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Phytophthora infestans, the plant and livelihood destroyer 



UK seed potato production: threatened by viruses, relies on 
geography and insecticides 

AHDB, 2021



Loss of agrochemicals
Fungicide resistance

Health and environmental concerns

Crop protection is increasingly difficult



Natural diversity of wild relatives: 
a vast resource for crop improvement

Solanum 
nigrum

Solanum 
villosum

Solanum 
stoloniferum

Solanum 
venturii

Solanum tuberosum ssp. 
andigena

Solanum 
americanum



Plant immune system: 
resistance requires recognition

Wild relative Cultivated crop

Adapted from Dangl et al. 2013



Resistance gene identification 
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12 receptor genes: which is the one?
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Agrobacterium
Stem segments of potato

Regenerated 
cisgenic plants

R R R
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Plant cell

Plantlets

Resistance gene stacks are delivered to plant cells

✓ Antibiotics to remove 
bacteria

✓ Selection to promote 
successful cells

✓ Plant hormones for 
regeneration

R gene stack
 with selection
gene, in a vector



Rpi-amr3

Nature’s solution: three late blight and two virus resistance genes 
from wild relatives of potato, stacked together

Rpi-vnt1

Rysto

PVY resistance

Rpi-amr1

Rladg
PLRV 
resistance

PiperPlus



PiperPlus vs late blight: resistance genes in action  

PiperPlus
THRIVING IN THE SAME FIELD

Maris Piper
KILLED BY LATE BLIGHT

PiperPlus and Maris Piper
INOCULATED PIPERPLUS TUBERS SURVIVE

So, could we grow it 
commercially in the UK? 

Not without 
the PBA

PVY/PLRV undetected in PiperPlus 
across several seasons

No difference in yield/dry mass



Precision Bred Organism (PBO)

Created using methods of modern 
biotechnology, 
but could have resulted from 
traditional processes

Proportionate rules to regulate traits, not methods

PiperPlus



DEFRA
Release notice 
for field trials
Marketing 
notice for 
Precision Bred 
status and path 
to market

FSA
Food and feed 
use 
authorisation 
for the PB plant
Tiered 
approach

VARIETAL 
REGISTRATION
Field trials
DUS and VCU 
criteria
PB variety 
register

PRECISION 
BRED VARIETY
Can be grown, 
processed and 
sold for food 
and feed

ACRE 
provides scientific 
advice on precision 
bred status

Beyond the discovery: PBO’s path to market



The long and winding road ahead

NGT

SPS

DUS

CPVR

VCU

PotatoPlus 
UK/EU

✓ Late blight and 
virus resistance

✓ NGT1-
compliant

✓ More traits in 
the pipeline for 
disease 
protection and 
consumer 
benefit



PotatoPlus for the UK and EU: challenges 

✓We have rebuilt our gene stacks to fit NGT rules 

But we won’t know the fine details of the rules till 2028

✓Could we use herbicide resistance just for selection, not for cultivation? 

NGT regulations say ‘Yes, but actually no.’

✓ Is Solanum americanum within potato gene pool? 

DEFRA said yes, but what about the EU? 

✓What about varietal registration for NGT plants?

The law is yet to be written but distinctness won’t be a trivial matter



✓ Nematodes

✓ Blackleg (Dickeya and Pectobacterium) 

✓ Early blight

✓ Wireworms 

✓ Tuber quality traits (bruising, reducing sugars)

PotatoPlus: resistance and other traits in the pipeline 
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‘New features could have resulted from 
traditional processes’
Sexual fertilisation, spontaneous mutation, in vitro 
fertilisation, polyploidy induction, embryo rescue, 
grafting, induced mutagenesis, somatic 
hybridisation or cell fusion*. 

Precision breeding: S. americanum traits



1. Created by application of modern biotechnology
2. New features are stable
3. New features could have resulted from traditional processes

PRECISION-BRED ORGANISM

NGT ORGANISM

1. Created by targeted mutagenesis or cisgenesis
2. Number of genetic modification strictly prescribed
3. No herbicide resistance or insecticidal properties

SPS agreement



1. Created by application of modern biotechnology

2. New features are stable
3. New features could have resulted from 

traditional processes

Ad. 1. Recombinant nucleic acid techniques; micro- 
and macro-injection, micro-encapsulation [Genetically 
Modified Organisms (Deliberate Release) Regulations 2002].

Ad. 2. Capable of being propagated by sexual or 
asexual reproduction.
Ad. 3. Sexual fertilisation, spontaneous mutation, in 
vitro fertilisation, polyploidy induction, embryo 
rescue, grafting, induced mutagenesis, somatic 
hybridisation or cell fusion*. 
Copy number, epigenetic status, genome location, and border 
presence discounted.

PRECISION-BRED 
ORGANISM

NGT

1. Created by targeted mutagenesis or cisgenesis
2. Number of genetic modification strictly 

prescribed
3. No herbicides or insecticides

Ad. 1. One genetic modification = one substitution or 
insertion of up to 20 nt, or deletion of any number of 
nt. Up to three such modifications permitted per a 
single CDS. Changes in non-coding sequences don’t count 
towards this limit.

Ad. 2. One genetic modification = one insertion or 
substitution of continuous DNA sequence from a 
conventional breeding pool, or inversion of 
translocation of an endogenous sequence.
Ad. 3. Up to 20 of the above genetic modification 
combined per monoploid genome*.
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