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Online Resource S5.  Statistical models description. 

Statistical models were adapted from Beeck et al. [6], Cullis et al.[16], Kelly et al. [28], Oakey et al. 
[35], Smith Alison et al. [52] and Stefanova and Buirchell [53]. 

Preliminary single site analysis  

In the model with pedigree information, let 𝒖𝒖𝒈𝒈 represent the vector of genotype entries in a trial 
and  𝒖𝒖𝒈𝒈 = 𝒖𝒖𝒂𝒂 + 𝒖𝒖𝒂𝒂�, with 𝒖𝒖𝒂𝒂 representing the vector of trial entries additive genetic effects and 𝒖𝒖𝒂𝒂� 
the vector of trial entries non-additive genetic effects; the preliminary single-site model for the 
observations vector 𝒚𝒚𝒋𝒋 for the jth trial (j = 1…t, with t being the number of trials) can be written as 

𝒚𝒚𝒋𝒋 = 𝑿𝑿𝒋𝒋𝜷𝜷𝒋𝒋 + 𝒁𝒁𝒈𝒈𝒋𝒋𝒖𝒖𝒂𝒂𝒋𝒋 + 𝒁𝒁𝒈𝒈𝒋𝒋𝒖𝒖𝒂𝒂�𝒋𝒋 + 𝒁𝒁𝒑𝒑𝒋𝒋𝒖𝒖𝒑𝒑𝒋𝒋 + 𝒆𝒆𝒋𝒋  [𝟏𝟏] 

where, 𝜷𝜷𝒋𝒋 , 𝒖𝒖𝒂𝒂𝒋𝒋 , 𝒖𝒖𝒂𝒂�𝒋𝒋, 𝒖𝒖𝒑𝒑𝒋𝒋 correspond to fixed effects, random additive genetic effects, random non-

additive genetic effects, and random non-genetic effects, respectively, with their design matrices 𝑿𝑿𝒋𝒋, 
𝒁𝒁𝒈𝒈𝒋𝒋 , 𝒁𝒁𝒑𝒑𝒋𝒋 . Plot residuals effects are represented by 𝒆𝒆𝒋𝒋. Random effects are assumed to follow a 
Gaussian distribution with mean zero and are assumed pairwise independent from each other. The 
variance models used in random and residual effects are defined as 

var(𝒖𝒖𝒂𝒂𝒋𝒋) = 𝑨𝑨⊗  𝑮𝑮𝒈𝒈 

var(𝒖𝒖𝒂𝒂�𝒋𝒋) = 𝑰𝑰 ⊗  𝑮𝑮𝒈𝒈 

var(𝒖𝒖𝒑𝒑𝒋𝒋) = 𝑮𝑮𝒑𝒑𝒋𝒋  

var(𝒆𝒆𝒋𝒋) = 𝑹𝑹𝒋𝒋 

where 𝑨𝑨 is the pedigree relationship matrix, 𝑰𝑰 is an identity matrix and 𝑮𝑮𝒈𝒈, 𝑮𝑮𝒑𝒑 and 𝑹𝑹 correspond to 
variance matrices. 

Base across-sites model 

The first across-sites model can be represented as an extension of the model presented in eq. 1. If 𝒚𝒚 
represents the concatenated vector of observations for all trials, the model for 𝒚𝒚 can be written as  

𝒚𝒚 = 𝑿𝑿𝑿𝑿 + 𝒁𝒁𝒈𝒈𝒖𝒖𝒂𝒂 + 𝒁𝒁𝒈𝒈𝒖𝒖𝒂𝒂� + 𝒁𝒁𝒑𝒑𝒖𝒖𝒑𝒑 + 𝒆𝒆  [𝟐𝟐] 

where terms are as in eq. 1 but now represent concatenated vectors for different trials so that, 𝜷𝜷 
includes an overall mean of each trial, trial specific modelling terms and dummy variables for missing 
values in different trials, 𝒖𝒖𝒂𝒂 and 𝒖𝒖𝒂𝒂� are the vectors of random additive and non-additive genetic 
effects in each trial, 𝒖𝒖𝒑𝒑 includes non-genetic effects specific to each trial and 𝒆𝒆 is the vector of 



residuals partitioned within trials. Random effects follow the same distribution, mean and variances 
as in the previous model. 

Factor analytic modelling across sites 

The final across-sites model assumed a factor analytic model by adopting a different form for 𝑮𝑮𝒈𝒈, 
which resulted in a modified variance structure for 𝒖𝒖𝒂𝒂 and 𝒖𝒖𝒂𝒂�. The model for 𝒚𝒚 is written in the 
same form as eq. 2, and possesses identical terms and assumptions for its terms except for 

  
var(𝒖𝒖𝒂𝒂) = 𝑨𝑨⊗  𝑮𝑮𝒈𝒈∗  

var(𝒖𝒖𝒂𝒂�) = 𝑰𝑰 ⊗  𝑮𝑮𝒈𝒈∗  

𝑮𝑮𝒈𝒈∗ =  𝚲𝚲𝚲𝚲′ + 𝚿𝚿 

where 𝚲𝚲 is a matrix of environmental loadings of dimensions t × k, 𝚿𝚿 is a diagonal matrix of trial 
specific variances with dimensions t × t, and k is the order of the factor analytic model. 
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