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Plant Breeding
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= Exploitation of genetic variation

ɆAdditional crop variation

ɆIntroduce beneficial properties for the farmer, 
processor, consumer

ɆCombat major challenges

ÅStress caused by disease, climate, marginal soils

ÅEnvironmental pollution

ÅGrowing world population

ÅHealth
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Wild cabbage
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Disease in potato

1. Late blight (Phytophthorainfestans)

2. Early blight (Alternariassp)

3. Potato cyst nematode

4. Insects (potato beetle, aphids)

5. Stem canker (Rhizoctoniasolani)

6. Dry rot (Fusariumspp.)

7. Potato virus X, potato virus Y

8. Potato leaf roll virus

9. ȣ

5



Fighting disease in potato using plant 
protection products (PPP)

1. Fungicides (Phytophthora, Alternaria)

2. Insecticides (potato beetle, aphids, potato leaf roll virus)

Additional use of PPP:

3. [[Herbicides (full crop or between row; before crop closes)]]

6



Use of PPP in potato is high
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Source: LEI



Breeding to increase disease resistance 
and lower PPP use

1. Increase general resilience

2. Introduce specific disease resistances

Sources:

1. Potato gene pool

2. Solanum gene pool

3. Non-related sources
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Continuous innovation in plant breeding
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ȬÃÏÎÖÅÎÔÉÏÎÁÌ ÂÒÅÅÄÉÎÇȭ

Ȭ'-/ȭ

ȬÎÅ× ÂÒÅÅÄÉÎÇ ÔÅÃÈÎÉÑÕÅÓȭ



Genetic variation that can and cannot 
occur in nature
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Organisms with genetic variation 
within natural boundaries

Organisms with genetic variation 
beyond what is possible through 

mating and natural recombination

Cannot occur in natureLikely or possible to occur in nature

Known natural phenomena that contribute to genetic variation:
Å Mutations (point mutations, INDELS, frameshift mutations)
Å Recombination
Å Duplications, inversions
Å InsertialÍÕÔÁÇÅÎÅÓÉÓ ɉÔÒÁÎÓÐÏÓÏÎÓȟ ȣɊ
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Genetic variation 
within natural 
boundaries

Ability to create novel genotypes 
beyond what is possible through 

mating and natural recombination

ȬÃÏÎÖÅÎÔÉÏÎÁÌ ÂÒÅÅÄÉÎÇȭȬ'-/ȭ ȬÎÅ× ÂÒÅÅÄÉÎÇ ÔÅÃÈÎÉÑÕÅÓȭ

Ȭ.Å×ȭ ÄÏÅÓ ÎÏÔ ÅÑÕÁÌ ȬÍÏÒÅ ÉÎÖÁÓÉÖÅȭ



Innovative breeding in potato 

1. Marker-assisted selection

2. Transgenesis

3. Cisgenesis

4. F1 hybrids

5. Gene/genome editing
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Marker-assisted selection

ɆPotato genome knowledge

ɆUsed for selecting dominant traits that are available in the 
potato gene pool

Late blight resistance

Ҧ {ǇŜŜŘǎ ǳǇ ǘƘŜ ŎƻƴǾŜƴǘƛƻƴŀƭ ōǊŜŜŘƛƴƎ ǇǊƻŎŜǎǎΣ ōǳǘ ƛǎ ǎǘƛƭƭ ǎƭƻǿ

14



15



TransgenesisɉÔÈÅ ÉÎÔÒÏÄÕÃÔÉÏÎ ÏÆ ȬÆÏÒÅÉÇÎȭ ÇÅÎÅÓɊ

ɆAgrobacterium tumefaciensmediated transformation

ɆUsed for traits/genes that are not available in the potato 
gene pool

Cyst nematode resistance

Resistance against virus

Resistance against insects (potato beetle)

Bacterial diseases
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Ҧ Ideal for rapid stacking of traits
Ҧ Costly, heavily regulated, debated and politicized
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Cisgenesis(the introduction of naturally occurring potato 

genes)

ɆAgrobacterium tumefaciensmediated transformation

ɆUsed for traits/genes that are naturally occurring in the 
potato gene pool

Late blight resistance
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Ҧ Ideal for rapid stacking of naturally occurring traits
Ҧ Regulated as GMOs?



Cisgenesis
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Resistance gene

a

b

c

a b c

Durably resistant 
potato

5-8 years

a b c

a

b

c



F1 hybrids(old technology!, but new in potato)

ɆDiploid potato (instead of tetraploid)

ɆMultiplication via True Potato Seeds (and not tubers)

ɆPreviously deemed impossible due to the severe inbreeding 
depression and self-incompatibility

ɆUsed for selecting both dominant and recessive traits, and 
making homozygous F0 parents

Late blight resistance

ȣ

Ҧ IƛƎƘ ŀŎŎŜƭŜǊŀǘƛƻƴ ƻŦ ǘƘŜ ŎƻƴǾŜƴǘƛƻƴŀƭ ōǊŜŜŘƛƴƎ ǇǊƻŎŜǎǎ

Ҧ hǾŜǊŎƻƳŜǎ ǘƘŜ ǇǊƻōƭŜƳǎ ǿƛǘƘ ƘƛƎƘ ƘŜǘŜǊƻƎŜƴŜƛǘȅ ƻŦ ǘŜǘǊŀǇƭƻƛŘ Ǉƻǘŀǘƻ

Ҧ ±ŜǊȅ Ŧŀǎǘ ƳǳƭǘƛǇƭƛŎŀǘƛƻƴ Ǿƛŀ ǘǊǳŜ ǎŜŜŘǎ

Ҧ [ƛƳƛǘŜŘ ǘƻ ǘǊŀƛǘǎκƎŜƴŜǎ ŀǾŀƛƭŀōƭŜ ƛƴ ǘƘŜ Ǉƻǘŀǘƻ ƎŜƴŜ Ǉƻƻƭ
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Source: www.solynta.com

True Potato Seed



Gene/genome editing

ɆRevolutionary CRISPR/Cas9 technology!!

ɆPrecise, targeted, knowledge-based introduction of small 
alterations to the genome

ɆUsed for altering disease sensitivity genes (S-genes)
Late blight resistance

ȣ

Ҧ IƛƎƘ ŀŎŎŜƭŜǊŀǘƛƻƴ ƻŦ ǘƘŜ ŎƻƴǾŜƴǘƛƻƴŀƭ ōǊŜŜŘƛƴƎ ǇǊƻŎŜǎǎ

Ҧ [ƻǿ ŎƻǎǘΣ Ŝŀǎȅ ǘƻ ŀǇǇƭȅ

Ҧ Regulatory uncertainty!
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Gene editing technology
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ODM SDN-1 SDN-2 SDN-3


