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Polyploid species

 Organisms that have multiple copies 

of the complete set of chromosomes

 Genome variations – applications

 Quantitative traits mapping

 Genome Wide Association studies

 Phenotypic predictions - Genome Selection

 Evolution and diversity studies

 Gene expression studies 



Genome variations

 Short sequences (SNPs, indels)

 Structural variants (number of copies, inversions, translocations)

Molecular markers

 RFLP, RAPD, AFLP, and SSR

 Arrays (For Roses: $$$$$)

 Sequencing (For Roses: $)



Sequencing libraries

 Whole Genome Sequencing (WGS)
Image: IGV



Sequencing libraries

 Exome sequencing (top) and Genotyping-by-Sequencing (bottom)
Image: IGV



Sequencing experiment design

 Study goal

 Sequencer capacity

 Number of individuals per lane

 Number of sequenced loci



GBS methods



SNP calling



SNP calling

 STACKS (Catchen et al., 2013)

 Focus on diploid RADseq data

 No need for a reference genome

 Requires previous efficient sequences filtering

 TASSEL (Glaubitz et al., 2014)

 Focus on diploid RADseq data

 No need for a reference genome

 Adaptations for polyploids (Pereira et al., 2018)



SNP calling

 Freebayes (Garrison and Marth, 2012)

 Any library type

 Diploids and polyploids

 GATK (McKenna et al., 2012)

 Focus on WGS or target enrichment libraries

 Diploids and polyploids

 Implemented in GBSapp (Wadl et atl., 2018)



Dosage calling

Diploid



Dosage calling
 The theory

Diploid Tetraploid Hexaploid

                       

 
  
 
  
 
  
 
 
  
   

  
  
 
 
 
  

                       

 
  
 
  
 
  
 
 
  
   

  
  
 
 
 
  

                       



Sources of errors



Source of errors
 The reality

Diploid (mean depth 6)

N = 200

Aa x Aa

Diploid (mean depth 96)

N = 138

Aa x Aa

Tetraploid (mean depth 83)

N = 114

AAaa x AAaa



Dosage calling

 Freebayes (Garrison and Marth, 2012)

 Alignment quality

 Base call quality around indels

 Depth

 GATK (McKenna et al., 2010)

 Alignment quality

 Base call quality of SNPs and indels

 Depth

 Hard filtering



Dosage calling

 updog (Gerard et al., 2018)

 Any ploidy

 Allelic bias

 Overdispersion

 Sequencing errors

 Outliers

 Population structure 

(F1, S1, HW, F1pp, S1pp)

Gerard et al., 2018

Overdispersion Allelic bias
Outlying 

observations 



Dosage calling

 SuperMASSA (Serang et al., 2012)

 Any ploidy and variable ploidy

 Overdispersion

 Population structure (F1 and HW)

 polyRAD (Clark et al., 2019)

 Any ploidy

 Sequencing errors

 Population structure (F1, S1 and HW)



Which is the best pipeline?

 Challenges:

 Many software, many dependencies

 Different input and output formats

 Collaborative work

 Computational resources

 Quality criteria

 Explore and visualize results

 Reproducibility

 Adapt to software updates

 Useful tools:

 Containers (Docker and singularity)

 Workflow Description Language (WDL)

 GitHub

 HPC and Google Cloud

 Linkage map

 Shiny



Reads2Map

 Join several bioinformatics and statistical analyses

 Best practices

    

         

           

   

                

       

          

     

     

      

         

     

           

      

       

     



Implementation

 Workflows

 Sub-workflows

 Tasks

$ java -jar /path/to/womtool.jar graph tasks/SimulatedSingleFamily.wdl > SimulatedSingleFamily.dot
$ dot –Tsvg SimulatedSingleFamily.dot –o SimulatedSingleFamily.svg

                        

                 

                       

                                                             

                                  

                   

              

                  

                    

         

                          

                     



Implementation

 Containers

 High Performance Computing (HPC) or Cloud environments (terra.bio)

$ java -jar /path/to/cromwell.jar run -i inputs/EmpiricalSNPCalling.inputs.json EmpiricalSNPCalling.wdl

   

        

     

           



Implementation

 Visualization and 

exploration



Example results

-Diploids

 Outputted maps:

 Empirical: 34

 Simulated: 68

 Test only a subset of one 

group and repeat the 

pipeline to others



Tutorial

 Step-by-step of SNP and dosage calling using BWA and GATK

 https://bit.ly/GVENCKpoly_GATK
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