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Overview
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What Are Omics? 

Omics
Epigenome Epitranscriptome

Genome Transcriptome MetabolomeProteome

DNA RNA Nucleic AcidsProtein

Amino Acids

Carbohydrates

Lipids

Vitamins
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Why Is Studying Omics Important For Spaceflight? 

• What, when, and where genes are expressed 
allow for cell type diversity and enable living 
organisms to respond and adapt to surroundings

Primary Stressors of Spaceflight

• Gene expression is primarily regulated by 
environmental factors both micro (cell’s micro-
environment) and macro (organism’s external 
stimuli or stressors)

• Spaceflight alters the transcriptional patterns and 
molecular signaling networks within our cells, 
which in turn causes physiological changes

• Understanding such changes will enable 
development of mitigation strategies to better 
withstand the rigors of long-duration spaceflight
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Interpreting Omics Data
Raw Sequence Data

Processed RNA Sequence Data: Differential Gene Expression
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GeneLab Data Processing Pipelines

RNA Sequencing Data

Metagenomics Data

Build consensus data processing pipelines with the scientific community
Amplicon Sequencing Data

Single Cell RNA Sequencing Data
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Open Science Data Repository (https://osdr.nasa.gov/bio/repo/)

https://osdr.nasa.gov/bio/repo/
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GeneLab Data Processing GitHub Repo

https://github.com/nasa/
GeneLab_Data_Processing

https://github.com/nasa/GeneLab_Data_Processing
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GeneLab for Colleges and Universities 
(GL4U)

Overview
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GL4U Background / Objectives
Background:
• NASA's GeneLab project empowers researchers with open access to space-relevant multi-omics data through the Open 

Science Data Repository (OSDR)

• GeneLab for Colleges and Universities (GL4U) offers bioinformatics training for space biology to:

Ø Increase accessibility and interpretability of multi-omics Space Biology data

Ø Train a diverse next generation of Space Biology researchers

Ø Enhance awareness and understanding of Space Biology data

Objectives:
• Educate and train the next generation of scientists to process, analyze, and interpret space-relevant ‘omics data using 

publicly available data and bioinformatics tools 

• Maximize the number of scientists who understand and utilize NASA’s open-source ‘omics data and tools 

• Provide educators with the knowledge and resources required to train and inspire their students using GeneLab 
bioinformatic analyses as an entree into Space Biology  

https://osdr.nasa.gov/bio/repo/
https://osdr.nasa.gov/bio/repo/
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GL4U Content Design
GL4U materials are organized into introduction and omics-specific modules

Introduction Module 
• Overview Lecture (NASA, SMD, BPS, OSDR, GeneLab) 
• Jupyter Lab Tutorial
• Unix Jupyter Notebook (hands-on training)
• R Jupyter Notebook (hands-on training)

The Intro Module serves as a pre-requisite for any omics-
specific module  

Omics-specific Modules (RNAseq, Amplicon Seq, etc.)
• Omics Data Lectures 

Ø Experimental design
Ø Sample preparation and quality control
Ø Data processing tools and visualizations
Ø Results analysis and interpretation 

• Hands-on data processing and analysis of an OSDR dataset via 
Jupyter Notebooks (JNs)

AmpSeq JN RNAseq JNUnix Intro JN R Intro JN
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GL4U Approach

GL4U Direct 
Approach

• Space biology-relevant training in bioinformatics 

• Uses direct (training students) and indirect (training educators) 
approaches

• The GL4U Introduction module and one omics-specific module is taught 
to students or educators during a 1-2 week-long bootcamp 

• Training focused on MSIs and HBCUs

• Compute resources are provided to all participants

Ø For indirect bootcamps: educators receive materials and training to 
enable them to run the bootcamp at their home institutions

• All GL4U modules are made publicly available on GitHub 
(https://github.com/nasa/GeneLab-Training/tree/main/GL4U) and virtual 
bootcamps are recorded to enable independent learning

MSI/HBCU
Students

GL4U Indirect 
Approach

GL4U RNAseq Certification

GL4U Introduction Module
Pre-Intro Module Survey
Intro Lectures
Intro JNs
Post-Intro Module Survey

GL4U RNAseq Module
Pre-RNAseq Module Survey
RNAseq Lectures
RNAseq JNs
Post-RNAseq Module Survey

• Pre- and post- bootcamp surveys used to assess participant 
knowledge before and after training and to collect feedback

• GL4U certification offered for completing the GL4U Introduction 
module and one omics-specific module 

Ø GL4U RNAseq certification shown as an example

MSI/HBCU Educators

https://github.com/nasa/GeneLab-Training/tree/main/GL4U
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GL4U RNAseq 
Bootcamps



GL4U RNAseq Student / Educator Bootcamps

• Virtual 1-week long 
bootcamp with 17 SJSU 
students 

• Compute resources: 
SJSU HPC

• Bootcamp covered GL4U 
Introduction and RNA 
Sequencing (RNAseq) 
modules

GL4U: RNAseq Bootcamp with SJSU, 06/2021

Strongly
Disagree

Strongly
Agree

Average Response:

• Virtual 9-day long bootcamp with 
6 professors and 4 graduate 
students from 4 HBCUs/MSIs:
Ø CalState Northridge
Ø Alabama A&M
Ø New Mexico State University
Ø CalPoly Pomona

• Compute resources:
NASA NCCS SMCE

• Bootcamp covered GL4U 
Introduction and RNAseq 
modules

GL4U: RNAseq Bootcamp with MSIs/HBCUs, 06/2022

Strongly
Disagree

Strongly
Agree

Average Response:

Educator survey results 

Student survey results 
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Student / Educator Feedback
GL4U: RNAseq Student Bootcamp with SJSU, 06/2021

“The bootcamp was very informative and lectures were very well structured. … 
Overall, the bootcamp experience was amazing, loved the fact that we had guest 
speakers as well. Thank you so much, especially to Amanda and Lauren for being so 
helpful and patient in explaining difficult concepts.” 

“This was such a great experience, I 
learned lots of new information and I 
can't wait to explore more into Unix 
and R and their functionalities!”

“I found the Bootcamp extremely well 
organized and its content very thorough.”

“The bootcamp was great. …the JNs 
helped reinforce the learning from the 
lectures. ...I will definitely save the 
RNAseq lecture material to study in 
the future because it is bursting with 
great information.”

“Considering the amount of content they had to teach us in a week, I thought the 
speakers did an amazing job. … This is an experience I would recommend to 
anyone who is willing to put the time and effort into learning about RNA sequencing.”

GL4U: RNAseq Educator Bootcamp 
with MSIs/HBCUs, 06/2022

“The camp was exceptionally well structured has gone over content a lot better 
than other courses I have participated in. The ability to run the code and 
understand it is much more valuable than plug and play GUI environments…” 

“I thought this was really great. One issue 
I struggle with is developing material to 
teach bioinformatics to my students. The 
material provided here is fantastic and 
will greatly improve how I teach 
bioinformatics and the scope of what 
I'll be able to teach...”

“It was super informative and the 
instructors were extremely patient and 
passionate.”

“Thank you! The content and 
delivery was easy to understand. 
The instructors are knowledgeable 
and were considerate of the 
differences in people's expertise… I 
felt very comfortable with the 
material, I think it was the right 
amount of information for college-
level students. …”

“This was an amazing workshop and the absolute best bioinformatics 
bootcamp that I've ever participated in. The material was easy to follow and the 
instructors did a fantastic job facilitating the discussions and providing thorough 
answers. … I look forward to developing ways to implement the things learned 
for the benefit of students that I teach.”



Educators Teach GL4U At Home Institution
CPP-GL4U RNAseq Independent Study 

Course, Fall 2023

Strongly
Disagree

Strongly
Agree

Average Response:

• Dr. Lin taught GL4U RNAseq 
content for 11 junior & senior 
CalPoly Pomona (CPP) 
undergraduate students

• Compute resources:
NASA NCCS SMCE

Dr. Wei-Jen Lin 
Professor, Dept. of 
Biological Sciences 
California State Polytechnic 
University, Pomona

CPP student survey results 

CPP-GL4U RNAseq Independent Study Course Feedback

“The course has been extremely well supported by Amanda and the GeneLab/SMCE 
team. Amanda responded to my questions and requests promptly and passionately. 
Students really enjoyed learning the materials and the aspiration from NASA Biology 
and the guest talks. Many students told me that this course is the best course 
they have had. … one student in this course just got accepted to a spring 
internship at JPL...  Overall, the CPP-GL4U workshop has turned out well 
beyond my expectation.”

“Thanks a lot. I can only imagine how complex it must have been to compile this 
knowledge into a bootcamp and try to make it as clear as possible for us students to 
learn from and it was a clear success. I understand it nicely so thank you again.”

“While there was quite a bit of information, I believe the structure and pace of the 
course was reasonable. …I appreciate this opportunity and am quite happy I took it 
because I feel significantly more confident about pursuing a field related to 
bioinformatics as well as more comfortable with the idea of continuing to 
learn some basic coding to complement my biology background.”

From the Students

From the Educator



Students Generate New Knowledge Using GL4U On SMCE
To date, 3 students have used the knowledge gained from the GL4U: RNAseq Bootcamp and the modified 
RNAseq DGE JN on SMCE for their student projects

Ø Each student was able to generate new knowledge about the effects of spaceflight on terrestrial biology 
while gaining a valuable skillset

CPP Student, Romar Rivera Presents His Findings
2023 College of Science Symposium
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GL4U Amplicon Seq 
Bootcamp
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GL4U AmpSeq Student Bootcamp

• In-person 4-day bootcamp 
with 24 CSULA students 

• Compute resources: NSF 
ACCESS

• Bootcamp covered GL4U 
Introduction and Amplicon 
Sequencing (AmpSeq) 
modules

GL4U: AmpSeq Bootcamp at CSULA, 07/2023

Strongly
Disagree

Strongly
Agree

Average Response:

20
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Student Feedback
GL4U: AmpSeq Bootcamp at CSULA, 07/2023

“Very informative and well 
structured. Going to use this 
as a reference when practicing 
amplicon sequencing to 
become more familiar with it.”

“This bootcamp was very 
informative, opened up my 
eyes more to bioinformatics, 
and is inspiring me to 
pursue a career in this field.”

“…I personally learned a lot. I 
really now know where to 
begin in order to get myself 
even deeper into this area.”

“Mike and Amanda were great speakers and teachers this week! They made 
the information very easy to understand and made it interesting as well. 
…Overall it is an awesome bootcamp, and I can definitely see myself using 
this skill I learned throughout my Masters and future PhD!”

“I'm so glad I took this bootcamp, it was 
very supportive and very encouraging. 
…this bootcamp was really able to 
demystified concepts and gave me 
the resources to soon become more 
confident in this field of science.”

“Before the bootcamp, I had no idea that space biology was a thing and 
I'm really excited to learn and explore more!”

JPL Engineer, 
Lisa Guan, 
discussing 
Planetary 
Protection.

Instructor Dr. Mike Lee 
teaching Amplicon 
Sequencing Analysis.
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Accessing GL4U: AmpSeq Content
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Accessing GL4U: AmpSeq Content
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Accessing GL4U: AmpSeq Content
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Accessing GL4U: AmpSeq Content
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Questions?

Sign up for the GL4U mailing list 

Ø Stay up-to-date on future GL4U events / bootcamps:
Send and e-mail to GL4U-join@lists.nasa.gov 
with the Subject: subscribe

https://github.com/nasa/GeneLab-
Training/tree/main/GL4U

mailto:GL4U-join@lists.nasa.gov
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Extra Slides



Teaching GL4U Content At Home: Educator Feedback
CPP-GL4U RNAseq Independent Study Course, Fall 2023

• Dr. Lin taught GL4U RNAseq content as a semester-long independent study course for 11 junior & senior 
CPP undergraduate students

• Compute resources: NASA NCCS SMCE
• Dr. Lin completed the survey questions below to provide feedback about her experience teaching the 

GL4U RNAseq bootcamp content (Intro and RNAseq modules) at her home institution
Dr. Wei-Jen Lin 

Professor, Dept. of Biological Sciences 
California State Polytechnic University, Pomona

Strongly
Disagree

Strongly
Agree


