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Why NGS and genomics in a plant pathology/bacteriology lab?

#* bacteriologia

Summary

* Summary of Applications of High-Throughput Sequencing in Plant Pathology
Laboratories

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

* Some cases of misidentification of strains and consequences:
Citrus bacteria canker (CBC), Bacterial spot of stone fruits and almond

* Xanthomonas arboricola pv. pruni: genomics

= Precise bacterial identification and disease diagnosis
= Discovering factors involved in virulence

* Other non-xanthomonads model where genomic analysis is mandatory:

= Candidatus Liberibacter
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Why NGS and genomics in our plant pathology/bacteriology group?

* Genetic Diversity and Strain-Specific Traits:
Genomic studies by NGS reveal the diversity within the pathogens, allowing to identify different strains and understand their
unigue genetic features. This information is essential for tracking the spread of specific strains and designing targeted interventions.

* Identification of Virulence Factors:

Genomic analyses help pinpoint genes associated with virulence, the factors that enable pathogens to cause disease in plants. By
identifying these virulence factors, develop strategies to disrupt or neutralize them, ultimately enhancing plant resistance to
pathogens infections.

* Evolutionary Insights:

Comparative genomics enables to trace the evolutionary history of pathogen species. Understanding how these pathogens evolve
over time provides valuable information for predicting future trends in their pathogenicity and developing long-term strategies for
disease management.
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* Genomic Surveillance and Diagnostic Tools:

The genomic data obtained from different pathogens serve as a foundation for creating surveillance tools. Diagnostic assays based
on specific genomic markers allow for rapid and accurate identification of pathogen infections, aiding in early detection and
containment efforts.
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* Precision Agriculture and Disease Management:

Genomic insights facilitate the development of precision agriculture techniques, tailoring interventions based on the specific
characteristics of pathogens present in a given region. This targeted approach can optimize the use of resources and minimize the
environmental impact of disease management strategies.

* Genomic Editing for Crop Improvement:

The knowledge gained through genomics opens avenues for genetic manipulation to enhance crop resistance to pathogens
infections. CRISPR-based technologies and other genomic editing tools precisely modify plant genomes, introducing resistance
genes or altering susceptibility factors.
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Why NGS and microbiome analysis in our plant pathology/bacteriology group?

* Microbiota Analysis:
NGS allows for a comprehensive analysis of the plant microbiota, identifying a vast array of microorganisms, including bacteria, fungi,
viruses, and other microbes, which may not be detectable through traditional methods.

* High Resolution:
The high resolution of NGS enables the detection of low-abundance species and the differentiation between closely related microbial
taxa, providing a detailed understanding of the microbial community structure.

* Rapid and Efficient :
NGS is a rapid and efficient method for microbiota analysis, offering faster turn around times compared to conventional culture-based
methods and allowing for the simultaneous processing of multiple samples.

* Culture-Independent:
As a culture-independent technique, NGS can identify and characterize microorganisms that are difficult or impossible to culture in the
laboratory, giving a more accurate representation of the plant microbiota.

* Functional Insights:
NGS can be used to study the functional potential of the microbiota through metagenomics and transcriptomics, providing insights into
the roles and interactions of different microorganisms within the plant environment.

* Disease Diagnosis:
By identifying pathogenic microbes and their relative abundances, NGS can aid in the diagnosis of plant diseases and the identification
of potential biocontrol agents.

* Ecological Studies:
NGS facilitates ecological studies by enabling the examination of microbial diversity, dynamics, and interactions in different plant-
associated environments and under various conditions.

* Longitudinal Studies:
NGS is suitable for longitudinal studies, allowing researchers to monitor changes in the microbiota over time and under different
environmental or treatment conditions

These advantages make NGS a powerful tool for advancing the understanding and management of plant health and disease but...
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Xanthomonas genus: plant pathogenic bacteria...

Plant pathogenic bacteria of high economic impact
* Diverse pathogenicity

High host specificity
* More than 100 species/pathovars

Different infection, colonization processes and disease diversity

Diseases and bacterial species:
e Xanthomonas citri subsp. citri

 Citrus bacterial canker
. Xanthomonas orvzae Yes, but....there are also non
y pathogenic xanthomonad

* Bacterial blight strains in plants
« Xanthomonas vesicatoria ... or less “virulent/harmful”

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

* Bacterial spot of stone fruits
* Xanthomonas fragariae

* Bacterial angular leaf spot of strawberry
e Xanthomonas campestris

* Black rot of cole crops
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‘ Before starting with X. arboricola pv. pruni in Spain... Xanthomonas citri in USA 2R

An old history...
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Citrus Bacterial Canker (CBC)

Same genus, different specie....
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Felis catus
Domestic cat

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

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

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

* This diagnosis triggered the implementation of the Citrus Canker
Disease Action Plan developed in 1982 by USDA-APHIS.

*Over 20 million trees in more than 100 nursery and orchard
locations were destroyed at a cost of $94 million.

* In September 1990, all regulations of the “Florida nursery strain of
citrus canker” were removed based on scientific evidences.

Graham, J.H.; Gottwald, T.R. (1991)
Precise identification!
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\g Canker Control Area 81

Bacterial taxonomy or
bacterial identification
are not just academic
tasks...

No Trespassing
= Must Have Spray Down -
'~ Go'To Office '
e

was all this really necessary?...
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Disease control: a war against pathogens

Genomic
analysis

The art of the word
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Sun Tzu (F&F; pinyin: Stinzi) TR c. 544-496 BC).
...strategies that can lead to success in any competitive endeavor

If you know the
enemy and know
yourself, you need
not fear the result of
a hundred battles

\

Knowledge of pathogens is

essential for controlling the

Only when you know every
detail of the terrain's condition
can you maneuver and fight

y

Knowledge of the
plant's response to RN

Microbiome content
can be crucial for
plant health

the pathogen or

diseases they cause Massive

sequencing

other ) ]
<€ microorganisms Transcriptomics

Precise identification
of disease-causing

agents

Knowledge of the
mechanisms that

Comparative
Genomics
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mediate infections

Weapons are lethal instruments that
should only be used when there is no
other alternative

Understanding
mechanisms that can
mediate disease
Knowledge of plant control
microbiota and its

effect on disease -> [ Metataxonomics ]
development

—> [ Metagenomics ]

The supreme art of war is to calm
the enemy without fighting
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Xanthomonas arboricola pv. pruni: precise
identification...and virulence factors
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Xanthomonas arboricola pv. pruni in Spain
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Disease: Bacterial spot of stone fruits and almond

Gram negative, Xanthomonadacea, Xanthomonas
arboricola

EPPO A2 List

RNQP (Regulated Non-Quarantine Pest) ‘a non-quarantine
pest whose presence in plants for planting affects the
intended use of those plants with an economically
unacceptable impact and which is therefore regulated
within the territory of the importing contracting party

Host plants: Prunus spp.
Apricot, plum, peach, Japanese plum, cherry
Serious disease:

v" Difficult control

v’ Easy dispersion

v Economic losses

Existence of strains not classified by molecular techniques
as Xap (Xap look-a-like)
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First identification in Spain: specificity of PCR reactions? QISTA

wow % 2024

The onset of Bacterial Spot in Spain...

Prunus amygdalus

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

Prunus armeniaca
cv. Canino

- X arboricola pv. pruni CITA33 * _ Pr;?‘é:gi‘;;m
X. arboricola pv. pruni IVIA 2626.] & '9<
1901| x arboricola pv. pruni CFBP 5530 ‘ %
H
68 X. arboricola pv. pruni CFBP 2535 = Prunus domestica

cv. Golden Japan

| X arboricola pv. corvlina CFBP 1159
85 L X arboricola pv. corvlina CFBP 1846

X arboricola pv. juglandis CFBP 2528 CTTA 14 A4 A4 CITA 49 CITASI  CTTA 124 CITAIS  CITA3  Strile PBS
4 =, i ~ 3

(dox) 1unid -nd pjoarioqin *x

IVI LSA X arboricola pv. juglandis IVIA 2113 Prioms rovsics (poatsbonk GF-305) “r
50 1
X. arboricola pv. celebensis CFBP 3523 -
X. arboricola CITA 14 %K et
91 X. arboricola CITA 149 x
— Q Nicotiana benthamicna
g9 r X arboricola CITA 42 8 .9_
i Sk 3%
X. arboricola CITA 124 * x O Nicoitana tabactn
L x
98 X arboricola CITA 51 59
t = i
X arboricola CITA 49 ¢’§ e
98
X. arboricola CITA 44 MK
X. arboricola pv. populi CFBP 3123 Ma i n d iffe rences:
X citri subsp. cirri CFBP 2525 ° PathogenICIty/VIrulence
— . R . Motility
0.01 Garita-Cambronero et al. 2016 PlosOne, 2017 Frontiers in Microbiology

e Chemotaxis
A few strains were misidentified... *  Carbon source compounds




‘ Genomes of some X. arboricola isolated from Prunus species
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Xap

X. arboﬂwfa pv. pruni

Garite-C

Chsters ot oethngaun

¥ Xap-look-a-like

X. arboricola

Xa strains different

pt

from Xap
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' ; A Garita-Cambronero et al. 2017, Frontiers in Microbiology
X. arboricola s

Garita-Ls

CFBP 7634
NCPPB 1630
NCPPB 1832
CFBP 7651
ITA 14
IVIA 2626.1

ll1| L ]

L,

| h
|‘ | I
| Il
" J I | l O X. arboricola + X. arboricola pv. celebensis

Ir ) X. arboricola pv. pruni

| (O x. arboricola pv. juglandis
|
|

Xap strains

() X. arboricola pv. corylina

“ | | |III

Garita-Cambronero et al. 2017 Frontiers in M icrobiology
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X. arboricola pv. pruni vs. X. arboricola pv. pruni look-a-like: some virulence factors

2

ENVIRONMENTAL SENSORS

STCRs
"A

A

. Pathogenic *: ‘
. Mon pathogenic
MCPs

+ 11/26 genes described in Xanthomonas
* One specific gene in pathogenic strains
of Prunus (CAI23610.1)

methylaccepting
chemaotaxis proteins

Sensors of the two-component
regulatory system

+  60/86 genes described in Xanthomonas

* 2 specific genes in pathogenic strains of
Prunus [XACD136, XAC1345)

* 4 specific genes in non pathogenic
strains |AAM3BE81.1 (tsp0),
AAM35218.1  (baeS), AAM37649.1
(smeS), NP_637535.1)

TBDTs
o

Adhesins

tonB-dependent
transporters

Initial stages in plant colonization

17/28 genes described in Xanthomonas
3 specific genes in non pathogenic strains

Prunus (NP_635700.1, NP_§35515.1 y
NP_639391.1)

FIMBRIAL ADHESINS: TYPE IV PILUS NON FIMBRIAL ADHESINS

FLAGELLA

e i Consensus
e L . Ideniity
Nan pathegenie WP_024833608 1
A o Y — " Pathogenic 2 WP_D39ET44481
Q
)
S
i + .
- Adhesins 2
»
T4P : 2 Fio
- Q
XacWT O
XacWT c
AXacFha€ AXmc e < r -y
S0 LA TR WSS AbeFhal AXacFhabt | o pn t?;m;
gt bt b ok et Buffer ° st i
- — o o o e Buffer c 2 Quter b
- =
— - = = © 3 el wall
s N oo Periplasmic space
- .E Inner
e, *  6/10 adhesins descrbed in Xanthomonas © il {Erhae)
o * specific Hemagglutinin fhaB2 (CAJ23538.1) in EO FIIGT, e
— pathogenic strains of Prunus ‘» Caring (MatAMotBl
Q (F I, Fliby) g Export apparatus
Fihi, B, FO PG|
+ 25/31 genes described in Xanth g FliH, & { R
*  Six specific gene in pathogenic strains of I AT - ADP i
Prunus S Matzke 2003 Fic Garita-Cambroneroet al. 2016Fios0ne
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‘ X. arboricola pv. pruni vs. X. arboricola pv. pruni look-a-like: some virulence factors

STCRs

. Pathogenic

. Non pathogenic

Adhesins

Advanced stages in plant colonization

CFBP 7634 = -
NCPPB 1630 ‘ Py
' NCPPB 1832 - T35-f'r
CFBP 7651 %:6138s
355 CITA 14
IVIA 2626.1
T355
[ 217365
|__HpaR2, Hpas,
| T3ss HrpG, hrpX
| 1973Es
T358
13-16 T3Es
- 22/61 Effectors in X. arboricola.
Mo T355
LES Specific in Xap: xopE3 and xopAQ

O X arboricola + X. arboricola pv. celebensis
X. arboricola pv. pruni

O X arboricola pv. juglandis

) X. arboricola pv. corylina

xopB, xopE2, xoplL, xopN, xopV, xopX,
xopZ => interfere PAMP-triggered
immunity (PTI) mediated by Flg22
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Mon Pathogenic strains f"f
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w9 000000000
000000000

&
1000000 GO

000000000
ﬁq?
Hemicellulolyticenzymes 11 @) @ @ © O @ O ® ® @ g

Pectolytic enzymes

Cellulolytic enzymes

e o B s

PN

G

Blaa s S Bname cwa geesd el

groeg MBS, groop 4371, gronp 3965 i |, prkC. g -1, g 446 gresp M4, provp 365K, gronp 4290 1, grovp, 4314 gy 397
4305, gy D05, g, 4525, gy 5,
BuR. oy 481 pop B4 gop 12

i3, peap 410, oug 44, g 9,

g 1312 groep 4500, grovp 4439, gy 071 groap 471, B |, greugs 2064, g 264
poip 4350, s, 2. o AFTL, o 164, v 1966, oy S0, Waph_

e A3, provp 4192, g 975, growy 95, groep I, gou S365. growy 996, e T, v, gy 42 1k |, g 235 e 4175, gy M, froep B4,
46, i 2 gy 705 groeg 3780, aagi | grec 0TS, goasa A3, gy 3OS givep 35, ghadp 4007, ok 2960 greep 4137, Rinis Sl TR, grady LA, gragy 4540 greep 4296, prsup 4265

p AIGS. g 2436, oy 2584, grenp 077, proep 4131, growp 123, park, froep 3645, proep 4212 Tty 4165, group £15%, grocp 57, o SIS, o 5901, goup 3066,
P 412, groop &11E goop TN o 4108, prosp D40, groop SO0, groop 4041 popi " o P AL g M3, groap 1597, greep 4N, groop M5 gowg 4N grow)

groag AT roah, caok, 4, g, ey 450 AL T 15, graep 4365, grougs 4106, gonsy 002 greep M, gragy 206, a3, ey 3177, g T, groep 4156, gl
g 057, S0P, gy 1R, MY V5, o J100. proag 4531, goop 17T, oo - 41T, |, gty M, prosp 1989, grop 05, pouwn 3368, poop 480k 655
B AV, g 409, AL o 4417, ey A9, ey AN proap 4155, groep AEM, groop_ 2605, proup 2990, groop IO, group S0, grop 285, ooy 2045

5 ETAAATGAEACTATT GARCEATT TACOCAAGCETCEECATCATGATGEETORCTCTOC GATC TRATATCTCCCTC GOCEAC TACTTECTEASCAAAGLOATCATCR GRGATCCGAT
CEAGLCLCAEEACA OO TS5 ECALAAEECEAALAACACGE I GLAGAAEACACEEECELGLT TLCLATACHEATGL GELALCH T LECLACCGALAT TGCLEICAGLEATCAL
ECATCCAGTCAACATECACAGGCGACATAATETG 1T GTCEATT GATECA0E BLECAECAICEGCETCAATACTCAC GAATCCAACEE TG SECATGCRATE ATATCTEAATT

CATOCAGGGCGATCATT GG CAGATATALT AICATAGCAACCATALGACATE TACAGAAGE TTCAGLCARAAGAA GG TCCACTATETCCAGCACAACCATCAGRGCCATRACT
BEECTEARTCE. GUATECCEEACEEACATL, i T GEACCEECEETET TECE GATTTECS CACC
CAARAACRCTTGECCTTAAATAC CALGEACGRAGAT G ATATTGCCGCC A AR ACGALCACARGTECACA GTATCTTCTARAAAA LTGRO TCCCOL TRALT GAAACACACCTCAAGAR
ACTEALAGICCAGEAGT ICCA TG0 ECG0C T GAGEARGTLT GELALCCECALCCTE = GIAAGLEAT GLGTT TCT TABAMEGET ICEELALAGTL] GECTACATIGACCAACTCTTC
AEAGCTTEACTTE TLECEGEC GAGCAGCAAGECTTTEAAGAAGATATCCATCAAATOGECATA GLACTGAATTTCAALAAGAAAGCASCARGIGCAGCTECE BALGS
CATT-3

* Primer XopE3F: 5°-TCA GCG ATC ACG CAT CCA-3"
= Primer XopE3R: 5'-CGC ACC AGA TCG ACA AAC AC-3°
* Probe XopE3p: 5°-/56-FAM/ CAT GCG CAG GCC GCA CAT G/36-TAMSp/-3°

EPPO protocol for Xap

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

Primers ABC (ftsx) or xopE3 are not 100% specifics

Taxa Strain Result ABC Result xopE3 Blind i ifi i
‘Agrobacterium tumefaciens, Agrob-6 - N unknown
Agrobacterium tumefaciens | Agrob-9 - - unknown N
Agrobacterium tumefaciens IVIA 1245-80 - - ‘unknown o n -
Agrobacterium tumefaciens 1VIA 2304-10 - - unknown L]
Pantoea IVIA 2261-1 - - ‘unknown
Pseudomonas syringae pv. syringae |Psy-13 - - unknown
Pseudomonas syringae pv. syringae |Psy-13 - - unknown 7
Pseudomonas syringae pv. syringae [IVIA 3514-2 - - unknown r‘ O e m
X. arboricola CITA 44 + - unknown o
X. arboricola |ICFBP 3566 - - unknown
X. arboricola IVIA 4302 col 5 - - unknown
X. arboricola IVIA 2835-1 - - unknown
X. arboricola IVIA 4185 + - unknown
X orvorieats RV : e op
X. arboricola |ICITA 149 + - unknos
X. arboricola IVIA 4302 col7 - - unknown
X. arboricola pv. corylina [CFBP 1846 + - unknown
X. arboricola pv. corylina IVIA 3978 + - unknown
X. arboricola pv. corylina [RIPF-X08 - - unknown
X. arboricola pv. fragariac [CFBP 6771 - - unknown + -
X. arboricola pv. juglandis 1VIA 2113 5 - unknown
X. arboricola pv. juglandis [Xaj-2 - - unknown
X. arboricola pv. juglandis |Xaj-3 5 - unknown
X. arboricola pv. juglandis |Xaj-4 = - unknown .
X. arboricola pv. juglandis [Xaj-5 5 - unknown
e + Xap Xap-look-a-like
X. arboricola pv. pruni [cITA 9 + + xap
X. arboricola pv. pruni [CITA 11 + + xap
X. arboricola pv. pruni CITA 46 + + xap E 3
omemme Lmae L= 54/54 7/7
X. arboricola pv. pruni 100343 + + xap
X. arboricola pv. pruni 100400 + ‘ xap
X. arboricola pv. pruni CITA 154 + + xap
X. arboricola pv. pruni IVIA 4490.1 + + xap
X. arboricola pv. pruni IVIA 44911 + + xap
X. arboricola pv. pruni TVIA 4493 + + xap
X. arboricola pv. pruni IVIA 44922  + + xap * . . P P
X arboricola py. prni Wiadiil - sap Non desire PCR + in from Xanthomononas citri subps. citri
X. arboricola pv. pruni TVIA 2626-3  + + xap
X. arboricola pv. pruni IVIA 2626-6 + + xap
X. arboricola pv. pruni IVIA 2626-7  + + xap
X. arboricola pv. pruni IVIA 2647-1.3  + + xap
X. arboricola pv. pruni IVIA 2647-13  + l xap
X. arboricola pv. pruni IVIA 2647-3.2  + + xap
X rvoricotsp. NiAsews” + : Xo P E
X. arboricola pv. pruni IVIA 26497 + + xap
X. arboricola pv. pruni IVIA 2649-10  + + xap
X. arboricola pv. pruni IVIA 27582 + + xap
X. arboricola pv. pruni IVIA 2758-3 + + xap
X. arboricola pv. pruni TVIA 2826.3 + + xap
X. arboricola pv. pruni IVIA 2826-4 + + xap + -
X. arboricola pv. pruni IIVIA 2826-5 + + xap
X. arboricola pv. pruni IVIA 2826-6 + + xap
X. arboricola pv. pruni IVIA 2826-9 + + xap
X. arboricola pv. pruni IVIA 2826-10  + + xap
X. arboricola pv. pruni IIVIA 2826-11 + + xap
X. arboricola pv. pruni IVIA 28325 + + xap H
X oo Niaan : ap ap-a-like
X. arboricola pv. pruni IVIA 2832-19  + + xap
X. arboricola pv. pruni IVIA 283221  + + xap
X. arboricola pv. pruni TViA 2832-24  + + xap
X. arboricola pv. pruni IVIA 2832-26 + + xap
X. arboricola pv. pruni IVIA 2832-30  + + xap
X. arboricola pv. pruni IVIA3177-1.6  + + xap X S N O X
X. arboricola pv. pruni IVIA 3177-3-8  + + xap
X. arboricola pv. pruni TVIA 3181-3-1  + + xap
X. arboricola pv. pruni + + xap
X. arboricola pv. pruni + + xap
X. arboricola pv. pruni + + xap
X. arboricola pv. pruni lcFBP 5530 + + xap
X. arboricola pv. pruni [CFBP 5724 + + xap ————
X. axonopodis IX) = + unknown
X. axonopodis pv. phaseoli INCPPB 381 B + unknown
X. axonopodis pv. phaseoli IVIA 1518 5 + unknown
X. campestris [Xca-1 5 5 unknown
X. campestris. [Xca-2 B 5 unknown
X. campestris. 1VIA 2734-1 A + unknown
X. campestris IVIA 1609 - - unknown
X. citri subsp. citri IVIA 2889-1 - + unknown M M
X ot e iasoer |- ! i combi naf on
X. hortorum IVIA 1575.1 - - own
Curtobacterium sp. EP-2.2 - - unknown I e b e
Pantoea sp. EP-14.1 - - unknown
Microbacterium sp. EP-16.1 - - unknown
Sphingomonas sp. EP-16.2 - - unknown .
Pseudoclavibacter sp. EP-16.4 - - ‘unknown
[ " solution
Pseudomonas sp. EP-17.1 - - unknown _
Curtobacterium sp. EP-18.1 - - unknown
Rhodococcus sp. 21/14-7.B3 - - unknown
sp. 21/14-12.B8 - - unknown e

#* bacteriologia #CSIC | mINIA
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Genomics X. arboricola pvs. pruni (Xap), juglandis (Xaj) and corylina (Xac)

a

Xap IVIA 2626.1
Xap CITA 33
@ Long Reads B
PR m\n\m\\\\\\\

PacBio RSII

s

Xaj IVIA 1317 Xac CFBP 1846
Xaj IVIA 2499 Xac IVIA 3978

@ Short Reads

Illumina NovaSeq

Error correction

TRNAL b, 1RNA_Gly, IRNA-Cys, ERHAGly
1RNALeu, RNA-Al3, TRHA-GI, IRNA- 13, IRNA-Gly ARNA-Arg, 1RNA-ATD, (RNA.Ser
(RN Ser

CPO76628
5,106,361 bp

1RNA.Ser tRNA. Val
HRNA-GIn.IRHA-Trp, IRNA-Thr, 1FNA-Gly, 1FNA-Tyr

AFHA-All, RN e

PGAP annotation (NCBI) |

Xac3978
(4263) CITA33
(4292)

Summary of pathogenesis factors

Xanthomonas arboricola pv. pruni, causal agent of bacterial spot
of stone fruits and almond: its genomic and phenotypic
‘characteristics in the X, arboricola species context

bacteriologia

The same species, different pathovars means
similar genomes!

Differences in host range/virulence?

Diagnosis and detection markers
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Example of primer design on TonB transporter genes

Xac3978

Xaj2499

Xap2626.1

emennn 1BDT sequence

A AT AT ETTCAG L L AR CATAGAGCTEE Lo TEU e LT CA R AACATOEGITE CEC CTEC GTOCAGAAGAAG CTETOETACCACALGTA
GECATACTOECEEUIGETEECATTEOEEACCTE CAGATOCA OECT COAGE CEGEATTCGATECAGTATCTEE CEETEA CGATOCAGE ETEECGAAECT
GG TATT e AT TEC T O TCCAGATAGTAGTCG CCT TG GG CeG CCCTECATTOCCAAGOE CAGLG CAGC GETOGGELE GTALTOGA
CECCCACGTTELTEATETAACGCEECETTEOEEC CACTTOE OEG COGAL CAGC CGACACG CTEEAT CECE GTOETC GOET IO EGATCTTI TEOCTCITGE
TACGCETEOEATEOCCATAGCETOCACCTETCGC CCAGLTGCE CATTEGATCTEOGE CATCCAC GLCACGC CTEOET GTCTTEIL CAGEETEGACGETEET
ST E e AT TTECACACTTCET TG oG CATOCTET TG CACAC CETAATEC GLECITEE O U CTEEAACE GECTEAATTTCATEOCOA
GCTCCACGCEETATTGETEEACEEECOEACETOOGOITE OO OEE CEGTEAGETAAG COE GG COGTE GACT CEGETCAG CACCTGEAMGTITE DEGT
COCAGTTEECATAGA T TEETEETCEEEETEAAGELETAGALCAGE CTCAGT T TEEE CTEITCGATEETEC CETAGCE CTECAG DEE DO E0REAL
CECCEOEEETAGTOEEETETOE COGT CEAAGDE GTCCACACGETAGE COG GLACGATCTTCAGCE CCTC GETCE GLTGATAGATEE CCTEGLACGTA
SOOI AT T T oA A G ETAT GO EETCETOETTCTEEATE CETEL DG CETEE CATTCARATOGETEEE CTOGE CATAGTTCGAAADEITOELET
e TAGECETT T TR AT T TAGTTEAT G OO TTCCAGEETEA GOGTETO TG LT COAGET CAGCETETTGAG CATGC CEACITE GET
TG A GA TG el T el TG CECATT G CeGTEE AT CelTGAA G GTCADC DEG CEGTC GTOETEGATAGT GETTEGAGTARAECTTG
CTEOOEA AR AT G DO TC TGO LA LT T TAGATOCAGATECACET CRAACTEE CECATETCGOE GTOETOE COGTOETTEOE CTTEOE CAGETOOR
AT AL GET T eI TECATT T oG T e O T AT ARG LT TCGTOEE COTEETIG TCGATAGACG DETEGOEETCAG GLC GATEOE CATECC
AT T AT T L TAGA A AT TG O A LA A TA T T TG EAGGT GTOE TGS TC GO GTAGIIATO GEAAGT CTETACGOIGACGARS
TAGTT TGO ECAAA L e TOG LG TT oG ET OO CAC GEC CAGCTE CelATC UGG GTETTGAAGITEL CETAGGTCAS GUG CRL GTOGGTETAALTGIC
EOCCTEECECETEOLEARMATTEGATET TECOE00EATATTETELAG GLC CTAGCE CEGATCATTEGETEL O COCACTACTTOGATETAACTEATTTLCA
GOEECAACAGTATETOCGATEAAGDELTEETTGOCACTETTGACGTTEGLTEE GEATEC CETOGATCAG OETCTTEGATOE CATTGAGETAACIITOGL OG
TTCAAGEIETEAAR CCTTEDOCEATT CTTG LG GETT IO TEAS CTECATEL CGEE CATCTEC COGAG CAGIT COTAG CTATAGS
AT T T e T O TG AT T AT OGO CCCAG AT COAC DeAGGTCAGTACLTEGATGC GLEET GAGTTEEL CTTOGT CATEGLTGETGEGA CATLG
ACCTTECOEAGTETCAGLECOEAATOEEACEACT GTEOE CETEC CTCA A CAGAAD BCE GAATETEEATCTTC
ATE [Cadena reverza)

Common and non common elements

Names
Xac1846
Xac3978
Xaj1317
Xaj2499

Xap2626.1

Xap33

Xaj1317
Xaj2499
Xac3978

total elements
9 XAC3613
XAC3620
XCcCc1719
XCC3635
XCC4162
XAC3077
XAC3498
XAC3201
XCC3595

2 XCcC2046
XCc4237

1 XCC2867
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Cherry Xanthomonas arboricola pv. pruni (?) in
Montenegro: precise identification...and
virulence factors
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More genomics: Xap cherry strains in Montenegro?
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Assembly Flye
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lllumina NovaSeq
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Error correction

Submit to
GenBank
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Strain identification

Phenotypic analysis
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‘ ANI (Average Nucleotide Identity)

FastANI
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X cassavae CFBP4642
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X nasturtii WHRI8853
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X populi CFBP1817

X hortorum CFBP4925
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X euroxanthea CPBF424

X guizotiae CFBP7408
X arboricola CITA44
X arboricola 3004
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Xap2 2 flye assembly
Xap1 1 flye assembly G
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‘ More genomics: Xap cherry strains in Montenegro?
?

X. arboricola pv. pruni cherry tree strains (???

Dla

Analisis MLSA €

X.arboricola pv. juglandis IVIA 2499

X.arboricola pv. juglandis IVIA 1317

X.arboricola pv. juglandis CFBP 2528
gikasicola pv. juglandis IVIA 2113

X.arboricola pv. celebensis ICMP 1488
X.arboricola pv. celebensis NCPPB 1630
X.arboricola CITA 14
b4 X.arboricola CITA 149

X.arboricola pv. fragariae LMG 19145
FE’; X.arboricola pv. arracaciae CFBP7406

[y

gyrB, fyuA,

d Nna K ) r p (0] D X.arboricola CITA 42
X.arboricola CITA 124
8 X.arboricola CITA 51
3p 1 .arboricola CITA 44
X.arboricola CITA 49

X.arboricola pv. corylina CFBP 1846
X.arboricola pv. corylina IVIA 3978
X.arboricola pv. corylina CFBP 1159
G| X-arboricola pv. pruni CFBP 5530
X.arboricola pv. pruni CFBP 3894
100X.arboricola pv. pruni strain IVIA 2626.1
15 X.arboricola pv. pruni CITA 33
X.arboricola pv. guizotiae CFBP 7409
_111CX.orbor.‘mfa pv. guizotiae CFBP 7408
X.arboricola pv. populi CFBP3123
10X.arboricola pv. populi ICMP 8923
X.arboricola pv. fragariae CFBP 6762
X.euroxanthea CPBF 761
Xanthomonas sp. CPBF 367
X.euroxanthea CPBF 424
X.euroxanthea CPBF 766
X.cassavae CFBP 4642
X.citri pv. citri MN12
X.prunicola CIX249
X.prunicolalVIA 3287.3
X.fragariae PD885
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No Xap!
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From Montenegro

®» Genoma PacBio/lllumina

First analysis on type lll secretion system

[Xap2-1] and [Xap2-2]:
XAC0404

T3SS identified

[CITA33] and [IVIA 2626.1] and [Xap1-1] and

[CITA33] and [IVIA 2626.1]:

JF826917_1 [Xap2-2]:
JF826929_1 1IF826876_1
XAC2786 JQ595991_1
XAC3090 JQ595993_1
XAC3224 JQ595994_1
XAC3230 KT873949_1

XAP_pXAP410054 XCC0052

XCAW_b00003
XCCB100_1770_AvrXccA2
XCV0572
XGA_2091
X002402

No Xap efectors
“CSIC | I'INA
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Plant inoculation: pathogenic strains?

[y

Underside of the leaf

Swab
1078 cfu/mL

Underside of the leaf

Dettached leaf from
Prunus spp. GF677

Xap 2626 MgCIz

Negative control Cherry strain

W

Xap 1.1 Xap 2.2

Plate counts
12.00

= 10.00

d
g c
b
Xap 1.1 8.0
: . - Xap 2.2 6.00
10N /ML= Xap 2626: canonical Xap. -
MgClz: Negative control.
No clear symptoms _
0.00

Xapl.1 Xap2.2 Xap 2626 MEgCi2

#* bacteriologia “CsiICc

SUPTAIZN DT INEOTKRAD CRDS CITNTC

log{ufe/g)




Candidatus Liberibacter: HLB and Zebra chip

#* bacteriologia

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

Candidatus Liberibacter Candidatus Liberibacter solanacearum (CLso)

asiaticus (CLas), africanus (Calaf), americanus (CLam) | Different haplotypes: A, B, C, D, E...

Quarantinable diseases...precise identification needed!!!! (nonculturable)
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‘ Candidatus Liberibacter: bacterial detection disease diagnosis

PCR diagnosisHLB/Calsol/Zebra chip

reference gene

Li et al. 16S
Morgan et al. hyvi/hyvll
Bertolini et al. 16S

Primers based on ribosomal
sequences or general functions

Hocquellet et al. rplA (rib operon) microbial biotechnology

Novel ‘Candidatus Liberibacter’ species identified in the

Again....is it a good approach to use genes not involved in virulence?
Australian eggplant psyllid, Acizzia solanicola

Jacqueline Morris,"* Jason Shiller,'**
Rachel Mann,"® Grant Smith,"*® Alan Yen'?® and

Brendan Rodoni'2%*

Non pathogenic Liberibacter

Phytoparasitica (3012) #:213-221
DO 101007451 2604101 2-0225.5

‘Candidatus Liberibacter europaeus’ sp. nov. that is

False positive?

Herein...a positive QPCR result was generated

using HLB primers

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

associated with and transmitted by the psyllid

Cacopsylla pyri apparently behaves as an endophyte
rather than a pathogen

nhd Frsdind, oata Coraly Citnres Camarcte’
ian Pzt Rosemars Tadeschi” e Crom !
My, Marueon | Py ASie Bercn ©

Dty Disflencter” Bt Aitarts doma™

Bp. 163176 htpc 4ol rg/10.1094MPI-09-13-0292-R. e-Xtra*

The Complete Genome Sequence
of ‘Candidatus Liberibacter americanus’,
Associated with Citrus Huanglongbing
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Nelson A. Wulff,' Shujian Zhang,? Joao C. Setubal,’ Nalvo F. Almeida,* Elaine C. Martins,’
Ricardo Harakava,® Dibyendu Kumar,® Luiz Thiberio Rangel,® Xavier Foissac, 7 Joseph M. Bové,” and
Dean W. Gabriel®

Incidence of ‘Candidatus Liberibacter europaeus’
and phytoplasmas in Cacopsylla species
(Hemiptera: Psyllidae) and their host/shelter plants

Caterina Camerata - Noura Raddadi -

Alun Pizginat - Elena Gonella « Elena Crotti -
Rosemaric Tedeschi - Nettn Mozes-Daobe -
Iholya Ember - Zoltan Acs - Maria Kolber -
Einat Zchori-Fein » Danicle Daffonchio -
Alberte Alma

PLOS | ox
Genomic sequence of 'Candidatus Liberibacter
solanacearum’ haplotype C and its comparison
with haplotype A and B genomes

.Inhuwm?".um Haapalainen', Thomas Schott’, Sarah M. Thompson™, Grant
R. Smitn™ =, Anne L Nissinen®, Minna Pirhonen’
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Summary of aplications of massive sequencing in plant pathogenic bacteria

Metataxonomics

Complete
genomes

Precise
pathogen
identification

Direct

Massive detection
of
sequencing et caens

Virulence
factors

Metagenomics

Microbiome —

Infection
mechanisms

Microbio
content
and plant
health

Blocking
infection
mechanisms

< -

DISEASE CONTROL

Target
detection tools
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Some conclusions, reflections and takeaways

* Massive sequencing methods or NGS are nowadays an extremely valuable tool not
only for research studies but also for applications directly related to disease control:
precise pathogen identification, development of diagnostic methods...

* NGS offers significant advancements in understanding plant microbiota and
diagnosing plant diseases

but... is it essential for diagnosis to determine all the viruses, bacteria, fungi, oomycetes, or
viroids in a sample?

* Limitations related to data analysis, cost, sampling biases, microbial viability, and
standardization is crucial for the broader adoption and effective utilization of HTS in
plant disease diagnosis and management

Massive sequencing is a very valid tool but not there are different aspects to be considered...
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Thanks for your attention
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