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Genomics & the R. solanacearum species complex

Genomics: analysis of the structure and function of genomes

Comparative genomics : comparison of different sequenced genomes to better understand
their biological functions through their commonalities and differences, and to study
evolutionary history of pests

The Ralstonia solanacearum species complex (RSSC): a fitted model for studying plant-
pathogen interactions, including basic biology of pathogenesis and non-host resistance in
the context of an unusually broad host range and latent infections

anses :_)



Genomics & the R. solanacearum species complex

* Broad genetic & phenotypic diversity
* Considered as a quarantine pest in many countries
* Rhizospheric / soil born phytopathogenic bacteria

» Worldwide distribution with high host range diversity and high
economic and social impacts

» 3 species : R. solanacearum; R. pseudosolanacearum; R. syzygii

* 4 Phylotypes / ~60 sequevars
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What have genomics allowed for the

R. solanacearum species complex?

i) Taxonomically reviewing species, mainly through high throughput sequencing and
proteomic analysis

i) Unravelling the genetic background of well-known characterized phylogenetic lineages
and identify lineage-specific features potentially involved in host range variation

iii) Redefining plant-host relationship for specific lineages through genome sequencing and
RNA sequencing (expression profiling)

iv) Producing massive amounts of data on gene content to study epidemiology and for
diagnostic applications
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How genomics can help species delineation?
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How genomics can help species delineation?

* Phenotypic characterization Phenotype microarrays identified major variation in the core
Safni et al. 2014  Whole-cell fatty acid composition = metabolisms, but without clear distinction between the
« DNA-DNA hybridization (DDH) three proposed species

Full sequenced genomes allowed to dissect functional as

* Whole-genome sequencing well as genotypic differences in the denitrification metabolic
Prior et al. 2015 * Proteomic analysis pathway, which is associated with several quantifiable and
* Metabolic characterization biologically relevant phenotypic traits that play major roles

in virulence (Dalsing et al. 2015)

Additionally, DDH protocol showed significant drawbacks: it is technically difficult, is performed only in a
few specialized laboratories, and is prone to experimental errors (Auch et al. 2010)
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How genomics can help species delineation?

The increased availability of genome sequences has
advanced the development of genomic distance methods
to describe bacterial diversity

Results of these fast-evolving methods are highly
correlated with those of the historically standard DNA-DNA
hybridization technique

However, these genomic-based methods can be done
more rapidly and less expensively and are less prone to
technical and human error. They are thus a technically
accessible replacement for species delineation

Genomics applied to species delineation benefits many
different applications, including breeding plant resistance to

bacterial wilt, the identification of new pathological variants,
management of quarantine containment...

Ralstonia syzygii

Method Cutoff
ANl 85% % 0.5% (identity)
MU 0,33 £10% (distance)
GGDC 70% (DDH)

Ralstonia
pseudosolanacearum

IBSBF1503

B 7 'CFBPTO14

Ralstonia solanacearum
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How genomics can help understand host adaptation?
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How genomics can help understand host adaptation?
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How to explain significant phenotypic trait differences in spite of close
phylogenetic relationship?
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19 genomes
Core-genome: 1,940 genes

Pan-genome: 16,757 genes

Il edfyo1Aud

227 virulence factors

Few gene content associated with host

specificity
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How genomics can help understand host adaptation?

...let’s skip to the conclusion



How genomics can help understand host adaptation?

Few gene content associated with host specificity

Emergence of NPB, Brown Rot, and Moko associated to the evolution
of the repertoire of type Il effectors

Loss of effectors
Mutations

Horizontal transfers

Host range could evolve through changes in regulation

Genomics helps understanding pathogen evolution and can predict biological

feature of a given ecotype

..... — e aNSES Q



3/4

How genomics can improve the diagnostic field?

- MOKO/NPB diagnostic PCR
- RSSC Research and diagnostic Microarrays
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How genomics can improve the diagnostic field?

- MOKO/NPB diagnostic PCR
- RSSC Research and diagnostic Microarrays
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Results: Few specific genes in the MOKO strain ecotype,
but selection of 2 candidates for design:

Comprehensive genomic platform for the search
RALMO _2431: Integrase / recombinase like protein of molecular markers

RALW3v1_108005: Binding protein KfrA like
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How genomics can improve the diagnostic field?

Musa spp. with characteristic symptoms of bacterial | Water |
wilt or symptomless
I Sample preparation in sterile water | | Membrane Filtration |

RESEARCHARTICLE

. R s A Duplex PCR Assay for the Detection of
Ralstonia solanacearum Phylotype 11 Strains
in Musa spp.

(on Ground/filtrate material)

Connaitre, &valuer. provéger

on specific | or Kelman
Gilles Cellier'*, Aurélie Moreau’, Aude Chabirand’, Bruno Hostachy', Florent Ailloud’ =,
Philippe Prior®
positive negative
L L 1 French Agency for Food, Environmenitzl and Occupational Health & Safety (ANSES), Flant Health Méthode d’analyse en santé des végétaux
\4 . Sample suspected for the presence of strain from the Labharstory (LSV), Tropical Pests and Disea ses Unit, S aint Piemre 97410, Reunion, France, 2 Centre de
PCR amplification producing [— Ppositive — W"f Ralstonia solanacearum species complex ‘ coopération intemationale en recherche agroncmiquepour le déve loppeme nt (CIRAD), Unité Mbde de
specific band of 477bp and/or L Moko or [1B-4NPB strains A (UM} Peupl 5 &n Milieu Tropical (PV BMT}, Saint Piers 97410, .
661bp . Presence suspicion of Reunion, France, 3 Institut national de la Recherche A.glonom ique (INRA}, Department of P lant Health and REFERENCE : ANSES/LSV/MA 036 - Version 2
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variants IIB-4NPB strains | - pajstonia solanacearum développement (CIRAD), Unité Mixte de F (UMR) Peuph &t rsen Juin 2018
species complex Sample not contaminated by strain from the ‘ Milieu Tropical (PWEMT), Saint Pieme 97410, Reunion, France
not detected Ralstonia solanacearum species complex
* gilles. cellier @ anses. fr

| General identification PCR test OLI1/Y2 | T E(;n-ﬁ;r;;ti-o;\-a;a-lgsi-s- -:

, L on s _ Detection des souches responsables

postve negatve . de la maladie de Moko et des variants
Sample suspected for the presence of strain from the -
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positive  —| Presence suspicion of Ralstonia solanacearum species complex
Strain from the Moko or 11B-4NPB strains

PCR amplification producing
specific band of 477bp and/or

Ralstonia um I
661bp [— negative — species complex Strain from the Sample not contaminated by strain from the Rals tor'"a SOIanacearum! sur M usas p p'
detected Ralstonia solanacearum Ralstonia solanacearum species complex
species complex et danS |,Eau

not detected

Strain from the Ralstonia solanacearum species complex

dotected Wiley Online Library  anses {_:!
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LA e . eppo
T

Specific detection duplex-PCR assay
93F/93R & 5F/5R
(on cultured strains)

Le présent document est, sous sa forme électronique, mis 3 1a disposition des utilisateurs
ée de IAnses Toute

EPPO Bulletin
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Moko or variant IIB-4NPB strains not detected; rtille,
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\|/ First published: 17 April 2018 | https://doi.org/10.1111/epp.12454 | Cited by: 3
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How genomics can improve the diagnostic field?

- MOKO/NPB diagnostic PCR
- RSSC Research and diagnostic Microarrays
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- How genomics can improve the diagnostic field?

The microarray technology

e Simultaneous detection and quantification of thousands of hybridization events

e Can test for a multitude of organisms in a single reaction: can screen for all
biosecurity risk pathogens on specific hosts

* Great scope for miniaturization, high-throughput applications and development of
integrated, automated systems
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How genomics can improve the diagnostic field?

* Based on 6 fully sequenced strains within RSSC phylogeny
* 10,911 biological probes of 60mers

* 1 probe =1 gene (and its orthologs)

* 3,500 control probes

» Agilent Technologies — in situ * Inkjet technology

Gene Content

Inkjet technology

Oligo monomers
are deposited
uniformly onto
specially-prepared
glass slides
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- How genomics can improve the diagnostic field?

Gen0m|c data 28 genomes for 17 major pathogenic
in silico analysis (MaGe, NCBI) and genetic subgroups including:
target/non-target strains * 4 phylotypes
l . Brown.rot & Moko-causing strains
* Emerging strains |IB-4NPB

Specific CDS Selection =)

17 groups (2-5 CDS / group)

v

? 256 candidat b
Probe design e o
for validated CDS (50 mers) e 53 control
|
Probes screening =)

Array glass slides (Genopole Toulouse)

!
Probes validation 100 best probes in ?

Array Tube (Alere Technologies) duplicate
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arayube &0 The ArrayTube™ is a micro-reaction vial containing a probe based array
chip at the bottom

vvvvvvvvvvvvvv

v" Custom probe arrays for serological and nucleic acid based formats
L v' Easy & user friendly processing with conventional lab equipment
@amxv" Cheap equipment compare to other microarrays or gPCR
v" 3h protocol; no electrophoresis

probe array chip
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Colorimetric

Conjugation reaction Scanning Data analysis
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Pathotypes

Solanaceae at
cold temperatures

Solanaceae at
warm temperatures
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How genomics can improve the diagnhostic field?

* Production of dedicated diagnostic tools for both broad and specific
strain tracking

e Creation of new applications for epidemiological purpose

* Increasing productivity and scientific developments toward a better and
safer plant health

Genomics data allows to feed diagnostic applications that are
useful for disease management, for producing diagnostic tools

adapted to the most advanced scientific findings, and for providing
guidance to decision makers
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How genomics can improve Epidemiology?
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How genomics can improve Epidemiology?

MLVA scheme
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How genomics can improve Epidemiology?

Sequevar Sequence-Type MultiLocus-Type
egl sequences MLST-7 MLVA-17

99 worldwide Phylotype | strains

STI-4 | MT097 |
-13
STI-24 | MT213 |
" 1a ) SER @ MLST-7 MLVA-17
14 ST 45 MT
MT241/242 |
-15
MT015/017/045/046/085 | HGDI = 0,57 HGDI = 0,89
-16 | | STI-14 | | MT202 |
STI-6 | MT077 |
-18
MT019/050/247/251 | MT001 / MT002 / MT003 / MT004 / MT006 /
STI13 MTO11 / MT012 / MT025 / MT035 / MT043 /
I-31 MTO074 / MTO75 / MT090 / MT103 / MT106 /
STI-S ("MT067 ) MT108 / MT136 / MT138 / MT244
(133 ) ( sTo }——{ MT009/010/026/052/060/118 |
-34 LST-25 MT214 The phylogenetic signal is conserved and

03

[ eTL07 ) i i
| 1-46 } | STI-27 | MTO082 the re:c,oIV|ng power has increased
with the MLVA-17 scheme
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How genomics can improve Epidemiology?

Genomic data allows to
look deep inside
pathogen key evolution
markers. This helps for
the identification of
emerging clones that

escape control strategies;
and to trace bacterial
strains that are important
for the protection of
agriculture
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Final words
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How did we manage genomics and other data ?

Genomic data was produced by our team by sequencing full genomes and available at
MaGe http://www.genoscope.cns.fr/agc/microscope, and NCBI

Most of the genomic data was processed by personal scripts and pipelines, but are
published and available upon request

MLVA data was handled by Geneious, R statistical software, and Phyloviz, and are
available in an international database and soon at NCBI

Phylogenetic sequences are available at NCBI
Data related to the RSSC microarray is available at the EMBL-EBI database

RSSC strains are available at the CFBP database
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http://www.genoscope.cns.fr/agc/microscope

An essential step toward scientific breakthroughs

i) Producing knowledge useful for biological characterization of plant pathogens (PRA)
ii) Producing data for creating innovative and fitted diagnostics tools

iii) Providing management strategies and guidance for decision makers

Importance of producing clean data, shared among international institutions

We need to think how to implement new metagenomics approaches in our
daily work to improve the scientific knowledge and to produce strong
scenario for disease management and containment
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