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Marker Assisted Selection (MAS) is the earliest format of molecular breeding based 
on linkage analysis or Genome-Wide Association Study (GWAS). Genomic 
Prediction, or Genomic Selection (GS) in animal or plant breeding, uses all available 
markers regardless of if they are statistically significant or not to predict genetic 
merit of individuals, especially for complex traits. Literature claims that 
incorporating GWAS results in genomic selection (GS) would improve accuracy than 
conducting GS and MAS along (e.g. two fold accuracy increase reported by 
Ravelombola et al., 2020). However, many of the reports have an invalidate 
procedure for such claim. As reviewed by McGowan et al. (2021) on Plant Breeding 
Reviewer (can be accessed by the links in Reference), invalidate procedure can 
artificially create fake accuracy improvement for such incorporation. There is 
critical needs to conduct validate procedure if there are conditions that the 
incorporation improves genomic prediction accuracy and provide guidance to apply 
the incorporation.  
 

Your investigation should be based on the comparisons of the incorporation to both 
GS and MAS to address at least one of the following topics. 
 

1. Marker density 
When marker density is too low, there are barely chances to identified associated 
markers in GWAS. The value of incorporation is dramatically reduced. Appropriate 
marker density is essential for the incorporation.  
 

2. Multiple real traits 
Traits are different in regard of genetic architecture, including number of genes and 
heritability. The knowledge of incorporation is beneficial to breeding on the specific 
traits. 
 

3. Simulated traits 
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Simulation has advantages of knowing the genetic architecture underlying a trait, 
including the true breeding values of individuals. Number of genes and heritability 
can be varied to find appropriate combinations to incorporate GWAS into GS. 
 

4. GWAS models 
There are substantial variations of statistical power among different GWAS models. 
A model with high statistical power provides valuable prior knowledge and less 
noise for the incorporation in GS.  
 

5. GS models 
Some of GS models also have additional function for GWAS. Therefore, the benefit of 
incorporating GWAS varies among GS models. 
 

6. Incorporation procedures 
There are multiple procedures to incorporate GWAS results in GS, including fitting 
the associated markers as covariates in BLUP and Bayesian models (Spindel, 2016) 
or building kinship using associated markers in gBLUP (Zhang et al. 2014).  
 

 
Your R code should be bug free (10 points) and contain comments to illustrate the 
purpose (10 points). Your manuscript should contain the following sections:  

• Title (5 points) 
• Abstract (10 points) 
• Introduction (10 points) 
• Method (15 points) 
• Results (15 points) 
• Discussion (10 points) 
• Conclusion (10 points) 
• References (5 points) 
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