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Motivation
A genotyping-by-sequencing story
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Motivation
A genotyping-by-sequencing story

9787.8 8 length=143

My fi rSt G BS data 2015 : - liﬁﬁﬁ?:ﬁinmmrmﬂmATuauaTluuuﬂuamuu
O BIOIOgy background SRR6249787.10 10 length=143
o File formats

caled likelihoods for AA,AB,BB genotyp

'es where f and B= alt not applicable it site

#CHROM  POS 1D REF ALT QUAL FILTER INFO FORMAT II_1 37 II 1 81 II_3 @8 II 3 @9 II
_3 16 II_3_1@a I1_3 11 IT_3_14 IT_3_15 IT_3_18 II_3 19 IT 3_20 II_3 23 IT 3 24 II 3 25 II_3 26 II_3
3209 IT 3 31 II 3 30 IT 3 49 II 3 43 IT 3 44 IT 3 50 IT 3 61 IT 3 63 II 3 64 IT 3 65 II 3 6
WER i 77 I1.5 62 IT 5 03 II_5 04 II 5 08
E II.5 23 II.5 25 I1 5 27 II 5 30 II
5 31 IT_5 32 II 5 33 II.5 34 II_5_ 8 II.5 51 II_5 52 II.5 54 IT S
59 11_5 61 II_5 62 II_5_ g X 83 I 386 I 3 @9 I.312 I 315 I3 27 I3 31
I334 1338 I 8 353 I35 I35 I358 I 3

, 1401 I_4 0248 14

I 451 1462 I465 1473 14

‘ This project is funded by USDA NIFA Specialty Crop Research Initiative T TEXAS A&AM
POLYPL () IDS Award # 2020-51181-32156 (09/01/20 - 08/31/24) AM UNIVERSITY.



Personal computer

Motivation
A genotyping-by-sequencing story

o)

« My first GBS data (2015)

o Biology background

o File formats

o High Performance Computing

o Linux

o Surviving without sudo permissions
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Motivation

A genotyping-by-sequencing story
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Motivation
A genotyping-by-sequencing story
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o My first diploid outcrossing population

linkage map
o Estimating also phases
o Hidden Markov Model multipoint approach
o OneMap
o R

Diploid species

Bi-parental populations

Backcross, RILs, F2 and outcrossing
Biallelic and Multiallelic markers
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Recombination fraction matrix

« # recombinations between two
markers during meiosis

markers

« Genomic order
o Example: Eucalyptus chromosome 10

markers
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Recombination fraction matrix

Inversion
« Aspen chromosome 12 Most likely bad data
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Motivation

Experiences building Linkage Maps

e Updates in version 3.0

« Using sequencing markers
o Recombination fraction matrix not always

& oneMap N
| I " I I| |
o Slow analysis

o Inflated map size 3.0

« OneMap - Since 2007
« OneMap maintainer - Since 2017
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Motivation

Experiences building Linkage Maps

rd OneMap

e Updates in version 3.0

« Using sequencing markers
o Recombination fraction matrix not always

pretty |
o Slow analysis N\
o Inflated map size 3.0
¢ OneMap - Since 2007 MAPpon e Diploid and polyploid species
. . . G emm— | e Bi-parental populations
o OneMap maintainer - Since 2017 — e Outcrossing
e | o All dosages markers

° MAPpO|y — Since 2018 \/ Updates - Marcelo and Gabriel talk
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Diploid roses
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GATK + updog GATK + polyRAD

freebayes + polyRAD freebayes + updog
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Map size
37% of chromosome 1 ~38cM
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Map size

Hidden

Markov Model

Emission

Function

o global error
rate

o genotype
probabilities
(PL)

Individuals

Markers

. changed = 0.25%
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Map size
37% of chromosome 1 ~38cM

103 PL 0.05
- M M . 1
o Hidden Markov Model Emission 05 = - - @
. 204 = =
Function 0l = = -
o global error rate 0y = = m
o genotype probabilities (PL) 100 § = od =
204 = = m
o4 = . =
160 7 = =
3 : 1804 = = N
5 o = o] = = S =
S = 0 s 21 =
o 404 = = 9 B
T - : =
0.5 - - — = 0 ]
=== B “m3 = = 30
'”“55':: i ; . = e 0z 340 - = = -
SR EE R wiE -
A= i w] = = "1+
Sl e 460 7
oo 480
LWL LI LR 50 4 —
B i 50 M 50 -
GATK 540 &

TEXAS A&M

UNIVERSIT Y.

N
TOOLSFOR j~ This project is funded by USDA NIFA Specialty Crop Research Initiative T
POLYP,I\;(UIDS Award # 2020-51181-32156 (09/01/20 - 08/31/24) AJM




Map size

37% of chromosome 1 ~38cM

progeny homologs
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« Other tested scenarios with:
o Segregation distortion

o Contaminants samples

o Multiallelic markers

Simulation study

Match recombinations

breakpoints

o Large maps - always bad
o Small maps - not always good
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Preprint
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bicPxiv posts many COVID 19-related papers. A reminder: they have not been formally peer-reviewed and should not
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Developing best practices for genotyping-by-sequencing analysis using linkage
maps as benchmarks
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Diploid Aspen

o 37% of
chromosome 10

e Sequencing
depth ~ 6X
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Tetraploid

GATK + updog
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e Sequencing
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Overcoming Technical Difficulties

SNP Calling

Large files
- High Performance Computing (HPC

cutac freebayes

) 11 :
. Management systems (SLURM, SGE) STACKS w HISAT2 GATK  samtools
- Cloud (Google, Amazon) MULTIQC AR T‘:}SSSEL STACKS
Sc draCcan
Othu dOCker ers Others
e M d ny SOftwa re . Dosage Calling Files Manipulation
. M_any programm!ng Ianguages picard
. Different Operational Systems abix
Updates bedtools
° tool
- Containers sam Db:fioo::ATK
Docker
Singularity (usually available in HPC) S
BioContainers
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https://biocontainers.pro/

Overcoming Technical Difficulties

. Many steps

. Many file formats @F’_“E@

S intermediary files>

Output files
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Overcoming 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

COMMON
WORKFLOW

i
| Ty

¥

(Output files

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

H Cristianetaniguti / Reads2Map  Public

Rea dsz M a p <> Code (@ Issues 1% Pullrequests (® Actions [ Projects 1 [0 wiki @ Securit

¥ main ~ ¥ 6 branches 13 tags Go to file
o,
." {Wd l} ‘ Cristianetaniguti Merge pull request #58 from Cristianetaniguti/config_do... ... + accaie1 on|
M circleci build: correct env var for prod env
W .configurations fix typo
[ _.dockerfiles add more tests
W scripts build: configure to also release to main
@ +—> I pipelines wf specific name
W structs refactor: remove not used struct
@ +—> M subworkflows freebayes split ok
@ +—> [ tasks joint wf
[ tests refactor: move test files to tests module
[ .dockstoreyml fix path
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R ea d S 2 M a "SNPCalling.max cores": 2,
p "SNPCalling.ploidy™: 4,
"SNPCalling.rm dupli™: falsce
"SNPCalling.replaceAD":
“SNPCalling.run_gatk”™: true,
"SNPCalling.run_ freebayes™: t
“SNPCalling. hardfilters":

° CIOUd enVironmentS "SNPCalling.n_chrom™: 1,

"SNPCalling.chunk size": |
“"SNPCalling.samples info™: "
"SNPCalling.gatk mchap”:

o terra.bio

“"SNPCalling.references™: {
° H P( : "ref_fasta”: "tes data/pol
"ref dict": "t :

5 Cromwe” “ref_ann”: "t

"ref sa":

o MiniWDL e

"ref _pac”: "tes

o} dXWDI_ "ref bwt": "tes :

fRchinensis)

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

POLYPL(JIDS


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

¥ main ~ Reads2Map / tasks /

ta S k e Cristianetaniguti joint wf

BWA.wdl
JointReports.wdl
beftools.wdl
chunk_lists.wdl

cutadapt.wdl

freebayes.wdl

gatk.wdl
gusmap.wdl

mchap.wdl

O 0000000 0 0O

pedigree_simulator.wdl

POLYP,I\_T

& 00000000 OO

gusmap.wdl

mchap.wdl

pedigree_simulator.wdl

pedigree_simulator_utils.wdl

pirs.wdl
radinitio.wdl
simuscop.wdl
stacks.wdl
utils.wdl
utilsRowdl

vcf2diploid.wdl
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task

example: freebayes.wdl

File reference

File reference idx
File bam
task RunFreebayes File bai
Int max_cores
Int ploidy

Int disk_size ceil(size(reference, —&iB") ze(bam, "GiB") + 58) Int disk size = ceil(size(reference, "GiB") + size(bam, “"GiB") + 58)

z
Int memory size = ceil(size(bam, "MiB") * 25 * max e + 18880) Int memory size = ceil(size(bam, "MiB") * 25 * max_cores + 18868)

command <<<
b3 e J

"reference”:
"reference idx":
“"bam” : ts/d

“"bai™:

runtime {

"max_cores
"ploidy”: 4

‘ This project is funded by USDA NIFA Specialty Crop Research Initiative T ‘ TEXAS A&AM
POLYPL () IDS Award # 2020-51181-32156 (09/01/20 - 08/31/24) AM UNIVERSITY.



task

example: freebayes.wdl

task RunFreebayes {

input { command <<<
I
T

In -s ~{bam]
Int disk_size = el erence, "GiB") + size(bam, "G: In -s ~{bai]

(size(bam, "MiB") * 25 * max_cores +

Int memory size

freebayes-parallel <(fasta_generate_regions.py ~{reference_idx} 100000) ~{max_cores} \

command <<< --genotype-qualities --ploidy ~{ploidy} -f ~{reference} *bam > "freebayes.vcf”

a2
>>>
runtime {

‘ This project is funded by USDA NIFA Specialty Crop Research Initiative T ‘ TEXAS A&AM
POLYPL () IDS Award # 2020-51181-32156 (09/01/20 - 08/31/24) AM UNIVERSITY.



task

example: freebayes.wdl

task RunFreebayes {

input {
5

1 ime {
docker: "cristaniguti/freebayes:0.0
Cpu: max_cores

Int disk_size = ceil(size(reference, "GiB") izefbam, "GiB") + 58)
Int memory size = ceil(size(bam, "MiB") * 25 * max_cores + 18868)
memory : “~{r 'y size} MiB"

disks:"local-disk " + disk size + " HDD"

command <<
b3 e J

runtime {

‘ This project is funded by USDA NIFA Specialty Crop Research Initiative T TEXAS A&AM
POLYPL () IDS Award # 2020-51181-32156 (09/01/20 - 08/31/24) AM UNIVERSITY.



task

example: freebayes.wdl

task RunFreebayes {

input {

Int disk_size = ceil(size(reference, "GiB")} + size(bam, "GiB") + 58)
Int memory size = ceil(size(bam, "MiB") * 25 * max_cores + 18868)

command <<<
b3 e J

runtime { author: "

email: “cht:
description: "Split regions and runs

‘ This project is funded by USDA NIFA Specialty Crop Research Initiative T TEXAS A&AM
POLYPL () IDS Award # 2020-51181-32156 (09/01/20 - 08/31/24) AM UNIVERSITY.



task

example: freebayes.wdl

task RunFreebayes {

input {

}

Int disk_size = ceil(size(reference, "GiB")} + size(bam, "GiB") +

Int memory size = ceil(size(bam, "MiB") * 25 * max_cores + 18868)

"bai":
"max_cores": 2,
"ploidy": 4

command <<<
>

runtime {

File vcf = "freel

run --task RunFreebayes -1 tests/tasks/freebayes/inputs.json tasks/freebayes.wdl

POLYPL () DS This project is funded by USDA NIFA Specialty Crop Research Initiative @ ‘ TEXAS AAM

Award # 2020-51181-32156 (09/01/20 - 08/31/24)

UNIVERSIT Ye



workflow FreebayesGenotyping {

S u b W O r kfl O W call chunk lists.CreateChunksBamByChr {
}

example scatter (chunk in zip(CreateChunksBamByChr.bams chunks, CreateChunksBamByChr.bais chunks}) {

call freebayes.RunFreebayes |

call utils.mergeVCFs {

call norm_filt.Normalization {

Map[String, Array[File]] map_bams = {"bam": CreateChunksBamByChr.bams_chunks, "bai": CreateChunk

if(replaceAD){
1

Array[File] freebayes vcfs = select all([Normalization.wvcf norm, ReplaceAD.bam vcf])
[String] freebayes software = select all([Mormalization.software, ReplaceAD.software])
Array[String] freebayes counts _source = select_all([Normalization.source, ReplaceAD.source])

Array

output {

1
J

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

‘ This project is funded by USDA NIFA Specialty Crop Research Initiative T TEXAS A&AM
POLYPL () IDS Award # 2020-51181-32156 (09/01/20 - 08/31/24) AM UNIVERSITY.



workflow SNPCalling {

pipeline e

example

call fam.CreateAlignmentFromFamilies |

-I.
J

if(run_gatk){
call gatk.GatkGenotyping {

-I.
J

if(run_freebayes){
call freebayes.FreebayesGenotyping |

-I.
J
Array[Array[File]] vcfs sele = select all([GatkGenotyping.vcfs, FreebayesGenotyping.vcfs])

Array[Array[String]] software sele = select all([GatkGenotyping.vcfs software, FreebayesGenotyping.vcfs software
Array[Array[5tring] ] source sele = select all([GatkGenotyping.vcfs counts source, FreebayesGenotyping.vcfs count

output {

I

/path/to/cromwell.jar run -1 EmpiricalSNPCalling/inputs.json EmpiricalSNPCalling.wdl
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Reads2Map

o
{er{wd1}) |
( Genotype caling ).

. : : updog

e (TS Y o EwA b popraD

SuperMASSA
( EmpiricalReads ) >
FAsTQ /T N
FASTA
,--{ SNP calling )-=-~,, ( Linkage map )
GATK OneMap
Freebayes . MAPpoly .
RData
\_ v

Available in Github, Dockerstore and WorkflowHub
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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

Summary

Linkage map quality is very sensitive to upstream choices

There is no single suggestion for every data set

ReadsZ2Map uses software’s default/tutorials parameters

Developers, sorry if | used any of the parameters wrongly (let me know)
Easy to test updates or modification of parameters

Reads2Map is an organized structure for reproducibility and scalable
production
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