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In this talk: 

Design of reference population & 

relationship to reference population 

affects reliability of breeding values 
 

Average squared relationship  to 

reference population – good reliability 

proxy 
 

Genotyping selection candidates is 

more important 
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Number of animals in the 

reference population 

Genomic selection - accuracy 



Genomic selection 

Traits difficult and/or expensive to measure 

 

Methane emission 

 

Feed intake 

 

Longevity 

 



Simulation: 

Genome: 3x1M; 1SNP/0.001cM  

Historic cattle population  

Reference populations: 

Highly, moderately, lowly and randomly related 

Small (n=2,000) 

Cows only 

 Selection candidates (n=1,000) 

 h2=0.3 

 

Data 



Reference populations’ structure 

Relationship within 
reference population 

Number of 

♂ ♀ 
High          (HR) 5 2000 

Moderate   (MR) 20 2000 

Low           (LR) 40 2000 

Random     (RND) 50 2000 



Pedigree-based average relationship 

within the reference populations 

HR=  MR=  

LR=  RND=  



Pedigree-based average relationship 

within the reference populations 

HR=  MR=  

LR=  RND=  

0.095 0.056 

0.050 0.049 



Scenarios 

𝑟𝑒𝑓

𝑠𝑒𝑙
 

Different groups genotyped 

𝑟𝑒𝑓_𝑠𝑒𝑙 

𝑟𝑒𝑓_𝑠𝑒𝑙 



Scenarios 

AA=  



Scenarios 

GA=  



Scenarios 

AG=  



Scenarios 

GG=  
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Scenarios 

AA=  GA=  

AG=  GG=  

H 

H G 
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G matrix: 

• VanRaden (2008) 

 

  G= 

 

 

• Current allele frequencies (pi) 

)p1(p2 ii 

ZZ



H matrix: 

+ 

Legarra et al. (2009) 

H= 



H matrix: 

+ A & G compatibility: 

●A & G on the same base pop. 

• Wright’s F-statistics (Powell et al.) 

● G regressed to A 

• Bins of relationships (0-0.10, >0.10-0.25, >0.25, and 

>0.50) 

• Parent-offspring & diagonals not regressed 



Reliability 
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Average reliabilities of selection candidates         

(n=1000) across differently designed reference populations for different (un)genotyped groups  
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Reference population 

Scenario 

AA GA AG GG 



Individual reliabilities of selection candidates 
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Reference Population 

Selection 
candidate 

Maximize 

relationship 

Minimize 

relationship 

Conclusions –  Accuracy is increased by: 
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Thank you for your attention! 

Marcin.Pszczola@wur.nl 

Increasing GS 

accuracy differently 

than by increasing 

the reference 

population size is 

(still) needed! 


