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Pseudomonas syringae pv. actinidiae is the causal agent of bacterial canker of kiwifruit, a disease that has rapidly spread world-
wide. We have fully sequenced and assembled the chromosomal and plasmid DNA from P. syringae pv. actinidiae ICMP 18884
using the PacBio RS II platform.

Received 31 July 2015 Accepted 5 August 2015 Published 17 September 2015

Citation Templeton MD, Warren BA, Andersen MT, Rikkerink EHA, Fineran PC. 2015. Complete DNA sequence of Pseudomonas syringae pv. actinidiae, the causal agent of
kiwifruit canker disease. Genome Announc 3(5):e01054-15. doi:10.1128/genomea.01054-15.

Copyright © 2015 Templeton et al. This is an open-access article distributed under the terms of the Creative Commons Attribution 3.0 Unported license.

Address correspondence to Matthew D. Templeton, matt.templeton@plantandfood.co.nz.

Pseudomonas syringae pv. actinidiae is the causal agent of bac-
terial canker of kiwifruit, a disease that has particularly devas-

tated plantings of Actinidia chinensis throughout the world (1–3).
The speed and severity of the P. syringae pv. actinidiae pandemic
has led this pathogen to become a model for the rapid emergence
of new diseases (4). Many draft P. syringae pv. actinidiae genomes
from a range of geographical locations have been sequenced and
deposited in GenBank (5–8). We have fully sequenced and assem-
bled the genome of P. syringae pv. actinidiae ICMP 18884 using
the single-molecule real-time (SMRT) PacBio RS II platform
(http://www.pacificbiosciences.com/). The read coverage aver-
aged between 150- and 250-fold. These reads were assembled us-
ing the Hierarchical Genome Assembly Process algorithm into a
chromosome of 6,580,291 bp and a plasmid of 74,423 bp (http:
//www.pacificbiosciences.com/). The P. syringae pv. actinidiae
ICMP 18884 assembled sequence and individual reads were sub-
mitted under BioProject no. PRJNA71845 and BioSample
SAMN02727983. The genome was annotated using the NCBI Pro-
karyotic Genome Annotation Pipeline (PGAP) (http://www.ncbi
.nlm.nih.gov/genome/annotation_prok), and 5,982 genes, which
included 5,761 coding sequences, 140 pseudogenes, and 81 RNA-
encoding genes, were identified. The genome was also annotated
using the RAST webserver (http://rast.nmpdr.org/) (9), which
predicted 6,126 coding sequences. The two methods generally
gave identical gene calls; however, a class of genes that were incon-
sistently predicted by both programs were the type III secreted
effectors (T3SE). Since T3SEs are some of the most important
genes for understanding how P. syringae pv. actinidiae causes dis-
ease, these were manually annotated based on gene sequences cu-
rated at the P. syringae Genome Resources site (http://www
.pseudomonas-syringae.org/), and the corrected PGAP annota-
tion was deposited in GenBank.

The high read coverage enabled methylation modifications to
be annotated, and 16,639 4-methyl-cytosine (4 mC) and 4,835
6-methyl-adenosine (6 mA) residues were identified. This is the
first time that methylated residues have been reported for a ge-
nome from P. syringae. Analysis of the annotated genome pre-

dicted the presence of seven restriction modification systems.
These were matched to two of the methylation motifs generated
from the SMRT data using the REbase Web server (10). The re-
sults predict that the type I restriction enzyme system encoded by
genes IYO_000025-35 cleaves at the 7-base AGCANNNNNGTC
motif (underlined nucleotides indicate 6 mA sites), and the type II
restriction system encoded by IYO_000855 recognizes the six-
base palindrome CTCGAG (underlined nucleotides indicate
4 mC sites). AGCANNNNNGTC is a new restriction enzyme rec-
ognition site, and 99% of the 1,176 motifs present in the P. syrin-
gae pv. actinidiae genome were methylated at both target nucleo-
tides. In contrast, only 54% of the target nucleotides in the CT
CGAG motif are methylated. Interestingly, only about 10% of the
methylated residues in the genome can be accounted for by these
two motifs. This suggests either that there are other unrecognized
restriction/methylation systems active in P. syringae pv. actinidiae
not detected by REbase, or that the methylated residues play other
roles in the genome, such as gene regulation. In some animal
pathogens, adenosine methylation is required for the expression
of some virulence genes (11).

Nucleotide sequence accession numbers. These sequences
have been deposited in GenBank under the accession numbers
CP011972 (chromosome) and CP011973 (plasmid). The versions
described in this paper are the first versions.
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