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Innovative potato breeding
to reduce the dependency
on plant protection products
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Plant Breeding

= Exploitation of genetic variation
Z Additional crop variation

Z Introduce beneficial properties for the farmer,
processor, consumer
7 Combat major challenges

Stress caused by disease) climate, marginal soils
AEnvi

AGrowing world population
AHealth
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Disease In potato

Late blight Phytophthorainfestang
Early blight Alternariassp

Potato cyst nematode

Insects (potato beetle, aphids)
Stem cankerRhizoctoniaolan)
Dry rot Fusariunspp.)

Potato virus X, potato virus' Y
Potato leaf roll virus
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Fighting disease In potato using plant
protection products (PPP)

1. FungicidegphytophthoraAlternarig
2. |ﬂS€C’[iCid€3potato beetle, aphids, potato leaf roll virus)

Additional use of PPP:
3. [[Herbicidesfun crop or between row; before crop cIosHs)
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Use of PPP In potato is high

4
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Crop Region Chemical load per hectare of crop grown
per
farm kg ai’ha
Average Range
Wheat Hannover (D) 4.5 0.08 8.5
E Anglia (UK) 4.6 0 10.1
N Central France 38 07 137
—— Piemonte (I} 21 0.02 ‘74\
~
Potatoes Lineburg (D) 98 27 223
Flevoland (NL) 12.6 1.6 346
E Anglia (UK) 13.1° 20 267
e N E France 32.0 9.0 73.7 -
Apples SE Y I — T./ 146.7
Trentino (1) 337 06 834
Lerida (E) 274 1.4 109.6
Vines Bordeaux (F) 46.0 79 873
Rioja (E) 16.8 (42) 2.9 146.9
Verona (1) 33.6(43) 0.8 1424
7

Source: LEI
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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

2000 2020

1950

1900
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Genetic variation that can and cannot
OCCUr In nature

Organisms with genetic variation Organisms with genetic variation
J 9 beyond what is possible through

within natural boundaries . B
mating and natural recombination

Likely or possible to occur in nature Cannot occur in nature

Known natural phenomena that contribute to genetic variation:
A Mutations (point mutations, INDELS, frameshift mutations)
A Recombination

A Duplications, inversions
A Insertiali OOACAT AGEO | OOAT OPT O1T 1 Oh 8Q
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Genetic variation
within natural
boundaries

b
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Ability to create novel genotypes
beyond what is possible through
mating and natural recombination
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Innovative breeding in potato

Marker-assisted selection
Transgenesis
Cisgenesis

F1 hybrids
Gene/genome editing

g bk wWhPE
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Marker-assisted selection

7 Potato genome knowledge

7 Used for selecting dominant traits that are available in the
potato gene pool
» Late blight resistance

M { LISSRA dzLJ G KS O2y @Sy iGAz2ylt o0NB
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Recurrent 5. P, (5) x P,(RfE  Donor

Parent . l ! Parent

F,(® x P,(S)
* l *
E ' B

BC,F, phenotypes: Rand S

MARKER-ASSISTED SELECTION (MAS)

S ilill

PHENOTYPIC SELECTION
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Transgenesis 6EA ET 6007 AGAOGEIT T i

7 Agrobacteriuntumefaciensnediated transformation

7 Used 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

[hldeal for rapid stacking of traits
[HCostly, heavily regulated, debated and politicized
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1. Explant solution 2.Agro-infection

po ) | - g]! ‘ |-
E:zlzerfpbmmsm l 3. Sdection of
robacterium harboring genes transgenic shoot
In vitro parental plants Lt eia '
d
Shoot development o w e
in selecing meditn
fsolation and ‘
Laboeakory sevelopment of putative
transgenic plants

4. Micropropagaion

5. Multiples exalustions

>
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CiSQGﬂESiSthe introduction of naturally occurring potato
genes)

7 Agrobacteriuntumefaciensnediated transformation

7 Used for traits/genes that are naturally occurring in the
potato gene pool
» Late blight resistance

[bldeal for rapid stacking of naturally occurring traits
bRegulated as GMOs?

b
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Cisgenesis

Durably resistant
potato

5-8 years
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F1 hybridS(oId technology!, but new in potato)

7 Diploid potato(instead of tetraploid)
7 Multiplication via True Potato Seedand not tubers)

7 Previouslydeemed impossible due to the severe inbreeding
depression and selhcompatibility

7 Used for selecting both dominant and recessive traits, and
making homozygous FO parents
» Late blight resistance
» 8
M I ATK  OO0StSNYGA2Y 2F (GKS 02y @S
. Sa GKS LINRBofSYa gA0K KA
M +SNE FlLad YdzZ GALX AOFGA2Y GALl i
j 02 GNY¥AGak3ISySa | gFAfl
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Diploid F; hybrid breeding

diploid potato germplasm

l crossings, selfings

and selections

Young inbred lines A
line selection \]ine selection

.
selection on l \\); XXXXX 11// l selection on
-

years

combining
ability

combining

ability

I

>2 years

True Potato Seed \_) ‘ | (_/ )

Source: www.solynta.com
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Gene/genome editing

7 Revolutionary CRISPR/Cas9 technology!!

7 Precise, targeted, knowledgbased introduction of small
alterations to the genome

7 Used for altering disease sensitivity genesgéhes)
» Late blight resistance
» 8

M I ATK FOO0OSEtSNYGA2Yy 2F GKS 02y @S

M [2¢ O02a0x Slkae G2 | LLX &
[bRegulatory uncertainty!

b
WVIB 22 SCIENCE MEETS LIFE



Gene editing technology

ODM SDN-1 SDN-2 SDN-3
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