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Late blight epidemics in the US In
2009 Emergence of US-22 strain

* Climate change — rainy season
* Movement of infected tomato transplants 77 T .
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USABIlight team — AFRI, IPM, iPIPE  —oa
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Objective: improve management tools

Public reports Co-PD labs
National P. Infestans
reporting & genotypes (SSRs)
alert website & phenotypes
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USABIlight.org —Disease alerts
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ARG USABIight | A National Project on Tomato & Potato Late Blight
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USADblight reports Northeast
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US Lineages — Population Structure

* Examine the population structure of all extant
US lineages using microsatellites and
multilocus sequencing

* |nfer potential migration pathways of the
lineages into the US from outside sources

 Examine the population structure of recent US
lineages collected from USABIight
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USABIight.org outbreaks from US — 2011-2015
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USADblight Reports

 ~64% tomato reports

~59% reports from conventional field
Potato by state
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USABIlight Outbreaks 2011-2016

SE Asia
Taiwian

US Genotype
Us-7
B us-8
Us-11
B Us-22
W uUs-23
US-23 var
B Us-24

Number of Records
1
10
16

/ @ Amorica)




§ii |

]

o
DG o

‘_ﬁu\l

MSN of USABIlight Outbreaks by lineage: 2013-2016

2011-2012 A !":;""“';“; 2013-2016

DISTANCE DISTANCE




CENDE_SDDE DUenCm om0
- -

POPULATION

L

MSN of All extant US Iineages

Peru

Bolivia ‘
(US-1) Brazil
us-23 (BR-1) (BR-1)
Peru “
(PE-3) ﬂ
Ecuador (EC-1) -
Peru ___
us-21
us-11

\
US-12 us-16 L9 @‘
f uss G & US-24  Mexico

Us14
Mexico Mexico us-20

oo oor2 0 10¢ 0.189 on

DISTANCE



US Populations Conclusions

Most of recent Phytophthora infestans lineages in the US have
migrated primarily from Mexico.

US-1 (Peru) and US-23 (Bolivia and Brazil) may have been
introduced from outside Mexico

Three major migration routes within the US are probable

East coast populations (primarily US-23) of P. infestans are
distinct from west coast populations (US-8, US-11).

Phytophthora infestans in the US has undergone a major
population shift and now the US-23 lineage is dominant

Continued monitoring is necessary as shifts in phenotype such
as mefenoxam sensitivity (R to S) have occurred and need to
be evaluated



Genetic structure and subclonal variation of extant and recent US
lineages of Phytophthora infestans

Amanda Saville and Jean B. Ristaino

Date: 8 May 2019
https://doi.org/10.1094/PHYTO-09-18-0357-R

v PREVIEW ABSTRACT ABSTRACT @ PDF PDF PLUS



Beware of late blight look-alike
Phytophthora nicotianae

Figure 1. Morphology of Phytophthora nicotianae
(=Phytophthora parasitica). Upper row, Papillate, ovoid
sporangia; germinating chiamydospore. Middie row, Papillate,
ovold sporangia; germinating oospore. Lower row, Oogonia
with amphigynous antheridia containing cospores. terminal and
intercalary chlamydospores. (Courtesy A. Vaziri; Reproduced
from Erwin and Ribeiro, 1996) Click image to see larger viev



Soilborne phases
Can survive as chlamydospores

Can produce oospores and both mating types
are present in eastern NC | \

Warm temperature Phytophthora 27-30 C

May be displacing P. infestans as climate "\w 0T

changes
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Ideal for diagnostic protocols

P. infestans LAMP Assay

LAMP primers designed specific for P
infestans

Rapid protocol can be adapted to field
situations

Amplification product can be visualized in
the field with visual nucleic acid stains (e.g.
SYBR green or HNB)

Can be adapted to lateral flow devices(LFDs)

Example of positive and
Samples with SYBR green. The three samples on negative LAMP reaction.
the left are positive Ladder is 100bp.



Sensors for in field detection

Integrated DNA Extraction,
Amplification, and
Detection (EAD) System

Pathogen
DNA

Rapid extraction

On-site detection

® Pathogl' |

@® Pathog2 '
Paul, R. et al. 2019. Extraction of Plant DNA by Micaro%%edle‘ P
Detection of Plant Diseases. ACS Nano 13: accepted.

for Rapid
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Noninvasive Plant
Volatile Profiling

Volatile Organic
Compounds (VOCs)
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Chemical sensor array
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We can differentiate three tomato
pathogens by VOC’s
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Classification accuracy: ~93%

(2 errors out of 28 samples tested in total)

Li, Z. et al., 2019. Noninvasive Plant Disease Diagnostics Enabled by Smartphone-
Based Fingerprinting of Leaf Volatiles. Nature Plants 5: submitted and revised



Sensor based late blght mapping

(a) Use state-of-the-art diagnostic (b) Using convenient smart-phone integration, send
tools in the field to identify infected in-field diagnostic results to a database along with
crops before symptoms appear. precise GPS information from the device.

(e) Make informed management decisions based on
the geospatial modeling results to minimize spread
of the pathogen. -~
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(d) Use a robust geospatial modeling platform to (c) Create a web-based platform to view pathogen
predict which infected farms will lead to pathogen locations across the landscape,

spread.



Global Phytophthora Diagnostic Workshops

Since 2013, | have
organized diagnostics
workshops in:

Costa Rica, Honduras,
Taiwan, India, Kenya,
Peru, Italy



Future work

Population genotyping

* Expand Phytophthora Diagnostics Training to include bionformatics module.
Conduct genotyping and bioinformatics workshop. Use actual data sets —
“Phytophthora hack-a-thon”

* Ran a bioinformatics workshop CIP — Peru, 2017, provide SA SSR standards

* Provide DNA standards to other global network of SSR labs (Africa, Asia)

e Start a GlobalBlight Network.

e Continue to train individuals and labs to run SSR genotyping- build human capacity

* Developing an open database that can be queried for identification of major SSR
lineages —North America, Mexico, and South America

Detection:

e Link sensor detection to real-time monitoring
* Genotype sensor

* Need fast geospatial mapping of late blight
Risk- based modeling using climate data

* Analyze US outbreak data using weather modeling- Chris Jones, Center for
Geospatial Analytic

e Link sensors with weather models




Solving global late blight

Population genomics

* Learn more about the role of hybridization, host jumps and migration in spread of
this and other Phytophthora diseases

* Continue to use next generation sequence data sets and populations genomic tools
including new phylodynamic tools to study global population biology

e Collaborative sharing of datasets — open data

Surveillance Technologies

* Use natural language processing and data mining to map outbreaks
 Deployment of improved disease alert and genotyping systems - still segmented

* Use ICT technology to deliver disease outbreak information - smart phones — crowd
sourcing — with geospatial analytics

* Deploy disease diagnostic sensors and apps
Host resistance

» Strategically deploy resistant varieties on a landscape level - many countries still
growing susceptible varieties- limited to no coordination at global landscape level

* Deploy transgenic or gene edited potatoes/tomatoes in areas where fungicide use
is limited or impacted negatively by high rainfall

Strengthen phytosanitary standards

* Improve seed certification programs and clean seed distribution

* Improve diagnostic capabilities of partner institutions in the developing world
* Build human capacity through training
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