaoo-iio-—iao--oo-
coi ntegrase 121 FGHEENSEEEIN VLI eKTHLA ALAVSG YSTVDL
5846 ORF 1 mmmmmmmmmm e MSCS A=K THL ASALAVSG TININKRVRFESTVDL

(ool N-To I -CI-IN RSN IN| | EREK[gDCKAGRI AQALLREYDLVI LDEL GYLPFSQAGGALLFHLLSKLYEHTSWI T
5846 ORF ZIVEINL | EREKNMDGKAGRI AQALLRYIDLVI LDELGYLPFSCEGGALLFHLLSKLYEHTSWI T

coi ntegrase 241 NESEASWSSIVEEDAVINVARED NN S 0L RYSINEN=S172 K6 oSS WIVAe SRERKRK(E]
5846 ORF Ao[omNI SFSEWSSVFGDAKMI TALLDRLTHHCHI VETGNESYRL QHSILAAQY IRERNEND
coi ntegrase 301 [€o=PERN =gy
5846 ORF 160 [€\bI Ean=xs

B.

(U] oo -t1-RN A SVEMVIGKI RRMYFRDKL SLH=I AKRTGLERNTI RKW/RAPEARCRAYY ORRA P
5846 ORF M SVEMEGKI RRMYFRDKL SLHSI AKRTGLERNTI RKW/RAPEANOPAY QREA P
transposase 61 (d EEQAL KADSERPKIOQRRSAKAL (B ADGYDGGYSQL TAFNRAVWREEQGAN
5846 ORF G- HETIREQAL KADSERPKIZNRRSAKAL [J AEGYDGGYSQL TARVRSVWREEOGKSIY

REURT L IR Al \/PL TFAL GEAFQFDWSEEGL LIVGANRRMQVAHEKL CASRAFW. VAYPSQGHEM. FDA
2o S PA W\ /P TFAL GEAFQF DWSEEGL LI GALERRIQVEHVKL CASRAFW. VAYPSQGHEM. FDA

transposase 181 [SEEANeeVEIER(DNIVGPAYDQV(E(E 2 VMCAHYL FDPDFCNVARGAEK(
5846 ORF IR RSFGAL GGVPRRG YDNIVKT AVDKVNKGKGR RASVMCAHYL FDPDFCNVASGAEKQ

transposase 241 [NEANOSiaaNINNeO8 Ga-a==mNAXEs. AEABERADAPS| QREECGRSA: - - -
5846 ORF 241 [NUZWerSEERRTANeNeNFs i [E==MN\IXeeRAz TRVAEL VHPQYNEL TVAEVEEEE

LrANSPOSASE === - == s s s m e e e e e ee—e—eoe--------

5846 ORF KON OAEMVPMVPT AFDGYVERTVRVSSTCLI SVARNRYSVPCERVGQW/SSRL YPSRI VI ADE

ErANSPOSASE == - === m e m e e d oo

5846 ORF KIS TV ASHERL FDRDQVGFDWOHYI PLI ERKPGAL RNGAPFADL PKPL QLL KRGL RRHTNG]

LrANSPOSASE === - == s s e m e e e n e e eee—e—eoe-------

5846 ORF vl MVOVLAAVPI AGLEPVLVAVELVLESGSL SADH LNVWARLTSTAPPPCVETSLQL

transposase = ----------c---o------

5846 ORF VA APVANT ARYDRL RTTDEENRNA

Figure 24. Transposable elements in the BR4&6EEL. (A) Sequence alignment of a
cointegrase fronPseudomonas stutzeand a Pp&846 gene product. The cointegrase
(locus BAC55321, accession BAC55321) and the dedBeg8846gene product

were aligned using ClustalW version 1.8. Identical residues have a black background
and similar residues have a gray background. Fpesb8460RF was not named. (B)
Sequence alignment of a putative transposase Bpeéa846gene product. The

putative transposase (accession BAC5522) from P. stazdrihe Pp&846 gene

product were aligned as above. This BB460RF was not named.

52



<
Ptc DC3000  hopPtoB1 75 bp hrpK

<
Ppe5846 hopPtoB5 75 bp hrpK

B.

(> o<To oo NN B A T T GAAT CTCCGOGT ACGAAAAAT AGT GCOGAGCCUEGECGT GACGCT GOCCGGGEA8C

DC3000 61 [ESARICNICY:

Figure 25. Sequence alignment of the intergenic region betwgertoBland hrpK

in Pto DC3000 and the intergenic region between hopPtoB5 andihrpie5846.

(A) Diagram showing the intergenic regions (IGRs) aligned in (B) and flanking genes.
Solid arrows indicate the direction of transcription. The dashed 5’to 3’arrow over the
IGRs denotes the direction of alignment. The number of base pairs (bp) in the IGRs

are labeled. (B) Alignment of the IGRs displayed in (A). Conserved nucleotides have
ablack background.
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A. 5 >3

> >
Ptc DC3000 tRNAey 149 bp eelG1l
> >
Ppe5846 tRNA, 149 bp eelG2
B.

DC3000 IATTGACAAAAGACCT TGAAATTCAAGGTCTTTTTTTTCGT CTGIGGAAAGT GGTCTGAQ
5846 IATTGARAAAAGACCTTGAAATTCAAGGTCTTTTTTTTCGT CTGEEGGAAAGT GGT CTGAC

DC3000 SN T GAGECT GCGAT CTIACCCCACCT GCCCGHAAIIT GGCCGCEGAGCGCCCA & d
5846 SN T GAGACT GCGAT CT{€CCCCACCT ({8 AT GGCCGCGGA! A STLHI®
. o<]o]o]o I b Bl CAGCCCAGAGCGT CGGTACCCGGAT CACACGEACCAAGGATAACCC

5846 i CAGCGCAGAGCGT CGGT ACCCGGAT CACATRACCAAGCGATAAC

Figure 26. Sequence alignment of the intergenic region between the.jRbside and
eelG1lin PtoDC3000 and the intergenic region between the tRNyf&ne and eelG2

in Ppe5846. (A) Diagram showing the intergenic regions (IGRs) aligned in (B) and
flanking genes. Solid arrows indicate the direction of transcription. The dashed 5’to
3’arrow over the IGRs denotes the direction of alignment. The number of base pairs
(bp) in the IGRs are labeled. (B) Alignment of the IGRs displayed in (A). Conserved
nucleotides have a black background.
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Figure 27. The EELs of Familiesl, 11, 111, 1V, and V. The EELs are aligned by their hrpK sequences. hrpK and queA were not
fully sequenced for the representatives of Families 1B, IC, 11, I1IB, 1V, or V. Arrows indicate the direction of transcription.
Conserved regions bordering the EELs are gray. Shared colors denote similar genes. Open boxes identify genes dissimilar from
other genesin the EELs of Families|, I, I11, 1V, or V. Open reading frames that have similarity to transposable elements are

labeled "T.E." Family representatives: I1A, Psy 61; 1B, Psy B5; IC, Psy 5D4198; 11, Pph BK378; I11A, Psy B728a; 111B, Psy B452;

IV, Psy W4AN15; VA, Pto DC3000; VB, Pph 5846.



Family VI EEL

A distinct EEL was identified in P99H015. This EEL was less than 50%
identical to the PtddC3000 EEL across the 400 bp region downstreahmpi{, and
was 2.5 kb smaller than the Family VA EEL. After completely sequencingsje
DHO015 EEL, it was found that the product of the first ORF downstredmpés,
designated HopPsyG, was of similar size but only 50% identi¢#btBC3000
HopPtoB1 (Figure 28). Downstream of hopPsy&re alleles of eelBndeelG which
were designated eelfhd eelF5respectively (Figure 29). Additionally, there was a
short, likely not expressed, ORF between hopPay&GeelRhat has sequence
similarity to a transposase from A 3000 (Figure 30).

The intergenic region between hrikd hopPsy@ PsyDH015 was
dissimilar from the intergenic region between higid hopPtoB1 in PtBC3000 and
the intergenic region between hraikd hopPtoB5 in Ppge846(Figure 31).
Additionally, the intergenic region separating hopPsy@ eelF5vas dissimilar from
the intergenic region separating hopPtoB1 and'tmpiRto DC3000 (Figure 32).

Thus, the Ps{pHO015 EEL was likely not a deletion derivative of a Family V EEL,
and accordingly was classified into Family VI (representative stPaipDHO15)
(Figure 33). The Family VI EEL can be distinguished from the Family V EEL by the

divergent hopPsy@nd its flanking intergenic regions.
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HopPt 0B1 IIVRPVGGPAPGYYPPTYEAERPTAQAAGNDRARSSQASSSPAASVAPET PMLGDL KRFPAQ
HopPt 0B5 IIVRPVGGPAPGYYPPTYEAERPTAQAAGNDRARSSQASSSPAASVAPET PM_GDL KRFPAQ

HopPsyG IVRPVGGPAPEY YPPIGEERS/ASS ASNEISS SSOASSSEIIS SESAB T PRL ERAVEAG

HopPt 0B1 SNEIRYPDIVKVENI RLKI EGQEPGICKDGVKHT RRRKPDAAGSSHVHGGQSVAST SASAQSKAL
HopPt 0B5 YARYPDIVKVENI RLKI EGQEPCGEGKEGVKHT RRRKPDAAGSSHVHGGQSVASTSASSQSKAL

HopPsyG 61 [RIAHEAEAI ININYSEHEQIEDRBGRERSERKSRAIENSTAVREKQNRGEEERES: - - -

RO =9e) /R P X QDT NFKASDL AEL ARMCESPHPYAL APSKAAGKSSQL SANVVSI LLQEGKHAL EQRLEAQ
R =R =CRPI ODTNFKASDL AEL ARWCESPHPYAL APSKAAGKSSQL SANVVSI LL QEGKHAL EQRLEAJ
HopPsyG 117 - [BSREGSSIEMSYSENTESENRE- - - ASMFKGYPVSARDRAY SRR THGEGESEY
RO Re =AM E: Ol G KL ADVVVSEGRDHL HI NLNYL EMDSCL GTSKGL WAPDSNCEBBIKKL | AKAARYFDDF

HopPt oB5 IEVG KL ADVVVSEGRDHLHI NLNYLEMDSCL GT SKGLWAPDSNCEERIKKL | ARAARYFDDF
HopPsyG 173 A\NAGEMERAGATL M ESBES

HopPt 0B1 PYa A OKL PEL APL TKIVKSKDSL GVMREL L RDAPGLVI GEGHNSTSSKREL I NNVKSLKAS
HopPt 0B5 YA\ OKL PEL APL TKMKSKDSL GVMREL L RDAPGLVI GEGHNSTSSKREL | NNIVKSLKAS!
HopPsyG PRI GE| G681 SKEKSKESL GVIVREL LSESPGLVI GEARSVASKREL | [NINVKSLKAD

(=R =X Pl | \EHL CAESHDKAL NNYL SAPKGSPMVPARL KINYL DEQEle g @AZSSEIE TN YNF T TS

(== I I VAT | FVEH. CAESHDKYL NNYL SAPKGS Py et
= IC L L N VEHL CABSHEKAL BBYLEAPKGSPMPARL KIY L DNOTRGNIGRE VA=Y NFT TR

HopPtoBl 357 NNHACHINYSHRNTSIRIVAPEKAE! KRAQA AR SKEEHERIZREATRRTE

HOPPE OBS == === m o m o m e e e e e et oo e oo

HopPsyG 353 NOXENIMYFERIAKIRIETSL EDAETRYKVINAZEIRI DCEACRIZRYE SCRRAT
HopPtoBl 417 [CREYIEWNNZEVRSIVERD! (€ RERATYOINVENYE RN RESTSY

HOPPEt OBS === === === mmmmm e m e e e e e

SIS ICRR S Rl CDGVPGLAEL HGVRSLII DUSGIIKSREBIN NGKIVARKENPDIL SYKV

Figure 28. Sequence alignment of HopPtoB1, HopPtoB5, and HopPsyG. HopPtoB1
from the PtoDC3000 EEL, HopPtoB5 from the PB846EEL, and the deduced
HopPsyG gene product from tRsyDHO15 EEL were aligned using ClustalW

version 1.8. Identical residues have a black background and similar residues have a
gray background.
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A.

Eel F1 (VRAYKINL TAKI GgL LALTI GT SL PREAVNDCDIDNDNS T[€AT CGGNDKDL DNDNVT DA

Eel F3 (IVRAYKTLTAKI GALLLALTI VGTSLPYYAVNDCDVDNDNSTDAT CGGNDKDL DNDNVTDA

Eel F4 (VRYYIAL TAKI GGLL L TIVGT SL PRYAVNDCDVDNDNS TDAFCGGNDKDL DNDNVT DA
1

Eel F5 MRAYKTLTAKI GGLLLALSI VGTSL PiiYAVNDCDIVDNDNSTDAT CGGNDKDL DNDNVT DA

Eel F1 (SN AFGGNDKDIVDNDHHT DAAFGGNDK DL DNOigHT DAAFGGNDKDEDNONK T DAAFGGNDRDL
Eel F3 (SN AFGGNDKDIVDNDONHT DAAFGHJDK DL DNDNHT DASFGGNDK DIVDNDHHT DAAFGGNDRDL
NN G \ODVDNDHHTDAAF GJDKDL DNDNHT DA R Togal
Eel F5 61

Eel F1 22 DNDNNT ON YN R SAANKE
Eel F3 i3 DNDNNT DKY DGGASSAAKK
Eel F4 104 [BNBNNED ST HESVPEIAYANN
Eel F5 i3 DNDNNT DKY DGGASSAAKK

B.
Eel Gl (VNKI \V/YVKAYFKPEGEEVBVKVPTGE! KIRGFFGBKENMEKE T@VWOQT GASDOQ DGERLS

Eel G3 KN\VNKI VYVKAYFKPVGEEVTVKVPTGEI KQGFFGEKEVVRKETRWQQTGASDCQ DGERLY

Eel G5 Al\VNKI VYVKAYFKPVGEEVTVKVPTGEl KQGFFGEKEVVRKETRWQQTGASDCQ DGERL Y

=€ AN F A K DVEDAVAQLNADGYE! QTVLPI L SGAYDYALKYRYEIRHNRTEL SI{EDOSYVFGYGYSH

= K eI Y Wl < D\VEDAVAQL NADGYE! QTVLPI LSGAYDYAL KYRYEMRHDRT DL DSRDL SYVFGYGYSH

= e TNl D\EDAVAZL NADGYE! QTVLPI LSGAYDYAL KYRYEMVRHDRTDL DSRDL SYVFGYGYSH

Bel GL 121

Eel B 121 EEMVVIEOSSER

S Re VI TEG TLVAKKFQSSAS

Figure 29. Sequence alignments with EelF and EelG orthologs froRsy#izH015
EEL. (A) Sequence alignment of EelF1, EelF3, EelF4, and EelF5. EelF1 fréttothe
DC3000 EEL, EelF3 from the PpN4N15 EEL, EelF4 from thEephBK378 EEL,

and the deduced EelF5 gene product fronP$eDHO015 EEL were aligned using
ClustalW version 1.8. Identical residues have a black background and similar
residues have a gray background. (B) Sequence alignment of EelG1, EelG2, and

EelG5. EelG1 from the PtbC3000 EEL, EelG3 from the Psy W4AN15 EEL, and the
deduced EelG5 gene product from the Psy DHO15 EEL were aligned as in (A).
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| SPsy5 VK SIVPDNL PDDL QL L KQVL AKMQSRVGFL EEENAL L RQRL FGRKSEQTADPATPQLAL F

DHOL5 ORF 1 == -m-mmmmmmmmmmmmmmmmmmmm e e e e e e
| SPsy5 HMEAESVVEAI DENAEEEVVTPAKRRGKRKPLPADL PRI EVI HEL PEHEL TCVOGCRKHAI G
DHOL5 ORF 1 ----mmmmmmmmmmmmmmmmmmmmmm e e e e e
| SPsy5 WPEMFEV/SEQLEI VPMQ RVI KHVRKVYGRRDCETAPVTADKPAQLI EKSMASPSVLAMLLTTK
DHOL5 ORF 1 - -mmmmmmmmmmmmmmmmmmmmmm e mm e e e ome e
| SPsy5 yE:5W'\/DGLPL HRFEKVL GRHGI DI PRQTLARW/I QOGKHFQPLLNLMRDRLLESRFI HCDETR
DHOL5 ORF 1 =---mmmmmmmmmmmmmmmmmmmmmm e e e e e e
| SPsy5 rZXW\/ Qv KEPDREPSSQSWWAVQT GGPPDRPVI L FDYSTSRAQEVPNVRL L DGYRGYVMT DDYA
5/ 0= @ = e
| SPsy5 301 GYNAL GAQT GVERL QeAHARRKFVEAQKVQPKEKT GRATJALNLI NKL Yiel ERDLNASS
DHO15 ORF 1 ------------ RLGzaAHAe RKFVEAQKVQP (EKTGRADYALNLI NKL YS! ERDLN=Z€S
| SPsy5 361 BA EKTQP E% ASNVS! YL'
DHO15 ORF 49 [BE KTQP SRYRDYAN- - - - - -

| SPsy5 VPN DN PN=RN R RVIGRKNW FSDTPKGATASAQL YSLVETAKANGQEPYAW RHAL ERL
DHO15 ORF 103 QBSPVFGRTIY MIRFG- - - - - - - - - - - mmmmmmmmmmmmmmmmm e e e
| SPsy5 VESMPTATSVEDYEAL L PWNCEPRLHS

DHO15 ORF  -sm-me-mommmmemmmmmomeo

Figure 30. Sequence alignment of transposase ISPsy5 IA3000 with a short,

likely not expressed, ORF in PBHO15.

ISPsy5 from PtBC3000 (locus tag

PSPTO3220, accession NP_793005) and the short ORF located beop@syGand
eelF5were aligned using ClustalW version 1.8. ldentical residues have a black
background and similar residues have a gray background.P$yi3H015 ORF was
not named.
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B ——————— »3
<
Pto DC3000 hopPtoB1 74 bp hrpK
<
Ppe 5846 hopPtoB5 74 bp hrpK
<
PsyDHO15  hopPsyG 129 bp hrpK

B.
DC3000 IGATTGAAT CT CCGCGTACGAAAAAT AGT GCCCGAGCCCGGEECGT GA E (CGGG

5846
DHO15

DC3000 57 Cmﬁm ------------------------------------------
5846 -
DHO15 e N AGT CGTCCCTGCATTTTTTGGCCAATAGATAGT GTCCAGACC
DC3000  -e-eeeeeee--

5846 0 ------------
DHO15 118 CGCGTGGGCCAA

Figure 31. Sequence alignment of the intergenic region downstreamkoin Pto
DC3000, Ppé846, andPsyDHO015. (A) Diagram showing the intergenic regions
(IGRs) aligned in (B) and flanking genes. Solid arrows indicate the direction of
transcription. The dashed 5’to 3’arrow over the IGRs denotes the direction of
alignment. The number of base pairs (bp) in the IGRs are labeled. Note that the
figure was not drawn to scale. (B) Alignment of the IGRs displayed in (A).
Conserved nucleotides have a black background.
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> <
Pto DC3000 tnpA’ 245 bp hopPtoB1
> <
Psy DHO15 eelF5 845 bp hopPsyG
B.
oot 1 ARSIt CARGAR o SR oA
DC3000 34 MEGANVATEEA - - -------- [TeAeTTARCAGICCOVYANee T QIer AT QRIGAU]

s SR H A A IS AGARCICT GGCT CTACT TSAITT AGCAGACGUIISSGAER TCERB R ATCROGARC

o300 &t E"‘Hﬂ%ﬁﬁmm
03000 129 EIHRT Iﬁ?&%@%ﬁﬂ%

DC3000 176 --[6[€8---------- SIS TATELTCSTET- - ISIAITAS- - - -- - - - - [TGACAA
(ST TP Y -l COGT COGAAGACCGGACTIET (€ SO R S A8 CAT TAAART AMJICACGATATCGT GACAA

DC3000 213 JT- - - OLTESASTERCESRER A RICA- - JRECES- - - - - - - - oo -
DS NI ' W A T{eCT GT CCe e (@ G Ge CCCATY T TIE8 GCCAQIGCCT TGAGGCTGTGTTTTCTCCA

510000 T
(3R XL 11 W CCAGGCAT GCOGT TGGGOCAGCAT CGGCAAGCT GT TTTTCT GECGAAT TTCATAACGCE

DC3000 === = m = m = m oo o e eeieoeo-
DN SHTJIET-W CT CATCGCOGOCT TOGT TCAAATCCOGCT CGATACT GTAGAGCT TGT TGATCAAAT TCAG

/o< 1710 10—
(DT HIY W \ GCAGT AT CAGCOCGACCGGT TTTGOGCT TGGGT TGCACT TTCT GCGCCT CAACAAAT T

510000 T
(3R XL JR st - W GOGACACGOGT GCGOCCT GCGRCCT AAACGCT AAACACCCGROGT AGAGATAGACT TTT

DC3000 === = m = m = m oo e n e eieoeo-
5N SHEJIN-T= LI CGACT T TTGCGT CGACT CACAT CAT GAGGT GGT GECT COGGAAAAGAAT COGGAT CACAG

/o< 110 10—
(DN CHEJNT- I CATCAGGCT T TAAATGT GGAAT TCATGGAGCGGT TACAGAATAACGCTAT GAAAAGOG

510000 T
(DR S E- N &M CG T TACAATCCACCT CGATCAACCCCT T TTTCACGOGT GCTGOCT TTAGGATCAATTCTE

510000 T
(R ML W A\ GGT GAGOGAT CAGGAT GOGOGT TGAT CACT ACAACGCOGCT TCT GGTAT GAAGCGECE]

%cl)go RIS T GT TGCA

Figure 32. Sequence alignment of the intergenic region betiwpgrandhopPtoB1

in Pto DC3000 and the intergenic region between ealikéd hopPsy@ PsyDHO015.

(A) Diagram showing the intergenic regions (IGRs) aligned in (B) and flanking genes.
Solid arrows indicate the direction of transcription. The dashed 5’to 3’arrow over the
IGRs denotes the direction of alignment. The number of base pairs (bp) in the IGRs
are labeled. Note that the figure was not drawn to scale. (B) Alignment of the IGRs

displayed in (A). Conserved nucleotides have a black background.
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Figure 33. The EELs of Families I, II, 111, IV, V, and VI. The EELs are aligned by

their hrpK sequences. hrp&nd queAvere not fully sequenced for the representatives
of Families IB, IC, II, 1B, IV, V, or VI. Arrows indicate the direction of

transcription. Conserved regions bordering the EELs are gray. Shared colors denote
similar genes. Open boxes identify genes dissimilar from other genes in the EELSs of
Families I, Il, Ill, IV, V, or VI. Open reading frames that have similarity to
transposable elements are labeled "T.E." Family representativé%syi8]; IB, Psy

B5, IC,Psy5D4198; 1I,PphBK378; IlIA, PsyB728a; 11IB,PsyB452; IV, Psy

WA4N15; VA, PtoDC3000; VB, Ppib846; VI, PsyDHO15.
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Figure 33 continued.
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Identification of gene cassettes conserved among several EELs

Several sets of genes were present in multiple EEL familidsrpi
hopPsyGhopPsyEoperon was in the EELs of Families IlIA and IV. Intergenic
sequences surrounding hopPsy@l hopPsykvere aligned to determine if these two
genes might be part of a conserved gene cassette. The intergenic region bgitteen
and hopPsyQ@vas 98% identical in P9g728a and®’syW4N15 (Figure 34). For these
two strains, the intergenic region separating hopRsyChopPsykvas 92% identical
(Figure 35), and the 85 bp intergenic region downstreamo®PsyBEwvas 98%
identical (Figure 36). Thus, coding and surrounding intergenic regidrep&fsyC
and hopPsyBvere conserved in P8728a andPsyW4N15.

eelFand eelGvere in the EELs of Families IV, VA, and VI (Figure 33). The
intergenic region between eelifd eelGvas greater than 90% identicalRto
DC3000, PsyW4N15 and PsYpHO15 (Figure 37). Unexpectedly, the 300 bp region
upstream of eelin Pto DC3000 was only about 50% identical to the intergenic
sequence upstream e¢lFin PsyDHO015 and PsyW4N15, which were >90%
identical (Figure 38). The intergenic region between the tRN)ane andelGwas
more than 75% identical in PIdC3000, Ppe5846,PsyW4N15, and Ps{pHO15
(Figure 39, Figure 26). Thus, coding and surrounding intergenic regieefaind
eelGwere at least moderately conserved in P@3000, PsyW4N15, and Psy
DHO15.

eelF4in the Family Il EEL appeared to have been derived from the putative

eelFeelGcassette. The 154 bp intergenic region upstream of eelE85%
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identical to the intergenic region upstreaneelrin PsyDHO015 and PsyW4N15
(Figure 38). In the PpBK378 EEL, the 129 bp region downstream of the tRINA
gene appeared to be a chimera of the intergenic region separating thg, RiNA&
and eelG@n Families IV and VI, and the intergenic region separatel§ andeelGin
Families IV, VA, and VI (Figure 38 and 39). Notably, a region downstream of the
tRNA, gene was conserved in most EEL families, including Family Il (Figure 40),
but was not similar to the intergenic region between aatFeelG

Additionally, although the sequenced portions of hrpéfe 58.8 1.2%
guanidine/cytosine (GC), and the sequenced portiogaehwere 60.9 1.1 % GC,
many of the genes identified in the characterized EEL were closer to 50% GC (Table

5). This suggested that the apparent cassettes (Figure 41) were acquired by horizontal

transfer.
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A.

5 o — » 3
<
PsyB728a hopPsyC1 193 bp hrpK
<
PsyW4N15  hopPsyC2 193 bp hrpK
B728a IICGGGCTCACCTTTTTTAACTATTTAATTGAAT GTCAGGCCTGACAAAAGT CCGATATTTG
WANL15 IICGGGCTCACCTTTTTTAACTATTTAATTGAATGTCAGGCCTGACAAAAGT CCGATATTTG
B728a [N T CAAATAGCCTCAATTTTTTRAGCGT CTAGCGCTAACGCTTTCCATAAACTTTIIATGCG
WANL15 [N TCAAATAGCCTCGEETTTTTTTAGCGTICTAGCGCTAACGCTTTCCATAAACTTT(@A d
YA T- W VIV CCGAT TAAACAGCT CACACGGGATCTGTAAAAAT GAAGGCTCAGCATTCAEGGCGT CTGA
LA\ R A B CCGATTAAACAGCT CACACGGIATCTGTAAAAAT GAAGGCTCAGCATTCAIRGGECGTCTGA
B728a 180 ESSCANIOYNRIOV:
WA NI KTVl GCCGAIIT CAAT TCAA

Figure 34. Sequence alignment of the intergenic region betwga?syC1 and hrpK

in PsyB728a and the intergenic region between hopPsyC2 andihipgyW4N15.
PsyB728a represents the Family IlIA EEL and R8¢N15 represents the Family IV
EEL. (A) Diagram showing the intergenic regions (IGRs) aligned in (B) and flanking
genes. Solid arrows indicate the direction of transcription. The dashed 5'to 3’arrow
over the IGRs denotes the direction of alignment. The number of base pairs (bp) in
the IGRs are labeled. (B) Alignment of the IGRs displayed in (A). Conserved
nucleotides have a black background.
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A.

<
PsyB728a  hopPsyEl 148 bp hopPsyC1

<
PsyW4N15 hopPsyE2 149 bp hopPsyC2

=Yg X- - W Tle T T ACCT C€CTGCACT OGT OGTACCT GGAAAARIGCT TACT CAAACCAAT CACT GCCAAQ
L0V K-S W 1A\ T T ACCT JACT GCACT CGT CGT ACCT GGAAAAAGCT TACT CAAACCAAT CACT GOCAAQ

Yo 2R e T T CCACACAAAT GGAAGT TGGOCOGYCT CAT TAAAACAGOGCAGT ACGT TACT GECA
RV NI E W 1 T T CCACACAAAT GGAAIGT TGGCOCESCT CATTAAAAICAGCGCAGTACGT TACTGACA

s 151 Evib O o A e
Figure 35. Sequence alignment of the intergenic region betwgePsyEland
hopPsyC1 in Psi3728a and the intergenic region betwbeepPsyE2 and hopPsyC2
in PsyW4N15. PsyB728a represents the Family IIIA EEL aRdyW4N15
represents the Family IV EEL. (A) Diagram showing the intergenic regions (IGRs)
aligned in (B) and flanking genes. Solid arrows indicate the direction of transcription.
The dashed 5'to 3’arrow over the IGRs denotes the direction of alignment. The
number of base pairs (bp) in the IGRs are labeled. (B) Alignment of the IGRs
displayed in (A). Conserved nucleotides have a black background.
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A.

5 ———— »3
> <

PsyB728a eelE 44 bp 94 bp hopPsyE1l
< <

PsyW4N15 eelF3 269 bp 94 bp hopPsyE2

B.

B728a IICCATTAAACAATIIACGAAGT CATGAAAAAT GCTGT CGCGT CCTGCCGCGECGTACTTTCCA
WANLS IRICCATTAAACAATIBACGAAGT CATGAAAAAT GCT GT CGCGT CCTGCCGCGCGTACT TTCCA

B728a SN TATGCCCTGAATACCACGCATACTCAACCGGT T
WANLS (SN T ATGCCCTGAATACCACGCATACTCAACCCGT T

Figure 36. Sequence alignment of the intergenic region downstreaop®$yE from
PsyB728a and PsW4N15. PsyB728a represents the Family IIIA EEL and Psy

W4N15 represents the Family IV EEL. (A) Diagram showing the intergenic regions
(IGRs) aligned in (B) and flanking genes. Solid arrows indicate the direction of
transcription. The dashed 5’to 3’arrow over the IGRs denotes the direction of
alignment. The gray IGR shows the area used for the alignment. The number of base
pairs (bp) in the IGRs are labeled. Note that the figure was not drawn to scale. (B)
Alignment of the IGRs displayed in (A). Conserved nucleotides have a black
background.
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A. & o ___ V3

> <
PphBK378  tRNA, 130 bp eelF4
> <
PsyW4N15 eelG3 156 bp eelF3
> <
PsyDHO15  eelG5 158 bp eelF5
> <
PtoDC3000 eelG1 154 bp eelF1
B.
BK378 L ommmmm e TRAARAE- - - - - - - ASSTHGANI TRARGGTRTTTRT
VWANL5 1 eAATAATAGCGAACT CGTTTCACGGACGCCCCTCT@CCT lTel'cl'EG
DHO15 IATIRAATAATAGCGAACT CGT TTCACGGACGCCGCT CTGCCCTUAGATACGAAAACCOS TiE]
B e A A TAAT AQIGAS CT CGTIES CACGGACGCCCCT CTGCCSIGATACGAAAACCCS T

BK378 34 TTILeGT(@TCETEAALYNET(E e ANAATCTCAER T e e AN NI TIRAET- [eACART
WAN15 [SYRWACT CAACAAGAGGCAAGCGE GICAAAAGACCT GCCCGTATCAGCAA AA
5 5 S-S F A CCT CAACAAGAGGCAAGCGTIECT CACGT GICAAAAGACCT GOIIGT AT CAGCAAGCGCAA
D o]V -V OCT CAACAAGAGGCAEGOGTIRCTIACGT GICASAAGACCT GOCCOGT AT CAGCAAGOGCAA

BK378 93 (A JANECHACGAAATAACACOITI@GESCGCGT TG
WAN15 118 JACTTCCACGAAATAACACGATAGGTCGCGITE
DHO15 II{O GACGCT CGCTTCCACGAAATAACACGATAGGT CGCGT TG
DC3000 116 [eNecojjeceCjevoc.V.Y.Yy Vo loeCJylceifococinle

Figure 37. Sequence alignment of the intergenic region downstreaei~dfom Pph
BK378, PsyW4N15, PsyDH015, and PtdC3000. PplBK378 represents the

Family Il EEL,PsyW4N15 represents the Family IV EBRsyDHO015 represents the
Family VI EEL, andPto DC3000 represents the Family VA EEL. (A) Diagram

showing the intergenic regions (IGRs) aligned in (B) and flanking genes. Solid arrows
indicate the direction of transcription. The dashed 5'to 3'arrow over the IGRs denotes
the direction of alignment. The number of base pairs (bp) in the IGRs are labeled.
Note that the figure was not drawn to scale. (B) Alignment of the IGRs displayed in
(A). Conserved nucleotides have a black background.
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A. 5

——————————— » 3

< - |

PphBK378 eelF4 152 bp avrPphES8
< <

PsyW4N15 eelF3 300 bp 63 bp hopPsyC2
< <

PsyDHO015 eelF5 300 bp 545 bp hopPsyG
< <

Pto DC3000 eelF1 300 bp 314 bp eelH

B.

BK378 ARICAA ATI@CCTAAAGGTIRGAGGAAAATRAS CJCATTGAATACEIGT G d
WANL5 1 ﬁ% CCTAAAGGT eﬁg- eTG- &g%
DHO15 1 @aﬂT CCTAAAGGT CGAGGAAAAIAY GGEGATTGAATAGHOGT GeTIICG
DC3000 1 -G TCOEGCATRAA AAAATCRTIEARGS ETTRAIENACIeGTTCE d
BK378 SI*IT CAGTCAGACCGTCTGCO@ATACT TCGT TETACEAGACGCT GO CGT JAATCCCA
DHO15 SIE T CAGTCAGACCGT CTGGCTCTACTTCAT TTACCAGACGCT CCGAGICGECCAAT CCCG
55000 80 BRI MG B R A e e
Y BT I A A O T TGOGCARIGT GCAG T T TACAGT ACG e R
WINLS 117 [YAeeC- CGCARRIGT GCAGST TTACAGTACCT GGCTCTATGACCTGCGT TCTTGAAA
DC3000 120 AGSCTQRITEATRCCCAICART TR TECGASE T T CACACENS T CTICIIASC: - GAT

BKB78 - n o oo
Y INTEIE b £ A T TAGT CATACCCAGAGCGATGAGT TTTTTATTGCT TAACGT GOGAAT CGATACATTATQ

DHO15 NN TEAGT CATAJNCAGAGCGATGAIRTTTTTTATTGCT TAACGT GCGAATCGATACATTATQ
DC3000 178 GQIGeGATIYeS ARANAACTIICAECAQ

2 A T e
WIN15 PRKEATCGT CCGTUAGAAGA T[ecoeceeT ¢icoe AVAYA CJAYA CGA d
DHO15 234 INjeejfeseifeCelviles BT CGCCGRGECCACC AANIAA A a
DC3000 235 COGETTTGCGEAGNAT TECTOAANCEGNEANSTAT GAGII T T1GT TGSGT€GINICA
BK378  --------

WIN15 293 [ERANINIG

DHO15 294 (€& -

DC3000 295 ﬁ%@ -
Figure 38. Sequence alignment of the intergenic region upstreaatFdfom Pph
BK378, PsyW4N15, PsyDHO015, and PtdC3000. (A) Diagram showing the
intergenic regions (IGRs) aligned in (B) and flanking genes. Solid arrows indicate the
direction of transcription. The dashed 5’to 3’arrow over the IGRs denotes the
direction of alignment. The IGRs used in the alignment are gray. The number of base
pairs (bp) in the IGRs are labeled. Note that the figure was not drawn to scale.
(B) Alignment of the IGRs displayed in (A). Conserved nucleotides have a black
background.
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A.

5 ————— »3
> <
Ppr BK378 tRNAe, 130 bp eelF4
> >
PsyW4N15 tRNAey 164 bp eelG3
> >
PsyDHO15  tRNA., 165 bp eelG5
> >
Pta DC3000 tRNAg, 166 bp eelG1

BK378 (T TT AAAAAAGACCT TGAAATTCAAGGTCTTTTTTTTOGTCT GGT ARAAAGT GICTGA]

WINL5 BT TTAAAAAAGACCT TGAAATTCAAGGTCTTTTTTTTOGT CTGGTIIGAAAGT GAeCTGA]
DHO15

1

1 3T TTAAAAAAGACCTTGAAIITTCAAGGTCTTTTTTTTCGI CTGGTGGAAAGT GG
RS /oI TGA AT CAAGET T T T TTTOGTCT e cawAGTGeTaAC
BK378 60 ATIINISTESENISICCSSSTRTTAAST CASNNISASCS TRCARCARGARATAASA- - §G
WINL5 60 LKEAVAYReCe B AQICCACCT GCCCGGAAT CGGCCGUAGAIMCACCCAGeCCCC
DC3000 61 [FEACCSTESENM]A [SeePNS e eeRE ey TECREs GEACSCRBPRECAS TG - 5C

BK378 118 EROTTG -~
WINI5 117 IAT GT GGGAACCIGAGT CACACAACCAGGGATAA

CGg C ..

o0 1o ?E%"‘E
Figure 39. Sequence alignment of the intergenic region downstream of thg tRNA
gene from PpBK378,PsyW4N15, PsyDHO15, and PtdC3000. PpiBK378
represents the Family Il EEL, P8Y4N15 represents the Family IV EBRsyDH015
represents the Family VI EEL, and H2€3000 represents the Family VA EEL.
(A) Diagram showing the intergenic regions (IGRs) aligned in (B) and flanking genes.
Solid arrows indicate the direction of transcription. The dashed 5’to 3’arrow over the
IGRs denotes the direction of alignment. The number of base pairs (bp) in the IGRs

are labeled. Note that the figure was not drawn to scale. (B) Alignment of the IGRs
displayed in (A). Conserved nucleotides have a black background.
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Psy 61 IR T TTAAAAAAGACCT TGAAATTCAAGGTCTTTTTTTTCGI CTGGTGGAAAGT G €T T

Psy B5 IR T TTAAAAAAGACCT TGAAATTCAAGGTCTTTTTTTTCGI CTGGTGGAAAGT G eTT

Pph BK378 IR T TTAAAAAAGACCT TGAAATTCAAGGTCTTTTTTTTCGT CTGGT GRAAAGT G d

Psy WANL15 AT TTAAAAAAGACCTTGAAATTCAAGGTCTTTTTTTTCGICT GAAAGT GG g

Pt o DC3000 1 CACAAAAGACCTTGAAATTCAAGGTCTTTTTTTTCGT CTGGT GGAAAGT GICTGAC

Ppe 5846 1 EAAAAAAGACCTTGAAATTCAAGGTCTTTTTTTTCGI CTGEEGGAAAGT GHICTGAQ
1

Psy DHO15

Psy 61 60 GT d SAT(E CAAAA- AIVNReTiess TAEs TAMTCT TIVAARACE- (6
Psy B5 60 GI d GAT(E® CAAAA- AYNIeT[eoeTCES T “TCTOTM AACCEC
Pph BK378 60 ATEAE[EeENINICesee TAT]AAS TEACNN[o/€Cs- - TOGARCEASCAINATIRAAGA- -
Psy WNL5 ol T G TS JJGAT CTRIICCACCT CHGAAT e - [Ee q A oC- 8
Pt o DC3000 N T GACECTGCGAT CTIACCCCACCT! €- (CTVAN CaGCeGAeC A OTE--
Ppe 5846 VT GAQACT GCGAT CT{€ CCCCACCT GCCCC e Al®g| GGCO GAe GAle (e CCCAACACIICR
Psy DHO15 Ol T GAJAT (8 GCGAT CTRICCCCACCT G SA- - (€8 a A SCTe
Psy 61 118 [SRISTCTGTSRECEPNECHIECS TEMAATIER. - ANTAGAT TRACEECARGECTGTGT
Psy B5 118 mTCT %&%&@A@A@- - AR AT T[®ACEECARCSCTGTGT
d d d

Pph BK378 116
Psy WANL5 115 .- ---- (eGCGCCAGA Col CGAle TCACACAACCAEGGATAACCO ez
b D000 110 (R - (USSR SIS SR IGASKE s e
Ppe 5846 116 [GmmKS- - - - - CAGCGCAGA GHJACC ABTCACACAACCARGGAT AACCO R
Ry Bots 11 R - ECCRONE eEr CER NG S
Psy 61 176 TCGAGCAAGCGAAGGATACGCCGCGAGAAT GECCCCTCAGGT CCGTCTTCCT GEECCCECG
Psy B5 176 TCGAGCAAGCGAAGGATACGCCGGAGAAT GECCCCTCAGGT CCGT CTTCCTGEGECCCGCG
Pph BK378 s oo
PSy WANLD -c oo n o oo e oo
Pto DC3000 @ ~-----mcccmemcccccecmcmc i cacc e enmeeceememecmacmc e

Ppe 5846 @ ----ceooooio oo
Psy DHOL5 =~ ---mmmmmmoei oo

BT TTAAAAAAGACCTTGAAJITTCAAGGT CTTTTTTTTOGT CTGGT GGAAAGT GRECTGAQ

Psy 61 236 ACTTTGGGATATTCAGCAGTTCATAC
Psy B5 236 ACTTTGGGATATTCAGCAGTTCATAC
Pph BK378 ~  --eeemeeeeee oo
Psy WANLS ~  ----mmmmmmmemee e
Pto DC3000 ----------mmmmmoeeee e
Ppe 5846 = -------------i-ooooo-ooo
Psy DHO15 = -------mmmmiooee e

Figure 40. Sequence alignment of the intergenic region downstream of thg tRNA
gene from the representative strains of Families IA, 1B, Il, IV, VA, VB, and VI. The
intergenic regions downstream of the tRNAene in Familes IC and Ill had very low
identity to the above sequences.



Table 5.

GC content of the genes in the EELs of the representative strains.

Representative

i 0,
Family Strain Gene Length (bp) % GC
shcA 294| 56.9
A Psy61 hopPsyA 1127| 52.6
shcB1 528| 51.7
B PsyBS hopPsyB1 1149| 53.2
shcB2 528| 51.7
hopPsyB2 1149| 53.3
IC Psy5D4198 | eelA 771 49.3
celB 732| 52.0
eelC 1638| 44.4
avrPphE8 1323| 55.2
! PPhBK378 I eiFa 369| 50.4
hopPsyC1 972 50.5
hopPsyE1 1149| 57.9
eelD 357| 524
A PsyB728a I eelE 1524| 55.3
shcVv 363| 51.5
hopPsyV1 1236 49.0
shcV 363| 515
B PsyBA452 hopPsyV2 623 49.2
hopPsyC2 984| 52.9
hopPsyE2 1149| 57.7
v PSYWANLS  Feelra 420| 493
eelG3 411| 472
hopPtoB1 1401| 55.4
eelF1 417| 535
VA PoDC3000 i1 411| 47.0
eelH 726| 50.5
hopPtoB5 987| 55.8
VB Ppes846 eelG2 264| 46.8
hopPsyG 1389| 51.2
Vi PsyDHO15 | eelF5 420| 52.1
eelG5 411| 47.4
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Ny &
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Figure 41. Two putative gene cassettes identified in the EELs of Families1IIA, IV, and VA. The EELs are aligned by their hrpK
sequences. hrpK and queA were not fully sequenced for the representative of Family IV. Arrows indicate the direction of
transcription. Conserved regions bordering the EELs are gray. Shared colors denote similar genes. Open boxes identify genes
dissimilar from other genesin the EELs of Families|, 11, 111, 1V, V, or V1. An open reading frame that has similarity to
transposable elementsislabeled "T.E." Family representatives: [11A, Psy B728a; 1V, Psy W4AN15; VA, Pto DC3000.



Linkage between EEL, plant source, and geographical source

Strains that carried a Family IlIA EEL tended to be bean isolates from North
America. Both strains that carried a Family IV EEL were isolated from Roseaceae
plants. However, among the nine strains with a Family IA EEL were isolates from
tomato, soybean, citrus, and Prursppp. (Table 4). Moreover, strains isolated from
tomato and Prunuspp. sometimes had a Family VA EEL, and strains isolated from
citrus plants sometimes had aFamily 111B EEL. Thus, astrain’s EEL does not appear
to be linked to its plant source. Thisis consistent with current models predicting that
multiple effectors control a strain’s host range.

A possible correlation was observed between astrain’s EEL and its
geographical source. Strainsthat had a Family V EEL were either isolated or derived
from strainsisolated in the United Kingdom, France, or North Africa. Strainswith
other types of EEL s were predominantly North American isolates. Since most strains
surveyed in this study had a North American origin, additional studies would be
necessary to confirm any relationship between a strain’s EEL and its geographical

source.

hopPsyBencodes a trans ocated effector

Each EEL in Families I, 111, IV, and V, with the exception of the Family VB
EEL, appeared to express at |east one functional effector. HopPsyB in Family IB and
IC, however, was just 31% identical to its only known ortholog, the effector HopPsyA.
Itsrelatively high similarity to HopPsyA over the amino-terminal type |11 secretion

domain, association with a ShcA-like chaperone, and probable expression from a
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HrpL-dependent promoter upstream of hrpkggested that hopPsydght encode a
translocated effector. A vector, named pSHB5EEL1-600, was obtained that expressed
thePsyB5 shcBihopPsyB1 operon from thedvs promoter in pDSK600 (Charity et

al., 2003). When this construct was transformed lsicherichia coliMC4100
(PHIR11-2070)(pYXL2B), a strain that has been used previously to tastfarTSS-
dependent effector activity, transformants exhibited af ptRenotype in tobacco

leaves, consistent with effector activity (Figure 42). However, the genetics of plant-
pathogen interactions between tobacco and P. syriaigaeot well established, which
prevented further studies with tobacco to verify that HopPsyB1 is a TTSS-dependent
effector.

Arabidopsis thaliana was chosen to confirm that HopPsyB1 was translocated
into host cells by the hrp TTSS. A fusion between hopPsyB1 and avrRpt2 was
constructed in pDSK519 enabling expression of the amino-terminal 78 residues of
HopPsyB1 and the carboxy-terminal 175 residues of AvrRpt2. This construct,
pJCB5EEL2-AR2, was transformed into FA€3000 to screen for HR activity in
RPS2and rps2ines of A. thaliana.Pto DC3000 (pJCB5EEL2-AR?2) elicited the HR
in A. thaliana ecotype Columbi&PS2 butnotin the rps2derivative (Figure 43).

These observations are consistent with translocation of HopPsyB into plant cells and
indicate that HopPsyB, like HopPsyA, is a TTSS-dependent effector.

Additionally, PtoDC3000 transformants carrying pSHB5EEL1-600 exhibited
moderated replication in A. thaliana (Figure 44) and slightly enhanced virulence in
someBrassica oleraceaarieties (Table 6). In contrast, growthRib DC3000

(pYXIL) expressing HopPsyA was suppressed in these plants (Table 6). E. coli
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MC4100 expressing thap TTSS and HopPsyA or HopPsyB did not elicit the HR in

A. thalianaor any of theB. oleracea lines (Table 6).
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Figure 42. Activity of HopPsyB and HopPsyA in tobacco. Tobacco leaves were
syringe-infiltrated with 10cfu/mL of bacteria and scored for the hypersensitive
response (HR) 24 hours later. A black pen was used to outline the inoculated sections
of the leaf. (A) MC4100 (pHIR11-2070)(pYXL2B) expressing Hsy61 shcA
hopPsyAoperon produced the HR, (B) MC4100 (pHIR11-2070)(pYXL2B) containing
the empty vector pDSK600 produced a null phenotype, (C) MC4100 (pHIR11-
2070)(pYXL2B) expressing thesyB5 shcBXhopPsyB1 operon produced the HR.
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Strain:

Figure 43. Evidence for type Il secretion-dependent translocation of HopRsyB.
thaliana leaves were syringe-infiltrated with®u/mL of bacteria and scored for the
hypersensitive response (HR) 18 hours later. PaREIS2 A. thaliana ecotype
Columbia RPS2; rps2 A. thaliana ecotype Columbiaps?); 1, PtoDC3000 carrying
the empty vector pDSK519; 2, PRIC3000 carrying pJBavrRpt2-600, which allows
for expression of full-length avrRpt3; Pto DC3000 carrying pJCB5EEL2-AR2,
which allows for expression of a fusion of the 5-terminub@iPsyBwith the 3-
terminus of avrRpt24, Pto DC3000 carrying pSHB5EEL1-600, which allows for
expression of full-lengthopPsyBand shcB The leaves in panels 2A and 3A display
the HR, and are marked with a "+". All other leaves show a null response, and are
marked with a "-".
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Figure 44. Multiplication of PtdC3000 expressing and not expressingRbgB5
shcB-hopPsyB®peron inA. thaliana leaves. PtDC3000 expressing the hopPsyB
shcB operon from theuva promoter in pDSK600 (triangle) appeared to replicate
slower than Ptd>C3000 containing the empty vector pDSK600 (square). Data were
generated by three trials and are shown as matandard deviation.
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DISCUSSION

Before this study, the EEL could reasonably be characterized as a highly
variable site for genes encoding effectors (Alfano et al., 2000; Hutcheson, 1999).
However, the results presented herein indicate this locus might not be as
heterogeneous as initially expected. Of the 33 strains whose EELs were amplified, 8
have an EEL equivalent to the R&YEEL, 2 have an EEL equivalent to th&o
DC3000 EEL, and 2 have an EEL equivalent toRkgB728a EEL. Those strains
that do not have an EEL equivalent to the EEP®§61,Pto DC3000, oPsyB728a
have an EEL that shares components with these EELs. For instance, the Family IB
EEL appears to be an inversion of the Family IA EEL; the Family Il EEL contains an
avrPphEallele similar to hopPsyEL1 in the PBy28a EEL, and aeelF allele similar
to eelFlin the PtoDC3000 EEL,; the Family IlIB EEL appears to be a deletion
derivative of the Psi3728a EEL; the Family IV EEL contains thepPsyGhopPsyE
operon found in the PFy728a EEL, an@elFand eelGalleles similar teeelF1and
eelG1lin the PtoDC3000 EEL; the Family VB EEL appears to be a deletion derivative
of thePto DC3000 EEL; the Family VI EEL contains a gene with low similarity to
hopPtoB1 in the Pt&©C3000 EEL, and eelkndeelGalleles similar teeelF1and
eelG1lin the PtoDC3000 EEL. Thus, there appears to be a limit to the diversity of the
EEL, which is further supported by the recent amplification of the EEL from Bther
syringaestrains (Deng et al., 2003).

The similarity of these newly characterized EELSs to the EEIBsgb1, Pto
DC3000, and Psi728a could be due to experimental bias from the PCR

amplification strategy and the strains surveyed. Although published sequences of
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gueAand hrpKfrom various pathovars were used to design Q920 and K2688, the
alleles from Psy1,Pto DC3000, andPsyB728a were given higher priority, which
might have predisposed the screen to amplify EELs similar to the EELs of these three
strains. Additionally, the location of the hinp¢ cluster has not been determined for

the strains screened, and it is possible that more divergent EELs are associated with
hrp/hrc clusters that are not closely linked to qué/e size of the EEL also

influences the ability to amplify the region. Although a PCR protocol specifically
designed for long-range applications was used, smaller loci, such as the Family IA
EEL, are easier to amplify. Moreover, most of the strains screened were originally
isolated from North America. Since a possible geographical linkage was detected
among strains with similar EELSs, it may be that populations indigenous to
geographical regions not included in this study have novel types of EELSs.

Although the examined EELs are not as varied as expected, genes were
identified that could encode novel effectors. The following gene products are
divergent from their respective orthologs, suggesting a possible altered aPswity:

B5 HopPsyB, Ps¥B452 HopPsyV2, PsW4N15 HopPsyC2Ppe5846HopPtoB5,

and PsyDHO015 HopPsyG. HopPsyV2 and HopPtoB5 are truncated relatR&yto

B728a HopPsyV1 and PIOC3000 HopPtoB1, respectively. While some effectors are
tolerant of carboxy-terminal deletions (Gopalan et al., 1996; Mudgett and Staskawicz,
1999), others, such as avrPp(fevens et al. 1998), are not. HopPsyB, one of the
more divergent newly discovered orthologs, was tested to determine if it had different
properties than HopPsyA. HopPsyB, like HopPsyA, was able to initiate the HR in

tobacco leaves, but allowed HXE3000 to grow to higher levels in some Brassica
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oleraceavarieties than HopPsyA. In addition, a fusion of the amino-terminus of
HopPsyB to the carboxy-terminus of AvrRpt2 was able to initiate the HR in

thaliana ecotype ColumbidPS3, but not in A. thaliana ecotype Columbrag2).

Thus, HopPsyB is an effector similar to, but distinct from HopPsyA. Since indicator
plants for HopPsyV, HopPsyC, HopPtoB, and HopPsyG have not been established, it
was not feasible to determine how their various orthologs affect plant phenotype.

Additionally, the EEL appears to have evolved by the accumulation of
transposed gene cassettes. A hopHsy@PsyEoperon with conserved coding and
intergenic sequences is in Families Il and IV, aptF and eelGare adjacent to one
another with conserved coding and intergenic sequences in Families IV, V, and VI.
TheshcAhopPsyAoperon in Family IA appears to be an inverted and truncated
derivative of the shcBopPsyBoperon in Family IB/IC. It is also possible that the
Family 1l avrPphE8the Family VhopPtoB and the Family VI hopPsy@ould each
beagene cassette. The genes in the EELs appear to have a lower GC content than
qgueAor hrpK, indicating the EEL is likely assembled by the acquisition of
horizontally transferred genes before or after the integration dirphpathogenicity
island.

The mosaic structure of the EEL is suggestive of integron-like assembly.
Integrons were first identified during studies of the localized and sequential
accumulation of promoterless antibiotic resistance genes in enteric bacteria, but have
since been found in many taxonomic groups of bacteria (Hall and Collis, 1995).
Integrons assemble through the activity of a trans-acting, site-specific integrase that

mediates the insertion of gene cassettes through homologous recombinatiaites att
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(Grainge and Jayaram, 1999). An imperfect inverted repeat is a key featuratof an
site (Grainge and Jayaram, 1999; Hall and Collis, 1995), and is retained after the
transposition event. Many pathogenicity islands are associated with a tRNA locus that
carries inverted repeats (Hacker and Kaper, 1999). Transposition of the LEE
pathogenicity island in REPEC strains of E. @®linked to the activities of a tRNA
gene-linked integrase (Tauschek et al., 2002), and tRNA gene-linked excision of
virulence factors has been demonstrated for dghepli strains (Blum et al., 1994).
Adjacent to the P. syringae EEL is a tRNAocus (Alfano et al., 2000) that
could function as an asiite, but with the exception of the EELs of Families IC and I,
a52 bpregion 3 to thetRNA, geneis conserved. If recombination occurred within
the tRNA gene, little sequence conservation would be expected in this region.
However, within the conserved region downstream of the tRNA e, geneis 31 bp
inverted repeat (5-AAAAAAGACCTTGAAATTCAAGGTCTTTTTT).
Additionally, the Pto DC3000 genome contains at |east two apparently functional
homologs of atRNA-linked integrase that could mediate excision and transposition of
gene cassettes (Charity et al., 2003). tRNA-dependent excision of avr genes, an
activity indicative of integrase activity (Hall and Collis, 1995), has been observed in
some P. syringae strains (Jackson et a., 2000). The mosaic structure of the EEL, the
association of the EEL with a candidate att site, and the presence of tRNA gene-
associated integrases in the genome of at least one P. syringaestrain indicate the EEL
might assemble in an integron-like fashion.
In nine of the 10 unique EELS, at least one potential or known effector is

expressed as part of the hrpK operon. This association might imply that hrpK is part

85



of the EEL. Four arguments, however, can be made against such a conclusion.
Firstly, insertional inactivation or deletion of hrpKsults in an Hrgphenotype
(Huang et al., 1991); so hrpK essential for the activity of thep TTSS. Secondly,
the location of hrpKs conserved in all hrp clusters characterized to date, whereas the
location of effectors, such as alleles of avrPpisEvariable (Jackson et al., 1999;
Stevens et al., 1998). Thirdly, the GC contertirpK is substantially higher than
most genes in the EEL and is very similar to the GC content of genes in the central
conserved region. Finally, sequence polymorphisnmspK only weakly correlate
with the type of EEL present (Charity et al., 2003). Thus, the exclusiopkiffrom
the EEL is justifiable.

The results presented herein suggest that the genetic diversity of the EEL is
due to (1) integron-like assembly of horizontally-transferred gene cassettes,
(2) accumulation of point mutations in effector genes, and (3) genetic rearrangements
including duplication, deletion, inversion, and insertion of IS elements. However,
characterization of the locus and its effectors is far from complete. Most of the EELs
observed in this study were from P. syringaesyringae strains. Repeating the PCR-
screen with other sets of primers might allow amplification of the EEL from more
pathovars and from strains with different geographical origins, which would facilitate
inferences about the evolution of the EEL. Additionally, a P. syriisgfaén could be
transformed with the putative effectors 452 HopPsyV2, PsW4N15 HopPsyC2,
Ppe5846 HopPtoB5, oPsyDHO15 HopPsyG and inoculated into a wide variety of
plants to test how these proteins affect virulence. Furthermore, there are no data

indicating that strains with equivalent EELSs, even those isolated from different hosts,
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are not the same or nearly identical. Strains could be tested to determine if variance
within the EEL tends to accompany divergence oRRhsyringaegenome. If strains

with equivalent EELs were very different across the rest of the genome, this would
support an independent evolution of the EEL. Lastly, the potential tRNA-dependent
integrases identified in the PRC3000 genome could be isolated and testeatro

for their ability to transpose gene cassettes into the EEL. Given that the putative
cassettes appear to be horizontally acquired, if this activity were established, it could
reveal a mechanism for the rapid evolution of epiphytic bacteria to their local

environment.
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