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Traits that are effective virulence factors
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resistance to antimicrobials can be

 New research questions on life history and reservoirs
* Debate on the traits of potential pathogens
 New diagnostic/detection tools
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What relevance to Plant Health ? ,



How is One Health relevant to Plant Health ? What new insight ? d

? Healthy plants sustain healthy animals
s 10t 3 NEW idea !

? Holistic approach, everything interconnected
s /\10-eC0l0gy and Integrated Pest Management already profess this.

Overcome missing or poorly-developed concepts in plant disease epidemiology and management

O Reseroirs outside of agriculture, on substrates other than plants

(O Dual-use virulence factors / Maintenance of virulence factors in non-ag habitats

(O Framework for assessing potential risk of microbial lines before they emerge as pathogens
(O Spill-over via natural processes operating constantly and at long distances



Reservoirs of plant pathogens outside of agriculture

Examples of pathogen life cycles told as incomplete stories of life histories

Botrytis cinerea of chick pea Mycosphaerella graminicola of wheat
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Reservoirs of plant pathogens outside of agriculture

The case of Pseudomonas syringae 1 234656 7 8 .
1 v 0 0 log,, bacteria
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Reservoirs of plant pathogens outside of agriculture

Potential pathogens are everywhere Genetic diversity in the environment > in agriculture ~ Crop & environ'l
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Reservoirs of plant pathogens outside of agriculture

Frronters e srismne  Crop and environmental strains are indistinguishable
Striking Similarities Between Botrytis " 1 o
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Dual-use virulence factors & maintenance of virulence factors outside of agriculture

For human/animal pathogens: Numerous examples of traits that foster environmental fitness and virulence
Role in:

Organism Trait or gene pathogenic fitness environmental fitness

Vibrio cholera Toxin co-regulated pilus Virulence factor in humans Biofilm formation on chitin

Legionella pneumophila Proteins ~ mimicking  cellular [ Virulence factors in macrophages Parasitism and multiplication in
functions of eukaryotic proteins; | Traits common to many protozoa
type |l & IV secretion systems &1 microorganisms, including plant
effectors, attachment protein;/g( pathogens

Burkholderia cenocepacia Quorum-sensing reg/ula%or/ysystem Regulation of virulence factors in|Regulation of factors involved in
L — — | 'cepacia syndrome’ nematode killing

Yersinia pestis Extracellular polysaccharides [ransmission to human host, protection | Colonization of flea esophagus via
f from f leukocytes. biofilm formation

Cryptococcus neoformans, I\/I;Iani_rg Protects porg against phagocytosis Protection against oxidation

Alternaria fumigatus

Alternaria flavus, Histoplasma ( Siderophores Virulence factor in humans Sequestering iron in the environment

capsulatum, Aspergillus fumigatus,
A. nidulans, numerous bacteria

Pseudomonas aeruginosa, Efflux pumps Intrinsic multidrug resistance Exclusion  of  lipophilic  toxic

Stenotrophomonas maltophilia compounds from cells

Acinetobacter baummannii Efflux pumps, ' iseuity, | Multidrug  resistance,  attachment, | Exclusion of toxic compounds from
EPS & Cbiofilm  formation, Dstimulation of host inflammation, | cells, resistance to  desiccation,
siderophore-like com S virulence factorin humans sequestering of iron

Morris et al. 2009: PLoS Pathogens 5(12) : e1000693. doi:10.1371/journal.ppat. 1000693




Dual-use virulence factors & maintenance of virulence factors outside of agriculture

For plant pathogens: Many candidates for dual-use virulence factors, but few studies on the role of non-crop
habitats as a selective force

Plant pathogens that thrive in non agricultural habitats or survive saprophytically in agricultural
contexts in absence of host plants

Bacteria Fungi
* Burkholderia cepacea o Alternaria spp.
* Dickyea spp.  Aspergillus spp.
* Pectobacterium carotovorum * (ladosporium spp.
* Pantoea agglomerans  Fusarium spp.
*  Rhodococcus fascians * leptosphaeria maculans
*  Streptomyces spp Mucorales: Mucor spp. Rhizopus spp.

*  Pythium spp. (non obligate parasitic oomycetes)
* Penicillium spp.



Framework for assessing potential risk of microbial lines before they emerge as pathogens

« Management of plant diseases is based on identification, detection, diagnostics of lines of
microorganisms that have already caused disease.

« Whatis the risk posed by environmental strains that are pathogenic when tested in the laboratory?



Framework for assessing potential risk of microbial lines before they emerge as pathogens

A framework to predict emergence of new zoonotic diseases

Olival etal. 2017. Host and viral traits predict zoonotic
spillover from mammals. Nature 546:646-650

The framework consists of an assemblage of traits that
prediction zoonotic potential

* Host range breadth (from reports of occurrence)

« Cytoplasmicreplication

* Vector-borne

Experimental inoculation of hosts cannot be used to assess zoonotic potential.
But, we can inoculate plants to determine their host range. So why isn't Plant

Pathology developing a framework to assess and anticipate the risk of new
emergences?
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Framework for assessing potential risk of microbial lines before they emerge as pathogens

« The notion of “pathotypes” with rather specific host
ranges is a fundamental concept in plant pathology.

BUT, when tested un comparable conditions:

* Host range of P. syringae is an overlapping
continuum (nested; no statistically significant modules)
Morris et al. Phytopathology Research 1 :4 doi.org/10.1186/s42483-018-0010-6

* Many other pathogens (viruses, fungi, nematodes)
show same significantly nested pattern of host range

(Moury et al. manuscript in preparation)
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Framework for assessing potential risk of microbial lines before they emerge as pathogens

* In Plant Pathology, the potential for emergence of a given strain could be based on breadth of host range

Host range extent of 134

strains of P. syringae tested on

16-22 plant species

% of hosts that

were susceptible
100% —

These groups of strains in their respective
environmental reservoirs could be

surveyed with mo

ecular diagnostics

75%

50% —

25% —
10% —
0% ——3

Y& Strains from
environmental reservoirs
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Morris et al. Phytopathology Research 1 :4 doi.org/10.1186/s42483-018-0010-6




Spill-over via natural processes operating constantly and at long distances

Have these means of dissemination been sufficiently considered in the life history of plant pathogens?

Factors that favor spill-over
Habitats and

reservoirs of pathogens
in agro-systems

Habitats and reservoirs
of pathogens in
natural environments

Factors that favor spill-over



Spill-over via natural processes operating constantly and at long distances

Surface waters
In progress: Characterize the flow of P. syringae within the Durance river basin catchment

22 sampling sites
4 seasons /2016 & 2017
* Quantify population densities

Briancon

nnnnnnn

In river water

* Isolate strains for further
characterization (>5000 from
this study)

Marseille
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Aerial dissemination

Known long distance aerial trajectories of plant pathogens

Soybean rust 2004

Isard et al. 2005.
Bioscience. 55:851-861
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Spill-over via natural processes operating constantly and at long distances

Aerial dissemination

Concentrations of microorganisms
in rain and snowfall .....

....coupled to information about air mass trajectories
can give insight about dissemination patterns.

€ C ) | ® ready.arl.noaa.gov/HYSPLIT.php

ARL

Air Resources Laboratory -+

Advancing Atmospheric Science and Technology through Research
mARL Home
[WHYSPLIT Model
[WREADY
»READY News
» Transport & Dispersion
» Get/Run HYSPLIT>>
» HYSPLIT Tutorial The HYSPLIT medel can be run interactively on the READY web site or installed on a PC (Mac) or LINUX workstation and
» HYSPLIT Forum run using a graphical user interface (GUI) or script
» HYSPLIT Workshop
» Volcanic Ash Got a question about HYSPLIT? Ask your question through the HYSPLIT Forum
» Fukushima TCM
» Short-Range
T D HYSPLIT-WEB (Internet-based
Ensembie Dispersion ( ) N 2017 PC HYSPLIT Workshop
» Run HYSPLIT Trajectory Model
n HYSPLIT Trajectory Model(No registration required) A 4 day HYSPLIT workshop will be given
» Run HYSPLIT Dispersion Model (includes voicanic ash) June 13 - 16, 2017 at the NOAA Center for
Weather and Climate Prediction (NCWCP) in
* HYSPLIT Reaistration instnictions Coliege Park, Maryland. The workshop will

» HYSPLIT for Volcanic Ash be focused on the use of the model on the
PCMac and its Graphical User Interface
* Spain HYSPLIT & (GUI). Details and registration instructions

can be found at:
» HYSPLIT for NWS Forecast Offices (NOAA employees only - you will leave the YSPLIT

ARL web site)

*» BACKUP - HYSPLIT for NWS Forecast Offices (NOAA employees only - backup
ARL site)




Spill-over via natural processes operating constantly and at long distances

Aerial dissemination

Botryis cinerea is also
reqularly  present in
snow and rainfall - at
lower  concentrations
and independent of air
mass origin.

In southern France:

P. syringae [ L

500

5000

88 precipitation events 2006 - 2010

10 degrees

Rain & snowfall carry P. syringae, depending on the origin of air masses.

60 -

% of precip.samples

m All samples
® with P. syringae

West North & East South

Present

pH* Conductivity*
6.21 13 uS.cm™?

Absent

5.76 8 uS.cm?

*Mann Witney U test (p<0.05)

Monteil et al. 2014 ISME J. doi;10.1038/ismej.2o14.55




Spill-over via natural processes operating constantly and at long distances

Rain & snowfall - at remote sites

Aerial dissemination

g6 1JFJ0052
64 {1 4F 40054

D.D2:|

Jungfraujoch, 3580 m altitude
22,23 May and 22 Oct. 2014 ;
P. syringae in snowfall

TA0006 PGOSb

up to 45 cells / L snowmelt -

83 PGy,
CC1532PGOSa
100

phylo-

groups
9l 25 4

et

2019d zeoovsn | |

000@00
Strains from JFJ in 6 phylogroups among

the 13 phylogroups of P. syringae




Spill-over via natural processes operating constantly and at long distances

Aerial dissemination Connectivity via air mass movement

Overall - to experimentally demonstration long distance
aerial dissemination pathways is very challenging.

it - Mediterranean Sea

We are tackling this by tracing the probable aerial

. . . ' = i
trajectories based on frequency of air mass movements from —
historical data via HYSPLIT

Choufany M. Martinetti D., Senoussi R., Morris C.E.,
Soubeyrand S. 2020. Spatiotemporal large-scale
networks shaped by air mass movements. Front. Appl. i -

Math. Stat. (in press) | e




New modus operandi for plant health

(O Reservoirs outside of agriculture, on substrates other than plants
Look for them !

(O Dual-use virulence factors / Maintenance of virulence factors in non-ag habitats

New research on more comprehensive questions about the drivers
of pathogen evolution.

(O Framework for assessing potential risk of microbial lines before they emerge as pathogens

To anticipate disease emergence, account for pathogenic potential
measured in controlled-condition inoculations. Modernize the
classification of plant pathogens by “pathotypes”.

© Spill-over via natural processes operating constantly and at long distances

Identify and survey these processes - in addition to surveillance of
movement by commerce, transportation.
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