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1. ~7 international meetings¢ breeders,expertsin germplasm
and moleculargenetics =>collaborations

2. Contributionto Veg Graftingtraining schoolCatania genetic
resourcesandbreeding(AT,EnzaZaden RijkZwaar)

3. Visits to breeding companieswith interests in vegetable
rootstocks

4. Bookchapters @
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Chapter2: Geneticresourcedor rootstockbreeding

Chapter3: Rootstock breeding current practices and future
technologies




WG1: Engagement with seed companies

Cranfield

Company/Group meetings individual
v

v v
v

v

v v
v v
v

v v
v v
v v

3



‘ Cranfield
Environment
and Agrifood

Market-leading tomato rootstocks
Maxifort and Beaufort are coming home
to EU, now German owned!

THORSOAYSEPTENBER 1506 b e | damonro: | o -
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Bayer—Monsanto deal FiEke- e
~ may cut ag jobs here Q=i

in Davis and
m Sunnnnw. Bayer's $66 billion purchase of Monsanto l.n!he
goas through, might be biotech
back to

programs, including parks
| and public transit. 7A




Influence of rootstock

on scion architecture:
Vegetative-generative balance
Height/compactness
Stem thickness

Flowering time
Vigour xR
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Rootstock
traits

WP2
WP3
WP4

Book Chapt 3

Graft compatibility

S

Root architecture:
Root length density
Rooting depth
Root vigour

Root function:
Nutrient uptake

Nutrient mobilisation
Hydraulic conductance
Regulating microbiome
Signalling
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Influence of rootstock on
scion abiotic stress resistance:
Water use

Drought resistance

High temperature

Cold

High irradiation

Influence of rootstock

/ on fruit yield and quality

Influence of rootstock on
scion biotic stress resistance:
Fungal

Bacterial

Viral
Insect

I

Resistance to soil-borne
pest and diseases:
Fungal

Bacterial

Viral

Root-knot nematodes

Resistance to abiotic stress in
rootzone:

Salinity

Flooding

Soil water deficit

Cold

Soil alkalinity

Heavy metals



Plant Breeding T What is it?

oXto develop superior cultivars.Xadapted to specific
environmentalconditionsand suitablefor economicproductionin
acommerciakroppinga € a U S Y €

1. produceor identify geneticallyvariablegermplasm

2. select superior genotypeswith specified characteristics
(growers,processorandconsumergnustbe happy)

3. stabilizeand multiply for commerciakelease

1. Increase 2. Decrease PLANT BREEDING

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

1. Mathematicsof independentassortmentand problemsofa £ A y' 1 | 3 S
RNJ 3£

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

3. Pleiotropiceffects genesthat affect rootstock may have negative
effectson the shoot,if expressedn non-graftedplants

4. Complexquantitative traits ¢ large number of loci may have a
smallinfluenceon atrait
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Trait stacking is challenging: BUT:

The impact of grafting on breeding strategies

A 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
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Grafting makes it easier to deliver improved root traits

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

2. Rootstraits interact strongly with soil conditions that can vary
between fields. Quicker to deploy different rootstock x scion
combinationsthan to locally adapt non-grafted cultivars But not
donein practice!

3. Rootstocksallow deploymentof a lot of wild speciesDNAwith far
lesschanceof reducingfruit yield and quality:

4. Potentialpleiotropiceffectscanbe avoided



Mendelian genetics: divide and conquer

Grafted, 2 + 2 gene’s Non-grafted, 4 genes

|
ross: I
AaBb x AaBb |
Cross:
woomoE e : AaBbCcDd x AaBbCcDd
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: 1 in 256 homozygous
:
Total 32 combinations: Total 256 combinations

2 X 4n/2 @

n = number of loci



Mendelian Genetics:
Trait stacking T grafting vs non-grafting

Mean number of plants to screen
to find homozygous individual
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131,072

8 12 16
Number of genes

A Assumes equal split
of selected genes
between scion and
rootstock

A Linkage makes the
problem much worse



Grafting can overcome pleiotropic effects

IL8&3 (Spennelliisingle
introgressionine)

A IL83/M83 give 60%ess
yield than M82/M82

A M82/IL83 has 2660%
more yield than
M82/M82.

A Nongrafted IL83 plants
do worse than M82/M82

Benefits of IL&3 can only
be achieved when
deployed as a rootstock
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Land races

. Rootstock breeding strategies
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Genomics, mol. genetics

Collection of
Wild species Bred varieties

genetic resources

[ Diversity analysis and ]

production of inbred lines
M arker d ISCOVG ry [ Screemng non-grafted
and validation

accessions for rootstock traits J\ +

Marker assisted selection [ Enhancement of ] Core

selected inbred lines collection

Production of F,
hybrid seed
Y

Testing for graft
compatibility

Genome Editing

'v New rootstock

cultivar release

Testing rootstock x scion x environment
interactions: vigour, yield and quality

'

(Registration, multiplication, testing]

Book Chapter 3



