
From sequence data to 
genomic prediction 

 







Course overview 

• Day 1 
– Introduction  

– Generation, quality control, alignment of sequence data 

– Detection of variants, quality control and filtering 

• Day 2 
– Imputation from SNP array genotypes to sequence data 

• Day 3 
– Genome wide association studies with SNP array and 

sequence variant genotypes 

• Day 4 & 5 
– Genomic prediction with SNP array and sequence variant 

genotypes (BLUP and Bayesian methods) 

– Use of genomic selection in breeding programs 

 



Course overview 

• Day 1 
– Introduction  

– Generation, quality control, alignment of sequence data 

– Detection of variants, quality control and filtering 

• Day 2 
– Imputation from SNP array genotypes to sequence data 

• Day 3 
– Genome wide association studies with SNP array and 

sequence variant genotypes 

• Day 4 & 5 
– Genomic prediction with SNP array and sequence variant 

genotypes (BLUP and Bayesian methods) 

– Use of genomic selection in breeding programs 

 



Quantitative traits 

• Genetic variation observed for many (all?) traits of 
economic importance in livestock and plant species 

• One gene or many? 



Yield in Rice 



Yield in Rice 

“our results suggest that multiple loci with relatively 

small effects contribute to the phenotypic variance” 



Human height 





Quantitative traits 

• Large number of causative mutations 
(quantitative trait loci, QTL) for most 
complex traits 

• Variance explained by individual markers 
will be small 

 

• Genome wide association studies -> 
powerful experiments! 

 

• Genomic prediction -> Use large numbers 
of DNA markers to simultaneously track 
all QTL 



The Revolution 
• As a result of sequencing animal and plant 

genomes, have a huge amount of information 

on variation in the genome  

– at the DNA level 

• Most abundant form of variation are Single 
Nucleotide Polymorphisms (SNPs) 

http://www.bios.co.uk/illustrations/1859962017//02_06.epsf.gif


  1000 Genomes project (Pilot)  

 ~15 mill SNPs  
  ~7 mill SNPs with minor allele >5% 
   ~100,000-300,000 cSNPs 

    ~50,000 nonsynonymous cSNPs -> change protein structure 

     Every individual carries 250-300 loss of function mutations!  



The Revolution 

• SNP chips available for  

– Sheep, Cattle (50K, 800K), Pigs,  

– Chickens 

– Salmon 

– Horse, Dog 

• Plants 

– Maize, Wheat  

– Cotton, Soybean under development 

• Cost? 

– ~ $100-200 USD for 60K SNPs 

• Genotyping by re-sequencing? 

– 40 million SNPs in cattle  

– Insertion deletions 

– Copy number variants? 

 





Sequence data vs SNP arrays 

• Genome wide association study 
– Straight to causative mutation 

• Genomic selection (all hypotheses!) 
– No longer have to rely on LD, causative 

mutation actually in data set 
• Higher accuracy of prediction? 

• Better prediction across breeds/populations? 

• Better persistence of accuracy across generations 

 

• But have sequencing errors, genotype 
errors, expense……. 



Aim 

• Provide you with genome wide association and 
genomic prediction methodologies to exploit high 

density genotypes, up to whole genome sequence 
data, in livestock and plant improvement 

 


