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«e  Why Is Studying Omics Important For Spaceflight?

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

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

stimuli or stressors) @
Disruption

« Spaceflight alters the transcriptional patterns and

molecular signaling networks within our cells,
which in turn causes physiological changes

« Understanding such changes will enable "Osm.['EJ,};Losﬁ“
development of mitigation strategies to better NVIRONMEN'
withstand the rigors of long-duration spaceflight
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Gl Interpreting Omics Data

Raw Sequence Data

@A0E654: 12 HFYSYDSXX 11:1101:2121:1000 CTCGCG 1N O NGGAGAGT+TCCTACCT

GATATCAGTGATATTTAGAAACCACATAGTAAGCTAACALCTAATAATGGAATGGTTTTAATATCCTGTGACAAGTTAATGTGGATACTATGCGGTCTTCCTTARAATGCTGTATGGTACTGTCCTCACCTCTTCTTTGTGCTGCTGTA
FFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFF : FFFFF : FF : FFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFF
@40O654: 12 HFYSYDSXX:1:1101: 5466:1000_CCTCCCTCG 1:N:@:NGGAGAGT+TCCTACCT
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TGTCA

+
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Processed RNA Sequence Data: Differential Gene Expression

SYMBOL GENENAME Group.Mean_(FLT) Group.M GC) Log2fc_(FLT)v(GC) P.value_(FLT)v(GC) Adj.p.value_(FLT)v(GC)
Timm17a translocase of inner mitochondrial membrane 17a 3.91 15.11 -2.67 0.00 0.00
NA NA 166.47 108.32 0.63 0.00 0.00
NA NA 325.78 171.64 0.93 0.00 0.00
Dnajc7 Dnal heat shock protein family (Hsp40) member C7 22.31 42.16 -0.95 0.00 0.00
Slc15a4  solute carrier family 15, member 4 2.75 9.38 -2.32 0.00 0.00
Ckap5 cytoskeleton associated protein 5 18.24 46.64 -1.39 0.00 0.00
NA NA 104.49 67.33 0.64 0.00 0.00
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Raw Data QC
(FastQC ->
multiQC)

GenelLab Data Processing Pipelines

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

Create STAR Create BED file Create RSEM
Genome Index || (gtfToGenePred) || Genome Index
(STAR) (genePredToBed) (RSEM)

Trim/Filter _» Align Evaluate -> C?unt Create Raw _’ Normalize -» DGE

Raw Data Reads Strandedness Aligned Counts Table Counts (DESeq2)
(TrimGalore!) (STAR) (RSeQC - Reads (tximport) (DESeq2) q

* * Infer Exp) (RSEM)

Trimmed Data Aligned Data * *
QC (FastQC -> QC (multiQC Infer Exp Data RSEM Data

multiQC) of Logs) QC (multiQC) QC (multiQC)

Metagenomics Data

Raw data - ; Filtered data ) (Read-based
fastqe 7 WAy TEETIAM T rastac *(Srocenana)
« fastqc/multiqe - « fastqe/multiqe

Functional
annotation

* KOFamScan

Binning

of contigs

* MetaBat2

!

Quality

assessment

« checkm

Taxonomic
classification

R

Gene

« prodigal

N/

Generate coverage
information (mapping)

* bowtie2

Taxonomy
assignment

« GTDB-tk

« humann3 (function)
« metaphlan3 (taxonomy)

Outputs:
 UniProt gene families
* MetaCyc pathways
* KEGG KO summaries

2NE Assembly-based
—— pracicion ¢ Assembly ¢—("Sgerl feced
* Megahit

Outputs:
» Assemblies (fastas)
» Genes (amino acid/nucleotide fastas, gff)
« Contig-level coverage and taxonomy
« Gene-level functional annotation, coverage, and taxonomy
* KEGG KO all-sample combined table with coverages
» Combined all-sample taxonomy table with coverages
« High-quality Metagenome-Assembled Genomes (MAGs, fasta)

Amplicon Sequencing Data

Raw data : Primer s Quality : Filtered data
fastQC removal filter/trim fastQC
fastqc/multiqe cutadapt ® dada2 A bbduk fastqc/multiqc

All
@ lllumina data

A

Generate
A 454/lon-Torrent data Resolve
ASVs OTUs
@ dada2 Y A vsearch
Primary outputs: n
* Recovered ASV/OTU sequences (fasta) ASSIgn
+ Counts of sequences per sample
» Taxonomic classifications of sequences taxonomy
DECIPHER

« SILVA DB for 16S
« UNITE DB for ITS

Single Cell RNA Sequencing Data

Create STAR
Genome Index
(STAR)
<) == e
Raw GEEERE . »| Expression Used for .
Reads (STARsolo) znatrix @ Downstream Analysis
(Coming Soon)
I -Velocyto
Raw Data QC Aligned Data
(FastQC -> QC (multiQC
multiQC) of Logs)




General Search Filters

Data Source

Genelab
ALSDA

[J NIH GEO

[] EBI PRIDE

[] ANL MG-RAST

Data Type

Study
] Experiment
[C] Subject
[] Biospecimen
[[] Payload

Show more v

Study Search Filters

Project Type
[] Ground

[[] Spaceflight
[[] High Altitude

Assay Type

[[] Amplicon Sequencing Assay
[] Bisulfite Sequencing

[] ChIP-Seq

[[] Behavior (Gait)

[[] Gel Electrophoresis

Show more v

Organism

Open Science for Life in Space Home About +

Open Science Data Repository Search

Search Datasets Q

&

Study
0OSD-385

9

Study

0OSD-580

9

Study

0OSD-576

@

0OSD-524

Data & Tools + Working Groups +

Help +

Sort By:  Release Date v

Items per page: 25 v 1-250f 435 > > l

Persistence of Escherichia coli in the microbiomes of red Romaine lettuce (Lactuca sativa cv. ‘Outredgeous’)- does seed sanitization matter?

Organisms Factors Assay Types
Treatment

Microbiota Seed Sanitization Amplicon Sequencing
Tissue

Highlights: cgene

Transcriptional profiling of heart tissue from mice flown on the RRRM-2 mission

Organisms Factors Assay Types
Spaceflight
Mus musculus Age transcription profiling

Euthanasia Location

Highlights: cgene

Release Date

19-Apr-2024

Release Date

03-Jan-2024

Transcriptional profiling of tibialis anterior muscle from mice flown on the RR-23 mission

Organisms Factors Assay Types

Mus musculus Spaceflight transcription profiling

Highlights: cgene

Release Date

12-Dec-2023

lonizing radiation induces transgenerational effects of DNA methylation in zebrafish

Organisms Factors Assay Types

lonizing Radiation

Danio rerio .
Generation

DNA methylation profiling

Release Date

31-Aug-2023

Description

Seed sanitization via chemical processes removes/reduces microbes from the external surfaces
of the seed and thereby could have an impact on the plants,health or productivity. To determine
the impact ...

Description

In the Rodent Research Reference Mission (RRRM-2), forty female C57BL/6NTac mice were flown
on the International Space Station. To assess differences in outcomes due to age, twenty 12
week-old and twe...

Description

The objective of the Rodent Research-23 mission (RR-23) was to better understand the effects of
spaceflight on the eyes, specifically on the structure and function of the arteries, veins, and
lymphati...

Description

lonizing radiation is known to cause DNA damage, yet the mechanisms underlying potential
transgenerational effects of exposure have been scarcely studied. Previously, we observed effects
in offspring ...


https://osdr.nasa.gov/bio/repo/

ey

Gl GenelLab Data Processing GitHub Repo

Q Search or jump to... / Pull requests Issues Marketplace Explore
& nasa/GeneLab_Data_Processing ' Public <% EditPins + @
‘= README.md Y

GneLab Open Science for Life in Space https://github.com/nasa/
B, A Genelab_Data_Processing

GenelLab_Data_Processing

About

The NASA GenelLab Data Processing team and Analysis Working Group members have created standard pipelines
for processing omics data from spaceflight and space-relevant experiments. This repository contains the
processing pipelines that have been standardized to date for the assay types indicated below. Each subdirectory in
this repository holds current and previous pipeline versions for the respective assay type, including detailed
descriptions and processing instructions as well as the exact processing commands used to generate processed
data for datasets hosted in the GenelLab Data Repository.

Assay Types

Click on an assay type below for data processing information.

* Create GenelLab Reference Annotations

* Amplicon Sequencing
o [llumina

o 454 and lon-Torrent

e Metagenomics
o Removing human reads

o [llumina
¢ (bulk) RNAseq
« single cell RNAseq 9


https://github.com/nasa/GeneLab_Data_Processing

Genelab for Colleges and Universities
(GLAU)
Overview



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:
> Increase accessibility and interpretability of multi-omics Space Biology data
» Train a diverse next generation of Space Biology researchers

» 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 GenelLab
bioinformatic analyses as an entree into Space Biology

11
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GL4U Content Design

GL4U materials are organized into introduction and omics-specific modules
Omics-specific Modules (RNAseq, Amplicon Seq, etc.)

Introduction Module

* Overview Lecture (NASA, SMD, BPS, OSDR, GenelLab)

* 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

Unix Intro JN

5. Running commands

Using the foundational rules described above, we will begin running some commands.

date

date is a command that prints out the date and time. This particular command doesn't require any arguments:

date
Sat Jul 8 22:40:55 PDT 2023

When we run date with no arguments, it uses some default settings, like assuming we want to know the time

in our computer's currently set time zone. But we can provide optional arguments to date .

Optional arguments most often require putting a dash in front of them in order for the program to interpret them
properly.

Here, we are adding the -u argument to tell the date program to report UTC time instead of the local time —
which will be the same if the computer we're using happens to be set to UTC time:

date -u
Sun Jul 9 05:41:28 UTC 2023

Note that if we try to run the command above without the dash, we get an error (ignore the message that prints
out highlighted in red, we wouldn't normally see that outside of a notebook):

date u

date: invalid date ‘u

Note
Notice that the error above comes from the program date . So the program we wanted to use is actually
responding to us, but it doesn't seem to know what to do with the letter u we gave it. And this is because it

wasn't prefixed with a dash, like —u .

Let's see what happens if we try to enter this without the "space” separating date and the optional argument
~u,, the computer won't know how to break apart the command and we get a different error (again, ignoring
the red output):

date-u

date-u:_command not found

R Intro JN

1d. Data frame manipulations

Much of the data we work with in bioinformatics is in the data frame or matrix format. For example, gene
expression data is usually held in matrix format, with samples as columns and genes as rows, where each entry
(or cell) in the matrix contains the expression of a particular gene in a particular sample.

When analyzing numerical data in table format, it can be useful to be able to perform mathematical functions on
all cells in a data frame, such as adding a value to all cells or taking the log of all cells. Fortunately, R makes that
easy for us to do.

Below are some examples of common mathematical manipulations we often perform on data frames in

bioinformatics.

Add a value to all cells

In R, you can add, subtract, multiply, or divide the number in every cell of a data frame by a specific value very
easily. Run the command in the next cell to add 1 to every value in your myDF data frame.

myDF + 1
A data.frame: 10 x 3
column1 column2 column3

<dbl>  <dbl>  <dbl>

row1 2 3 4
row2 5 6 7
row3 8 9 10
rowd n 12 13
rows 14 15 6
rows 7 18 19
row? 20 21 22
rows 23 24 25
row9 26 27 28
row10 1 1 1

Use the next cell to subtract 2 from all values in your myDF data frame.

myDF - 2

Omics Data Lectures
» Experimental design

» Sample preparation and quality control
» Data processing tools and visualizations

» Results analysis and interpretation

Hands-on data processing and analysis of an OSDR dataset via

Jupyter Notebooks (JNs)
AmpSeq JN

Note
It's worth noting again that these are not interpretable as "real" numbers of anything (due to the nature of
sequencing data), but they can still be useful as relative metrics of comparison within a study.

As a reminder:

« the left, "Chao1", is an estimate of total richness (total number of unique "things")
« the right, Shannon, is a metric of diversity - which incorporates “richness" and "evenness" (the relative
proportions of all our unique things to each other)

Looking at the plots above:

1. Do you notice any immediate differences between the flight and ground-control groups?
» Some thoughts

We can also modify the parameters of the plot_richness() phyloseq function to group samples based on
our treatment groups, which can be helpful sometimes:

plot_richness(ASV_physeq, x = "treatment”, color = “treatment", measures = c("Chaol", “Shannon"
scale_color_manual(values = unigue(sample_info_tabscolor)) +
theme_bw() + theme(legend.title = element_blank(), text = element_text(size = 18),
axis.text.x = element_text(angle = 90, vjust = 0.5, hjust = 1))
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RNAseq JN

4c. Volcano Plot

Finally, let's make a volcano plot to identify a few interesting genes. A volcano plot is a scatterplot which shows
the relationship of the adjusted p-value to the log2 fold change. Genes with large fold changes that are also
statistically significant by adjusted p-value are labeled.

First, we'll use the default settings from the EnhancedVolcano () function: log2 Fold Change cutoff > [2], and
the adjusted p-value cutoff is < 10e-6.

Note: You can read more about the EnhancedVolcano() function and see some examples by

clicking here

# Volcano plot showing genes differentially expressed in FLT vs GC
Enhancedvolcano (DGE_output_table,

lab = DGE_output_table$SYMBOL,
x = 'Log2fc_(FLT)v(GC) ',

y = 'Adj.p.value_(FLT)v(GC)',
title = 'FLT ver

legendLabels=c('NS', 'Log2FC’,'Adj. p-value',

"Adj. p-value & Log2FC'),

BCutoff = 10e-6,

FCcutoff = 2,

pointsize = 3.0,

labSize = 6.0,

colAlpha=0.5)

## save your volcano plot
ggsave(£ile.path(DGE_plots, 'GLDS-104_volcano_DGE.png'), width = 6.5, height = 8.5, dpi = 300)

FLT versus GC
EnhancedVolcano
NS © Log2fC © Adj. p-value ® Adj. p-value & Logz

100 i+
Gmg532
75
o Uner b1
g 50 miﬂ:‘
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25
Krt17
0
20 -10 0 10 20

Log, fold change




GL4U Approach

GL4U Direct
Approach

MSI/HBCU
Students

Space biology-relevant training in bioinformatics

Uses direct (training students) and indirect (training educators) GL4U Indirect
approaches Approach

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 MSls and HBCUs MSI/H BCU Educators
Compute resources are provided to all participants ’ 1 \
» 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/GenelLab-Training/tree/main/GL4U) and virtual elotate
bootcamps are recorded to enable independent learning i‘ iii

GL4U RNAseq Certification «  Pre- and post- bootcamp surveys used to assess participant

GL4U Introduction Module

Pre-Intro Module Survey
Intro Lectures

Intro JNs

Post-Intro Module Survey

=5

knowledge before and after training and to collect feedback
GL4U RNAseq Module

Pre-RNAseq Module Survey » GLA4U certification offered for completing the GL4U Introduction
RNAseq Lectures module and one omics-specific module

RNAseq JNs o
Post-RNAseq Module Survey » GL4U RNAseq certification shown as an example

13
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GL4AU RNAseq
Bootcamps



GL4U: RNAseq Bootcamp with SJSU, 06/2021

AN L R
- N i 4 S bootcamp with 17 SJSU
kAl
- o
BE. . .. .. « Compute resources:
m E mm - Bootcamp covered GL4U
- M - Introduction and RNA
i ﬁ Sequencing (RNAseq)
o g , modules

Student survey results

/ y

Basic_Coding

RNAseq_Knowledge

RNAseq_Data_Processing

SpaceBio_Knowledge

Bioinformatics_SpaceBio
Career_Aspirations

FNH

Average Response: 1 1.5 2 2.5 3 3.5 4 45 5
Strongly _ ~ Strongly
Disagree H Pre-Bootcamp  m Post-Bootcamp Agree

* Virtual 9-day Iong bootcamp with
6 professors and 4 graduate
] students from 4 HBCUs/MSis:

: ;;" 5 ]
AL CalState Northrid
Dr. Tyesha Farmer Dr. Elba Serrano Dr. Keneshia Johnson > a tate O rt rl ge
Assistant Professor of Genetics Regents Professor of Biology Assistant Professor of Chemistry > AI a b a m a A& M

Alabama A&M University New Mexica State University Alabama A&M University
> New Mexico State University

Q » CalPoly Pomona
» Compute resources:
Dr. Riachel M;ckelprang B Dr. Wei-JenLin Dr. Jason Ear NASA N CCS S M C E

Professor of Microbiology Professor, Dept. of Biological Sciences  Ast. Professor, Dept. of Biological Sciences

California State University, Northridge California State Polytechnic University  California State Polytechnic University ° Bootca m p cove red G L4 U

Introduction and RNAseq
modules

r. Joel Steele Chiefe Mo Suzi Arzoumanyan
Fulbright Futus holar, Master’s Student, Biology Teaching Associate, Biology udent,
Proteomics California State Polytechnic California State University, California State Polytechnic
Monash University University Northridge University
Basic_Coding

RNAseq_Knowledge

RNAseq_Data_Processing

Plan_To_Incorporate -
Content_Into_Coursework
Bioinformatics_SpaceBio

Teaching_Preparedness IENEGGEEEEE—

Average Response: 1 1.5 2 2.5 3 3.5 4 4.5 5

Strongly
Disagree

Strongly

W Pre-Bootcamp M Post-Bootcamp Agree




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, |
learned lots of new information and |
can't wait to explore more into Unix

and R and their functionalities!” “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.”

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

“Considering the amount of content they had to teach us in a week, | thought the
speakers did an amazing job. ... This is an experience | 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 | 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
| struggle with is developing material to

“Thank you! The content and teach bioinformatics to my students. The
delivery was easy to understand. material provided here is fantastic and
The instructors are knowledgeable will greatly improve how | teach

and were considerate of the bioinformatics and the scope of what
differences in people's expertise... | I'll be able to teach...”

felt very comfortable with the
material, | think it was the right
amount of information for college-

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

“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. ... | look forward to developing ways to implement the things learned

for the benefit of students that | teach.” 16



Educators Teach GL4U At Home Institution

CPP-GL4U RNAseq Independent Study

Course, Fall 2023

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

» Compute resources:
o NASA NCCS SMCE

Dr. Wei-Jen Lin

Professor, Dept. of

Biological Sciences

California State Polytechnic

University, Pomona

CPP student survey results

Basic_Coding
RNAseq_Knowledge
RNAseq_Data_Processing

RNAseq_Data_Visualization
SpaceBio_Resource
Use/Knowledge

Bioinformatics_SpaceBio
Career_Aspirations

i

Average Response: 1 15 2 25 3 35 4 4.5 5

Strongly
Agree

Strongly

Di W Pre-Bootcamp  m Post-Bootcamp
isagree

CPP-GL4U RNAseq Independent Study Course Feedback

From the Educator

“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.”

From the Students

“Thanks a lot. | 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. | understand it nicely so thank you again.”

“While there was quite a bit of information, | believe the structure and pace of the
course was reasonable. ...l appreciate this opportunity and am quite happy | took it
because | 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.”



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

» 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

i % ‘ .,-” !‘ ’:
J Yot ‘

Decomposition of native and non-native annual plants

Fh

RNAseq Analys rom GLDS 289 Mission 1 to Investigate the Impact of
( ;cmpowpomm ¢ Expression of the Murine Thymus

Amanda K. Jennings', Brittney A. Sheets", and Erin J.
1 Biologiesl Scinoss Depar ot WOyt \, "California State Polytechnic University, Pomona, Department of ¢




GL4U Amplicon Seq
Bootcamp



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

Considering a career in bioinformatics (1)

Considering a career in space biology (1)

Familarity with NASA Space Biology,
Open Life Sciences, and Genelab (3)

Library preparation and QC (2)

Short read sequencing and QC (2)

Process amplicon sequencing data (14-15)

Analyze amplicon sequencing data (16-17)

Average Response: 1

Strongly
Disagree

Basic coding (3) |
e —

15 2 2.5 3 3.5 4 4.5 5
M Pre-Bootcamp M Post-Bootcamp Strongly
Agree

File Edit View Run Kernel Tabs

Settings Help

« e : o

#| 00-amplicon-overview.ipyn X = +

‘ B+ XD * » m C » Markdown v #  Python 3 (ipykemel) O
o]
88 / amplicon-notebooks / Welcome to the GL4U Amplicon Seq module!
= Last Modified
- 4 months ago
» B O1-setup-... 4 months ago The 3 notebooks we'll be going through for the processing and general analysis of amplicon data are linked below. (&
M 02-amplic... 4 months ago
A 03-amplic... 4 months ago . . .
Amplicon processing and analysis notebooks
1. Setting up and sequence quality assessment
2. Amplicon processing
3. Amplicon analysis
This is an overview of the major steps we are going to perform
Raw data Primer Quality Filtered data Resolve ASVs / Assign
fastQC removal filter/trim fastQC Remove Chimeras Taxonomy
fastqeaimuitiqe: dada2 dsda2 fastoc/muiiac dada2 DECIPHER
SILVADE for rRNA
Primary outputs:
+ Recovered ASV sequences (fasta)
+ Counts of sequences per sample
+ Taxonomic classifications of sequences
>ASV_1 Sample_A Sample 8] . domain Data Differential
ey asval ors | sor ASV_1 [ Bactrs Visualization Abundance
TTTATGGAGA Asva| s« | a0 ‘ Aav.2] cacun stats phylcsa /vegan DESeq2
A summary of some important conceptual points
Amplicon sequencing involves the use of “primers” - short sequences that match highly
conserved stretches of DNA
These primers bind to and help amplify DNA from microbes in our sample, Amplicon sequencing
usually targeting a portion of a single gene N 7/
We then use these recovered sequences from our sample to try to get information
about the microbial community that is present (often trying to figure out “who” is there)
Mixed microbial community / =
Multiple copies of fragments
(o) from 1 target gene
DNA
Extraction
Some important caveats to keep keep in mind about amplicon sequencing:
« "universal" primers try to capture a large breadth of diversity, and they do a good job, but they of course don't
capture all variations of our target gene that exist
* many ecologically relevant biological entities, like viruses and plasmids, are typically not captured at all by this
approach
« does not really provide any information on functional potential
* when using a commonly used target gene like the SSU rRNA (small-subunit ribosomal RNA; 16S in bacteria/archaea,
18S in eukarya), the counts we get from processing amplicon data represent counts of recovered gene-copies;
Simple 1 E 1 & Python 3 (ipykernel) | Idle Mode: Command & Ln 1, Col1 00-amplicon-overview.ipynb 1 Q




Student Feedback

GL4U: AmpSeq Bootcamp at CSULA, 07/2023

“Very informative and well “This bootcamp was very toaching Amlcon ¢ — U ngneer
structured. Going to use this informative, opened up my Sequencing Analysis. e discussing
as a reference when practicing eyes more to bioinformatics, Planetary
amplicon sequencing to and is inspiring me to ‘ Protection.
become more familiar with it.” pursue a career in this field.”

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

“I'm so glad | took this bootcamp, it was

“...I personally learned a lot. | very supportive and very encouraging.
really now know where to ...this bootcamp was really able to
begin in order to get myself demystified concepts and gave me
even deeper into this area.” the resources to soon become more

confident in this field of science.”

“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 | can definitely see myself using
this skill I learned throughout my Masters and future PhD!”
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Welcome to the main page for the GeneLab for Colleges and Universities (GL4U)
Amplicon Sequencing Bootcamp 2023 Pilot taking place at California State
University, Los Angeles (CSULA)! »

This course takes place Monday, 10-Jul-2023 to Thursday, 13-Jul-2023 in-person at CSULA &

The course utilizes lectures and hands-on coding in Jupyter Notebooks. It begins with the GL4U: Introduction Modules,
which includes an overview of NASA Space Biology, NASA Open Life Sciences and the Open Science Data Repository
(OSDR), GenelLab, and key foundational coding skills and concepts related to bicinformatics and working with sequencing
data. Then it moves onto the GL4U: Amplicon Sequencing Modules, which provides an overview of amplicon sequencing
and hands-on processing of samples derived from the Rodent Research - 6 mission, 0SD-249, using the GeneLab
Amplicon Sequencing Data Processing Pipeline followed by analysis and visualization of the processed data.

Lecture materials are linked in the schedule below, while Jupyter notebooks will be linked after the bootcamp.

Schedule Links @

* 10 July - Monday

* 11 July - Tuesday

e 12 July - Wednesday
e 13 July - Thursday

Accessing the NSF ACCESS cloud computers ©

Links to accessing the National Science Foundation (NSF) Advanced Cyberinfrastructure Coordination Ecosystem: Services
& Support (ACCESS) cloud computers that will be used during the bootcamp can be found on this page.

Requesting ACCESS resources and how to set up for teaching »

Information on requesting ACCESS resources for teaching these bootcamp materials can be found on this page.

Individual computer setup »

g how to set up an environment on a local computer capable of running the Jupyter notebooks can be found

Q Type 7]

= O nasa / Genelab-Training

<> Code (©) Issues I Pullrequests () Actions [ Projects [IJ Wiki () Security [~ Insights

GL4U: Amplicon Seq 2023 Pilot Individual Setup

Mike Lee edited this page on Jul 12 - 2 revisions

This page details one path to set up the required environment for running the GL4U Amplicon Seq 2023
Pilot Jupyter notebooks. The processing is light enough to be run on a typical laptop. It requires a Unix-like
environment and utilizes conda for installing all required tools as detailed below.

We will be helping folks who want to do this during the bootcamp, but if you try to pursue this later and run
into any issues, feel free to reach out to Mike (Mike.Lee@nasa.gov) andfor Amanda (Amanda.M.Saravia-
Butler@nasa.gov) for help

Page contents &

e Accessing a Unix-like environment

¢ Installing conda
« Creating the needed environment

* Downloading and launching the notebooks

Accessing a Unix-like environment »

A Unix-like environment is required.

« On a Mac or Linux, this can be accessed by searching for and opening the "Terminal" app.

* On a Windows computer, installing the Windows Subsystem for Linux (WSL) is required. You can try
opening "PowerShell" and running wsl --install and following along with the process. After the
installation is complete, you would want to open "Ubuntu" on the Windows computer to access your
Unix-like environment.

Installing conda

Conda is a package and environment manager, and it is the method used here to setup the required
environment to run the Jupyter notebooks. One place you can learn more about conda is this page at
Happy Belly Bioinformatics, or you can just skip to this section and follow the installation instructions. Be
sure to start with the curl command there that is specific to if you are on a Mac, Windows, or Linux
machine (these commands should be run in your Unix-like environment).

After finishing that installation (and there is a "(base)" at the start of your prompt at the command line), the
first thing we are going to install with conda is mamba, to enable faster installations, by running the
following:

conda install -y -n base -c conda-forge mamba

©

Creating the needed environment »

The following command will create a conda environment called "GL4U-amplicon-2023", and
may take a few minutes to complete:

mamba create -n GL4U-amplicon-2023 -y -c conda-forge -c bioconda -c defaults (O
jupyterlab=3.6.0 bash_kernel=0.9.0 r-irkernel=1.3.2 coreutils=9.. .
r-base=4.1.3 r-tidyverse=1.3.2 r-vegan=2.6_4 r-dendextend=1.16.0 \
bioconductor-dada2=1.22.0 bioconductor-decipher=2.22.0 \
bioconductor-phyloseq=1.38.0 bioconductor-deseq2=1.34.0 \
fastqc=0.11.9 multiqc=1.12 jupyter_contrib_nbextensions=0.7.0

Downloading and launching the notebooks »

Still in our Unix-like environment, running this next codeblock will download and unpack the
Jupyter notebooks into locations in our home directory:

# downloading notebooks Q@
curl -L -0 ~/GL4U-2023-amplicon-bootcamp-notebooks.zip https://figshare.com/nuuwnl

# unpacking
unzip ~/GL4U-2@23-amplicon-bootcamp-notebooks.zip -d ~/
# that includes:

# 00-overview.ipynb

# intro-notebooks/

# amplicon-notebooks/

# removing zip
rm ~/GL4U-2023-amplicon-bootcamp-notebooks.zip

Then we can activate the conda environment we created above, and launch the Jupyter
notebooks like so:

# changing into home directory o
cd ~/

# activating conda enviroment
conda activate GL4U-amplicon-2023

# launching jupyter lab
jupyter lab @0-overview.ipynb

That conda environment will always need to be active (so our prompt should start with "
(GL4U-amplicon-2023)") if we want to run these Jupyter notebooks.
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Welcome to the main page for the GeneLab for Colleges and Universities (GL4U)
Amplicon Sequencing Bootcamp 2023 Pilot taking place at California State
University, Los Angeles (CSULA)! »

This course takes place Monday, 10-Jul-2023 to Thursday, 13-Jul-2023 in-person at CSULA &

The course utilizes lectures and hands-on coding in Jupyter Notebooks. It begins with the GL4U: Introduction Modules,
which includes an overview of NASA Space Biology, NASA Open Life Sciences and the Open Science Data Repository
(OSDR), GeneLab, and key foundational coding skills and concepts related to bicinformatics and working with sequencing
data. Then it moves onto the GL4U: Amplicon Sequencing Modules, which provides an overview of amplicon sequencing

and hands-on processing of samples derived from the Rodent Research - 6 mission, 0SD-249, using the GenelLab

Amplicon Sequencing Data Processing Pipeline followed by analysis and visualization of the processed data.

Lecture materials are linked in the schedule below, while Jupyter notebooks will be linked after the bootcamp.

Schedule Links #

* 10 July - Monday

e 11 July - Tuesday

e 12 July - Wednesday
e 13 July - Thursday

Accessing the NSF ACCESS cloud computers #

Links to accessing the National Science Foundation (NSF) Advanced Cyberinfrastructure Coordination Ecosystem: Services
& Support (ACCESS) cloud computers that will be used during the bootcamp can be found on this page.

Requesting ACCESS resources and how to set up for teaching #

Information on requesting ACCESS resources for teaching these bootcamp materials can be found il this page |

Individual computer setup

Information on how to set up an environment on a local computer capable of running the Jupyter notebooks can be found
on this page.

— O nasa /| GeneLab-Training Q Type /] to search

<> Code (©) Issues 9 Pullrequests () Actions [ Projects [ Wiki () Security |~ Insights 8 Settings

GL4U: Amplicon Seq 2023 Pilot ACCESS Request and Content Setup

Mike Lee edited this page on Jul 13 - 8 revisions

Page contents &

e Summary

e Requesting resources

e Transferring credits

e Requesting an increase in allotted quotas

e Setting up instances

¢ Creating links for participants

¢ Deleting instances

Summary @

ACCESS is an NSF-funded resource that can provide cloud computing for research and educational purposes. If you are
an educator that wants to run the GL4U: Amplicon Seq 2023 bootcamp for your class, this page will help walk you
through the process of requesting resources and then how to utilize them. If you have any questions or hit any problems,
please don't hesitate to reach out to Mike.Lee@nasa.gov for help (&

The process is detailed below, but all that is required for submitting a request is filling out a form that includes:

¢ A couple of paragraphs providing an overview of the purpose (here for educational purposes) and how ACCESS
would be used

e A CV of the submitting PI

Primary resources utilized &

e ACCESS - an NSF-funded program that we apply to in order to get cloud-computing resources

o Jetstream2 - one of the primary computing infrastructures ACCESS works with (and the one most suitable for
requests like this)

e Exosphere - a web-interface for managing Jetstream2 computing resources

- Hy
« Gl
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Requesting resources »

1. Login to ACCESS #

Click to Login to ACCESS at the top right of this page https://access-ci.org/. There is no account creation step here, but
rather you can choose from a few methods to authenticate your identity, such as ORCID or Google. You also may need to
set up dual-factor authentication.

2. Submit arequest @

Once logged in, the next step is to submit a request. There are different types offered, listed here. At the time of putting
this page together, "Explore ACCESS" is the most appropriate for educational purposes.

To begin the process, while logged in, go to the opportunities page, and click to "SUBMIT AN EXPLORE ACCESS
REQUEST".

There you will need to enter a few things. An example of each is presented below, but these should be adjusted for your
scenario. Anything not listed here can be skipped on the form:

Title @

Running an Amplicon Sequencing Bioinformatics Course

Public Overview &

General overview

| am a professor and would like to utilize the NASA GenelLab (https://genelab.nasa.gov/) GenelLab for Colleges and
Universities (GL4U; https://github.com/nasa/GenelLab-Training/tree/main/GL4U) amplicon sequencing training
materials with my students. This will likely take place over just a week or two, and an EXPLORE ACCESS allocation

would provide sufficient resources to be able to provide the same computing environment to all participants.

How | plan to use ACCESS
| intend to use Indiana Jetstream?2, managed through the Exosphere website, and to create individual m3.medium
instances for each participant based off the publicly available "GL4U-amplicon-2023" image.

Thank you for your consideration and any help!

Transferring credits ¢

Once the request has been approved, you will need to transfer the credits from ACCESS to JetStream2. Once logged in at
https://access-ci.org/, go to https://allocations.access-ci.org/requests in order to transfer credits.

For the appropriate allocation, select "Choose New Action", then "Exchange". On the next screen, choose Indiana
Jetstream?2 as Resource, click "Add Resource", enter all credits, add anything to the comment box (as it is required), then
click Submit.

Requesting an increase in allotted quotas ¢

The starting allotted quotas will typically only allow up to maybe 10 concurrent instances to be created. If you are going to
have more than that actively participating, you need to submit a request to increase the allotted quotas.

To do this, log into JetStream2 using the same identity authentication as used above to log in to ACCESS, then click "Add
allocation", then "Add ACCESS Account", then once verified, select the allocation to be added to JetStream2.

After it is present on JetStream?2 when you are logged in, then go to this support page to build an email as described next:
https://jetstream2.exosphere.app/exosphere/getsupport

Select the button for "An Allocation", then modify the following text to specific your specific allocation (e.g.,
"BlO######", which you can get from this ACCESS page) and how many concurrent instances you will need (an instance
is a computer, so 1 for each planned participant):

Hi there,

We plan to use this allocation (<YOUR ALLOCATION ID>) with <YOUR TOTAL STUDENTS/PARTICIPANTS>
concurrent m3.medium instances for a bioinformatics course we are running.

Could you please help with increasing the allotted quotas so that we will be able to run up to <YOUR TOTAL
STUDENTS/PARTICIPANTS> m3.medium instances concurrently on this allocation, including cores, ram, volume,
ports, available IP addresses, and whatever else would be required?

Thank you for any help!

Then click to "Build Support Request", copy the contents of the text window, and paste it in an email to "help@jetstream-
cloud.org" with the subject header "[Jetstream?2] Support Request From Exosphere for Jetstream2".
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Setting up instances ©

Once the above is all taken care of, you can begin setting up instances.

There is extensive documentation on Jetstream2 here: https://docs.jetstream-cloud.org/ui/exo/exo/

Itis a lot, and the Jetstream2 folks are super-responsive to requests for help, but, as mentioned above, feel free to reach
out to Mike.Lee@nasa.gov too.

Log into JetStream?2, select the appropriate allocation, then:

e choose "Create" at the top-right, then "Instance"

o select "By Image", select the text window to search by name, and search for GL4U-amplicon-2023, and choose
"Create Instance" on the "GL4U-amplicon-2023" image
o give the instance a name, like "Amplicon-Course"

o select "m3.medium"

o move the slide to create as many instances as needed, if you need more than the max that can be created at one
time, do this process in as many steps that are needed

o click "Advanced Options", and click to "Assign a public IP address to this instance"

o at the bottom is a "Boot Script", select the entire text and delete it, then replace it with the following:

#cloud-config i
users:
- default
- name: exouser
shell: /bin/bash
groups: sudo, admin
sudo: ['ALL=(ALL) NOPASSWD:ALL']{ssh-authorized-keys}
- name: gl4u
shell: /bin/bash
groups: users
lock_passwd: false
passwd: $1$V90.SGtD$LgHZP91jT/Sjhax8kwWSQF1
ssh_pwauth: true
package_update: true
package_upgrade: {install-os-updates}
packages:
- git{write-files}

Creating links for participants to access their instances

Each instance has its own IP address, and that IP address can be used to provide a link to the participants to access their
own cloud-computing environment through a web-browser. The below examples are with the mock IP address
XXX XXX XXX XX", so you would need to alter that for each individual IP, but this is what the links would look like:

A link structured like this would take you to the base Jupyter lab environment: http://XXX.XXX.XXX.XX:8000
A link structured like this would take you to the opening overview notebook page:
http://XXX.XXX.XXX.XX:8000/1lab/tree/00-overview. ipynb

Each user has the same user name (gl4u) and password (gl4u2023). These instances are ephemeral and are not meant
to hold anything that needs to be secure.

Deleting instances »

When finished, you can select multiple instances on the Instance page of Jetstream2 for the appropriate allocation, and
choose to delete the instances.

Detailed Jetstream2 documentation can be found here, and feel free to reach out to Mike.Lee@nasa.gov (&
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Questions?

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

Sign up for the GL4U mailing list

» Stay up-to-date on future GL4U events / bootcamps:
Send and e-mail to
with the Subject: subscribe

26
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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. We(i-Jen Lin  Dr. Lin completed the survey questions below to provide feedback about her experience teaching the

Professor, Dept. of Biological Sciences GL4U RNAseq bootcamp content (Intro and RNAseq modules) at her home institution
California State Polytechnic University, Pomona

Requesting access to the NCCS SMCE system for me and my students was easy and straight forward.

Using the NCCS SMCE system for running GL4U JNs went smoothly without (or with very few) issues.

| felt prepared to incorporate the content from the introductory lectures and Jupyter Notebooks (JNs) into my course(s).

| felt prepared to incorporate the content from the RNAseq Overview lecture and fastq to counts Jupyter Notebook (JN) into my course(s).
| felt prepared to incorporate the content from the Stats lecture and DGE JN into my course(s).

| felt supported by the GL4U team while teaching the GL4U content at my home institution.

Any issues | encountered or questions | had while teaching GL4U content were addressed satisfactorily and in a timely manner.
| plan to continue teaching GL4U content at my home institution.

| would recommend teaching GL4U content to other educators.

My students enjoyed learning the GL4U content and found it useful for their future career aspirations.

Since teaching GL4U content, my students feel more comfortable navigating NASA GenelLab data.

My students plan to continue exploring NASA GenelLab by utilizing GeneLab data and/or joining an Analysis Working Group (AWG).

My students found GL4U team member guest lectures informative and useful.
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