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Genetic data analysis in polyploids: From allelic dosage
to QTL mapping

Cristiane Taniguti
Gabriel Gesteira

sen=rics NG STATE

Ki LADB:
JZehea(;[]BI;?lléj Zeng e o 1SS U N IV E R S |TY
David Byrne

Oscar Riera-Lizarazu ﬁ ‘ TEXAS A&AM

Marcelo Mollinari UNIVERSIT Y.

TOOLS FOR b

POLYP% Q IDS

This project is funded by USDA NIFA Specialty Crop Research Initiative Award # 2020-51181-32156 (09/01/20 - 08/31/24)



polyploids.org

» Tools for Polyploids Workshop 2023 (January 12-13)

Ly
- >
-9
e e

POLVAL(IIDS

Home About v Team ~ Tools ~ News Workshops Abstracts v Outreach ~ Mailing Lists Acknowledgments Contact Us Login

%]
0]
v
Q

Project Member Login
. . ; § Username

Welcome to the Tools for Polyploids project website! Use the search bar above or explore our menu tabs to find

information on our team, publications, and workshops!

Password

Tools for Polyploids Workshop News

University of Maine Hiring

Associate Professor of Potato

+ Create new account
* Reset your password

Breeding and Genetics
The School of Food & Agriculture

at the University of Maine seeks A
an innovative Assistant or Tweets from
Associate Professor of Potato @P olypl oidtools

Breeding and Genetics. This 75%

This project is funded by USDA NIFA Specialty Crop Research Initiative Award # 2020-51181-32156 (09/01/20

- 08/31/24)




Outline

TOOLS FOR

POLYP,I%

N

(Jbs

Genome variations

Sequencing libraries types
Sequencing experiment planning
Genotyping-by-Sequencing

SNP calling

Errors sources

Dosage calling

Which is the best pipeline?

Tutorial




Polyploid species

» Genome variations - applications
» Quantitative traits mapping
Genome Wide Association studies
Phenotypic predictions - Genome Selectio

Evolution and diversity studies
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Gene expression studies
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Genome variations

» Short sequences (SNPs, indels)

» Structural variants (number of copies, inversions, translocations)

Molecular markers

» RFLP, RAPD, AFLP, and SSR
» Arrays (For Roses: $5559)

» Sequencing (For Roses: )
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ing libraries

Sequenc

Image: IGV

» Whole Genome Sequencing (WGS)
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Sequencing libraries

» Exome sequencing (top) and Genotyping-by-Sequencing (bottom)
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Sequencing experiment design

» Study goal
» Sequencer capacity
» Number of individuals per lane
Genotype Genotype
» Number of sequenced loci quality quantity

GBS

A
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GBS methods
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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)
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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)
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Dosage calling

Diploid
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Dosage calling

» The theory
Diploid
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Tetraploid

Reference allele counts




Sources of errors

DNA extraction
Reducing genome complexity with restriction enzyme

X oo Fo

Quality control
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Alignment Reference
genome

IND 1

SNP call

IND 1
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Source of errors

» The reality

Diploid (mean depth 6)
N =200
Aa x Aa

alternative allele counts

........

reference allele counts
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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
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Dosage calling

Overdispersion Allelic bias
SNP1 SNP2
» updog (Gerard et al., 2018)
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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, 51 and HW)
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Which is the best pipeline?

» Challenges: » Useful tools:
» Many software, many dependencies » Containers (Docker and singulari
» Different input and output formats » Workflow Description Language
» Collaborative work » GitHub
» Computational resources » HPC and Google Cloud
» Quality criteria » Linkage map
» Explore and visualize results » Shiny
» Reproducibility
» Adapt to software updates
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Reads2Map

» Join several bioinformatics and statistical analyses

» Best practices { . {W d ].B
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. &> < Conditionals >
Implementation — o
@eAﬁgnmentFromS@
» Workflows
» Sub-workflows

» Tasks <77 if (defined(fiters) \\:j::» @

I

~A y 4

call GetMarkersPos scatter over PopulationAnalysis as analysis @

call JointReports

/path/to/womtool.jar graph tasks/SimulatedSingleFamily.wdl

SimulatedSingleFamily.svg
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Implementation

» Containers

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

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

gy I fa\
crom vel docker s hg:i y @ . i :
— >
> targz.
Cloud HPC
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Implementation

» Visualization and
exploration
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Q ~/github/Reads2MapApp - Shiny

http://127.0.0.1:3581 | &

About

Upload data

SimulatedReads2Map

SNP calling efficiency
Filters

Markers type

Times

Depth and genotyping

Genotype probabilities

ROC curves

Map size each family
Overview map size
Phases

Maps

Progeny haplotypes
Breakpoints count

cM x Mb

EmpiricalReads2Map

Workflow tasks times

Open in Browser

Reads2Map App

This shiny app build several graphics using results from Reads2Map workflows. If you run the
workflows you can upload the outputted data in Upload SimulatedReads2Map outputs and/or Upload EmpiricalReads2Map outputs sections. If you don't
have your own results yet, you can explore the ones ge
SimulatedReads2Map.wdl results and/or Empiri

SimulatedReads2Map

Upload SimulatesReads2Map results:

If you have more than one dep
together.

h value, submit all them

File: SimulatedReads2Map_<g

¢pth>.tar.gz

Browse...

No file selected

See description of each dataset in the tables bellow.

SimulatedReads2Map.wdl results

nerated with the datasets described in
alReads2Map.wdl results .

P. tremula 37cM of chromosome 10 v

EmpiricalReads2Map

Upload EmpiricalReads2Map results:

If you have more
together.

an one depth value, submit all them

File: EmpiricalReads2Maypy <depth>.tar.gz

Browse... No file selected

See description of each dataset in the tables bellow.

EmpiricalReads2Map.wdl results

SimulatedReads2Map.wdl and/or EmpiricalReads2Map.wdl

e tables bellow. Select the available dataset results in

Roses Chr01

Here we describe some of the main characteristics of each dataset available in this server. It is possible to access all other arguments
in the metadata produced by the workflows.
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Recombination fraction heatmap

© EmpiricalReads2Map
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Tutorial

» Step-by-step of SNP and dosage calling using BWA and GATK
» https://bit.ly/GVENCKpoly_GATK
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