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Late blight re-emerging disease: 
A constraint to potato production worldwide  - 

impacts food security

Has increased in incidence, geography, host range and virulence



• Need for 
surveillance

• Geospatial 
Analytics

• Earth Observations- 
remote sensing

• Sensors for early 
detection

• Pathogen Risk 
Modeling

• Data mining past 
and social media 
reports

• Phylogenomic 
surveillance

• Digital Delivery of 
information to 
stakeholders



Overview of main points
• USABlight and has now transitioned into the Plant Aid Database 

(PaDB). 
• Developed a global T BAS tool for Emerging Phytophthora’s and 

SSR phylogeny and querying system to identify emerging P. 
infestans lineages 

• Incorporating population genomics into forecasting systems to 
track spread of P. infestans globally and understand hotspots of 1c 
clade evolution 

• Evolution of pathogen effectome in response to host R genes from 
100 year of late blight evolution

• Developing a “Marple's” platform using targeted amplicon 
sequencing to monitor emerging traits of new lineages and 
changes within US-23 lineage

• Deploying and testing rapid field detection methods using LAMP 
assays for Phytophthora infestans. 



USABlight.org –Disease Surveillance
Sample Submission Alerts and Mapping

Genotyping
Fungicide Decision Support Tool

New Diagnostics



• US-23 found on both tomato and potato -metalaxyl 
sensitive

• US-11 Tomato – west coast - mefenoxam resistant
• US-8  declined on potato  - mefenoxam resistant

-Saville, A. and Ristaino, J. B.  2019. Phytopathology 109:614-627. 
-Saville, A. et al.  2015.  Fungicide sensitivity of US genotypes of Phytophthora infestans 
(Mont.) de Bary to six oomycete-targeted compounds.  Plant Dis.  99:659-666. 
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Evolution of lineages that differ in resistance to fungicides 2009-2023

All lineages 
sensitive to 
azoxystrobin, 
cyazofamid, 
cymoxanil, 
fluopicolide, 
mandipropamid 



Late blight look-alike
 Phytophthora nicotianae – 27-30 C , less 
late blight on potatoes



PlantAid database
A new dashboard for late blight and other 
emerging plant diseases (Cucurbit downy 
mildew- P. cubensis, SOD - P. ramorum)

-    Center for Geospatial Analytics- now managing USABlight
- Incorporate more real time updates from in field detection sensors
- Incorporate population genomics tools into mapping platform

Chris Jones

http://www.nsf.gov/index.jsp


Developed a open T BASphylogenetic 
framework for “Emerging Phytopthoras”
using multilocus genotyping
Genus level tool - uses multilocus sequences
196 species of Phytophthora

• 8 nuclear loci
• 192 species
• 33 informal taxa
• Inferred with RaxML

Allison Coomber   Ignazio Carbone Jean Ristaino

Allison Coomber,  Amanda C. Saville, Ignazio Carbone,  Jean B. Ristaino.  2023. An open access 
T-BAS phylogeny for emerging Phytophthora species. Plos One: 
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0283540



Developed a global T Bas SSR phylogeny and querying 
system to identify emerging P. infestans SSR lineages 

Amanda Saville

Allison Coomber Jean Ristaino

David Cooke           Ignazio Carbone

https://tbas.cifr.ncsu.edu/tbas2_3/pages/tbas.php

US 23

EU 13

EC-1



Open global P. infestans T BAS SSR phylogeny



Ireland, 1847

Herbarium
specimen

Tissue
sample

DNA 
Extraction

Host nontarget
DNA (Solanum spp.)

Pathogen nontarget DNA 
(Phytophthora infestans)

Baits 
designed to 
enrich host 

R genes

Baits designed 
to enrich 

pathogen RXLR 
genes

Enrichment

Host R gene

Pathogen RXLR gene

Host R gene

Pathogen RXLR gene

Targeted effector and R gene sequencing 

Coomber, A. Saville, A., and Ristaino, J. 2024. Evolution of Phytophthora infestans on its 
Potato Host since the Irish Potato Famine . Nature  Communications Pending

Allison Coomber, Amanda Saville, Jean Ristaino



• Expansion of effectors over 
time

• Avr3b was the only cloned 
effector not present in Famine 
era samples but did appear in 
the mid 1900s

• Expansion coincides with the 
spread of genotype US-1 in 
1930-50s

• FAM-1 lineages were diploid, 
US-1 triploid- ploidy changed

• AL virulent, resistance-
breaking allele of Avr1 found 
in FAM 1 lineages

• Although R1 resistance had not 
yet been deployed in cultivated 
potatoes during the Famine era, 
the FAM-1 lineage already 
possessed the ability to 
overcome the first  resistance 
gene that would later be 
deployed by breeders.

P. infestans effector evolution
 since the famine



US-23 differs in virulence on tomato- 
Resistance breaking strain MM2020

Your text here

Phytopathology: in review



Developing a “Marple's” platform using targeted 
amplicon sequencing to monitor emerging traits of 
new lineages and changes within US-23 lineage

• US - 23 clonal lineage widespread and sensitive to mefenoxan.
• All US 23 are not the same- differ in virulence and host specificity. 
• Need better phenotypic markers and genotyping to guide management
• Resistance breaking strains of US-23 P. infestans can overcome Ph 2+3 genes in tomato
• Species and lineage id
• Fungicide senstivity markers CesA3 (mandipropamid resistance, Blum et al. 2010);   OSBP (oxathiapiprolin 

resistance, Mboup et al. 2021)
• Key effectors (e.g. AVR3a/b, PexRD24 plus more), other traits?

Fast extraction, PCR targets, MinIon sequence, 
analyze results, incorporate into T BAS



Disease Surveillance

Can we 
detect  
phenotypic 
traits early
before 
symptoms 
occur ?



Tomato Disease Diagnostics
LAMP assays for all

• 1.85 billion dollar industry
• NC is ranked 6th in nation in 

production with over 4000 acres 
grown

• Foliar diseases require 15 or more 
fungicide or pesticide applications

Early Blight- Alternaria linariae

Late Blight- Phytophthora infestans

Bacterial spot – Xanthomonas perforans

Tomato spotted wilt virus- TSWV

Amanda Saville

Tatsiana Shymanovich



Ristaino et al., 2020. Comparison of LAMP, real-time and Digital PCR for detection of Phytophthora infestans.  Plant 
Disease 104:708-716. 
Paul, R. et al 2020. Integrated Microneedle-Smartphone Nucleic Acid Amplification Platform for In-Field Diagnosis of Plant 
Diseases. Biosensors and Bioelectronics 187:113312

Deploying and testing LyoBead and smartphone 
LAMP assays for rapid in field detection of 
specific lineages of Phytophthora infestans. 

Emission Filter

Battery
Lens
LAMP Cassette

Smartphone

LED

Smartphone Fluorescent Reader

Heated sample cassette Patterned MN Patch
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Version 2.0 Smart phone microfluidic 
LAMP cassette



P. infestans LyoBead LAMP

MN extractions 
followed by 20 
min LAMP with  

lyobeads
Run reaction on  AgDia heat block

Run reaction on heated smartphone chip
Visualize a fluorescence change

 
 
 

 

++--

All  Phytophthora
P. infestans
Healthy leaf
NTC

5 mm

300 µm



Link LAMP data collected in the field with 
PaDB via a web portal

-Image analysis software 
being trained to read the 
LAMP cassette results
--Linking sensor data to PaDB 
platform

Chris Jones     John Polo

Issues to resolve
How do we scale detection technology?
What targets do we monitor?-fungicide 
resistance, resistance breaking strains, host 
specific lineages,  aggressiveness traits 



Summary of what you learned today
• USA Blight and has now transitioned into the Plant Aid 

Database (PaDB). 
• Developed a global T BAS tool for Emerging Phytophthora’s 

and SSR phylogeny and querying system to identify emerging 
P. infestans lineages 

• Incorporating population genomics into forecasting systems 
to track spread of P infestans and understand evolution of 1c 
clade 

• Evolution of pathogen effectome in response to host R genes 
from 100 year of late blight evolution

• Developing a “Marple's” platform using targeted amplicon 
sequencing to monitor emerging traits of new lineages and 
changes within US-23 lineage

• Deploying and testing rapid field detection methods using 
LAMP assays for Phytophthora infestans. 



J. Ristaino’s laboratory website
http://ristainolab.cals.ncsu.edu//

Animal and Plant 
Health Inspection 
Service

GRIP4PSI –NC State 
Office of Research 
and Innovation

Plant Science Initiative, NC State

http://www.nsf.gov/index.jsp
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