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Who am I ?



Reproducibility crisis

http://biobungalow.weebly.com/bio-bungalow-blog/everybody-knows-the-scientific-method



Titus Brown



An example

• The Importance of Reproducible Research in High-Throughput 
Biology. 
• https://www.youtube.com/watch?v=7gYIs7uYbMo
• By Dr.Keith A. Baggerly from MD Anderson Cancer Center.
• Highly recommend, Keith is very fun.

https://www.youtube.com/watch?v=7gYIs7uYbMo
https://www.youtube.com/watch?v=7gYIs7uYbMo


Method matters 



Why reproducibility is hard?



Why reproducibility is hard?

• 1. no raw data are available.
• 2. scripts available upon reasonable request J
• 2. lack of method description.
• 3. versions of the tools are different. (e.g. R/python/bioinformatics 

tools)
• 4. different machines (unix vs windows).



If it is so hard, should you care?

• Keep this in mind: You are going to do the same analysis for sure in 
the future yourself!
• This is for your own benefit.



How to ensure reproducibility 

• Git version control 
• Jupyter/R Notebook, documentation
• Containers (docker, singularity, biocontainers https://biocontainers.pro/) 





Version control

• Git
• Github
• Gitlab



Jupyter Notebook



R notebook/markdown



Automation makes your research more reproducible 
AND saves you time in the long run

Computers are good at repetitive work 



Good Side effect of automation

• The best documentation is automation
• Write scripts for everything unless it is not possible. (manual editing, 

document, document, document!)
• Markdown, MKdocs https://www.mkdocs.org/

Credit to someone in the twitter-verse J



Tips for automation 

• 1. if you have a repetitive simple task, put them in to a shell script: 
my_routine.sh.
• 2. good old GNU make
• 3. more recent snakemake, nextflow, WDL etc.

https://github.com/pditommaso/awesome-pipeline

https://github.com/pditommaso/awesome-pipeline


docker

• Why docker?
• Imagine you are working on an analysis in R and you send your code 

to a friend. Your friend runs exactly this code on exactly the same
data set but gets a slightly different result. This can have various 
reasons such as a different operating system, a different version of an 
R package, etc. Docker is trying to solve problems like that.
• Think it as a virtual machine! 
• This just happened between me and my colleagues who used a 

different version of R packages!

https://cyverse-cybercarpentry-container-workshop-2018.readthedocs-hosted.com/en/latest/docker/dockerintro.html
https://ropenscilabs.github.io/r-docker-tutorial/01-what-and-why.html

https://cyverse-cybercarpentry-container-workshop-2018.readthedocs-hosted.com/en/latest/docker/dockerintro.html
https://ropenscilabs.github.io/r-docker-tutorial/01-what-and-why.html


conda and biocoda



Other important untaught skills 

• Naming files
• Project organization 
• Data organization, backup plans



What are your file names look like?

http://www2.stat.duke.edu/~rcs46/lectures_2015/01-markdown-git/slides/naming-slides/naming-slides.pdf

http://www2.stat.duke.edu/~rcs46/lectures_2015/01-markdown-git/slides/naming-slides/naming-slides.pdf


Three principles for (file) names

• 1. Machine readable (do not put special characters and space in the 
name)
• 2. Human readable (Easy to figure out what the heck something is, 

based on its name, add slug)
• 3. Plays well with default ordering:
• * Put something numeric first
• * Use the ISO 8601 standard for dates (YYYY-MM-DD)
• * Left pad other numbers with zeros

Jenny Bryan 
http://www2.stat.duke.edu/~rcs46/lectures_2015/01-markdown-git/slides/naming-slides/naming-slides.pdf

http://www2.stat.duke.edu/~rcs46/lectures_2015/01-markdown-git/slides/naming-slides/naming-slides.pdf


Use the YYYY-MM-DD format for date 

http://www2.stat.duke.edu/~rcs46/lectures_2015/01-markdown-git/slides/naming-slides/naming-slides.pdf

http://www2.stat.duke.edu/~rcs46/lectures_2015/01-markdown-git/slides/naming-slides/naming-slides.pdf


Jenny Bryan



Jenny Bryan:
https://rawgit.com/Reproducible-Science-Curriculum/rr-organization1/master/organization-01-slides.html



TCGA barcode



Good idea to encode metadata to filenames?

https://twitter.com/tangming2005/status/1398094371594149893



Make large sequencing project successful 



https://www.tandfonline.com/doi/full/10.1080/00031305.2017.1375989

https://www.tandfonline.com/doi/full/10.1080/00031305.2017.1375989


Common mistakes

• https://datacarpentry.org/spreadsheet-ecology-lesson/02-common-
mistakes/

“There are a few potential errors to be on the lookout for in your own 
data as well as data from collaborators or the Internet. If you are 
aware of the errors and the possible negative effect on downstream 
data analysis and result interpretation, it might motivate yourself and 
your project members to try and avoid them. Making small changes 
to the way you format your data in spreadsheets can have a great 
impact on efficiency and reliability when it comes to data cleaning 
and analysis”

https://datacarpentry.org/spreadsheet-ecology-lesson/02-common-mistakes/


No multiple tables in the same sheet



Using problematic null values







Be cautious with excel 

https://www.theverge.com/2020/8/6/21355674/human-
genes-rename-microsoft-excel-misreading-dates



Gene name errors: Lessons not learned

https://www.sciencedirect.com/science/article/pii/S0018506X18302599?via%3Dihub

https://github.com/jennybc/scary-excel-stories by Jenny Bryan

https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1008984

https://www.sciencedirect.com/science/article/pii/S0018506X18302599?via%3Dihub
https://github.com/jennybc/scary-excel-stories
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1008984


Why not excel? 

https://www.bbc.com/news/technology-54423988





Rstudio R project

Also check workflowr: https://github.com/jdblischak/workflowr

An example from me: https://crazyhottommy.github.io/scRNA-seq-workshop-Fall-2019/index.html

https://github.com/jdblischak/workflowr
https://crazyhottommy.github.io/scRNA-seq-workshop-Fall-2019/index.html


Always use here() to construct relative path.

Remember, always keep the data in the data folder untouched, I usually do
$ chmod u-w –R data/
To revoke the user’s write right so you can not edit or delete the files in the data folder.

Always generate the output/intermediate files/figures in the results folder using the scripts in the scripts folder

https://www.tidyverse.org/blog/2017/12/workflow-vs-script/

https://www.tidyverse.org/blog/2017/12/workflow-vs-script/




More readings

• What They Forgot to Teach You About R https://rstats.wtf/
• The renv package is a new effort to bring project-local R dependency 

management to your projects. 
https://rstudio.github.io/renv/articles/renv.html
• A Reproducible Data Analysis Workflow with R Markdown, Git, Make, 

and Docker: https://psyarxiv.com/8xzqy/
• https://github.com/crazyhottommy/getting-started-with-genomics-

tools-and-resources#automate-your-workflow-open-science-and-
reproducible-research

https://rstats.wtf/
https://rstudio.github.io/renv/articles/renv.html
https://psyarxiv.com/8xzqy/
https://github.com/crazyhottommy/getting-started-with-genomics-tools-and-resources


Learn by doing, enjoy!

https://divingintogeneticsandgenomics.rbind.io/post/my-opinionated-selection-of-books-for-bioinformatics-data-science-curriculum/

https://divingintogeneticsandgenomics.rbind.io/post/my-opinionated-selection-of-books-for-bioinformatics-data-science-curriculum/


What questions do you have?
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Reproducible computing using Rstudio:
A walk through
• Go to https://github.com/username
• Create a new repository

https://github.com/crazyhottommy


Create the new repository 
Check [] Initialize this repository with a README



Copy the link from “Clone with HTTPS”



Go back to your local computer, open 
terminal
• $ cd /Users/mtang/Dropbox (Partners HealthCare)
• $ mkdir github_repos; cd github_repos
• $ git clone https://github.com/crazyhottommy/STAT115_HW.git
• You should see STAT115_HW folder in the github_repos folder.
e.g.,

I put it in the Dropbox folder since we have unlimited space with Partner’s email, so it get backed up in dropbox as well!

https://github.com/crazyhottommy/STAT115_HW.git


Open Rstudio -- > File -- > New Project --> Existing Directory -- > Browse 
and select the STAT115_HW folder --> Create Project



In the Files tab, click New Folder and create 
data, results, scripts, src and docs folder

The results folder will contain all the results obtained from the script in the scripts folder.
src folder contains R function that you can source from the script in the scripts folder.
Docs folder contains any documentations/manuscripts. 



Edit the .gitignore file by clicking it
Ignore 
.DS_Store file on mac

I also ask git not to track
Files in the results/ and
data/ folder since they usually
contain big files and intermediate 
Files.

This how I do it, you do not have to follow.

Remember I have them backed
up in dropbox if I want them.

If you want to version control
Large files, check 
Git lfs https://git-lfs.github.com/

https://git-lfs.github.com/


Now, you can either go to 
File -- > New File -- > Rmarkdown

or download the homework Rmd file to the scripts folder.
Click Terminal tab, and use curl to download the Rmd file

Note, I renamed them by prefixing date so they are nicely sorted.

They will show up in the scripts folder

HW1.Rmd
HW2.Rmd
HW3.Rmd.   

These are sorted as well, but I personally like to add date so I have an idea when did I wrote the script.
Or better to use 0 to pad the file name if you have more than 10 files so they are sorted nicely.
01_HW.Rmd
02_HW.Rmd … 10_HW.Rmd

If you name
Them:



Now, click 2020-05-29_HW1.Rmd and start to 
work on it.

Click it

Show up here



Git version control

After you worked on the Rmd file and knitted to html, you want to push it to 
the github. You can either use the Rstudio built-in Git tab or use the 
Terminal:
• In Rstudio, click the Terminal tab:
• $ git add scripts/2020-05-29_HW1.Rmd 
• $ git commit -m “homework 1 done”
• $ git push

• More reading:
• Happy Git with R https://happygitwithr.com/

https://happygitwithr.com/


• 1. we created the github repo first à clone to local à set up Rstudio project.
• 2. if you have already created and worked on a local Rstudio project, you have to

do something else:
• $ cd STAT115_HW
• $ git init
• $ git add . 
• $ git commit –m “first commit”
• $ git remote add origin https://github.com/crazyhottommy/STAT115_HW.git
• $ git push -u origin master
• Reference:
• https://help.github.com/en/github/importing-your-projects-to-github/adding-an-

existing-project-to-github-using-the-command-line

https://github.com/crazyhottommy/STAT115_HW.git
https://help.github.com/en/github/importing-your-projects-to-github/adding-an-existing-project-to-github-using-the-command-line

