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Summary

Clustered regularly interspaced short palindromic repeats (CRISPRs) are composed of an
array of short DNA repeat sequences separated by unique spacer sequences that are
flanked by associated (Cas) genes. CRISPR‐Cas systems are found in the genomes of
several microbes and can act as an adaptive immune mechanism against invading
foreign nucleic acids, such as phage genomes. Here, we studied the CRISPR‐Cas systems
in plant‐pathogenic bacteria of the Ralstonia solanacearum species complex (RSSC). A
CRISPR‐Cas system was found in 31% of RSSC genomes present in public databases.
Specifically, CRISPR‐Cas types I‐E and II‐C were found, with I‐E being the most common.
The presence of the same CRISPR‐Cas types in distinct Ralstonia phylotypes and species
suggests the acquisition of the system by a common ancestor before Ralstonia species
segregation. In addition, a Cas1 phylogeny (I‐E type) showed a perfect geographical
segregation of phylotypes, supporting an ancient acquisition. Ralstoniasolanacearum
strains CFBP2957 and K60  were challenged with a virulent phage, and the CRISPR arrays
of bacteriophage‐insensitive mutants (BIMs) were analysed. No new spacer acquisition
was detected in the analysed BIMs. The functionality of the CRISPR‐Cas interference step
was also tested in R. solanacearum CFBP2957 using a spacer‐protospacer adjacent motif
(PAM) delivery system, and no resistance was observed against phage phiAP1. Our
results show that the CRISPR‐Cas system in R. solanacearum CFBP2957 is not its primary
antiviral strategy.
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Introduction
The Gram‐negative plant‐pathogenic bacteria Ralstonia spp. belong to a species complex, the
Ralstonia solanacearum species complex (RSSC), which is recognized as a group of
considerable genetic diversity encompassing phenotypically diverse strains that can be
subdivided into four phylotypes (Allen et al., 2005; Prior and Fegan, 2005). Phylotypes I, II and
III contain strains predominantly from Asia, America and Africa and surrounding islands,
respectively, whereas phylotype IV is comprised of strains from Indonesia and some strains
from Japan, Australia and the Philippines. Phylotype IV is the most heterogeneous,
containing strains assigned to R. solanacearum, R. syzygii and the Blood Disease Bacterium
(BDB) (Prior and Fegan, 2005).

Safni et al. (2014) proposed a taxonomic restructuring of the RSSC into three soil‐borne
species, R. solanacearum (phylotype II), R. pseudosolanacearum (phylotypes I and III) and R.
syzygii (phylotype IV, including R. syzygii and BDB strains). Recent genomic and proteomic
approaches support this taxonomic and nomenclatural reclassification of RSSC (Prior et al.,
2016). These pathogens have a wide host range, infecting more than 200 botanical species
belonging to more than 50 families, including economically important crops (Denny, 2006;
Hayward, 1991). Despite the heterogeneity of the RSSC, all members colonize plant xylem
vessels and induce wilting in host plants.

Bacteriophages belonging to four viral families (Podoviridae, Myoviridae, Siphoviridae and
Inoviridae) have been described infecting RSSC strains, and some have shown promise for
the control of bacterial wilt disease (Addy et al., 2012; Elhalag et al., 2018; Kawasaki et al.,
2009, 2016; Liao, 2018; Ozawa v, 2001; Su et al., 2017; Toyoda et al., 1991; Van Truong Thi et
al., 2016; Yamada, 2012) Nevertheless, more studies are needed for a future implementation
of phage therapy in the fight against this destructive plant disease (Álvarez and Biosca,
2017).

Bacteria and their viruses go through continuous cycles of co‐evolution, in which resistant
hosts emerge and the genotypic composition of their populations change (Samson et al.,
2013). In this dynamic scenario, antiviral mechanisms play a key role in regulating bacterial
populations (Koskella and Brockhurst, 2014). Bacteria use a wide range of strategies to
evade viral infection (Labrie et al., 2010), including the immune adaptive CRISPR‐Cas
[clustered regularly interspaced short palindromic repeat (CRISPR) and CRISPR‐associated
(Cas)] system (Barrangou and Horvath, 2017). In the RSSC, natural resistance to viral
infection has been observed, but the variability in resistance phenotypes suggests the
involvement of more than one defence mechanism (Kawasaki et al., 2016).
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CRISPR‐Cas systems provide sequence‐specific protection against foreign nucleic acids,
including viral genomes, plasmids and mobile genetic elements (Barrangou and Horvath,
2017). These systems are widely distributed in the genomes of archaea (85%) and bacteria
(45%) (Grissa et al., 2007), and their diversity allows them to be classified into two major
classes consisting of six types and several subtypes according to their Cas gene composition
(Makarova et al., 2015; Mohanraju et al., 2016).

A generic defence unit consists of a CRISPR array, comprising short palindromic repeats
interspersed with hypervariable short DNA sequences, referred to as spacers, flanked by
CRISPR‐associated (Cas) genes. Three distinct steps control CRISPR‐mediated immunity
phenotype: adaptation, expression and interference (Magadán et al., 2012). During the
adaptation stage, fragments of foreign DNA, known as protospacers, are incorporated into
the CRISPR array and constitute the memory of the microbial immune system. Then, spacers
and repeats making up the CRISPR arrays are expressed as a long precursor RNA which is
processed into small CRISPR RNAs. The latter guides the Cas proteins to target and cleave
their cognate DNA or RNA (interference step) (Barrangou and Horvath, 2017; Makarova et al.,
2015; Silas et al., 2016; Wright et al., 2016).

Several plant‐pathogenic bacteria harbour CRISPR‐Cas systems, including Xanthomonas
oryzae, Pectobacterium atrosepticum, Erwinia amylovora and X. albilineans. However, few
comprehensive characterizations of these systems have been conducted in bacteria that
cause plant diseases. In some cases, such as for X. oryzae and E. amylovora, the system has
been explored as a tool for epidemiological studies (McGhee and Sundin, 2012; Midha et al.,
2017; Pieretti et al., 2015; Richter and Fineran, 2013; Semenova et al., 2009; Tancos and Cox,
2016).

The type I‐E CRISPR‐Cas system is found in a large number of bacteria, including Escherichia
coli, Salmonella spp. and Streptomyces spp., and has been extensively studied (Fabre et al.,
2012; Guo et al., 2011; Haft et al., 2005; Kiro et al., 2013; Shariat et al., 2015). Its functional
characterization has revealed a system that is often ‘immunocompromised’ in its native state
as a result of the silencing of CRISPR‐Cas promoters (Guo et al., 2011; Kiro et al., 2013;
Medina‐Aparicio et al., 2011; Pul et al., 2010; Westra et al., 2010). Therefore, in such case, it
does not actively participate in phage resistance. Other studies have suggested a different
role for CRISPR‐Cas systems, such as biofilm and pathogenicity regulation in some species
(Westra et al., 2014).

Here, we demonstrate the presence of CRISPR‐Cas systems in RSSC strains and provide a
comparative analysis of their diversity across strains. Furthermore, we show that the
adaptation and interference activities of the CRISPR‐Cas type I‐E system do not provide
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phage protection and that other defence system(s) are at play in R. solanacearum strain
CFBP2957, an American isolate harbouring a CRISPR‐Cas system.

Results
The analysis of 54 genomes of Ralstonia spp. strains, including 51 strains belonging to the
RSSC and three non‐plant pathogens, revealed the presence of canonical type I and II
CRISPR‐Cas loci, classified as I‐E and II‐C types (Makarova et al., 2015) (Fig. 1). However,
CRISPR‐Cas systems appeared to be complete (CRISPR locus and Cas operon) in only 31% (16
of 52) of the genomic sequences analysed. Thirteen of the 16 strains had subtype I‐E and
only three had subtype II‐C (Table 1). Ten strains of R. solanacearum (phylotype II), two of R.
pseudosolanacearum (one in phylotype I and another in phylotype III) and one of R. syzygii
ssp. celebesensis (BDB 229, formerly Blood Disease Bacterium, phylotype IV) had type I‐E. The
remaining three strains, one R. syzygii ssp. syzygii (phylotype IV) and two R. solanacearum
(phylotype II), had type II‐C (Table 1). Of note, CRISPR loci were not found in the three non‐
plant‐pathogenic Ralstonia strains.

Figure 1

Open in figure viewer PowerPoint

Overview of the two types of CRISPR‐Cas system found in Ralstonia solanacearum species

complex (RSSC) strains. CRISPR‐Cas loci in types I‐E (A) and II‐C (B). The open reading frames

(ORFs) (arrows) and CRISPR arrays (black traces) are drawn to scale. Conserved ORFs in the

CRISPR flank region are shown in white. Adaptation and interference modules are coloured

yellow and gray, respectively (A) or yellow and green, respectively (B). The codes on the left

are the identifiers of the RSSC strains. [Colour figure can be viewed at wileyonlinelibrary.com]

Table 1. Presence of CRISPR‐Cas loci in the genomes of the Ralstonia solanacearum species
complex (RSSC) and related Ralstonia strains.
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Source of the strains: R. solanacearum CFBP2957 and K60  strains belong to the Culture Collection of Phytopathogenic
Bacteria from the Department of Plant Pathology, University of Wisconsin‐Madison, Madison, WI, USA.

Despite the conserved architecture of CRISPR loci among the RSSC strains, they varied in
size, ranging from four to 80 spacers per array (Fig. 1), as well as in their number, from one
to three arrays per genome (Table 1). Type I‐E systems were conserved in all 13 strains, in all
cases flanked upstream by an operon containing genes coding for decarboxylases and
downstream by a gene coding for an argininosuccinate lyase (Fig. 1A). These characteristics
were not shared among strains containing type II‐C (Fig. 1B). Pairwise identity analysis of the
Cas proteins from type I‐E (Cas3, Cse1, Cse2, Cas7, Cas5, Cas6, Cas2 and Cas1) of R.
solanacearum CFBP2957 with the other strains showed a high identity (88%–100%) (Table 2).
The Cas proteins of type II‐C (Cas9, Cas1 and Cas2) were even more conserved, with 94%–
100% identity (Table S1, see Supporting Information). As I‐E was more frequent and found in

Ralstonia

solanacearum

UY031 None None IIB Potato Uruguay Complete

genome
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Sousa et al.

(2016)
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genome

Xu et al.

(2011)
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genome

Guidot et

al. (2009)

IBSBF1503 2 I‐E IIB Cucumber Brazil Complete

genome
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al. (2015)

K60T 2 I‐E IIA Tomato USA Complete

genome
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et al.

(2012)
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distinct lineages of the RSSC, further analyses were performed on this type.

Table 2. Cas protein comparisons among Ralstonia solanacearum species complex (RSSC)
strains containing the type I‐E CRISPR‐Cas system.

 Phylotypes.

Phylogenetic trees based on the Cas1 protein of RSSC and other bacterial species containing
CRISPR‐Cas types I‐A, I‐B, I‐C, I‐E and I‐F positioned all 13 RSSC strains in the I‐E type clade
(Fig. 2), confirming their classification. Phylogenetic analysis with only the RSSC Cas1 of type
I‐E showed a perfect congruence with the RSSC phylogenetic tree using the nucleotide
sequence of the core gene Egl (Castillo and Greenberg, 2007). This suggests an ancient

Ralstonia solanacearum

IBSBF1503 (II) 95 93 93 96 96 97 99 100

IBSBF1900 (II) 97 96 92 97 100 98 100 98

B50 (II) 97 96 92 97 100 98 100 98

CIP120 (II) 99 97 94 97 100 100 100 98

UW163 (II) 94 93 93 96 96 97 99 100

UW179 (II) 94 93 93 96 96 97 99 100

Po82 (II) 94 93 93 96 96 97 99 100

K60  (II) 96 95 92 96 97 95 100 98

CFBP6783 (II) 95 93 93 96 96 97 99 100

R. pseudosolanacearum

CFBP3059 (III) 88 92 88 94 94 91 97 96

Rs09161 (I) 88 90 87 94 94 94 96 96

R. syzygii ssp. celebesensis

a

T

a

Strains Percentage identity of type I‐E CRISPR‐Cas proteins to CFBP2957

Cas3 Cse1 Cse2 Cas7 Cas5 Cas6 Cas1 Cas2
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acquisition of the CRISPR‐Cas type I‐E system, before the segregation of the Ralstonia species
(Fig. S1, see Supporting Information).

Figure 2

Open in figure viewer PowerPoint

Phylogeny of Cas1 proteins from different CRISPR‐Cas types. The maximum likelihood tree

was constructed using the MEGA 7.0 program and the Jones–Taylor–Thornton evolutionary

model. Individual genes are labelled with taxon names and bootstrap values are indicated as

percentage points. The Cas1E cluster that is coloured in red contains only Ralstonia

solanacearum species complex (RSSC) strains, where each species is represented by the

colours of the circles: R. solanacearum (light green), R. pseudosolanacearum (light red) and R.

syzygii ssp. celebesensis (light blue). [Colour figure can be viewed at wileyonlinelibrary.com]

We also analysed the 32‐bp spacers in the arrays of the 13 strains containing the type I‐E
system. Only 26% (200 of 734) of the spacers matched potential protospacers, 18% (136
spacers) of which corresponded to plasmids and 8% (64 spacers) to viral genomes (Fig. S2,
see Supporting Information).

The CRISPR‐Cas system does not confer resistance to phage phiAP1
To test the functionality of the Ralstonia type I‐E system, we used R. solanacearum CFBP2957,
a strain belonging to the diverse phylotype IIa subgroup, which is economically important
and widespread in the Americas (Prior and Steva, 1990; Wicker et al., 2012). In this strain, the
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Cas genes are 9.5 kb in size and are flanked by two CRISPR arrays, a smaller one with seven
repeat‐spacer units (CRISPR1) and a larger one containing 59 repeat‐spacer units (CRISPR2).
Analysis of the leader sequences of both CRISPRs revealed typical A/T‐rich sequences with
conserved non‐coding sequences (Jansen et al., 2002). Based on its higher number of
spacers, it is tempting to speculate that the CRISPR2 array of R. solanacearum CFBP2957
might be active (Horvath et al., 2008).

We then tested whether the CRISPR‐Cas system of R. solanacearum CFBP2957 was active
against the virulent phage phiAP1, a member of the Phikmvvirus genus of the Podoviridae
family isolated from a Brazilian soil sample (Xavier et al., 2018). The R. solanacearum
CFBP2957 was challenged with phage phiAP1. Bacteriophage‐insensitive mutants (BIMs)
were obtained on plates after a 72‐h incubation period (Hynes et al., 2017), and their CRISPR
arrays were analysed (Fig. 3A,B). Simultaneously, R. solanacearum K60 , a strain classified in
phylotype subgroup IIa, as well as CFPB2957 (Prior and Steva, 1990; Wicker et al., 2012), was
subjected to the same phiAP1 challenge assay to check whether the immune response was
strain dependent. For each wild‐type (WT) parental strain, 30 BIMs were randomly selected
and analysed to confirm the phage resistance phenotype by phage spot test. All BIMs were
highly resistant to phiAP1, even when using high‐titre phage lysates (Fig. 3C). Phage
adsorption assays were performed and all BIMs allowed phage adsorption, indicating that
the resistance phenotype was not caused by receptor mutation (Fig. S3A, see Supporting
Information). Cell survival assay indicated that the phage‐infected BIM cells could still be
recovered, indicating that an abortive infection mechanism was not induced in BIMs (Fig.
S3B). Viral DNA replication was not detected in BIMs (Fig. S3C).

T
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Figure 3

Open in figure viewer PowerPoint

Analysis of CRISPR sequences and bacteriophage‐insensitive mutants (BIMs). (A) Polymerase

chain reaction (PCR) screening of the spacer array in Ralstonia solanacearum K60  and

CFBP2957 strains. (B) Isolation of BIMs derived from the phage‐sensitive strain K60  after

Ralstonia phage phiAP1 infection. (C) K60 ‐ and CFBP2957‐derived BIMs exhibit complete

phage resistance independent of viral titre. PCR screening to detect novel spacer acquisition

in CRISPR1 (CR1) and CRISPR2 (CR2) for K60 ‐derived BIMs (D) and CFBP2957‐derived BIMs

(E). Ctrl‐, PCR‐grade H O. [Colour figure can be viewed at wileyonlinelibrary.com]

We then performed polymerase chain reaction (PCR) screening to detect the integration of
new spacers at the 5′‐end of the CRISPR arrays. No spacer acquisition was detected in any of
the BIMs derived from strains R. solanacearum K60  (Fig. 3D) and R. solanacearum CFPB2957
(Fig. 3E). Sequencing of the PCR products also confirmed the absence of spacer acquisition.
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Because ectopic spacer acquisition has been observed recently in some bacterial strains
(Achigar et al., 2017), we also analysed by PCR and sequencing the entire CRISPR arrays and
still found no evidence of spacer acquisition in both sets of BIMs (Fig. 4). Together, our
results showed that the adaptation stage was not active in R. solanacearum CFBP2957 and
K60  under the laboratory conditions tested, indicating that another antiviral strategy mainly
protects these R. solanacearum strains against phiAP1 infection. We also obtained BIMs of
R.pseudosolanacearum GMI1000 (strain without CRISPR loci), which reinforces the idea that
CRISPR is dispensable for phage resistance in RSSC (data not shown).

Figure 4

Open in figure viewer PowerPoint

Ralstonia solanacearum CFBP2957 CRISPR arrays. (A) Schemes for polymerase chain reaction

(PCR) amplification of CRISPR1 array (CR1) and overlapping primers for full‐length

amplification of CRISPR2 array (CR2). (B) PCR detection of spacer acquisition in 30 CFBP2957‐

derived bacteriophage‐insensitive mutants (BIMs) according to the strategies shown in (A). On

the right side of the gels are shown the codes for each pair of primers employed in the

amplification of the CRISPR arrays according to the nomenclature adopted in the scheme

shown in (A). The only CR1 array fragment was amplified with the pair of primers represented

by the white arrows, but, for full‐length amplification of the CR2 array, the set of overlapping

primers was necessary and they are represented by the black, blue, green and orange

arrows, corresponding to four individually amplified fragments totalling the CR2 array.
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[Colour figure can be viewed at wileyonlinelibrary.com]

Absence of DNA interference by the CRISPR‐Cas system in R.
solanacearum CFBP2957
To verify whether CRISPR‐mediated interference is active in R. solanacearum CFBP2957, we
attempted to introduce a plasmid targeted by one of the spacers found in CRISPR2. In R.
solanacearum CFBP2957, spacers matching viral sequences were only detected in CRISPR2:
spacers 36 [Pseudomonas phage JBD44, two single nucleotide polymorphisms (SNPs), 28/32
nucleotides, 90% identity] (Bondy‐Denomy et al., 2016) and 49 (Ralstonia phage phiRSA1, one
SNP, 31/32 nucleotides, 97% identity) (Fujiwara et al., 2008) (Fig. 5B). These two spacers (36
and 49) with sequences matching viral genomes were chosen and modified to become
protospacers on an experimental model using a plasmid which is able to replicate in RSSC
(Fig. 5A–D). Because the protospacer adjacent motif (PAM) had not been determined for the
type I‐E system in RSSC, we conducted a search for putative PAM sequences by aligning
protospacers found in plasmid sequences and viral genomes. The prevalent nucleotide
sequences upstream of the proptospacers were AGG and AAG, leading to the ARG
consensus (Fig. 5C). Of note, the AGG sequence has been reported as a strong PAM in other
systems (Leenay et al., 2016). As reported previously, Type I systems can contain the tri‐
nucleotide PAM downstream of protospacers opposite to the 5′‐handle crRNA
(Gudbergsdottir et al., 2011; Mojica et al., 2009; Westra et al., 2013).
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Figure 5
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Lack of CRISPR interference in Ralstonia solanacearum CFBP2957. (A) Spacers 36 and 49

belong to the CRISPR2 array (CR2) and their sequences match with viral protospacers. (B)

Putative phage genome targets of strain CFBP2957 CRISPR2, considered here as the possible

sources of spacers 36 and 49. (C) Predominant putative protospacer adjacent motif (PAM)

sequences found in the first three upstream nucleotides to the core of complementarity with

the spacer sequences. To make sure that no additional unknown neighbour motifs of the

PAM were excluded, the five nucleotides nearest upstream of the putative PAM sequences

were also analysed. (D) Cloning of the protospacers to validate the cognate DNA delivery

system. (E) Transformation of the strain CFBP2957 by electroporation using plasmids that

contain protospacers. Samples were plated with or without dilution. (F) Comparison of

transformation efficiency. pUFJ10 without protospacers (negative control); pUFJ10+Psp36 and

pUFJ10+Psp49, pUFJ10 containing protospacer 36 or 49, respectively. Bars are presented as

mean values from two independent experiments ± 1SD (standard deviation). [Colour figure

can be viewed at wileyonlinelibrary.com]
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Because the presence of the PAM flanking the protospacer makes it a preferred target for
interference (Deveau et al., 2008; Yosef et al., 2013), we also cloned the 5′‐AGG‐3′ sequence
next to the targeted plasmid protospacers (Fig. 5B–D). Interestingly, this PAM was also
originally present in the respective protospacers targeted by spacers 36 and 49. The colony‐
forming unit (CFU)/µg of DNA values obtained indicated that transformation with plasmids
containing spacer 36 (pPsp36) or 49 (pPsp49) was as efficient as that of the empty vector
(pUFJ10), indicating that CRISPR interference is not functional in R. solanacearum CFBP2957
(Fig. 5E,F).

The Cas operon is not expressed in R. solanacearum CFBP2957
It has been shown in other bacteria that transcription of the cas operon can be repressed
under normal growth conditions (Guo et al., 2011; Medina‐Aparicio et al., 2011; Pul et al.,
2010; Westra et al., 2014). To test whether the phenotype of CRISPR‐Cas inactivity is caused
by a similar repression in R. solanacearum, the expression of Cas genes was analysed using
RNA isolated from phage‐infected and non‐infected R. solanacearum CFBP2957 cultures.
Regardless of viral presence, Cas gene expression was not detected (Fig. 6), which probably
explains the inactivity of the CRISPR‐Cas system in this strain.
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Figure 6
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Cas gene expression profile before (Mock) and after (Infected) phage challenge. Reverse

transcription‐polymerase chain reaction (RT‐PCR) using RNA extracted from phage‐infected

Ralstonia solanacearum CFBP2957 or mock culture after DNAse I treatment. PCR , negative

control of PCR using RNA after DNAse I treatment. PCR , positive control of PCR using

genomic DNA from strain CFBP2957. RT‐PCR , positive control of RT‐PCR using specific

primers to 16S rRNA. The primers used in these reactions are listed in Table S4 (see

Supporting Information).

−

+

+

Discussion
In RSSC strains, the type I‐E CRISPR‐Cas system was found at a higher frequency than the
type II‐C system (Table 1). This type I‐E system is present in many proteobacteria (Haft et al.,
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2005), including E. coli (Kunin et al., 2007). The presence of type I‐E systems in distinct strains
and species, including R. syzygii ssp. celebensis strain BDB229 and R. syzygii ssp. syzygii strain
R24 endemic to Indonesia (Remenant et al., 2011), suggests that a common ancestor
acquired this system. This probably occurred in the putative origin of Ralstonia spp.
(Indonesia), before the fragmentation of Gondwana, according to the demographic history
and probable migration of the last common ancestor of the RSSC (Wicker et al., 2012). The
phylogenetic tree of Cas1 (I‐E type) produced a perfect geographical segregation of
phylotypes, completely congruent with the phylogeny using the nucleotide sequence of the
core gene Egl (Castillo and Greenberg, 2007). This evidence supports the hypothesis of the
acquisition of the CRISPR‐Cas locus being as old as the RSSC itself. However, the Ralstonia
type II‐C system is not located in a syntenic locus on the chromosome of the three strains
found to carry it, suggesting that these modules were acquired via horizontal gene transfer.
Reinforcing these findings, we noticed that the ORFs flanking the type II‐C loci are mobile
genetic elements (data not shown). It has been proposed that CRISPR‐Cas systems can be
readily transferred between bacteria, even beyond phylum boundaries (Bertelli et al., 2016;
Godde and Bickerton, 2006; Horvath et al., 2009; Tyson and Banfield, 2008).

We did not detect CRISPR‐Cas systems in the genomes of three non‐plant‐pathogenic
Ralstonia spp. These findings are likely to be the result of a divergent evolutionary pathway
between these two contrasting groups. Previous phylogenomic analyses based on 686
single‐copy genes suggested that the last common ancestor of plant‐pathogenic species was
not shared with non‐plant‐pathogenic species (Zhang and Qiu, 2016).

Although the CRISPR‐Cas system of R. solanacearum CFBP2957 contains the elements for
immunity, we could not detect spacer acquisition and plasmid interference under our
laboratory conditions. Seventy four per cent of the spacers did not match any sequence,
including viral sequences, reinforcing the hypothesis that the CRISPR system in R.
solanaceraum is not a main defence mechanism against viruses. However, we know only
very little of the viral diversity present in the environment (Breitbart et al., 2002; Paez‐Espino
et al., 2016; Simmonds et al., 2017), which could also explain the lack of a match with spacer
sequences. It remains to be seen whether this system would be active under other
environmental conditions, such as during bacterial growth into plant xylem vessels, when
virulence genes are required. Our data suggest that the CRISPR‐Cas system is not the
dominant adaptation strategy used by R. solanacearum strain CFBP2957 to resist phage
infection. The resistance mechanisms in the BIMs resistant to phiAP1 are currently under
study.

The lack of cas gene expression could explain the absence of a protective phenotype against
invasion by foreign DNA. In Enterobacteriaceae, the inactivity of type I‐E CRISPR‐Cas systems
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has been associated with negative regulation by H‐NS (Medina‐Aparicio et al., 2011). For
example, it has been shown that transcription of the cas operon in E. coli K12 is repressed by
H‐NS (Pul et al., 2010). H‐NS proteins are general regulators of gene expression that act by
compacting bacterial chromosomes with the help of AT‐rich, curved DNA, characteristics
often located in the close vicinity of promoters. The derepression of cas genes is sufficient to
restore CRISPR‐mediated immunity (Swarts et al., 2012), showing that H‐NS‐mediated
negative regulation is a reversible phenotype.

Many RSSC strains carry multiple genes coding for H‐NS proteins (Stoebel et al., 2008). In R.
solanacearum CFBP2957, three h‐ns genes are present on the megaplasmid (Fig. 7A), and the
deduced H‐NS proteins, although smaller than those from other bacteria, contain the two
conserved functional domains (Fig. 7B). The phylogeny of the H‐NS amino acid sequences
from different species was congruent with the taxonomic grouping, allowing bacterial
families to be separated, such as Enterobacteriaceae, Pseudomonadaceae and
Burkholderiaceae (Fig. 7C). Interestingly, two of the Ralstoniah‐ns genes (h‐ns1 and h‐ns3) are
related to a viral H‐NS from the EBPR podovirus 1 (Skennerton et al., 2011). It is tempting to
speculate that viruses may also be using H‐NS‐dependent mechanisms to escape from the
CRISPR‐Cas system (Skennerton et al., 2011), or even that H‐NS from RSSC strains has been
acquired from viral donors.
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Figure 7
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Characterization of H‐NS proteins of Ralstonia solanacearum. (A) Genomic loci of the three h‐

ns genes found in the R. solanacearum CFBP2957 megaplasmid (blue arrows) and the CRISPR‐

Cas system found in the R. solanacearum CFBP2957 chromosome (grey square) are indicated.

Details of genomic coordinates, neighbour flank regions and conserved domains are shown.

(B) CLUSTAL alignment of the H‐NS proteins found in CFBP2957, together with other

canonical and/or related H‐NS, indicating the functional domains of these proteins. (C)

Phylogenetic tree of the bacterial and viral H‐NS proteins, including the three H‐NS proteins

found in CFBP2957 indicated in light blue. The grey cluster contains only RSSC strains, except

for the EBPR podovirus 1. (D) The h‐ns expression profile investigated by reverse

transcription‐polymerase chain reaction (RT‐PCR) using RNA extracted from phage‐infected

CFBP2957 or mock culture after DNAse I treatment. PCR , negative control of PCR using RNA

after DNAse I treatment. PCR , positive control of PCR using genomic DNA from strain

CFBP2957. The primers used are given in Table S4 (see Supporting Information). [Colour

figure can be viewed at wileyonlinelibrary.com]

It should be noted that environmental signals or stresses can also interfere with Cas
expression (Koskenniemi et al., 2011; Laakso et al., 2011; Melnikow et al., 2008; Rodriguez et
al., 2011). It has been shown that the expression of some CRISPR elements can be
conditioned by environmental stimuli, as in Salmonella and Campylobacter (Jerome et al.,
2011; Sheikh et al., 2011). Therefore, the expression profile of the cas genes from RSSC
strains may be different in the natural environment. Previous transcriptomic studies have
shown that gene expression profiles of RSSC strains drastically change in plants when
compared with growth in a synthetic rich medium (Ailloud et al., 2015; Jacobs et al., 2012;
Puigvert et al., 2017).

The presence of a CRISPR‐Cas system in over 30% of the Ralstonia genomes investigated
suggests a meaningful role of this system in the biology of this Gram‐negative bacterium.
The absence of acquired CRISPR‐based immunity during phage infection, as well as the lack
of plasmid interference, showed that, in the laboratory conditions used, which were
successful for other bacteria (Hynes et al., 2017), the CRISPR‐Cas system is not functional in
R. solanaceraum and other phage resistance mechanisms are necessary in this host. It
remains to be seen whether the CRISPR‐Cas systems of Ralstonia play other roles or whether
their activities can be detected under different experimental conditions.
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Experimental Procedures
Bacterial strains, bacteriophage and growth conditions
Ralstonia solanacearum strains were cultured in CPG medium containing casamino acids (1
g/L), peptone (10 g/L) and glucose (5 g/L) (Horita and Tsuchiya, 2001) at 28 °C with shaking at
250 rpm. Ralstonia phage phiAP1, a recently characterized Phikmvvirus (Xavier et al., 2018),
was propagated on R. solanacearum CFBP2957 and K60  (Table 1). NEB  5‐α competent E.
coli (Ipswich, MA, USA) cells were grown at 37 °C using Luria–Bertani (LB) broth (Hofnung,
1993).

CRISPR bioinformatics analyses
Fifty‐four genomes of RSSC strains and three genomes of the non‐plant‐pathogenic species
R. mannitolilytica, R. eutropha and R. pickettii, including full‐length or draft versions, were
analysed. The complete genome sequences or contigs (for the drafts) were downloaded
from the National Center for Biotechnology Information database
(https://www.ncbi.nlm.nih.gov/genome/browse) and are listed in Table 1. To find CRISPR
arrays and cas genes, we used the CRISPR database (https://crispr.i2bc.paris-saclay.fr)
(Grissa et al., 2007), CRISPI (https://crispi.genouest.org) (Rousseau et al., 2009), CRISPRfinder
software tools (https://crispr.u-psud.fr/Server) (Grissa et al., 2007), CRISPR Recognition Tool
CRT (Bland et al., 2007) and manual inspection in Geneious R8.1 (Biomatters Ltd., Auckland,
New Zealand). Putative PAM sequences were identified through the alignment of putative
protospacers found in plasmid sequences and viral genomes, and visualized using WebLogo
(https://weblogo.berkeley.edu/logo.cgi) (Crooks et al., 2004). The spacer content was
analysed and potential protospacers were classified into three categories using
CRISPRTarget (Biswas et al., 2013), adopting the parameters defined by Shariat et al. (2015):
spacers with potential protospacer matches to fewer than six SNPs (or ≥27/32 nucleotides
matching were selected). Pairwise comparisons of the amino acid sequences of the Cas
proteins were performed with Geneious R8.1, and alignments were performed using the
MAFFT algorithm (Edgar, 2004).

Phylogeny
The phylogeny of Cas1 of RSSC strains was analysed with Cas1 from bacterial species that
contained different CRISPR‐Cas types, including I‐A, I‐B, I‐C, I‐E and I‐F (Tables S2 and S3, see
Supporting Information). In addition, the phylogeny of only Cas1 of RSSC strains and a
phylogeny of the nucleotide sequence of egl (Castillo and Greenberg, 2007) were
constructed. The sequences were aligned with ClustalX2 and a maximum likelihood tree was
constructed in the MEGA 7.0 program using the Jones–Taylor–Thornton (JTT) evolutionary
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model (Kumar et al., 2016). Phylogenetic trees were visualized using FigTree
(https://tree.bio.ed.ac.uk/software/figtree/).

Isolation of BIMs and spot assay
BIMs were obtained by challenging the phage‐sensitive R. solanacearum strains CFBP2957
and K60  with phage phiAP1 (Deveau et al., 2008; Hynes et al., 2017). Briefly, R. solanacearum
strains were grown in CPG broth to an optical density at 600 nm (OD ) of 0.2 at 28 °C. A
0.25‐mL aliquot was mixed with 100 μL of purified phiAP1 [10  phage‐forming units (PFU)
/mL]. After 15 min of incubation, the mixture was added to 3 mL of 0.45% low‐melting‐point
CPG agar and poured onto a 1.5% CPG bottom agar. The plates were incubated at 28 °C for
96 h. Thirty resistant colonies derived from each phage‐sensitive parental strain were
selected. Resistant colonies were picked and, after three successive replications on CPG
agar, single colonies were preserved and confirmed for the resistance phenotype with a spot
test (Pantůček et al., 2008) using 10 μL of viral suspension (10 , 10 , 10 , 10 , 10  and 10
PFU/mL).

DNA isolation
The genomic DNAs from BIMs and their parental strains were extracted as described
previously (Garneau et al., 2010), except that the lysozyme step was not performed. The
purity and concentration of the DNA were estimated using a NanoDrop spectrophotometer
(NanoDrop Technologies, Wilmington, DE, USA), and samples were diluted in PCR‐grade
water to a final concentration of 20 ng/µL.

CRISPR array amplification and sequencing
To investigate whether the complete resistance phenotype on BIMs was linked to spacer
acquisition in R. solanacearum CFBP2957 or K60  CRISPR arrays, primers were designed to
amplify by PCR the CRISPR1 and CRISPR2 arrays. Primers for PCRs were designed based on
the sequence of CRISPR arrays found on the genomes of R. solanacearum CFBP2957
[PRJEA50685] and K60  [PRJEB8309] (Table S4, see Supporting Information). PCR was
performed according to standard protocols using 20 ng/µL of genomic DNA. The PCR
products were analysed in a 2.5% agarose gel stained with EZ‐Vision Three (Amresco, Solon,
OH, USA) and visualized under UV light. PCR products were sequenced (Plateforme de
Séquençage et de Génotypage des Génomes at CHUL/CHUQ) and the sequences were
analysed using Geneious R.8.

Protospacer cloning
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Protospacers 36 and 49 (matching viral sequences) of the R. solanacearum CFBP2957 CRISPR
locus were cloned into vector pUFJ10 (Gabriel et al., 2006). We included eight nucleotides
upstream (containing the PAM) and eight nucleotides downstream (containing probable
enhancer motifs) of the protospacer present in each target genome. The frequency of the
probable PAM motifs contained on the investigated protospacers was checked in putative
target DNA (plasmids and phages) of CRISPR loci from other RSSC strains. Primers were
designed with restriction sites for EcoRI and XbaI (Table S4), compatible with the multiple
cloning sites of pUFJ10. Plasmid DNA was isolated with a Qiagen (Crawley, UK) Maxi‐Prep kit
as recommended by the manufacturer. Plasmid DNA and inserts were double digested with
EcoRI and XbaI enzymes, and ligated using T4 DNA ligase (Invitrogen) at 16 ºC as in standard
techniques (Sambrook et al., 2001) and in the manufacturer’s recommendations. Heat shock
transformations using NEB  5‐α competent E. coli cells (high efficiency) were performed
according to the manufacturers’ protocols, and the putative clones were confirmed by PCR.
Two clones were confirmed after sequencing and named as pPsp36 (protospacer 36 cloned
into pUFJ10) and pPsp49 (protospacer 49 cloned into pUFJ10).

DNA interference assay
To verify whether the CRISPR interference step was active in R. solanacearum, we
transformed the strain CFBP2957 with 1 μg of plasmid DNA via electroporation (Allen et al.,
1991) using pPsp36, pPsp49 and pUFJ10. The transformation experiments were performed
in triplicate for each treatment and repeated twice.

Expression of cas genes
Total RNA from R. solanacearum CFBP2957 was isolated from samples collected from
cultures grown to OD  = 0.2 using TRIzol Reagent (Invitrogen). Two groups of samples were
analysed: uninoculated cultures (mock) and cultures grown for 60 min after inoculation with
phage phiAP1 (infected). Pellets obtained from 25 mL of culture were resuspended in 1 mL
of TRIzol reagent and transferred into a 2‐mL tube containing 250 mg of glass beads (106
μm, Sigma, St. Louis, MO, USA). The mixture was homogenized with a Mini‐Beadbeater‐8 cell
(BioSpec Products), four times for 2 min. The samples were treated with 20 U of DNAse I
(Invitrogen) for 60 min at 37 °C in the presence of 80 U RNaseOUT (Invitrogen). The cDNA
synthesis was performed using SuperScript III Reverse Transcriptase (Invitrogen) according
to the manufacturer’s instructions. The PCRs were performed with Feldan’s Taq DNA
polymerase according to the manufacturer’s instructions and using specific primers for cas
genes (Table S4). Each reaction consisted of 5 µL of 10 × Taq buffer, 1 μL of dNTP (10 mM), 1
µL of each primer (50 μM), 5 µL of 5 × Band sharpener solution, 0.25 µL of Taq DNA
polymerase (5 U/µL) and 0.25 µL of bacterial DNA in a final volume of 50 µL. The
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amplification consisted of a denaturation step at 95 °C for 5 min, followed by 35 cycles of 95
°C/45 s, 60 °C/45 s and 72 °C for 1 min/kb, and a final extension of 72 °C for 5 min. Before
the cDNA synthesis, the absence of genomic DNA in the DNAse‐treated RNA samples was
confirmed by PCR with the primers listed in Table S4.

Characterization of H‐NS proteins in silico
To investigate the presence of H‐NS proteins in R. solanacearum CFBP2957, we performed a
search for these genes in its genome (megaplasmid NC_014309 and chromosome
NC_014307) via remote Blast with the software Blast2go (Conesa and Götz, 2008; available at
https://www.blast2go.com). The putative H‐NS proteins were selected for additional
characterization. Details of the conserved domains were accessed in the Conserved
Domains Database CDD (available at https://www.ncbi.nlm.nih.gov/Structure/cdd) and
PROSITE databases (available at https://www.expasy.ch/). In addition, when h‐ns loci were
found, we characterized the flanking regions by manual inspection in Genetic R8.1.
Alignments of H‐NS proteins of R. solanacearum CFBP2957, together with other canonical
and/or related H‐NS proteins, were performed using CLUSTALX2 and edited using Color
Align Conservation (Stothard, 2000) (https://www.bioinformatics.org/sms2/color_align_
cons.html). The maximum likelihood tree containing 33 H‐NS proteins, including the H‐NS
proteins found in R. solanacearum CFBP2957 and EBPR podovirus 1, was constructed in the
MEGA 7.0 program using the JTT evolutionary model (Kumar et al., 2016).
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Fig. S1 Topological comparison between phylogenetic trees of Cas1 (flexible genome) and Egl

(core genome) proteins. For the phylogeny, the amino acid sequences of Cas1 and Egl proteins

were used from the 13 Ralstonia solanacearum species complex (RSSC) strains listed in Table S3

(see Supporting Information). The maximum likelihood trees were constructed using the MEGA

7.0 program and the Jones–Taylor–Thornton (JTT) evolutionary model. Bootstrap values are

indicated as percentage points. Each taxon name is indicated in distinct colours corresponding

to the three Ralstonia species of the RSSC: R. solanacearum (light green), R. pseudosolanacearum

(light red) and R. syzygii ssp. celebesensis (light blue). The distinct Ralstonia phylotypes, as well as

the geographical origin, are indicated near to each segregate cluster. I, phylotype I; II,

phylotype II; III, phylotype III; IV, phylotype IV.
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Fig. S2 Potential targets of the Ralstonia solanacearum species complex (RSSC) strains of

CRISPR‐Cas system type I‐E. Distribution of putative protospacers into three categories using

the following parameters: spacers with potential protospacer matches to fewer than six single

nucleotide polymorphisms (SNPs) (≥27/32 nucleotides matching).
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Fig. S3 Ralstonia solanacearum bacteriophage‐insensitive mutants (BIMs) are permissive to

adsorption, but viral replication cannot be detected. (A) Viral adsorption (Ralstonia virus

phiAP1). (B) Survival cells. (C) DNA viral replication kinetics assay.

proteins. A.S.X., J.C.F.A. and P.A‐Z. wrote the manuscript and S.M. commented on the
manuscript.

Filename Description

https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1038%2Fsrep43438
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000395395300001
http://scholar.google.com/scholar_lookup?hl=en&volume=7&publication_year=2017&pages=43+438&journal=Sci.+Rep.&author=R.+Achigar&author=A.H.+Magad%C3%A1n&author=D.M.+Tremblay&author=M.+Julia+Pianzzola&author=S.+Moineau&title=Phage%E2%80%93host+interactions+in+Streptococcus+thermophilus%3A+genome+analysis+of+phages+isolated+in+Uruguay+and+ectopic+spacer+acquisition+in+CRISPR+array
https://bsppjournals.onlinelibrary.wiley.com/action/downloadSupplement?doi=10.1111%2Fmpp.12750&file=mpp12750-sup-0001-FigS1.docx
https://bsppjournals.onlinelibrary.wiley.com/action/downloadSupplement?doi=10.1111%2Fmpp.12750&file=mpp12750-sup-0002-FigS2.tif
https://bsppjournals.onlinelibrary.wiley.com/action/downloadSupplement?doi=10.1111%2Fmpp.12750&file=mpp12750-sup-0003-FigS3.docx


Addy, H.S., Askora, A., Kawasaki, T., Fujie, M. and Yamada, T. (2012) Loss of virulence of the
phytopathogen Ralstonia solanacearum through infection by φRSM filamentous phages.
Phytopathology, 102, 469– 477.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Ailloud, F., Lowe, T., Cellier, G., Roche, D., Allen, C. and Prior, P. (2015) Comparative genomic
analysis of Ralstonia solanacearum reveals candidate genes for host specificity. BMC Genomics, 16,
270.
Crossref  | PubMed  | Web of Science®  | Google Scholar

Allen, C., Prior, P. and Hayward, A. (2005) Bacterial Wilt Disease and the Ralstonia solanacearum
Species Complex. St. Paul, MN: American Phytopathological Society.
Google Scholar

Allen, M., Windley, B.F., Chi, Z., Zhong‐Yan, Z. and Guang‐Rei, W. (1991) Cloning of genes affecting
polygalacturonase production in Pseudomonas solanacearum. Mol. Plant–Microbe Interact. 4, 147–
154.
Crossref  | CAS  | Web of Science®  | Google Scholar

Álvarez, B. and Biosca, E.G. (2017) Bacteriophage‐based bacterial wilt biocontrol for an
environmentally sustainable agriculture. Front. Plant Sci. 8, 1– 7.
Crossref  | PubMed  | Web of Science®  | Google Scholar

Barrangou, R. and Horvath, P. (2017) A decade of discovery: CRISPR functions and applications.
Nat. Microbiol. 2, 17 092.
Crossref  | CAS  | Web of Science®  | Google Scholar

Bertelli, C., Cissé, O.H., Rusconi, B., Kebbi‐Beghdadi, C., Croxatto, A., Goesmann, A., Collyn, F. and
Greub, G. (2016) CRISPR system acquisition and evolution of an obligate intracellular Chlamydia‐
related bacterium. Genome Biol. Evol. 8, 2376– 2386.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Biswas, A., Gagnon, J.N., Brouns, S.J.J., Fineran, P.C. and Brown, C.M. (2013) CRISPRTarget. RNA Biol.
10, 817– 827.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Bland, C., Ramsey, T.L., Sabree, F., Lowe, M., Brown, K., Kyrpides, N.C. and Hugenholtz, P. (2007)
CRISPR Recognition Tool (CRT): a tool for automatic detection of clustered regularly interspaced
palindromic repeats. BMC Bioinformatics, 8, 1– 8.
Crossref  | PubMed  | Web of Science®  | Google Scholar

https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1094%2FPHYTO-11-11-0319-R
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC38Xos1Sktrc%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=22352303
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000302950300003
http://scholar.google.com/scholar_lookup?hl=en&volume=102&publication_year=2012&pages=469-477&journal=Phytopathology&author=H.S.+Addy&author=A.+Askora&author=T.+Kawasaki&author=M.+Fujie&author=T.+Yamada&title=Loss+of+virulence+of+the+phytopathogen+Ralstonia+solanacearum+through+infection+by+%CF%86RSM+filamentous+phages
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1186%2Fs12864-015-1474-8
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=25888333
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000352697200001
http://scholar.google.com/scholar_lookup?hl=en&volume=16&publication_year=2015&pages=270&journal=BMC+Genomics%2C&author=F.+Ailloud&author=T.+Lowe&author=G.+Cellier&author=D.+Roche&author=C.+Allen&author=P.+Prior&title=Comparative+genomic+analysis+of+Ralstonia+solanacearum+reveals+candidate+genes+for+host+specificity
http://scholar.google.com/scholar_lookup?hl=en&publication_year=2005&author=C.+Allen&author=P.+Prior&author=A.+Hayward&title=Bacterial+Wilt+Disease+and+the+Ralstonia+solanacearum+Species+Complex
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1094%2FMPMI-4-147
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADyaK38Xhs1Omsbg%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=A1991FG82100005
http://scholar.google.com/scholar_lookup?hl=en&volume=4&publication_year=1991&pages=147-154&journal=Mol.+Plant%E2%80%93Microbe+Interact.&author=M.+Allen&author=B.F.+Windley&author=Z.+Chi&author=Z.+Zhong%E2%80%90Yan&author=W.+Guang%E2%80%90Rei&title=Cloning+of+genes+affecting+polygalacturonase+production+in+Pseudomonas+solanacearum
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.3389%2Ffpls.2017.01218
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=28220127
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000406025800001
http://scholar.google.com/scholar_lookup?hl=en&volume=8&publication_year=2017&pages=1-7&journal=Front.+Plant+Sci.&author=B.+%C3%81lvarez&author=E.G.+Biosca&title=Bacteriophage%E2%80%90based+bacterial+wilt+biocontrol+for+an+environmentally+sustainable+agriculture
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1038%2Fnmicrobiol.2017.92
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC2sXpt1Okt7c%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000406925300016
http://scholar.google.com/scholar_lookup?hl=en&volume=2&publication_year=2017&pages=17+092&journal=Nat.+Microbiol.&author=R.+Barrangou&author=P.+Horvath&title=A+decade+of+discovery%3A+CRISPR+functions+and+applications
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1093%2Fgbe%2Fevw138
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC28XitFSku7zF
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=27516530
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000382523500010
http://scholar.google.com/scholar_lookup?hl=en&volume=8&publication_year=2016&pages=2376-2386&journal=Genome+Biol.+Evol.&author=C.+Bertelli&author=O.H.+Ciss%C3%A9&author=B.+Rusconi&author=C.+Kebbi%E2%80%90Beghdadi&author=A.+Croxatto&author=A.+Goesmann&author=F.+Collyn&author=G.+Greub&title=CRISPR+system+acquisition+and+evolution+of+an+obligate+intracellular+Chlamydia%E2%80%90related+bacterium
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.4161%2Frna.24046
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC2cXjtl2i
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=23492433
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000323176900019
http://scholar.google.com/scholar_lookup?hl=en&volume=10&publication_year=2013&pages=817-827&journal=RNA+Biol.&author=A.+Biswas&author=J.N.+Gagnon&author=S.J.J.+Brouns&author=P.C.+Fineran&author=C.M.+Brown&title=CRISPRTarget
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1186%2F1471-2105-8-209
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=17199892
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000248130600001
http://scholar.google.com/scholar_lookup?hl=en&volume=8&publication_year=2007&pages=1-8&journal=BMC+Bioinformatics&author=C.+Bland&author=T.L.+Ramsey&author=F.+Sabree&author=M.+Lowe&author=K.+Brown&author=N.C.+Kyrpides&author=P.+Hugenholtz&title=CRISPR+Recognition+Tool+%28CRT%29%3A+a+tool+for+automatic+detection+of+clustered+regularly+interspaced+palindromic+repeats


Bocsanczy, A.M., Huguet‐Tapia, J.C. and Norman, D.J. (2014) Whole‐genome sequence of Ralstonia
solanacearum P673, a strain capable of infecting tomato plants at low temperatures. Genome
Announc. 2, e00106– 14.
Crossref  | PubMed  | Google Scholar

Bondy‐Denomy, J., Qian, J., Westra, E.R., Buckling, A., Guttman, D.S., Davidson, A.R. and Maxwell,
K.L. (2016) Prophages mediate defense against phage infection through diverse mechanisms. ISME
J. 10, 2854– 2866.
Crossref  | PubMed  | Web of Science®  | Google Scholar

Breitbart, M., Salamon, P., Andresen, B., Mahaffy, J.M., Segall, A.M., Mead, D., Azam, F. and Rohwer,
F. (2002) Genomic analysis of uncultured marine viral communities. Proc. Natl. Acad. Sci. 99, 14
250– 14 255.
Google Scholar

Cao, Y., Tian, B., Liu, Y., Cai, L., Wang, H., Lu, N., Wang, M., Shang, S., Luo, Z. and Shi, J. (2013)
Genome sequencing of Ralstonia solanacearum FQY_4, isolated from a bacterial wilt nursery used
for breeding crop resistance. Genome Announc. 1, e00125– 13.
Crossref  | PubMed  | Google Scholar

Castillo, J.A. and Greenberg, J.T. (2007) Evolutionary dynamics of Ralstonia solanacearum. Appl.
Environ. Microbiol. 73, 1225– 1238.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Chen, D., Liu, B., Zhu, Y., Wang, J., Chen, Z., Che, J., Zheng, X. and Chen, X. (2017) Complete genome
sequence of Ralstonia solanacearum FJAT‐1458, a potential biocontrol agent for tomato wilt.
Genome Announc. 5, e00070– 17.
Crossref  | PubMed  | Google Scholar

Clarke, C.R., Studholme, D.J., Hayes, B., Runde, B., Weisberg, A., Cai, R., Wroblewski, T., Daunay,
M.C., Wicker, E., Castillo, J.A. and Vinatzer, B.A. (2015) Genome‐enabled phylogeographic
investigation of the quarantine pathogen Ralstonia solanacearum race 3 biovar 2 and screening for
sources of resistance against its core effectors. Phytopathology, 105, 597– 607.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Conesa, A. and Götz, S. (2008) Blast2GO: a comprehensive suite for functional analysis in plant
genomics. Int. J. Plant Genomics, 2008, 1– 12.
Crossref  | CAS  | Google Scholar

Crooks, G., Hon, G., Chandonia, J. and Brenner, S. (2004) NCBI GenBank FTP Site\nWebLogo: a
sequence logo generator. Genome Res. 14, 1188– 1190.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FgenomeA.00106-14
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=24558246
http://scholar.google.com/scholar_lookup?hl=en&volume=2&publication_year=2014&pages=e00106-14&journal=Genome+Announc.&author=A.M.+Bocsanczy&author=J.C.+Huguet%E2%80%90Tapia&author=D.J.+Norman&title=Whole%E2%80%90genome+sequence+of+Ralstonia+solanacearum+P673%2C+a+strain+capable+of+infecting+tomato+plants+at+low+temperatures
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1038%2Fismej.2016.79
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=27258950
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000394508000008
http://scholar.google.com/scholar_lookup?hl=en&volume=10&publication_year=2016&pages=2854-2866&journal=ISME+J.&author=J.+Bondy%E2%80%90Denomy&author=J.+Qian&author=E.R.+Westra&author=A.+Buckling&author=D.S.+Guttman&author=A.R.+Davidson&author=K.L.+Maxwell&title=Prophages+mediate+defense+against+phage+infection+through+diverse+mechanisms
http://scholar.google.com/scholar_lookup?hl=en&volume=99&publication_year=2002&pages=14+250-14+255&journal=Proc.+Natl.+Acad.+Sci.&author=M.+Breitbart&author=P.+Salamon&author=B.+Andresen&author=J.M.+Mahaffy&author=A.M.+Segall&author=D.+Mead&author=F.+Azam&author=F.+Rohwer&title=Genomic+analysis+of+uncultured+marine+viral+communities
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FgenomeA.00125-13
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=23661471
http://scholar.google.com/scholar_lookup?hl=en&volume=1&publication_year=2013&pages=e00125-13&journal=Genome+Announc.&author=Y.+Cao&author=B.+Tian&author=Y.+Liu&author=L.+Cai&author=H.+Wang&author=N.+Lu&author=M.+Wang&author=S.+Shang&author=Z.+Luo&author=J.+Shi&title=Genome+sequencing+of+Ralstonia+solanacearum+FQY_4%2C+isolated+from+a+bacterial+wilt+nursery+used+for+breeding+crop+resistance
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FAEM.01253-06
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD2sXitlyqtrc%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=17189443
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000244443700023
http://scholar.google.com/scholar_lookup?hl=en&volume=73&publication_year=2007&pages=1225-1238&journal=Appl.+Environ.+Microbiol.&author=J.A.+Castillo&author=J.T.+Greenberg&title=Evolutionary+dynamics+of+Ralstonia+solanacearum
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FgenomeA.00070-17
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=28385834
http://scholar.google.com/scholar_lookup?hl=en&volume=5&publication_year=2017&pages=e00070-17&journal=Genome+Announc.&author=D.+Chen&author=B.+Liu&author=Y.+Zhu&author=J.+Wang&author=Z.+Chen&author=J.+Che&author=X.+Zheng&author=X.+Chen&title=Complete+genome+sequence+of+Ralstonia+solanacearum+FJAT%E2%80%901458%2C+a+potential+biocontrol+agent+for+tomato+wilt
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1094%2FPHYTO-12-14-0373-R
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC2MXhtVGjtLvK
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=25710204
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000355311500003
http://scholar.google.com/scholar_lookup?hl=en&volume=105&publication_year=2015&pages=597-607&journal=Phytopathology&author=C.R.+Clarke&author=D.J.+Studholme&author=B.+Hayes&author=B.+Runde&author=A.+Weisberg&author=R.+Cai&author=T.+Wroblewski&author=M.C.+Daunay&author=E.+Wicker&author=J.A.+Castillo&author=B.A.+Vinatzer&title=Genome%E2%80%90enabled+phylogeographic+investigation+of+the+quarantine+pathogen+Ralstonia+solanacearum+race+3+biovar+2+and+screening+for+sources+of+resistance+against+its+core+effectors
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1155%2F2008%2F619832
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD1cXpt1GntLk%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=2008&publication_year=2008&pages=1-12&journal=Int.+J.+Plant+Genomics&author=A.+Conesa&author=S.+G%C3%B6tz&title=Blast2GO%3A+a+comprehensive+suite+for+functional+analysis+in+plant+genomics
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1101%2Fgr.849004
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD2cXkvFGht7Y%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=15173120
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000221852400021
http://scholar.google.com/scholar_lookup?hl=en&volume=14&publication_year=2004&pages=1188-1190&journal=Genome+Res&author=G.+Crooks&author=G.+Hon&author=J.+Chandonia&author=S.+Brenner&title=NCBI+GenBank+FTP+Site%5CnWebLogo%3A+a+sequence+logo+generator


Denny, T. (2006) Plant pathogenic Ralstonia species. In: Plant‐Associated Bacteria, ( S.S.
Gnanamanickam, ed.), pp. 573– 644. Dordrecht: Springer.
Crossref  | Web of Science®  | Google Scholar

Deveau, H., Barrangou, R., Garneau, J.E., Labonte, J., Fremaux, C., Boyaval, P., Romero, D.A.,
Horvath, P. and Moineau, S. (2008) Phage response to CRISPR‐encoded resistance in Streptococcus
thermophilus. J. Bacteriol. 190, 1390– 1400.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Edgar, R.C. (2004) MUSCLE: multiple sequence alignment with high accuracy and high throughput.
Nucleic Acids Res. 32, 1792– 1797.
Wiley Online Library  | CAS  | PubMed  | Web of Science®  | Google Scholar

Elhalag, K., Nasr‐Eldin, M., Hussien, A. and Ahmad, A. (2018) Potential use of soilborne lytic
Podoviridae phage as a biocontrol agent against Ralstonia solanacearum. J. Basic Microbiol. 58, 658–
669.
Wiley Online Library  | CAS  | PubMed  | Web of Science®  | Google Scholar

Fabre, L., Zhang, J., Guigon, G., LeHello, S., Guibert, V., Accou‐Demartin, M., DeRomans, S., Lim, C.,
Roux, C., Passet, V. and Diancourt, L. (2012) CRISPR typing and subtyping for improved laboratory
surveillance of Salmonella infections. PLoS One, 7, e36995.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Fujiwara, A., Kawasaki, T., Usami, S., Fujie, M. and Yamada, T. (2008) Genomic characterization of
Ralstonia solanacearum phage φRSA1 and its related prophage (φRSX) in strain GMI1000. J.
Bacteriol. 190, 143– 156.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Gabriel, D.W., Allen, C., Schell, M., Denny, T.P., Greenberg, J.T., Duan, Y.P., Flores‐Cruz, Z., Huang,
Q., Clifford, J.M., Presting, G. and González, E.T. (2006) Identification of open reading frames
unique to a select agent: Ralstonia solanacearum race 3 biovar 2. Mol. Plant–Microbe Interact. 19, 69–
79.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Garneau, J.E., Dupuis, M.È., Villion, M., Romero, D.A., Barrangou, R., Boyaval, P., Fremaux, C.,
Horvath, P., Magadán, A.H. and Moineau, S. (2010) The CRISPR/Cas bacterial immune system
cleaves bacteriophage and plasmid DNA. Nature, 468, 67– 71.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Godde, J.S. and Bickerton, A. (2006) The repetitive DNA elements called CRISPRs and their
associated genes: evidence of horizontal transfer among prokaryotes. J. Mol. Evol. 62, 718– 729.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1007%2F978-1-4020-4538-7_16
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000238437200009
http://scholar.google.com/scholar_lookup?hl=en&publication_year=2006&pages=573-644&author=T.+Denny&title=Plant%E2%80%90Associated+Bacteria
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FJB.01412-07
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD1cXhvVOlsL8%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=18065545
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000253005800028
http://scholar.google.com/scholar_lookup?hl=en&volume=190&publication_year=2008&pages=1390-1400&journal=J.+Bacteriol.&author=H.+Deveau&author=R.+Barrangou&author=J.E.+Garneau&author=J.+Labonte&author=C.+Fremaux&author=P.+Boyaval&author=D.A.+Romero&author=P.+Horvath&author=S.+Moineau&title=Phage+response+to+CRISPR%E2%80%90encoded+resistance+in+Streptococcus+thermophilus
https://onlinelibrary.wiley.com/doi/10.1111/j.1574-6941.2006.00060.x
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD2cXisF2ks7w%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=15034147
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000220487200025
http://scholar.google.com/scholar_lookup?hl=en&volume=32&publication_year=2004&pages=1792-1797&journal=Nucleic+Acids+Res.&author=R.C.+Edgar&title=MUSCLE%3A+multiple+sequence+alignment+with+high+accuracy+and+high+throughput
https://onlinelibrary.wiley.com/doi/10.1002/jobm.201800039
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC1cXhsVeiurzO
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=29938804
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000445110500002
http://scholar.google.com/scholar_lookup?hl=en&volume=58&publication_year=2018&pages=658-669&journal=J.+Basic+Microbiol.&author=K.+Elhalag&author=M.+Nasr%E2%80%90Eldin&author=A.+Hussien&author=A.+Ahmad&title=Potential+use+of+soilborne+lytic+Podoviridae+phage+as+a+biocontrol+agent+against+Ralstonia+solanacearum
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1371%2Fjournal.pone.0036995
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC38XnvFait7w%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=22623967
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000305343500044
http://scholar.google.com/scholar_lookup?hl=en&volume=7&publication_year=2012&pages=e36995&journal=PLoS+One&author=L.+Fabre&author=J.+Zhang&author=G.+Guigon&author=S.+LeHello&author=V.+Guibert&author=M.+Accou%E2%80%90Demartin&author=S.+DeRomans&author=C.+Lim&author=C.+Roux&author=V.+Passet&author=L.+Diancourt&title=CRISPR+typing+and+subtyping+for+improved+laboratory+surveillance+of+Salmonella+infections
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FJB.01158-07
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD1cXhsF2ltQ%253D%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=17965167
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000252080400014
http://scholar.google.com/scholar_lookup?hl=en&volume=190&publication_year=2008&pages=143-156&journal=J.+Bacteriol.&author=A.+Fujiwara&author=T.+Kawasaki&author=S.+Usami&author=M.+Fujie&author=T.+Yamada&title=Genomic+characterization+of+Ralstonia+solanacearum+phage+%CF%86RSA1+and+its+related+prophage+%28%CF%86RSX%29+in+strain+GMI1000
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1094%2FMPMI-19-0069
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD28XisVWjtg%253D%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=16404955
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000234099600008
http://scholar.google.com/scholar_lookup?hl=en&volume=19&publication_year=2006&pages=69-79&journal=Mol.+Plant%E2%80%93Microbe+Interact.&author=D.W.+Gabriel&author=C.+Allen&author=M.+Schell&author=T.P.+Denny&author=J.T.+Greenberg&author=Y.P.+Duan&author=Z.+Flores%E2%80%90Cruz&author=Q.+Huang&author=J.M.+Clifford&author=G.+Presting&author=E.T.+Gonz%C3%A1lez&title=Identification+of+open+reading+frames+unique+to+a+select+agent%3A+Ralstonia+solanacearum+race+3+biovar+2
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1038%2Fnature09523
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC3cXhtlOht7bL
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=21048762
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000283786900036
http://scholar.google.com/scholar_lookup?hl=en&volume=468&publication_year=2010&pages=67-71&journal=Nature&author=J.E.+Garneau&author=M.%C3%88.+Dupuis&author=M.+Villion&author=D.A.+Romero&author=R.+Barrangou&author=P.+Boyaval&author=C.+Fremaux&author=P.+Horvath&author=A.H.+Magad%C3%A1n&author=S.+Moineau&title=The+CRISPR%2FCas+bacterial+immune+system+cleaves+bacteriophage+and+plasmid+DNA
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1007%2Fs00239-005-0223-z
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD28Xlt1Oisr8%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=16612537
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000238035500007
http://scholar.google.com/scholar_lookup?hl=en&volume=62&publication_year=2006&pages=718-729&journal=J.+Mol.+Evol.&author=J.S.+Godde&author=A.+Bickerton&title=The+repetitive+DNA+elements+called+CRISPRs+and+their+associated+genes%3A+evidence+of+horizontal+transfer+among+prokaryotes


Grissa, I., Vergnaud, G. and Pourcel, C. (2007) The CRISPRdb database and tools to display CRISPRs
and to generate dictionaries of spacers and repeats. BMC Bioinformatics, 8, 172.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Guarischi‐Sousa, R., Puigvert, M., Coll, N.S., Siri, M.I., Pianzzola, M.J., Valls, M. and Setubal, J.C.
(2016) Complete genome sequence of the potato pathogen Ralstonia solanacearum UY031. Stand.
Genomic Sci. 11, 7.
Crossref  | PubMed  | Web of Science®  | Google Scholar

Gudbergsdottir, S., Deng, L., Chen, Z., Jensen, J.V.K., Jensen, L.R., She, Q. and Garrett, R.A. (2011)
Dynamic properties of the Sulfolobus CRISPR/Cas and CRISPR/Cmr systems when challenged with
vector‐borne viral and plasmid genes and protospacers. Mol. Microbiol. 79, 35– 49.
Wiley Online Library  | CAS  | PubMed  | Google Scholar

Guidot, A., Elbaz, M., Carrère, S., Siri, M.I., Pianzzola, M.J., Prior, P. and Boucher, C. (2009) Specific
genes from the potato brown rot strains of Ralstonia solanacearum and their potential use for
strain detection. Phytopathology, 99, 1105– 1112.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Guinard, J., Vinatzer, B.A., Poussier, S., Lefeuvre, P. and Wicker, E. (2016) Draft genome sequences
of nine strains of Ralstonia solanacearum differing in virulence to eggplant (Solanum melongena).
Genome Announc. 4, e01415– 15.
Crossref  | PubMed  | Google Scholar

Guo, P., Cheng, Q., Xie, P., Fan, Y., Jiang, W. and Qin, Z. (2011) Characterization of the multiple
CRISPR loci on Streptomyces linear plasmid pSHK1. Acta Biochim. Biophys. Sin. (Shanghai), 43, 630–
639.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Haft, D.H., Selengut, J., Mongodin, E.F. and Nelson, K.E. (2005) A guild of forty‐five CRISPR‐
associated (Cas) protein families and multiple CRISPR/Cas subtypes exist in prokaryotic genomes.
PLoS Comput. Biol. 1, e60.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Hayward, A.C. (1991) Biology and epidemiology of bacterial wilt caused by Pseudomonas
solanacearum. Annu. Rev. Phytopathol. 29, 65– 87.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Hofnung, M. (1993) A short course in bacterial genetics and a laboratory manual and handbook
for E. coli and related bacteria. Biochimie, 75, 501.
Crossref  | Google Scholar

https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1186%2F1471-2105-8-172
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD2sXnslCqt7s%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=17521438
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000247285200001
http://scholar.google.com/scholar_lookup?hl=en&volume=8&publication_year=2007&pages=172&journal=BMC+Bioinformatics&author=I.+Grissa&author=G.+Vergnaud&author=C.+Pourcel&title=The+CRISPRdb+database+and+tools+to+display+CRISPRs+and+to+generate+dictionaries+of+spacers+and+repeats
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1186%2Fs40793-016-0131-4
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=26779304
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000368621300001
http://scholar.google.com/scholar_lookup?hl=en&volume=11&publication_year=2016&pages=7&journal=Stand.+Genomic+Sci.&author=R.+Guarischi%E2%80%90Sousa&author=M.+Puigvert&author=N.S.+Coll&author=M.I.+Siri&author=M.J.+Pianzzola&author=M.+Valls&author=J.C.+Setubal&title=Complete+genome+sequence+of+the+potato+pathogen+Ralstonia+solanacearum+UY031
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2958.2010.07452.x
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC3MXhtFGrtbw%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=21166892
http://scholar.google.com/scholar_lookup?hl=en&volume=79&publication_year=2011&pages=35-49&journal=Mol.+Microbiol.&author=S.+Gudbergsdottir&author=L.+Deng&author=Z.+Chen&author=J.V.K.+Jensen&author=L.R.+Jensen&author=Q.+She&author=R.A.+Garrett&title=Dynamic+properties+of+the+Sulfolobus+CRISPR%2FCas+and+CRISPR%2FCmr+systems+when+challenged+with+vector%E2%80%90borne+viral+and+plasmid+genes+and+protospacers
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1094%2FPHYTO-99-9-1105
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD1MXhtFCgurjK
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=19671014
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000268876800013
http://scholar.google.com/scholar_lookup?hl=en&volume=99&publication_year=2009&pages=1105-1112&journal=Phytopathology&author=A.+Guidot&author=M.+Elbaz&author=S.+Carr%C3%A8re&author=M.I.+Siri&author=M.J.+Pianzzola&author=P.+Prior&author=C.+Boucher&title=Specific+genes+from+the+potato+brown+rot+strains+of+Ralstonia+solanacearum+and+their+potential+use+for+strain+detection
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FgenomeA.01415-15
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=26823572
http://scholar.google.com/scholar_lookup?hl=en&volume=4&publication_year=2016&pages=e01415-15&journal=Genome+Announc.&author=J.+Guinard&author=B.A.+Vinatzer&author=S.+Poussier&author=P.+Lefeuvre&author=E.+Wicker&title=Draft+genome+sequences+of+nine+strains+of+Ralstonia+solanacearum+differing+in+virulence+to+eggplant+%28Solanum+melongena%29
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1093%2Fabbs%2Fgmr052
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC3MXps12gt74%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=21705768
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000293299600007
http://scholar.google.com/scholar_lookup?hl=en&volume=43&publication_year=2011&pages=630-639&journal=Acta+Biochim.+Biophys.+Sin.+%28Shanghai%29&author=P.+Guo&author=Q.+Cheng&author=P.+Xie&author=Y.+Fan&author=W.+Jiang&author=Z.+Qin&title=Characterization+of+the+multiple+CRISPR+loci+on+Streptomyces+linear+plasmid+pSHK1
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1371%2Fjournal.pcbi.0010060
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD2MXht1Kqs77O
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=16292354
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000234713300005
http://scholar.google.com/scholar_lookup?hl=en&volume=1&publication_year=2005&pages=e60&journal=PLoS+Comput.+Biol.&author=D.H.+Haft&author=J.+Selengut&author=E.F.+Mongodin&author=K.E.+Nelson&title=A+guild+of+forty%E2%80%90five+CRISPR%E2%80%90associated+%28Cas%29+protein+families+and+multiple+CRISPR%2FCas+subtypes+exist+in+prokaryotic+genomes
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1146%2Fannurev.py.29.090191.000433
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ASTN%3A280%3ADC%252BD1czhslamsQ%253D%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=18479193
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=A1991GE74900005
http://scholar.google.com/scholar_lookup?hl=en&volume=29&publication_year=1991&pages=65-87&journal=Annu.+Rev.+Phytopathol.&author=A.C.+Hayward&title=Biology+and+epidemiology+of+bacterial+wilt+caused+by+Pseudomonas+solanacearum
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1016%2F0300-9084%2893%2990118-C
http://scholar.google.com/scholar_lookup?hl=en&volume=75&publication_year=1993&pages=501&journal=Biochimie&author=M.+Hofnung&title=A+short+course+in+bacterial+genetics+and+a+laboratory+manual+and+handbook+for+E.+coli+and+related+bacteria


Horita, M. and Tsuchiya, K. (2001) Genetic diversity of Japanese strains of Ralstonia solanacearum.
Phytopathology, 91, 399– 407.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Horvath, P., Coûté‐Monvoisin, A.‐C., Romero, D.A., Boyaval, P., Fremaux, C. and Barrangou, R.
(2009) Comparative analysis of CRISPR loci in lactic acid bacteria genomes. Int. J. Food Microbiol.
131, 62– 70.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Horvath, P., Romero, D.A., Coute‐Monvoisin, A.‐C., Richards, M., Deveau, H., Moineau, S., Boyaval,
P., Fremaux, C. and Barrangou, R. (2008) Diversity, activity, and evolution of CRISPR loci in
Streptococcus thermophilus. J. Bacteriol. 190, 1401– 1412.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Hynes, A.P., Lemay, M., Trudel, L., Deveau, H., Frenette, M., Tremblay, D.M. and Moineau, S. (2017)
Detecting natural adaptation of the Streptococcus thermophilus CRISPR‐Cas systems in research
and classroom settings. Nat. Protoc. 12, 547– 565.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Jacobs, J.M., Babujee, L., Meng, F., Milling, A. and Allen, C. (2012) The in planta transcriptome of
Ralstonia solanacearum: conserved physiological and virulence strategies during bacterial wilt of
tomato. MBio, 3, e00114– 12.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Jansen, R., vanEmbden, J.D.A., Gaastra, W. and Schouls, L.M. (2002) Identification of genes that are
associated with DNA repeats in prokaryotes. Mol. Microbiol. 43, 1565– 1575.
Wiley Online Library  | CAS  | PubMed  | Web of Science®  | Google Scholar

Jerome, J.P., Bell, J.A., Plovanich‐Jones, A.E., Barrick, J.E., Brown, C.T. and Mansfield, L.S. (2011)
Standing genetic variation in contingency loci drives the rapid adaptation of Campylobacter jejuni
to a novel host. PLoS One, 6, e16399.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Kawasaki, T., Narulita, E., Matsunami, M., Ishikawa, H., Shimizu, M., Fujie, M., Bhunchoth, A.,
Phironrit, N., Chatchawankanphanich, O. and Yamada, T. (2016) Genomic diversity of large‐plaque‐
forming podoviruses infecting the phytopathogen Ralstonia solanacearum. Virology, 492, 73– 81.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Kawasaki, T., Shimizu, M., Satsuma, H., Fujiwara, A., Fujie, M., Usami, S. and Yamada, T. (2009)
Genomic characterization of Ralstonia solanacearum phage RSB1, a T7‐like wide‐host‐range phage.
J. Bacteriol. 191, 422– 427.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1094%2FPHYTO.2001.91.4.399
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD3MXivV2ktr4%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=18943853
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000167711600009
http://scholar.google.com/scholar_lookup?hl=en&volume=91&publication_year=2001&pages=399-407&journal=Phytopathology&author=M.+Horita&author=K.+Tsuchiya&title=Genetic+diversity+of+Japanese+strains+of+Ralstonia+solanacearum
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1016%2Fj.ijfoodmicro.2008.05.030
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD1MXkslOqt7g%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=18635282
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000266218100008
http://scholar.google.com/scholar_lookup?hl=en&volume=131&publication_year=2009&pages=62-70&journal=Int.+J.+Food+Microbiol.&author=P.+Horvath&author=A.%E2%80%90C.+Co%C3%BBt%C3%A9%E2%80%90Monvoisin&author=D.A.+Romero&author=P.+Boyaval&author=C.+Fremaux&author=R.+Barrangou&title=Comparative+analysis+of+CRISPR+loci+in+lactic+acid+bacteria+genomes
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FJB.01415-07
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD1cXhvVOlsLw%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=18065539
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000253005800029
http://scholar.google.com/scholar_lookup?hl=en&volume=190&publication_year=2008&pages=1401-1412&journal=J.+Bacteriol.&author=P.+Horvath&author=D.A.+Romero&author=A.%E2%80%90C.+Coute%E2%80%90Monvoisin&author=M.+Richards&author=H.+Deveau&author=S.+Moineau&author=P.+Boyaval&author=C.+Fremaux&author=R.+Barrangou&title=Diversity%2C+activity%2C+and+evolution+of+CRISPR+loci+in+Streptococcus+thermophilus
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1038%2Fnprot.2016.186
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC2sXisV2rt7s%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=28207002
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000394187500008
http://scholar.google.com/scholar_lookup?hl=en&volume=12&publication_year=2017&pages=547-565&journal=Nat.+Protoc.&author=A.P.+Hynes&author=M.+Lemay&author=L.+Trudel&author=H.+Deveau&author=M.+Frenette&author=D.M.+Tremblay&author=S.+Moineau&title=Detecting+natural+adaptation+of+the+Streptococcus+thermophilus+CRISPR%E2%80%90Cas+systems+in+research+and+classroom+settings
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FmBio.00114-12
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC38Xhtlaht7nO
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=22807564
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000308588800004
http://scholar.google.com/scholar_lookup?hl=en&volume=3&publication_year=2012&pages=e00114-12&journal=MBio&author=J.M.+Jacobs&author=L.+Babujee&author=F.+Meng&author=A.+Milling&author=C.+Allen&title=The+in+planta+transcriptome+of+Ralstonia+solanacearum%3A+conserved+physiological+and+virulence+strategies+during+bacterial+wilt+of+tomato
https://onlinelibrary.wiley.com/doi/10.1046/j.1365-2958.2002.02839.x
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD38XivFyls7w%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=11952905
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000174710000017
http://scholar.google.com/scholar_lookup?hl=en&volume=43&publication_year=2002&pages=1565-1575&journal=Mol.+Microbiol.&author=R.+Jansen&author=J.D.A.+Embden&author=W.+Gaastra&author=L.M.+Schouls&title=Identification+of+genes+that+are+associated+with+DNA+repeats+in+prokaryotes
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1371%2Fjournal.pone.0016399
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC3MXhs1Gls7c%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=21283682
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000286523400033
http://scholar.google.com/scholar_lookup?hl=en&volume=6&publication_year=2011&pages=e16399&journal=PLoS+One&author=J.P.+Jerome&author=J.A.+Bell&author=A.E.+Plovanich%E2%80%90Jones&author=J.E.+Barrick&author=C.T.+Brown&author=L.S.+Mansfield&title=Standing+genetic+variation+in+contingency+loci+drives+the+rapid+adaptation+of+Campylobacter+jejuni+to+a+novel+host
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1016%2Fj.virol.2016.02.011
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC28XjtVCgsLY%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=26901487
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000374209900009
http://scholar.google.com/scholar_lookup?hl=en&volume=492&publication_year=2016&pages=73-81&journal=Virology&author=T.+Kawasaki&author=E.+Narulita&author=M.+Matsunami&author=H.+Ishikawa&author=M.+Shimizu&author=M.+Fujie&author=A.+Bhunchoth&author=N.+Phironrit&author=O.+Chatchawankanphanich&author=T.+Yamada&title=Genomic+diversity+of+large%E2%80%90plaque%E2%80%90forming+podoviruses+infecting+the+phytopathogen+Ralstonia+solanacearum
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FJB.01263-08
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD1MXoslChsLg%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=18952798
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000261628100042
http://scholar.google.com/scholar_lookup?hl=en&volume=191&publication_year=2009&pages=422-427&journal=J.+Bacteriol.&author=T.+Kawasaki&author=M.+Shimizu&author=H.+Satsuma&author=A.+Fujiwara&author=M.+Fujie&author=S.+Usami&author=T.+Yamada&title=Genomic+characterization+of+Ralstonia+solanacearum+phage+RSB1%2C+a+T7%E2%80%90like+wide%E2%80%90host%E2%80%90range+phage


Kiro, R., Goren, M.G., Yosef, I. and Qimron, U. (2013) CRISPR adaptation in E. coli subtype I‐E
system. Biochem. Soc. Trans. 41, 1412– 1415.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Koskella, B. and Brockhurst, M.A. (2014) Bacteria–phage coevolution as a driver of ecological and
evolutionary processes in microbial communities. FEMS Microbiol. Rev. 38, 916– 931.
Wiley Online Library  | CAS  | PubMed  | Web of Science®  | Google Scholar

Koskenniemi, K., Laakso, K., Koponen, J., Kankainen, M., Greco, D., Auvinen, P., Savijoki, K., Nyman,
T.A., Surakka, A., Salusjärvi, T. and deVos, W.M. (2011) Proteomics and transcriptomics
characterization of bile stress response in probiotic Lactobacillus rhamnosus GG. Mol. Cell.
Proteomics, 10( M110), 002741.
PubMed  | Google Scholar

Kumar, S., Stecher, G. and Tamura, K. (2016) MEGA7: molecular evolutionary genetics analysis
version 7.0 for bigger datasets. Mol. Biol. Evol. 33, 1870– 1874.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Kunin, V., Sorek, R. and Hugenholtz, P. (2007) Evolutionary conservation of sequence and
secondary structures in CRISPR repeats. Genome Biol. 8, R61.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Laakso, K., Koskenniemi, K., Koponen, J., Kankainen, M., Surakka, A., Salusjärvi, T., Auvinen, P.,
Savijoki, K., Nyman, T.A., Kalkkinen, N. and Tynkkynen, S. (2011) Growth phase‐associated changes
in the proteome and transcriptome of Lactobacillus rhamnosus GG in industrial‐type whey
medium. Microb. Biotechnol. 4, 746– 766.
Wiley Online Library  | CAS  | PubMed  | Web of Science®  | Google Scholar

Labrie, S.J., Samson, J.E. and Moineau, S. (2010) Bacteriophage resistance mechanisms. Nat. Rev.
Microbiol. 8, 317– 327.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Leenay, R.T., Maksimchuk, K.R., Slotkowski, R.A., Agrawal, R.N., Gomaa, A.A., Briner, A.E.,
Barrangou, R. and Beisel, C.L. (2016) Identifying and visualizing functional PAM diversity across
CRISPR‐Cas systems. Mol. Cell, 62, 137– 147.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Li, P., Wang, D., Yan, J., Zhou, J., Deng, Y. and Jiang, Z. (2016) Genomic analysis of phylotype I strain
EP1 reveals substantial divergence from other strains in the Ralstonia solanacearum species
complex. Front. Microbiol. 7, 1– 14.
Crossref  | Web of Science®  | Google Scholar

https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1042%2FBST20130109
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC3sXhvVSmtLvF
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=24256229
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000328282700008
http://scholar.google.com/scholar_lookup?hl=en&volume=41&publication_year=2013&pages=1412-1415&journal=Biochem.+Soc.+Trans.&author=R.+Kiro&author=M.G.+Goren&author=I.+Yosef&author=U.+Qimron&title=CRISPR+adaptation+in+E.+coli+subtype+I%E2%80%90E+system
https://onlinelibrary.wiley.com/doi/10.1111/1574-6976.12072
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC2cXhsFOgu7jN
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=24617569
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000342746400004
http://scholar.google.com/scholar_lookup?hl=en&volume=38&publication_year=2014&pages=916-931&journal=FEMS+Microbiol.+Rev.&author=B.+Koskella&author=M.A.+Brockhurst&title=Bacteria%E2%80%93phage+coevolution+as+a+driver+of+ecological+and+evolutionary+processes+in+microbial+communities
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=21078892
http://scholar.google.com/scholar_lookup?hl=en&volume=10&publication_year=2011&pages=002741&journal=Mol.+Cell.+Proteomics&issue=M110&author=K.+Koskenniemi&author=K.+Laakso&author=J.+Koponen&author=M.+Kankainen&author=D.+Greco&author=P.+Auvinen&author=K.+Savijoki&author=T.A.+Nyman&author=A.+Surakka&author=T.+Salusj%C3%A4rvi&author=W.M.+deVos&title=Proteomics+and+transcriptomics+characterization+of+bile+stress+response+in+probiotic+Lactobacillus+rhamnosus+GG
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1093%2Fmolbev%2Fmsw054
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC28XhsF2ltrzN
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=27004904
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000378767100018
http://scholar.google.com/scholar_lookup?hl=en&volume=33&publication_year=2016&pages=1870-1874&journal=Mol.+Biol.+Evol.&author=S.+Kumar&author=G.+Stecher&author=K.+Tamura&title=MEGA7%3A+molecular+evolutionary+genetics+analysis+version+7.0+for+bigger+datasets
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1186%2Fgb-2007-8-4-r61
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD2sXmtV2nur8%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=17442114
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000246982900018
http://scholar.google.com/scholar_lookup?hl=en&volume=8&publication_year=2007&pages=R61&journal=Genome+Biol.&author=V.+Kunin&author=R.+Sorek&author=P.+Hugenholtz&title=Evolutionary+conservation+of+sequence+and+secondary+structures+in+CRISPR+repeats
https://sfamjournals.onlinelibrary.wiley.com/doi/10.1111/j.1751-7915.2011.00275.x
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC3MXhsFemsrvK
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=21883975
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000298097900006
http://scholar.google.com/scholar_lookup?hl=en&volume=4&publication_year=2011&pages=746-766&journal=Microb.+Biotechnol.&author=K.+Laakso&author=K.+Koskenniemi&author=J.+Koponen&author=M.+Kankainen&author=A.+Surakka&author=T.+Salusj%C3%A4rvi&author=P.+Auvinen&author=K.+Savijoki&author=T.A.+Nyman&author=N.+Kalkkinen&author=S.+Tynkkynen&title=Growth+phase%E2%80%90associated+changes+in+the+proteome+and+transcriptome+of+Lactobacillus+rhamnosus+GG+in+industrial%E2%80%90type+whey+medium
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1038%2Fnrmicro2315
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC3cXjvFarsrY%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=20348932
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000276788300009
http://scholar.google.com/scholar_lookup?hl=en&volume=8&publication_year=2010&pages=317-327&journal=Nat.+Rev.+Microbiol.&author=S.J.+Labrie&author=J.E.+Samson&author=S.+Moineau&title=Bacteriophage+resistance+mechanisms
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1016%2Fj.molcel.2016.02.031
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC28XlsVWitro%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=27041224
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000374119600014
http://scholar.google.com/scholar_lookup?hl=en&volume=62&publication_year=2016&pages=137-147&journal=Mol.+Cell&author=R.T.+Leenay&author=K.R.+Maksimchuk&author=R.A.+Slotkowski&author=R.N.+Agrawal&author=A.A.+Gomaa&author=A.E.+Briner&author=R.+Barrangou&author=C.L.+Beisel&title=Identifying+and+visualizing+functional+PAM+diversity+across+CRISPR%E2%80%90Cas+systems
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.3389%2Ffmicb.2016.00391
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000372896100001
http://scholar.google.com/scholar_lookup?hl=en&volume=7&publication_year=2016&pages=1-14&journal=Front.+Microbiol.&author=P.+Li&author=D.+Wang&author=J.+Yan&author=J.+Zhou&author=Y.+Deng&author=Z.+Jiang&title=Genomic+analysis+of+phylotype+I+strain+EP1+reveals+substantial+divergence+from+other+strains+in+the+Ralstonia+solanacearum+species+complex


Li, Z., Wu, S., Bai, X., Liu, Y., Lu, J., Liu, Y., Xiao, B., Lu, X. and Fan, L. (2011) Genome sequence of the
tobacco bacterial wilt pathogen Ralstonia solanacearum. J. Bacteriol. 193, 6088– 6089.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Liao, M. (2018) Genomic characterization of the novel Ralstonia phage RPSC1. Arch. Virol. 163,
1969– 1971.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Magadán, A.H., Dupuis, M.‐È.È., Villion, M. and Moineau, S. (2012) Cleavage of phage DNA by the
Streptococcus thermophilus CRISPR3‐Cas system. PLoS One, 7, 1– 8.
Crossref  | Web of Science®  | Google Scholar

Makarova, K.S., Wolf, Y.I., Alkhnbashi, O.S., Costa, F., Shah, S.A., Saunders, S.J., Barrangou, R.,
Brouns, S.J., Charpentier, E., Haft, D.H. and Horvath, P. (2015) An updated evolutionary
classification of CRISPR–Cas systems. Nat. Rev. Microbiol. 13, 722– 736.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Marraffini, L.A. and Sontheimer, E.J. (2008) CRISPR interference limits horizontal gene transfer in
staphylococci by targeting DNA. Science, 322, 1843– 1845.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

McGhee, G.C. and Sundin, G.W. (2012) Erwinia amylovora CRISPR elements provide new tools for
evaluating strain diversity and for microbial source tracking. PLoS One, 7, e41706.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Medina‐Aparicio, L., Rebollar‐Flores, J.E., Gallego‐Hernandez, A.L., Vazquez, A., Olvera, L.,
Gutierrez‐Rios, R.M., Calva, E. and Hernandez‐Lucas, I. (2011) The CRISPR/Cas immune system is
an operon regulated by LeuO, H‐NS, and leucine‐responsive regulatory protein in Salmonella
enterica Serovar Typhi. J. Bacteriol. 193, 2396– 2407.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Melnikow, E., Schoenfeld, C., Spehr, V., Warrass, R., Gunkel, N., Duszenko, M., Selzer, P.M. and
Ullrich, H.J. (2008) A compendium of antibiotic‐induced transcription profiles reveals broad
regulation of Pasteurella multocida virulence genes. Vet. Microbiol. 131, 277– 292.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Midha, S., Bansal, K., Kumar, S., Girija, A.M., Mishra, D., Brahma, K., Laha, G.S., Sundaram, R.M.,
Sonti, R.V. and Patil, P.B. (2017) Population genomic insights into variation and evolution of
Xanthomonas oryzae pv. oryzae. Sci. Rep. 7, 40 694.
Crossref  | CAS  | Web of Science®  | Google Scholar

Mohanraju, P., Makarova, K.S., Zetsche, B., Zhang, F., Koonin, E.V. and van derOost, J. (2016)

https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FJB.06009-11
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC3MXhsVSqs7fP
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=21994922
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000296153400022
http://scholar.google.com/scholar_lookup?hl=en&volume=193&publication_year=2011&pages=6088-6089&journal=J.+Bacteriol.&author=Z.+Li&author=S.+Wu&author=X.+Bai&author=Y.+Liu&author=J.+Lu&author=Y.+Liu&author=B.+Xiao&author=X.+Lu&author=L.+Fan&title=Genome+sequence+of+the+tobacco+bacterial+wilt+pathogen+Ralstonia+solanacearum
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1007%2Fs00705-018-3713-1
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC1cXksVehsLk%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=29523968
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000435401300028
http://scholar.google.com/scholar_lookup?hl=en&volume=163&publication_year=2018&pages=1969-1971&journal=Arch.+Virol.&author=M.+Liao&title=Genomic+characterization+of+the+novel+Ralstonia+phage+RPSC1
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1371%2Fjournal.pone.0040913
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000306644600028
http://scholar.google.com/scholar_lookup?hl=en&volume=7&publication_year=2012&pages=1-8&journal=PLoS+One&author=A.H.+Magad%C3%A1n&author=M.%E2%80%90%C3%88.%C3%88.+Dupuis&author=M.+Villion&author=S.+Moineau&title=Cleavage+of+phage+DNA+by+the+Streptococcus+thermophilus+CRISPR3%E2%80%90Cas+system
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1038%2Fnrmicro3569
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC2MXhsFKnsLfO
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=26411297
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000364620900009
http://scholar.google.com/scholar_lookup?hl=en&volume=13&publication_year=2015&pages=722-736&journal=Nat.+Rev.+Microbiol.&author=K.S.+Makarova&author=Y.I.+Wolf&author=O.S.+Alkhnbashi&author=F.+Costa&author=S.A.+Shah&author=S.J.+Saunders&author=R.+Barrangou&author=S.J.+Brouns&author=E.+Charpentier&author=D.H.+Haft&author=P.+Horvath&title=An+updated+evolutionary+classification+of+CRISPR%E2%80%93Cas+systems
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1126%2Fscience.1165771
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD1cXhsFSmtrnE
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=19095942
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000261799400054
http://scholar.google.com/scholar_lookup?hl=en&volume=322&publication_year=2008&pages=1843-1845&journal=Science&author=L.A.+Marraffini&author=E.J.+Sontheimer&title=CRISPR+interference+limits+horizontal+gene+transfer+in+staphylococci+by+targeting+DNA
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1371%2Fjournal.pone.0041706
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC38XhtFGgsbbL
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=22860008
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000307045600038
http://scholar.google.com/scholar_lookup?hl=en&volume=7&publication_year=2012&pages=e41706&journal=PLoS+One&author=G.C.+McGhee&author=G.W.+Sundin&title=Erwinia+amylovora+CRISPR+elements+provide+new+tools+for+evaluating+strain+diversity+and+for+microbial+source+tracking
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FJB.01480-10
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC3MXotFSis7o%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=21398529
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000289983100003
http://scholar.google.com/scholar_lookup?hl=en&volume=193&publication_year=2011&pages=2396-2407&journal=J.+Bacteriol.&author=L.+Medina%E2%80%90Aparicio&author=J.E.+Rebollar%E2%80%90Flores&author=A.L.+Gallego%E2%80%90Hernandez&author=A.+Vazquez&author=L.+Olvera&author=R.M.+Gutierrez%E2%80%90Rios&author=E.+Calva&author=I.+Hernandez%E2%80%90Lucas&title=The+CRISPR%2FCas+immune+system+is+an+operon+regulated+by+LeuO%2C+H%E2%80%90NS%2C+and+leucine%E2%80%90responsive+regulatory+protein+in+Salmonella+enterica+Serovar+Typhi
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1016%2Fj.vetmic.2008.03.007
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD1cXhtVOisbrM
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=18501535
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000259937800007
http://scholar.google.com/scholar_lookup?hl=en&volume=131&publication_year=2008&pages=277-292&journal=Vet.+Microbiol.&author=E.+Melnikow&author=C.+Schoenfeld&author=V.+Spehr&author=R.+Warrass&author=N.+Gunkel&author=M.+Duszenko&author=P.M.+Selzer&author=H.J.+Ullrich&title=A+compendium+of+antibiotic%E2%80%90induced+transcription+profiles+reveals+broad+regulation+of+Pasteurella+multocida+virulence+genes
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1038%2Fsrep40694
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC2sXpvVSisw%253D%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000391924600001
http://scholar.google.com/scholar_lookup?hl=en&volume=7&publication_year=2017&pages=40+694&journal=Sci.+Rep.&author=S.+Midha&author=K.+Bansal&author=S.+Kumar&author=A.M.+Girija&author=D.+Mishra&author=K.+Brahma&author=G.S.+Laha&author=R.M.+Sundaram&author=R.V.+Sonti&author=P.B.+Patil&title=Population+genomic+insights+into+variation+and+evolution+of+Xanthomonas+oryzae+pv.+oryzae


Diverse evolutionary roots and mechanistic variations of the CRISPR‐Cas systems. Science, 353,
aad5147.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Mojica, F.J.M., Díez‐Villaseñor, C., García‐Martínez, J. and Almendros, C. (2009) Short motif
sequences determine the targets of the prokaryotic CRISPR defence system. Microbiology, 155,
733– 740.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Ohtsubo, Y., Fujita, N., Nagata, Y., Tsuda, M., Iwasaki, T. and Hatta, T. (2013) Complete genome
sequence of Ralstonia pickettii DTP0602, a 2,4,6‐trichlorophenol degrader. Genome Announc. 1,
e00903– 13.
Crossref  | PubMed  | Google Scholar

Ozawa, H., Tanaka, H., Ichinose, Y., Shiraishi, T. and Yamada, T. (2001) Bacteriophage P4282, a
parasite of Ralstonia solanacearum, encodes a bacteriolytic protein important for lytic infection of
its host. Mol. Genet. Genomics, 265, 95– 101.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Paez‐Espino, D., Eloe‐Fadrosh, E.A., Pavlopoulos, G.A., Thomas, A.D., Huntemann, M., Mikhailova,
N., Rubin, E., Ivanova, N.N. and Kyrpides, N.C. (2016) Uncovering Earth’s virome. Nature, 536, 425–
430.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Pantůček, R., Rosypalová, A., Doškař, J., Kailerová, J., Růžičková, V., Borecká, P., Snopková, Š.,
Horváth, R., Goètz, F. and Rosypal, S. (2008) The polyvalent staphylococcal phage phi812: its host‐
range mutants and related phages. Virology, 246, 241– 252.
Crossref  | Web of Science®  | Google Scholar

Pieretti, I., Pesic, A., Petras, D., Royer, M., Süssmuth, R.D. and Cociancich, S. (2015) What makes
Xanthomonas albilineans unique amongst xanthomonads?Front. Plant Sci. 6, 1– 7.
Crossref  | Web of Science®  | Google Scholar

Pohlmann, A., Fricke, W.F., Reinecke, F., Kusian, B., Liesegang, H., Cramm, R., Eitinger, T., Ewering,
C., Pötter, M., Schwartz, E. and Strittmatter, A. (2006) Genome sequence of the bioplastic‐
producing “Knallgas” bacterium Ralstonia eutropha H16. Nat. Biotechnol. 24, 1257– 1262.
Crossref  | PubMed  | Web of Science®  | Google Scholar

Prior, P., Ailloud, F., Dalsing, B.L., Remenant, B., Sanchez, B. and Allen, C. (2016) Genomic and
proteomic evidence supporting the division of the plant pathogen Ralstonia solanacearum into
three species. BMC Genomics, 17, 90.
Crossref  | PubMed  | Web of Science®  | Google Scholar

https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1126%2Fscience.aad5147
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC28Xht1Oks7jJ
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=27493190
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000381560900031
http://scholar.google.com/scholar_lookup?hl=en&volume=353&publication_year=2016&pages=aad5147&journal=Science&author=P.+Mohanraju&author=K.S.+Makarova&author=B.+Zetsche&author=F.+Zhang&author=E.V.+Koonin&author=J.+Oost&title=Diverse+evolutionary+roots+and+mechanistic+variations+of+the+CRISPR%E2%80%90Cas+systems
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1099%2Fmic.0.023960-0
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD1MXjs1WksLo%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=19246744
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000264515100009
http://scholar.google.com/scholar_lookup?hl=en&volume=155&publication_year=2009&pages=733-740&journal=Microbiology&author=F.J.M.+Mojica&author=C.+D%C3%ADez%E2%80%90Villase%C3%B1or&author=J.+Garc%C3%ADa%E2%80%90Mart%C3%ADnez&author=C.+Almendros&title=Short+motif+sequences+determine+the+targets+of+the+prokaryotic+CRISPR+defence+system
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FgenomeA.00903-13
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=24179121
http://scholar.google.com/scholar_lookup?hl=en&volume=1&publication_year=2013&pages=e00903-13&journal=Genome+Announc.&author=Y.+Ohtsubo&author=N.+Fujita&author=Y.+Nagata&author=M.+Tsuda&author=T.+Iwasaki&author=T.+Hatta&title=Complete+genome+sequence+of+Ralstonia+pickettii+DTP0602%2C+a+2%2C4%2C6%E2%80%90trichlorophenol+degrader
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1007%2Fs004380000389
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD3MXjsVensr4%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=11370877
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000169644300012
http://scholar.google.com/scholar_lookup?hl=en&volume=265&publication_year=2001&pages=95-101&journal=Mol.+Genet.+Genomics&author=H.+Ozawa&author=H.+Tanaka&author=Y.+Ichinose&author=T.+Shiraishi&author=T.+Yamada&title=Bacteriophage+P4282%2C+a+parasite+of+Ralstonia+solanacearum%2C+encodes+a+bacteriolytic+protein+important+for+lytic+infection+of+its+host
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1038%2Fnature19094
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC28XhtlKmsbjI
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=27533034
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000382646600035
http://scholar.google.com/scholar_lookup?hl=en&volume=536&publication_year=2016&pages=425-430&journal=Nature&author=D.+Paez%E2%80%90Espino&author=E.A.+Eloe%E2%80%90Fadrosh&author=G.A.+Pavlopoulos&author=A.D.+Thomas&author=M.+Huntemann&author=N.+Mikhailova&author=E.+Rubin&author=N.N.+Ivanova&author=N.C.+Kyrpides&title=Uncovering+Earth%E2%80%99s+virome
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1006%2Fviro.1998.9203
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000074604900006
http://scholar.google.com/scholar_lookup?hl=en&volume=246&publication_year=2008&pages=241-252&journal=Virology&author=R.+Pant%C5%AF%C4%8Dek&author=A.+Rosypalov%C3%A1&author=J.+Do%C5%A1ka%C5%99&author=J.+Kailerov%C3%A1&author=V.+R%C5%AF%C5%BEi%C4%8Dkov%C3%A1&author=P.+Boreck%C3%A1&author=%C5%A0.+Snopkov%C3%A1&author=R.+Horv%C3%A1th&author=F.+Go%C3%A8tz&author=S.+Rosypal&title=The+polyvalent+staphylococcal+phage+phi812%3A+its+host%E2%80%90range+mutants+and+related+phages
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.3389%2Ffpls.2015.00289
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000356892300001
http://scholar.google.com/scholar_lookup?hl=en&volume=6&publication_year=2015&pages=1-7&journal=Front.+Plant+Sci.&author=I.+Pieretti&author=A.+Pesic&author=D.+Petras&author=M.+Royer&author=R.D.+S%C3%BCssmuth&author=S.+Cociancich&title=What+makes+Xanthomonas+albilineans+unique+amongst+xanthomonads%3F
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1038%2Fnbt1244
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=16964242
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000241191700029
http://scholar.google.com/scholar_lookup?hl=en&volume=24&publication_year=2006&pages=1257-1262&journal=Nat.+Biotechnol.&author=A.+Pohlmann&author=W.F.+Fricke&author=F.+Reinecke&author=B.+Kusian&author=H.+Liesegang&author=R.+Cramm&author=T.+Eitinger&author=C.+Ewering&author=M.+P%C3%B6tter&author=E.+Schwartz&author=A.+Strittmatter&title=Genome+sequence+of+the+bioplastic%E2%80%90producing+%E2%80%9CKnallgas%E2%80%9D+bacterium+Ralstonia+eutropha+H16
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1186%2Fs12864-016-2413-z
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=26830494
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000369215800004
http://scholar.google.com/scholar_lookup?hl=en&volume=17&publication_year=2016&pages=90&journal=BMC+Genomics%2C&author=P.+Prior&author=F.+Ailloud&author=B.L.+Dalsing&author=B.+Remenant&author=B.+Sanchez&author=C.+Allen&title=Genomic+and+proteomic+evidence+supporting+the+division+of+the+plant+pathogen+Ralstonia+solanacearum+into+three+species


Prior, P. and Fegan, M. (2005) Recent developments in the phylogeny and classification of Ralstonia
solanacearum. Acta Hortic. 695, 127– 136.
Crossref  | CAS  | Google Scholar

Prior, P. and Steva, H. (1990) Characteristics of strains of Pseudomonas solanacearum from the
French West Indies. Plant Dis. 74, 13– 17.
Crossref  | Web of Science®  | Google Scholar

Puigvert, M., Guarischi‐Sousa, R., Zuluaga, P., Coll, N.S., Macho, A.P., Setubal, J.C. and Valls, M.
(2017) Transcriptomes of Ralstonia solanacearum during root colonization of Solanum commersonii.
Front. Plant Sci. 8, 00370.
Crossref  | PubMed  | Web of Science®  | Google Scholar

Pul, Ü., Wurm, R., Arslan, Z., Geißen, R., Hofmann, N. and Wagner, R. (2010) Identification and
characterization of E. coli CRISPR‐cas promoters and their silencing by H‐NS. Mol. Microbiol. 75,
1495– 1512.
Wiley Online Library  | CAS  | PubMed  | Web of Science®  | Google Scholar

Ramesh, R., Gaitonde, S., Achari, G., Asolkar, T., Singh, N.P., Carrere, S., Genin, S. and Peeters, N.
(2014) Genome sequencing of Ralstonia solanacearum biovar 3, phylotype I, strains Rs‐09‐161 and
Rs‐10‐244, isolated from eggplant and chili in India. Genome Announc. 2, e00323– 14.
Crossref  | PubMed  | Google Scholar

Remenant, B., Babujee, L., Lajus, A., Medigue, C., Prior, P. and Allen, C. (2012) Sequencing of K60,
type strain of the major plant pathogen Ralstonia solanacearum. J. Bacteriol. 194, 2742– 2743.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Remenant, B., deCambiaire, J.C., Cellier, G., Jacobs, J.M., Mangenot, S., Barbe, V., Lajus, A., Vallenet,
D., Medigue, C., Fegan, M. and Allen, C. (2011) Ralstonia syzygii, the blood disease bacterium and
some Asian R. solanacearum strains form a single genomic species despite divergent lifestyles.
PLoS One, 6, 1– 10.
Crossref  | Web of Science®  | Google Scholar

Remenant, B., Coupat‐Goutaland, B., Guidot, A., Cellier, G., Wicker, E., Allen, C., Fegan, M., Pruvost,
O., Elbaz, M., Calteau, A. and Salvignol, G. (2010) Genomes of three tomato pathogens within the
Ralstonia solanacearum species complex reveal significant evolutionary divergence. BMC Genomics,
11, 379.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Richter, C. and Fineran, P.C. (2013) The subtype I‐F CRISPR–Cas system influences pathogenicity
island retention in Pectobacterium atrosepticum via crRNA generation and Csy complex formation.
Biochem. Soc. Trans. 41, 1468– 1474.

https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.17660%2FActaHortic.2005.695.14
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD28XislGhtLY%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=695&publication_year=2005&pages=127-136&journal=Acta+Hortic.&author=P.+Prior&author=M.+Fegan&title=Recent+developments+in+the+phylogeny+and+classification+of+Ralstonia+solanacearum
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1094%2FPD-74-0013
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=A1990CQ19700002
http://scholar.google.com/scholar_lookup?hl=en&volume=74&publication_year=1990&pages=13-17&journal=Plant+Dis.&author=P.+Prior&author=H.+Steva&title=Characteristics+of+strains+of+Pseudomonas+solanacearum+from+the+French+West+Indies
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.3389%2Ffpls.2017.00370
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=28373879
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000396760400001
http://scholar.google.com/scholar_lookup?hl=en&volume=8&publication_year=2017&pages=00370&journal=Front.+Plant+Sci.&author=M.+Puigvert&author=R.+Guarischi%E2%80%90Sousa&author=P.+Zuluaga&author=N.S.+Coll&author=A.P.+Macho&author=J.C.+Setubal&author=M.+Valls&title=Transcriptomes+of+Ralstonia+solanacearum+during+root+colonization+of+Solanum+commersonii
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2958.2010.07073.x
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC3cXktFKku7s%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=20132443
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000275396200013
http://scholar.google.com/scholar_lookup?hl=en&volume=75&publication_year=2010&pages=1495-1512&journal=Mol.+Microbiol.&author=%C3%9C.+Pul&author=R.+Wurm&author=Z.+Arslan&author=R.+Gei%C3%9Fen&author=N.+Hofmann&author=R.+Wagner&title=Identification+and+characterization+of+E.+coli+CRISPR%E2%80%90cas+promoters+and+their+silencing+by+H%E2%80%90NS
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FgenomeA.00323-14
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=24874667
http://scholar.google.com/scholar_lookup?hl=en&volume=2&publication_year=2014&pages=e00323-14&journal=Genome+Announc.&author=R.+Ramesh&author=S.+Gaitonde&author=G.+Achari&author=T.+Asolkar&author=N.P.+Singh&author=S.+Carrere&author=S.+Genin&author=N.+Peeters&title=Genome+sequencing+of+Ralstonia+solanacearum+biovar+3%2C+phylotype+I%2C+strains+Rs%E2%80%9009%E2%80%90161+and+Rs%E2%80%9010%E2%80%90244%2C+isolated+from+eggplant+and+chili+in+India
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FJB.00249-12
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC38XmslOnsb8%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=22535929
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000303693400037
http://scholar.google.com/scholar_lookup?hl=en&volume=194&publication_year=2012&pages=2742-2743&journal=J.+Bacteriol.&author=B.+Remenant&author=L.+Babujee&author=A.+Lajus&author=C.+Medigue&author=P.+Prior&author=C.+Allen&title=Sequencing+of+K60%2C+type+strain+of+the+major+plant+pathogen+Ralstonia+solanacearum
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1371%2Fjournal.pone.0024356
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000294802800040
http://scholar.google.com/scholar_lookup?hl=en&volume=6&publication_year=2011&pages=1-10&journal=PLoS+One&author=B.+Remenant&author=J.C.+deCambiaire&author=G.+Cellier&author=J.M.+Jacobs&author=S.+Mangenot&author=V.+Barbe&author=A.+Lajus&author=D.+Vallenet&author=C.+Medigue&author=M.+Fegan&author=C.+Allen&title=Ralstonia+syzygii%2C+the+blood+disease+bacterium+and+some+Asian+R.+solanacearum+strains+form+a+single+genomic+species+despite+divergent+lifestyles
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1186%2F1471-2164-11-379
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC3cXotV2gs7s%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=20550686
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000279869100004
http://scholar.google.com/scholar_lookup?hl=en&volume=11&publication_year=2010&pages=379&journal=BMC+Genomics%2C&author=B.+Remenant&author=B.+Coupat%E2%80%90Goutaland&author=A.+Guidot&author=G.+Cellier&author=E.+Wicker&author=C.+Allen&author=M.+Fegan&author=O.+Pruvost&author=M.+Elbaz&author=A.+Calteau&author=G.+Salvignol&title=Genomes+of+three+tomato+pathogens+within+the+Ralstonia+solanacearum+species+complex+reveal+significant+evolutionary+divergence


Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Rodriguez, A.M., Callahan, J.E., Fawcett, P., Ge, X., Xu, P. and Kitten, T. (2011) Physiological and
molecular characterization of genetic competence in Streptococcus sanguinis. Mol. Oral Microbiol.
26, 99– 116.
Wiley Online Library  | CAS  | PubMed  | Web of Science®  | Google Scholar

Rousseau, C., Gonnet, M., Romancer, M. Le and Nicolas, J. (2009) CRISPR interactive database.
Bioinformatics 25, 3317– 3318.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Safni, I., Cleenwerck, I., De Vos, P., Fegan, M., Sly, L. and Kappler, U. (2014) Polyphasic taxonomic
revision of the Ralstonia solanacearum species complex: proposal to emend the descriptions of
Ralstonia solanacearum and Ralstonia syzygii and reclassify current R. syzygii strains as Ralstonia
syzygii. Int. J. Syst. Evol. Microbiol. 64, 3087– 3103.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Salanoubat, M., Genin, S., Artiguenave, F., Gouzy, J., Mangenot, S., Arlat, M., Billault, A., Brottier, P.,
Camus, J.C., Cattolico, L. and Chandler, M. (2002) Genome sequence of the plant pathogen
Ralstonia solanacearum. Nature, 415, 497– 502.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Sambrook, J. and Russell, W.D. (2001) Molecular Cloning: A Laboratory Manual, 3rd edn. New York:
Cold Spring Harbor Laboratory Press.
Google Scholar

Samson, J.E., Magadán, A.H., Sabri, M. and Moineau, S. (2013) Revenge of the phages: defeating
bacterial defences. Nat. Rev. Microbiol. 11, 675– 687.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Semenova, E., Nagornykh, M., Pyatnitskiy, M., Artamonova, I.I. and Severinov, K. (2009) Analysis of
CRISPR system function in plant pathogen Xanthomonas oryzae. FEMS Microbiol. Lett. 296, 110– 116.
Wiley Online Library  | CAS  | PubMed  | Web of Science®  | Google Scholar

Shan, W., Yang, X., Ma, W., Yang, Y., Guo, X., Guo, J., Zheng, H., Li, G. and Xie, B. (2013) Draft
genome sequence of Ralstonia solanacearum Race 4 Biovar 4 Strain SD54. Genome Announc. 1,
e00890– 13.
Crossref  | PubMed  | Google Scholar

Shariat, N., Timme, R.E., Pettengill, J.B., Barrangou, R. and Dudley, E.G. (2015) Characterization and
evolution of Salmonella CRISPR‐Cas systems. Microbiology, 161, 374– 386.
Crossref  | CAS  | Web of Science®  | Google Scholar

https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1042%2FBST20130151
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC3sXhvVSmtLnF
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=24256239
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000328282700018
http://scholar.google.com/scholar_lookup?hl=en&volume=41&publication_year=2013&pages=1468-1474&journal=Biochem.+Soc.+Trans.&author=C.+Richter&author=P.C.+Fineran&title=The+subtype+I%E2%80%90F+CRISPR%E2%80%93Cas+system+influences+pathogenicity+island+retention+in+Pectobacterium+atrosepticum+via+crRNA+generation+and+Csy+complex+formation
https://onlinelibrary.wiley.com/doi/10.1111/j.2041-1014.2011.00606.x
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC3MXltVKitLg%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=21375701
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000288843600002
http://scholar.google.com/scholar_lookup?hl=en&volume=26&publication_year=2011&pages=99-116&journal=Mol.+Oral+Microbiol.&author=A.M.+Rodriguez&author=J.E.+Callahan&author=P.+Fawcett&author=X.+Ge&author=P.+Xu&author=T.+Kitten&title=Physiological+and+molecular+characterization+of+genetic+competence+in+Streptococcus+sanguinis
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1093%2Fbioinformatics%2Fbtp586
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD1MXhsFart73M
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=19846435
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000272464000016
http://scholar.google.com/scholar_lookup?hl=en&volume=25&publication_year=2009&pages=3317-3318&journal=Bioinformatics&author=C.+Rousseau&author=M.+Gonnet&author=M.+Le+Romancer&author=J.+Nicolas&title=CRISPR+interactive+database
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1099%2Fijs.0.066712-0
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC2cXitVGktb7F
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=24944341
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000344912300026
http://scholar.google.com/scholar_lookup?hl=en&volume=64&publication_year=2014&pages=3087-3103&journal=Int.+J.+Syst.+Evol.+Microbiol.&author=I.+Safni&author=I.+Cleenwerck&author=P.+De+Vos&author=M.+Fegan&author=L.+Sly&author=U.+Kappler&title=Polyphasic+taxonomic+revision+of+the+Ralstonia+solanacearum+species+complex%3A+proposal+to+emend+the+descriptions+of+Ralstonia+solanacearum+and+Ralstonia+syzygii+and+reclassify+current+R.+syzygii+strains+as+Ralstonia+syzygii
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1038%2F415497a
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD38Xht1GisL0%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=11823852
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000173564300038
http://scholar.google.com/scholar_lookup?hl=en&volume=415&publication_year=2002&pages=497-502&journal=Nature&author=M.+Salanoubat&author=S.+Genin&author=F.+Artiguenave&author=J.+Gouzy&author=S.+Mangenot&author=M.+Arlat&author=A.+Billault&author=P.+Brottier&author=J.C.+Camus&author=L.+Cattolico&author=M.+Chandler&title=Genome+sequence+of+the+plant+pathogen+Ralstonia+solanacearum
http://scholar.google.com/scholar_lookup?hl=en&publication_year=2001&author=J.+Sambrook&author=W.D.+Russell&title=Molecular+Cloning%3A+A+Laboratory+Manual
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1038%2Fnrmicro3096
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC3sXhtlalu77L
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=23979432
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000324649000014
http://scholar.google.com/scholar_lookup?hl=en&volume=11&publication_year=2013&pages=675-687&journal=Nat.+Rev.+Microbiol.&author=J.E.+Samson&author=A.H.+Magad%C3%A1n&author=M.+Sabri&author=S.+Moineau&title=Revenge+of+the+phages%3A+defeating+bacterial+defences
https://onlinelibrary.wiley.com/doi/10.1111/j.1574-6968.2009.01626.x
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD1MXnslGntrk%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=19459963
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000266597300017
http://scholar.google.com/scholar_lookup?hl=en&volume=296&publication_year=2009&pages=110-116&journal=FEMS+Microbiol.+Lett.&author=E.+Semenova&author=M.+Nagornykh&author=M.+Pyatnitskiy&author=I.I.+Artamonova&author=K.+Severinov&title=Analysis+of+CRISPR+system+function+in+plant+pathogen+Xanthomonas+oryzae
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FgenomeA.00890-13
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=24356823
http://scholar.google.com/scholar_lookup?hl=en&volume=1&publication_year=2013&pages=e00890-13&journal=Genome+Announc.&author=W.+Shan&author=X.+Yang&author=W.+Ma&author=Y.+Yang&author=X.+Guo&author=J.+Guo&author=H.+Zheng&author=G.+Li&author=B.+Xie&title=Draft+genome+sequence+of+Ralstonia+solanacearum+Race+4+Biovar+4+Strain+SD54
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1099%2Fmic.0.000005
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC2MXhtFaqsrzM
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000356647800014
http://scholar.google.com/scholar_lookup?hl=en&volume=161&publication_year=2015&pages=374-386&journal=Microbiology&author=N.+Shariat&author=R.E.+Timme&author=J.B.+Pettengill&author=R.+Barrangou&author=E.G.+Dudley&title=Characterization+and+evolution+of+Salmonella+CRISPR%E2%80%90Cas+systems


She, X., Tang, Y., He, Z. and Lan, G. (2015) Genome sequencing of Ralstonia solanacearum race 4,
biovar 4, and phylotype I, strain YC45, isolated from Rhizoma kaempferiae in southern China.
Genome Announc. 3, e01110– 15.
Crossref  | PubMed  | Google Scholar

Sheikh, A., Charles, R.C., Sharmeen, N., et al. (2011) In vivo expression of Salmonella enterica
serotype Typhi genes in the blood of patients with typhoid fever in Bangladesh. PLoS Negl. Trop.
Dis. 5, e1419.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Silas, S., Mohr, G., Sidote, D.J., Markham, L.M., Sanchez‐Amat, A., Bhaya, D., Lambowitz, A.M. and
Fire, A.Z. (2016) Direct CRISPR spacer acquisition from RNA by a natural reverse transcriptase‐Cas1
fusion protein. Science, 351, aad4234.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Simmonds, P., Adams, M.J., Benkő, M., Breitbart, M., Brister, J.R., Carstens, E.B., Davison, A.J.,
Delwart, E., Gorbalenya, A.E., Harrach, B. and Hull, R. (2017) Virus taxonomy in the age of
metagenomics. Nat. Rev. Microbiol. 15, 161– 168.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Skennerton, C.T., Angly, F.E., Breitbart, M., Bragg, L., He, S., McMahon, K.D., Hugenholtz, P. and
Tyson, G.W. (2011) Phage encoded H‐NS: a potential Achilles heel in the bacterial defence system.
PLoS One, 6, e20095.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Stoebel, D.M., Free, A. and Dorman, C.J. (2008) Anti‐silencing: overcoming H‐NS‐mediated
repression of transcription in Gram‐negative enteric bacteria. Microbiology, 154, 2533– 2545.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Stothard, P. (2000) The sequence manipulation suite: JavaScript programs for analyzing and
formatting protein and DNA sequences. Biotechniques, 28, 1102– 1104.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Su, J., Sun, H., Liu, J., Guo, Z., Fan, G., Gu, G. and Wang, G. (2017) Complete genome sequence of a
novel lytic bacteriophage isolated from Ralstonia solanacearum. Arch. Virol. 162, 3919– 3923.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Suzuki, M., Nishio, H., Asagoe, K., Kida, K., Suzuki, S., Matsui, M. and Shibayama, K. (2015) Genome
sequence of a carbapenem‐resistant strain of Ralstonia mannitolilytica. Genome Announc. 3,
e00405– 15.
Crossref  | PubMed  | Google Scholar

https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FgenomeA.01110-15
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=26430032
http://scholar.google.com/scholar_lookup?hl=en&volume=3&publication_year=2015&pages=e01110-15&journal=Genome+Announc.&author=X.+She&author=Y.+Tang&author=Z.+He&author=G.+Lan&title=Genome+sequencing+of+Ralstonia+solanacearum+race+4%2C+biovar+4%2C+and+phylotype+I%2C+strain+YC45%2C+isolated+from+Rhizoma+kaempferiae+in+southern+China
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1371%2Fjournal.pntd.0001419
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC38XhsFWjug%253D%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=22180799
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000298667700024
http://scholar.google.com/scholar_lookup?hl=en&volume=5&publication_year=2011&pages=e1419&journal=PLoS+Negl.+Trop.+Dis.&author=A.+Sheikh&author=R.C.+Charles&author=N.+Sharmeen&title=In+vivo+expression+of+Salmonella+enterica+serotype+Typhi+genes+in+the+blood+of+patients+with+typhoid+fever+in+Bangladesh
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1126%2Fscience.aad4234
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC28XivFOntb0%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=26917774
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000370821400031
http://scholar.google.com/scholar_lookup?hl=en&volume=351&publication_year=2016&pages=aad4234&journal=Science&author=S.+Silas&author=G.+Mohr&author=D.J.+Sidote&author=L.M.+Markham&author=A.+Sanchez%E2%80%90Amat&author=D.+Bhaya&author=A.M.+Lambowitz&author=A.Z.+Fire&title=Direct+CRISPR+spacer+acquisition+from+RNA+by+a+natural+reverse+transcriptase%E2%80%90Cas1+fusion+protein
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1038%2Fnrmicro.2016.177
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC2sXislehuw%253D%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=28134265
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000394281600010
http://scholar.google.com/scholar_lookup?hl=en&volume=15&publication_year=2017&pages=161-168&journal=Nat.+Rev.+Microbiol.&author=P.+Simmonds&author=M.J.+Adams&author=M.+Benk%C5%91&author=M.+Breitbart&author=J.R.+Brister&author=E.B.+Carstens&author=A.J.+Davison&author=E.+Delwart&author=A.E.+Gorbalenya&author=B.+Harrach&author=R.+Hull&title=Virus+taxonomy+in+the+age+of+metagenomics
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1371%2Fjournal.pone.0020095
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC3MXms1Wjtbk%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=21625595
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000290720200063
http://scholar.google.com/scholar_lookup?hl=en&volume=6&publication_year=2011&pages=e20095&journal=PLoS+One&author=C.T.+Skennerton&author=F.E.+Angly&author=M.+Breitbart&author=L.+Bragg&author=S.+He&author=K.D.+McMahon&author=P.+Hugenholtz&author=G.W.+Tyson&title=Phage+encoded+H%E2%80%90NS%3A+a+potential+Achilles+heel+in+the+bacterial+defence+system
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1099%2Fmic.0.2008%2F020693-0
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD1cXhtF2gtbzN
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=18757787
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000259423000001
http://scholar.google.com/scholar_lookup?hl=en&volume=154&publication_year=2008&pages=2533-2545&journal=Microbiology&author=D.M.+Stoebel&author=A.+Free&author=C.J.+Dorman&title=Anti%E2%80%90silencing%3A+overcoming+H%E2%80%90NS%E2%80%90mediated+repression+of+transcription+in+Gram%E2%80%90negative+enteric+bacteria
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.2144%2F00286ir01
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD3cXktF2ks7w%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=10868275
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000087565400009
http://scholar.google.com/scholar_lookup?hl=en&volume=28&publication_year=2000&pages=1102-1104&journal=Biotechniques&author=P.+Stothard&title=The+sequence+manipulation+suite%3A+JavaScript+programs+for+analyzing+and+formatting+protein+and+DNA+sequences
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1007%2Fs00705-017-3555-2
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC2sXhsFantrvL
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=28929273
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000414448700039
http://scholar.google.com/scholar_lookup?hl=en&volume=162&publication_year=2017&pages=3919-3923&journal=Arch.+Virol.&author=J.+Su&author=H.+Sun&author=J.+Liu&author=Z.+Guo&author=G.+Fan&author=G.+Gu&author=G.+Wang&title=Complete+genome+sequence+of+a+novel+lytic+bacteriophage+isolated+from+Ralstonia+solanacearum
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FgenomeA.00405-15
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=25953190
http://scholar.google.com/scholar_lookup?hl=en&volume=3&publication_year=2015&pages=e00405-15&journal=Genome+Announc.&author=M.+Suzuki&author=H.+Nishio&author=K.+Asagoe&author=K.+Kida&author=S.+Suzuki&author=M.+Matsui&author=K.+Shibayama&title=Genome+sequence+of+a+carbapenem%E2%80%90resistant+strain+of+Ralstonia+mannitolilytica


Swarts, D.C., Mosterd, C., Passel, M.W.J.Van and Brouns, S.J.J. (2012) CRISPR interference directs
strand specific spacer acquisition. PLoS One 7, e35888.
Crossref  | CAS  | Web of Science®  | Google Scholar

Tancos, K.A. and Cox, K.D. (2016) Exploring diversity and origins of streptomycin‐resistant Erwinia
amylovora isolates in New York through CRISPR spacer arrays. Plant Dis. 100, 1307– 1313.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Toyoda, H., Kakutani, K., Ikeda, S., Goto, S., Tanaka, H. and Ouchi, S. (1991) Characterization of
deoxyribonucleic acid of virulent bacteriophage and its infectivity to host bacteria, Pseudomonas
solanacearum. J. Phytopathol. 131, 11– 21.
Wiley Online Library  | CAS  | Web of Science®  | Google Scholar

Tyson, G.W. and Banfield, J.F. (2008) Rapidly evolving CRISPRs implicated in acquired resistance of
microorganisms to viruses. Environ. Microbiol. 10, 200– 207.
Wiley Online Library  | CAS  | PubMed  | Web of Science®  | Google Scholar

VanTruong Thi, B., Pham Khanh, N.H., Namikawa, R., Miki, K., Kondo, A., Dang Thi, P.T. and Kamei,
K. (2016) Genomic characterization of Ralstonia solanacearum phage ϕRS138 of the family
Siphoviridae. Arch. Virol. 161, 483– 486.
Crossref  | PubMed  | Web of Science®  | Google Scholar

Weibel, J., Tran, T.M., Bocsanczy, A.M., Daughtrey, M., Norman, D.J., Mejia, L. and Allen, C. (2016) A
Ralstonia solanacearum strain from Guatemala infects diverse flower crops, including new
asymptomatic hosts vinca and sutera, and causes symptoms in geranium, mandevilla vine, and
new host African daisy (Osteospermum ecklonis). Plant Heal. Prog. 17, 114– 121.
Crossref  | Google Scholar

Westra, E.R., Buckling, A. and Fineran, P.C. (2014) CRISPR‐Cas systems: beyond adaptive immunity.
Nat. Rev. Microbiol. 12, 317– 326.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Westra, E.R., Pul, Ü., Heidrich, N., Jore, M.M., Lundgren, M., Stratmann, T., Wurm, R., Raine, A.,
Mescher, M., VanHeereveld, L. and Mastop, M. (2010) H‐NS‐mediated repression of CRISPR‐based
immunity in E. coli K12 can be relieved by the transcription activator LeuO. Mol. Microbiol. 77, 1380–
1393.
Wiley Online Library  | CAS  | PubMed  | Web of Science®  | Google Scholar

Westra, E.R., Semenova, E., Datsenko, K.A., Jackson, R.N., Wiedenheft, B., Severinov, K. and Brouns,
S.J.J. (2013) Type I‐E CRISPR‐Cas systems discriminate target from non‐target DNA through base
pairing‐independent PAM recognition. PLOS Genetics, 9, e1003742.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1371%2Fjournal.pone.0035888
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC38XmvFOntr4%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000305336000076
http://scholar.google.com/scholar_lookup?hl=en&volume=7&publication_year=2012&pages=e35888&journal=PLoS+One&author=D.C.+Swarts&author=C.+Mosterd&author=M.W.J.Van+Passel&author=S.J.J.+Brouns&title=CRISPR+interference+directs+strand+specific+spacer+acquisition
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1094%2FPDIS-01-16-0088-RE
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC2sXhsVOnur3J
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=30686185
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000377641400006
http://scholar.google.com/scholar_lookup?hl=en&volume=100&publication_year=2016&pages=1307-1313&journal=Plant+Dis.&author=K.A.+Tancos&author=K.D.+Cox&title=Exploring+diversity+and+origins+of+streptomycin%E2%80%90resistant+Erwinia+amylovora+isolates+in+New+York+through+CRISPR+spacer+arrays
https://onlinelibrary.wiley.com/doi/10.1111/j.1439-0434.1991.tb04566.x
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADyaK3MXmtVars7g%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=A1991FL22400002
http://scholar.google.com/scholar_lookup?hl=en&volume=131&publication_year=1991&pages=11-21&journal=J.+Phytopathol.&author=H.+Toyoda&author=K.+Kakutani&author=S.+Ikeda&author=S.+Goto&author=H.+Tanaka&author=S.+Ouchi&title=Characterization+of+deoxyribonucleic+acid+of+virulent+bacteriophage+and+its+infectivity+to+host+bacteria%2C+Pseudomonas+solanacearum
https://sfamjournals.onlinelibrary.wiley.com/doi/10.1111/j.1462-2920.2007.01444.x
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BD1cXisFCgu7c%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=17894817
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000252443000018
http://scholar.google.com/scholar_lookup?hl=en&volume=10&publication_year=2008&pages=200-207&journal=Environ.+Microbiol.&author=G.W.+Tyson&author=J.F.+Banfield&title=Rapidly+evolving+CRISPRs+implicated+in+acquired+resistance+of+microorganisms+to+viruses
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1007%2Fs00705-015-2654-1
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=26526151
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000368710100028
http://scholar.google.com/scholar_lookup?hl=en&volume=161&publication_year=2016&pages=483-486.&journal=Arch.+Virol.&author=B.+Truong+Thi&author=N.H.+Pham+Khanh&author=R.+Namikawa&author=K.+Miki&author=A.+Kondo&author=P.T.+Dang+Thi&author=K.+Kamei&title=Genomic+characterization+of+Ralstonia+solanacearum+phage+%CF%95RS138+of+the+family+Siphoviridae
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1094%2FPHP-RS-16-0001
http://scholar.google.com/scholar_lookup?hl=en&volume=17&publication_year=2016&pages=114-121&journal=Plant+Heal.+Prog.&author=J.+Weibel&author=T.M.+Tran&author=A.M.+Bocsanczy&author=M.+Daughtrey&author=D.J.+Norman&author=L.+Mejia&author=C.+Allen&title=A+Ralstonia+solanacearum+strain+from+Guatemala+infects+diverse+flower+crops%2C+including+new+asymptomatic+hosts+vinca+and+sutera%2C+and+causes+symptoms+in+geranium%2C+mandevilla+vine%2C+and+new+host+African+daisy+%28Osteospermum+ecklonis%29
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1038%2Fnrmicro3241
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC2cXls1Kjt7k%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=24704746
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000334846500009
http://scholar.google.com/scholar_lookup?hl=en&volume=12&publication_year=2014&pages=317-326&journal=Nat.+Rev.+Microbiol.&author=E.R.+Westra&author=A.+Buckling&author=P.C.+Fineran&title=CRISPR%E2%80%90Cas+systems%3A+beyond+adaptive+immunity
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2958.2010.07315.x
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC3cXht1KisrnL
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=20659289
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000281831400006
http://scholar.google.com/scholar_lookup?hl=en&volume=77&publication_year=2010&pages=1380-1393&journal=Mol.+Microbiol.&author=E.R.+Westra&author=%C3%9C.+Pul&author=N.+Heidrich&author=M.M.+Jore&author=M.+Lundgren&author=T.+Stratmann&author=R.+Wurm&author=A.+Raine&author=M.+Mescher&author=L.+VanHeereveld&author=M.+Mastop&title=H%E2%80%90NS%E2%80%90mediated+repression+of+CRISPR%E2%80%90based+immunity+in+E.+coli+K12+can+be+relieved+by+the+transcription+activator+LeuO
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1371%2Fjournal.pgen.1003742
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC3sXhsFOnt73O
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=24039596
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000325076600015
http://scholar.google.com/scholar_lookup?hl=en&volume=9&publication_year=2013&pages=e1003742&journal=PLOS+Genetics&author=E.R.+Westra&author=E.+Semenova&author=K.A.+Datsenko&author=R.N.+Jackson&author=B.+Wiedenheft&author=K.+Severinov&author=S.J.J.+Brouns&title=Type+I%E2%80%90E+CRISPR%E2%80%90Cas+systems+discriminate+target+from+non%E2%80%90target+DNA+through+base+pairing%E2%80%90independent+PAM+recognition


Wicker, E., Lefeuvre, P., de Cambiaire, J. and Lemaire, C. (2012) Contrasting recombination
patterns and demographic histories of the plant pathogen Ralstonia solanacearum inferred from
MLSA. ISME J. 961– 974.
Crossref  | PubMed  | Web of Science®  | Google Scholar

Wright, A.V., Nuñez, J.K. and Doudna, J.A. (2016) Biology and applications of CRISPR systems:
harnessing nature’s toolbox for genome engineering. Cell, 164, 29– 44.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Xavier, A.S., Silva, F.P., Vidigal, P.M.P., Lima, T.T.M., Souza, F.O., and Alfenas-Zerbini, P. (2018)
Genomic and biological characterization of a new member of the genus Phikmvvirus infecting
phytopathogenic Ralstonia bacteria. Arch. Virol. Available at 
http://dx.doi.org/10.1007/s00705-018-4006-4 .
PubMed  | Web of Science®  | Google Scholar

Xu, J., Zheng, H.‐J., Liu, L., Pan, Z.‐C., Prior, P., Tang, B., Xu, J.‐S., Zhang, H., Tian, Q., Zhang, L.‐Q. and
Feng, J. (2011) Complete genome sequence of the plant pathogen Ralstonia solanacearum strain
Po82. J. Bacteriol. 193, 4261– 4262.
Crossref  | CAS  | PubMed  | Web of Science®  | Google Scholar

Xu Hua Fu, B., Wainberg, M., Kundaje, A. and Fire, A.Z. (2017) High‐throughput characterization of
cascade type I‐E CRISPR guide efficacy reveals unexpected PAM diversity and target sequence
preferences. Genetics, 206, 1727– 1738.
Crossref  | PubMed  | Web of Science®  | Google Scholar

Yamada, T. (2012) Bacteriophages of Ralstonia solanacearum: their diversity and utilization as
biocontrol agents in agriculture. In: Bacteriophages ( I. Kurtboke, ed.), pp. 113– 138. InTech .
Crossref  | Google Scholar

Yosef, I., Shitrit, D., Goren, M.G., Burstein, D., Pupko, T. and Qimron, U. (2013) DNA motifs
determining the efficiency of adaptation into the E. coli CRISPR array. Proc. Natl. Acad. Sci. 110, 14
396– 14 401.
Crossref  | CAS  | Web of Science®  | Google Scholar

Yuan, K.X., Cullis, J., Lévesque, C.A., Tambong, J., Chen, W., Lewis, C.T., Boer, S.H. De and Li, X.S.
(2015) Draft genome sequences of Ralstonia solanacearum Race 3 Biovar 2 strains with different
temperature adaptations. Genome Announc. 3, e00815– 15.
Crossref  | PubMed  | Google Scholar

Zhang, Y. and Qiu, S. (2016) Phylogenomic analysis of the genus Ralstonia based on 686 single‐
copy genes. Antonie Van Leeuwenhoek, 109, 71– 82.
Crossref  | PubMed  | Web of Science®  | Google Scholar

https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1038%2Fismej.2011.160
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=22094345
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000302950700006
http://scholar.google.com/scholar_lookup?hl=en&publication_year=2012&pages=961-974&journal=ISME+J.&author=E.+Wicker&author=P.+Lefeuvre&author=J.+de+Cambiaire&author=C.+Lemaire&title=Contrasting+recombination+patterns+and+demographic+histories+of+the+plant+pathogen+Ralstonia+solanacearum+inferred+from+MLSA
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1016%2Fj.cell.2015.12.035
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC28XhtFShsbw%253D
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=26771484
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000368339300007
http://scholar.google.com/scholar_lookup?hl=en&volume=164&publication_year=2016&pages=29-44&journal=Cell&author=A.V.+Wright&author=J.K.+Nu%C3%B1ez&author=J.A.+Doudna&title=Biology+and+applications+of+CRISPR+systems%3A+harnessing+nature%E2%80%99s+toolbox+for+genome+engineering
http://dx.doi.org/10.1007/s00705-018-4006-4
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=30032448
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000447087800029
http://scholar.google.com/scholar_lookup?hl=en&publication_year=2018&journal=Arch.+Virol.&author=A.S.+Xavier&author=F.P.+Silva&author=P.M.P.+Vidigal&author=T.T.M.+Lima&author=F.O.+Souza&author=P.+Alfenas-Zerbini&title=Genomic+and+biological+characterization+of+a+new+member+of+the+genus+Phikmvvirus+infecting+phytopathogenic+Ralstonia+bacteria
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FJB.05384-11
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC3MXhtVeisLjK
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=21685279
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000293222600027
http://scholar.google.com/scholar_lookup?hl=en&volume=193&publication_year=2011&pages=4261-4262&journal=J.+Bacteriol.&author=J.+Xu&author=H.%E2%80%90J.+Zheng&author=L.+Liu&author=Z.%E2%80%90C.+Pan&author=P.+Prior&author=B.+Tang&author=J.%E2%80%90S.+Xu&author=H.+Zhang&author=Q.+Tian&author=L.%E2%80%90Q.+Zhang&author=J.+Feng&title=Complete+genome+sequence+of+the+plant+pathogen+Ralstonia+solanacearum+strain+Po82
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1534%2Fgenetics.117.202580
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=28634160
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000406952400002
http://scholar.google.com/scholar_lookup?hl=en&volume=206&publication_year=2017&pages=1727-1738&journal=Genetics&author=B.+Xu+Hua+Fu&author=M.+Wainberg&author=A.+Kundaje&author=A.Z.+Fire&title=High%E2%80%90throughput+characterization+of+cascade+type+I%E2%80%90E+CRISPR+guide+efficacy+reveals+unexpected+PAM+diversity+and+target+sequence+preferences
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.5772%2F33983
http://scholar.google.com/scholar_lookup?hl=en&publication_year=2012&pages=113+.-138&author=T.+Yamada&title=Bacteriophages
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1073%2Fpnas.1300108110
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=32&doi=10.1111%2Fmpp.12750&key=1%3ACAS%3A528%3ADC%252BC3sXhsVCgt77P
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000323564600066
http://scholar.google.com/scholar_lookup?hl=en&volume=110&publication_year=2013&pages=14+396-14+401&journal=Proc.+Natl.+Acad.+Sci.&author=I.+Yosef&author=D.+Shitrit&author=M.G.+Goren&author=D.+Burstein&author=T.+Pupko&author=U.+Qimron&title=DNA+motifs+determining+the+efficiency+of+adaptation+into+the+E.+coli+CRISPR+array
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FgenomeA.00815-15
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=26272559
http://scholar.google.com/scholar_lookup?hl=en&volume=3&publication_year=2015&pages=e00815-15&journal=Genome+Announc.&author=K.X.+Yuan&author=J.+Cullis&author=C.A.+L%C3%A9vesque&author=J.+Tambong&author=W.+Chen&author=C.T.+Lewis&author=S.H.+De+Boer&author=X.S.+Li&title=Draft+genome+sequences+of+Ralstonia+solanacearum+Race+3+Biovar+2+strains+with+different+temperature+adaptations
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1007%2Fs10482-015-0610-4
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=26494208
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.1111%2Fmpp.12750&key=000368018200007
http://scholar.google.com/scholar_lookup?hl=en&volume=109&publication_year=2016&pages=71-82&journal=Antonie+Van+Leeuwenhoek&author=Y.+Zhang&author=S.+Qiu&title=Phylogenomic+analysis+of+the+genus+Ralstonia+based+on+686+single%E2%80%90copy+genes


Zou, C., Wang, K., Meng, J., Yuan, G., Lin, W., Peng, H. and Li, Q. (2016) Draft genome sequence of
Ralstonia solanacearum strain Rs‐T02, which represents the most prevalent phylotype in Guangxi,
China. Genome Announc. 4, e00241– 16.
Crossref  | PubMed  | Google Scholar

About Wiley Online Library

Privacy Policy
Terms of Use

Cookies
Accessibility

Help & Support

Contact Us

Opportunities

Subscription Agents
Advertisers & Corporate Partners

Connect with Wiley

The Wiley Network

© 2020 British Society for Plant Pathology

https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=16&doi=10.1111%2Fmpp.12750&key=10.1128%2FgenomeA.00241-16
https://bsppjournals.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=8&doi=10.1111%2Fmpp.12750&key=27081126
http://scholar.google.com/scholar_lookup?hl=en&volume=4&publication_year=2016&pages=e00241-16&journal=Genome+Announc.&author=C.+Zou&author=K.+Wang&author=J.+Meng&author=G.+Yuan&author=W.+Lin&author=H.+Peng&author=Q.+Li&title=Draft+genome+sequence+of+Ralstonia+solanacearum+strain+Rs%E2%80%90T02%2C+which+represents+the+most+prevalent+phylotype+in+Guangxi%2C+China
https://www.wiley.com/privacy
https://onlinelibrary.wiley.com/terms-and-conditions
https://onlinelibrary.wiley.com/cookies
https://onlinelibrary.wiley.com/accessibility
https://hub.wiley.com/community/support/onlinelibrary
https://onlinelibrary.wiley.com/agents
https://onlinelibrary.wiley.com/advertisers
https://hub.wiley.com/community/exchanges/


 

Wiley Press Room

Copyright © 1999-2020 John Wiley & Sons, Inc. All rights reserved

http://newsroom.wiley.com/
http://www.wiley.com/
http://www.wiley.com/

