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Draft Genome Sequence of a Diazotrophic, Plant Growth—Promoting
Rhizobacterium of the Pseudomonas syringae Complex
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We report here the draft genome sequence of Pseudomonas syringae GR12-2, a nitrogen-fixing, plant growth—promoting bacte-
rium, isolated from the rhizosphere of an Arctic grass. The 6.6-Mbp genome contains 5,676 protein-coding genes, including a

nitrogen-fixation island similar to that in P. stutzeri.
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well-studied plant growth—promoting pseudomonad, iso-
lated from the roots of an Arctic grass by its ability to fix
atmospheric dinitrogen, was originally identified as Pseudomonas
putida, based on phenotypic characteristics (1, 2). However, phy-
logenetic analyses of the 16S rRNA and four housekeeping genes
showed that it forms a monophyletic group with the P. syringae
complex of plant pathogens and shares 99% nucleotide sequence
identity with the 16S rRNA genes from the P. syringae pathovars
(3). We have sequenced the genome of P. syringae GR12-2 to
further characterize the evolutionary relationships among the
P. syringae strains and to identify genes that may function in plant
growth promotion.

Genomic DNA was extracted from P. syringae GR12-2 using
the Wizard genomic DNA purification kit (Promega, Madison,
WI, USA). A genomic DNA shotgun library with an insert size of
approximately 460 bp was prepared and 101-cycle paired-end se-
quencing was performed (National Instrumentation Center for
Environmental Management, Seoul, Republic of Korea) using an
Mumina HiSeq 2000 platform (CASAVA version 1.8.2). A total of
113,670,590 read pairs were generated, totaling 11,480,729,590
bases. The sequence reads were assembled de novo using CLC
Genomics Workbench version 4.9 (CLC bio, Cambridge, MA,
USA). Scaffolds were generated i silico using SSPACE version 1.1
(4), and gaps were automatically filled by running four iterations
of IMAGE (5). Automatic open reading frame (ORF) prediction
and functional annotation were carried out by the Rapid Annota-
tion using Subsystems Technology server (6, 7) and the automatic
Prokaryote Genome Annotation Pipeline (NCBI, Bethesda, MD,
USA).

The P. syringae GR12-2 genome sequence consists of 74 contigs
(maximum contig length, 557,998 bp; Ns,, 181,449 bp) totaling
6,601,350 bp with a GC content of 58.3% and contains 11 rRNA
and 55 tRNA genes. Of the 5,676 predicted protein-coding se-
quences, 713 with annotated functions do not have orthologs in
the genomes of P. syringae pathovars DC3000, B728a, and 1448A.
These encode proteins for nutrient uptake and metabolism, envi-
ronmental interactions, and gene regulation. A 49-kb cluster of 59
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genes encoding proteins required for nitrogen fixation is similar in
sequence (average 72% amino acid sequence identity) and syn-
teny to a nitrogen-fixing island in P. stutzeri A1501 (8). A similar
nitrogen-fixation island is present in P. azotifigens and other
members of the P. stutzeri group (9), but not in the available ge-
nome sequences of any other pseudomonad. In P. syringae
GR12-2, the nitrogen-fixation cluster is found in a different region
of the genome from that in P. stutzeri, suggesting acquisition via
horizontal gene transfer. While the capacity to fix nitrogen does
not contribute directly to plant growth promotion (2), an under-
standing of the genes that are unique to a plant-beneficial strain of
the P. syringae group will provide insight into the evolution of a
mutualistic lifestyle.

Accession number(s). This whole-genome shotgun project
has been deposited at DDBJ/EMBL/GenBank under the accession
number LGSI00000000. The version reported in this paper is the
first version, LGSI01000000.

FUNDING INFORMATION

This work, including the efforts of Cheryl L. Patten, was funded by
Gouvernement du Canada | Natural Sciences and Engineering
Research Council of Canada (NSERC) (312491).

REFERENCES

1. Lifshitz R, Kloepper JW, Scher FM, Tipping EM, Laliberté M. 1986.
Nitrogen-fixing pseudomonads isolated from roots of plants grown in the
Canadian high Arctic. Appl Environ Microbiol 51:251-255.

2. Lifshitz R, Kloepper JW, Kozlowski M, Simonson C, Carlson J, Tipping
EM, Zaleska I. 1987. Growth promotion of canola (rapeseed) seedlings by
a strain of Pseudomonas putida under gnotobiotic conditions. Can ] Micro-
biol 33:390—395. http://dx.doi.org/10.1139/m87-068.

3. Blakney AJ, Patten CL. 2011. A plant growth-promoting pseudomonad is
closely related to the Pseudomonas syringae complex of plant pathogens.
FEMS Microbiol Ecol 77:546-557. http://dx.doi.org/10.1111/j.1574
-6941.2011.01136.x.

4. Boetzer M, Henkel CV, Jansen HJ, Butler D, Pirovano W. 2011. Scaf-
folding pre-assembled contigs using SSPACE. Bioinformatics 27:578 -579.
http://dx.doi.org/10.1093/bioinformatics/btq683.

5. Tsai IJ, Otto TD, Berriman M. 2010. Improving draft assemblies by iter-
ative mapping and assembly of short reads to eliminate gaps. Genome Biol
11:R41. http://dx.doi.org/10.1186/gb-2010-11-4-r41.

genomea.asm.org 1


http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.01023-16&domain=pdf&date_stamp=2016-9-22
http://genomea.asm.org

Patten et al.

6. Overbeek R, Olson R, Pusch GD, Olsen GJ, Davis JJ, Disz T, Edwards
RA, Gerdes S, Parrello B, Shukla M, Vonstein V, Wattam AR, Xia F,
Stevens R. 2014. The SEED and the Rapid Annotation of microbial ge-
nomes using Subsystems Technology (RAST). Nucleic Acids Res 42:
D206-D214. http://dx.doi.org/10.1093/nar/gkt1226.

7. Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA, Formsma
K, Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson R, Osterman
AL, Overbeek RA, McNeil LK, Paarmann D, Paczian T, Parrello B, Pusch
GD, Reich C, Stevens R, Vassieva O, Vonstein V, Wilke A, Zagnitko O.
2008. The RAST server: Rapid Annotations using Subsystems Technology.
BMC Genomics 9:75. http://dx.doi.org/10.1186/1471-2164-9-75.

2 genomea.asm.org

Genome Announcements

8. Yan Y, Yang J, Dou Y, Chen M, Ping S, Peng J, Lu W, Zhang W, Yao Z,

Li H, Liu W, He S, Geng L, Zhang X, Yang F, Yu H, Zhan Y, Li D, Lin
Z, Wang Y, Elmerich C, Lin M, Jin Q. 2008. Nitrogen fixation island and
rhizosphere competence traits in the genome of root-associated Pseudormo-
nas stutzeri A1501. Proc Natl Acad Sci U S A 105:7564-7569. http://
dx.doi.org/10.1073/pnas.0801093105.

. Venieraki A, Dimou M, Vezyri E, Vamvakas A, Katinaki P-A, Chatz-

ipavlidis I, Tampakaki A, Katinakis P. 2014. The nitrogen-fixation island
insertion site is conserved in diazotrophic Pseudomonas stutzeri and Pseu-
domonas sp. isolated from distal and close geographical regions. PLoS One
9:¢105837. http://dx.doi.org/10.1371/journal.pone.0105837.

September/October 2016 Volume 4 Issue 5 e01023-16


http://genomea.asm.org

	Draft Genome Sequence of a Diazotrophic, Plant Growth–Promoting Rhizobacterium of the Pseudomonas syringae Complex
	Accession number(s). 

	REFERENCES

