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Why working on non-addi/ve effects in fruits trees ?

To understand complex trait architectures
Non-addi+ve gene+cs effects are involved in 
complex traits and heterosis
They include dominance, epistasis and contribute to inbreeding
depression

Predic+ng non-addi+ve effects is challenging
The Natural and Orthogonal Interac2ons Approach (NOIA, Vitezica et 
al. 2017) can alleviate the confounding between gene2c effects

To improve peach tree resilience
Ø Harnessing together minor and major effects genes 

allows to design a more durable plant immunity with 
large spectrum 

Ø Access to non-addi+ve variance allows for a be5er 
exploita7on of the total gene7c variance 

Ø The approach is par+cularly relevant for clonally 
propagated crops such as peach (P. persica). 

Heterosis and non-addi/ve effects are exploited in 
maize breeding but not in fruit tree breeding yet

(Priyadarshan, P.M. ,2019) 

How to work on non-addi/ve effects in fruits trees ?
Plant material and disease phenotyping

Modeling non-addi/ve effects

Inbg: percentage of homozygosity ; 𝛽: associated regression coefficient ; Ag and Dg  : additive and dominant random effects associated to genotype g;  𝐴𝐴!, 𝐴𝐷! and 𝐷𝐷!: random effects modeling epistasis, accounting for additive by additive, additive by 
dominant and dominant by dominant effects, respectively; 𝜀": random error ; 𝜎#$…	𝜎%%$ : variance terms associated to genetic effects ; 𝐾#…𝐾%%: kinship matrices corresponding to each genetic effect, after Vitezica et al. 2017.
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a1a1 0 0 0 0
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1. Multsite peach core-collec7on, 192 accession genotyped with 16k SNP array

2. Visual observa7ons of symptoms of 6 diseases and pests in different environments

3. Pre-processing : spa+al correc+ons, extrac+on of maximum damage, transforma+on, G-BLUP (𝑌*values)

Genomic predic5ons with 8 models
Via 5-fold cross validaFon on G-BLUPs

Are non-addi/ve effects underlying trait architecture in peach bio/c stress response ?

Conclusion and outlook

Overdominance - RustDominance - Shothole Recessive - Leafcurl

Strong pesticide reliance in peach

𝑌* = 𝜇 + 𝛽𝐼𝑛𝑏* + 𝐴* + 𝐷* + 𝐴𝐴* + 𝐴𝐷* + 𝐷𝐷* + 𝜀*
𝐴~ )𝑁(0, 𝜎+,𝐾+), 𝐷 ∼ 𝑁(0, 𝜎-,𝐾-), 𝜀 ∼ 𝑁(0, 𝜎.,𝐼

)𝐴𝐴~𝑁(0, 𝜎++, 𝐾++), 𝐴𝐷 ∼ 𝑁(0, 𝜎+-, 𝐾+-), 𝐷𝐷 ∼ 𝑁(0, 𝜎--, 𝐾--
𝐴 ⊥ 𝐷 ⊥ 𝐴𝐴 ⊥ 𝐴𝐷 ⊥ 𝐷𝐷 ⊥ ε see detailled methods in Roth et al. 2022

Comparison of 8 model declina7ons with NOIA approach : 
A, A_Inb, AD, AD_Inb, ADAA, ADAA_Inb, ADI, ADI_Inb
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• Total variance is stable across the different

models. Heritability increases when adding
epista+c effects for rust, shothole and twig borer.

• The fixed effect of inbreeding is significant for 
leaMopper and mildew. Adding inbreeding affects  
dominance variance es+ma+on for those traits.

• Among epista+c effects, prevalence of addi7ve by 
addi7ve variance but large confounding with
addi+ve variance.

• A total of 31 associa+ons (QTL) found
with the 3 non-addi+ve models

• 56 % associa+ons detected only with
non-addi+ve models, 16 % are also
detected with the addi+ve model 

• No overlap between overdominance
and addi+ve QTLs

• High predic7on accuracies for leaf curl (mean PA = 0.84)
• Systema+c improvement of accuracy using inbreeding

for lea[opper damage (+0,03) and addi7ve by addi7ve 
effects for rust damage predic+on (+0.04)

• Overall low predic7ve ability for shothole and twig
borer damage with degrada7on of predic+ve ability
using dominance and epista+c effects on twig borer
damage  (-0.03 to -0.01)

Variance decomposition – Model ADI_Inb :
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ß Leaf curl
disease on 

peach

Gene/c diversity in 
peach core-collec/on

ß Examples of non-addi+ve QTLs detected
for 3 diseases using non-addi+ve GWAS

ß Results of 100 cross-valida+ons across 6 traits and 8 models

Variance decomposi+on across 6 traits and 8 models

v Using non-addiFve effects in linear mixed models improves heritability and genomic
predicFons when using the NOIA approach, and allows to discover new associaFons

v Inbreeding is posiFvely correlated to suscepFbility to lea^opper which is a trait affected
by vigor à This may imply direc5onnal dominance mechanisms

v A major recessive QTL on LG4 seems to underlie leaf curl tolerance (3), but addiFvity
catches most geneFc variance (1), providing highly accurate predicFons in any model (2)

Next, we will use non-additive 
and inbreeding effects in 

MARKER ASSISTED SELECTION 
and GENOMIC SELECTION to 

better harness durable 
tolerance mechanisms in peach
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