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CCQTL: facilitating QTL mapping in the Collaborative Cross

Rémi Planel*, Victoire Baillet*, Vincent Guillemot, Jean Jaubert, Christian Vosshenrich,
Rachel Torchet, Marion Rincel, Pascal Campagne, Xavier Montagutelli
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Collaborative Cross initiative at Institut Pasteur

* The Collaborative Cross: a precious resource for dissecting the genetic
basis of complex traits
* Recombinant inbred strains: repeatability
* High genetic diversity: phenotypic variation for large # of traits
*  Well-characterized (haplotypes, genomes, ...)

* |nstitut Pasteur CClnitiative
* Coordination: Mouse Genetics Laboratory (X. Montagutelli)
* ~35CC strains imported and bred at IP, available to all IP scientists
* 21"CC-Club" members, belonging to 5 Departments: geneticists
and beyond:immunologists, neuroscientists, ...
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CCQTL: rationale

 QTLmapping combines (heavy) phenotyping experiments with analyses calling on quantitative skills.
* Experimentalists often need support for both code and statistics to benefit from best practices in the field.

* Analysing QTL mapping experiments involves going back and forth on the data and often require informed
decisions that can only be made by the experimentalist, making it more complex to "outsource".

Make the biologists autonomous in analysing their QTL mapping experimentsin the CC

<@‘) * Web interface to easily perform QTL mapping and visualize the results
* Databasesystem to keep the data organised
* Reproducibility through Galaxy-powered, pre-configured analysis workflows
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CCQTL in practice

1 @(fncrimgn‘t o
1 'mpuﬁ C‘\le &

\ “Genetic basis of resistance to virus X'

8

\—y] =110 N Phgno‘ta/(:es Manager 1 Member 2

E_ and/or covariates j

QC: data distribution
(+/- transPormation)

Expl :
Prg(imiv\an/ vfpeﬁmeﬂ‘t

Galaxy

\
Results \j
il

3| V. Baillet| CCQTL @ CTC | 11/10/2023

Pro:jects

Experiments

Analyses

{ P) INSTITUT
PASTEUR
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CCQTL in practice
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CCQTL offers multiple plotting features for QTL exploration
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Focus on: database and permissions

Project 1 Project 2 Project:
A & A& & A research project, several members
Manager 1 Member 2 Member 3 Marager 1 Member 2 Member 3

with distinct roles

Experiment:
Experiment n’f Exp n°2 Exp n’l data, organized by rounds of
acquisition
ﬁ @ ﬁ E I Analysis:
7, et "t QTL mapping analysis (with all
parameters being recorded)

* Permissions are managed at the Project level (compartimentalisation)
*  Within each project: manager vs. maintainer roles

€9INSTITUT
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Focus on: preconfigured analysis workflows

« anvss RUN ANALYSIS

o Select an experiment \, EXP V\°1
Workflow: QTL mapping for

© seiectaworkfiow continuous traits in CCmice

coqtiant

Steps
ccqtl_make_inputs  0.0.1_beta. Z+galaxy0
ccqtl_genome_scan  0.0.1_beta 2+galaxyl
ceqtl_permutations  0.0.1_beta.2+galaxy!
ccqtl_find_peaks  0.0.1_beta 2+galaxyd

ccqtl_refine_region  0.0.1_beta.2+galaxy0

CONTINUE
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Exp n®1
Workflow: QTL mapping for

continuous traits in CC mice
Steps:

* r/qtl2 inputs creation

* Haplotype reconstruction

* Genome scan (LMM, LOCO
kinship)

* Permutations-derived significance

* LOD peaks identification

* Founder allele effects estimation

* Local SNP association mapping

* List of genes in support interval

v
Results
Ano\ll/s‘\s —
TIED
(+ RDS files)
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Focus on: preconfigured analysis workflows
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Exp n°1

Analysis
4

Workflow: QTL mapping for
continuous traits in CC mice

Steps:

r/qtl2 inputs creation

Haplotype reconstruction
Genome scan (LMM, LOCO
kinship)

Permutations-derived significance
LOD peaks identification

Founder allele effects estimation
Local SNP association mapping
List of genes in support interval

RQSultS

(+ RDS files)

Tunable parameters (if not default):

Marker set (Mega/GigaMUGA)
Genome version/annotation (m38)
CC genotype data

Additive covariate for genome
scan

Permutations # / stratification
Significance level / Bonferroni
correction for multiple phenotypes
LOD drop-off value
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Focus on: preconfigured analysis workflows
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Exp n°1
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Workflow: QTL mapping for
continuous traits in CC mice

Steps:

r/qtl2 inputs creation

Haplotype reconstruction
Genome scan (LMM, LOCO
kinship)

Permutations-derived significance
LOD peaks identification

Founder allele effects estimation
Local SNP association mapping
List of genes in support interval

RQSultS

(+ RDS files)

1 workflow = 1 type of analysis
allowing easy extensions (binary
traits, CC-RIX, ..) & versioning

Tunable parameters (if not default):

Marker set (Mega/GigaMUGA)
Genome version/annotation (m38)
CC genotype data

Additive covariate for genome
scan

Permutations # / stratification
Significance level / Bonferroni
correction for multiple phenotypes
LOD drop-off value
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Exp n°1
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Workflow: QTL mapping for

continuous traits in CC mice
Steps:

* r/qtl2 inputs creation

* Haplotype reconstruction

* Genome scan (LMM, LOCO
kinship)

* Permutations-derived significance

* LOD peaks identification

* Founder allele effects estimation

* Local SNP association mapping

* List of genes in support interval

RQSultS

(+ RDS files)

1 workflow = 1 type of analysis
allowing easy extensions (binary
traits, CC-RIX, ..) & versioning

Tunable parameters (if not default):

* Marker set (Mega/GigaMUGA)

* Genome version/annotation (m38)

* CCgenotype data

* Additive covariate for genome
scan

e Permutations # / stratification

* Significance level / Bonferroni
correction for multiple phenotypes

* LOD drop-off value

R package: ccqtl

(+/- wrapper around R/qtl2)
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Take-home message

CCQTL, a comprehensive web interface for QTL mapping in the Collaborative Cross:
* Seamless procedure from data exploration to candidate genes: current practices in the field accessible to non-coders
* Absolute requirement for record tracking: Galaxy's built-in reproducibility

* Databasestructure: safe and organized storage of both raw phenotypic data and analysis results

Deployable anywhere:

— .25, >
with ccqtl utilities* + d OR HELM
A

R (=) O B

*eg Galaxy@Pasteur (’) PASTEUR

License GPLv3
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More on CCQTL ?

Software Heritage

EEalaxy
Tool Shed

https://gitlab.pasteur.fr/cc-aqtl/cc-qtl-db
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Galaxy ?

* Open-source, web-based platform for accessible, reproducible, and
transparent data analysis (omics mainly) o Ga Iaxy

* Accessible: Users without programming experience can easily specify PROJECT
parameters and run tools and workflows

* Reproducible: Galaxy captures information so that any user can understand

and repeat a complete analysis: built-in

* Transparent: Users can share or publish their analyses (histories, workflows)

» Multiple Galaxy instances (aka Galaxy servers) across the world: main servers (eg
: . : Galaxy
usegalaxy.org) along with 100+ additional public servers Tool Shed

* Ease of tools installation from oneinstance to the next: Galaxy Toolshed

* "Galaxy hacking": making an in-house tool accessible to a broader community by
using a Galaxy server for data analysis and workflow execution, hidden behind a
web interface (NGPhylogeny, ARIAweb, ...)
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CCQTL's architecture guarantees its deployment anywhere

PostgreSQL

linterconnection
between Galaxy
histories and DB !

Interface

(9]

- _ ®
N &
|- ;)
e}

Galaxy instance with ccqtl utilities installed

Deployment:

{0 INSTITUT
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