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Introduction 

 Complex phenotypes are controlled by many genes 
• The simplest model: Genes act additively 

 
Interactions  

• between alleles at the same locus: Dominance 
• between alleles at different loci    : Epistasis 

 
Gene interactions may influence (VA) 

 



Introduction 

Why additive genetic variance is important? 
 

• Breeders’ Equation: R=ℎ2. S 
• S.I version of the Breeders’ Equation: 
• R=i.𝑟𝑃𝑃. 𝛿𝐴 

 
 Short term Response: i, 𝑟𝑃𝑃 

 
 Long term Response: : i, 𝑟𝑃𝑃, 𝛿𝐴2 

 
 

 
 



 The infinitesimal model 
• Large number of genes of small additive effect  
• Gene frequency does not change significantly 
• Genetic variance is ~constant (Don’t forget Bulmer) 

 
 Finite locus model 

• VA is expected to decrease with directional selection  
• VA  can be sustained or even INCREASED when non-additive 

variance is present 

 

Introduction 
 



 Do genetic variance and genetic gain increase by the presence of 
non-additive genetic effects?  
 
 
 The performance of BLUP-EBV and phenotypic selection with 

non-additive effects included in the genetic models 
 

Objective 



Materials and Methods  

• 100 ♂ and 100 ♀  
• Truncation selection 
• 100 discrete generation 
• Phenotype or EBV-BLUP 
• h2=0.1 

Population 
Structure 

• 25 chromosomes, each 1M 
• 100 QTL 
• U-shaped frequency 

Simulated 
Genome  



Genetic models 
 

• A                                        

• A/D            

• A/AA 

• A/D/AA 

 

 
BB Bb bb 

AA a1+a2+aa12 a1+d2 a1-a2-aa12 

Aa d1+a2 d1+d2 d1-a2 

aa -a1+a2-aa12 -a1+d2 -a1-a2+aa12 

Gamma                                        

 

 



Results 
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Changes in additive variance by phenotypic selection 



Results 
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Changes in additive variance by BLUP-EBV selection 
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Response to phenotypic selection  
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Response to EBV-BLUP selection  
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Fixation-Lost (%) 
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Conclusion 

 Additive variance decreases by selection even with non-
additive effects 
 
 Response is robust to non-additive genetic effects at 

least in short term 
 
 Favourable allele fixation and lost is higher in BLUP 

 



Thank You! 





Genetic models 
 

 
𝑉𝐴 = � 2𝑝1𝑞1 𝑎1 + 𝑞1 − 𝑝1 𝑑1 + 𝑝2 − 𝑞2 𝑎𝑎12 2 + 2𝑝2𝑞2 𝑎2 + 𝑞2 − 𝑝2 𝑑2 + 𝑝1 − 𝑞1 𝑎𝑎12 2

𝑗

𝑛𝑛

𝑗

 

 
𝑉𝐷 = � 4𝑝12𝑞12𝑑12 + 4𝑝22𝑞22𝑑22 𝑗

𝑛𝑛

𝑗

 

 
𝑉𝐴𝐴 = � 4𝑝1𝑞1𝑝2𝑞2𝑎𝑎12 𝑗

𝑛𝑛

𝑗

 

 

 

• A                                        
• A/D 
• A/AA 
• A/D/AA 

 

 

BB Bb bb 
AA a1+a2+aa12 a1+d2 a1-a2-aa12 

Aa d1+a2 d1+d2 d1-a2 

aa -a1+a2-aa12 -a1+d2 -a1-a2+aa12 

Gamma                                        

di=|hi.ai|           

aaij=|ki|.ai.aj 

 

 



P vs BLUP 
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