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Introduction - Pathogens
’ Risk posed by xylem pathogen in Northern Europe should not be underestimated

X. fastidiosa
PIant host and symptoms
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Introduction - Pathogens
Risk posed by xylem pathogen in Northern Europe should not be underestimated

B. salicis
-

CABI, 2024, Brenneria salicis. In: CABI Compendium. Wallingford, UK: CAB
International.

Pesenti, 2024,
CABI Plant Health Case

@ cABI Summary Data




Introduction — Salicaceae as hosts

’ Salicaceae are efficient hosts for X fast/d/osa and B salicis
&ogl 7o ' ~

“=  Common in riparian tree layer
" Forming a closed-mesh network

LT
potential vectors (=l

Casarin et al., 2023, J. Pest Sci.

= Hosts of xylem-sap feeding insect d@% j‘--t

Salix Asymptomatic

=  Multiplication and dispersal in xylem

vessels revealed by mechanical

inoculation

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

B. salicis

\ %r: i

2 Plants can be symptomatic or

asymptomatic

Symptomatic Symptomatic



Objectives

’ “"Xylem endophytes play a role in mitigating symptom development
& in host plants infected with X. fastidiosa or B. salicis”
= =*1 Can a core xylem endophytome —

for Salicaceae be defined ? What are the interactions

f\ between xylem endophytes
\g a TN and X. fastidiosa and B.
/ SO ¢ salicis in vitro
Tz
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What are the potential benefits of targeted )
co-inoculation of beneficial endophytes ? |

Pesenti, 2026,
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Results - Definition of endophytome via culture-dependent method

20 1

27

Salicaceae core
xylem endophytome
Bacillus proteolyticus
Bacillus subtilis
Bacillus tequilensis
Bacillus toyonensis
Bacillus velezensis

Shared species among Salicaceae

Populus core xylem
endophytome
Bacillus licheniformis
Bacillus proteolyticus
Bacillus subtilis
Bacillus tequilensis
Bacillus toyonensis
Bacillus velezensis
Priestia aryabhattai

Priestia megaterium
Priestia flexa
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Salix core xylem endophytome
Bacillus proteolyticus

Bacillus subtilis

canescens tremula

s POpUIUS Nigra
s POpUIUS tremula
Populus canescens
Salix fragilis
Salix caprea
eessss——— Sa/ix alba

caprea

Bacillus tequilensis
Bacillus toyonensis
Bacillus velezensis
Bacillus wiedmannii

alba



Results — Definition of endophytome via culture-independent methods

Relative abundance of each genus (158) in Populus and Salix samples

‘m%

Unknown Acinetobacter Clostridium Humisphaera . Pararhizobium . Roseococcus
Bacillus Aerococcus Comamonas Hydrogenophaga . Phenylobacterium . Rubellimicrobium
Brevundimonas Aestuariivirga Corynebacterium Hymenobacter . Phyllobacterium . Sandarakinorhabdus
Curtobacterium Alloalcanivorax Cutibacterium Kineococcus . Piscinibacter . Serratia
7o Frigoribacterium Anaerococcus Deinococcus Lachnospira . Plastoroseomonas . Shouchella
Methylobacterium Aquisediminimonas Desulfoprunum Lichenihabitans . Polaromonas . Sphingobium
Q Nocardioides Arenimonas Dolichospermum Lysobacter . Polymorphobacter . Sphingorhabdus
g Paenibacillus Aulosira Dyadobacter Micrococcus . Pseudobacter . Sphingosinicella
% . Priestia Aureimonas Falsirhodobacter Mobilitalea . Pseudorhodobacter . Spirosoma
% . Pseudomonas Belnapia Finegoldia Moranella . Pseudoroseomonas . Stenotrophobium
= . Ralstonia Billgrantia Flavisolibacter Moraxella . Pseudoxanthobacter . Streptococcus
. Roseomonas Blastococcus Flavobacterium Nakamurella . Pseudoxanthomonas . Sulfuritalea
25% . Sphingomonas Blastomonas Gemmobacter Neorhizobium . Qipengyuania . Tabrizicola
. Staphylococcus Bosea Gilliamella Noviherbaspirillum . Ramlibacter . Telluria
. Stenotrophomonas Bradyrhizobium Halomonas . Novosphingobium . Reyranella . Thiopseudomonas
. Xanthomonas Caldovatus Halopseudomonas . Pannonibacter . Rhizobacter . Variovorax
0% Abditibacterium Cereibacter Hassallia . Paracnuella . Rhizorhapis . Xanthobacter ’
Achromobacter Chroococcus Herminiimonas . Paracoccus . Rhodocytophaga
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Results — Interaction between isolated endophyte and pathogens

’ Strains of interest selected based on in vitro confrontation and tests

.

' In vitro confrontation Test in vitro for beneficial traits

o

X. fastidiosa

.. | Phosphate Siderophore Motility

B. salicis
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Fungi éonfrontation
Selection of 40 strains Selection of 15 strains
based on in vitro

Genome & fluorescence
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Genome sequencing
& mining

plasmid

Bacterial genomefg ;E 5! i E ! £

Transformation
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Selection of 5 strains for i‘
vivo inoculation 9



Methods - In vivo inoculation

Symptoms monitoring PCR detection
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Detection on the Ieave;é

post inoculation

post inoculation
Confocal microscopy detection
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Detection on the stems

= At the end of each assay

= One-month assay: 2 weeks Z%

= Three-month assay: 1 month

qPCR detection
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Detection on the whole plant
= 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

Symptoms monitoring via visual scale and plant height

Willow assay

Tobacco assay

One-month ass
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Results - In vivo co-inoculation

/

One-month assay.

Three-month assay

Final height (cm)
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301

Symptoms monitoring via visual scale and plant height

Tobacco assay Willow assay

No significant difference compared to No significant difference compared to
control plant control plant

Height restauration of co-inoculated plant with any endophyte in tobacco after 3 months

Final height (cm)
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I
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Bs_Pc

Control_Er 4
Control_Pc 4
Control_Pg A
Control_P
Xf_Control 4
Xf_Er
Xf_Pc
Xf_Pg
Xf_P|
Bs_Control 4
Bs_Er
Bs_Pg

Control_Control 4
Control_Er 4
Control_Pc A
Control_P
Control_P
Xf_Control A
Bs_Control A
Control_Control 4

Bs_Pp
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Results — Pathogen & endophyte visualisation

No co-localization of pathogen and endophyte in the same vessels
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Bacterial viability confirmed with re-isolation

/

~ =N

w * iy
!l $LF -
1opm ﬂ T9Rwal

e R \ — S R T



Results — In vivo co-inoculation
’ PCR and gPCR detection

Tobacco assay .

N

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

blla a a a affbjfa b a bbb P. phytofirmans.

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

One-month assay
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Reduction of pathogenic bacterial load in co-inoculation in most cases
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= Lower concentration of X. fastidiosa when _ .
co-inoculated with all endophytes.

[ | : | e | - - -

Xf_Bv
Xf_Pc
Xf_Pg
Xf_Pp
Bs_Control
Bs_Bv
Bs_Er
Bs_Pc
Bs_Pg
Bs_Pp
£

Xf_Er

Xf_Control

Pathogen Cq
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= Lower concentration of B. salicis when co-
inoculated with 2 endophytes :
B. velezensis, P. coleopterorum. Three-month assay .

Bs_Pg
Bs_Pp

Bs_Er
Bs_Pc

Xf_Control 4
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Bs_Control




Results - In vivo co-inoculation

PCR and gPCR detection 7

Willow assay

One-month assay

T
1=
1

P

Xf_Bv
Xf_Er
Xf_Pc
Xf_Pg
Xf_P

Bs Bv
Bs_Er
Bs_Pc
Bs Pg
Bs_Pp

Xf Control
Bs Control

= No significant difference in pathogen load.

Pathogen Cq

42 1
40 1
38 1
36 1
34 1
324
30 1
28 1
26
24 1
22 1

20

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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Three-month assay



Take home message

Xylem bacterial endophyte interacts with xylem-limited pathogen

, ~ New description of Salicaceae xylem endophytome with
A ~2 « 440 bacteria isolated from 43 genera and 104 species
« 158 genera and 223 species sequenced

.

0 40 bacteria selected through in vitro confrontation
15 bacteria chosen from in vitro test for genome sequencing

I[ 5 transformed bacteria used in co-inoculation
L« 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, ;g
New Phytologist it Ficrige




Take home message

What's next ?

% Use metagenomics to better define Salicaceae endophytome

Use other Salicaceae species for co-inoculation assay

7 Use synthetic communities and not single inoculant

=» Use insect vector to disseminate synthetic communities

1A
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Potential for blueberry infection by European Xylella

fastidiosa strains: growth in xylem sap as a proxy for
host specificity

Leonardo De La Fuente 6
Professor, Auburn University AUBUR
Auburn, Alabama, USA UNIVERSITY
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Blueberry:
Bacteria Leaf Scorch

First reported in Georgia (USA) in 2009




Low chill Blueberry varieties:
Southern highbush and rabbiteye
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Two Hosts: Grapevine and Blueberry

Blueberry pathosystem

In planta assays

In vitro assays

7oy
7 "4
Wit /

Disease severity and bacterial colonization

Growth and biofilm formation in blueberry sap

/

Grapevine pathosystem

In planta assays
Disease severity and bacterial colonization

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

N
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Blueberry pathosystem

In planta assays
Disease severity and bacterial colonization

In vitro assays
Growth and biofilm formation in blueberry sap




31 strains tested

~ Disease progress curve & 9

Disease Severity Index (%)

Q 17 EU
3 Intercepted
7 US Blueberry
4 US others
60 -
Strain
-- AmaEm3 -e= [VIA5387.2
R0 > AlmaReb1 - IVIA5770
AlmaReb3 =e= [VIA5901
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== CCPM1 PierceMed1
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All subspecies can cause symptoms in blueberries

Xf subsp. multiplex ~N Xfsubsp. fastidiosa —

fsubsp. pauca —

XYL2014

IVIA5770 IVIA5387.2

XYL1966 B3SN17-2

. Buffer control
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K TOS4 IVIA6629 XYL468 ) \ )
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Growth in blueberry sap

| Growth Media
i PD3
« Difficult to collect: 1-1.5 ml of sap/plant =
: PD3 +
* Used~130 plants grown in the . Susceptible Blueberry Sap
greenhouse for sap Negative pressure )
xylem extraction unit (25%)

PD3 + Resistant Blueberry Sap
(25%)

(Modified from Longchar et.al, 2020)



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

\ In vitro assay: 25% Blueberry sap vs. PD3
Xfsu bSp. multiplex ( Growth and Biofilm assay
Alma Em3, Alma Reb3, TOS4, Beg:ée::;?nlqiu&gre Bacterial Growth
XYL466, XYL468 N4 e
— BlueberrySap — e ﬁ
AlmaReb1, WM1-1, IVIA5387.2, . §
|V|A5770, CFBP8073, Med1 , ,f; =/ 1;; N— Absorb:;nce reading:
Temeculal / ,‘*‘Jf Incubatior;vgie 28p g}? 50 rppm (ODsoonm)
\/f Biooﬁlm (Dz:l1y _7)|
Xf SUbsp. Sandyi Media 0.1% Crystal violet

\ CFBP8356 /




blueberry sap (susceptible cv ‘Rebel’)

I0Sa strains on

X. fastidi
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blueberry sap (susceptible cv ‘Rebel’)

Iosa strains on
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= Biofilm formation in blueberry sap is indicative of symptoms in planta

N\ _ N\ ( )

CFBP8356

N

XYL466 **

AlmaReb1
Biofilm *
Mostly asymptomatic

( )

IVIAS387.2

Temeculal **
Biofilm ¥

IVIA5770 WM1-1 ** Med1 Mild symptoms
Biofilm ™ > Severe symptoms | (Biofilm ¢ - Mostly asymptomatic) - \

|

J

Correlation symptoms/biofilm in sap: ~85%



Grapevine pathosystem

In planta assays
Disease severity and bacterial colonization

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




Virulence in grapevine

e J
¥. Grapevine-isolated strains ‘o:

™ Xfsubsp. fastidiosa
¥ Temeculal, WM1, CCPM1, IVIA5770 — G inoculaton

Blueberry- isolated strains

Disease Symptoms
Scoring

Xfsubsp. multiplex

AlmaEma3, BB08
Bacterial -
inoculum §
OD600nm= 03 é L
Almond- isolated strains ‘\
Cycles
. Plant Inoculation : e
Xf subsp. multiplex Bl oo
ALS15T2, IVIA5901, XF3348, 5 PCR
J

ESVL, Dixon, ALS6, M12

Xfsubsp. fastidiosa
e B3SN17-2,B3SN17-4, M23,
\ ALS10T14,ALS17T10, 1VIA5387.2 /




A

Only almond and grape Xf subsp. fastidiosa

\, strains caused symptoms
AUDPC
200 gPCR bacterial load by strain
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Xf subsp. fastidiosa Xfsubsp. multiplex Xfsubsp. fastidiosa Xf subsp. multiplex

AUDPC correlates with bacterial colonization in-planta

Strain

IVIA5387.2
B3SN17-2
ALS17T10
ALS10T14
B3SN17-4
IVIAS770
M23
TemeculalL
Dixon

M12




Grapevine sap collection in the field

Growth Media

PD3

PD3 +
Grapevine Sap

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

PD3 +
Grapevine Sap
(Resistant ‘Blanc Du Bois’)
(25%)

Grape sap dripping from \ 2
freshly cut canes ‘




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

&/ /
es ¥~ Grapevine-isolated strains ‘o:
Xfsubsp.

¢ ¥ Temeculal, WM1, CCPM1, IVIA5770 In vitro assay
- PD3 vs. 25%, 50%, 75% Sap

- Growth and Biofilm assay

Bacterial culture

Blueberry- isolated strains et =02 | Sacteral Growth

Xfsubsp. multiplex Grape Sap _, To
AlmaEm3, BB08 Voo
. == Absorb di
=Y/ well plate sorbance reading:
Almond- isolated strains ‘\ S T ncubation 26350 o (Do)
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X. fastidiosa strains on grapevine sap (susceptible cv ‘Chardonnay’)

Grapevine-isolated strains ~N
Temeculal WM1-1 CCPM1 IVIA5770
&
/ _____ -~ 1 / _____ -~ 1
Ug —+1.5 [ ] \ 1.5 o ————— .\\ 1.5 / ¢ \ 1.5
> S . | ( |
Lo 3 I ° | I d
=N o | | | |, |
A S 010 | o +| 1.0 | | 1.0/ st = 10
c o £ o | ¢ o | = ] .
o L = I I °° I I I
S % l—— | I | T S — —
S Zos ; | 05 |2 g | 0.5 | 05 ( I
s g | L] ) I3 | -\ / = —
g P \ d / = I — a [$ : ‘
> B N ——— —— -~ a 00 4 | B N —_——— — = - _}
m 0 0 * S — / 0 0 ] +
a)
a 003 25005#" 500,051\" g0l SP 003 25%5#" 0o P oo SK oD3 25%5%? €Ot SKP el SN P03 go S oSN o SK

Ed PD3 EH 25% SAP [EH 50% SAP [ 75% SAP




X. fastidiosa strains on grapevine sap (susceptible cv ‘Chardonnay’)
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X. fastidiosa strains on grapevine sap (susceptible cv ‘Chardonnay’)
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X. fastidiosa strains on grapevine sap (susceptible cv ‘Chardonnay’)
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Only X. fastidiosa subsp. fastidiosa caused disease on grapevines

— Xf subsp. — — Xf subsp. multiplex )

go» Temeculal, WM1,
° CCPM1 IVIA5901, XF3348, ESVL

‘ B3SN17-2, B3SN17-4, Dixon, ALS6, M12

ALS10T14, ALS17T10

High biofilm - Severe symptoms Low Biofilm - Asymptomatic

/
[ ()
i.i IVIA5770

‘ IVIA5387.2, M23 ‘ ALS15T2

Low Biofilm - Severe symptoms High biofilm - Asymptomatic

J 4 y,

. AlmaEm3, BB08

Correlation symptoms/biofilm in sap: ~70%



Susceptible vs. resistant sap




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

Grapevine \
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Adaptation to sap during subcultures




Serial Passage Experiment design

EAM1-paX1

~—— WT strains ——— ~— Antibiotic resistance — plasmid
ALS17T10- High Biofilm, virulent / _— 4
ALS17T10:: CmR
ALSG6- Low Biofilm, avirulent ALS6 :: KmR , 1
— NSy
\ / \ / Matsumoto et al.,2009
e —
ALS17T10CmR
PD3
KmR
Ak PD3+ 50% Grapevine sap
ALS17T10°™R + dead (ALS6) Susceptible cv ‘Chardonnay’

ALS6XMR + dead (ALS17T10)




Serial Passage Experimental setup

80% fresh media 80% fresh media
20% old culture 20% old culture

N4 Day 14-21
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Total growth

Serial Passage in grape sap vs. PD3

50% grapevine sap PD3 Virulent  50% grapevine sap PD3
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X
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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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Global Orange production

Global Orange Juice Production
Rises With Brazil Increase

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

(At65 Degrees Brix)

" Brazil

United
Kingdom

Germany Brazil accounts for approximately 80% of the orange juice consumed

worldwide.




Xylella fastidiosa in Brazil

' Citrus Variegated Chlorosis (CVC)

Xylella fastidiosa Xylella fastidiosa is a multi-host pathogen

Brazilian States with CVC occurrence
Qljlum leaf scald ?

Main factor for the crop decline in
the southern and southeastern
states of the country

CVC is reported in several brazilian states

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



{(. fastidiosa quorum sensing (QS)

4

L 2

Disease severity is associated
with bacterial movement
through the xylem

Xylem vessel

Bacterial movement within

the xylem is regulated by
guorum sensing

Xylem sap

'1‘ Genes that code for

X. fastidiosa QS is regulated by diffusible

signal factor (DSF) molecules

Biofilm — Sessile

Afimbrial
Adhesins

Type I pili

EPS synthesis

\1' Genes that code for

- Nz Type VI pili
. & 5 7
5 - ﬁ;%« Ay .
e ey . gf’:‘)‘ Cell Wall degradation

Planktonic - Movement

enzymes (exoenzymes)

DSF

~ S~ ST ™ cOOH

Conserved short-
chain fatty acids

l

Control the expression

of genes according to
population density

Y




o DSF beyond a quorum sensing molecule

Could plants expressing rpfF affect

bacterial signaling, preventing the

bacteria movement?




'X. fastidiosa quorum sensing (QS)

Y

X4 \ﬁ.
.

Transgenic plants expressing the rpfF gene

7V
Fov>

Ectopic Expression of Xylella fastidiosa rpfF Production of Xylella fastidiosa diffusible signal
Conferring Production of Diffusible Signal Factor in factor in transgenic grape causes pathogen confusion
. . L] - . . ' L]
Transgenic Tobacco and Citrus Alters Pathogen and reduction in severity of Pierce's disease
BehaViO]_' and Reduces Disease Severity Steven Lindow, Karyn Newman, Subhadeep Chatterjee, Clelia Baccari, Anthony T Lavarone,
Michael lonescu
R Caserta B . R R Souza-Neto B 2, M A Takita L . S E Lindow 3, A A De Souza B PMID: 24499029 DOI: 10.1094/MPMI-07-13-0197-FI 2

rpfF

. 2014 Mar;27(3):244-54. doi: 10.1094/MPMI-07-13-0197-FI.

Increased expression of genes conferring
adhesiveness to the pathogen and decreased
expression of genes related to motility

Pathogen confusion strategy

Mol Plant Microbe Interact 2017 Nov;30(11):866-875. doi: 10.1094/MPMI-07-17-0167-R. Epub 2017 Sep 12.



> J Exp Bot. 2015 Nov;66(21):6697-714. doi: 10.1093/jxb/erv377. Epub 2015 Aug 5.

i DSF beyond d q uorum sensi ng mOIecu Ie Xanthomonas campestris cell-cell signalling

> molecule DSF (diffusible signal factor) elicits innate
immunity in plants and is suppressed by the
exopolysaccharide xanthan

‘ DSF mediates inter-Kingdom communications

(

Akanksha Kakkar ', Narasimha Rao Nizampatnam 2 Anil Kondreddy 2 Binod Bihari Pradhan 2,
Diffusible signal factor (DSF)-mediated interspecies and inter-kingdom Subhadeep Chatterjee
communications between different DSF-producing bacteria, Candida
albicans, plants, insects, and zebrafish

Bacillus cereus
Drug resistance, biofilm

(] i s s e o N -
Bacillus thuringiensis formation and persistence Francisella novicida

Sporulation, cell division Biofilm dispersal. chitinase activity,
competitive capability siderophore  production,  iron

I chelation, reld level, (pppGpp
Bdellovibrio bacteriovorus ‘\ / ,

predation and bdelloplast lysis, P. aeruginosa PA14

flagellum assembly. serine BCC ——l T3SS system, S, virulence
® ‘ in HeLa cell and zebrafish

protease production. .
d \
f '
’ i
hild Saj::;e"; Pl — ! DSF- \ P. aeruginosa PAOI
] v = 1 1 i
-~ XFA . \PA1396| Biofilm, stress tolerance,
cucodod virlcace I_E- pl"{Jd ucing SMA ] antibiotic resistance
14 strains ' persistence in the lung
. I
- ¥
N Candida albicans
Nicotiana benthamiana high BCC:r —]|| Filamentation, viability of
The innate immune regponse, | psy V E:ﬁmf;.“d '13;'!1':3” oclls, Bl i O tinaa e
- ilm formati
pathogen resistance 1 ) RS
LowlDSF Candida albicans
e morphological  transition
» § . biofilm formation, adhesion DS F fro m
{rabidopsis thaliana
Sterol enrichment, formin Xanthomonas

Candida albicans
Yeast to hyphal transition,
expression of HWP1 gene

clustering, actin nucleation,
innate immunity

campestris triggers
HR

Trendsa in Microblology

J Exp Bot. 2015 Nov;66(21):6697-714. doi: 10.1093/jxb/erv377

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

DSF beyond a quorum sensing molecule o |
Diffusible signal factor primes

plant immunity against

4 Xanthomonas campestris pv.

DSF mediated inter-Kingdom communications campestris (Xcc) via JA
Front. Cell. Infect. Microbiol., 19 June 2023
Sig naling in ArabidOpSiS Sec. Molecular Bacterial Pathogenesis

Volume 13 - 2023 |

and Brassica oleracea T

Diffusible signal factor (DSF)-mediated interspecies and inter-kingdom
communications between different DSF-producing bacteria, Candida
albicans, plants, insects, and zebrafish

Bacillus cereus
Drug resistance, biofilm
Boclliar foinglensis formation and persistence Francisella novicida
Sporulation, cell division Biofilm dispersal. chitinase activity,
competitive capability siderophore  production,  iron

I chelation, reld level, (p)ppGpp
Bdellovibrio bacteriovorus \ /
P. aeruginosa PA14

dation and bdelloplast lysis,
e (v BCC — || T35S system, QS, virulence

i’ji';mp meacenblys  serine ,' o \\ in HeLa cell and zebrafish o
; -~ N ‘\1 ﬁ
Salmonela { © DSF- ' P. aeruginosa PAO1 +
hild, sopB, SPIl- | wip ¢ ) ) ' : iofi o
encoded vinitence|F——+XFA | producing | SMA J:"’“”“ B — %
- ! | . strains ; persistence in the lung Q
ko N ' Candida albicans
Nicotiana benthamiana high BCC./1—| Filamentation, viability of
The innate immune reeponse, | psr L yoost ond hyphse cclls,
— pa th biiaians - biofilm formation
- LowlDsH Candida albicans Pretreatment with DSF and subsequent pathogen
R hological iti . . . .
biofiim formation, adhesion invasion triggered an increased burst of ROS
Arabidopsis thaliana
Sterol 'ennchr.nem, fom Candide albicans
clustering, actin nucleation, Yeast to hyphal transition,
innate immunity expression of HWP1 gene Infiltration of DSF primed plant immunity
against Xcc in both Brassica
Trends In Microblology . . f
oleracea and Arabidopsis thaliana.

He et al. 2023. Cell Press. https://doi.org/10.1016/j.tim.2022.07.006
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o DSF beyond a quorum sensing molecule

Could DSF also act as an elicitor

molecule in transgenic citrus
plants?




Detection of hypersensitivity reactions (HR) P——

reactions (HR)

To investigate
whether plants can
recognize DSF

HR was only detected at
the sites where synthetic
DSF and the extract from
transgenic plants were
applied

l

The induction of a
hypersensitive response
suggests that DSF is
perceived by the plant
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RNA-seq analysis

105 up-regulated genes

* Down-regulated
Not significant
*  Up-regulated

s Plant hermone signal transduction
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) MAPK signaling pathway

KEGG enrichment analysis
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To determine
whether DSF elicits
plant immunity
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Lipid metabolism RNA-seq analysis ¥ oners | v T

HPL m) Hydfoperoxide lyase o

LOX2 ™ Lipoxygenase 2 Mass Spectrometry-Based Targete
CAS Lipidomics and Supervised Machine

: : » Learning Algorithms in Detecting
PLD e m Disease, Cultivar, and Treatment

Biomarkers in Xylella fastidiosa
subsp. pauca-Infected Olive Trees

Linoleicacid —» @ el Scal Mol St tfaisLort, Nieclte Puce, Ancres Cacciots
lants ‘MDPI
Fatty acid IA P 2
] o hydroperoxides Article
The reduction of 13-oxylipins allows Assessment of Fatty Acid and Oxylipin Profile of Resprouting
the pathogen to move and colonize Olive Trees Positive to Xylella fastidiosa subsp. pauca in Salento
the host to a greater extent (Apulia, Italy)
([, Marco Scortichini 2, Federico Marini *{, Dario La Montagna *{), Marzia Beccaccioli (7,
b) 2.5x105 lizzi *, Andrea Cacciotti *', Nicoletta Pucci 11V, Giuseppe Tatulli !, Riccardo Fiorani !,
i 1 and Massimo Reverberi *
o/ LD MITA T OO PHcCCRlne &
P .0rg/10. 3 2x10° E
https://doi.org/10.1007/s44372-025-00320-2 2
5 1.5x105 g
— “s = The oxylipin profile is
. . E 1x10% .
AtLOX2 plays a role in contrasting the growth =2 o | important for defense
of Xylella fastidiosa subsp. fastidiosa Temeculal sr10* against Xylella
in the model Arabidopsis thaliana 0

T1 T2 T3 T1 T2 T3
Col-0 lox2

G. Gramegna', M. Beccaccioli’, N. Pucci?, S. Loreti, M. Reverberi' and V. Scala®*




Lipidome analysis \3°
Lipidome

. . . . The RpfF enzyme is involved in
4 Alteration in the fatty acid prolife fatty acid biosynthesis

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

40+

o T Fatty acids detected exclusively in
2. ® ricm transgenic plants
3 _ ® Pi-WT
20 N ‘L S
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o 0 20
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14
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* estimated number of carbons (ENC)

C7  203.9539

im-id
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Lipidome analysis \3°
Lipidome

4 9“\ 9‘& 9“6) «“ «“m &

ENC* m/z

Fatty acids detected | " ™" ...
exclusively in 7 .i.
O

H

tra nsgenic plants C19-C20 318.4324 .

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

l Identify the profile
i RpfF activity

C18-C24 373.5035

* estimated number of carbons (ENC)

Fatty acid biosynthesis in plants Fatty acid biosynthesis in bacteria
Lipid A, Phospholipids
a
f o 0
Plastid PN
- **;j:g,,'c’ A1

/ FabF (Xcc1020) \l

/ FabB.(Xcg0S81) '\
/ aobd‘:l ﬁgt;?l 15) f-Ketoacyl-ACP Synl}lase

10p//:sdny g day 195 * STOZ [P 38 Noyz

6 (enoyl-ACP reductase) o'o
S-ACP n S-ACP
trans-2-enoyl-ACP p-ketoacyl-ACP

/
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FabZ (Xccl362) FabG (Xccl018) /

Dehydration . ‘
(p-hydro “ACP dehydrase) (MetoacyR.&(c:g%a/uam)

N .

>

RpfF \} WQ- ACP RpfF
DSF-like f-hydroxy-acyl-ACP | ——3 BDSF, DSF

FAX1

Zhang et al. 2024Plant Physiology and Biochemistry.https://doi.org/10.1016/].plaphy.2




Lipidome analysis

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

The RpfF enzyme is involved in fatty acid
biosynthesis

LPE Primes Plant imune system

Lyso-phosphatidylethanolamine triggers immunity against necrotrophs
by promoting JA-signaling and ROS-homeostasis

Ronny Vélz V™, Ki-Tae Kim 2, Mazen Alazem 3, William Harris 4, Sungkee Hwang °, Yong-Hwan Lee 14878

» Authorinformation » Article notes » Copyright and License information

PMCID: PMC10721665 PMID: 38085407

DOI: 10.1007/5S11103-023-01385-X

»




Hypothetical Model of CVC Resistance in Transgenic Citrus Plants

rpff-transgenic plants ( a) ' Altered fatty acid/lipid

profile

— TDSF-Iike molecules

v Pathogen confusion
Oxylipid signaling (JA and GLVs) +
ET signaling

Priming effect
PR-3, \PR-6

Pls
GHIS T‘ KTI5

T ’ ’ RD21a

PR-proteinis

J

Healthy plants

(b)

x No defensg af\ctit\-/ation prior to Susceptible
infection genotype
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Xylella
fastidiosa

5t European conference

Bari, Italy | 22-26 June 2026

Phage diversity across
Xylella fastidiosa
subspecies fastidiosa
and multiplex

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

3

Xf subsp. fastidiosa ST1

Vitis vinifera
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Strategies towards Xf phage isolation

Surrogate host isolation

Direct target isolation

v' Faster screening process
v' Lower biosafety requirements
v Suitable production host available

X Uncertain success rate against the target

Plaque assay
Remove soi Pick a plaque l )

and bacteria

|
[ ] 1

DN

>

Directly targets the pathogen

Greater chance of finding strain-specific
phages

Better understanding of phage diversity
Slower and more labor-intensive

Highly specific phages may be difficult to
propagate at large-scale for agricultural
applications
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Strategies towards Xf phage isolation

Surrogate host isolation

ViSe_6 phage on a Xanthomonas
arboricola overlay

Direct target isolation

Xfbacteriophage
% collection
Both methods worked for
subsp. fastidiosa, but
only direct isolation
succeeded for subsp.

multiplex

Mir_2 phage on a Xf subsp. multiplex
overlay




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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Xf phage diversity

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

The optimal isolation strategy depends on the final objective

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.



. In vitro assays

Phage-bacteria dynamics, dosis dependancy and host range

A Complete inhibition B Bacterial Resistance

1010 108 10° PFU/mL

Condition . Condition
Boz == 1010 PFU/mL 6 == 10"10 PFU/mL
< — 10%8 PFU/mL o — 108 PFU/mL
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E, 0M0PFUML B 100 PFUML
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00 [ =
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C High dosis dependance D Bacterial growth reduction
03 04
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!‘:/' 2 0.2
g N .
p= Standard deviation Standard deviation
g 1040 PFU/ML g 10410 PFUML
ot 10%8 PFU/mL o 10°8 PFU/mL
.—'—_/_’-‘—'_ VIASTTO " IVIA_906
00 oo ‘
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0 Time (days; s Time (days)
Growth curves of Xf subsp. fastidiosa strains in the presence and absence of phages Spot assay with serial dilutions of ST6-isolated phages on a

lawn of strain ST51
Selles-Ribera et al. 2026. Plant Dis :10.1094/PDI1S-09-25-1903-RE
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% In planta assays

Greenhouse trials under Field trials in high-
controlled conditions incidence plots

XfST6 = Prunus dulcis

XfST1 - Prunus dulcis
Vitis vinifera
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Overwinter recovery from Pierce’s disease of grapevines

Ofir Bahar
Department of Plant Pathology and Weed Research
Agricultural Research Organization — Volcani Institute
ISRAEL
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PIERCE'S DISEASE IN ISRAEL

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

38.9 pm 8.95 mm
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fastidiosa subsp. fastidiosa (Xff)
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2017 in almonds




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

» X (ST1)
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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

Xft (ST1)

Spreads primarily by Mesoptyelus
impictifrons
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DAMAGE CAUSED BY PIERCE’S DISEASE (PD) TO THE WINE INDUSTRY IN CALIFORNIA

Pierce’s disease costs California $104 million per year
[ —

by Kabir P. Tumber, Julian M. Alston and
Kate B. Fuller

Jack Kelly Clark

Pierce’s disease of grapevines, caused by
astrain 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 Since the late 1990s, tens of millions of dollars in public and private funding have been spent each year
that, $48.3 million funds Pierce’s disease ac- to prevent the spread and mitigate the effects of Pierce’s disease in California.

and the UC system, and $56.1 million is the

cost of lost production and vine replace-

ment borne by grape growers.
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PIERCE'S DISEASE EFFECT ON YIELD

Weight (Kg)

Sauvignon Blanc

Healthy

Weight (Kg)

Cabernet Sauvignon

A
Sl B
|
T
B
.
—e —
Healthy Symp 1 Symp 2
A
B
ﬁ |
Healthy Symp 1 Symp 2
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OVERWINTER RECOVERY FROM PD IN NAPA VALLEY

> Elimination of pathogen and remission of symptoms

> PD overwinter recovery:
> Reports from California
> Deciduous plants

> Associated with low winter |
temperatures 3
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CAN OVERWINTER RECOVERY FROM PD OCCUR UNDER MEDITERRANEAN
CONDITIONS AND WHAT ARE THE FACTORS AFFECTING IT?

» Geographical location, temperature
» Time of inoculation

» Cultivar
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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
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DISEASE SYMPTOMS IN THE EXPERIMENT




Infection/symptoms incidence (%)

AN VULCANI INSTITUTE
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INCIDENCE OF INFECTION AND SYMPTOMATIC PLANTS
Cabernet Sauvignon Chardonnay
100 — 100
M Infection (QPCR) X M Infection (QPCR)
L Symptoms Q L Symptoms
75 g 75
=
n
50 5 50
o
3
25 = 25
S
-
0 = 0 —

(17.5) (2.7) (24.8) (25.9) (17.5) (24.8) (25.9)
Time of inoculation (date) Time of inoculation (date)
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XYLELLA FASTIDIOSA - RESULTS
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INCIDENCE OF RECOVERY IN RELATION TO TIME OF INOCULATION

(17.5)

Cabernet Sauvignon

(24.8)
Time of moculatlon (date)

(25.9)

100

Incidence of recovered plants (%)
N (&) ~
(@) o (6

o

Chardonnay

(17.5) (24.8) (25.9)
Time of inoculation (date)
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RECOVERY INCIDENCE IS CORRELATED WITH SYMPTOM SEVERITY

70

o)
w

Number of recovered plants
— w
oo (@)

.-ééé
0 1 2 3 4 5

Symptom severity
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MAX AND MIN TEMPERATURE AT THE TWO DORMANCY SITES

35 o . . —— North Max Temp
Day temperatures ~0.7 “C higher in the center — North Min Temp
Night temperatures ~3.5 °C cooler in the north — center MnTemg)
30 (from end of November until beginning of March)
25 ‘ ‘
A )
© 20F
>
8
: W
5 15
10
5 -
0 C 1 1 Il Il Il Il Il
2023-12-01 2023-12-15 2024-01-01 2024-01-15 2024-02-01 2024-02-15 2024-03-01

Date
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EFFECT OF SITE OF DORMANCY ON RECOVERY

Cabernet Sauvignon and Chardonnay (combined)

100

X B Center
£ W North
4y}
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o
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S 25
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(17.5) (24.8) (25.9)
T|me of inoculation (date)
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CONCLUSIONS AND TAKE-HOME MESSAGE

» Recovery from PD can occur under
Mediterranean climate

Winter Pathogen acquisition
Temperature and inoculation

| S
-@ Seasonal
vector activity

Growing Season
Temperature

Grapevine
cultivar

Dormancy depth/
phenology

Overwinter
recovery from
Pierce’s disease

Presence of
vectors near
overwintering

habitat :( E
Acquisiton
efficiency
prior to wintel
1
X. fastidiosa *

Pathogen load and spread

» Early infections are more likely to become

chronic

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

Cold sensitivity of the pathogen

Overwinter recovery in perennial crops: insights from
Pierce’s disease and related pathosystems

Ofir Bahar,! Miri Vanunu,'? Monica A. Donegan,? Alexandra Kahn,> Andrea Brown,> Matthew

P. Daugherty,* and Rodrigo P.P. Almeida?
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CONCEPTUAL MODEL OF THE SEASONAL CYCLE AND FACTORS DETERMINING OVERWINTER RECOVERY FROM XF

« Insect mediated Spring-Summer V Fall _ + Temperatures drop

inoculation N % X0 Nl ' + Leaf senesce and fall
 Bacterial spread . + Bacteria in leaves are
+ Symptom appearance lost with leaf drop

Dormant Season Pruning

+ Cold temperatures/
freezing events

* Leaves drop

« Only bacteria in woody
tissue are retained

+ Spur pruning removes
infected spur tissue

* Reduced overall —

bacterial load in the

vine
Recovered Vine Next Season Chronic Infection

Bacterial load

Low High
Winter temperature:
Cold Mild
Inoculation tim I a nt
Late season Early p
Host susceptibility

Pathogen cold sensitivity

Cold sensitive strain

Cold tolerant strain Overwinter recovery in perennial crops: insights from

Pathogen aggressiveness Pierce’s disease and related pathosystems

Low aggressiveness

High aggressiveness
Wood colonization

Liited Ealontation v Ofir Bahar,' Miri Vanunu,'? Monica A. Donegan,> Alexandra Kahn,’ Andrea Brown,® Matthew

Vast colonization

P. Daugherty,* and Rodrigo P.P. Almeida®
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Overwinter recovery in perennial crops: insights from

Pierce’s di: and rel d pathosy
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The origin of the new Xy/el/la
fastidiosa subsp. fastidiosa outbreak in
Extremadura, Spain, through comparative
genomic analysis and phage typing
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BN INTRODUCTION

The recent emergence of e \\“M’\\\
the subspecies v‘y?
fastidiosa ST1 in the ?
Iberian Peninsula has z""‘”‘j
t
heightened the \ /)
phytosanitary threat {'f 5
posed by Xf, as ST1 / %
i / AL
[ 79
a8 CACERES
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Xylella fastidiosa
subsp. fastidiosa
~—n ST1, /.,
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A HIGHER PHYTOSANITARY
THREAT FOR KEY CROPS
AND NATURAL ECOSYSTEMS
IN THE IBERIAN PENINSULA

The objective of this work is to elucidate
the origin and epidemiological context of

the new outbreak detected in
Extremadura (Caceres) 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.



Isolation of

Plant and Insect Material Xylella fastidiosa

Samples collected in Extremadura
in 2024-2025 in high-risk areas near

to Portugal (PM7/24)
Plant Material
\W// A, . ; P ——
N e 'S > LV
¥ [ YW
Lavandula Cistus spp. Calicotome
we PO
+J X .y +
78 f 1 E
y M 2o’ o~
wooow e
Sosi o e X Incubation at 28 eC
ium ytisus 5p. rospacty
fnceom o 12-20 days- 6 weeks
¥ r = :
)Ié“ Colonies with morphology
Ficus carica Vitis vinifera Ulex spp. compatible with X. fastidiosa

Insect Material
Potential vectors

ﬂ\%@

Cicadeitdoe Philsorws  Aphrophora sp
B e s ] Mn‘w pumanus

Purification on BCYE

imples processing (EPPO PM7/24)
TP NA extraction from plant / insect tissues
P and bacterial suspensions

Extracts plated on BCYE medium

BN METODOLOGY

Isolate-based assays
(from purified isolates)

Phage Typing Assay (PTA)

Vise_6 Vise_10  ViSe_14 Vise 25 ViSe_33

Spot Test (Selles-Ribera et al., 2026)

Incubation at 28 *C
up to 7 days

Pathogenicity

Inoculation of strain
IVIA 906/24

Plasmid detection WGS and
and chromosomal Camne i
integration P
genomics
Hybrid Sequencing
] [ Plasmid detection (PCR) J Approach
Primers pairs targeting plasmid
associated with subsp. fostidiosa Oxdord Nanopore Slumina
(Long reads) {Short reads)

(Velasco-Amo et al., 2022 and Van
Horn et al., 2019)

Detection by gPCR Subspecies identification
(Harper et al,, 2007) (Dupas et al., 2019)

]

»I'

MLST
(Scally et al., 2005 and Yuan et al,, 2010)

J

V& CT AC B N G -A

AMAA/ \ l[\ LAJ/\A/\

Sequence Type (ST) assignment
(PubMLST database)

g § 8§ ¢

Hybrid by, QCand A i

(Mybracter, Fastp, Fastplong and Prokka)

pXFSL21 chromosomal
integration (PCR)
Plasmid Identification
Junctions and primer Phasaiifindes
posmons t
e ( ANI and Phylogeny
o b I‘ ;‘ CLE Gemomics Workbench v25.0
——————— = Pangenome and Core-genome
-~ = = s . ' (Roary, Panaroo and Gubbins)
o~ — — — " .
"(mgo Prophage prediction
Confirms “ kﬂm Search Tool (PHAST))

chromosomal-plasmid junctions

|

e S ]
%/

Vitis vinifera cv. Tempranillo
-5 Xffinoculated

-5 Controls
-85L-2 greenhouse conditions
-Monitoring weekly

Sampling at 30, 92 and 122 dpl
and symptomatic stages

Detection by gPCR
{Harper et al,, 2007) and Bacterial

Isolation
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IVIA-906/24 IVIA-1116/24 IVIA-1118/24 IVIA-1119/24 IVIA-125/25 IVIA-313.2/25
Sequencing statistics!?
Oxford Nanopore
592,862 373,219 373,494 269,617 306,593 809,763
Technology reads
lllumina paired reads 3,583,588 6,090,778 8,231,502 7,674,339 - -
Assembly statistics
Hybrid assembly Yes Yes Yes Yes No No
N2 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
51.7% (1,309,677 51.7% (1,308,651 51.7% (1,309,429 51.5% (1,311,661 51.9% (1,324,931 51.8% (1,320,588
GC content (%)
nt) nt) nt) nt) nt) nt)
Genome
99.64% 99.64% 99.64% 98% 99.64% 99.75%
completeness?
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
tmRNA3> 1 1 1 1 1 1
tRNAS 46 49 49 49 51 49

GenBank Number NZ_CM155230.1

NZ_CM155228.1 NZ_CM155229.1 -
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Chromosomal integration of plasmid pXFSL21

1 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 22,000 123,282|
XF-Cr-F pXFSL21-R pXFSL21-F XF-Cr-R
h 4
Consensus I 1
Identity

990,204 bp

WGS_Stag's_Leap (CP090518.1)

source Xylella fastidiosa

n..: 1CD§ hypot m etical protein C| nx lmmm. al protein CDS hypothetical protein CDS \.\pu etical protein CDS heaB €DS" \\]‘m etical protein CDS | traC 3 CDS
| 1 I
rC 2 CDS h_\pn'hn'\hJI[Vqul!\&'lN hypothetical protein CDS hypothetical protein CDS mdtA 2 CDS hypothetical protein CDS hypothetical protein CDS

Stag’s_Leap_PCR_P1 —

Stag's_Leap_pXFSL21_(MG879030) L 1
Stag’s_Leap PCR_P2 —
IVIA_906/24-PCR_P1 —

'WGS_strain_Xff TVIA-906/24 C 1
IVIA_906/24-PCR_P2 —
IVIA_1116/24-PCR_P1 —

'WGS_strain_Xff_IVIA_1116 C 1
IVIA_1116/24-PCR_P2 =
IVIA_1118/24-PCR_P1 =

'WGS_strain_IVIA_1118/24 C 1
IVIA_1118/24-PCR_P2 =]
IVIA_1119/24-PCR_P1 =

‘WGS_strain_Xff TVIA_1119/24 L 1
IVIA_1119/24-PCR_P2 =
IVIA_125/25 -PCR _P1 —

WGS_strain_Xff_IVIA_125/25 I 1
IVIA_125/25-PCR_P2 —
IVIA_313.2/25-PCR_P1 —

'WGS_strain_Xff_IVIA_313.2/25 C 1
IVIA_313.2/25-PCR_P2 —
WGS_Xff_strain_GR31 (CP172097)

WGS_XIf_strain_AL21 (CP172095)

'WGS_Xff Strain_6273_Vitis_PT_2023 (SAMN43379330)
‘WGS_Xff_Strain_8188_Cistus_PT_2023 (SAMN43379333)
WGS_XIf_ strain_8178_Cytisus_PT_2023 (SAMN43379331)

al protein CBS

hypothetical protein CDS

1,011,868 bp
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Phage Typing
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Pathogenicity assay
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B 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 ltalian 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 Temeculal, 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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N
OBJECTIVE
To evaluate the gene expression response of three almond (Prunus dulcis) varieties
48 hours after inoculation with different strains of Xylella fastidiosa,

and to integrate transcriptomic data with SNP analysis to identify
molecular markers associated with early response.

Xylella fastidiosa y
PLANT MATERIAL = Three almond (Prunus dulcis) varieties {““INOCULATldN' "1 - SAMPLING
. ) Xylella fastidiosa strains 48 hours post-inoculation
Avijor ’ Pizzuta Tuono
ST1 ST26 ST53
‘ ’
|
J
) f
RelfulNBEaRALIEN SNP ANALYSIS (Axiom 60K array) A
Identification of =Y Identification of
Differentially Expressed = SNPs associated
Genes (DEGs) 5 with early response
o 3 4 & °F 8
\_ 5, Chromosome Y,

»
CORRELATION OF Identification of molecular markers
< O ’ DEGs AND SNPs — associated with the early response

to Xylella fastidiosa in almond

)




RESULTS

GENERAL OVERVIEW OF DEGs

Prelimi T iptomic Analysi
re I m I n a ry ra Sc rl p O m IC n a ys I S Differentially expressed genes across multiple comparisons
800
641
. o group
20 PZ_ST26_3 ° 400
AV_MT 2
asTo Pz_ST252 &1 - ® AvsT1 0
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Figure 1. Principal Component Analysis (PCA) of transcriptomic profiles in almond Genotype
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. Regulation [l Down-regulated [l Up-regulated

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

Poster No.76




RESULTS

GO Enrichment Analysis - Avijor

G0O:0005975 ~ carbohydrate metabolic process -
G0:0016998 ~ cell wall macromolecule catabolic process A

G0:0006032 ~ chitin catabolic process -

G0:0005576 ~ extracellular region A
G0:0004568 ~ chitinase activity o |
G0:0004553 ~ hydrolase activity, hydrolyzing O-glycosyl | .
compounds
G0:0016758 ~ transferase activity, transferring hexosyl | .
groups
G0:0016747 ~ transferase activity, transferring acyl | .
groups other than amino-acyl groups
G0:0003993 ~ acid phosphatase activity -
G0:0051537 ~ 2 iron, 2 sulfur cluster binding - |
G0:0000155 ~ phosphorelay sensor kinase activity |
G0:0016765 ~ transferase activity, transferring alkyl | m
or aryl (other than methyl) groups
G0:0005506 ~ iron ion binding - B
G0:0015297 ~ antiporter activity - [ |
G0:0015238 ~ drug transmembrane transporter activity - [ |
G0:0050832 ~ defense response to fungus A
G0:0015979 ~ photosynthesis A
GO:0009765 ~ photosynthesis, light harvesting -
T T T T T
1.5 2.0 2.5 3.0 3.5

-log10(Adjusted P-value)

GO Category
® Biological Process (BP)
A Cellular Component (CC)

®  Molecular Function (MF)

Gene Count

2
4
6
8

@ o
@ -

Regulation
® Down-regulated

® Up-regulated

Poster No.76



RESULTS

GO Enrichment Analysis - Tuono

G0:0016747 ~ transferase activity, transferring acyl
groups other than amino-acyl groups

G0:0008017 ~ microtubule binding -

GO:0003777 ~ microtubule motor activity -

G0:0010333 ~ terpene synthase activity 4

GO:0007018 ~ microtubule-based movement A

G0:0016829 ~ lyase activity 4

G0:0016702 ~ oxidoreductase activity, acting on

single donors with incorporation of molecular oxygen, -
incorporation of two atoms of oxygen

G0:0005509 ~ calcium ion binding 4

2.0 2.1 2.2
-log10(Adjusted P-value)

Regulation

® Up-regulated

Gene Count

© oo ~N o o »

GO Category
e Biological Process (BP)

®  Molecular Function (MF)
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RESULTS

GO Enrichment Analysis - Pizzuta

G0:0003700 ~ DNA-binding transcription factor activity o

G0:0030014 ~ CCR4-NOT complex -

G0:0016998 ~ cell wall macromolecule catabolic process -

G0:0006032 ~ chitin catabolic process -

G0:0004535 ~ poly(A)-specific ribonuclease activity -

G0:0004568 ~ chitinase activity 4

G0:0030244 ~ cellulose biosynthetic process -

G0:0016760 ~ cellulose synthase (UDP-forming) activity

G0:0016702 ~ oxidoreductase activity, acting on

single donors with incorporation of molecular oxygen, -
incorporation of two atoms of oxygen

G0:0005509 ~ calcium ion binding 4

3
-log10(Adjusted P-value)

GO Category
e Biological Process (BP)
A Cellular Component (CC)

®  Molecular Function (MF)

Gene Count

o o AN

Regulation
® Down-regulated

e Up-regulated
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RESULTS

-
< SNP Distribution within DEGs across almond cultivars and Xylella fastidiosa strains

AV CTRL AV STI

PZ ST53

AV _ST53

Figure 3. Venn diagrams showing shared and unique SNPs identified within differentially expressed genes among control and inoculated samples with different Xylella fastidiosa‘

strains.
<
PosterWE



WORKING MODEL OF ALMOND RESPONSES TO Xylella fastidiosa INFECTION

PIZZUTA D’AVOLA AND AVIJOR
COORDINATED DEFENSE-ASSOCIATED RESPONSE

~ —
> o 1. PATHOGEN PERCEPTION AND RECOGNITION
; Recognition of Xylella fastidiosa by pattern
recognition receptors (NLRs, RLKs, LRR-RLKSs)

— Early detection of the pathogen

\ 4

=N
2. DEFENSE SIGNALING ACTIVATION 1
Activation of defense-related transcription factors
(WRKY, MYB, NAC, AP2/ERF and others)
— Induction of downstream defense pathways

TUONO

BROAD STRESS-ASSOCIATED TRANSCRIPTIONAL RESPONSE

' 1. Xylella fastidiosa INFECTION
" ' Perception of the pathogen and disruption of cellular homeostasis
5 — Triggering of general stress responses

T o

2. BROAD STRESS-ASSOCIATED TRANSCRIPTIONAL RESPONSE

* Activation of redox- and ROS-related pathways
* Extensive activation of transcription factors
(WRKY, NAC, MYB, AP2/ERF and others)
* Metabolic reprogramming and general stress adaptation

’ * Regulation of transport-related genes and

cellular homeostasis

. T

- _] J
v v
3. PR-PROTEIN ACTIVATION ‘ 4. REDOX HOMEOSTASIS
% Induction of pathogenesis-related X ;  Activation of antioxidant and
proteins (e.g., chitinases, < > redOX-'related enzymes
B-1,3-glucanases, PR proteins) (peroxidases, glutaredoxins,
= Direct: antimicrobial activit thioredoxins, oxidoreductases)
irect antimicrobial activities ~2ROS belince #hd sionaling
L 1
v

5. CELL WALL REMODELING AND FORTIFICATION

Up-regulation of cell wall-associated genes
(pectin-related proteins, cellulases, GDSL lipases,
peroxidases, xyloglucan endotransglucosylases)
— Reinforcement of physical barriers

6. STRUCTURAL REINFORCEMENT AND CONTAINMENT
Strengthening of xylem structure and limitation
of bacterial spread
— Localized defense and containment

v
7. PUTATIVE ENHANCED TOLERANCE TO Xylella fastidiosa

More coordinated and multi-layered defense response
(Pizzuta d'Avola and Avijor)

3. LESS EVIDENT COORDINATED DEFENSE ACTIVATION
* Fewer transcripts related to PR proteins are detected
* Less apparent activation of structural defense pathways
(cell wall remodeling, fortification)
+ Defense response appears less focused on pathogen containment

J—— —_— — —

4. WORKING HYPOTHESIS
The response of Tuono appears to rely predominantly on general
stress-response pathways, with a less evident activation of some
defense-related modules. Additional analyses are required to determine
how this transcriptional strategy influences bacterial colonization and
disease outcome.

5. PUTATIVE DIFFERENTIAL RESPONSE TO Xylella fastidiosa

The biological significance of the observed transcriptional profile
remains to be experimentaly validated through bacterial quantification,
symptom assessment, and additional infection stages.

transcriptional program, whereas Tuono shows a broader stress-associated response. The biological relevance

The transcriptional responses observed suggest distinct strategies adopted by the cultivars following
Xylella fastidiosa infection. Pizzuta d’Avola and Avijor exhibit a more coordinated defense-associated
of these differences and their relationship with disease outcome remain to be experimentally validated.
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The toxicity of the WH1 domains from replication proteins on bacteria
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X. fastidiosa ssp. fastidiosa IVIA5235 is hampered by the WH1 domains

7 days post induction 3 months post induction
m Ch 'mCh In vitro In planta
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Rep-WHI prions from the phytopathogen Xylella fastidiosa and their.
potential for controlling plant disease

Leticia Lucero-Lépez, Blanca B. Landa’, Rafael Giraldo’

1. National Centre for Biotechnology (CNB-CSIC), Madrid, Sp
2. Sustainable Agriculture Institute (IAS-CSIC), C6rdoba, Spain.
llucero@cnb.csic.es

Introduction 4 - -

Xylella fastidiosa (X. fastidiosa) is a phﬂapsthcnemc
bacteria affecting economically relevant crops worldwide
{vines, c e, olive and fruit trees, among others). Its
pathogenicity mainly relies on its overgrowth within the
plant xylem, which restric (flow Lo the apical parts,
withering the plant. Since no effective solution for its
erradication has been provided tc date, new strategies are
currently being developed.

WHlgso, a_protein domain belonging to the pPSI0
asmid wphmtnm protein RepA, from nonas
, has been proven Lo form dmy\mu aggregales
thatafe harmtul for E. coli: WH1,zg0 interacts with the cell
envelope, disrupting the proton-motive force, increasing o vloi
intracelllular ROS and depleting ATP. nature. The sed to m able te form amyloid
orm
Taking this into consideration, would there be one or . : R
several homologous proleins in X. fostidiosa which el
similar toxicity similar effects?

Homologues of WH1,051 in X. fastidiosa
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WHtosg L s, x >
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d and Alp

hree proteins were fused to mCherry (mCh) for their detection using 15 red fluoresc:

Toxicity of the three WHI1 dom:
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WH1,0.-mCh could not be expressed in X, , probably due ta its toxicity. Both WHleg0-

mCh and WH‘,,;,, ~mCh were toxic for X fa josa. WH1pPS10-mCh formec solid intr: lular
aggregates, and WHlges-mCh locked diffuse. Despite 1n-S stain could not be dane to these cells,
set blots revealed protein aggregatlon ln both cases, with amyloid traits for WH1pPS10-mCh
(B3n7 antibody labelling). Res ole those obtained in £ coli, Aitts in cel
merphelogy, which were abs iosa

e aggre :\((5
evbsled that agregetion 18 produced In'all cases S Thioflavins
marker for amylolds, Is pasithe In the three cases, ake revealing sold
11osem-mMCh -expressing cells.

agares

Effects of WHI to X. fastidiosa virulence to N. benthamiana

a3 sontva.aion 2 mans gostidctin
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Conclusions

.. homologues were found in silico in X.
fastidioso, Both were predicted similar folding and
amyloidogenicity, 1o that of WHips.

Ihe three WHI domains were proven harmiful for £ coll

e w
and X. fastidiosa. N ! {,
The three proteins were proven amyloid in E. cali, —
whereas only WHpee-mCh could be proved as an
amyloid in X. fastidiosa,

WHpse-mCh and WHIpgrs-mCh hampered X, fastidiosa
virulence to N, bentharniana,
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Why Occitania ?

. . GOy R
*** Most recent French region to be shown infected Pl ﬁﬁg@rﬁn

’,‘ o o =Y
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** No knowledge of the origin of contamination

Positive, n =743

® Interceptions, n=12
e Negative, n =40701
*» Alarge area covered by the bacterium

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



Objectives Method

* Confirm the presence of ST6 and ST7 only “* MLVA (VNTR-12 scheme) typing of 331
samples collected during official
surveillance

“* Look for relativeness with previously

known strains (French and/or Spanish) % Genaife dusietis

“» Highlight the fine intra-regional genetic *» Visualisation and characterisation of
structuration and possible gene flow clusters using metadata

Clusters/groups

MLVA Data

Metadata

N

Characterised clusters



Results

02 03 04

Density

00 01

ﬂwr\

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

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

within  ST6
distinct
on-site

Two  subclusters
Occitania strains:
introductions or
diversification?

See Poster !

GENETIC DIVERSITY OF XYLELLA FASTIDIOSA
IN THE OCCITANIA FRENCH REGION

, Déborah Merda®), Bruno Legend:

En .
P 3

Pascal Gentit®™, Valérie Olivier™, Philippe A

INTRODUCTION Xylella fastidiosa was first detected in France in 2015 In two distinet regions: Provence-Alpes-Chte-d'Azur (PACA] and
Corsica. Genet/cs studies in these reglons have been conducted, highlighting several Sequence-Types and clonal complexes
‘within the only present subspecies, multipler, suggesting multiple introductions several decades before it's first formal detection
Since 2020 an additionnal French region, Occitania Is shown to be infected by the bacterium over a large area (>11 000 kmz), with a host 4
flora distinct from the one in both the other infected French regions. Only the multiplex subspecies has been detected, with a vast majority
of ST6 and  few ST7. As these ST are present in several nelghbouring regions France and Spain, genetic diversity study is being performed
letermine whether the Occitania strains are related to other known european strains or if they result from independant introduction

samples collected in the context of official surveillance were genotyped with a CIEECED schame developped by
METHODOLOGY Dupas {2023). These rapidly evalving markers were amplified from 25 p d 3
e T Tk 1o e L W e ] st T o S e

326 5T6 and 5 5T7 samples were typed. Over the 326
ST6 allelic profiles, 235 distinct haplotypes were
obtained and analysed with 2 clustering methods
(STRUCTURE and DAPC) as well as visualised on
minimum spanning-trees and the sampling map.

RESULTS

Genetic structure Spatial distribution

518 sTpacat

Oehania

+ Occitania ST7 are genetically close to PACA and Corsica known ST7
“ Occitania ST6 are distinct from other known ST6

_,F-‘

43 potential clusters
identified by clustering
methods

4 2 clonal complexes-like
groups on minimum-
spanning trees

4 Both methods match for 2 clusters. nrl\v probable real l:lolotlcll structuration # No absolute spatial separation between genetic clusters, buta

probable moderate local structuration

£ itative indicators
—
CONCLUSION ST7 stains from Occitania are genetically related to other french ST7 strains, suggesting a possible interregional transfer.
T been detected in a I of jority of X fastidiosa samples from this
region are were typed as STE and g v or Spani i They also exhibit an

important level of diversity using the VNTR-12 scheme, and are mainly separated in 2 clusters. Further analyses will focus on

the distinct clusters to estimate the importance of gene flaw within the region’s Xylella fastidiosa populations.

spatial

Dupas £, Durand K, e A et at, 2023 Suspicirs o o bridgeinead ivasians of Yyl as5idioea subsp. mliplos i France. Communisations iolagy §, 103
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Xylella fastidiosa and its Extracellular Vesicles Q&g

Robatzek Lab

y

& Xylella fastidiosa (X¥);

« 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
species’.

« Identified RNA chaperone Hfq and sRNAs as cargo of Xf~EVs?.

a-Hfq

Hfq — central regulator of RNA metabolism
facilitates base paring between sRNA and mRNAs

What are the roles of Xf-
EVs and Hfq in Xf?

"lonescu et al., 2014 PNAS ‘
2Ruf et al., 2025 JEV




Hfq mediates aggregation, biofilm regulation and Q& e7
m0t| | |ty Robatzek Lab
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Hfq mediates aggregation, biofilm regulation and (M@ @7
m0t| I |ty Robatzek Lab

KanR _J 600 bp

600bp  ~<
Ahfq _- [H mizA_|

Generation of Ahfq

Grapevine cultivar
Sauvignon Blanc

Miguel Roman-Ecija
In collab. with Landa Lab, Instituto de Agricultura Sostenible




Hfq facilitates transcriptional regulation via CEeg
Sma” RNAS Robatzek Lab

y

-

446

N
o
it

: : Type 4 pilus, transcriptional
Transcriptomics regulator and signaling

Differentially expressed responses are impaired in
wr A genes as sudden response Ahfq
incubate

pre- alltwre P2

Number of DEGs in 3G10R

down

— 4-96 h ‘ |
Q _ Novel Hfg-dependent sRNA
3G10R sRNA Sequencing candidates to mediate the
_ gene expression relatingto ™ = e
De novo sRNA annotation biofilm, QS system, .
virulence .
PD2 : nutrient rich medium ‘

3G10R : xylem-mimicking, nutrient poor medium



Poster #73 CE Y

Hfg-dependent small RNAs integrate Robatzek Lab
environmental sensing with lifestyle transitions

and virulence in Xylella fastidiosa

Alessa Ruf, Elif Olkun, Marcel Sprenger, Jingli Lao, Miguel Roman-Ecija, Vincent
Ohlhauser, Neysa Rodriguez, Marta Martin-Rivero, Andreas Klingl, Blanca Landa,
Kai Papenfort, and Silke Robatzek #

™\ FRIEDRICH-SCHILLER-

(£ S ) UNIVERSITAT

RUS5116 :-:-::.;erc

N

NIVE: ITAT i e .
DFG Research Unit “MUltIX” AgngCTUELJt%Té IAS/_\z
"exRNA"
S @ °
! B
N FUPHRESED I ‘ C I’PSP
V«:%Fs a - BE)(Y L @ Consiglio Nazionale delle Ricerche

llllllllllllll BAR| Istituto per |a Protezione Sostenibile delle Piante REG'ONE PUGLIA



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 1
	Slide 2: Blueberry: Bacteria Leaf Scorch
	Slide 3
	Slide 4: Two Hosts: Grapevine and Blueberry
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10: Growth in blueberry sap
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18: Grapevine sap collection in the field
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25: Susceptible vs. resistant sap
	Slide 26
	Slide 27
	Slide 28: Adaptation to sap during subcultures
	Slide 29
	Slide 30
	Slide 31
	Slide 32: Conclusions
	Slide 33: Acknowledgements
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 1
	Slide 2: Why Occitania ?
	Slide 3
	Slide 4: Results
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6

