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Workshop themes

* Tracking the potato blight pathogens in a global
context - Tools, network infrastructures and activities

e Stewardship of host resistance genes and active

ingredients - develop and adopt innovative and
sustainable control strategies on regional scales

* Education, advocacy and communication - taking
into account different scales and stakeholders
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Monitoring methods

* Scoutsissued with sampleforms and FTA cards (+ isolates)

* Outbreakdata(e.g. location, crop type, cultivar) recorded
e Active lesionsonto FTA cards & pathogen DNA stored

— 12 vyear old FTA cards worked perfectly

 DNAfingerprinted using 12-plex SSRs (Li et a/. 2013)

— Hutton, INRA, IHAR, WUR

 Genotypesdefined—QC andto EuroBlightdatabase
e Datamappedon www.euroblight.net+ annual summary

* Publicationsand datarelease planned
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http://www.euroblight.net/

Sample statistics

* Over 8000 samples from 34 countries genotyped

* North-western Europe most sampled
* Long ‘tail’ of countries with fewer samples

 Be aware of skew and re-sample for publication
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m 2018
m 2017
m 2016
m 2015
m 2014
m 2013

EN — England
FR—France

SC - Scotland

BE — Belgium
NL-the Netherlands
DE — Germany

WA — Wales

ND — Northern Ireland
SE — Sweden

PL- Poland

DK — Denmark

ES —Spain
SI—Slovenia

BY — Belarus

CH - Switzerland

EE — Estonia

LT — Latvia

Countries with >30
samples shown



Introducing the clones 2004-2018

Numbers of genotypes sampled
from Belarus, Belgium, Bulgaria, Croatia, Cypres, Czech Republic, Denmark, England, Estonia, Finland, France, Germany
Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Netherlands, Northern Ireland, Norway, Poland, Portugal, Romania
Russian Federation, Scotland, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Ukraine, Wales
in 2018, 2017, 2016, 2015, 2014, 2013, 2012, 2011, 2010, 2009, 2008, 2007, 2006, 2005, 2004

2004 NL g 13 A2

Other
2002 NL BEU_6_A1
1995GB  Eu 8 a1
2013 NL Eu 37 A2
2002 NL EU_1_A1
2014 NL,DEEV_36_a2
1993 NL EU_2_A1
2013 DK EU 41_A2
2004 sl u EU_23 A1

4961

20045 & EU_34 A1- 17 Data still to add
1995 GB £ EU 5 A1 10
2015 S| & £ 39_a1-e0 PL2010-2015 »=500
2004GB  EU_10_A2S9 NL 2000-2012 »=900
2003GB ~ EU_3_A2-0S8
EU 12_A1§33
009 NL  EU_33.A2132
EU_35 A2-J131
EU_40_A2-§28
RU 1 A14
ElL_38_A2-14 [Mumber of samples: 13853]
EU 22 A241
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Numbers EurcBlight, Aarhius University 2019 )
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EU P2 infestansgenotype change

Frequency of genotypes
from Belarus, Belgium, Bulgaria, Croatia, Cypres, Czech Republic, Denmark, England, Estonia, Finland, France, Germany
Greece, Hungary, Ireland, ltaly, Latvia, Lithuania, Netherlands, Northern Ireland, Norway, Poland, Portugal, Romania
Russian Federation, Scotland, Serbia, Slovakia, Slovenia. Spain. Sweden, Switzerland, Ukraine, Wales
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M=587 M=140 M=963 M=1171  N=1030 M=557 M=353 M=£59 M=934 M=973 M=1653 M=743  N=1524 M=1534  N=992
L. Year EuroBlight, Aarhus University 2013 )
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EU P infestans2018 - headlines

« EU_13 A2 After 14 years remains most widespread and frequent clone (25%)

. increased from 10to 16%in 2018

e EU_37_A2increasedfrom14to16%in 2018

e EU 41 A2increasedfrom4.4%t04.6%in 2018

e Combined 6_A1,13 A2and decreased 60 to 40% of population 2016-2018

e Combined ,37_A2and41 A2increased 10to 36% of population2016-2018

*  Abundance of clones shows high proportion of inoculum overwinters in tubers
 20-30%of population genetically diverse ‘Other’ group probably from oospores

(#)EuroBlight

A potato late blight network for Europe




2018 data
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2018 a dry season
with lower sample
numbers

EU_13_A2clone
widespread but
reducing frequency

Other clones
clustered and
spreading

— EU_6_Alin UKand
France

— EU_36_A2and
EU_37_A2spreading

— EU_41_A2first found
in DK and spreading

— 23 _Alinsouthern
Europe on tomatoes
Higher proportion
of ‘Other’ types in
northern and
eastern Europe



2013-2018 summary
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 >8000 samples from 34 countries




2017 samples
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* 1534 samples from 22 countries




2018 samples
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* 979 samples from 23 countries




2017 samples—EU_13 A2
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https://agro.au.dk/forskning/internationale-platforme/euroblight/pathogen-characteristics-and-host-resistance/genotype-map/

2018 samples—EU_13 A2
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https://agro.au.dk/forskning/internationale-platforme/euroblight/pathogen-characteristics-and-host-resistance/genotype-map/

2017 samples— ‘Other’
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2018 samples— ‘Other’
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2016 36_A2 & 37_A2
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ver :
Data by OpenStreetiap, under ODbL.
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201836_A2& 37_A2
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2017EU_41_A2
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2018EU_41_A2

v AR
il

e
J‘,’v V. N
% “;;.i-.— TS

EuroBlight, Aarhus University 2019.
Map tiles by Stamen Design, under CC BY 3.0.
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EuroBlight Population Genetics Platform
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Potato Late Blight o
Toolbox
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Zhian Kamvar & Nik Griinwald

quamed

. Principal
Lo . Phylogenetic
Kamvar et al.2015. Frontiers in Genetics 6:208 Tree Component
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2018 Geneticdiversity -

PCA with Bruvo distance as input
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PCA

2018 Principle Coordinate
Analysis (minus ‘Other’ samples)

Distinct genetic clusters
representing the major clones

Minor variation within clones
explains spread of points

PCA an imperfect tool as some
overlap of points inevitable
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2018 Geneticdiversity - MSN

Minimum Spanning Network of
2018 samples (clones only)

Node size proportional to the
number of samples & coloured
by clone

Edge thickness proportional to
genetic distance. Dark thick line
genetically close - thinner lines
between clones genetically
distant

37_A2 diploid and null locus so
less diverse

Age of EU_13 A2 apparent with
84 variant MLGsin 224 samples



Global context
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Global context

23 Al1,13_A2,2_Al,5 Al

I-11

Mitochondrial Haplotype

Network analysis

Ib Haplotype | Haplotype

{Historical classification)

e SSR markers effective
for international
populations

e Combined with
maternal mtDNA
llb Haplotype sequences sheds light
o b2 b3 on biogeography
s o \WWGS mtDNA higher
T% - resolution

- 10_A2,8 Al,EC-1

Branch length does not accurataly reflact
=~ the extent of sequance divergence
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Global context
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Emmanuel Nnadi, Plateau State University, . 39 gamples. All 33_A2. Fluazinam insensitive
Bokkos, Nigeria clone

* Fluazinam not available locally - introduction
not advised
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Global context

Senegal imports potato
seed from Europe

Samples from Chris
Ursell CUConsulting
proved 13 A2 present in
2019

Anne Njoroge to add
more detail on
AfricaBlight

2 European clones in SSA
is a cause for concern



http://euroblight.net/pathogen-characteristics-and-host-resistance/sampling-sites-and-genotype-maps/

Global context

* Samples provided by Dolf
de Boer and Andre
Drenth - AU_1 lineage.

* Not foundin Europe or
us

e Steve Lewthwaite FTA
samples near Aukland
relatedto AU _1

* Biosecurity protocols
proving effective
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EuroBlight, Aarhus University 2019.
Map tiles by Stamen Design, under CC BY 3.0.
Data by OpenStreetMap, under ODbL.
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Global context

Help

Genotype (2

© @ Eu1AL
© @eu2A1
©®Eeusal
© @ EU6AL
© @ eusAL
© @ Eu12.A1
© @ Eu_13.A2
© @ Eu23 AL
© @ Eu33.A2
© @ EU34.A1
© @ Euss.A2
© @ Eu36_A2
© @ Eu37.A2
© @ kR1AL
© @ RU1LAL
© @ us1AL
© @ EU39.A1
© @ Eu38A2
©  usa1AL
© @ Eu_40_A2
© @ EuaLA2
© @ Eut0.2
©@®eu22A
© @ eusA
®©®aua

© @ Other

* Global 13_A2 map

* AsiaBlight — Louise

EuroBlight, Aarhus University 2019,
Map tiles by Stamen Design, under CC BY 3.
Data by OpenstreetMap, under ODbL.
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Clones vs Others — some key questions
e Origin—where and how?

Birth of new clone rare event (considering population size)
Commonly triploid (13_A2,6 _A1,36_A2,2_A1,23 Al)

Some diploid (41_A2,37_A2,33 A2,8 A1?-ALL Others)

Presumed recombinant — parentage check (mtDNA) cf Lettuce DM
Crop management - first reports in short-rotation starch crops (NL & DE)

* Drivers of spread?

Adaptation - host, fungicide, survival, aggressiveness
Seed trade — national and international

Dumps and Volunteers — clonal survival. Why Others fail?
Airborne - weather conditions (short range cf rusts)
Chance — bottlenecks, right place at right time

* Preventingspread
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Exporting only tissue culture or highest health minitubers
Careful deployment host resistance and fungicides
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Conclusions

* Newinsights on pathogen diversity

 Dominance of few clones across large areas of European
crops means EU growers/industry share management
challenges

* Newclones(EU 36 A2,EU 37 A2andEU 41 A2)
continued tospreadin 2018 - displacing older genotypes

* Phenotypicdata neededto help explain field situation

 Primaryinoculumislocallygenerated and spread. Better
management of inoculumsources would aid management

 ‘Other’ populationshighlydiverse, ephemeraland most
likely the result of sexual oospore germination. Drivers?

« Highgenetic diversityincreases the risk of blight
management problems- evolvingvirulence against novel
host resistance genes and reduced sensitivity to fungicide
active ingredients

* Needto move to moresequence-based analysisfor depth
e Collaboration with partner networks is strengthening
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