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NASA Science Mission Directorate (SMD)

Monkey Head Nebulae

Earth Science
The study of planet Earth

Astrophysics
The study of the 
origin, structure, 

evolution and destiny 
of the universe 

Heliophysics  
The study of the sun and its 
effects on the solar system Planetary Science

The study of the origin and history 
of the solar system and the 

potential for extraterrestrial life

Biological and 
Physical Sciences
The study of how 

spaceflight environment 
effects biological and 

physical systems
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BPS: Space Biology Program

Cell and Molecular Biology

Microbiology

Developmental, Reproductive, and 
Evolutionary Biology

Plant Biology

https://science.nasa.gov/biological-
physical/programs/space-biology

Animal Biology
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Space Biology Objectives

Microbiology

Cell and 
Molecular
Biology

Animal
Biology

Developmental,
Reproductive, 

And Evolutionary
Biology

Systems 
Biology 

and Omics

Space 
Biology
Program

Plant 
Biology

• Discover how biological systems respond to the 
space environment

• Identify the underlying mechanisms and develop 
models for biological systems in space

• Develop technologies to enable spaceflight 
research

• Promote open science through the GeneLab Data 
System and Ames Life Sciences Data Archive

• Provide mechanistic understanding to support 
human health in space

• Transfer the knowledge and technology of space-
based research to benefit life on Earth
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Flight Hardware To Support Space Biology Research

NASA: Bioculture System NASA: Rodent 
Habitat

Redwire: Multi-Use 
Variable-G PlatformNASA: WetLab-2 (qPCR)

NASA-JAXA: Life 
Sciences Glovebox

NASA: Vented Fly Box JAXA: Mouse Habitat Unit

BioServe: BioCell and
Fluid Processing Apparatus
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Open Science 

“We define open science as a 
collaborative culture enabled by 
technology that empowers the 
open sharing of data, 
information, and knowledge 
within the scientific community 
and the wider public to 
accelerate scientific research 
and understanding.”

Ramachandran, R., Bugbee, K., & Murphy, K. J. Moving from Open Data to Open Science. 
Earth and Space Science, Wiley Publication. https://doi.org/10.1029/2020EA001562
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OSDR Mission and Vision
Mission
• To enable biological discovery and health resilience for space exploration through open science.

Vision
• Design and deploy a unique repository, the Open Science Data Repository (OSDR), housing standardized metadata and data 

from spaceflight or spaceflight-relevant samples, following FAIR (Findable, Accessible, Interoperable, and Reusable) principles

• Engage with the scientific community by prioritizing the needs of the Open Science Analysis Working Group (AWG) members, 
and supporting open source, open science, citizen science, and education initiatives such as GeneLab for High Schools 
(GL4HS) and GeneLab for Colleges and Universities (GL4U)

• Partner with spaceflight-relevant projects through sample sharing or augmentation of experimental samples to expand analyses

• Process spaceflight-relevant samples answering knowledge gaps, establishing best-practices for sample processing and 
providing common omics processing platforms for the space biology community, leading to a more cohesive sets of independent 
datasets

• Curate, beyond best-practice, spaceflight-relevant datasets and make processed data publicly available as expediently as 
possible

• Provide open-access to computing resources and visualization tools for raw and processed data, democratizing the access to 
spaceflight-relevant data and disseminating knowledge of how life responds to the space environment. This platform will be an 
essential tool to discover new countermeasures for human exploration of space, and will inevitably benefit life on Earth as well.
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NASA Biological Open Science Resources

NASA 
GeneLab (GL)

Ames Life Sciences
Data Archive (ALSDA)

NASA Biological 
Institutional Scientific 

Collection (NBISC)

Collection of non-human 
specimens and space 

microbial culture

Collection and curation of 
mission, project, and 

imaging data

Collection and curation 
of omics data

Biospecimen Sharing 
Program (BSP)

Dissection and preservation of 
rodent tissues from Flight and 

Ground investigations. 
Coordination of internal 

tissue sharing

NASA Internal Program Open-Source Science Programs — Available Globally
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Integrating Biological Data Repositories

Physiological/Phenotypic/Imaging/ 
Environmental Telemetry Data

Molecular/Omics Data

Biospecimens

NASA Open Science 
Data Repository (OSDR)

osdr.nasa.gov/bioTabular, text, 
imaging, 
video, code

- Single Submission Portal (BDME)

- User Interface/Website Tool for 
RDSAs (Research Data Submission 
Agreements) 

- Maximally Open Access with 
Necessary Controls for Sensitive Data

- Data Maximally FAIR

Slide Credit: Ryan Scott, ALSDA
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Open Science Data Repository (osdr.nasa.gov)
Ø User-submitted data
Ø GeneLab-generated data
Ø Ingested data
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Submission Portal – BDME (https://osdr.nasa.gov/bio/submission-sso-login.html)

• Space biology data are submitted through BDME.

ü Phenotypic, Behavioral, Physiological Data

ü Omics Data

• Allows efficient input of sample and assay level 
metadata alongside data files.

• Tailored to specialized needs of spaceflight 
samples.

Sample level data

Assay level data with assay-specific fields
Terms are connected to a 

controlled ontology

PIs are presented 
with a study 
preview and a 
private link for 
sharing with 
reviewers and 
collaborators.

OSD-328:
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Open Science Data Repository (osdr.nasa.gov)
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Open Science Data Repository (https://osdr.nasa.gov/bio/repo/)
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Open Science Data Repository (https://osdr.nasa.gov/bio/repo/)
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GeneLab Data Visualization Portal (https://visualization.genelab.nasa.gov/data/)
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OSDR Database (GeneLab and ALSDA)

464
Studies

>60
Assays

45
Species

>150TB
Data

893
Datasets
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Civilian and Astronaut Bed Rest, Spaceflight, Mars simulation
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Environmental Data Collected From Rodent Research Missions

Ascent and 
Return: 
Payload 

habitat 
environment

Return: 
Splashdown 
to Lab 
transport 
environment

In Flight Research: ISS cabin 
and habitat module environments

Ground Control Operations: ISS 
cabin analog, habitat module, and lab 
to pad transport environments.

Temperature
Rodent Transporter

Rodent Habitat
ISS Cabin

ISSES Cabin
LAR Sensor Package

Relative Humidity
Rodent Transporter

Rodent Habitat
ISS Cabin

ISSES Cabin
LAR Sensor Package

Oxygen
LAR Sensor Package

Acceleration
Rodent Transporter

LAR Sensor Package

Carbon dioxide
ISS Cabin

LAR Sensor Package

Radiation
ISS Cabin

Developing a data processing pipeline for Mission, Vehicle, and Hardware data. A pipeline that allows data repositories 
to easily collect, process, and store mission data in both CSV and JSON formats. 

Data Collection Points
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Environmental Data Visualization Portal (https://visualization.osdr.nasa.gov/eda/)
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Environmental Data Visualization Portal (https://visualization.osdr.nasa.gov/eda/)
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Open Science Analysis Working Groups (AWGs)

ANIMAL
128 members

Facilitates the use of omics in 
understanding basic mechanisms 
by which animals and constituent 
tissues and cells adapt to the 
spaceflight environment.

PLANTS
121 members

Share and discuss the 
latest developments in 
Astrobotany – the discipline of 
botany concerned with 
interactions between plant 
biology and space environment.

MICROBES
130 members

Focuses on analyzing microbial datasets 
within GeneLab that includes gene-
expression, proteomic, metabolomic and 
environmental metagenomic datasets. 

MULTI-OMICS
342 members

Interactions between the different omics to 
provide complete understanding of the 
entire system begin studied.

ALSDA
249 members

Feedback on science data and metadata 
standards for physiological, phenotypic, 
and behavioral datasets to be reusable. 
Datasets span from raw to processed-
results data, and across tabular, 
bioimaging, and video formats.

AI/ML
138 members

Focuses on developing data AI-readiness 
guidelines, algorithm and automation 
development, and developing ethical 
guidelines to increase trust and 
explainability surrounding AI in space 
biology.

Consist of 500+ scientists from multiple space agencies, international institutions, and industry. Scientists meet monthly with each group to provide feedback, develop standards, 
and analyze data.

We invite you to join - https://osdr.nasa.gov/bio/awg/join.html
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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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GeneLab Data Processing GitHub Repo

https://github.com/nasa/
GeneLab_Data_Processing

https://github.com/nasa/GeneLab_Data_Processing
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Data Reuse Enables New Discoveries

Analysis Working Groups

Return on Investment

90
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Publication 
linked to OSDR
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ROI grows faster than publications linked 
to original 

Original Enabled ROI

156
New AWG 
Members

Members have the 
option to join more 
than one AWG

Latest Publications

• Microbiomes AWG: Multidrug-resistant Acinetobacter pittii is 
adapting to and exhibiting potential succession aboard the 
International Space Station

• Microbiomes AWG: Machine learning algorithm to 
characterize antimicrobial resistance associated with the 
International Space Station surface microbiome

• Plant AWG: Meta-analysis of the space flight and microgravity 
response of the Arabidopsis plant transcriptome

• AI/ML AWG: Research Prospects of Biomonitoring and 
Precision Health in Deep Space Supported by Artificial 
Intelligence

• AI/ML AWG: Recommendations on Biological Research and 
Self-driving Labs in Deep Space Supported by Artificial 
Intelligence

• GeneLab: Batch effect correction methods for NASA 
GeneLab transcriptomic datasets

INTERNATIONAL STATUS

ESA OMICS data arriving in OSDR: ~318 TB
Federation of all non-omics data with ESA 

https://pubmed.ncbi.nlm.nih.gov/36503581/
https://pubmed.ncbi.nlm.nih.gov/36503581/
https://pubmed.ncbi.nlm.nih.gov/36503581/
https://pubmed.ncbi.nlm.nih.gov/35999570/
https://pubmed.ncbi.nlm.nih.gov/35999570/
https://pubmed.ncbi.nlm.nih.gov/35999570/
https://www.nature.com/articles/s41526-023-00247-6
https://www.nature.com/articles/s41526-023-00247-6
https://doi.org/10.1038/s42256-023-00617-5
https://doi.org/10.1038/s42256-023-00617-5
https://doi.org/10.1038/s42256-023-00617-5
https://doi.org/10.1038/s42256-023-00618-4
https://doi.org/10.1038/s42256-023-00618-4
https://doi.org/10.1038/s42256-023-00618-4
https://www.frontiersin.org/articles/10.3389/fspas.2023.1200132/full
https://www.frontiersin.org/articles/10.3389/fspas.2023.1200132/full
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Training The Next Generation Of Scientists

GeneLab for High Schools (GL4HS): 
A four-week intensive training summer program for rising high school juniors and seniors to learn 
bioinformatics and computational biology methods and techniques to analyze space omics data.

Learn more and apply at: https://www.nasa.gov/ames/genelab-for-high-schools

GeneLab for Colleges/Universities (GL4U):
For educators and students to learn how analyze omics data using GeneLab standard pipelines and 

space-relevant data

Access to course materials: https://github.com/nasa/GeneLab-Training/tree/main/GL4U

Space Life Sciences Training Program (SLSTP):
Provides undergraduate students entering their junior or senior years, and entering graduate students, 

with professional experience in space life science disciplines.

Learn more and apply at: https://www.nasa.gov/ames/research/space-life-sciences-training-program

Spaceflight Technology, Applications, and Research (STAR):
Annual course for PIs, senior research scientists, and postdoctoral scholars and aims to facilitate their 

entry to space biology and preparation for conducting spaceflight experiments using NASA and 
commercial platforms.

NASA Postdoctoral Program: 
If you're an early-career or senior scientist, apply to the NASA Postdoctoral Program 
to help pursue NASA's mission and experience the world's most diverse technology 

and expertise. 

https://www.nasa.gov/ames/genelab-for-high-schools
https://github.com/nasa/GeneLab-Training/tree/main/GL4U
https://www.nasa.gov/ames/research/space-life-sciences-training-program


NASA Transform to Open Science (TOPS)

Complete NASA’s open science curriculum!

Open Science 101: 
A community-developed introduction to 
core open science skills 

● Know how to write a NASA open science and data 
management plan

● Learn about tools and best practices
● Increase the impact & visibility of your science
● Earn your digital NASA open science badge

All 5 modules now available through a self-paced 
online course and through in-person and virtual 
instructor-led workshops. https://go.nasa.gov/40pPQMx

Take OS101!

https://go.nasa.gov/40pPQMx
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Accessing OSDR Data
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Open Science Data Repository (https://osdr.nasa.gov/bio/repo/)
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OSD-249 (https://osdr.nasa.gov/bio/repo/data/studies/OSD-249)
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OSD-249: Export Specific Sample Metadata Table Columns
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OSD-249: Export Specific Assay Metadata Table Columns
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OSD-249: Download Files
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Accessing OSDR Data – Public API (https://genelab.nasa.gov/genelabAPIs)
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Accessing OSDR Data Files – Public s3 Bucket (https://registry.opendata.aws/nasa-osdr/)
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Accessing OSDR Data Files – Public s3 Bucket (https://registry.opendata.aws/nasa-osdr/)
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Amplicon (Illumina) 
Sequencing Overview 
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Common Sequencing Approaches in Microbial Ecology
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, 
usually targeting a portion of a single gene

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)

Multiple copies of a portion 
of 1 target gene

Short sequences from “all” 
DNA

Metagenomics sequencing involves 
attempting to sequence “all” the DNA 
present in a system

We also then try to use these recovered DNA sequences to try to get 
information about the microbial community present in our sample

With metagenomics sequencing, in addition to getting insight into which microbes are present, 
we will often also try to understand “what” they might be doing functionally
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Amplicon Sequencing Overview: Select the Target Region

The SSU rRNA itself is particularly suited for amplicon analysis because it has both:
1. regions that are highly conserved sequence-wise (making them good targets for the primers to find them and amplify them)
2. regions that are highly variable sequence-wise (making them good for delineating between different organisms)

Amplicon sequencing involves the use of “primers” – short sequences 
that match highly conserved stretches of DNA

These primers most often target a gene that is universally present across all known life, while also being useful 
for delineating between different organisms. These target genes are often referred to as “marker-genes”.

The most common marker-gene target is part of the “ribosome”, specifically the small subunit ribosomal 
RNA gene (SSU rRNA), known as the “16S” in bacteria and archaea and the “18S” in eukarya

The “ribosome” is an assemblage of multiple proteins and RNA molecules, and it is 
essential for protein synthesis in all known bacteria, archaea, and eukarya

Because many molecules of proteins and RNA (including the SSU rRNA) need to interact together to 
function properly as a full ribosome, there is a lot of evolutionary pressure functionally constraining them, 

which results in the DNA that encodes for these molecules having relatively conserved sequences

Multiple copies of a portion 
of 1 target gene
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Amplicon Sequencing Overview: Amplifying the Target Region

Conserved region Variable region Conserved region
This represents a portion 
of the common “16S” 
marker-gene

It starts out as part of a 
longer portion of DNA that 
came from an organism’s 
genome

Forward Primer

Simultaneously, the 
reverse primers will do the 
same with different original 
molecules of DNA

Reverse Primer

Reverse Primer

1st round of 
amplification

2nd round of 
amplification

After multiple rounds of amplification, there will be 
many copies of just our target amplicon, which is 
what we then actually sequence

They are all colored the same here, but the initial DNA molecules that 
were first amplified came from different initial biological sequences, so 
there are actually many copies of different initial DNA sequences here

After multiple rounds of 
amplification

One initiated by the forward primer will 
start specifically where that primer starts

This represents our target “amplicon”

A typical example of amplifying an SSU rRNA gene via PCR:

The primers we put in 
target the region we want 
to amplify

At the start of the amplification 
process, the forward primers will bind 
to some of the original molecules of 
DNA, enabling DNA polymerase to 
start building a copy

In the next round of amplification, there are 
going to be many copies that were initiated 
by either the forward or reverse primer

When a copy like this is then amplified 
via the “other” primer, the reverse 
primer in this case, we will start getting 
copies of just our target “amplicon”

Multiple copies of a portion 
of 1 target gene
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GeneLab Amplicon (Illumina) 
Sequencing 

Data Processing Pipeline
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GeneLab Amplicon (Illumina) Sequencing Data Processing Pipeline

Primary outputs:
• Recovered ASV sequences (fasta)
• Counts of sequences per sample
• Taxonomic classifications of sequences

DECIPHER
SILVA DB for rRNA

Assign
Taxonomy

Data
Visualization

Differential
Abundance

Raw data
fastQC

Filtered data
fastQC

fastqc/multiqc fastqc/multiqcdada2 dada2 dada2

stats / phyloseq / vegan DESeq2

Primer
removal

Quality
filter/trim

Resolve ASVs /
Remove Chimeras

>ASV_1
AGTTTGATCA...
>ASV_2
TTTATGGAGA...
...

ASV_1

ASV_2
...

40
...

975 537

480
...

...

...

...

...

Sample_A Sample_B

ASV_1

ASV_2
... ...

Bacteria

Bacteria

Proteobacteria

Firmicutes
...

...

...

...

...

domain phylum

Data Visualizations:
• Beta and alpha diversity plots
• Taxonomic bar plots
• Differential abundance analysis and volcano plots

Primary outputs:
• Recovered ASV sequences (fasta)
• Counts of sequences per sample
• Taxonomic classifications of sequences
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Processing AmpSeq Data: Resolve and Quantify ASVs 

Full “amplicon” after combining forward and reverse reads

These counts we get from processing amplicon data 
represent counts of recovered gene-copies.

A typical example of “paired-end” sequencing of an SSU rRNA gene:
This represents our target “amplicon”

280 bases long

Reverse Read
150 bases long

Forward Read
150 bases long

It’s all of these copies of our target 
amplicon, from organisms in our 

original sample, that we then sequence

They do not represent counts of 
organisms or counts of genomes.

Part of processing amplicon data usually 
involves combining these forward and 

reverse reads in order to reconstruct the 
full initial target amplicon

Seq_1

Seq_2

Sample_A Sample_B …

…

975

40

…

537

480

… …

…

…

In order to be able to combine our reads, we need to be sure that 
together they span the full length of the target amplicon

In this example, we have 2x150 reads = 300 bases
And a nominal target amplicon length of 280

300 – 280 = 20 
So we have ~20 bases of expected overlap

(there is no “one” cutoff, but a minimum of 8 is reasonable)

Highly conserved primer 
regions in lighter green

Following primer-region removal, these recovered unique amplicon 
sequences (known as Amplicon Sequence Variants, ASVs) would typically 
then be counted to see how many times each unique sequence appears in 
each sample, creating a table such as this:

Multiple copies of a portion 
of 1 target gene“Paired-end” sequencing is commonly 

employed to enable us to span the entire 
target amplicon with a forward and 

reverse read

Often, the target amplicon is 
longer than the “reads” the 
sequencer is generating
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What Are Chimeras?

“Chimeras” in the sequencing world are artificial sequences that are created during 
the amplification process when 2 or more biological sequences join together

True biological sequence A

True biological sequence B

As discussed earlier, a primer would be what enables these sequences to be amplified via PCR:

True biological sequence A
Primer

That partial sequence may then act as a ”primer” by attaching to a different sequence, even with some mismatches between them, and then being 
extended based on this different sequence:

Partial true biological sequence A
True biological sequence B

Ultimately yielding a chimeric sequence, a mixture of both, that then continues to be amplified:

Chimeric sequence formed

But sometime that amplification process can prematurely terminate:

True biological sequence A
Partial true biological sequence A

Multiple copies of a portion 
of 1 target gene
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Processing AmpSeq Data: Remove Chimeras

“Chimeras” in the sequencing world are artificial sequences that are created during 
the amplification process when 2 or more biological sequences join together

True biological sequence A

True biological sequence B

Remember our example count table from earlier:

Seq_1

Seq_2

Sample_A Sample_B …

…

975

40

…

537

480

… …

…

…
The total number of unique sequences would be 
however many rows are in this table (2 showing)

It is important to perform a step that tries to identify and remove 
chimeras, as they otherwise can drastically, artificially increase the 
apparent diversity of sequences that appears to exist in a sample.

Automated methods of chimera detection typically involve 
checking if a sequence can be made exactly by mixing 
together other sequences. 

Chimeras are often very common in amplicon datasets in terms of the unique sequences 
recovered, but not usually in terms of the total sequences recovered.

The total count of all sequences recovered would be 
the sum of all the values in the cells (2,032 showing)

Chimeras may frequently make up a large proportion of unique sequences recovered, but those unique chimeric sequences 
are usually not seen that many times each, and therefore make up only a small fraction of the total sequences recovered.

Chimeric sequence formed

Multiple copies of a portion 
of 1 target gene
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GeneLab Amplicon (Illumina) Sequencing Data Processing Pipeline

Primary outputs:
• Recovered ASV sequences (fasta)
• Counts of sequences per sample
• Taxonomic classifications of sequences

DECIPHER
SILVA DB for rRNA

Assign
Taxonomy

Data
Visualization

Differential
Abundance

Raw data
fastQC

Filtered data
fastQC

fastqc/multiqc fastqc/multiqcdada2 dada2 dada2

stats / phyloseq / vegan DESeq2

Primer
removal

Quality
filter/trim

Resolve ASVs /
Remove Chimeras

>ASV_1
AGTTTGATCA...
>ASV_2
TTTATGGAGA...
...

ASV_1

ASV_2
...

40
...

975 537

480
...

...

...

...

...

Sample_A Sample_B

ASV_1

ASV_2
... ...

Bacteria

Bacteria

Proteobacteria

Firmicutes
...

...

...

...

...

domain phylum

Data Visualizations:
• Beta and alpha diversity plots
• Taxonomic bar plots
• Differential abundance analysis and volcano plots

Primary outputs:
• Recovered ASV sequences (fasta)
• Counts of sequences per sample
• Taxonomic classifications of sequences
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Processing AmpSeq Data: Assigning Taxonomy

This is typically done by comparing our recovered sequences to a reference-sequence database in an 
effort to identify the taxonomy of the source organism each sequence likely came from

It’s also worth remembering that taxonomic delineations are arbitrary; they are not fundamental units of biology that actually 
exist. Biological taxonomy is an ongoing process of trying to define things and attach agreed-upon labels to them. 

Like all things that use a reference database and any method, the results of a given taxonomic 
classification are entirely dependent on the reference database and method used

That doesn’t negate its utility, of course! 
While there can be exceptions everywhere, and we don’t really know the functions 
of some organism based on its taxonomy alone, taxonomic labels still provide a 
requisite means of communication and can help guide hypotheses.

Moreover, taxonomic classification of a short portion of a single gene is difficult, and can often even be impossible assign 
a taxonomy at the species-level because there are cases where the portion we sequenced could be identical between 
different organisms

Once we have some set of unique sequences recovered from our samples that we want to 
move forward with, it is common to try to assign a taxonomy to each of them, so we can get 

an idea of which microbes are present in our system

Multiple copies of a portion 
of 1 target gene
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GeneLab Amplicon (Illumina) Sequencing Data Processing Pipeline

Primary outputs:
• Recovered ASV sequences (fasta)
• Counts of sequences per sample
• Taxonomic classifications of sequences

DECIPHER
SILVA DB for rRNA

Assign
Taxonomy

Data
Visualization

Differential
Abundance

Raw data
fastQC

Filtered data
fastQC

fastqc/multiqc fastqc/multiqcdada2 dada2 dada2

stats / phyloseq / vegan DESeq2

Primer
removal

Quality
filter/trim

Resolve ASVs /
Remove Chimeras

>ASV_1
AGTTTGATCA...
>ASV_2
TTTATGGAGA...
...

ASV_1

ASV_2
...

40
...

975 537

480
...

...

...

...

...

Sample_A Sample_B

ASV_1

ASV_2
... ...

Bacteria

Bacteria

Proteobacteria

Firmicutes
...

...

...

...

...

domain phylum

Data Visualizations:
• Beta and alpha diversity plots
• Taxonomic bar plots
• Differential abundance analysis and volcano plots

Primary outputs:
• Recovered ASV sequences (fasta)
• Counts of sequences per sample
• Taxonomic classifications of sequences
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Processing AmpSeq Data: Data Visualization – Beta Diversity

Normalization
• We use DESeq2’s variance stabilizing 

transformation (VST) to normalize ASV counts 

Distance/Dissimilarity Metric
• We calculate a Euclidean distance matrix of our 

samples using the normalized ASV counts

Ordination Method
• Ordinations provide visualizations of sample-relatedness 

based on dimension reduction. In our case, the 
dimensions are ASV counts.

• We perform Principle Coordinates Analysis (PCoA) on 
the normalized ASV counts using the phyloseq package

Clustering Method
• We perform hierarchical clustering, using Ward.D2, to 

group similar samples based on the Euclidean distances

• Beta diversity involves calculating metrics such as distances or dissimilarities based on how samples relate to each other
• Important decisions to consider: 

Ø How the data are normalized (to account for differences in sample read-depth)
Ø What is used for calculating distance/dissimilarity Ø How the data are ordinated and/or clustered

PC1

PC
2
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Processing AmpSeq Data: Data Visualization – Alpha Diversity

Rarefaction Curves
• A visual representation of the diversity that exists in 

samples, we use the rarecurve() function

Richness and Diversity Estimates
• Chao1 – A richness estimator
• Shannon’s diversity index – A metric of diversity that 

includes richness and evenness
• We use the plot_richness() function of phyloseq

• Alpha diversity involves summary metrics that describe individual samples
Ø Richness – the total number of distinct units in a sample (number of unique ASVs)
Ø Evenness – how close in number each distinct unit is observed in a sample
Ø Diversity – a combination of richness and evenness
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Processing AmpSeq Data: Data Visualization – Taxonomy

• Taxonomic figures can be used as a visual summary of the data
• These can be generated by normalizing all counts as a proportion of the total number of counts per sample, using the 

transform_sample_counts() function of the phyloseq package, then plotting those data with plot_bar()

By Phyla By Class
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Processing AmpSeq Data: Data Visualization – Differential Abundance Analysis
• Differential abundance analysis (DAA) is used to test for differences in abundances of sequences (e.g. ASVs) or taxa 

recovered between groups
• We use DESeq2 to perform DAA, which runs 3 consecutive steps: 

1. normalizing for sample read-depth and composition (using the median of ratios method to estimate size factors)
2. transforming the data (estimates dispersion and performs data normalization)
3. testing for differential abundance between groups (using the negative binomial GLM fitting and Wald statistics by default)

DAA Table Volcano Plot
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GeneLab Amplicon (Illumina) Sequencing Data Processing Pipeline
GeneLab’s Amplicon Seq pipeline details are available on GitHub:

https://github.com/nasa/GeneLab_Data_Processing/blob/master/Amplicon/Illumina/Pipeline_GL-DPPD-7104_Versions/GL-DPPD-7104-A.md
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GeneLab Amplicon (Illumina) Sequencing Data Processing Workflow
GeneLab’s Amplicon Seq workflow details are available on GitHub:

https://github.com/nasa/GeneLab_Data_Processing/blob/amplicon-add-runsheet-visualizations/Amplicon/Illumina/Workflow_Documentation/SW_AmpIllumina-A
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NASA EDGE GeneLab AmpSeq Workflow
https://nasa.edgebioinformatics.org/home
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NASA EDGE GeneLab AmpSeq Workflow
https://nasa.edgebioinformatics.org/ampIllumina
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GeneLab Amplicon (Illumina) 
Sequencing 

Data Processing Pipeline
EXTRA SLIDES
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Why It’s Important To Remove Primers

Remember from our sketch earlier that the part of the DNA our primers bind 
to is included in our final amplicon that we sequence

Conserved region Variable region Conserved region

Forward Primer Reverse Primer

Our eventually sequenced amplicon
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Why It’s Important To Remove Primers

Primers often have “degenerate” bases,
which are positions that can be multiple bases

Forward primer: GTGYCAGCMGCCGCGGTAA
Reverse primer: GGACTACNVGGGTWTCTAAT

Y = C or T
M = A or C
N = A, T, G, or C
V = A, C, or G
W = A or T

These varied primers will bind to a 
biological sequence with some 
frequency even if they are not identical

That sequence will get amplified further and show up in our data – 
presenting the true biological sequence between the primers, but 
with technically introduced variations in the primer regions.

A primer written like this:

GTGYCAGCMGCCGCGGTAA

GTGCCAGCAGCCGCGGTAA

GTGCCAGCCGCCGCGGTAA

GTGTCAGCAGCCGCGGTAA

GTGTCAGCCGCCGCGGTAA

Actually means these are the sequences used during 
PCR amplification:

This is why it is critical we remove the 
primers during processing, so that we are 

only working with true biological sequences.

Now when this sequence is built, extending from the primer 
here, this molecule will have a ‘T’ in the 4th position, 

even though the biological source had a ‘C’

Biological 
sequence:

GTGCCAGCAGCCGCGGTAA...
<the forward primer binds to the complement>

CACGGTCGTCGGCGCCATT...

GTGTCAGCCGCCGCGGTAAPrimer:
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Why It’s Important To Remove Primers

Example with real data
When trimming the primers off at the start of processing, the most 

abundant ASV (Amplicon Sequence Variant) recovered was 
sequenced over 300,000 times.

Assigned taxonomy

ASV_1: phylum Bacteroidota; genus Parabacteroides
ASV_2: phylum Firmicutes; genus Erysipelatoclostridium
ASV_3: phylum Firmicutes; genus Ruminococcus

ASV_1: phylum Bacteroidota; genus Parabacteroides
ASV_2: phylum Bacteroidota; genus Parabacteroides
ASV_3: phylum Bacteroidota; genus Parabacteroides

When processed without trimming the primers, the most abundant ASV 
recovered was sequenced just over 15,000 times.

Parabacteroides definitely dominates the sample in either case, but nothing 
else shows up in the top 3 when we left the primers on.
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Why It’s Important To Remove Primers

This is the super-abundant ASV_1 from when the primers were trimmed:

The highlighted portion for all 3 is identical to 
the above sequence recovered when the primers 

were trimmed.

We can look at these sequences and see 
exactly what is going on. 

These are the sequences for the first 3 ASVs from when the primers were left on:

The only difference in each is 1 base that was 
degenerate in the primers.

All of these variants are technical, not biological.
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Why It’s Important To Remove Primers

This is the super-abundant ASV_1 from when the primers were trimmed:

The highlighted portion for all 3 is identical to the 
above sequence recovered when the primers were 
trimmed.

We can look at these sequences and see 
exactly what is going on. 

These are the sequences for the first 3 ASVs from when the primers were left on:

The only difference in each is 1 base that was degenerate in 
the primers.
All of these variants are technical, not biological.

In fact, when we failed to remove the primers, the top 36 most abundant 
ASVs were all the same biological sequence, just with single-nucleotide 

variations introduced by the degenerate primers.

If we sum these 36 variants, we get back to the over 300,000 we see in one ASV when 
we removed the primers, where our data represented true biological sequences 👍 

If we didn’t properly remove the primers, it would appear as though there were dozens more 
unique variants for Parabacteroides than there actually were.

This is why it is critical we remove the primers during processing, so that we are only working 
with true biological sequences.


