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Abstract
Background: Xanthomonas citri pv. fuscans (Xcf) and Xanthomonas phaseoli pv. pha-
seoli (Xpp) are the causal agents of common bacterial blight of bean (CBB), an impor-
tant disease worldwide that remains difficult to control. These pathogens belong to 
distinct species within the Xanthomonas genus and have undergone a dynamic evolu-
tionary history including the horizontal transfer of genes encoding factors probably 
involved in adaptation to and pathogenicity on common bean. Seed transmission is a 
key point of the CBB disease cycle, favouring both vertical transmission of the patho-
gen and worldwide distribution of the disease through global seed trade.
Taxonomy: Kingdom: Bacteria; phylum: Proteobacteria; class: Gammaproteobacteria; 
order: Lysobacterales (also known as Xanthomonadales); family: Lysobacteraceae (also 
known as Xanthomonadaceae); genus: Xanthomonas; species: X. citri pv. fuscans and X. 
phaseoli pv. phaseoli (Xcf- Xpp).
Host range: The main host of Xcf- Xpp is the common bean (Phaseolus vulgaris). Lima 
bean (Phaseolus lunatus) and members of the Vigna genus (Vigna aconitifolia, Vigna 
angularis, Vigna mungo, Vigna radiata, and Vigna umbellata) are also natural hosts of 
Xcf- Xpp. Natural occurrence of Xcf- Xpp has been reported for a handful of other 
legumes such as Calopogonium sp., Pueraria sp., pea (Pisum sativum), Lablab purpureus, 
Macroptilium lathyroides, and Strophostyles helvola. There are conflicting reports con-
cerning the natural occurrence of CBB agents on tepary bean (Phaseolus acutifolius) 
and cowpea (Vigna unguiculata subsp. unguiculata).
Symptoms: CBB symptoms occur on all aerial parts of beans, that is, seedlings, leaves, 
stems, pods, and seeds. Symptoms initially appear as water- soaked spots evolving 
into necrosis on leaves, pustules on pods, and cankers on twigs. In severe infections, 
defoliation and wilting may occur.
Distribution: CBB is distributed worldwide, meaning that it is frequently encountered 
in most places where bean is cultivated in the Americas, Asia, Africa, and Oceania, ex-
cept for arid tropical areas. Xcf- Xpp are regulated nonquarantine pathogens in Europe 
and are listed in the A2 list by the European and Mediterranean Plant Protection 
Organization (EPPO).
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1  | HISTORY AND TA XONOMY

Common bacterial blight of bean (CBB) was first described in 1893, 
and the causal agent was isolated, identified, and named Bacillus 
phaseoli by Smith in 1897 (Zaumeyer, 1930). Variant strains isolated 
by Burkholder from beans grown in Switzerland in 1924 produced 
a brown pigment on tyrosine- containing medium and were thus 
described as fuscous strains. This brown pigment results from the 
secretion and subsequent oxidation of homogentisic acid (Goodwin 
& Sopher, 1994), possibly due to a single- nucleotide deletion that 
led to pseudogenization of the hmgA gene encoding a homogenti-
sate oxygenase in the fuscous variants (Aritua et al., 2015; Darrasse 
et al., 2013). Following the description of the genus Xanthomonas 
by Dowson in 1939 to gather gram- negative rods that are motile 
by the means of a single polar flagellum and that form yellow mu-
coid colonies, the bacteria causing CBB were renamed Xanthomonas 
phaseoli (Corey & Starr, 1957). Following revisions of the taxon-
omy, the fuscous and nonfuscous strains were grouped under the 
name Xanthomonas campestris pv. phaseoli (Dye et al., 1980). Then, 
an overhaul of the genus transfered this pathovar into the species 
Xanthomonas axonopodis as X. axonopodis pv. phaseoli (Vauterin 
et al., 1995). Molecular divergence between fuscous and nonfuscous 
strains has long been reported (Birch et al., 1997; Chan & Goodwin, 
1999; El- Sharkawy & Huisingh, 1971; Lazo et al., 1987), but it was 
not until 2005 that a taxonomic distinction between the two was 
proposed. First, repetitive element polymerase chain reaction (rep- 
PCR) analyses led to splitting X. axonopodis into six rep- PCR groups 
(9.1 to 9.6), with fuscous strains belonging to group 9.6 while nonfus-
cous strains belonged to group 9.4 (Rademaker et al., 2005). Then, 
using a combination of DNA/DNA reassociation, intergenic spacer 
sequences, and phenotypic traits, Schaad et al. (2005) proposed to 
reallocate the fuscous strains into a new species– subspecies com-
bination, namely Xanthomonas fuscans subsp. fuscans, while the 

nonfuscous strains conserved the name X. axonopodis pv. phaseoli. 
Amplified fragment length polymorphism (AFLP) analysis, rep- PCR, 
and multilocus sequence analysis (MLSA) led to the description of 
three genetic lineages (GL1, GL2, and GL3) for X. axonopodis pv. 
phaseoli (Alavi et al., 2008; Mhedbi- Hajri et al., 2013; Mkandawire 
et al., 2004), which was problematic because lineages GL2 and GL3 
grouped with X. fuscans subsp. fuscans within rep- PCR group 9.6, 
while GL1 was phylogenetically distant from the others. On the 
basis of a polyphasic analysis, Constantin et al. (2016) proposed a 
phylogenetically coherent revision of the species X. axonopodis that 
led to reallocation of existing pathovars into four species (X. citri, 
X. phaseoli, X. euvesicatoria, and X. axonopodis). Consequently, the 
four lineages of bacterial pathogens responsible for CBB are cur-
rently distributed across two species within the Xanthomonas genus 
(Figure 1a). Lineage GL1 corresponds to X. phaseoli pv. phaseoli (Xpp), 
while the other three lineages (GL2, GL3, and fuscans) form X. citri 
pv. fuscans (Xcf). Additional strains previously described as “X. axo-
nopodis pv. phaseoli” isolated from lablab bean (Lablab purpureus) in 
Sudan or Zimbabwe form a distinct genetic lineage (“lablab”) within 
the X. citri species (Aritua et al., 2015). This lineage should prob-
ably be considered as a new pathovar, distinct from Xcf, because 
these isolates were less pathogenic on Phaseolus vulgaris than Xcf 
and were not pathogenic on Vigna unguiculata, while Xcf was viru-
lent (Sabet, 1959); however, no formal taxonomic proposal has been 
published so far.

2  | AVAIL ABLE GENOMIC DATA

Since the first whole- genome sequence published in 2013 (Darrasse 
et al., 2013), 70 Xcf- Xpp genomes have been released to date at the 
National Center for Biotechnology Information (Table 1). These ge-
nomes represent a diversity of 51 Xcf- Xpp strains, 13 of which were 

Genome: The genome consists of a single circular chromosome plus one to four ex-
trachromosomal plasmids of various sizes, for a total mean size of 5.27 Mb with 64.7% 
GC content and an average predicted number of 4,181 coding sequences.
Disease control: Management of CBB is based on integrated approaches that com-
prise measures aimed at avoiding Xcf- Xpp introduction through infected seeds, 
cultural practices to limit Xcf- Xpp survival between host crops, whenever possible 
the use of tolerant or resistant bean genotypes, and chemical treatments, mainly 
restricted to copper compounds. The use of pathogen- free seeds is essential in an 
effective management strategy and requires appropriate sampling, detection, and 
identification methods.
Useful websites: https://gd.eppo.int/taxon/ XANTPH, https://gd.eppo.int/taxon/ 
XANTFF, and http://www.cost.eu/COST_Actio ns/ca/CA16107.

K E Y W O R D S

common bacterial blight of bean, Phaseolus vulgaris, Xanthomonas

https://gd.eppo.int/taxon/XANTPH
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F I G U R E  1   Phylogeny of common bacterial blight of bean (CBB) agents. (a) Phylogenetic tree based on the core genome of Xanthomonas, 
constructed with the PanX pipeline (Ding et al., 2018). Briefly, 1,335 single- copy core genes were aligned and variable positions were 
extracted to construct a core- genome SNP matrix. The SNP matrix was then used to build a phylogenetic tree using FastTree2 (Price 
et al., 2010), which was further refined by RaxML v. 8 (Stamatakis, 2014). Arrows represent the main horizontal gene transfer events 
detected between Xanthomonas citri pv. fuscans (Xcf) and Xanthomonas phaseoli pv. phaseoli (Xpp) ancestors. Rooting was done using 
Xanthomonasvasicola strain NCPPB702, Xanthomonascampestris strain NCPPB4381, and Xanthomonasoryzae strains KACC10331, 
MAFF 311018, PXO99A, BAI15, BAI20, BAI21, and BLS256 (not shown) as an outgroup. (b, c) Subtrees of rep- PCR group 9.6, from trees 
constructed using CVtree (Qi et al., 2004) on the same strain dataset as for the tree presented in (a). These trees are based on the frequency 
of appearance of overlapping oligopeptides of length K = 6. The tree in (b) was constructed based on the same 1,335 core genes as in (a), 
while the tree in (c) was constructed based on the pan- genome consisting of all predicted coding sequences. Topologies in (a) and (b) are 
congruent with each other
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sequenced more than once. Most sequenced strains were isolated 
from common bean except for Xpp CIAT XCP123, which was iso-
lated from lima bean, which lacks a XopJ5 homolog encoded in other 
Xpp and is phylogenetically an outlier within GL1 (Figure 1a; Aritua 
et al., 2015). According to PacBio assemblies, the genome consists of 
a single chromosome plus one to four extrachromosomal plasmids of 
various sizes. The mean total size is 5.27 Mb with 64.7% GC content 
and an average of 4,181 predicted coding sequences. Genome se-
quence analyses have identified a large range of putative virulence 
factors, including type II secreted enzymes, type III effectors (T3E), 
and various fibrillar and nonfibrillar adhesins (Darrasse et al., 2013).

3  | ELUCIDATING THE PATHOLOGIC AL 
CONVERGENCE OF CBB AGENTS

The polyphyletic nature of CBB agents raises the question of the mo-
lecular determinants underlying the pathological convergence observed 
between Xpp (i.e., GL1) and Xcf (i.e., fuscans, GL2, and GL3). In 2008, 
suppression subtractive hybridization (SSH) analyses identified possi-
ble horizontal gene transfers between Xpp and Xcf (Alavi et al., 2008). 
Subsequently, a PCR- based analysis showed that Xpp and Xcf clus-
tered together in a dendrogram based on the presence/absence of T3Es 
(Hajri et al., 2009), suggesting that horizontal transfers of T3E occurred 
between the ancestors of Xpp and Xcf. More recently, genome- wide 
analyses unveiled dozens of alleles, or portions of genes, sharing 100% 
identity between Xpp and Xcf (Aritua et al., 2015; Chen, Serres- Giardi, 
et al., 2018). Most of these alleles, disseminated over the chromosome 
and plasmids, were transferred from the fuscans lineage of Xcf to the 
ancestor of Xpp. This suggests that Xpp acquired the ability to cause 
CBB through extensive horizontal gene transfers from Xcf. A large part of 
these genes encodes different proteins putatively involved in pathogenic-
ity, including TonB- dependent transporters (TBDTs) and proteins related 
to two- component regulatory systems or the type III, type IV, and type 
VI secretion systems (Chen, Serres- Giardi, et al., 2018). These include 
T3Es, among which are two transcription activator- like effectors (TALEs), 

Xfutal1 and Xfutal2 (Ruh et al., 2017a). Significantly, a c.44 kb plasmidic 
region was entirely transferred from Xcf to Xpp. This region comprises 
28 genes, including Xfutal1, and seven genes encoding proteins from the 
type IV conjugal transfer system. In all, whole- genome data revealed that 
the pathological convergence observed between Xcf and Xpp is associ-
ated with horizontal gene transfers and highlighted the role of plasmids 
in these transfers. Functional validation is still needed to confirm the role 
of these genes in pathogenicity. No evidence of horizontal gene transfer 
was observed between Xcf- Xpp and lablab- associated strains, indicating 
that they have undergone an evolutionary history distinct from the other 
CBB strains (Aritua et al., 2015).

Although the dichotomy between Xpp and Xcf has clearly been 
established, the phylogenetic positions of the fuscans, GL2, and GL3 
lineages have never been clearly elucidated with respect to other 
strains from rep- PCR group 9.6 (including members of pathovars vi-
gnicola, anacardii, aurantifolii, and dieffenbachia). Phylogenetic trees 
obtained using partial sequences of seven housekeeping genes 
(atpD, dnaK, efp, fyuA, glnA, gyrB, and rpoD) (Mhedbi, 2010) showed 
different topologies for each gene (explained by intrastrain recom-
bination). However, vignicola, anacardii, aurantifolii, and dieffenbachia 
strains were interleaved between Xcf lineages in every tree, ruling 
out the hypothesis of Xcf being monophyletic. Using whole- genome 
data, we hereby show that GL2 and fuscans lineages group together 
in two trees based on the core genome of Xanthomonas (Figure 1a,b), 
suggesting that both lineages form a monophyletic group separated 
from the GL3 lineage. Moreover, GL2 and GL3 group together and 
split from the fuscans lineage when using the pan- genome (Figure 1c). 
The incongruence between core and pan- genomes could be ex-
plained by important recombination events having occurred within 
the accessory genome of GL2 and GL3 ancestors. Interestingly, in 
contrast to the Xcf fuscans lineage and Xpp, which have a world-
wide distribution, the GL2 and GL3 lineages were isolated only from 
bean plants grown in La Réunion and Tanzania. Thus, recombina-
tions could have been facilitated by geographical proximity between 
both lineages. Whether GL2 and GL3 strains exist elsewhere or are 
endemic to this region of the world remains uncertain. In all, these 

TA B L E  1   Summary of whole- genome assemblies available at the NCBI (as of 2021- 03- 19)

Release date Reference Sequencing strategy

Number of genomes1 

TotalXcf- fuscans Xpp- GL1 Xcf- GL2 Xcf- GL3 Xcf- lablab

2013 Darrasse et al. (2013) Illumina, 454, Sanger 1 - - - - 1

2014 Indiana et al. (2014) Illumina 1 - - - - 1

2015 Aritua et al. (2015) Illumina 13 9 - - 4 26

2015 Constantin et al. (2016) Illumina 1 - - - - 1

2017 Ruh et al. (2017b) PacBio 6 4 5 2 - 17

2017 Chen, Serres- Giardi, 
et al. (2018)

Illumina 6 5 3 3 - 17

2017 Kremer et al. (2019) Illumina 1 - - - - 1

2019 Xie et al. (2016) PacBio, Illumina 3 3 - - - 6

Total 32 21 8 5 4 70

1Note. Xcf, Xanthomonas citri pv. fuscans; Xpp, Xanthomonas phaseoli pv. phaseoli.
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observations indicate that Xcf itself is a polyphyletic pathovar within 
a complex of recombinant pathovars formed by Xcf and X. citri pa-
thovars vignicola, anacardii, aurantifolii, and dieffenbachia.

4  | IMPAC T AND DISTRIBUTION

CBB is one of the five major diseases of common bean (Broughton 
et al., 2003). Yield losses up to 45% were reported in susceptible geno-
types (Saettler, 1989; Wallen & Jackson, 1975; Yoshii et al., 1975). In 
the field, CBB directly affects yield either by degrading edible fresh 
materials or by reducing the area of photosynthetic tissues. Materials 
with symptoms become unsaleable, and additional losses are due to 
the time and costs involved in controlling the disease. A major threat 
posed by CBB concerns seed quality, impacting both the seed indus-
try and edible seed production. In particular, infected seed lots can-
not be sold in disease- free areas, even in the absence of symptoms. 
According to the EPPO global database, CBB is widely distributed over 
104 countries across the five continents (Figure 2). CBB was reported 
in most regions where common bean is cultivated except in dry tropi-
cal areas. To our knowledge, the most recent disease outbreak was 
reported in 2019 in Belgium (Bultreys & Gheysen, 2020).

5  | HOST R ANGE

Phaseolus vulgaris is the main host of Xpp and Xcf. Natural infections 
have been reported for both Xpp and Xcf on diverse other legume spe-
cies such as Calopogonium sp., L. purpureus, Macroptilium lathyroides, 
Phaseolus acutifolius, Phaseolus coccineus, Phaseolus lunatus, Pisum sa-
tivum, Pueraria sp., and Strophostyles helvola, as well as various Vigna 
species including V. aconitifolia, V. angularis, V. mungo, V. radiata, V. 

umbellata, and V. unguiculata, (Bradbury, 1986; Gilbertson & Maxwell, 
1992). Additional hosts of CBB agents were reported after artificial 
inoculation. This was the case for Amaranthus retroflexus, Ambrosia 
artemisiifolia, Beta vulgaris, Chenopodium album, Echinochloa crus- galli, 
Glycine max, Helianthus annuus, Lupinus polyphyllus, Solanum nigrum, 
and Zea mays (Bradbury, 1986). Asymptomatic carriage of CBB agents 
was reported for Digitaria scalarum and Senna hirsuta (Opio et al., 1996).

There are conflicting reports concerning the natural occurrence 
of CBB agents on tepary bean (P. acutifolius) and cowpea (V. unguic-
ulata). Indeed, Gilbertson and Maxwell (1992) considered them as 
hosts, while Bradbury (1986) considered them as susceptible hosts 
only after artificial inoculation. In 1987, Zapata and Vidaver (1987) 
described P. acutifolius as “a natural host of X. campestris pv. phaseoli”, 
which is supported by the existence of races of Xpp- Xcf displaying 
differential phenotypic reactions on susceptible or resistant variet-
ies of tepary beans (Opio et al., 1996; Zapata & Vidaver, 1987). These 
observations led to the hypothesis of a gene- for- gene relationship 
between CBB agents and tepary bean (Opio et al., 1996), which is 
consistent with P. acutifolius being a natural host having coevolved 
with Xcf- Xpp. Gilbertson and Maxwell (1992) reported unpublished 
data of fuscous strains isolated from cowpea in Puerto Rico that 
were pathogenic on common bean. Although this finding still re-
quires molecular identification of the strains, it supports the idea 
that cowpea may be a natural host of Xcf. Interestingly, the observa-
tion that Xpp strains were nonpathogenic on cowpea suggests that 
Xpp and Xcf may be differentiated by their host range (Gilbertson & 
Maxwell, 1992; Vakili et al., 1974). Furthermore, phylogenetic prox-
imity between Xcf and X. citri pv. vignicola (a pathogen of cowpea), 
together with the fact that both are pathogenic on common bean 
and cowpea, challenges the boundaries between these two patho-
vars. A finer description of the symptoms naturally induced by each 
pathovar on each host could bring essential elements to enlighten 

F I G U R E  2   Worldwide distribution of common bacterial blight of bean (CBB) agents. The distribution includes both Xanthomonas citri pv. 
fuscans and Xanthomonas phaseoli pv. phaseoli. Modified from https://gd.eppo.int/taxon/ XANTP H/distr ibution (EPPO, 2021)

https://gd.eppo.int/taxon/XANTPH/distribution
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this question. Moreover, recent whole- genome sequencing data in-
dicate that the TALE- encoding genes from X. citri pv. vignicola are 
very different from those found in Xcf and Xpp (Ruh et al., 2017b; 
unpublished data). In particular, Xfutal1 is absent in vignicola strains 
while it is shared by all Xcf- Xpp strains sequenced so far (Ruh et al., 
2017a), indicating differential adaptation of these pathovars to ei-
ther common bean or cowpea. More in- depth analyses combining 
whole- genome sequencing, phylogeny, and crosspathogenicity as-
says are required to ascertain the differences observed between 
pathovars phaseoli, fuscans, and vignicola.

6  | SYMPTOMS

CBB symptoms produced by Xcf and Xpp are indistinguishable from 
each other. All aerial parts of bean plants, that is, seedling, leaf, stem, 

pod, and seed, can present symptoms of CBB (Gilbertson & Maxwell, 
1992; Zaumeyer, 1930). Examples of symptoms on leaves, seeds, and 
pod are shown in Figure 3. Leaf symptoms occur as water- soaked spots 
on the limb usually beginning at hydathodes, subsequently evolving 
into dry and brown necrotic lesions surrounded by a narrow yellow 
halo (Chupp & Sherf, 1960). These spots may merge, giving the leaf 
a burnt appearance, resulting in the most severe cases in plant defo-
liation and death. A reddish- brown discolouration of the veins with a 
water- soaking of adjoining interveinal areas may be observed in sys-
temic infection. Infected stems present reddish longitudinal streaks. 
Symptoms on pods appear as water- soaked spots, later evolving in 
dark red- brown lesions, slightly depressed circular spots, with possible 
bacterial ooze. Shrinking and death of pods may occur in case of severe 
infection. Seed symptoms appear as butter yellow spots that turn into 
brown spots and localize according to the infection pathway: on the 
hilum area in case of vascular transmission, at the micropyle in case of 

F I G U R E  3   Common bacterial blight of bean (CBB) disease cycle and symptoms. Primary infection occurs mainly by vertical transmission 
through contamined seeds or from infected plant debris, volunteers, or weeds. Colonization starts with an epiphytic stage where bacteria 
multiply and aggregate into biofilms, followed by entry through openings such as stomata, hydathodes, or wounds. Bacteria colonize the 
host tissues and multiply in both the intercellular space and the vessels. Symptoms can occur on all aerial parts of the plant. Secondary 
spreads occur by direct contact and splashing or transport by storms and insects. Long- distance transmission usually results from global 
seed trade. (a– d) Microscopy images of bacterial colonization of common bean. (a) Scanning electron microscopy (SEM) micrograph of 
solitary cells of epiphytic Xanthomonas citri pv. fuscans (Xcf) on bean leaves. (b) SEM micrograph of Xcf cells aggregated in biofilm in open 
stomata, the guard and neighbouring cells of which are largely colonized by epiphytic cells. (c) Confocal laser- scanning microscopy (CLSM) 
image showing green fluorescent protein (GFP)- tagged cells of Xcf aggregated in a biofilm adhering to the inner surface of a xylem vessel in 
the stem of a bean plantlet and plugging the vessel. (d) CLSM image showing GFP- tagged cells of Xcf in the intercellular space of bean leaf 
parenchyma. (e– g). Images of disease expression on different plant organs. (e) Typical symptoms on leaf, showing brown necrotic lesions 
surrounded by a yellow halo. (f) Healthy seed (left) and three symptomatic seeds (right) showing brownish symptoms at the hilum area. (g) 
Pod displaying greasy symptoms spreading from the pod suture
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floral infection, and on the entire surface of the seed coat in case of 
infection by contact (Darrasse et al., 2010; Maude, 1997). Seed may be 
shrivelled when strongly infected, severely affecting their germination 
rate and vigour (Darrasse et al., 2018). Under warm temperatures and 
when the infection is serious, the whole plant may die. Infected seeds 
and plants may also be symptomless (Darrasse et al., 2007; Jacques 
et al., 2005; Weller & Saettler, 1980a, 1980b).

Symptoms of CBB on pods and/or leaves are very similar to those 
caused by Pseudomonas savastanoi pv. phaseolicola, the causative agent 
of halo blight. To date, the only means to ascertain that the observed 
symptoms are caused by Xpp or Xcf are bacterial isolation or molecular 
detection, for example, using specific PCR primers (Audy et al., 1994; 
Boureau et al., 2013; Grimault et al., 2014). Phenotyping of the disease 
has been assessed using different methods of inoculation and symp-
tom quantification, each method having its own strengths and weak-
nesses (Aggour et al., 1989; Cafati & Saettler, 1980a; Opio et al., 1993; 
Pastor- Corrales et al., 1981; Zapata, 2006). In the last decade, image- 
based methods were developed, allowing better standardization and 
objectivization of phenotyping. One method is based on conventional 
imaging (Xie et al., 2012), while another is based on chlorophyll fluores-
cence imaging (Rousseau et al., 2013).

7  | DISE A SE CYCLE

7.1 | Sources of inoculum

The main source of CBB inoculum corresponds to infected seeds. 
Indeed, CBB agents can reside on both sides of the seed coat as well 
as on the surface of the embryo (Darrasse et al., 2018; Zaumeyer, 
1930), allowing overwintering and long- term survival (up to 30 years) 
in infected seeds (Saettler, 1989; Schuster & Sayre, 1967). The vari-
ation of survival time in seeds depends on storage conditions (tem-
perature and humidity) (Marques et al., 2005). Disease outbreak 
is possible from as little as one seed in a lot of 10,000 to 30,000 
(Darrasse et al., 2007; Opio et al., 1993; Sutton & Wallen, 1970; 
Zaumeyer & Thomas, 1957). In susceptible genotypes, a minimum 
of 100 bacteria per seed is required for successful plantlet coloni-
zation (Darrasse et al., 2007; Opio et al., 1993; Weller & Saettler, 
1980b). Colonization of seeds from resistant genotypes is also pos-
sible (Cafati, 1980; Mabagala, 1997).

In tropical and subtropical areas, survival on weeds and crop res-
idues represents a particularly effective strategy for CBB dissem-
ination (Arnaud- Santana, 1991; Fininsa & Tefera, 2001; Fininsa & 
Yuen, 2002). Bacterial survival for more than 7 months has been ob-
served in debris on or near the soil surface (Arnaud- Santana, 1991; 
Chávez & Granada, 1988). Under a temperate climate, the survival 
capacity of CBB agents in crop residues is not clear. In some cases, 
CBB agents did not survive after 3 months in plant debris (Saettler 
et al., 1986; Wimalajeewa & Nancarrow, 1980). However, overwin-
tering (up to 7 months) was recorded in Nebraska and Wisconsin 
(Gilbertson et al., 1990; Schuster & Coyne, 1974). In both tropical 
and temperate areas, burial of residues was shown to be effective in 

reducing the survival of pathogens to less than 5 weeks (Chávez & 
Granada, 1988; Wimalajeewa & Nancarrow, 1980).

CBB agents have been detected as epiphytes on various alterna-
tive hosts and weeds (Angeles- Ramos et al., 1991; Cafati & Saettler, 
1980b; Gent et al., 2005; Karavina et al., 2011), and their role as inoc-
ulum sources for CBB has been assessed under greenhouse conditions 
and in the field. Reciprocal secondary spread has been observed in the 
field between common bean and lambsquarters (Chenopodium album) 
or pigweed (Amaranthus retroflexus) 12 days after inoculation (Cafati 
& Saettler, 1980b). These observations are particularly important in 
the context of crop rotation. For example, epiphytic CBB agents were 
recovered from onion plants in fields cultivated for dry beans in the 
previous year, but not after the cultivation of other nonhost plants 
such as maize, sugar beet, or winter wheat (Gent et al., 2005).

7.2 | Infection process

Primary infection usually starts with an epiphytic phase where 
CBB agents grow on the plant surface without invading the inter-
nal tissues and await favourable conditions for infection (Weller & 
Saettler, 1980a). Epiphytic survival is facilitated by aggregation in 
biofilms where bacterial populations grow and stabilize (Jacques 
et al., 2005). After growing on the bean leaf surface, bacteria pen-
etrate into the host tissues through openings such as stomata, hy-
dathodes, or woundings (Rudolph, 1993; Zaumeyer, 1930). Inside 
the host tissues, the bacteria multiply exponentially and may ex-
press their pathogenicity when the population achieves a threshold 
of about 106 bacterial cells per cm2 (Weller & Saettler, 1980a). The 
time of appearance and severity of symptoms are aggravated at op-
timal temperatures of 28 to 32 °C and a relative humidity above 80% 
(Darrasse et al., 2007; Weller & Saettler, 1980a). The progression 
of bacteria within the host leads to colonization of the vascular tis-
sues, which can lead to wilting of the plant in the most severe cases 
(Vidaver, 1993). In nonoptimal conditions for bacterial multiplication, 
the bacteria colonize the plant symptomlessly (Darrasse et al., 2007; 
Weller & Saettler, 1980a).

7.3 | Spread capacity

The dissemination of CBB agents is multifactorial. The spread of dis-
ease as well as its incidence and severity are favoured under warm 
temperature and high- humidity conditions (Saettler, 1991). Bacteria 
present at the surface of infected plants or plant debris can be car-
ried over short distances by wind- blown rain or splashing. Thus, 
overhead irrigation is not recommended as it mimics rainfall and 
favours secondary spread of the bacteria (Akhavan et al., 2013). 
Dissemination of bacteria can also be caused by transportation via 
animals, farm workers, or agricultural equipment (Belete & Bastas, 
2017; Saettler, 1991).

The role of insects as CBB vectors is still understudied, but has 
been reported for a long time (Sackett, 1905; Zaumeyer & Thomas, 
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1957). CBB agents were detected on the bodies of different bean- 
feeding insect species such as Chalcodermus ebeninus, Empoasca sp., 
Nezara viridula, Cerotoma ruficornis, and Diaprepes abbreviata (Kaiser 
& Vakili, 1978). The bacteria were retrieved in faeces of C. ruficornis 
and D. abbreviata after being fed on infected leaves, and both spe-
cies were able to transmit the disease at feeding sites in controlled 
trials. Further investigations are needed to assess the role of insects 
in CBB epidemics.

Transport of infected seed by human exchanges is a major way 
for Xcf and Xpp to travel long distances and spread around the 
world (Zaumeyer & Thomas, 1957). Thus, one can imagine that the 
worldwide distribution of CBB is related both to its ability to be 
transmitted by seeds and to the expansion of international trade, 
which relies on global exports and imports of potentially contam-
inated seed lots.

8  | SEED TR ANSMISSION OF CBB 
AGENTS: E VIDENCE AND PROCESSES

CBB agents were demonstrated to be seed- transmitted as early as 
1930 (Zaumeyer, 1930): Contaminated seeds harvested from dis-
eased plants were sown among healthy seeds and developed disease 
symptoms that spread in the field.

8.1 | The different routes of seed contamination

Contamination of the seed can be achieved through different path-
ways: (a) by direct contact of the seed either with tissues from the 
fruit with symptoms or with contaminated plant debris, (b) by the 
vascular pathway that passes through the funicle to the hilum, and (c) 
by the floral pathway through the stigma and style to the micropyle 
(Maude, 1997).

It has long been known that CBB seed contamination can occur 
by direct contact with tissues with symptoms in the field (Zaumeyer, 
1932) or during threshing and postharvest treatments (Zaumeyer, 
1930). Weller and Seattler (1980b) artificially mimicked this pathway 
of contamination by mixing healthy seeds with contaminated debris 
and showed that superficially contaminated seed can lead to disease 
outbreaks in the field.

CBB contamination via the vascular route has been known for a 
long time as well (Burkholder, 1921). This was illustrated by drawings 
of microscopic examinations showing bacterial disintegration of the 
funicle tissue and bacterial masses within the seed coat (Zaumeyer, 
1930). Almost 100 years later, the vascular pathway was detailed 
using confocal laser scanning microscopy (CLSM) to visualize a green 
fluorescent protein (GFP)- labelled Xcf strain within the seed tissues 
(Figure 4; Darrasse et al., 2018). Localization of the bacteria was as-
sessed along the entire vascular route, from the funicle tissues to 
the hilar region, the vessels of the tracheid bar, and the intercel-
lular spaces of seed coat parenchyma. Vascular seed infection by 
CBB agents was demonstrated by infiltrations in the pod pedicel or 

in the cotyledon node of 20- day- old seedlings (Weller & Saettler, 
1980b) or by spraying plants whose reproductive organs were en-
capsulated in cellophane bags until harvest (Darsonval et al., 2008). 
Using directed mutagenesis, the vascular route was shown to require 
a functional type III secretion system (T3SS) and to be dependent on 
adhesins involved in the formation of bacterial aggregates (Figure 4; 
Darsonval et al., 2008, 2009).

The floral route was evidenced by depositing the bacterial in-
oculum directly into the flower buds and taking care to extract the 
mature seeds without any contact with potentially contaminated ex-
ternal tissues. By this pathway, T3SS mutants, unable to contaminate 
seeds through the vascular pathway, were weakly transmissible to 
seeds, while mutants in genes encoding adhesins were transmitted 
as efficiently as the wild- type strain (Figure 4; Darsonval et al., 2008, 
2009). This indicates that floral organs can be an efficient and per-
missive entry point for pathogens, at least in growth chambers after 
inoculation. Yet, further analyses are needed to evaluate the impor-
tance of this pathway for the epidemiology of CBB agents in fields.

8.2 | Transmission to the seedling

The localization and number of bacteria in seed can be decisive for 
successful transmission from the seed to the seedling. Evidence 
for this is often indirect because seed testing and microscopy are 
destructive methods. Contamination is generally restricted to 
the seed coat parenchyma. However, disruption of the testa and 
contamination of the embryo can be observed in some seeds with 
symptoms, together with bacterial aggregates and tissue disinte-
gration. After seed imbibition, Xcf cells can be observed on the 
surface of the radicle and cotyledons and in the plumule (Darrasse 
et al., 2018). Zaumeyer (1930) reported that infections surrounded 
the embryo, which remains intact until germination. At this point, 
bacteria invade the tissues of the embryo, in particular the inter-
cellular spaces of the cotyledons, and colonize the epicotyl and hy-
pocotyl. By analysing several subsamples of seed lots, Weller and 
Saettler (1980a) showed that superficial contamination is more 
frequent than internal contamination and that contaminated seeds 
are not homogeneously distributed in the lots. They reported the 
existence of contaminated seed lots with and without symptoms. 
Nonintuitively, seeds with severe symptoms do not constitute a 
good primary inoculum because they rot after imbibition, fail to 
germinate, or give abnormal seedlings that do not develop further 
(Darrasse et al., 2018; Weller & Saettler, 1980b), and are gener-
ally eliminated during seed sorting operations. In contrast, symp-
tomless seeds or seeds with less severe symptoms (hilum- spotted 
seeds) lead to contaminated seedlings with normal development, 
allowing further transmission of the bacteria. Upon germination, 
bacteria multiply abundantly and their T3SS is not necessary to 
colonize the plantlet until 14 days. This may be favoured by the 
release of nutrients occurring during germination (Darrasse et al., 
2010). This hypothesis is supported by gene expression analy-
ses where Xcf do not repress plant defence pathways (e.g., the 
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salicylic acid pathway) during seedling emergence, while this is the 
case in infiltrated seedlings or leaves.

9  | DISE A SE MANAGEMENT

9.1 | Regulation

As mentioned above, CBB is endemic nearly everywhere where 
beans are cultivated, resulting in limited regulation. Nevertheless, 

quarantine was implemented in some pest- free states of the 
USA such as Washington State (Washington State Bean Seed 
Quarantine Rules, 2019). In the European Union (EU), CBB agents 
have been regulated as nonquarantine pests (RNQPs) since 
December 2019. Before this date and since the beginning of the 
21st century, CBB agents were listed as quarantine organisms in 
Annex II.A.2. of the EU council directive 2000/29/EC. This sta-
tus was regarded as having contributed to limiting the introduc-
tion of contaminated seeds from third countries to CBB- free EU 
member states (EFSA, 2014). However, CBB is now established in 
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some EU countries (Figure 2). CBB agents are recognized as hav-
ing a clear taxonomic identity, being present in the EU territory, 
being transmitted mainly through seeds, having an unacceptable 
direct economic impact at the place of production, and for which 
feasible and effective control measures are available. They hence 
comply with the RNQP definition (ISPM#2002). In consequence, 
in the EU, CBB agents are nowadays only regulated on bean seeds 
and there is no requirement for eradication in fields.

9.2 | Sanitary practices

Only very limited chemical and biological options are available to 
efficiently control bacterial plant pathogens; also, control methods 
in use are limited to cultural practices and whenever possible the 
use of tolerant or resistant genotypes. Concerning CBB, the use of 
pathogen- free seeds is certainly the most efficient management 
strategy. To ensure the availability of pathogen- free seeds, bean 
seeds are produced in specified areas that are either free of CBB 
agents (de Boisgrollier, 1993) or whose climatic conditions are non-
conducive for the disease (Gilbertson & Maxwell, 1992). In quaran-
tine areas, imported seed lots are routinely tested using a method 
from the International Seed Testing Association involving isolation 
of bacterial strains, pathogenicity tests, and specific PCR assays 
(Audy et al., 1994; Boureau et al., 2013; Grimault et al., 2014). Seed 
lots are then rejected and/or eliminated if contaminated (at a rate 
of one seed out of 5,000), which is an efficient way to control the 
introduction of the disease in these countries.

9.3 | Chemical and biological control

Chemical control is restricted to the application of copper- based 
solutions in fields (Schwartz et al., 2005; Weller, 1975; Weller & 

Saettler, 1976). However, with CBB agents being vascular patho-
gens, the efficacy of foliar copper treatments is limited. Antibiotics 
such as streptomycin or kasugamycin are used in a few countries 
including the USA (Liang et al., 1992; Webster, 1983). Several al-
ternative solutions for CBB control have been reported, includ-
ing the application of a manganese- based foliar fertilizer reducing 
the disease by more than 47% (Viecelli & Moerschbächer, 2013). 
Biological control using antagonistic bacteria such as Pseudomonas 
sp., Rahnella aquatilis, Rhodococcus fascians, or Bacillus spp. can 
also reduce CBB disease (Giorgio et al., 2016; Goncalves da 
Silva et al., 2008; Sallam, 2011; Zanatta et al., 2007) through in-
duction of host defences, as shown by increased production of 
phenolic compounds and peroxidase activity that was observed 
in inoculated plants (Sallam, 2011). In vitro experiments showed 
that essential oils from multiple plants, including marigold (Tagetes 
minuta), blue pea (Clitoria ternatea), gingko (Ginkgo biloba), winter-
green (Gaultheria procumbens), oregano (Origanum vulgare), and 
lemongrass (Cymbopogon flexuosus), showed antimicrobial proper-
ties against CBB agents (Gakuubi et al., 2016; Kelemu et al., 2004; 
Sati & Joshi, 2011; Todorović et al., 2016). For example, eugenol is 
an essential oil component showing potential usefulness for disin-
fection of common bean seeds infected by Xcf (Lo Cantore et al., 
2009). Likewise, a lipopeptide isolated from Paenibacillus polymyxa 
had a significant impact against Xpp (Mageshwaran et al., 2012).

9.4 | Cultural practices

Given the paucity of efficient treatments, cultural practices are 
essential to control CBB. It is of particular importance to reduce 
the initial inoculum because CBB agents can survive within bean 
plant debris for several months (Arnaud- Santana, 1991) as well as 
in dust on contaminated equipment (Belete & Bastas, 2017). Thus, 
regular cleaning of harvesting equipment and seed containers is 

F I G U R E  4   Evidence of seed transmission through the vascular and floral pathways. Tissues or structures are indicated by letters as 
follows: cotyledon (co), embryo bulge (eb), external side of seed (ex), funicle (fu), hilar fissure (hf), hilum (hi), hypocotyl (hy), lens (le), micropyle 
(mi), osteosclerides (os), plumule (pl), palisade of macrosclereids (pm), pod suture (ps), raphe (ra), radicule (rd), tracheid bar (tb), testa (te), 
testa parenchyma (tp). For microscopy images, we have enhanced luminosity by 40%. (a) Schematic views of the seed. (b) Transversal 
section of seed and funicle imaged using confocal laser- scanning microscopy (CLSM). (c) Sagittal plane view of a seed attached by a funicle 
to a pod suture. Red curved arrows represent the most probable route of vascular infection for CBB agents according to the observations 
made (d– k), where bacteria are mainly retrieved in the testa parenchyma. (d– k) CLSM images of a green fluorescent protein (GFP)- tagged 
Xanthomonas citri pv. fuscans (Xcf) strain in bean seeds (d– g). Images were generated by merging channels 488 nm and transmitted light to 
observe fluorescent objects within plant tissues, or under hyperspectral detector mode (excitation at 488 and 405 nm and signal reception 
with all channels). In some cases, autofluorescence of noncontaminated tissues can be observed. (h– k) The same images as in (d– g) under 
hyperspectral mode, respectively. Plant compounds fluoresce in yellow, red, or blue (probably corresponding to cell walls, chloroplasts, and 
amyloplasts, respectively), confirming that the green objects observed are indeed GFP- tagged cells. Bacteria invade the funicle parenchyma, 
as shown (d, h) in a transversal section of the funicle or (e, i) in a frontal section of a seed at the hilum level. (f, j) Transversal section under 
the hilum, showing a bacterial aggregate in a tracheid- like cell of the tracheid bar and scattered bacteria in intercellular spaces of the testa 
parenchyma. (g, k) Transversal section of a mature seed showing bacterial masses of GFP- tagged cells within the testa parenchyma. (l) 
Frequencies of seed transmission of Xcf wild- type strain (wt) and mutants in the type III secretion system (hrpG: Xcf::hrpG; hrcT: Xcf::hrcT; 
hrcTV: Xcf::hrcV) or adhesins (pilA: Xcf∆pilA; fhaB: Xcf::fhaB; xadA2: Xcf::xadA2; yapH: Xcf::yapH). Bacterial transmission to seeds through 
the vascular or floral pathways was tested, respectively, by spray inoculation of leaves, keeping the reproductive organs protected, or by 
depositing inoculum directly in the flower buds. Thirty plants per strain and treatment were harvested individually and their seeds were 
analysed for the presence of Xcf (data modified from histograms presented by Darsonval et al., 2008, 2009)



1474  |     CHEN Et al.

a means to limit primary infection. Likewise, it is recommended 
to eliminate weeds, infected beans, and other potential hosts 
(Gilbertson et al., 1990; Saettler et al., 1986). The disposal of con-
taminated debris can significantly reduce the survival of bacteria 
responsible for the primary inoculum. Also, CBB epidemics can ef-
fectively be reduced through employing long crop- rotations of 3 
years or more to limit the risk of contamination of common bean 
crops by pathogens surviving on alternate hosts (Schwartz et al., 
2005). However, the choice of the other crop is very important. 
For example, onion should be avoided, because it can serve as in-
oculum by symptomless epiphytic colonization (Gent et al., 2005). 
Intercropping can also help in reducing CBB incidence. For exam-
ple, maize can serve as a physical barrier to the spreading of Xcf 
and Xpp (Fininsa, 1996).

9.5 | Genetic resistance

The use of resistant varieties is an effective and environmen-
tally sound approach to control CBB. Breeding resistance to 
CBB is a complex process that has been very well documented 
and reviewed (Miklas et al., 2006; Singh & Miklas, 2015; Tugume 
et al., 2018; Viteri, Terán et al., 2014; Yu et al., 2012). Despite 
two examples of resistance segregations corresponding to single 
genes (Adams et al., 1988; Zapata et al., 2010), CBB resistance 
is mainly quantitative and polygenic (Singh & Miklas, 2015; Singh 
& Schwartz, 2010; Yu et al., 2012). Moderate resistances to CBB 
exist within the Mesoamerican gene pool, while so far no resist-
ances have been reported in the Andean gene pool (Singh & Miklas, 
2015). Interestingly, studies focused on resistance (R) genes from 
the NOD- like receptor (NLR) family highlighted large R gene clus-
ters at chromosome ends, where elevated recombination led to 
distinct R gene repertoires in Andean and Mesoamerican common 
beans (Chen, Thareau, et al., 2018; David et al., 2009; Meziadi 
et al., 2016). It is, therefore, tempting to assume that the differ-
ent resistance patterns between Andean and Mesoamerican gene 
pools could result from large divergences in R gene content within 
each gene pool. High resistances were found in other Phaseolus 
relatives such as P. coccineus, P. lunatus, and P. acutifolius. Thus, 
interspecific breeding has been a major way to introduce novel 
resistances in common beans.

To date, the identification of at least 27 quantitative trait loci 
(QTLs) of resistance to CBB spread across the 11 common bean 
chromosomes offers a solid source of resistances (Table 2). These 
QTLs do not appear to differentiate Xcf and Xpp and no signif-
icant crossover interactions between strains and common bean 
genotypes bearing different QTLs have been confirmed so far 
(Duncan et al., 2011; Mutlu et al., 2008; Opio et al., 1996; Viteri, 
Cregan, et al., 2014). Since the early 2000s, SAP6, a major QTL 
deriving from the Great Northern landrace cultivar Montana No. 
5, has been effectively used for generating CBB- resistant variet-
ies grown in North and South America (Miklas et al., 2003). This 
QTL comprises 25 genes, 10 of which are associated with defence 

mechanisms (Zhu et al., 2016). In lines derived from crosses be-
tween P. vulgaris and P. acutifolius, two major resistance QTLs 
have been identified (BC420 and SU91) (Jung et al., 1997; Pedraza 
García et al., 1997; Shi, Navabi et al., 2011; Yu et al., 2000a), and 
analysis of their gene content highlighted several R gene candi-
dates that still require functional validation (Perry et al., 2013; Shi, 
Chaudhary, et al., 2011).

Numerous efforts were made to introduce CBB resistance into 
beans, but the resistance observed had variable heritability and 
level of expression (Singh & Schwartz, 2010). Indeed, resistance 
can be achieved to varying degrees depending on the environ-
ment, the genetic background, or the epidemic pressure (Miklas 
et al., 2006). Also, different genetic systems appear to control 
resistance in pods and leaves, and resistances may not be ef-
fective against the various strains responsible for CBB (Aggour 
et al., 1989; Duncan et al., 2011). For these reasons, a pyramiding 
strategy was used to ensure resistance under different conditions 
and/or in different tissues (Miklas et al., 2000; Mutlu et al., 2005; 
Viteri & Singh, 2014). For example, the bred line VAX6 exhibits 
high resistance to a large range of Xcf and Xpp isolates (Duncan 
et al., 2011; Mahuku et al., 2006; Singh & Muñoz, 1999). However, 
bearing several resistance QTLs does not necessarily lead to an 
addition of beneficial effects, as there may be epistasis between 
QTLs, as observed between BC420 and SU91 (O’Boyle et al., 
2007; Vandemark et al., 2008). Moreover, resistance QTLs are 
not always compatible with other agronomic traits. For example, 
BC420 is associated with the V gene responsible for the darkening 
of flowers and seeds, which is not a favourable agronomic trait (Liu 
et al., 2008; Yu et al., 2012).

Marker- assisted selection of CBB- resistant lines has been 
facilitated by the development of genetic maps (Bai et al., 1997; 
Freyre et al., 1998; Meziadi et al., 2016; Shi et al., 2012; Yu et al., 
2000b) and by the sequencing of Andean and Mesoamerican com-
mon bean genomes (Schmutz et al., 2014; Vlasova et al., 2016). 
However, expression studies related to CBB resistance are still 
limited (Cooper, 2015; Shi, Chaudhary, et al., 2011). Recently, a 
first description of whole- transcriptome changes upon infection of 
resistant and susceptible plants showed that resistance was asso-
ciated with up- regulation of the salicylic acid pathway and down- 
regulation of photosynthesis (Foucher et al., 2020). Interestingly, 
26 genes had a large difference of expression between the resis-
tant and susceptible genotypes and colocalized with resistance 
QTLs. Further functional analysis of these genes, together with 
additional expression studies, could bring new leads towards clon-
ing CBB resistance genes.

10  | FUTURE PROSPEC TS

CBB is an important disease worldwide that remains difficult to 
control given the paucity of efficient treatments. Recent efforts 
in sequencing complete genomes have provided solid data sup-
porting the diversity of CBB agents and revealing candidate genes 
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potentially involved in bean colonization. However, functional val-
idation is still restricted to few analyses on the T3SS or adhesins 
(Darsonval et al., 2008, 2009). Transcriptomics together with the 
development of single mutants or transposon insertion sequenc-
ing (Tn- seq) strategies will provide key information on the genes 
involved in the pathogenicity and/or the pathological convergence 

of CBB agents. Besides, epidemiological survey of CBB agents 
is still restricted to their detection with few specific PCR primers 
(Audy et al., 1994; Boureau et al., 2013). The existence of numerous 
genomic regions sharing 100% identity among all Xcf- Xpp lineages 
(Aritua et al., 2015; Chen, Serres- Giardi, et al., 2018) suggests that 
the development of a generic multilocus variable copy number of 

TA B L E  2   Quantitative trait loci of resistance to common bacterial blight of bean

Chromosome Genetic marker Leaves Pods Seeds Field Reference

Resistance source from Phaseolus vulgaris

2 D0108 x Nodari et al. (1993)

3 PvSNP85p745405 x Xie et al. (2017)

5 D1081 x Nodari et al. (1993)

7 D1390 x Nodari et al. (1993)

7 AD4.1150 x Jung et al. (1996, 1999)

7 AA19.600- L6.800 x x Miklas et al. (2000)

9 D0157 x Nodari et al. (1993)

10 SAP6.820 x x x Miklas et al. (1996, 2003)

10 BC409.1250 x x Jung et al. (1996, 1999)

10 W10.550 x x Ariyarathne et al. (1999)

10 Xap1 x Zapata et al. (2010)

10 BMp10s174/s244 x Zhu et al. (2016)

11 BNG25A x Yu et al. (1998)

11 BNG154 x Yu et al. (1998)

Resistance source from Phaseolus acutifolius

1 R20.1250 x x Ariyarathne et al. (1999)

2 U8.1100 x Jung et al. (1996)

2 AM02.1500 x Jung et al. (1997)

2 A10.1750 x x Ariyarathne et al. (1999)

3 BNG21 x x Tar'an et al. (2001)

3 C1.1550 x Jung et al. (1996)

4 BNG71 x x Tar'an et al. (2001)

5 PHVPVPK- 1 x x Tar'an et al. (2001)

6 BC420.900 x Jung et al. (1997); Yu et al. (2000)

6 BC420- CG14 x Shi et al. (2012)

7 AL7.1050 x x x Jung et al. (1997)

7 G17.400 x x Ariyarathne et al. (1999)

7 Pv- tttc001 x Yu et al. (2004)

8 SU91 x Pedraza García et al. (1997)

8 R7313 x x Bai et al. (1997)

8 SU91- CG11 x Shi et al. (2012)

8 BC432.1000 x Jung et al. (1997)

9 Y4.1600 x Ariyarathne et al. (1999)

11 BC446.1200 x Jung et al. (1996)

11 SNP47467 x x Viteri, Cregan, et al. (2014)

Resistance source from Phaseolus coccineus

7 BNG40 x Yu et al. (1998)

8 BNG139 x Yu et al. (1998)
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tandem repeats analysis (MLVA) scheme would be a pivotal tool to 
study the epidemiology of CBB agents.

On the plant side, cloning of R genes has been hindered by 
the complexity of the genetic basis of resistance to CBB. Another 
way to develop resistance would be to use TALE- based strategies 
(Boch et al., 2014; Schornack et al., 2013), either by finding TALE- 
related resistances in common bean diversity or by genome edit-
ing, as has been done in rice and grapefruit (Blanvillain- Baufumé 
et al., 2017; Hummel et al., 2012; Jia et al., 2016; Li et al., 2012; 
Wang et al., 2018; Zeng et al., 2015). However, genome editing 
still requires further improvements in common bean transforma-
tion and regeneration techniques (Hnatuszko- Konka et al., 2014, 
2019).

Joint efforts to better understand the epidemiology of the dis-
ease as well as the molecular basis of the pathogenicity of the bac-
teria and the resistance of the plant should lead to improvements in 
the prevention and management of CBB.
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