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ABSTRACT We report the complete and circularized genome sequences of 17
strains of Xanthomonas citri pv. fuscans and Xanthomonas phaseoli pv. phaseoli,
which cause common bacterial blight of bean. These new assemblies combining
PacBio and short-read sequencing methods provide high-quality material for study-
ing the evolution of these plant pathogens.

Common bean (Phaseolus vulgaris L.) is an important legume crop used for direct
human consumption and represents the main source of protein for nearly 500 mil-

lion people in the world (1). Common bacterial blight of bean (CBB) is a major disease
that severely reduces common bean yields worldwide (2). CBB is caused by Xanthomonas
citri pv. fuscans and Xanthomonas phaseoli pv. phaseoli, two phylogenetically distant
groups of strains producing indistinguishable symptoms on common bean (3). X. citri pv.
fuscans is subdivided into three genetic lineages, fuscans, GL2, and GL3, while X. phaseoli
pv. phaseoli is represented by one genetic lineage, GL1 (4).

The first complete genome to be published for CBB agents was that of X. citri pv. fuscans
strain 4834-R, also known as CFBP 4885 (5). Since then, 69 additional whole genomes have
been released, including PacBio assemblies for 17 strains representing the diversity of CBB
agents (6). However, these assemblies were noncircularized and contained sequencing errors
in important pathogenicity genes encoding transcription activator-like (tal) effectors (6). For
12 of these strains, Illumina assemblies were produced and published independently (7).
Moreover, raw reads have not been released so far for both PacBio and short-read sequenc-
ing. This announcement aims at clarifying the situation by releasing all of the raw data and
producing final circularized versions of these genomes. For this, we used the previous raw
data (17 PacBio, 12 Illumina, and a combination of Illumina plus 454 for strain CFBP 4885) to
produce de novo assemblies, among which 13 combined PacBio and short-read, while the
other four corresponded to PacBio only (Table 1).

Strains were originally isolated from bean plants at different dates and places
(Table 1) and conserved as lyophilizates at the French Collection for Plant-Associated
Bacteria (CIRM-CFBP, Angers, France). Different bacterial cultures and DNA extraction
methods were used for PacBio and short-read sequencing.

For short-read sequencing (13 strains), bacteria were grown on Trypticase soy (TS)
agar for 2 days at 28°C, and then 5 to 6 clones were scraped, pooled, and cultured
overnight in TS broth with shaking. Genomic DNA was extracted and purified using
the method of Klotz and Zimm (8). Shotgun and Roche 454 libraries were constructed
following the manufacturer’s protocols. For strain CFBP 4885, single reads were pro-
duced using Illumina Genome Analyzer IIx and Roche 454 GS FLX sequencers, while for
the 12 other strains, paired-end sequencing was performed on an Illumina HiSeq 2000
machine. The quality of reads was checked using FastQC v0.11.9.

For PacBio sequencing (17 strains), bacteria were grown on TS agar for 2 days at 28°C,
and then 5 to 6 clones were scraped, pooled, and cultured overnight on 10% TS agar to
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obtain fresh cultures. A loop (;5 ml) of cells was suspended in sterile distilled H2O and col-
lected by centrifugation. Genomic DNA was extracted using the Wizard genomic DNA purifi-
cation kit (Promega) according to the manufacturer’s recommendations. DNA was mechani-
cally sheared using g-TUBE columns (Covaris). PacBio SMRTbell libraries were prepared from
;10mg of genomic DNA and size-selected to 15 to 20kb using BluePippin cassettes (Sage
Scientific). Single-molecule real-time (SMRT) cell sequencing was performed on a PacBio RS II
machine using P5-C3 chemistry (one SMRT cell per strain).

PacBio reads were filtered using PreAssembler Filter v1 of the SMRT Portal version
2.3 (Pacific Biosciences, Inc., CA) and then assembled using Canu v1.5 (9) with the set-
ting genomeSize = 5m. Circularization was done using Berokka v0.2.3 (https://github
.com/tseemann/berokka). For some assemblies where molecules could not be circular-
ized, assembly was performed again on a subset of reads selected with Filtlong
(https://github.com/rrwick/Filtlong), using the Illumina reads as external reference if
available. The sequence start was fixed using the fixstart option of Circlator v1.5.1 (10).
Polishing was performed using variantCaller v2.2.2 (https://github.com/PacificBiosciences/
GenomicConsensus) with the setting –algorithm best. For the 13 strains with short reads,
correction of PacBio assemblies was done using Pilon v1.23 (11) with the setting --mindepth
0.5. Coding sequence (CDS) predictions were retrieved from the NCBI Prokaryotic Genome
Annotation Pipeline (12). Default parameters were used for all software unless otherwise
specified.

The genomes consisted of 5,064,829- to 5,341,746-bp sequences comprising a chro-
mosome plus one to four plasmids, with an average G1C content of 64.7%, and 4,200
to 4,557 predicted CDSs (Table 1). Genomes were estimated to be .99.6% complete
and ,0.4% contaminated using CheckM v1.0.7 (13). This apparent incompleteness cor-
responded to the absence of CheckM marker PF13603 (leucyl-tRNA synthetase) in all
strains from lineages GL1, GL3, and fuscans, suggesting that this absence reflected a
specificity of these lineages rather than incomplete genomes. On the other hand,
apparent contamination corresponded to the duplication of one CheckM marker in
CFBP strains 6166 and 6982. Assembly quality, estimated by homogeneity of the cover-
age of short reads, showed lower relative standard deviations for the new genomes than
those of previous PacBio assemblies (6), indicating that the overall quality has been
improved. New assemblies led to the elimination of six plasmids from previous PacBio
genomes of CFBP strains 4885, 6165, 6975, 6164, and 6546R, corresponding to redundant
sequences with poor coverage. All tal gene sequences were correct according to the previ-
ous sequence checks (6). Finally, circularization resulted in the merging of overlapping
ends for each molecule, which led to the elimination of dozens of artifactual genes, includ-
ing tal18H2_CFBP6164 and tal18H*_CFBP6546R (6). In all, this release provides enhanced
versions of 17 CBB agent genomes, which constitute an important basis for further studies
of these plant pathogens.

Data availability. The reads and assemblies were all deposited at GenBank under the
accession numbers listed in Table 1. The novel assemblies were deposited to replace the
previous PacBio assemblies (6).
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