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Data and Analytic Research Environment (DARE) Working Group

Mission

● Develop a user-friendly computing and analysis environment to facilitate 
cross-collaborative research

● Support current extramurally funded research that have highly multivariate 
and complex data integration 

● Develop novel methods for analysis and computing – to gain prominence and 
demonstrate expertise nationally and internationally.

Funding: UAHS 4.1 (Personalized Defense); UAHS 5.3 (Health Analytics Powerhouse); Precision 
Aging Network (U19 AG065169); 18th Mile TRIF



DATA & ANALYSIS
● Free data storage 
● 100s open-source scientific apps 
● Containers and notebooks
● Visualize & interact with data

YOUR WORKSPACE
● Manage and share data
● Perform analysis with your own or 

community datasets
● Do large-scale science from your 

web browser 
● Build and customize apps

LEARN, TEACH & TRAIN
● Tutorials and documentation
● Webinars 
● Workshops 
● Teach using CyVerse

COLLABORATION
● Secure, shared workspace for 

your team
● Reproducibility
● Manage the data lifecycle
● Make data more FAIR
● Open science

COMMUNITY 
● Join 95K+ users 
● In-app chat support 
● Find publicly available data
● Share data and analyses
● Deploy your own CyVerse

Sign Up  
user.cyverse.org

de.cyverse.org

Learn More 
www.cyverse.org

The Open Science Workspace for Collaborative, Data-driven Discovery

Start Using the Discovery Environment Now!



Concept of Team Science WorkSpace

● Use GitBook for project documentation 

● Secure large scale data storage and retrieval built on the CyVerse Data Store 
and Data Commons  (a distributed and federated data grid) 

● Reproducible computation and data analysis, visualization, and reproducible 
tools built in Rstudio, RShiny,  and Jupyter notebooks through the CyVerse 
Discovery Environment (DE) 

● Containerized workflows based on Docker and Singularity, with features that 
allow teams to share and collaborate harnessing a powerful computer 
infrastructure



https://www.rna-seqblog.com/

https://www.rna-seqblog.com/


scRNA-seq Pipelines

Raw 
count 
data

Preprocessing:
Quality control
Normalization

Dimensionality 
reduction:

PCA
UMAP

Clustering

Examples: Seurat (R); Scanpy (Python) 



Benchmarking And User-Defined Parameters

● User-defined parameters: Parameters in an algorithm that 
can be changed by the user and can affect the overall 
results of the algorithm. 

● Benchmarking:  To help select "smart" user-defined 
parameters or for new method development as a way of 
testing individual elements of an algorithm as distinct from 
the whole.





Clustering

Researchers often turn to unsupervised clustering methods to identify cell 
subpopulations. After dimensionality reduction, we can perform clustering 
analysis. 

• Results can vary between 
clustering methods

• Clustering algorithms 
contain user-defined 
parameters that must be 
carefully selected



Motivating Example



Mouse Atlas

● 20 mouse organs 
sequenced

● Varying number of cell 
types in each data set

● FACS sorted



Relationship between Resolution and Number of Clusters 
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Methods to Tune Parameters: Average Silhouette Score 

● How similar each cell is 
to other cells in its 
cluster relative to cells 
in other clusters.

● Metric ranging from -1 
to 1 for each cell in the 
data set.

● Higher scores are better
● Average of all scores 

can be used to 
determine performance.



Methods to Tune Parameters: Calinski-Harabasz Index

● Also known as the 
variance ration criterion.

● Measures the between 
cluster variance compared 
to the within cluster. 
variance between cells

● Takes values greater than 
0.

● Larger values are better.



Methods to Tune Parameters: Davies-Bouldin Index

● Defined as the average 
similarity measure of 
each cluster to its most 
similar cluster.

● Minimum score is 0.

● Lower is better.



Default Parameters Are Not Optimal



Summary

● ScRNA-seq is a powerful technology that can allow researchers to unbiasedly 
classify cell types based on gene expression. 

● Benchmarking metrics can help chose which clustering algorithm is best for 
your experiment. 

● Additionally, benchmarking metrics can help tune user-defined parameters of 
clustering algorithms.

● The clusTuneR package can be utilized with the Seurat pipeline to help choose 
the best algorithm settings.

● clusTuneR will be available to the public soon.



Future directions

Our team is developing novel approaches to tackle challenging computational and 
analytical problems within this field. Our cutting-edge research includes

● Multi-omics data integration
● Spatial transcriptomics data analysis 



Dimensionality Reduction
More is not always better! High dimensional 
data suffer from the “curse of dimensionality.” 
Researchers must use statistical methods to 
reduce the number of dimensions used in the 
clustering step. Common dimensionality 
reduction techniques include

● Principal component analysis (PCA)
● t-SNE
● UMAP



Dimensionality 
Reduction & 
Clustering Results
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