Building highly saturated
genetic maps with OneMap 3.

New approaches using workflows
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OneMap package

Downloads

Margarido et al., 2007

OneMap: software for genetic mapping in
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outcrossing species

* R package

» Diploids

» Inbred and outcrossing populations

* Integrated genetic maps

» Tutorials

» Diagnostic graphics

» Updates by Statistical Genetics Lab members
 CRAN

» GitHub: Cristianetaniguti/onemap
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OneMap updates

R language: Didactic tutorials, courses and utilities functions
Maintenance: Package “house keeping” and dependencies upgrades

VCF file conversion: new features to deal with all VCF format versions

Group markers: new features to consider physical position and UPGMA method
Markers ordering: MDS method

Processing time and memory: RAM optimization and process parallelization

vV v v v v v .Y

Graphical visualization: sequencing depth, genotypes, segregation, haplotypes and
recombination breakpoints counts
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Motivation

» Sequencing based markers
» Characteristics:

» Thousands of markers Genotype

» Different types of libraries quality

» Lower cost

» Genotyping errors

» Biallelic markers
» Consequences:

Genotype
quantity

» Requires bioinformatic skills

» Requires computational resources

» Wrong number of recombination
events

» Difficulties in ordering markers
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OneMap updates - HMM

Genotyping errors
Hidden Markov Model (HMM)

create_probs(global_error = 0.05)

vV v v Vv

create_probs(genotype_prob =
prob_data.frame)

» create_probs(genotype_error = e e g L

prob_matrix)
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OneMap updates - Multiallelics

» Difficulties in ordering

» Biallelics marker types

ab x ab
aa x ab
ab x aa

» Haplotype-based markers

» onemap_read_vcfR(only_biallelics = FALSE)
ab x cd
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Motivation

» Genotyping-by-Sequencing —— e —— —

(GBS) markers

» Genetic map quality is related R aptens 1

to upstream processes
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Reducing genome complexity with restriction enzyme
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Motivation - Polyploid species
‘ | ‘ » Organisms that have multiple

of the complete set of chromos

MAPpoly

~_

Mollinari and Garcia, 2019
Linkage Analysis and Haplotype Phasing in EXg
Autopolyploid Populations with High Ploid
Markov Models
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polyploids.org

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

» The theory

Diploid
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Source of errors

» The reality
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Dosage calling

» Freebayes (Garrison and Marth, 2012)
» Alignment quality
» Haplotype based multiallelic markers
» 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)
1 . 1 .
I 1 / / I 1 /
1 f 1 / ,/ 1 7
» Any ploidy 3001 1 y y i} } Pl /
» Allelic bias < S P 3-,:'.‘.,' . P
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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 singula

Reproducibility

» Different input and output formats » Workflow Description Language
» Computational resources » GitHub

» Explore and visualize results » HPC and Google Cloud

» Feedback for developers » Shiny

» Adapt to software updates » Linkage map

>

>

Quality criteria
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Maps as benchmarks

Distance (cM)
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Implementation

» Join several bioinformatics and statistical analyses
» Workflow Description Language (WDL - “widdle”) - Broad Institute (human genome re
. [ N
» Best practices [ o® {Wdl}
iricalRead<s?Man | | oo INDULS )-eremmmmem-. . { Genotype calling ).
» EmpiricalReads2Map ; :l,( )\:
» SimulatedReads2Map o (empiriaReads o | updog '
. . . FASTQ ’;_/’)f BWA : polyRAD
» Diploid species : - eTA i. Sup erMASSA
(SimulatedReads )
FASTA : ;
VCF g g
library info \:\: SimuSCoP : : GATK OneMap
population info RADinitio Freebayes
] ) FASTQ . VCF ) . RData"
_
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Implementation —

\

@eAﬁgnmentFromS@
> Workflows
» Sub-workflows
> Tasks o oot

I

~A y 4

scatter over PopulationAnalysis as analysis

call GetMarkersPos

4

call SNPCallerMaps

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

‘g

d ! 7/
ocker : ,
shgubrty . >
> H
HPC

Cloud
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More about WDL and usage in Cloud

Seminarios em
Bioinformatica
“Running analysis workflows on the cloud with WDL and

Streaming live on YouTube
https://youtu.be/3AMJ-LIWRtE

Dr? Geraldine Van der Auwera
Broad Institute of MIT and Harvard
Chair: Tetsu Sakamoto, UFRN

\ 4

Dia 02 de setembro (sexta-feira) as 14:00 horas
pelo aplicativo Zoom
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https://t.co/pR3YZx4JyW

Implementat

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

http://127.0.0.1:3581 | & | Open in Browser ‘S Publish ~

Reads2Map App

@ About

This shiny app build several graphics using results from Reads2Map workflows. If you run the SimulatedReads2Map.wdl and/or EmpiricalReads2Map.wdl
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 EmpiricalReads2Map.wdl results .

nerated with the datasets described in the tables bellow. Select the available dataset results in

X Upload data

© simulatedrReads2Map

@ SNP calling efficiency

SimulatedReads2Map EmpiricalReads2Map

@ Filters

@ Markers type Upload SimulatesReads2Map results: Upload EmpiricalReads2Map results:

@® Times If you have more than one dep

together.

hvalue, submit all them If you have more

together.

an one depth value, submit all them

@ Depth and genotyping
File: SimulatedReads2Map_<gj¢ File: EmpiricalReads2Maypy <depth>.tar.gz

@ Genotype probabilities

Browse...

No file selected Browse... No file selected

@ ROC curves
@ Map size each family

@ Overview map size

See description of each dataset in the tables bellow. See description of each dataset in the tables bellow.

@ rhases

SimulatedReads2Map.wdl results EmpiricalReads2Map.wdl results

@ Maps

P. tremula 37cM of chromosome 10 v Roses Chr01

@ Progeny haplotypes

. Breakpoints count

® cMxMb

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.

© EmpiricalReads2Map

@ Workflow tasks times ggplot2
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!

Recombination fraction heatmap

© EmpiricalReads2Map

Example results Rl gt | | oo
@ Filters ' i -l # l.|= _." ] penE
° ° @ Markers type : : : = L = — - l: -__-' g s
- @ Times _ r B E l-l_.. = "
D ] p l O ] d S @ Depth and genotyping s B ! -EE - l;:: ] ) ‘|
@ Mapsize — = :: - - -0_3 0 _ B
@ Plotly heatmaps E - m— 0z
@ Maps : : -:- 01 ]
@ Progeny haplotypes i - 0.0
. @ Breakpoints count -
» Outputted maps: g 0
> Emp.i r.ical: 34 @ workflow tasks times : ! . :
. 109 =
» Simulated: 68 2
; - £ Update 3
BOLYP;(}TJS e 9
Genotyping method Error rate E
» Test only a subset of one 2
OneMap_version2 variable error
group and repeat the poy0 —
. . ® freebayes/GATK
pipeline to others Suparssa o
updog ® VCF
SNP calling method
freebayes ‘ & Download sequence
® GATK & Download PDF with all onemap heatmaps
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Results for different
scenarios

» Playing with parameters:
» 8160 simulated maps

» 816 empirical maps
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Effect of filters
Effect of multiallelic markers
Effect of contaminants

Effect of segregation distortion

Comparison with GUSMap (Bilton et al, 2018

Select best pipeline
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Thanks!

* Many people
» Authors:

Cristiane Taniguti
Lucas Taniguti
Gabriel Gesteira
Thiago Oliveira
Jeekin Lau

Getulio Ferreira
Rodrigo Amadeu
David Byrne
Oscar Riera-Lizarazu
Guilherme Pereira
Marcelo Mollinari
Augusto Garcia

Contact: chtaniguti@tamu.edu
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