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Developing best practices for genotyping-by-sequencing 
analysis using linkage maps as benchmarks



Motivation: GBS data

Issues while building linkage maps

► Computational intensive
► Time consuming 
► Wrong grouping
► Wrong ordering
► Inflated linkage maps

● Since 2007 - 52k downloads
● Diploid species
● Bi-parental populations
● Backcross, RILs, F2 and outcrossing
● Biallelic and Multiallelic markers

Maintainer since 2017
Updates in version 3.0

Augusto Garcia
Marcelo Mollinari
Gabriel Margarido



Motivation
Users feedbacks



Motivation: GBS data
Issues while building linkage maps

► Computational intensive
► Time consuming 
► Wrong grouping
► Wrong ordering
► Inflated linkage maps

● Since 2018 
● Diploid and polyploid species
● Bi-parental populations
● Outcrossing
● All dosages markers
● Updates by Marcelo and GabrielRGC11 - Poster

Tips and 
Tricks: Marcelo Mollinari

Augusto Garcia Gabriel Gesteira



Recombination fraction matrix as benchmarks

Inversion
● Aspen chromosome 12

Genomic order Order fixed

Most likely bad data



GBS Overview



SNP Calling
► Whole Genome Sequencing (WGS)

Image: IGV



SNP Calling
► Exome sequencing (top) and Genotyping-by-Sequencing (bottom)

Image: IGV



Dosage calling

Diploid



Dosage Calling
► The theory

Diploid Tetraploid Hexaploid



Dosage Calling
► 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



Sequencing Data - Technical Difficulties

► Large files

► Many software
► Many programming languages
► Different Operational Systems
► Updates



Sequencing Data - Technical Difficulties

► Large files
► High Performance Computing (HPC)
► Management systems (SLURM, SGE)
► Cloud (Google, Amazon)

► Many software
► Many programming languages
► Different Operational Systems
► Updates

► Containers 
► Docker 
► Singularity (usually available in HPC)
► BioContainers

https://biocontainers.pro/


Sequencing Data - Technical Difficulties

► Many steps
► Many file formats



Sequencing Data - Technical Difficulties

► Many steps
► Many file formats

► Workflows systems
► Galaxy
► Nextflow
► Snakemake
► CWL
► WDL

► Workflows repositories
► Dockerstore
► WorkflowHub

► Run workflows on Cloud
► Galaxy
► DNAnexus
► Terra
► AnVIL
► SevenBridges

https://dockstore.org/
https://workflowhub.eu/


Sequencing Data - Technical Difficulties

► Resources optimization
► Time
► Cores
► Nodes
► RAM memory

Personal Computer:

4GB RAM; 8 cores; 1 node

High Performance Computing (Texas A&M):

384GB; 48 cores per node; 900 nodes



How we solved it: Reads2Map

Available in Github, Dockerstore and WorkflowHub

https://github.com/Cristianetaniguti/Reads2Map
https://dockstore.org/workflows/github.com/Cristianetaniguti/Reads2Map/EmpiricalSNPCalling:add_poly?tab=info
https://doi.org/10.48546/WORKFLOWHUB.WORKFLOW.409.1


Reads2Map results - Diploid roses 
GATK

freebayes

GATK + polyRAD GATK + updog

freebayes + polyRAD freebayes + updog

● 37% of 
chromosome 1

● ~ 38 cM

● Sequencing 
depth ~ 94X



GATK + updog freebayes + updogfreebayes + polyRADGATK + polyRAD

GATK + updog GATK + polyRAD freebayes + polyRAD freebayes + updog

Simulation studies: 10,880 maps 
Empirical studies: 816 maps

Filters: 
● genotype probabilities
● non-informative markers
● replace AD by missing when GT is missing



GATK

Map size 
37% of chromosome 1 ~38cM



Figure by Jeekin Lau

● Hidden 
Markov Model 
Emission 
Function

○ global error 
rate

○ genotype 
probabilities 
(PL)

Map size 

changed = 0.25%

imputed = 1.1%

unchanged= 98.65%



10-5 PL 0.05
● Hidden Markov Model Emission 

Function
○ global error rate
○ genotype probabilities (PL)

GATK 

Map size 
37% of chromosome 1 ~38cM



Map size 
37% of chromosome 1 ~38cM



Simulation study

● Match recombinations 
breakpoints

○ Large maps - always bad
○ Small maps - not always good

● Other tested scenarios with:
○ Segregation distortion
○ Contaminants samples
○ Multiallelic markers

Red square: no inflated size (1 or less Euclidean distance) but 
have from 10 to 100 wrong recombination breakpoints



Preprint



Diploid Aspen
GATK

freebayes freebayes + polyRAD freebayes + updog

GATK + polyRAD GATK + updog

● 37% of 
chromosome 10

● Sequencing 
depth ~ 6X



Tetraploid rose

freebayes + polyRADfreebayes freebayes + updog

GATK + updogGATK GATK + polyRAD

● Chromosome 2

● Sequencing 
depth ~ 50X



Hands-on Workshop!! 

https://github.com/Cristianetaniguti/Reads2Map

bit.ly/Reads2Map2023
Tutorial:

https://github.com/Cristianetaniguti/Reads2Map


Reads2Map



Reads2Map

● Cloud environments

○ terra.bio

● HPC

○ Cromwell

○ MiniWDL

○ dxWDL

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

inputs.json

https://terra.bio/
https://github.com/broadinstitute/cromwell
https://github.com/chanzuckerberg/miniwdl
https://github.com/dnanexus/dxWDL


task



inputs.json

task
example: freebayes.wdl



task
example: freebayes.wdl



task
example: freebayes.wdl



task
example: freebayes.wdl



task
example: freebayes.wdl

miniwdl run --task RunFreebayes -i tests/tasks/freebayes/inputs.json  tasks/freebayes.wdl

inputs.json



subworkflow 
example

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



pipeline
example

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

► polyRAD tutorial

► updog tutorial

► fitPoly tutorial

► (TASSEL) Variant and Genotype Calling in Highly Duplicated Genomes (Lindsay Clark)

► Using Reads2Map workflows for SNP and dosage calling in polyploid sequencing data

More cool tools related to Workflows systems:

► cromwell-cli (by my brother)

► cromwell server

► womtools

https://github.com/lvclark/polyRAD
https://dcgerard.github.io/updog/
https://www.polyploids.org/sites/default/files/2021-01/SCRI_fitPoly_workshop.html
https://lvclark.r-universe.dev/articles/polyRAD/isolocus_sorting.html
https://cristianetaniguti.github.io/RGC11/Reads2Map_tutorial.html
https://github.com/lmtani/cromwell-cli
https://cromwell.readthedocs.io/en/stable/tutorials/ServerMode/
https://cromwell.readthedocs.io/en/stable/WOMtool/
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