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What can the genomic do for plant pathogenic bacteria control?

• Brief introduction on some diseases caused by plant pathogenic 
bacteria:
…Xanthomonas citri subsp. citri (Xcc) and Xanthomonas arboricola pv. 
pruni (Xap)

• Some cases of misidentification of strains and consequences: 
Xcc and Xap

• Xanthomonas arboricola pv. pruni: genomics

 Discovering factors involved in virulence
 Precise bacterial identification and disease diagnosis
 Strategies to control the disease

• Other model where genomic analysis is mandatory:

 Candidatus Liberibacter

Summary
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 The genus Xanthomonas

• Plan pathogenic bacteria of high economic impact
• Diverse pathogenicity 

• High host specificity
• More than 100 species/pathovars

• Different infection, colonization processes and disease 
diversity 

• Diseases and bacterial species:
• Xanthomonas citri subsp. citri

• Citrus bacterial canker
• Xanthomonas oryzae

• Bacterial blight 
• Xanthomonas vesicatoria

• Bacterial spot of tomato and pepper
• Xanthomonas arboricola pv. pruni

• Bacterial spot of stone fruits
• Xanthomonas fragariae

• Bacterial angular leaf spot of strawberry
• Xanthomonas campestris

• Black rot of cole crops rot of cole crops) 

Yes, but….there are also non pathogenic xanthomonads in 
plants

Xanthomonas genus: plant pathogenic bacteria…



Pl
an

t H
ea

lth
 a

t t
he

 A
ge

 o
f M

et
ag

en
om

ic
s,

 P
ar

is 
20

19
 Citrus Bacterial Spot (CBS) and Citrus Bacterial Canker (CBC)

Before starting with X. arboricola pv. pruni in Spain….X. citri in USA

Similar to Xap…
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Before starting with X. arboricola pv. pruni in Spain….X. citri in USA

• In 1984 a novel foliar disease, now known as citrus bacterial
spot (CBS), caused by Xanthomonas campestris pv. citrumelo
appeared first

• The disease had characteristic flat leaf lesions with necrotic 
centers and water-soaked margins

• Initially in 1984, the new nursery disease was thought by 
scientists at the Florida Department of AgricuIture and 
Consumer Services the USDA to be a new form of citrus canker

• This diagnosis triggered the implementation of the Citrus 
Canker Disease Action Plan developed in 1982 by USDA-APHIS. 
The purpose of the plan was to ensure regulators to be 
prepared to eradicate citrus canker. Eradication was to be 
accomplished by: 

• 1) burning plants in a nursery where an infected plant was 
found, 

• 2) destroying all trees with canker symptoms within orchards 
and defoliating surrounding trees,

• 3) using fruit from diseased or exposed trees in orchards for 
processing only 

Graham, J.H.; Gottwald, T.R. (1991) Research perspectives on eradication of citrus 
bacterial diseases in Florida. Plant Disease 75, 1193-1200. 
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 • Over 20 million trees in more than 100 nursery and

orchard locations were destroyed at a cost of $94
million. During this process, nurseries were subjected
to lengthy quarantines. These measures were costly
and inconvenient to growers, and markets for fruit
were lost. There was a great deal of controversy over
the quarantines and restrictions in the regulatory,
industrial, and scientific arenas alike

• In September 1990, all regulations of the “Florida
nursery strain of citrus canker” were removed based
on scientific evidences and experience wich indicate
that this CBC bacteria did not cause a disease
dangerous to citrus or other plants or fruit

Before starting with X. arboricola pv. pruni in Spain….X. citri in USA

Graham, J.H.; Gottwald, T.R. (1991) Research perspectives on eradication of citrus 
bacterial diseases in Florida. Plant Disease 75, 1193-1200. 

All this was neccessary?...
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If you know the enemy 
and know yourself, you 
need not fear the 
result of a hundred 
battles…
Sun Tzu (孫子; pinyin: Sūnzǐ) 孫武
c. 544-496 BC)

Xcc and Xap….and other xanthomonads cohabiting the plants

And the same thing form X. arboricola pv. pruni… genomics may clarify here too

Understand the 
genomic mechanisms 
that underlie diseases

Precise identification 
of disease causal 

agents

Knowledge of genome 
content means better 

knowledge of the 
microorganism

Genomics
and Next Generation 

Sequencing

Microbiome as a factor 
affecting plant health

Bacterial taxonomy or bacterial identification are 
not just academic subjects…
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• Bacterial disease presents in EU 
although quarantinein EU 

• Lesions on fruits, leaves and 
branches

• Symptomatic fruit not 
commercialized

• Premature fruit dropping
• Economic losses:

- Quarantine disease
- Limited commercialization
- Control treatments 

BS of stone fruits symptoms

Xanthomonas arboricola pv. pruni: bacterial spot of stone fruits and almond

Bacterial spot of stone fruits and important disease in an important crop…
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Pictures by M. Cambra

X. arboricola pv. pruni symptoms and worldwide situation
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Taxa Strain Result ABC Result xopE3 Blind identification
Agrobacterium tumefaciens Agrob-6 - - unknown
Agrobacterium tumefaciens Agrob-9 - - unknown
Agrobacterium tumefaciens IVIA 1245-80 - - unknown
Agrobacterium tumefaciens IVIA 2304-10 - - unknown
Pantoea IVIA 2261-1 - - unknown
Pseudomonas syringae pv. syringae Psy-13 - - unknown
Pseudomonas syringae pv. syringae Psy-13 - - unknown
Pseudomonas syringae pv. syringae IVIA 3514-2 - - unknown
X. arboricola CITA 44 + - unknown
X. arboricola CFBP 3566 - - unknown
X. arboricola IVIA 4302 col 5 - - unknown
X. arboricola IVIA 2835-1 - - unknown
X. arboricola IVIA 4185 + - unknown
X. arboricola CITA 42 + - unknown
X. arboricola CITA 149 + - unknown
X. arboricola IVIA 4302 col7 - - unknown
X. arboricola pv. corylina CFBP 1846 + - unknown
X. arboricola pv. corylina IVIA 3978 + - unknown
X. arboricola pv. corylina RIPF-X08 - - unknown
X. arboricola pv. fragariae CFBP 6771 - - unknown
X. arboricola pv. juglandis IVIA 2113 - - unknown
X. arboricola pv. juglandis Xaj-2 - - unknown
X. arboricola pv. juglandis Xaj-3 - - unknown
X. arboricola pv. juglandis Xaj-4 - - unknown
X. arboricola pv. juglandis Xaj-5 - - unknown
X. arboricola pv. populi CFBP 3123 - - unknown
X. arboricola pv. pruni CITA 9 + + xap
X. arboricola pv. pruni CITA 11 + + xap
X. arboricola pv. pruni CITA 46 + + xap
X. arboricola pv. pruni CITA 70 + + xap
X. arboricola pv. pruni 100343 + + xap
X. arboricola pv. pruni 100400 + + xap
X. arboricola pv. pruni CITA 154 + + xap
X. arboricola pv. pruni IVIA 4490.1 + + xap
X. arboricola pv. pruni IVIA 4491.1 + + xap
X. arboricola pv. pruni IVIA 4493 + + xap
X. arboricola pv. pruni IVIA 4492.2 + + xap
X. arboricola pv. pruni IVIA 4494.1 + + xap
X. arboricola pv. pruni IVIA 2626-3 + + xap
X. arboricola pv. pruni IVIA 2626-6 + + xap
X. arboricola pv. pruni IVIA 2626-7 + + xap
X. arboricola pv. pruni IVIA 2647-1.3 + + xap
X. arboricola pv. pruni IVIA 2647-13 + + xap
X. arboricola pv. pruni IVIA 2647-3.2 + + xap
X. arboricola pv. pruni IVIA 2649-3 + + xap
X. arboricola pv. pruni IVIA 2649-7 + + xap
X. arboricola pv. pruni IVIA 2649-10 + + xap
X. arboricola pv. pruni IVIA 2758-2 + + xap
X. arboricola pv. pruni IVIA 2758-3 + + xap
X. arboricola pv. pruni IVIA 2826.3 + + xap
X. arboricola pv. pruni IVIA 2826-4 + + xap
X. arboricola pv. pruni IVIA 2826-5 + + xap
X. arboricola pv. pruni IVIA 2826-6 + + xap
X. arboricola pv. pruni IVIA 2826-9 + + xap
X. arboricola pv. pruni IVIA 2826-10 + + xap
X. arboricola pv. pruni IVIA 2826-11 + + xap
X. arboricola pv. pruni IVIA 2832-5 + + xap
X. arboricola pv. pruni IVIA 2832-17 + + xap
X. arboricola pv. pruni IVIA 2832-19 + + xap
X. arboricola pv. pruni IVIA 2832-21 + + xap
X. arboricola pv. pruni IVIA 2832-24 + + xap
X. arboricola pv. pruni IVIA 2832-26 + + xap
X. arboricola pv. pruni IVIA 2832-30 + + xap
X. arboricola pv. pruni IVIA 3177-1-6 + + xap
X. arboricola pv. pruni IVIA 3177-3-4 + + xap
X. arboricola pv. pruni IVIA 3177-3-8 + + xap
X. arboricola pv. pruni IVIA 3181-3-1 + + xap
X. arboricola pv. pruni IVIA 3181-3-3 + + xap
X. arboricola pv. pruni CITA 33 + + xap
X. arboricola pv. pruni CITA 99 + + xap
X. arboricola pv. pruni CFBP 3894 + + xap
X. arboricola pv. pruni CFBP 5530 + + xap
X. arboricola pv. pruni CFBP 5724 + + xap
X. axonopodis Xp-2 - + unknown
X. axonopodis pv. phaseoli NCPPB 381 - + unknown
X. axonopodis pv. phaseoli IVIA 1518 - + unknown
X. campestris Xca-1 - - unknown
X. campestris Xca-2 - - unknown
X. campestris IVIA 2734-1 - + unknown
X. campestris IVIA 1609 - - unknown
X. citri subsp. citri IVIA 2889-1 - + unknown
X. citri subsp. citri IVIA 3026-1 - + unknown
X. citri subsp. citri str. 306 + - unknown
X. hortorum IVIA 1575.1 - - unknown
X. vesicatoria IVIA 3619-1 - + unknown
Curtobacterium sp. EP-2.2 - - unknown
Pantoea sp. EP-14.1 - - unknown
Microbacterium sp. EP-16.1 - - unknown
Sphingomonas sp. EP-16.2 - - unknown
Pseudoclavibacter sp. EP-16.4 - - unknown
Terrabacter sp. EP-16.6 - - unknown
Pseudomonas sp. EP-17.1 - - unknown
Curtobacterium sp. EP-18.1 - - unknown
Rhodococcus sp. 21/14-7.B3 - - unknown
Pseudomonas sp. 21/14-12.B8 - - unknown

Firts identification in Spain: specificity of PCR reactions?
X. arboricola

pv. pruni(Xap)
(pXap41)

Xap-look-a-like
(no pXap41)

Study in Spain….many Xanthomonas isolated from
Prunus spp. were PCR+ for ABC primers (transporter gene)

The begining of the disease in Spain

A few strains were misidentified…
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Garita-Cambronero et al. 2016 PlosOne, 2017 Frontiers in Microbiology

Main differences:
• Pathogenicity/virulence
• Motility
• Chemotaxis
• Carbon source compounds

Firts identification in Spain: all strain were really Xap?

Xa strains different from Xap…
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Clusters of orthologous
groups (COG)

pXap41

CITA 
14

CITA 
124

IVIA 2626.1CITA 33

X. arboricola pv. pruni X. arboricola pv. pruni

X. arboricola X. arboricola

CITA 44

X. arboricola

pXap41

Garita-Cambronero et al. 2014 Genome Announcements Garita-Cambronero et al. 2016 Standards in Genomic Sciences

Garita-Cambronero et al. 2016 Standards in Genomic Sciences

Garita-Cambronero et al. 2016 Genome Announcements Garita-Cambronero et al. 2016 Genome Announcements

Genomes of X. arboricola strains isolated from Prunus species in Spain

Xa strains different from Xap…plasmid content difference
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X. arboricola isolated from Prunus species within X. arboricola species

Phylogenetic analysis of 17 strains of Xanthomonas arboricola based on the core genome sequence (2,714
potential groups of orthologous genes) and representation of the distribution of the potential orthologous cluster
genes of the pangenome (7,074) within the analysed genome sequences.

Garita-Cambronero et al. 2017 Frontiers in Microbiology

Xa strains different from Xap…core genome content difference



Pl
an

t H
ea

lth
 a

t t
he

 A
ge

 o
f M

et
ag

en
om

ic
s,

 P
ar

is 
20

19
 *

*

*

*
*

Garita-Cambronero et al. 2017 Frontiers in Microbiology

Xap Xap-look-a-like**

Characteristics of some X. arboricola isolated from Prunus species

Venn diagram showing the groups of orthologous genes shared by five genome sequences of pathogenic
(CITA 33 and IVIA 2626.1) and non-pathogenic (CITA 14, CITA 44 and CITA 124) strains of X. arboricola
isolated from Prunus spp.

Xa strains different from Xap…gene content difference
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Pathogenic

Non pathogenic

Initial steps Advanced steps

STCRs

TBDTs

MCPsFliC

T4P
Adhesins

T3SS

T2SST4SS
VirB/D4

T4SS
tfc

X. arboricola pv. pruni vs. X. arboricola pv. pruni look-a-like: infection factors

Xa strains different from Xap…virulence gene content difference
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X. arboricola pv. pruni vs. X. arboricola pv. pruni look-a-like: environmental sensors

Xa strains different from Xap…sensor gene content difference
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Pathogenic strains Non Pathogenic strains

Pectolytic enzymes

Cellulolytic enzymes

Hemicellulolytic enzymes

(8) (10)

(10)

(9)

(9)

(11)

X. arboricola pv. pruni vs. X. arboricola pv. pruni look-a-like: T2SS

Xa strains different from Xap…cellulloytic gene content difference
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22/61 Effectors in X. arboricola.
Specific in Xap: xopE3 and xopAQ

xopB, xopE2, xopL, xopN, xopV, xopX, 
xopZ => interfere PAMP-triggered
immunity (PTI) mediated by Flg22

T3SS

Garita-Cambronero et al. 2017 Frontier in Microbiology

X. arboricola pv. pruni vs. X. arboricola pv. pruni look-a-like: T3SS

Xa strains different from Xap…T3SS and T3E content difference
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CITA 33 and IVIA 
2626.1

1 MCP (CAJ23610.1) y 2 STCRs (XAC1036, XAC1345)

FliC polymorfism

6 genes related to minor pillins

2 no fimbrilar adhesins (fhaB2, XAC0444)

1 pectolityc enzyme (pel)

2 hemycellulolityic ezymes (xynB & xsA)

1 T3SS

21 T3Es

Plasmid pXap41

Summary
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 ABC transporter (ftsx): used in

PCR conventional and Real Time
(Pagani, 2004, Palacio-Bielsa et
al. 2011)

ABC transporter in other
Xanthomonas sp.!!!

Coming back to misidentification of Xap…

ABC transporters are a large superfamily of proteins found in all living 
organisms including bacteria, archaea, and eukarya. They are highly 
conserved across species…
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Specific effector identified in Xa in previous work… 
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 XopE3: TS3 efector specific X.

arboricola pv. pruni (Hajri et al.
2011)

Efector present in other
Xanthomonas sp.!!!

Involved in virulence…

Specificity of PCR reactions
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Gene 
analysis

Initial steps
of infection

Late steps of 
infection

X. arboricola from Prunus spp
MLSA 

analysis

Xap Xap-look-
a-like

NGS

Phylogenetic analysis
(ML-“core-genome”)

Similarity analysis
(Pangenome)

Sensors
Adhesion

Chemotaxix
Xanthano

Quorum-sensing

T2SS

T3SS

T4SS

PCR protocol
development

Specificity of PCR reactions
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X. arboricola pv. Pruni (Xap) vs. X. arboricola pv. pruni look-a-like

Specific factors involved in virulence in Xap
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• xopE3:

5´GTAAATGGGCTGTTGAGCGATTTGCCCAAGCGTCGGCGTCGTGGTGGGTCGCTCTCCGATCCTGATATCTCCCTCGCCGGCTACTTGCTGAGCAAAGCCGTCATCGGGGATCCGGT
CGAGCCCCAGGACATCCCTCGGCTGCACAAGGCGAACAACACGGTGCAGAAGACACGGGCGCGCTTCCCATACGGACGCGGCAACGTCGCCACCGACATTGCCGTCAGCGATCAC
GCATCCAGTCAACATGCGCAGGCCGCACATGATGTGTTTGTCGATCTGGTGCGCGGCGCGGCGCCGGCGTCAATGCTCACGAATCCGACGCTGGGGCATGCGGTCGTATCTGAATT
CGTCCAGGGCGGTCATTGCGCCGGATATGCTGCCGTAGCAACCATGCGACATGTACAGAAGCTTCAGCCAGAAGAAAGCGTCCACTATGTCCAGCACAACCATCAGGGCCATGACT
GGGCTGAGTCGCGCGTGCCGGACGGACATCACAAGACCATCGTCCTAGACCCTTGGGCCCAAGGACCGGCGGTGTTTGCGTCCGACAGCAGATTTGCGGCAAATGCTCAACACACC
CAAGAACGCTTGGCCTTGAATGCCAAGGACGGAGATGATATTGCCGCCAAGACGGCCGCAGGTGCGCAGTATCTTCTGGAAAACTGCCTCCCCCTGACTGAAACACACCTCAAGAG
ACTGAAAGCCCAGGAGTTCCATTGCGCGCCTGAGGAAGTCTGGCAACCGCAACCTGTGGTAAGCGATGCGTTTCTTAGAAGGGTTCGGCAAAGTCTGGCTACATTGACCAACTCTTC
AGAGCTTGGCTTGTCGCGGGCAGAGCAGAGCAGCAAGGCTTTGAAGAAGATGTCCATCAAATCGGCATGCGCACTGGGTTTCGGCAAGAAAGCAGCAAGCGCAGCTGCCGAAGG
CATT-3´

• Primer XopE3F: 5`-TCA GCG ATC ACG CAT CCA-3´
• Primer XopE3R: 5´-CGC ACC AGA TCG ACA AAC AC-3´
• Probe XopE3p: 5´-/56-FAM/ CAT GCG CAG GCC GCA CAT G/36-TAMSp/-3´

X. arboricola pv. pruni (Xap) vs. X. arboricola pv. pruni look-a-like

RT PCR approach…
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In silico scheme of xopE3 and
ftsX genes and hybridizationareas
for primers for real time PCR
methods developed for Xap in
Xanthomonas arboricola. (Blastn,
E-value de 0.001).

Garita-Cambronero et al. 2017 Frontiers in Microbiology

X. arboricola pv. pruni (Xap) vs. X. arboricola pv. pruni look-a-like: specificity xopE3, fstx

Primers and probe for XopE3 looks Xap specific
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XopE3

ft
sX

+ -
+ Xap

54/54*
Xap-look-a-like

7/7

*Non desire PCR + in from Xanthomononas citri subps. citri

X. arboricola pv. pruni (Xap) vs. X. arboricola pv. pruni look-a-like: specificity xopE3, fstx
Taxa Strain Result ABC Result xopE3 Blind identification
Agrobacterium tumefaciens Agrob-6 - - unknown
Agrobacterium tumefaciens Agrob-9 - - unknown
Agrobacterium tumefaciens IVIA 1245-80 - - unknown
Agrobacterium tumefaciens IVIA 2304-10 - - unknown
Pantoea IVIA 2261-1 - - unknown
Pseudomonas syringae pv. syringae Psy-13 - - unknown
Pseudomonas syringae pv. syringae Psy-13 - - unknown
Pseudomonas syringae pv. syringae IVIA 3514-2 - - unknown
X. arboricola CITA 44 + - unknown
X. arboricola CFBP 3566 - - unknown
X. arboricola IVIA 4302 col 5 - - unknown
X. arboricola IVIA 2835-1 - - unknown
X. arboricola IVIA 4185 + - unknown
X. arboricola CITA 42 + - unknown
X. arboricola CITA 149 + - unknown
X. arboricola IVIA 4302 col7 - - unknown
X. arboricola pv. corylina CFBP 1846 + - unknown
X. arboricola pv. corylina IVIA 3978 + - unknown
X. arboricola pv. corylina RIPF-X08 - - unknown
X. arboricola pv. fragariae CFBP 6771 - - unknown
X. arboricola pv. juglandis IVIA 2113 - - unknown
X. arboricola pv. juglandis Xaj-2 - - unknown
X. arboricola pv. juglandis Xaj-3 - - unknown
X. arboricola pv. juglandis Xaj-4 - - unknown
X. arboricola pv. juglandis Xaj-5 - - unknown
X. arboricola pv. populi CFBP 3123 - - unknown
X. arboricola pv. pruni CITA 9 + + xap
X. arboricola pv. pruni CITA 11 + + xap
X. arboricola pv. pruni CITA 46 + + xap
X. arboricola pv. pruni CITA 70 + + xap
X. arboricola pv. pruni 100343 + + xap
X. arboricola pv. pruni 100400 + + xap
X. arboricola pv. pruni CITA 154 + + xap
X. arboricola pv. pruni IVIA 4490.1 + + xap
X. arboricola pv. pruni IVIA 4491.1 + + xap
X. arboricola pv. pruni IVIA 4493 + + xap
X. arboricola pv. pruni IVIA 4492.2 + + xap
X. arboricola pv. pruni IVIA 4494.1 + + xap
X. arboricola pv. pruni IVIA 2626-3 + + xap
X. arboricola pv. pruni IVIA 2626-6 + + xap
X. arboricola pv. pruni IVIA 2626-7 + + xap
X. arboricola pv. pruni IVIA 2647-1.3 + + xap
X. arboricola pv. pruni IVIA 2647-13 + + xap
X. arboricola pv. pruni IVIA 2647-3.2 + + xap
X. arboricola pv. pruni IVIA 2649-3 + + xap
X. arboricola pv. pruni IVIA 2649-7 + + xap
X. arboricola pv. pruni IVIA 2649-10 + + xap
X. arboricola pv. pruni IVIA 2758-2 + + xap
X. arboricola pv. pruni IVIA 2758-3 + + xap
X. arboricola pv. pruni IVIA 2826.3 + + xap
X. arboricola pv. pruni IVIA 2826-4 + + xap
X. arboricola pv. pruni IVIA 2826-5 + + xap
X. arboricola pv. pruni IVIA 2826-6 + + xap
X. arboricola pv. pruni IVIA 2826-9 + + xap
X. arboricola pv. pruni IVIA 2826-10 + + xap
X. arboricola pv. pruni IVIA 2826-11 + + xap
X. arboricola pv. pruni IVIA 2832-5 + + xap
X. arboricola pv. pruni IVIA 2832-17 + + xap
X. arboricola pv. pruni IVIA 2832-19 + + xap
X. arboricola pv. pruni IVIA 2832-21 + + xap
X. arboricola pv. pruni IVIA 2832-24 + + xap
X. arboricola pv. pruni IVIA 2832-26 + + xap
X. arboricola pv. pruni IVIA 2832-30 + + xap
X. arboricola pv. pruni IVIA 3177-1-6 + + xap
X. arboricola pv. pruni IVIA 3177-3-4 + + xap
X. arboricola pv. pruni IVIA 3177-3-8 + + xap
X. arboricola pv. pruni IVIA 3181-3-1 + + xap
X. arboricola pv. pruni IVIA 3181-3-3 + + xap
X. arboricola pv. pruni CITA 33 + + xap
X. arboricola pv. pruni CITA 99 + + xap
X. arboricola pv. pruni CFBP 3894 + + xap
X. arboricola pv. pruni CFBP 5530 + + xap
X. arboricola pv. pruni CFBP 5724 + + xap
X. axonopodis Xp-2 - + unknown
X. axonopodis pv. phaseoli NCPPB 381 - + unknown
X. axonopodis pv. phaseoli IVIA 1518 - + unknown
X. campestris Xca-1 - - unknown
X. campestris Xca-2 - - unknown
X. campestris IVIA 2734-1 - + unknown
X. campestris IVIA 1609 - - unknown
X. citri subsp. citri IVIA 2889-1 - + unknown
X. citri subsp. citri IVIA 3026-1 - + unknown
X. citri subsp. citri str. 306 + - unknown
X. hortorum IVIA 1575.1 - - unknown
X. vesicatoria IVIA 3619-1 - + unknown
Curtobacterium sp. EP-2.2 - - unknown
Pantoea sp. EP-14.1 - - unknown
Microbacterium sp. EP-16.1 - - unknown
Sphingomonas sp. EP-16.2 - - unknown
Pseudoclavibacter sp. EP-16.4 - - unknown
Terrabacter sp. EP-16.6 - - unknown
Pseudomonas sp. EP-17.1 - - unknown
Curtobacterium sp. EP-18.1 - - unknown
Rhodococcus sp. 21/14-7.B3 - - unknown
Pseudomonas sp. 21/14-12.B8 - - unknown

XopE3

AB
C

+ -

+ Xap Xap-a-like

- X. spp No X

Primers ABC (ftsx) or xopE3 are not
100% specifics on RT-PCR:
problem?

xopE3fstx ABC
A combination
is the best
solution
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Sensitivity

Calibration curves for PCR/xopE3 for Xanthomonas arboricola pv. Pruni. DNA (A) cells (B)

E= 2.2 ± 0.22E= 1.8 ± 0.03

X. arboricola pv. pruni (Xap) detection: xopE3

Protocol provided for bacterial spot 
of stone fruit diagnosis
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X. arboricola pv. pruni (Xap) vs. X. arboricola pv. juglandis (Xaj) and corylina (Xacor)

Summary of virulence factors in most pathogenic pvs. of the species

We have many other options of genes involved in virulence in Xanthomonas arboricola sp.

Alternative for new PCR approaches
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Candidatus Liberibacter: HLB and Zebra chip

HLB and Zebra chip: very important diseases in relevant crops worldwide

Candidatus Liberibacter
asiaticus (CLas), africanus (CaLaf), americanus (CLam)

Candidatus Liberibacter solanacearum (CLso)
Different haplotypes: A, B, C, D, E…

Quarantinable diseases…precise identification needed!!!! (nonculturable)
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Candidatus Liberibacter species: diagnosis

reference gene

Li et al. 16S

Morgan et al. hyvI/hyvII

Bertolini et al. 16S

Hocquellet et al. rplA (rib operon)

PCR diagnosisHLB/Calsol/Zebra chip

Again….is it a good approach to use genes not involved in virulence?

Non pathogenic Liberibacter

False positive?

Full genomic comparison
validated by functional
analysis will give new tools
for Liberibacter diseases
diagnosis….

Herein…a positive QPCR result was
generated using HLB primers

Primers based on ribosomal
sequences or general functions
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Summary of aplications of massive sequencing in plant pathogenic bacteria

Massive
sequencing

Complete 
genomes

Virulence
factors

Infection
mechanisms

Target 
detection

tools

Microbiome

Direct
detection

of 
pathogens

Microbio 
content

and plant
health

Blocking
infections

Ribosomal

Methagenomics

DISEASE CONTROL
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