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INTRODUCTION

» This work is part of the Feed the Future Biotechnology Potato
Partnership.

» This is a five-year, $6 million multi-institutional cooperative agreement
with USAID to introduce bio-engineered potato products in farmer and
consumer preferred varieties into Bangladesh and Indonesia.

» These bio-engineered potatoes will have 3-R gene resistance to late
blight.

« The combination of 3-R genes is should to confer effective and durable
resistance to late blight, a major disease of potatoes throughout the
world.
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POTATO PRODUCTION IN INDONESIA
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« Potato production in Indonesia has more than tripled since 1961 but yields
remain little changed at about 14 tons/ha. This is less than half the yields
seen in the U.S. and Europe.
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POTATO PRODUCTION REGIONS IN INDONESIA
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LATE BLIGHT IN INDONESIA

All commercial potato production in Indonesia occurs in the highlands where
conditions are optimal for late blight development.
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LATE BLIGHT IMPACT

» Growers must spray at least 2 — 3 times a
week to keep late blight under control.

» This amounts to at least 20 sprays per
season.

» Fungicide costs per year may be up to 40%
of production costs.

 If growers do not spray the disease can
decimate a field in less than 2 weeks.
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LATE BLIGHT IN INDONESIA

Farmers in Indonesia cannot produce potatoes without the use of fungicides
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BUILDING DURABLE RESISTANCE TO LATE BLIGHT

« Granola is the most widely grown potato variety in Indonesia,
accounting for 90% of production and is grown mainly for the fresh
market. Some cv. Atlantic is also grown for chipping market.

« Granola is highly susceptible to late blight.

* The best way to over come the problem of late blight in Indonesia
would be to develop a late blight resistant potato variety.
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BREEDING FOR LATE BLIGHT RESISTANCE

» Breeding late blight resistance in potato varieties has significant benefits
due to the reduced cost of production through less fungicide costs, reduced
farmer exposure to fungicides and reduced fungicide residues in food, land
and waste water.

« Conventional breeding for resistance may take more than 10 years to
produce a new resistant variety.

* By the time the new variety is released it may no longer be resistant as local
strains of the late blight pathogen may have changed.
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FTFBPP TECHNICAL PLAN FOR INDONESIA

* A 3-R-gene construct (Rpi-vntl, Rpi-blb2, Rpi-mcql) will be
transformed into the farmer preferred potato variety Granola.

« Events from each of these transformations will be evaluated and
tested in confined field trials (CFTs) to select the best events for
regulatory approval first at MSU then in Indonesia.

* In the second 5-year plan biosafety data will be collected and a

regulatory package will be developed for the three-gene late blight
resistant potato events.
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MONITORING DURABILITY OF 3-R-GENE RESISTANCE

 The 3-R genes, Rpi-vntl, Rpi-blb2, Rpi-mcqgl have been tested
against a wide range of P. infestans isolates from the U.S. and
Europe and found to hold up even against the most virulent strains.

* Relatively nothing is know about the populations of P. infestans in
Indonesia.

* In order to ensure the durability of this 3-R-gene construct in a

potato variety for Indonesia we have to understand the genetic
diversity of P. infestans strains in Indonesia.
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GENETIC DIVERSITY OF P. INFESTANS IN INDONESIA

« Between November 2016, and March 2019, P. infestans isolates were
collected from the main potato growing regions in East, Central and West
Java on FTA cards.
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GENETIC DIVERSITY OF P. INFESTANS IN INDONESIA

Between November 2016, and March 2019, P. infestans isolates were
collected from the main potato growing regions in East, Central and West
Java on FTA cards.

 Isolates were processed for SSR genotyping with 12 polymorphic
microsatellite markers developed by Li et al, 2013.

« Allele sizing was performed by capillary electrophoresis (ABI 3730) and
SSR allele sizing was done in GeneMapper v. 5.0.

« Data was analyzed using poppr v. 2.8.2 and Figtree v. 1.4.3

« A subset of isolates from West Java were tested for the presence of
avirulence effectors Avr-vntl, Avr-blb2, Avr2 and Avr-blbl to determine
wether our 3-R gene lines would be resistant to Indonesian isolates.
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GENOTYPING RESULTS

In total 146 isolates were collected between 2016 and 2019. West Java
(Bandung = 32, West Bandung = 10, Garut = 6, Majalengka =6), Central
Java (Wonosobo = 36, Temanggung = 10) and East Java (Mojokerto = 12
Batu = 9, Pasuruan = 25).

Out of 146 isolates, 6 were live cultures.

All isolates were A1 mating type based on CAPS markers developed by
Judelson et al. 1995. They were cross checked using AFLP markers
developed by Kim et al. 2002.

Using a pairing test, the 6 live cultures were confirmed to be Al.

4 living isolates from Bandung Regency (West Java) were mefenoxam
sensitive, 1 isolate from Wonosobo (Central Java) and 1 from Pasuruan
(East Java) were intermediate to mefenoxam.
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Neighbor joining tree of Phytophthora infestans
populations from nine regencies of Indonesia
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Discriminant analysis of principal components (DAPC) of
Phytophthora infestans population from nine regencies of

Indonesia

Indonesian isolates
grouped togetherin 4
clusters.

Isolates from
Bandung (WJ), Batu
(EJ) and Pasuruan (EJ)
clustered separately
and independently.
Rest of the isolates
(mainly from CJ) were
clustered together to
make “mixed” fourth
cluster.

There was limited
gene flow between
Bandung, Batu and
Pasuruan Regencies.
i.e. East and West
Java.
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GENOTYPING SUMMARY

* All the isolates collected in Indonesia differed from US
standards.

« EU 2A1, EU 4Al1 and EU_6A1 isolates were found in
Indonesian P. infestans populations, but the majority of
Isolates clustered separately from the known isolates.

* Indonesian isolates from East Java clustered separately from
Central and West Java isolates.

« Of the 146 isolates collected, 131 multilocus genotypes were
found.
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AVIRULENCE EFFECTOR TESTING

* Four isolates from West Bandung, West Java were
tested for the presence of avirulence effectors. Two
were from the cultivar Atlantic (AT1 and AT2) and three

from cv. Granola (G1, G2 and G3).

 Avirulence effector DNA from FTA cards was amplified
by PCR.
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AVIRULENCE EFFECTOR TESTING RESULTS

Isolate from AT1 Isolates from A2, GR1-3
Avr2 — allele Avr2 Avr2
Avr-blb2 — allele Avr-blb2 Avr-blb2
Avr-vntl — alleles Allele 1 and 3 Allele 1 and 3

IpiO1, IpiO2, IpiO3-like,

IpiO2/3 recombinant IpIO1, IpI02, IpIO3

Avr-blbl — alleles
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AVIRULENCE EFFECTOR TESTING RESULTS

* Avirulence alleles of Avr-vntl, Avr-blb2, Avr2, or Avr-blb1
effectors were found in the 5 isolates of P. infestans.

« However, a new Avr-blb1 virulent allelic variant was
found in the sample collected from AT1.

« Any new Indonesian potato cultivar containing the
RB/Rpi-blbl gene alone will be susceptible to this strain.

« Our 3-R gene transformed Granola containing Rpi-vntl,

Rpi-blb2 and Rpi-mcqgl would be resistant to all of these
ISolates.
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SUMMARY

Tracking the genetic diversity of P. infestans strains in Indonesia is
important to monitor the durability of our 3-R gene variety.

We intend to do yearly isolate collections trips in the main potato growing
regions of Indonesia until release of the 3-R gene variety.

More isolates of P. infestans collected in our surveys are being screened
for avirulence effectors.

Previous studies have shown that profiling the variation in Avr genes within
a P. infestans population is instrumental for predicting the effectiveness of
Rpi gene mediated resistance in potato.

This data will serve as a baseline to inform development of integrated
strategies to extend the efficacy and durability of these disease resistance
genes through the use of fungicides and deployment of specific potato
lines.
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