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Abstract
Ralstonia solanacearum, the causal agent of bacterial wilt and brown rot disease, is one of the
major pathogens of solanaceous crops, including potato, around the globe. Biovar 2T
(phylotype II/sequevar 25) of R. solanacearum is adapted to tropical lowlands and is only
reported in South America and Iran. Thus far, no genome resource of the biovar 2T of the
pathogen has been available. Here, we present the near-complete genome sequences of the
biovar 2T strain CFBP 8697 as well as strain CFBP 8695 belonging to biovar 2 race 3, both
isolated from potato in Iran. The genomic data of biovar 2T will extend our understanding of
the virulence features of R. solanacearum and pave the way for research on biovar 2T
functional and interaction genetics.

Genome Announcement
Bacterial wilt and brown rot disease caused byRalstonia solanacearum species complex

(RSSC) is one of the economically important constraints of potato (Solanum tuberosum)
production around the globe. RSSC strains possess a wide range of phylogenetic, biologic,
and host-range diversity, leading to subdivision of the pathogen into several phylotypes and
sequevars, biovars, and races based on the genomic feature, biological activity, and host
range of the strains, respectively (Buddenhagen et al. 1962; Prior and Fegan 2005; Wicker
et al. 2012). Comprehensive polyphasic investigations resulted in the classification of the
RSSC into five races, six biovars, and four phylotypes (Castillo and Greenberg 2007; Fegan
and Prior 2005; Hayward 1964, 1994). Biovar 2 strains were further divided into two phe-
notypes 2A and 2T (Marin and El-Nashar 1993). Biovar 2T strains are known to cause
bacterial wilt of potato in lowlands and tropical geographic areas and are considered the least-
studied member within the RSSC, with no information of the genomic features and virulence
repertoires. Biovar 2T strains were isolated from potato and eucalyptus (Marques et al. 2012)
and are found in three of the four phylotypes (i.e., phylotypes II, III, and IV) within the RSSC
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(Fegan and Prior 2005). Phylotype III biovar 2T strains were isolated in Africa, while phylotype
IV biovar 2T strains were isolated in the Philippines, Japan, and Indonesia (Fegan and Prior
2005). Phylotype IIB biovar 2T strains, which correspond to sequevars 25 to 28 reported by
Fegan and Prior (2005), were isolated in Brazil (Costa et al. 2007; Santana et al. 2012), French
Guyana (Deberdt et al. 2014), and southwestern Iran from potato and tomato (Nouri et al. 2009).

Here, we present the complete genome sequence of the biovar 2T (phylotype IIB sequevar
25) strain Sh16 = CFBP 8697 of R. solanacearum, isolated from potato in tropical lowlands of
southwestern Iran in 2002, as well as a potato brown rot ecotype (phylotype IIB sequevar 1)
strain K2 = CFBP 8695, isolated from the same host inwestern Iran in 2017. Pathogenicity, host
range, and phylogenetic status of the strains using a five-gene (i.e., egl, fliC, gyrB, mutS, and
rplB) multilocus sequence analysis were reported previously (Sedighian 2020).

Strains CFBP 8695 and CFBP 8697 were grown on yeast-extract peptone glucose agar
(YPGA) medium as described previously (Osdaghi et al. 2018), and DNAs were extracted
using the Wizard genomic DNA purification kit according to the recommendation of the
manufacturer (Promega, Madison WI, U.S.A.). The quality and quantity of the DNAs were
spectrophotometrically evaluated and were adjusted to 1,500 to 2,000 ng ml−1 using the
Nanodrop ND-100 (Nanodrop Technologies, Waltham, MA, U.S.A.). DNA was sequenced
using Illumina NovaSeq technologies (BaseClear B.V., Leiden, The Netherlands), and
shotgun sequencing yielded 150-bp paired-end reads. Quality control and downstream
processing of the whole genome sequence data were performed on CLC Genomics
Workbench 12.0.2 (Qiagen N.V., Hilden, Germany). Trim Reads v. 2.3 was used to perform
quality trimming on the whole-genome sequences. Parameters included a quality limit of 0.05,
ambiguous limit of 2, minimum nucleotide length of 45, and automatic read-through adapter
trimming. Furthermore, Map Reads to Contigs v. 1.3 was used to perform readmapping with a
match score of 1, mismatch cost of 2, insertion cost of 3, deletion cost of 3, length fraction of
0.8, and similarity fraction of 0.8. Nonspecific matches were mapped randomly. De Novo
Assembly 1.5 was used to perform de novo assembly and update the contigs with the
minimum contig length of 500, length fraction of 0.8, and similarity fraction of 0.8, automatic
word and bubble size, and scaffolding. Finally, Extract Consensus Sequence v. 0.6 added
annotation (conflicts, indels, low coverage), ‘N’ ambiguity symbols, and voted for conflict
resolution in order to extract the final contig sequences.

The genomeofR. solanacearum is organized into two large circular replicons, including the
chromosome, which is the larger replicon, carrying themajority of the housekeeping genes, and
megaplasmid, which is the smaller replicon, carrying genes involved in bacterial adaptation to
the environment and plant host (Salanoubat et al. 2002). Hence, the obtained reads were
mapped onto the chromosome of the reference strain IPO1609 (NZ_LN651282) and its
megaplasmid (NZ_LN651281) with a length fraction of 0.8 and similarity fraction of 0.8, without
masking, to update the contigs from de-novo assembly. Nonspecific matches were mapped
randomly. Regions of contigs where no reads mapped were removed from the assembly. From
the mapping of the contigs to the references, two consensus sequences were extracted for the
chromosome and the megaplasmid. Subsequently, genome annotation was performed using
the GeneMark S+ (v 4.6) suite implemented in the National Center for Biotechnology Infor-
mation (NCBI) Prokaryotic Genome Annotation Pipeline with default settings (Borodovsky and
Lomsadze 2014). For each strain, genome length (base pairs), G + C content (%), total number
of protein-coding genes, RNA genes, and pseudogenes are summarized in Table 1.

A total of 18,712,784 reads were generated for strain CFBP 8697, after quality control.
De-novo assembly of the trimmed reads led to 79 contigs.When aligned against the reference
genome IPO1609, 10,407,265 reads mapped to its chromosome and 5,868,984 reads
mapped to its megaplasmid. For strain CFBP 8695, 24,781,054 reads were generated post
trimming, leading to 152 contigs in de-novo assembly, while 15,571,786 and 8,341,567 reads
mapped to its chromosome and megaplasmid, respectively.

The chromosome and megaplasmid replicons of strain CFBP 8697 were calculated as
3,142,020 and 1,748,866 bp, respectively; while the length of the replicons in strain CFBP
8695 was 3,299,152 and 1,814,285 bp, respectively. Total genome length for these two
strains, thus, ranges from 4.891 to 5.11 Mb. Average nucleotide identity (ANI) was calculated
using a combination of three online services, i.e., JSpeciesWS (Richter et al. 2016), ANI
calculator (Rodriguez-R and Konstantinidis 2016), and OrthoANIu (Yoon et al. 2017), using
the previously described procedure (Osdaghi et al. 2020). The ANI value between strains
CFBP 8697 and CFBP 8695 was calculated as 99.5%, while the ANI value between the latter
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two strains and reference strain IPO1609 was 99.37 and 99.91%, respectively, and 92% with
the reference strain GMI1000. These ANI indices confirmed the close phylogenetic rela-
tionships between the phylotype IIB biovar 2T (phylotype IIB sequevar 25) clade and those of
the potato brown rot ecotype (phylotype IIB sequevar 1), as reported previously (Wicker et al.
2012). In order to determine the type III effector (T3E) gene set of the strains sequenced in this
study, we used the Ralsto T3E online service according to the procedure described by
Peeters et al. (2013), and the obtained results are summarized in Table 1.

The genome projects announced here have been deposited at DDBJ/EMBL/GenBank
under the accession numbers shown in Table 1. For all the sequences, the first version of the
accession numbers is described in this paper. A pure culture of both strains sequenced in this
study are available from the French International Center for Microbial Resources collection of
plant-associated bacteria.

Data Accessibility
The data that support the findings of this study are available in the NCBI GenBank

database.

Author-Recommended Internet Resources
French International Center for Microbial Resources collection of plant-associated bacteria:

http://www6.inra.fr/cirm_eng/CFBP-Plant-Associated-Bacteria

Ralsto T3E service: https://iant.toulouse.inra.fr/bacteria/annotation/site/prj/T3Ev3

Table 1. Genome information for the Ralstonia solanacearum strains sequenced in this studya

Genomic features

CFBP 8697 = Sh16 CFBP 8695 = K2

Chromosome Megaplasmid Chromosome Megaplasmid

Taxonomic status Phylotype IIB sequevar 25 Phylotype IIB sequevar 1
GenBank accession CP047136 CP047137 CP047138 CP047139
number

Genome length (bp) 3,142,020 1,748,866 3,299,152 1,814,285
G + C content (%) 67.22 67.31 66.73 66.96
Genome coverage 400X 400X 600X 600X
Number of
Contig(s) 79 152
Genes (total) 4,309 4,572
CDSs (total) 4,274 4,536
Genes (coding) 4,025 4,204
CDSs (with protein) 4,025 4,204
RNAs 35 36
rRNAs (5S, 16S, 23S) 2, 1, 1 2, 1, 1
tRNAs 28 28
ncRNAs 3 4
Pseudogenes 249 332
Type III effectors (T3Es) 21 37 21 37

T3Esb RipA5, RipB, RipE1,
RipG4, RipG5, RipG6,
RipG7, RipH1, RipI,*
RipM, RipS1, RipS5,
RipV1, RipV2, RipW,
RipY, RipAA,* RipAE,
RipAJ, RipAM, RipAX1

RipA2, RipA3,* RipA4,*
RipA5, RipC1, RipD,
RipE2, RipF1, RipF2,
RipG2, RipG3, RipH2,
RipH3, RipN, RipO1,
RipQ, RipR, RipS2,
RipS3,* RipS7, RipU,
RipX, RipZ, RipAB,
RipAC, RipAD, RipAI,
RipAN, RipAO, RipAP,
RipAQ, RipAR, RipAS,
RipAT, RipAY, RipBI,
RipBH

RipA5, RipB, RipE1,
RipG4, RipG5, RipG6,
RipG7, RipH1, RipI,
RipM, RipS1, RipS5,
RipV1, RipV2, RipW,
RipY, RipAA, RipAE,
RipAJ, RipAM, RipAX1

RipA2, RipA3,* RipA4,*
RipA5, RipC1, RipD,
RipE2, RipF1, RipF2,
RipG2, RipG3, RipH2,
RipH3, RipN, RipO1,
RipQ, RipR, RipS2,
RipS3, RipS7, RipU,
RipX, RipZ, RipAB,
RipAC, RipAD, RipAI,
RipAN, RipAO, RipAP,
RipAQ, RipAR, RipAS,
RipAT, RipAY, RipBH,
RipBI

a CFBP = International Center for Microbial Resources–French Collection for Plant-Associated Bacteria; CDS = coding sequence.
b Asterisks (*) indicate only a pseudogene copy of the effector is present in the strain.
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