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Introduction - Pathogens

Risk posed by xylem pathogen in Northern Europe should not be underestimated

X. fastidiosa

3(Feil & Purcell, 2001)

(EFSA PLH, 2019)

Almond tree Grapevine tree

CoffeeOlive tree

Plant host and symptoms

Pesenti, 2025, 
CABI Plant Health Case



Introduction - Pathogens

Risk posed by xylem pathogen in Northern Europe should not be underestimated

B. salicis

4
4

Willow

CABI

Pesenti, 2024, 
CABI Plant Health Case



Google view

▪ Hosts of xylem-sap feeding insect –

potential vectors
Casarin et al., 2023, J. Pest Sci.
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Introduction – Salicaceae as hosts

Salicaceae are efficient hosts for X. fastidiosa and B. salicis

5

▪ Common in riparian tree layer

▪ Forming a closed-mesh network

▪ Multiplication and dispersal in xylem

vessels revealed by mechanical

inoculation
Casarin et al., 2022, Eur. J. Plant Pathol.

▪ Plants can be symptomatic or 

asymptomatic
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Objectives

Can a core xylem endophytome 
for Salicaceae be defined ? What are the interactions 

between xylem endophytes 
and X. fastidiosa and B. 

salicis in vitro

What are the potential benefits of targeted
co-inoculation of beneficial endophytes ?

Pesenti, 2026, 
New Phytologist

“Xylem endophytes play a role in mitigating symptom development 
in host plants infected with X. fastidiosa or B. salicis”
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Results - Definition of endophytome via culture-dependent method

Shared species among Salicaceae
Bacillus proteolyticus
Bacillus subtilis
Bacillus tequilensis
Bacillus toyonensis
Bacillus velezensis

Salicaceae core
xylem endophytome

Populus nigra
Populus tremula
Populus canescens
Salix fragilis
Salix caprea
Salix alba

Bacillus licheniformis
Bacillus proteolyticus
Bacillus subtilis
Bacillus tequilensis
Bacillus toyonensis
Bacillus velezensis
Priestia aryabhattai
Priestia megaterium
Priestia flexa

Populus core xylem
endophytome

Bacillus proteolyticus
Bacillus subtilis
Bacillus tequilensis
Bacillus toyonensis
Bacillus velezensis
Bacillus wiedmannii

Salix core xylem endophytome
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Results – Definition of endophytome via culture-independent methods

Relative abundance of each genus (158) in Populus and Salix samples
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Results – Interaction between isolated endophyte and pathogens

Strains of interest selected based on in vitro confrontation and tests

Selection of 15 strains 
based on in vitro

Selection of 5 strains for in 
vivo inoculation

Selection of 40 strains 

In vitro confrontation

X. fastidiosa

B. salicis

Test in vitro for beneficial traits Genome & fluorescence

Phosphate Siderophore Motility

Indole Biofilm

Genome sequencing
& mining

Transformation

Bacterial genome

plasmid

Fungi confrontation



10

Methods - In vivo inoculation 

Symptoms monitoring PCR detection

Detection on the leaves
▪ One-month assay: 2 weeks

post inoculation
▪ Three-month assay: 1 month

post inoculation

qPCR detection

Detection on the whole plant
▪ At the end of each assay

Confocal microscopy detection

Detection on the stems
▪ At the end of each assay

Re-isolation

Detection on the stems
▪ At the end of each assay
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Results - In vivo co-inoculation 
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Symptoms monitoring via visual scale and plant height

Symptom intensity

Tobacco assay

Symptom intensity

Willow assay
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Mitigation of visual symptom severity in plants co-inoculated with any endophyte across all assays



Results - In vivo co-inoculation 
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Symptoms monitoring via visual scale and plant height

Tobacco assay Willow assay

T
h
re

e
-m

o
n
th

 a
s
s
a
y

T
h
re

e
-m

o
n
th

 a
s
s
a
y

O
n
e
-m

o
n
th

 a
s
s
a
y

O
n
e
-m

o
n
th

 a
s
s
a
y

No significant difference compared to 
control plant

No significant difference compared to 
control plant

Height restauration of co-inoculated plant with any endophyte in tobacco after 3 months
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Results – Pathogen & endophyte visualisation
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No co-localization of pathogen and endophyte in the same vessels

Bacterial viability confirmed with re-isolation

13



Three-month assay

b      a       a       a       b  b      a       a       a       a       

Results – In vivo co-inoculation 

PCR and qPCR detection

Tobacco assay

One-month assay

b     a      a     a      a     a   b     a      b     a      b     b   

▪ Lower concentration of X. fastidiosa when 
co-inoculated with all endophytes.

▪ Lower concentration of X. fastidiosa when 
co-inoculated with all endophytes except 

    P. phytofirmans.

▪ Lower concentration of B. salicis when co-
inoculated with 2 endophytes : 

    B. velezensis, P. coleopterorum.

▪ Lower concentration of B. salicis when co-
inoculated with all endophytes.

Reduction of pathogenic bacterial load in co-inoculation in most cases

14



Three-month assay

a      a       a       a       a  b      a       a       a       a       

Results - In vivo co-inoculation 

PCR and qPCR detection

Willow assay

One-month assay

a     a      a     a      a     a   b     b      b     b      b     b   

▪ No significant difference in pathogen load.

▪ No significant difference in X. fastidiosa 
load with any endophyte.

▪ Lower concentration of B. salicis when co-
inoculated with all endophytes.
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Take home message

Xylem bacterial endophyte interacts with xylem-limited pathogen

New description of Salicaceae xylem endophytome with
• 440 bacteria isolated from 43 genera and 104 species
• 158 genera and 223 species sequenced

40 bacteria selected through in vitro confrontation 
15 bacteria chosen from in vitro test for genome sequencing

5 transformed bacteria used in co-inoculation
• New tools with fluorescent strains to track in planta

→Effect of co-inoculation on symptoms development and 
pathogen load especially in tobacco after 1 month

Pesenti, 2026, 
New Phytologist
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Take home message

Use metagenomics to better define Salicaceae endophytome

Use synthetic communities and not single inoculant

Use insect vector to disseminate synthetic communities

Use other Salicaceae species for co-inoculation assay

What’s next ?

17
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Thank you for your attention ! 

Any question welcome

Supervisor: Claude Bragard (UCLouvain)

Transmission test : Noemi Casarin (UCLouvain)

Séverine Hasbroucq (ULB) 

Mechanical inoculation : Lena Pesenti (UCLouvain)

Noemi Casarin (UCLouvain)

Louis Michot (UCLouvain)

Cyril Focant (Corder)

Amandine Géradin (UCLouvain)

Isolation /identification : Lena Pesenti (UCLouvain)

Félicien Timmermans (UCLouvain)

Metabarcoding : Lena Pesenti (UCLouvain)

Manon Martin (UCLouvain)

In vitro test : Lena Pesenti (UCLouvain)

Héloise DeBroux (HelHa)

François Marchandise (Corder)

Transformation : Lena Pesenti (UCLouvain)

Louis Michot (UCLouvain)

Thanks to all who provided material and support :

Dr. S. Lindow for KLN59.3 strain

Dr. Lionel Moulin for PsJN strain

BCCM LMG collection

CRA-w

Prof. Jean-Claude Grégoire

Thanks to FRIA – FNRS, UCLouvain and EFSA for funding.

Contributions

Pesenti, 2026, 
New Phytologist
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fastidiosa strains: growth in xylem sap as a proxy for 

host specificity
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Blueberry:
Bacteria Leaf Scorch

First reported in Georgia (USA) in 2009



https://www.reportlinker.com/dataset/a2c87011675a6cf05358194e8eeb3035b96b0a48

Low chill Blueberry varieties:
Southern highbush and rabbiteye 

Huelva (#1) in Spain
Southern States in the US



In vitro assay
Growth, biofilm formation, and adaptation to 

grapevine sap

Grapevine pathosystem

In planta assays
Disease severity and bacterial colonization

Two Hosts: Grapevine and Blueberry

Blueberry pathosystem

In vitro assays
Growth and biofilm formation in blueberry sap

In planta assays
Disease severity and bacterial colonization



Blueberry pathosystem

In vitro assays
Growth and biofilm formation in blueberry sap

In planta assays
Disease severity and bacterial colonization



31 strains tested
17 EU

3 Intercepted
7 US Blueberry

 4 US others

Disease progress curve



EU Area Under the Disease 
Progress Curve (AUDPC) 31 strains tested

17 EU
3 Intercepted

7 US Blueberry
4 US others



X. fastidiosa 
populations in planta 31 strains tested

17 EU
3 Intercepted

7 US Blueberry
4 US others



Xf subsp. fastidiosaXf subsp. multiplex Xf subsp. pauca

Xf subsp. sandyi

All subspecies can cause symptoms in blueberries

IVIA11529: 
Lavander 

(Ibiza, Spain))



Growth Media

PD3

PD3 + 
Susceptible Blueberry Sap 

(25%)

PD3 + Resistant Blueberry Sap 
(25%)

Growth in blueberry sap

(Modified from Longchar et.al, 2020)

Negative pressure 
xylem extraction unit

• Difficult to collect: 1-1.5 ml of sap/plant
• Used ~130 plants grown in the 

greenhouse for sap



Xf subsp. multiplex

Xf subsp. fastidiosa

X. fastidiosa strains on blueberry sap (susceptible cv ‘Rebel’)

In vitro assay: 25% Blueberry sap vs. PD3

AlmaEm3, AlmaReb3, TOS4, 
XYL466, XYL468

AlmaReb1, WM1-1, IVIA5387.2, 
IVIA5770, CFBP8073, Med1, 

TemeculaL
Xf subsp. sandyi

CFBP8356

Blueberry Sap



Xf subsp. multiplex Xf subsp. sandyi

X. fastidiosa strains on blueberry sap (susceptible cv ‘Rebel’)



Xf subsp. fastidiosa

X. fastidiosa strains on blueberry sap (susceptible cv ‘Rebel’)



AlmaEm3 AlmaReb3

CFBP8073 IVIA5387.2

IVIA5770

AlmaReb1TOS4

Med1

XYL468

CFBP8356

WM1-1 **

XYL466 **

TemeculaL **

Biofilm ↑ → Severe symptoms Biofilm ↓ → Mostly asymptomatic

Biofilm ↓ 
Mild symptoms

Biofilm ↑ 
Mostly asymptomatic

Biofilm formation in blueberry sap is indicative of symptoms in planta

Correlation symptoms/biofilm in sap: ~85%



In vitro assay
Growth, biofilm formation, and adaptation to grapevine sap

Grapevine pathosystem

In planta assays
Disease severity and bacterial colonization



Virulence in grapevine
Grapevine-isolated strains

Almond- isolated strains

B3SN17-2, B3SN17-4, M23, 
ALS10T14, ALS17T10, IVIA5387.2

Blueberry- isolated strains
Xf subsp. multiplex

AlmaEm3, BB08

Xf subsp. multiplex

Xf subsp. fastidiosa

ALS15T2, IVIA5901, XF3348, 
ESVL, Dixon, ALS6, M12

Xf subsp. fastidiosa 
TemeculaL, WM1, CCPM1, IVIA5770



Strain

AUDPC correlates with bacterial colonization in-planta

Xf subsp. multiplexXf subsp. fastidiosa Xf subsp. fastidiosa

Xf subsp. multiplex

Only almond and grape Xf subsp. fastidiosa 
strains caused symptoms

Xf subsp. multiplex



Growth Media

PD3

PD3 + 
Grapevine Sap 

(Susceptible ‘Chardonnay’)  
(25%, 50%, 75%)

PD3 + 
Grapevine Sap

(Resistant ‘Blanc Du Bois’) 
(25%)

Grapevine sap collection in the field

Grape sap dripping from 
freshly cut canes



Grape Sap

Grapevine-isolated strains

Almond- isolated strains

B3SN17-2, B3SN17-4, M23, 
ALS10T14, ALS17T10, IVIA5387.2

Blueberry- isolated strains
Xf subsp. multiplex

AlmaEm3, BB08

Xf subsp. multiplex

Xf subsp. fastidiosa

ALS15T2, IVIA5901, XF3348, 
ESVL, Dixon, ALS6, M12

Xf subsp. fastidiosa 
TemeculaL, WM1, CCPM1, IVIA5770 In vitro assay

PD3 vs. 25%, 50%, 75% Sap 

X. fastidiosa strains on grapevine sap (susceptible cv ‘Chardonnay’)



Grapevine-isolated strains
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X. fastidiosa strains on grapevine sap (susceptible cv ‘Chardonnay’)



Xf subsp. fastidiosa
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X. fastidiosa strains on grapevine sap (susceptible cv ‘Chardonnay’)



Xf subsp. multiplex
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X. fastidiosa strains on grapevine sap (susceptible cv ‘Chardonnay’)
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Xf subsp. multiplex

X. fastidiosa strains on grapevine sap (susceptible cv ‘Chardonnay’)



Xf subsp. fastidiosa Xf subsp. multiplex

TemeculaL, WM1, 
CCPM1 IVIA5901, XF3348, ESVL

 Dixon, ALS6, M12

IVIA5770

IVIA5387.2, M23

AlmaEm3, BB08

ALS15T2

B3SN17-2, B3SN17-4, 
ALS10T14, ALS17T10

High biofilm → Severe symptoms Low Biofilm → Asymptomatic

High biofilm → AsymptomaticLow Biofilm → Severe symptoms

Only X. fastidiosa subsp. fastidiosa caused disease on grapevines 

Correlation symptoms/biofilm in sap: ~70%



Susceptible vs. resistant sap



Blueberry 

Susceptible Cultivar: Rebel 

Resistant Cultivar: Farthing

Blueberry-Isolated Strains: 
AlmaEm3, AlmaReb1, Med1

Blueberry 

Susceptible sap ‘Rebel’

Resistant sap ‘Farthing’

Biofilm of X. fastidiosa strains on Susceptible vs Resistant 
blueberry sap



Grapevine

Susceptible Cultivar: Chardonnay 

Resistant Cultivar: Blanc du Bois

Grape-Isolated Strains: 
TemeculaL, WM1, CCPM1

Grapevine

Susceptible sap ‘Chardonnay’

Resistant sap ‘Blanc Du Bois’

Biofilm of X. fastidiosa strains on Susceptible vs Resistant 
grapevine sap



Adaptation to sap during subcultures



Serial Passage Experiment design

ALS17T10- High Biofilm, virulent

ALS6- Low Biofilm, avirulent

WT strains

ALS17T10 :: CmR

ALS6 :: KmR

Antibiotic resistance
EAM1-paX1 
plasmid 
with 
CmR/KmR

Matsumoto et al.,2009

Treatments

ALS17T10CmR

ALS6KmR

ALS17T10CmR + dead (ALS6)

ALS6KmR + dead (ALS17T10) 

Media

PD3
PD3+ 50% Grapevine sap

Susceptible cv ‘Chardonnay’



Total Growth reading
Absorbance at OD600nm

Day 0-7
Day 7-14 Day 14-21

Day 7

950 µL

50 µL

Day 14 Day 21
Media

Bacteria
OD600nm=0.2

80% fresh media
20% old culture

80% fresh media
20% old culture

Serial Passage Experimental setup
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Serial Passage in grape sap vs. PD3

Virulent strain adapts better to grow in sap

Virulent

Avirulent



Conclusions

• European X. fastidiosa strains can cause symptoms and colonize low 
chill blueberry varieties.

• Most (70-85%) of the strains tested in vitro showed that increase in 
biofilm formation with sap amendments corresponds to virulence in 
that host.

• Selected strains form less biofilm when tolerant sap was added to 
media, as compared to susceptible sap

• Virulent strain adapt to grow better in sap after serial subcultures

• Hypothesis: sap composition can be a determinant of infection
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RpfF-mediated DSF production induces priming
responses in transgenic Citrus sinensis
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Global Orange production

Brazil is the world's largest 
producer of sweet oranges and the 

largest exporter of orange juice

Brazil accounts for approximately 80% of the orange juice consumed

worldwide.

EUA

France Japan

ChinaGermany

United 
Kingdom



Xylella fastidiosa in Brazil

Citrus Variegated Chlorosis (CVC)
Xylella fastidiosa 

Brazilian States with CVC occurrence

CVC is reported in several brazilian states
 

Plum leaf scald

Main factor for the crop decline in 
the southern and southeastern 

states of the country

Coffee leaf scorch disease

Olive quick decline syndrome

Coletta-Filho et al. 2020 Trop. plant pathol. https://doi.org/10.1007/s40858-020-00358-5



X. fastidiosa quorum sensing (QS)

X. fastidiosa QS is regulated by diffusible
signal factor (DSF) molecules

rpfF
RpfF

DSF

Conserved short-

chain fatty acids

Control the expression 

of genes according to 

population density

Xylem sap

Disease severity is associated
with bacterial movement

through the xylem

Bacterial movement within 
the xylem is regulated by 

quorum sensing
Biofilm – Sessile

Afimbrial 

Adhesins

Type I pili

EPS synthesis

Genes that code for

Planktonic - Movement

Type VI pili

Cell Wall degradation 

enzymes (exoenzymes)

Genes that code for



DSF beyond a quorum sensing molecule

Could plants expressing rpfF affect 

bacterial signaling, preventing the 

bacteria movement?



X. fastidiosa quorum sensing (QS)

Transgenic plants expressing the rpfF gene
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DSF beyond a quorum sensing molecule

DSF mediates inter-Kingdom communications

He et al. 2023. Cell Press. https://doi.org/10.1016/j.tim.2022.07.006

DSF from 

Xanthomonas 

campestris triggers 

HR 
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DSF beyond a quorum sensing molecule

DSF mediated inter-Kingdom communications

He et al. 2023. Cell Press. https://doi.org/10.1016/j.tim.2022.07.006

Pretreatment with DSF and subsequent pathogen 

invasion triggered an increased burst of ROS

Infiltration of DSF primed plant immunity 

against Xcc in both Brassica

oleracea and Arabidopsis thaliana. 

https://doi.org/10.1016/j.tim.2022.07.006
https://doi.org/10.1016/j.tim.2022.07.006
https://doi.org/10.1016/j.tim.2022.07.006


DSF beyond a quorum sensing molecule

Could DSF also act as an elicitor
molecule in transgenic citrus 

plants?



Detection of hypersensitivity reactions (HR)

GM WT 

HR was only detected at 
the sites where synthetic 
DSF and the extract from 

transgenic plants were 
applied

The induction of a 
hypersensitive response 

suggests that DSF is
perceived by the plant

Hypersensitivity
reactions (HR)

To investigate
whether plants can

recognize DSF

1°



RNA-seq analysis

KEGG enrichment analysis
105 up-regulated genes

Oxidative stress-
response 

PRX
SOD
GalS
GST

Lipid metabolism

HPL
LOX2
CAS
PLD

ET/JA responsive TF

FAR1
AP2/ERF

PR-proteins

KTI
ITH

CHIB

Transcriptome

To determine 
whether DSF elicits

plant immunity

2°



RNA-seq analysisLipid metabolism

HPL
LOX2
CAS
PLD

LOX2Linoleic acid

Fatty acid
hydroperoxides

HPL

AOS

Volatile oxylipins
GLVs

JA Fatty acid
hydroperoxides

The oxylipin profile is 
important for defense 

against Xylella

Hydroperoxide lyase

Lipoxygenase 2

https://doi.org/10.1007/s44372-025-00320-2

The reduction of 13-oxylipins allows 
the pathogen to move and colonize  

the host to a greater extent



Lipidome analysis

The  RpfF enzyme  is involved in 
fatty acid biosynthesisAlteration in the fatty acid prolife

Lipidome

3°

Identify the profile 
of fatty acids in the 
transgenic plants in 
relation to the WT

Fatty acids detected exclusively in 
transgenic plants



Lipidome analysis
Lipidome

3°

Identify the profile 
of fatty acids in the 
transgenic plants in 
relation to the WT

Fatty acids detected 
exclusively in 

transgenic plants

DSF-like
RpfF

Fatty acid biosynthesis in plants Fatty acid biosynthesis in bacteria

RpfF activity
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Lipidome analysis

The  RpfF enzyme  is involved in fatty acid 
biosynthesis

Lipidome

Identify the profile 
of fatty acids in the 
transgenic plants in 
relation to the WT

3°

Alteration in the lipid profile

D O I :  1 0 . 1 0 0 7 / S 1 1 1 0 3 - 0 2 3 - 0 1 3 8 5 - X

LPE Primes Plant imune system 



Hypothetical Model of CVC Resistance in Transgenic Citrus Plants
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Phage diversity across 
Xylella fastidiosa 

subspecies fastidiosa 
and multiplex

Carlos Selles-Ribera, Pilar Domingo-Calap, Ester Marco-Noales



Bacteriophages & Phage-based 
biocontrol

Bacteriophages are viruses that specifically 
infect and kill bacteria

Phage-based biocontrol exploits these 
natural predators to selectively reduce 

harmful bacterial populations



Active mainland outbreaks in Spain

❖ Xf subsp. fastidiosa ST1

• Vitis vinifera

• Cystus sp.

• Lavandula sp.

• Ulex sp.

• …

❖ Xf subsp. multiplex ST6

• 30 species 

(90% of detections in 
Prunus dulcis)



Strategies towards Xf phage isolation

✓ Faster screening process

✓ Lower biosafety requirements

✓ Suitable production host available

X Uncertain success rate against the target

✓ Directly targets the pathogen

✓ Greater chance of finding strain-specific 
phages

✓ Better understanding of phage diversity

X Slower and more labor-intensive

X Highly specific phages may be difficult to 
propagate at large-scale for agricultural 
applications

Surrogate host isolation Direct target isolation



Strategies towards Xf phage isolation

Surrogate host isolation Direct target isolation

Mir_2 phage on a Xf subsp. multiplex 
overlay 

ViSe_6 phage on a Xanthomonas 
arboricola overlay 

Xf bacteriophage 
collection 

Both methods worked for 
subsp. fastidiosa, but 
only direct isolation 

succeeded for subsp. 
multiplex



Xf phage diversity

Phages isolated for subsp. fastidiosa 
exhibited high genomic diversity

Four novel genera and nine new 
species were proposed

Selles-Ribera et al. 2026. Plant Dis :10.1094/PDIS-09-25-1903-RE
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Xf phage diversity

Phages isolated for subsp. fastidiosa 
exhibited high genomic diversity

Four novel genera and nine new 
species were proposed

Two genera and five species were found 
only by direct isolation on Xf

For most of them, no suitable surrogate 
host within the genus Xanthomonas has 

been found for these phages

Selles-Ribera et al. 2026. Plant Dis :10.1094/PDIS-09-25-1903-RE
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Queuovirinae 
Subfamily

Xf phage diversity

Mir_5

Mir_1
Mir_2
Mir_3

Mir_4
Mir_6
Mir_8 Phages recovered from 

subsp. multiplex followed 
the same trend

Nearly half could not be 
propagated in any tested 

Xanthomonas spp. 
surrogate host



Choosing the right Xf phage isolation 
strategy

❖ For studies based on ecology, phage diversity, phage-host interaction, strain typing, or phage-
based monitoring, surrogate-host isolation is not ideal. By selecting only phages capable of 
infecting the surrogate host, this approach biases the recovered population toward broader 
host-range phages.

❖ For biocontrol of Xf, both approaches are valid and complementary. However, large-scale 
phage production will ultimately require a suitable production host, whether identified before 
or after phage isolation.

The optimal isolation strategy depends on the final objective



In vitro assays
Phage–bacteria dynamics, dosis dependancy and host range

Growth curves of Xf subsp. fastidiosa strains in the presence and absence of phages

1010 PFU/ml106

Mir-4

108

Mir-5

Mir-6

Mir-8

Spot assay with serial dilutions of ST6-isolated phages on a 
lawn of strain ST51

Selles-Ribera et al. 2026. Plant Dis :10.1094/PDIS-09-25-1903-RE

https://doi.org/10.1094/PDIS-09-25-1903-RE
https://doi.org/10.1094/PDIS-09-25-1903-RE
https://doi.org/10.1094/PDIS-09-25-1903-RE
https://doi.org/10.1094/PDIS-09-25-1903-RE
https://doi.org/10.1094/PDIS-09-25-1903-RE
https://doi.org/10.1094/PDIS-09-25-1903-RE
https://doi.org/10.1094/PDIS-09-25-1903-RE
https://doi.org/10.1094/PDIS-09-25-1903-RE
https://doi.org/10.1094/PDIS-09-25-1903-RE


In planta assays

Greenhouse trials under 
controlled conditions

Field trials in high-
incidence plots

❖ Xf ST6 → Prunus dulcis

❖ Xf ST1 → Prunus dulcis
   Vitis vinifera



Thank you 
for your 

attention
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PIERCE’S DISEASE IN ISRAEL

▸ Pierce’s disease (PD) in caused X. 
fastidiosa subsp. fastidiosa (Xff) 

▸ Xff was identified in northern Israel in 
2017 in almonds 

▸ And found in vineyards in the upper 
Galilee in 2021 

▸ Xff (ST1) 

▸ Spreads primarily by Mesoptyelus 
impictifrons

XYLELLA FASTIDIOSA - BACKGROUND



DAMAGE CAUSED BY PIERCE’S DISEASE (PD) TO THE WINE INDUSTRY IN CALIFORNIA

RESEARCH ARTICLE

20 CALIFORNIA AGRICULTURE • VOLUME 68, NUMBERS 1–2

Pierce’s disease costs California $104 million per year
by Kabir P. Tumber, Julian M. Alston and 
Kate B. Fuller

Pierce’s disease of grapevines, caused by 
a strain of the bacteria Xylella fastidiosa, 
threatens an industry with a farm value of 
production exceeding $3 billion per year. 
The grape industry incurs substantial costs 
from losses of vines to the disease and ef-
forts to mitigate damage. Additional costs 
are borne by the public in providing pro-
grams that aim to contain the disease and 
develop longer-term solutions, and by the 
citrus, nursery and grape industries in com-
plying with those programs. Aggregating 
the costs of vine losses, industry assess-
ments, compliance costs, and expenditures 
by government entities, we estimate the 
cost of Pierce’s disease in California is ap-
proximately $104.4 million per year. Of 
that, $48.3 million funds Pierce’s disease ac-
tivities undertaken by various government 
agencies, the nursery and citrus industries 
and the UC system, and $56.1 million is the 
cost of lost production and vine replace-
ment borne by grape growers.

Pierce’s disease (PD), caused by a strain 
of the bacteria Xylella fastidiosa, was 

!rst reported in the 1880s. Xylella blocks 
the xylem, or water-conducting system, of 
a grapevine, leading to vine death, usu-
ally between 1 and 5 years after the plant 
becomes diseased. This disease imposes 
signi!cant annual costs on the California 
grape and wine industry through losses 
of vines and the cost of efforts to mitigate 
the damage. Further signi!cant costs are 
borne by the broader community in pro-
viding public programs that aim to con-
tain the problem and develop longer-term 
solutions, and by the citrus, nursery and 
grape industries in complying with those 
programs.

California production of grapes of all 
types was valued at approximately $3.2 
billion in 2010, of which wine grapes ac-
counted for nearly $2.1 billion, or 66% 

of the total (CDFA 2011a). In our study, 
we focused on the wine grape industry, 
which accounts for the majority of grape 
acreage and value of grape production in 
California and bears the greatest share 
of the costs of PD (NASS 2011a, 2011b). 
Although PD can affect all grapevines, the 
Pierce’s Disease Control Program (PDCP) 
was introduced in 2000 mainly because of 
concern about the costs in the wine grape 
industry.

Until recently, PD was regarded as just 
one of many chronic diseases in the wine 
grape industry, always present and oc-
casionally worse than usual. This was so 
when the only insect vectors for the dis-
ease were native sharpshooters. Concerns 
grew after a devastating PD outbreak 
in the Temecula Valley in Southern 
California in the late 1990s, spread by a 
new nonnative vector, the glassy-winged 
sharpshooter (Homalodisca vitripennis, 
GWSS). In response, extensive programs 
were created to manage PD and GWSS in 
Southern California and to prevent the 
spread of GWSS into other areas, espe-
cially the high-production-value areas of 
the Napa and Sonoma valleys, but also the 
contiguous southern San Joaquin Valley, 

where a large share of the total volume of 
California wine is produced, along with 
table and raisin grapes.

Since the inception of these programs 
in the late 1990s, tens of millions of dol-
lars of public and private funds have been 
spent each year to prevent the spread of 
GWSS and PD and to mitigate the effects 
of PD. In our study, we quantify in detail 
the costs of these efforts and the costs to 
growers (ultimately shared with consum-
ers) from losing vines to the disease.

Pierce’s disease and its vectors

PD has caused vine death from the 
very beginning of the wine industry 
in California. In 1857, the Los Angeles 
Vineyard Society settled in the Santa 
Ana Valley with initial funds of $100,000. 
The settlement produced its !rst vintage 
in 1860, yielding about 2,000 gallons of 
wine. By 1883, the region was home to 50 
wineries, approximately 10,000 acres of 
vines and annual production of about 1.2 
million gallons of wine. A few years later, 

Online: http://californiaagriculture.ucanr.edu/ 
landingpage.cfm?article=ca.v068n01p20&fulltext=yes

doi: 10.3733/ca.v068n01p20
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Since the late 1990s, tens of millions of dollars in public and private funding have been spent each year 
to prevent the spread and mitigate the e!ects of Pierce’s disease in California.
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Since the late 1990s, tens of millions of dollars in public and private funding have been spent each year 
to prevent the spread and mitigate the e!ects of Pierce’s disease in California.
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PIERCE’S DISEASE IN ISRAEL

XYLELLA FASTIDIOSA - VINEYARDS IN ISRAEL



PIERCE’S DISEASE EFFECT ON YIELD

XYLELLA FASTIDIOSA - VINEYARDS IN ISRAEL

    Cabernet Sauvignon    Sauvignon Blanc



XYLELLA FASTIDIOSA - PD IN NAPA VALLEY

OVERWINTER RECOVERY FROM PD IN NAPA VALLEY

‣ PD overwinter recovery: 

‣  Reports from California 

‣ Deciduous plants  

‣ Associated with low winter 
temperatures 

‣ Elimination of pathogen and remission of symptoms 



CAN OVERWINTER RECOVERY FROM PD OCCUR UNDER MEDITERRANEAN 
CONDITIONS AND WHAT ARE THE FACTORS AFFECTING IT?

▸ Geographical location, temperature   

▸ Time of inoculation 

▸ Cultivar

XYLELLA FASTIDIOSA - QUESTIONS AND HYPOTHESES



RECOVERY EXPERIMENT
▸ Cabernet Sauvignon and Chardonnay plants were inoculated 

with Xff (ST1) using the needle-prick method at 4 different 
time points from May to September. 

▸ At each time-point 50 plants from each variety were 
inoculated 

▸ Symptom and infection were assessed throughout the season 

▸ When entering dormancy, half of the infected plants were 
kept at the Volcani Institute (central Israel) and half 
transported to overwinter in the Upper Galilee 

▸ Before the next season, vines were pruned and brought back 
to Volcani Institute 

▸ Plants were monitored for symptoms and infection in the next 
season

XYLELLA FASTIDIOSA - EXPERIMENTAL SETUP



DISEASE SYMPTOMS IN THE EXPERIMENT
XYLELLA FASTIDIOSA - RESULTS



INCIDENCE OF INFECTION AND SYMPTOMATIC PLANTS
Cabernet Sauvignon
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INCIDENCE OF RECOVERY IN RELATION TO TIME OF INOCULATION
Cabernet Sauvignon
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MAX AND MIN TEMPERATURE AT THE TWO DORMANCY SITES

XYLELLA FASTIDIOSA - RESULTS

Day temperatures ~0.7 ˚C higher in the center 
Night temperatures ~3.5 ˚C cooler in the north  

(from end of November until beginning of March)



EFFECT OF SITE OF DORMANCY ON RECOVERY 
Cabernet Sauvignon and Chardonnay (combined)
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CONCLUSIONS AND TAKE-HOME MESSAGE
▸ Recovery from PD can occur under 

Mediterranean climate 

▸ Early infections are more likely to become 
chronic 

▸ Late infections, (August-September) have 
high chances to undergo overwinter 
recovery

XYLELLA FASTIDIOSA - SUMMARY



CONCEPTUAL MODEL OF THE SEASONAL CYCLE AND FACTORS DETERMINING OVERWINTER RECOVERY FROM XF
XYLELLA FASTIDIOSA - SUMMARY
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The origin of the new Xylella 
fastidiosa subsp. fastidiosa outbreak in 

Extremadura, Spain, through comparative 
genomic analysis and phage typing

Félix Morán1*; Silvia Barbé1; Carlos Selles-Ribera1; Adela Monterde1; and Ester Marco-Noales1

1 Instituto Valenciano de Investigaciones Agrarias (IVIA), Center for Plant Protection. Bacteriology Unit, Moncada, Valencia, Spain.

* Corresponding: moran_fel@gva.es



INTRODUCTION

The objective of this work is to elucidate 
the origin and epidemiological context of 
the new outbreak detected in 
Extremadura (Cáceres) by performing a 
molecular and phenotypic 
characterization of isolates from the 
outbreak. By sequencing and typifying 
these isolates using WGS and MLST, our 
goal is to determine their phylogenetic 
relationships, evaluate genetic diversity, 
and infer possible routes of introduction 
and spread in Spain.



METODOLOGY



IVIA-906/24 IVIA-1116/24 IVIA-1118/24 IVIA-1119/24 IVIA-125/25 IVIA-313.2/25

Sequencing statistics1

Oxford Nanopore 

Technology reads
592,862 373,219 373,494 269,617 306,593 809,763

Illumina paired reads 3,583,588 6,090,778 8,231,502 7,674,339 - -

Assembly statistics

Hybrid assembly Yes Yes Yes Yes No No

Nº De novo contigs 1 1 1 10 15 1

Genome Size 2,534,294 bp 2,532,475 bp 2,533,848 bp 2,536,606 bp 2,554,241 bp 2,551,738 bp

GC content (%)
51.7% (1,309,677 

nt)

51.7% (1,308,651 

nt)

51.7% (1,309,429 

nt)

51.5 % (1,311,661 

nt)

51.9 % (1,324,931 

nt)

51.8% (1,320,588 

nt)

Genome 

completeness2
99.64% 99.64% 99.64% 98% 99.64% 99.75%

Genome coverage 1161X 1188X 1218X 1288X 118X 909X

Presence plasmid Negative Negative Negative Negative Negative Negative

Annotation (Prokka v1.14.6)

CDS3 2,419 2,422 2,422 2,401 2,440 2,453

rRNA4 6 6 6 6 9 6

tmRNA5 1 1 1 1 1 1

tRNA6 46 49 49 49 51 49

GenBank Number NZ_CM155230.1 NZ_CM155228.1 NZ_CM155229.1 - - -

RESULTS



RESULTS
Core-genome analysis



RESULTS
Chromosomal integration of plasmid pXFSL21



RESULTS

Phage Typing Prophages analysis



RESULTS
Pathogenicity assay 



CONCLUSIONS

• Close relationship between recent European outbreaks and American strains, confirming the 
ongoing vulnerability of European agriculture to the introduction of new variants.

• The full chromosomal integration of plasmid pXFSL21 in IVIA isolates, together with its 
conservation in Italian and North American ST1 strains, supports its value as a stable genomic 
marker for tracing the dissemination and common origin of the ST1 lineage.

• Phage-based typing revealed a consistent lytic profile among Extremadura isolates, distinct from 
Mallorca ST1 strains and the reference strain Temecula1, indicating phenotypic variability within 
this lineage. 

• Systematic surveillance through WGS should be consolidated as a central tool for detection, 
traceability, and supporting the design of effective containment strategies against future epidemic 
episodes of Xylella fastidiosa outbreaks.
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Preliminary transcriptomic profiles of three almond cultivars 
in response to the infection of different Xylella fastidiosa subspecies





Figure 1. Principal Component Analysis (PCA) of transcriptomic profiles in almond 
cultivars. Samples cluster primarily by genotype along PC1 (30% variance), with Pizzuta 
d’Avola (PZ) separating from Tuono (TN) and Avijor (AV). MT indicates control samples; 
ST groups correspond to different Xylella fastidiosa strains.

Figure 2. The mirror barplot quantifies up-regulated (red) and down-regulated (blue) 
genes at 48 hours post-inoculation.

RESULTS
Preliminary Trascriptomic Analysis 
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RESULTS
SNP Distribution within DEGs across almond cultivars and Xylella fastidiosa strains

Figure 3. Venn diagrams showing shared and unique SNPs identified within differentially expressed genes among control and inoculated samples with different Xylella fastidiosa 
strains.
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The toxicity of the WH1 domains from replication proteins on bacteria

WH1(RepA)

• Amyloid aggregation

• Toxic for bacteria



X. fastidiosa ssp. fastidiosa IVIA5235 is hampered by the WH1 domains 
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GENETIC DIVERSITY OF 
XYLELLA FASTIDIOSA 

IN THE OCCITANIA 
FRENCH REGION

Victor Nelaton, PhD Student
ANSES Plant Health Laboratory



Positive, n = 743

Interceptions, n = 12

Negative, n = 40701

Occitania’s X. fastidiosa surveillance sampling, 01/01/2015 – 12/03/2026
(Shiny Anses)

Why Occitania ?

❖ Most recent French region to be shown infected

❖ No knowledge of the origin of contamination

❖ A large area covered by the bacterium



Samples

MLVA Data

Metadata

Clusters/groups

Characterised clusters

Typing

Search in 
databases

Clustering

Visualisation

Objectives

❖ Confirm the presence of ST6 and ST7 only

❖ Look for relativeness with previously
known strains (French and/or Spanish)

❖ Highlight the fine intra-regional genetic
structuration and possible gene flow

Method

❖ MLVA (VNTR-12 scheme) typing of 331
samples collected during official
surveillance

❖ Genetic clustering

❖ Visualisation and characterisation of
clusters using metadata



Results
326 ST6 strains and 5 ST7 strains

The ST7 population is geneticaly
similar to other French ST7 strains

ST6 strains are a new cluster:
probable independant introduction
in the region

Two subclusters within ST6
Occitania strains: distinct
introductions or on-site
diversification?

DAPC scatterplot and minimum-spanning tree
of ST6 Occitania strains. Colors = DAPC clusters

See Poster !





α-Hfq

Xylella fastidiosa (Xf);

• can switch between planktonic growth and biofilm in response to 

environmental cues, mediated by Quorum Sensing (QS).

• releases significantly higher extracellular vesicles (Xf-EVs) than closely related 

species1.

• Identified RNA chaperone Hfq and sRNAs as cargo of Xf-EVs2.

Robatzek Lab

1 Ionescu et al., 2014 PNAS
2 Ruf et al., 2025 JEV

Xylella fastidiosa and its Extracellular Vesicles 

What are the roles of Xf-

EVs and Hfq in Xf ?

Hfq – central regulator of RNA metabolism

 facilitates base paring between sRNA and mRNAs



Hfq mediates aggregation, biofilm regulation and 

motility Robatzek Lab

Generation of Δhfq

            

   

    

        

            

      



Hfq mediates aggregation, biofilm regulation and 

motility Robatzek Lab

Generation of Δhfq

            

   

    

        

            

      

Grapevine cultivar 

Sauvignon Blanc

Miguel Román-Écija

In collab. with Landa Lab, Instituto de Agricultura Sostenible

      



Hfq facilitates transcriptional regulation via 

small RNAs

PD2 : nutrient rich medium

3G10R : xylem-mimicking, nutrient poor medium

Robatzek Lab

Transcriptomics 

sRNA Sequencing 

De novo sRNA annotation

Differentially expressed 

genes as sudden response

Type 4 pilus, transcriptional 

regulator and signaling 

responses are impaired in

Δhfq 

Novel Hfq-dependent sRNA

candidates to mediate the

gene expression relating to

biofilm, QS system, 

virulence

        

      

            

   

  

   

      

   

   

   

   

   

       

  

 
 
 
 
 
  
 
  
 
 
 
 
  
 
  
 
 
 
 

 

   

   

   

   

         

    

         

  
   

 



Poster #73
Hfq-dependent small RNAs integrate 

environmental sensing with lifestyle transitions 

and virulence in Xylella fastidiosa

Robatzek Lab

DFG Research Unit

"exRNA"
“MultiX”
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