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We report the complete genome sequence of Mesorhizobium ciceri bv. biserrulae strain WSM1284, a nitrogen-fixing microsym-
biont of the pasture legume Biserrula pelecinus. The genome consists of 6.88 Mb distributed between a single chromosome
(6.33 Mb) and a single plasmid (0.55 Mb).
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Biserrula pelecinus, an annual herbaceous legume native to the
Mediterranean basin, was introduced into Australian agricul-

ture in 1994 (1). As a pasture legume, B. pelecinus is well suited to
Australian conditions because it grows well in acidic soils, is
drought and insect tolerant, has abundant seed production, and is
easy to harvest (1, 2). B. pelecinus forms a nitrogen-fixing symbi-
osis with soil bacteria within the genus Mesorhizobium. Australian
soils were initially devoid of any B. pelecinus–nodulating organ-
isms (1), leading to a search for effective N2-fixing inoculants.
Mesorhizobium ciceri bv. biserrulae strain WSM1284 was isolated
from a nodule of B. pelecinus growing at Siniscola, in Sardinia,
Italy (3). Similar to other B. pelecinus isolates, such as M. ciceri bv.
biserrulae WSM1271 (4) and WSM1497 (5), WSM1284 is an ef-
fective microsymbiont on its host of origin and does not nodulate
Cicer arietinum (chickpea). However, unlike WSM1271 and
WSM1497, WSM1284 has a broad host range, being capable of
nodulating species of Astragalus, Dorycnium, Glycyrrhiza, Leu-
caena, Lotus, and Ornithopus (5–7). The complete genome se-
quence of this organism will therefore facilitate work to under-
stand the molecular basis of this broad-host range.

WSM1284 genomic DNA was extracted from a tryptone-yeast-
grown culture (8) using a phenol-chloroform method as previ-
ously described (9). Whole-genome sequencing was performed
by Macrogen (South Korea), using both Pacific BioSciences
(PacBio) single-molecule real-time sequencing and Illumina
HiSeq 2500 technology. Post-filter, PacBio sequencing gener-
ated 1,210,355,345 bases consisting of 102,356 trimmed reads,
with Illumina sequencing generating an additional 2,140,158,286
bases constituting 21,189,686 paired-end reads. Raw Illumina
reads were analyzed using FastQC version 0.10.1 (http://www
.bioinformatics.babraham.ac.uk/projects/fastqc) and adaptors
were removed by comparison against a comprehensive in-house
adaptor sequence library. PacBio subreads were assessed using
in-house software, and reads were automatically error-corrected
in the assembly process.

Filtered Illumina and PacBio reads were assembled de novo

using the hybrid approach of SPAdes assembler version 3.6.2 (10),
with the number of mismatches and short indels reduced by in-
curring SPAdes’s postprocessing module MismatchCorrector,
utilizing the BWA tool (11). The assembly obtained was scaffolded
using SSPACE version 3.0 (12) and annotated using the NCBI
Prokaryotic Genome Annotation Pipeline (PGAP) (http://www
.ncbi.nlm.nih.gov/genomes/static/Pipeline.html). The genome
consists of 6,880,454 bp with an average GC content of 62.51%.
There are 6,499 coding sequences distributed between a single
circular chromosome of 6,326,813 bp and a single plasmid of
553,641 bp.

The majority of WSM1284 genes required for nodulation
(nod) and nitrogen fixation (nif and fix) were identified within
a 539-kb region of the chromosome. Within this region, the
presence of genes encoding a putative type IV secretion system,
conjugative relaxase, biotin, and nicotinate biosynthetic clus-
ters and genes with homology to a quorum sensing system
shown to regulate integrative and conjugative element excision
and transfer in Mesorhizobium loti R7A (13–16) indicates that
WSM1284 may harbor a symbiosis island. However, the ab-
sence of phage-like P4 integrases and direct-repeat attachment
sites required for symbiosis island excision (17) suggests that
this region is either nonmobile or utilizes a novel mechanism of
excision prior to self-transmission. Whether the WSM1284
symbiosis island is capable of conjugal transfer is a question
currently being investigated.

Nucleotide sequence accession numbers. The nucleotide se-
quence of the complete genome of WSM1284 has been deposited
in GenBank under the accession numbers CP015064 (chromo-
some) and CP015065 (plasmid pMc1284).

ACKNOWLEDGMENTS

This work was supported by grants UMU00040 and GRS10939 from the
Grains Research and Development Corporation of Australia.

crossmark

Genome AnnouncementsMay/June 2016 Volume 4 Issue 3 e00514-16 genomea.asm.org 1

 on O
ctober 3, 2016 by C

urtin U
niversity Library

http://genom
ea.asm

.org/
D

ow
nloaded from

 

http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.00514-16&domain=pdf&date_stamp=2016-6-9
http://genomea.asm.org
http://genomea.asm.org/


FUNDING INFORMATION
This work, including the efforts of Timothy L. Haskett, Graham W.
O’Hara, John G. Howieson, and Jason J. Terpolilli, was funded by
Grains Research and Development Corporation (GRDC) (UMU00040
and GRS10939).

REFERENCES
1. Howieson J, Loi A, Carr SJ. 1995. Biserrula pelecinus L.—a legume pas-

ture species with potential for acid, duplex soils which is nodulated by
unique root-nodule bacteria. Aust J Agric Res 46:997–1009. http://
dx.doi.org/10.1071/AR9950997.

2. Loi A, Howieson JG, Nutt BJ, Carr SJ. 2005. A second generation of
annual pasture legumes and their potential for inclusion in
Mediterranean-type farming systems. Aust J Exp Agric 45:289 –299.
http://dx.doi.org/10.1071/EA03134.

3. Nandansena KG, O’Hara GW, Tiwari RP, Willlems A, Howieson JG.
2007. Mesorhizobium ciceri biovar biserrulae, a novel biovar nodulating
the pasture legume Biserrula pelecinus L. Int J Syst Evol Microbiol 57:
1041–1045. http://dx.doi.org/10.1099/ijs.0.64891-0.

4. Nandasena K, Yates R, Tiwari R, O’Hara G, Howieson J, Ninawi M,
Chertkov O, Detter C, Tapia R, Han S, Woyke T, Pitluck S, Nolan M,
Land M, Liolios K, Pati A, Copeland A, Kyrpides N, Ivanova N,
Goodwin L, Meenakshi U, Reeve W. 2014. Complete genome sequence
of Mesorhizobium ciceri bv. biserrulae type strain (WSM1271T). Stand
Genomic Sci 9:462– 472. http://dx.doi.org/10.4056/sigs.4458283.

5. Nandasena KG, O’Hara GW, Tiwari RP, Yates RJ, Kishinevsky BD,
Howieson JG. 2004. Symbiotic relationships and root nodule ultrastruc-
ture of the pasture legume Biserrula pelecinus L.—a new legume in agri-
culture. Soil Biol Biochem 36:1309 –1317.

6. Howieson JG, Ballard RA, Yates RJ, Charman N. 2011. Selecting im-
proved Lotus nodulating rhizobia to expedite the development of new
forage species. Plant Soil 348:231–243. http://dx.doi.org/10.1007/s11104
-011-0921-9.

7. Nandasena KG, O’Hara GW, Tiwari RP, Yates RJ, Howieson JG. 2001.
Phylogenetic relationships of three bacterial strains isolated from the pas-
ture legume Biserrula pelecinus L. Int J Syst Evol Microbiol 51:1983–1986.
http://dx.doi.org/10.1099/00207713-51-6-1983.

8. Beringer JE. 1974. R factor transfer in Rhizobium leguminosarum. J Gen
Micro 84:188 –198. http://dx.doi.org/10.1099/00221287-84-1-188.

9. Reeve WG, Tiwari RP, Melino V, Poole PS. 2016. Fundamental molec-

ular techniques for rhizobia, p. 221–244. In Howieson JG and Dilworth MJ
(ed.), Working with rhizobia. Australian Centre for International Agricul-
tural Research, Canberra.

10. Nurk S, Bankevich A, Antipov D, Gurevich AA, Korobeynikov A,
Lapidus A, Prjibelski AD, Pyshkin A, Sirotkin A, Sirotkin Y, Stepanaus-
kas R, Clingenpeel SR, Woyke T, McLean JS, Lasken R, Tesler G,
Alekseyev MA, Pevzner PA. 2013. Assembling single-cell genomes and
mini-metagenomes from chimeric MDA products. J Comput Biol 20:
714 –737. http://dx.doi.org/10.1089/cmb.2013.0084.

11. Li H, Durbin R. 2009. Fast and accurate short read alignment with
burrows-Wheeler transform. Bioinformatics 25:1754 –1760. http://
dx.doi.org/10.1093/bioinformatics/btp324.

12. Boetzer M, Pirovano W. 2014. SSPACE-LongRead: scaffolding bacterial
draft genomes using long read sequence information. BMC Bioinformat-
ics 15:211. http://dx.doi.org/10.1186/1471-2105-15-211.

13. Ramsay JP, Major AS, Komarovsky VM, Sullivan JT, Dy RL, Hynes MF,
Salmond GPC, Ronson CW. 2013. A widely conserved molecular switch
controls quorum sensing and symbiosis island transfer in Mesorhizobium
loti through expression of a novel antiactivator. Mol Microbiol 87:1–13.
http://dx.doi.org/10.1111/mmi.12079.

14. Ramsay JP, Sullivan JT, Jambari N, Ortori CA, Heeb S, Williams P,
Barrett DA, Lamont IL, Ronson CW. 2009. A LuxRI-family regulatory
system controls excision and transfer of the Mesorhizobium loti strain R7A
symbiosis island by activating expression of two conserved hypothetical
genes. Mol Microbiol 73:1141–1155. http://dx.doi.org/10.1111/j.1365
-2958.2009.06843.x.

15. Ramsay JP, Sullivan JT, Stuart GS, Lamont IL, Ronson CW. 2006.
Excision and transfer of the Mesorhizobium loti R7A symbiosis island re-
quires an integrase IntS, a novel recombination directionality factor RdfS,
and a putative relaxase RlxS. Mol Microbiol 62:723–734. http://
dx.doi.org/10.1111/j.1365-2958.2006.05396.x.

16. Sullivan JT, Trzebiatowski JR, Cruickshank RW, Gouzy J, Brown SD,
Elliot RM, Fleetwood DJ, McCallum NG, Rossbach U, Stuart GS,
Weaver JE, Webby RJ, De Bruijn FJ, Ronson CW. 2002. Comparative
sequence analysis of the symbiosis island of Mesorhizobium loti strain R7A.
J Bacteriol 184:3086 –3095. http://dx.doi.org/10.1128/JB.184.11.3086
-3095.2002.

17. Wozniak RA, Waldor MK. 2010. Integrative and conjugative elements:
mosaic mobile genetic elements enabling dynamic lateral gene flow. Nat
Rev Microbiol 8:552–563. http://dx.doi.org/10.1038/nrmicro2382.

Haskett et al.

Genome Announcements2 genomea.asm.org May/June 2016 Volume 4 Issue 3 e00514-16

 on O
ctober 3, 2016 by C

urtin U
niversity Library

http://genom
ea.asm

.org/
D

ow
nloaded from

 

http://genomea.asm.org
http://genomea.asm.org/

	Complete Genome Sequence of Mesorhizobium ciceri bv. biserrulae Strain WSM1284, an Efficient Nitrogen-Fixing Microsymbiont of the Pasture Legume Biserrula pelecinus
	Nucleotide sequence accession numbers. 

	REFERENCES

