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Agenda

• Chapter 14: Making a Fully Reproducible Paper

• Additional resources

• Open discussion
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Chapter 14: Making a Fully 
Reproducible Paper
Genomics in the Cloud by Geraldine A. Van der Auwera and Brian D. O’Connor 
(O’Reilly). Copyright 2020 The Broad Institute, Inc. and Brian O’Connor, 978-1-491-
97519-0.
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Our guest 
speaker

Dr. Matthieu  
Miossec
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Bringing it all together with a case study

Case study devised as a basis for two GATK/Firecloud (now Terra) workshops. 

It has since been included in several other workshops in 2019.

5

ISCB-LA SOIBIO 2018, Viña del Mar, ChileASHG 2018, San Diego, USA



Not a hands-on Chapter, but a very instructive one
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Reproducibility of analysis vs replicability of study findings
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“Evaluate the barriers to computational 
reproducibility of genomic methods as they are 
commonly applied to human medical genetics 
and teach the audience to overcome these 
barriers.”



What is the paper about?

• Non-syndromic Tetralogy of Fallot
• Affects ~3 out of 10 000 births.

• Without surgery, mortality rate in first 10 years of life ~80%. 
With surgery, survival in the first 30 years of life ~85%.

• Patients with Tetralogy of Fallot typically 
present 4 cardiac malformations:

• A large ventricular septal defect

• Displacement of the aorta over the 
septal defect

• Narrowing of the pulmonary valve

• Progressive right ventricular hypertrophy

81Apitz (2009) 'Tetralogy o f Fallot’, Lancet,374(9699), pp.1462-71.
2Baillard and Anderson (2009) 'Tetralogy of Fallot’, Orphanet Journal of Rare Diseases, 4(1), p.2.
3Starr (2010) 'Tetralogy of Fallot: Yesterday and Today', World Journal of Surgery, 34(4), pp. 658-668.



Typical information asymmetry
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Summary of tetralogy of Fallot pre-print
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Too vague to reproduce exactly

Going to need some 
help with that one!



Designing a Reproducible implementation
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• Case study inevitably an 
imperfect reproduction of 
original study.
• “Evaluate the computational 

barriers to reproducibility of 
genomics methods…”

• But result should be fully 
reproducible itself.
• Showcasing an example of 

reproducibility.

• Data input: not directly available.

• Next best thing: synthetic data 
with equivalent features.



Synthetic data generation overview
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BED file

Neutral variants 
to avoid batch 

effects. 



NEAT-genReads – simulated read data
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BAMSurgeon – making fake exomes
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Note: neutral 
variant added to 
other exomes to 
avoid batch effect



Processing and analysis phases

15

Using GATK4 instead in this reproduction 
(speed, scalability, etc…)

In the Jupyter notebook.



Comparing variant load across multiple 
samples
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This is what my version of that last graphic 
looked like in November of 2018.



Clustering test rankings
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More samples = more 
power = stronger signal!



The long, Winding Road to FAIRness

• Achieving computational reproducibility and FAIRness in your work:
• Keep it open source!

• Version control
• Automatic versioning in Terra via Github, Dockstore or the internal method repository.

• Automation and Portability
• Prefer WDL/CWL over intricate BASH, Python or R scripts.

• Built-in documentation
• Jupyter notebooks are great for teaching/learning and therefore also great for 

documenting the logic of various steps of your analysis. Be explicit.

• Open Data
• Refer to open-access or synthetic data that is sufficient to demonstrate your analysis if 

original data is not available (eg. Protected patient data).
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Additional resources

• Tetralogy of Fallot resources
• https://doi.org/10.1161/CIRCRESAHA.118.313250
• https://www.childrenshospital.org/conditions-and-

treatments/conditions/t/tetralogy-of-fallot

• Organizational resources
• https://www.tandfonline.com/doi/full/10.1080/00031305.2017.1375989
• https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1000424

• Reproducibility best practice resources
• http://www.practicereproducibleresearch.org
• https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1001745
• https://repro4everyone.org/pages/explore-topics/

• FAIR resources
• https://www.go-fair.org/fair-principles
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Additional resources (case study since 2018)

• Posters:
• http://broad.io/ASHG2018 (ASHG 2018) 

• https://f1000research.com/posters/8-1380 (BOSC 2019)

• Workshop in Viña del Mar:
• https://broad.io/gatk-1811 (ISCB-LA SOIBIO 2018)

• Recorded presentations:
• https://youtu.be/xOzwWNLXdHc (BroadE, July 2019)

• Books:
• Genomics in the Cloud (2020)
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Thank you for joining us on this 
journey!

Special thanks to:
• Our presenters
• Our members
• Dr. Geraldine Van der Auwera


