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Learning Objectives

e Understand the impact of creating reproducible research
e Examine challenges of creating reproducible research data
e Discuss foundational data management practices

e Review available tools that facilitate reproducible research data



Defining Reproducibility

My data analysis is showing a pattern that is very \ H,.,
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Source: Candace Savonen, et al. (2021). Intro to Reproducibility in Cancer Informatics: Defining reproducibility. Informatics Training Network
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Research process as a hierarchy

Replicability

new researcher, new data

Repeatability

same researcher, same data

Source: Candace Savonen, et al. (2021). Intro to Reproducibility in Cancer Informatics: Defining reproducibility. Informatics Training Network
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So, what’s the issue?

Here, Avi, this code runs
well on my computer, let
me email it to you!

So exciting!
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Reproducibility in daily life
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Reproducibility in daily life
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Reproducibility in daily life
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Reproducibility is worth the effort!

‘7 . i Ruby’s code - made reproducibly
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Source: Candace Savonen, et al. (2021). Intro to Reproducibility in Cancer Informatics: Defining reproducibility. Informatics Training Network
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So, why not put in the effort?
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You can't have any sort of
reproducibility without good data
and project management.



Research Data Management
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Research Data Lifecycle by LMA RDMWG
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Data Through the Research Lifecycle

Data examples created throughout the research data lifecycle

Raw Data

Are final data available for validation,
reproduction or reuse?

Publish Instrument output; raw

& Reuse

microscopy images

iz Final Data ,
Share & S k  Collect What about experimental methods
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Research Data Lifecycle by LMA RDMWG: CC BY-NC processed images; calculated values
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Data Management Practices for Reproducibility
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Organization Documentation Automation Dissemination
e Directory structure e README File e Scripts for workflows e Shareinrepository
e Filenaming e Data Dictionary e Computingenvironment e  Get DOI for citation
e \Version control e Metadata e Dependencies e License and terms of

use language



Organization: What to avoid
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Source: Candace Savonen, et al. (2021). Intro to Reproducibility in Cancer Informatics: Organizing your project. Informatics Training Network
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Organization: Better practice

| read my README to get me back up to speed with b
this project. Now | know that | can run a single
command to call run_analysis.sh to re-run my analysis. D README.md

cleaned-data
ﬁ figures
source-code
D run_analysis.sh

D 01-clean-data.R

dlddAddaAI

Sasasaa D 02-create-plot.R
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Image created by Candace Savonen using Avataars.

Source: Candace Savonen, et al. (2021). Intro to Reproducibility in Cancer Informatics: Organizing your project. Informatics Training Network
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Organization: Tips and tricks

e Make file names informative - avoid using spaces, quotes, or unusual characters

e Keep like-files together in their own directory - keep raw data separate from
processed data or other results!

e Number scripts in the order that they are run
e Putsource scripts and functions in their own directory
e Putoutputinits own directories like results and plots

e Have a central document (like a README) that describes the basic information
about the project and analysis (see: documentation)

e Make a central script that re-runs everything (see: automation)



Documentation: Good practice

| had no idea where to start with this analysis that

Ruby sent me to review, but then | saw she included a E] b
README and that saved me so much time and effort

in getting started! h d
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Source: Candace Savonen, et al. (2021). Intro to Reproducibility in Cancer Informatics: Documenting analyses. Informatics Training Network
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Documentation: Good practice

Working from this notebook allows me to
interactively develop on my data analysis and
write down my thoughts about the process

all in one place!

Annotated Heatmap

Ruby the

Researcher

Image created by Candace Savonen using Avataars.

Source: Candace Savonen, et al. (2021). Intro to Reproducibility in Cancer Informatics: Documenting analyses. Informatics Training Network
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Documentation: Useful tools

| AUTHOR_DATASET_ReadmeTemplate - Notepad

File Edit Format View Help
This DATSETNAMEreadme.txt file was generated on [YYYYMMDD] by [Name]| -

1. Title of pataset
2. Author Information
principal Investigator cContact Information
Name:
Institution:

Address:
Email:

L

Assoc1ate or Co- investigator Contact Information
Ins(1tut1on

Address:
Email:

3. pate of data collection (single date, range, approximate date) <suggested format YYYYMMDD>

4. Geographic location of data collection (where was data collected?):

5. Information about funding sources that supported the collection of the data:

DATA & FILE OVERVIEW

1. F1'Ie List
Filename:
short description:

B. File
short descmp(mn

C. Filenam
short descr1pt1on

2. Relationship between files:

w

. Additional related data collected that was not included in the current data package:

=

. Are there multiple versions of the dataset? yes/no
1f yes, list versions:
Name of file that was updated
g the file. updated?
i1, when s the Fﬂe updated"
Name of file that was ug
i. why was the fi'le updated?
ii. when was the file updated?

< I »

B3 2l £~ Addins ~
Jnotebooks.Rmd ¥ @] Rmd x| @] Rmdx | Dar» =
52 | & 95 Q| 2 Preview ~ 5 N
63
64~ ## Residuals
65

66 To motivate the use of models we're going to start with an
interesting pattern from the NYC flights dataset -- the
number of flights per day.

68x == {r) z
69 library(nycflightsi3)

70 library(lubridate)

71 libraryCdplyr)

73 daily <- flights %%
74 mutate(date = make_datetime(year, month, day)) %>%
75  group_by(date) %%
76 summarise(n = n())

78 ggplot(daily, aes(date, n)) +
79 geom_line()

80
1000~
900~
800~
700~
Dec2012  Mar2013  Jun2013  Sep2013  Dec201:
date
81
7322 | @ Chunk3 * R Markdown *
Console 20

RStudio

&l Project: (None) ~

Environment  History a0

Files Plots Packages Help Viewer =
CAUR AR5

Residuals

To motivate the use of models we're going to start with an interesting
pattern from the NYC flights dataset — the number of flights per day.

Hide

library(nycflights13)
library(lubridate)
library(dplyr)
daily <- flights %>%
mutate(date = make_datetime(year, month, day)) %>%
group_by(date) #>%
summarise(n = n())
ggplot(daily, aes(date, n)) +
geom_line()

1000+
900~
800~

700~

Dec 2012 Mar 2013 Jun 20 Sep 2013 Dec 2013

date

Understand this pattern is challenging because there’s a very strong
day-of-week effect that dominates the subtler patterns:

README File Example Template:

http://data.research.cornell.edu/content/readme

R Markdown: The Definitive Guide:
https://bookdown.org/vihui/rmarkdown



http://data.research.cornell.edu/content/readme
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Automation: What to avoid

Ruby’s local computing environment Avi’s local computing environment

( 2.1.0 \ / \
e A

Studio Studio"\

L ] [ ]

Created by Candace Savonen

Source: Candace Savonen, et al. (2021). Intro to Reproducibility in Cancer Informatics: Managing package versions. Informatics Training Network
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Automation: Good practice

Ruby’s computing environment

Avithe
Associate

Ruby the
Researcher

Slide from the CCDL adapted by Candace Savonen

Source: Candace Savonen, et al. (2021). Intro to Reproducibility in Cancer Informatics: Managing package versions. Informatics Training Network
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Automation: Tips and tricks

Create a script that can execute all of the

_ . | -- tomato_project
various subcomponents of the entire workflow.

| | -- data_raw
This simple example has three steps that can

. | | | -- raw_yield data.csv
be performed automatically:

| | | -- README.txt
1. clean_data.R to generate the cleaned

data table

o | | | -- analysis.R
2. analysis.R to perform the statistical test
| | | -- clean_data.R

3. runall.sh saved inthe src directory to

. | | | -- runall.sh
run the entire workflow process



https://runall.sh

Dissemination: Good practice

Ruby this analysis is great! | have a question about one of the pieces in your methods, but
would also plan on using this with my own research!

Your feedback and input will make this analysis
even more robust! I'm excited for us to collaborate!
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Slide from the CCDL adapted by Candace Savonen

our project open source with GitHub. Informatics Training Network

Source: Candace Savonen, et al. (2021). Intro to Reproducibility in Cancer Informatics: Makin


https://jhudatascience.org/Reproducibility_in_Cancer_Informatics/making-your-project-open-source-with-github.html

Dissemination: Better practice
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lllustration based on: Candace Savonen, et al. (2021). Intro to Reproducibility in Cancer Informatics: Making vour project open source with GitHub. Informatics Training Network
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Rethinking Data Sharing Practices
O«

Availability of data and materials

Code repositories
The data underlying this article will be shared on reasonable request to the corresponding

author. T See supplemental Data

,\ materials. I\ Repositories *
= /M

ore
desirable

Less
desirable

Commercial data products

L mx 22 Dropbox

www.mywebsite.edu/my-data/this_project

* Keep in mind the differences between disciplinary, federal/public, generalist, and institutional repositories



Dissemination: Useful tools

Disciplinary General Software Methods
HARVARD GitHub @ protocols.io
Dataverse

m V GItLab  natureprotocols

%ﬁf NH‘“ """""" f|g5hare o Bitbucket bio-protocol cne

Gene Expression Omnibus

National Institute .---
of Mental Health



Putting it all together!

Reproducibility Spectrum
Publication +

Publication . Full
Linked and i
only Code replication
Code executable
and data
code and data

Not reproducible B 34 Gold standard

Source: IPeng, Roger D. 2011. “Reproducible Research in Computational Science.” Science 334 (6060): 1226-1227. https://doi.org/10.1126/science.1213847



https://doi.org/10.1126/science.1213847

[t takes some effort to organize your research
to be reproducible...the principal beneficiary is
generally the author themself.

— Jon Claerbout
Making Scientific Contributions Reproducible



Why Reproducibility? Think Selfishly!

Article Open access Published: 26 June 2024

Metabotropic signaling within somatostatin

interneurons controls transient thalamocortical
inputs during development

Deepanjali Dwivedi, Dimit

Qing Xu, Samuel A. Liebn

Pouchelon ™

Nature Communications

109. Dwivedi, D. et al. Metabotropic signaling within somatostatin interneurons

controls transient thalamocortical inputs during development. Zenodo

https://doi.org/10.5281/zenodo.11074523 (2024).

Data availability

All histology and electrophysiology data generated in this study are provided in the
Supplementary Information/Source Data files. Publicly available scRNAseq
datasets for P2 and P10 cINs utilized in this study are available on Gene Expression
Omnibus (GEO) under accession numbers GSE165233 and GSE104156, respectively.

The data generated for Motion Sequencing have been deposited in the Zenodo

repository https://doi.org/10.5281/zenodo.11074522. Source data are provided with

this paper.

Code availability

The Seurat package, which was used for the integration of public developmental
datasets and differential gene expression, is open-source and freely available on
GitHub (https:/github.com/satijalab/seurat) and CRAN. Codes used to analyze the

Motion Sequencing data presented in this manuscript are available on GitHub
(https://github.com/Pouchelon-Lab/metabotropic signaling) and provided with
the data on Zenodo repository https://doi.org/10.5281/zenod0.11074522.

1 Y

Metabotropic signaling within somatostatin interneurons controls transient
thalamocortical inputs during development

Example: Dwivedi, D., Dumontier, D., Sherer, M. et al.
Metabotropic signaling within somatostatin
interneurons controls transient thalamocortical inputs
during development. Nat Commun 15, 5421 (2024).
https://doi.org/10.1038/s41467-024-49732-w
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Open Researcher and Contributor ID

e ORCID: Provides a persistent digital identifier that distinguishes you from every other
researcher and supports automated linkages between you and your professional
activities ensuring that your work is recognized

e URI with a 16-digit number that is compatible with the ISO Standard (ISO 27729) or
International Standard Name Identifier (ISNI), e.g. https://orcid.org/0000-0001-2345-6789

LMN 278

psistant  Marriage Professor Professor Migration Professor ~ Retired
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:?000 1357 -2468-0000

https://orcid.org
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Image Source: Taron Egerton & Richard Madden on “Carpool Karaoke” Season 2, Episode 18, March 21, 2019
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