
The details of the MLR model is: 

𝐘 = 𝐗𝜷 + 𝐙𝜸 + 𝝐 

The n × 2 matrix for Y is 

𝐘 = (
𝑌11 𝑌12

⋮ ⋮
𝑌𝑛1 𝑌𝑛2

) 

𝑌𝑖1: the standardized birth weight 

𝑌𝑖2: the standardized weaning weight 

The n × (p1 + 1) matrix for X is 

𝐗 = (
1 𝑋11

⋮ ⋮
1 𝑋𝑛1

𝑋12 𝑋13 𝑋14

⋮ ⋮ ⋮
𝑋𝑛2 𝑋𝑛3 𝑋𝑛4

𝑋14 𝑋16

⋮ ⋮
𝑋𝑛5 𝑋𝑛6

) 

 

𝑋𝑖1 = 1 and 𝑋𝑖2 = 0: sex is F 

𝑋𝑖1 = 0 and 𝑋𝑖2 = 1: sex is S  

𝑋𝑖1 = 0 and 𝑋𝑖2 = 0: sex is B 

𝑋𝑖3 = 1, 𝑋𝑖4 = 0 and 𝑋𝑖5 = 0: birth season is autumn 

𝑋𝑖3 = 0, 𝑋𝑖4 = 1 and 𝑋𝑖5 = 0: birth season is summer 

𝑋𝑖3 = 0, 𝑋𝑖4 = 0 and 𝑋𝑖5 = 1: birth season is spring 

𝑋𝑖3 = 0, 𝑋𝑖4 = 0 and 𝑋𝑖5 = 0: birth season is winter 

𝑋𝑖6: the standardized covariate weaning age 

𝐙 is an n × p2 matrix of genotypes measured on n individuals at p2 SNP 

𝜷 is the corresponding coefficient vector of sex, birth season and weaning age effects 

𝜸 is the corresponding coefficient vector of the SNP effects 

𝝐 is the random error 
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