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Working group 1 ïsummary of activities

1. ~7 internationalmeetingsςbreeders,expertsin germplasm
andmoleculargenetics =>collaborations

2. Contributionto Veg. GraftingtrainingschoolCatania: genetic
resourcesandbreeding(AT,EnzaZaden, RijkZwaan)

3. Visits to breeding companieswith interests in vegetable
rootstocks

4. Bookchapters:

Chapter2: Geneticresourcesfor rootstockbreeding
Belen Pico, Andrew Thompson, Carmina Gisbert, Halit Yetisir,
PenelopeBebeli

Chapter3: Rootstock breeding: current practices and future
technologies
AndrewThompson, BelenPico, Halit Yetisir, Roni Cohen, Penelope
Bebeli
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WG1: Engagement with seed companies

tomato seeds

Company/Group1
Attended 
meetings

Visits (group or 
individual)

Asahi Industries

Bejo Zaden

BHN Seed

Capgen Seeds

De Ruiter/Monsanto V

DP Seeds

Enza Zaden V V

Gautier Semences

Hazera/Limagrain V

Vilmorin/Limagrain V

Nunhams/Bayer V

Origene

Rijk Zwaan V V

Ramiro ArnedoSemillas V V

Sakata

Seminis/Monsanto V

Syngenta V V

Takii Seed

Unigenia V V

Zeraim Gedera/Syngenta V V
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Market-leading tomato rootstocks 
Maxifort and Beaufort are coming home 
to EU, now German owned!
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Rootstock 
traits

WP2
WP3
WP4

Book Chapt 3
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Plant Breeding ïWhat is it?

άΧto develop superior cultivars..Χadapted to specific
environmentalconditionsandsuitablefor economicproductionin
a commercialcroppingǎȅǎǘŜƳέ

1. produceor identify geneticallyvariablegermplasm

2. select superior genotypes with specified characteristics
(growers,processorsandconsumersmustbehappy)

3. stabilizeandmultiply for commercialrelease

1. Increase 
diversity

2. Decrease 
diversity
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The impact of grafting on breeding strategies

1. Mathematicsof independentassortmentandproblemsofάƭƛƴƪŀƎŜ
ŘǊŀƎέ

2. Epistaticinteractions. The action of one gene may depend on a
specificalleleat anotherlocus.

3. Pleiotropiceffects: genesthat affect rootstockmay havenegative
effectson the shoot,if expressedin non-graftedplants.

4. Complexquantitative traits ςlarge number of loci may have a
smallinfluenceon a trait

Trait stacking is challenging:
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The impact of grafting on breeding strategies

Trait stacking is challenging:   BUT:

Å grafting breaks down one big problem into two easier-to-solve problems

Which squirrel would you rather be?
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The impact of grafting on breeding strategies

1. Adding root traits to elite germplasm by crossing requires
reselectionof all shoot traits (~10 years). Fasterto breakone big
problemdowninto two smallerproblemswith different objectives

2. Roots traits interact strongly with soil conditions that can vary
between fields. Quicker to deploy different rootstock × scion
combinationsthan to locallyadapt non-grafted cultivars. But not
donein practice!

3. Rootstocksallow deploymentof a lot of wild speciesDNAwith far
lesschanceof reducingfruit yieldandquality.

4. Potentialpleiotropiceffectscanbeavoided.

Grafting makes it easier to deliver improved root traits



Mendelian genetics: divide and conquer 

1 in 256 homozygous

1 in 16 
scion

Total 32 combinations

2 × 4n/2
Total 256 combinations

4n

1 in 16
rootstock

Non-grafted, 4 genesGrafted, 2 + 2 genes

n = number of loci



Mendelian Genetics:

Trait stacking ïgrafting vs non-grafting

Å Assumes equal split 
of selected genes 
between scion and 
rootstock

Å Linkage makes the 
problem much worse

131,072

4.3 x 109



Grafting can overcome pleiotropic effects

IL8-3 (S. pennelliisingle 
introgressionline)

Å IL8-3/M83 give 60% less
yield than M82/M82

Å M82/IL8-3 has 20-60% 
more yield than 
M82/M82.  

Å Non-grafted IL8-3 plants 
do worse than M82/M82

Benefits of IL8-3 can only 
be achieved when 
deployed as a rootstock

Gur et al 2011
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Rootstock breeding strategies

Marker assisted selection
Genome Editing

Marker discovery 
and validation

Genomics, mol. genetics

Book Chapter 3


