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Pathogen identification to the strain or population level is often 
necessary to ensure plant biosecurity. Misidentification can lead to 
the implementation of unneeded mitigation measures, trade 
disruption (false positives) or to the introduction of potentially 
devastating pathogens (false negatives). Pseudomonas syringae 
strains cause severe diseases of trade concern. Populations of the 
kiwifruit pathogen, P. syringae pathovar actinidiae (Psa), are 
quarantine pathogens in several countries. The presence of 
nonpathogenic plant-associated P. syringae magnifies the potential 
of false positives. The challenge is to develop diagnostic protocols 
that minimize false negatives and false positives.  
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Sequencing Nonpathogenic P. syringae  Genomes 
Next generation sequencing was used on two well-characterized, 
commercially available nonpathogenic P. syringae strains (ESC-10, 
ESC-11) for comparative genomic analysis with pathogenic strains 
and to identify DNA sequences of diagnostic value (Table 1). 

Table 1. ESC-10 and ESC-11 de novo assemblies. Genomic DNA was isolated and paired end libraries 
were prepared and sequenced using Illumina MiSeq platform (2X300 bp). De novo assemblies were 
performed using MiSeq Reporter 2.3.32. PS001/PS003 = ESC-10 (US Biologics); PS003/PS004 = 
ESC-11 (Jet Harvest Solutions). 

Fig 2. CGView2 map of the genomes of interest using Psy B728a as a reference genome (inner 
concentric ring). Blast 1 results = Psa NZ V-13, blast 2 results = ESC-10 and blast 3 results = 
ESC-11. Genes are marked as arrows. The GC(%) content is shown for each gene in an adjacent 
feature track. 

Fig 1. Alignment of ESC-10 and ESC-11 draft genomes with Psa (Psa NZ V-13) complete genome 
(upper panel) and with P. syringae pv syringae (Psy B728a) complete genome (lower panel) using 
MAUVE software 2.3.11. Colored blocks indicate regions of sequence homology. The height of the 
colored bars represents the average degree of sequence similarity. Blocks below the center line 
indicate regions that align in the reverse complement (inverse) orientation. Red lines indicate contig 
boundaries. Genome coverage was 94% and 90% for the nonpathogenic ESC-10 and ESC-11 draft 
genomes, respectively.  

Draft genomes of ESC-10 and ESC-11 were ordered and aligned 
against published complete genomes of pathogenic strains of P. 
syringae (Fig 1 and Fig 2). To better understand the basic 
differences among pathogenic and nonpathogenic strains and to 
determine the potential for diagnostic false positives, comparative 
genomic analyses were performed.  

Fig 5.  Comparative analysis of the hrp-hrc  region and the flanking  conserved and exchangeable 
effector loci. Conserved sequences flanking the PAI are shown in green and yellow boxes. Blue 
boxes represent individual genes. Genes are not drawn to scale. 

The hrp-hrc cluster encodes structural and regulatory components 
of the type III secretion system (T3SS)3, an essential virulence 
mechanism in P. syringae. A comparative analysis of the entire 
pathogenicity island (PAI) identified significant variation in both 
pathogenic and nonpathogenic P. syringae; ESC-10 lacks several 
specific effector loci while ESC-11 lacks the entire PAI (Fig 5). 
These differences provide potential diagnostic targets and 
suggest high genomic diversity among nonpathogenic 
populations. 
 

• Genome organization varied among pathovars of Pseudomonas 
syringae. 

•  Alignment of the nonpathogenic ESC-10 and ESC-11 draft 
genomes to two reference P. syringae genomes resulted in 
dramatically different agreements.  

•  Effectors have been identified as potential diagnostic targets to 
discriminate among Psa strains and between Psa and other P. 
syringae pathovars. 

•  The presence of effector loci in nonpathogenic strains of P. 
syringae suggests the potential for false positives with effector-
based diagnostic protocols. 

•  The loss or acquisition of genomic regions containing diagnostic 
sequences presents the potential for false negatives and false 
positives. Consequently, a broad range of strains should be 
included in inclusivity and exclusivity validation panels and 
diagnostic protocols may need to be periodically re-validated. 

Conclusions 

An array of effector genes in several P. syringae pathovars were 
analyzed to identify sequences of diagnostic value (Fig 6). A suite 
of effector loci were identified by which to distinguish Psa from 
pathogenic and nonpathogenic P. syringae populations. 
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The Reference Sequence Matters 

Identifying Target Sequences 

Analysis of the hrp-hrc Cluster In order to identify genomic regions that by either presence or 
absence could distinguish pathogenic from nonpathogenic strains 
of P. syringae, a circular map of the genomes of interest was 
generated (Fig 2).  

Differential Diagnostic Sequences 

Fig 3. CGView map (40X zoom) of 
sequence depicted in Fig 2 centered on 
base 700,000: a) region absent in Psa, 
ESC-10 and ESC-11; b) region absent in 
Psa but present in ESC-10 and ESC-11.  

Fig 4. CGView map (40X zoom) of 
sequence depicted in Fig 2 centered on 
base 380,000: c) region present in Psa 
but absent in ESC-10 and ESC-11; d) 
region absent in Psa and ESC-11, but 
present in ESC-10; e) region present in 
all of them. 
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Fig 6. A matrix of effector loci and several P. syringae strains. 

Diagnos9c	  Target	  Sequence	  
Diagnos9c	  Result	  Genomic	  

Region	   Psa	   ESC-‐10	   ESC-‐11	  

a	   absent	   absent	   absent	   no	  P.	  syringae	  detected	  

b	   absent	   present	   present	   detects	  nonpathogenic	  P.	  
syringae	  

c	   present	   absent	   absent	   detects	  Psa	  

d	   absent	   present	   absent	   detects	  ESC-‐10	  

e	   present	   present	   present	   detects	  all	  P.	  syringae	  

Table 2. Diagnostic strategies and expected results. 


