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ABSTRACT We report the genome sequences of six Xanthomonas hortorum
species-level clade members, X. hortorum pathovars taraxaci, pelargonii, cynarae, and
gardneri (complete genome sequences) and X. hortorum pathovars carotae and vi-
tians (high-quality draft genome sequences). Both short- and long-read sequencing
technologies were used.

The genetic relatedness of the Xanthomonas hortorum species-level clade (slc) was
established by Parkinson et al. using partial gyrB gene sequences (1). The most

recently updated taxonomy of the clade (2) includes seven pathovars of X. hortorum
(cynarae, gardneri, carotae, hederae, pelargonii, taraxaci, and vitians type B) (1–3).

We report here the whole-genome sequences of six X. hortorum strains (Table 1).
The strains were isolated between 1942 and 2008 from a wide range of hosts and in
various countries (Table 1). The genome sequences published in this work are either
complete genome sequences or high-quality draft genome sequences, and all have five
contigs or less (Table 1).

The strains were initially obtained as freeze-dried cultures in glass ampoules from
two international strain collections abbreviated in the strain names as CFBP (Collection
Française de Bactéries Associées aux Plantes, Beaucouzé, France) and NCPPB (National
Collection of Plant Pathogenic Bacteria, York, United Kingdom). After revival on nutrient
yeast extract glycerol agar plates (4) for 2 days at 28°C, an isolated colony was streaked
onto the same medium and grown in the same manner. The strains were then stored
in a �80°C ultrafreezer as glycerol stocks in 50% (vol/vol) nutrient yeast extract glycerol
broth (4) until further use. The strains were revived as described above, and a single
colony was used as starting material for downstream experiments.

Genomic DNA (gDNA) for Illumina MiSeq short-read sequencing was extracted from
cells grown overnight at 28°C in nutrient yeast extract glycerol broth (4) using the
NucleoSpin tissue kit (Macherey-Nagel, Düren, Germany) according to the manufactur-
er’s protocol with the following specifications: elution buffer was heated at 70°C before
use, and the gDNA was eluted with 60 �l of this buffer. The quality of the gDNA was
checked using a fragment analyzer (Advanced Analytical Technologies, Inc., Ankeny, IA)
and quantified using the Quant-iT PicoGreen double-stranded DNA (dsDNA) quantifi-
cation assay (Thermo Fisher Scientific, Waltham, MA). Library preparation was done
using the Nextera XT DNA library prep kit (Illumina, San Diego, CA) following the
manufacturer’s instructions. Sequencing was performed on a MiSeq Illumina sequencer
with 2 � 300-bp paired-end reads using a MiSeq reagent kit version 3 (Illumina)
according to the manufacturer’s instructions.

Genomic DNA for long-read sequencing was extracted from overnight-grown cells
using the Gentra PureGene Yeast/Bact kit protocol (Qiagen, Hilden, Germany). The
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gDNA was quantified and its quality checked as described above. Library preparation
and sequencing were performed with the ligation sequencing kit (catalog no. SQK-
LSK109; Oxford Nanopore Technologies, Oxford, United Kingdom) and run on an R9.4.1
flow cell with a MinION sequencer. The native barcoding expansion kit (catalog no.
XP-NBD114) was used for multiplexing. Base calling was performed using Guppy
version 3.0.7 in the “accurate” mode implemented in the MinION release 19.06.8.

A hybrid assembly using the MiSeq and MinION reads was conducted with Unicycler
version 0.4.7 (5). To check for misalignments, the MiSeq reads were mapped against the
Unicycler assemblies using SeqMan Pro version 12.2 (DNAStar, Madison, WI). Contigs
were reordered using the Mauve Contig Mover version 2.3.1 (6) when required (7). The
scrub and align options of Unicycler were used to detect chimeras and check for
high-error regions, respectively. The manual improvement of the genomes was final-
ized with Bandage version 0.8.1 (8). The genomes were then annotated using Prokka
version 1.14.5 (9). Indels were checked using Ideel (10). All tools were run with default
parameters unless otherwise specified.

The sizes of the hybrid assemblies ranged from 5,029,134 to 5,678,543 bp, a size
range typically found in Xanthomonas genomes (Table 1). The G�C contents of the
genomes varied from 63.23% to 63.83%, comparable to other Xanthomonas genome
G�C contents. The sequenced genomes discussed here will be used for further analysis
of evolution within the X. hortorum slc.

Data availability. The annotated genome sequences of the six X. hortorum strains
have been deposited in ENA under BioProject no. PRJEB38812. The genome and raw
read accession numbers for each isolate are shown in Table 1.

ACKNOWLEDGMENTS
We thank the HPC team of the School for Life Sciences and Facility Management at

ZHAW for the computing resources and support.
This research project was supported by grant no. IZCOZ0_177064 from the Swiss

National Foundation (SNF) for Scientific Research.
This article is based upon work from COST Action CA16107 EuroXanth, supported by

COST (European Cooperation in Science and Technology).

REFERENCES
1. Parkinson N, Cowie C, Heeney J, Stead D. 2009. Phylogenetic structure of

Xanthomonas determined by comparison of gyrB sequences. Int J Syst
Evol Microbiol 59:264–274. https://doi.org/10.1099/ijs.0.65825-0.

2. Morinière L, Burlet A, Rosenthal ER, Nesme X, Portier P, Bull CT, Lavire C,
Fischer-Le Saux M, Bertolla F. 2020. Clarifying the taxonomy of the causal
agent of bacterial leaf spot of lettuce through a polyphasic approach
reveals that Xanthomonas cynarae Trébaol et al. 2000 emend. Timilsina
et al. 2019 is a later heterotypic synonym of Xanthomonas hortorum
Vauterin et al. 1995. Syst Appl Microbiol 43:126087. https://doi.org/10
.1016/j.syapm.2020.126087.

3. Young JM, Park D-C, Shearman HM, Fargier E. 2008. A multilocus se-
quence analysis of the genus Xanthomonas. Syst Appl Microbiol 31:
366–377. https://doi.org/10.1016/j.syapm.2008.06.004.

4. Turner P, Barber C, Daniels M. 1984. Behaviour of the transposons Tn5
and Tn7 in Xanthomonas campestris pv. campestris. Mol Gen Genet
195:101–107. https://doi.org/10.1007/BF00332731.

5. Wick RR, Judd LM, Gorrie CL, Holt KE. 2017. Unicycler: resolving

bacterial genome assemblies from short and long sequencing reads.
PLoS Comput Biol 13:e1005595. https://doi.org/10.1371/journal.pcbi
.1005595.

6. Rissman AI, Mau B, Biehl BS, Darling AE, Glasner JD, Perna NT. 2009.
Reordering contigs of draft genomes using the Mauve Aligner. Bioinfor-
matics 25:2071–2073. https://doi.org/10.1093/bioinformatics/btp356.

7. Smits THM. 2019. The importance of genome sequence quality to mi-
crobial comparative genomics. BMC Genomics 20:662. https://doi.org/
10.1186/s12864-019-6014-5.

8. Wick RR, Schultz MB, Zobel J, Holt KE. 2015. Bandage: interactive visu-
alization of de novo genome assemblies. Bioinformatics 31:3350–3352.
https://doi.org/10.1093/bioinformatics/btv383.

9. Seemann T. 2014. Prokka: rapid prokaryotic genome annotation. Bioin-
formatics 30:2068–2069. https://doi.org/10.1093/bioinformatics/btu153.

10. Watson M. 2018. Indels are not ideal: quick test for interrupted ORFs in
bacterial/microbial genomes. https://github.com/mw55309/ideel. Re-
trieved January 2020.

Microbiology Resource Announcement

Volume 9 Issue 41 e00828-20 mra.asm.org 3

 on O
ctober 8, 2020 at Zurich U

niversity of Applied Sciences (ZH
AW

)
http://m

ra.asm
.org/

D
ow

nloaded from
 

https://www.ebi.ac.uk/ena/browser/view/PRJEB38812
https://doi.org/10.1099/ijs.0.65825-0
https://doi.org/10.1016/j.syapm.2020.126087
https://doi.org/10.1016/j.syapm.2020.126087
https://doi.org/10.1016/j.syapm.2008.06.004
https://doi.org/10.1007/BF00332731
https://doi.org/10.1371/journal.pcbi.1005595
https://doi.org/10.1371/journal.pcbi.1005595
https://doi.org/10.1093/bioinformatics/btp356
https://doi.org/10.1186/s12864-019-6014-5
https://doi.org/10.1186/s12864-019-6014-5
https://doi.org/10.1093/bioinformatics/btv383
https://doi.org/10.1093/bioinformatics/btu153
https://github.com/mw55309/ideel
https://mra.asm.org
http://mra.asm.org/

	Data availability. 
	ACKNOWLEDGMENTS
	REFERENCES

