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Overview

● Core components
○ Batch computing: Terra, Dockstore
○ Interactive computing: Jupyter Notebooks, RStudio/Bioconductor, Galaxy

● Basic Science
○ T2T Workflows and Analysis

● Clinical Science
○ Polygenic risk scores (PRS)
○ seqr
○ AHA Assessment
○ PharmCAT

● Extending AnVIL
○ Available technologies
○ Future directions



Building a Secure Federated Data Ecosystem

FedRAMP certified
1 ATO

Implemented on



Core Components Overview

Thousands of tools provided by:

Dockstore: WDL: 840 workflows
Galaxy: 28 workflows

Terra: 272 public workspaces 
48 featured workspaces

Bioconductor: 2,041 software packages
               977 annotation resources

     406 data collections 

Galaxy:            7,829 tools available

Metrics: Tools & Workflows

Featured workspaces showcase reproducible, 
ready to run workflows and notebooks  



AnVIL toolsets by scale and purpose

Basic Science Clinical

Large Scale /
Batch

Interactive
PRS report



The Workspace - The fundamental unit in Terra

Workspace: the fundamental unit in Terra Featured workspaces: see how science gets done

Collaboratively access and organize data, launch tools 
and run analyses  

Public showcase workspaces for users to discover 
ready-to-run analyses 



Terra: RStudio + Bioconductor

RStudio: analysis environment 
preferred by the R community.

● Machine learning, statistical 
computing, and visualizations

Bioconductor: tools and modules for 
the analysis and comprehension of 
high-throughput genomic data, 
implemented in R

● 1,903 software packages available 

AnVIL provides a robust well tested RStudio environment 
with the latest Bioconductor release integrated



Galaxy: Cloud-scale & flexible analysis

● Accessible, reproducible, integrative 
science with thousands of tools

● Large, active community of users and 
contributors

● World-wide training network with 
materials, educating thousands every 
year

● Avoid data downloads

● Use Galaxy without quotas 

Web-based analysis environment for running analysis tools and 
building workflows for users with no programming expertise



Telomere-to-Telomere (T2T) Analysis Workflows

github.com/schatzlab/t2t-variants



Re-analyzing diversity in 3,202 samples

Aganezov, et al., 2021 bioRxiv Powered by AnVIL



Clinical Genomics: seqr - Mendelian Inheritance

● Open source software on AnVIL for 
collaborative exome and genome analysis

● Accepts joint called vcf input file
● Supports collection of extensive metadata
● Matchmaker Exchange node

● Ongoing development ideas
○ CNV (exome) and SV (genome) data 

loading and SNV-SV compound het 
searching

○ Improving representation of mito 
and STR variants

○ Integration of RNA-seq data for 
analysis

○ Support ACMG variant classification 
○ Expansion of Matchmaker Exchange 

capacity 
○ Increased support for cram to variant 

files to loading in seqr

Pais et al., medRxiv, 2021



Clinical Genomics: Jupyter Notebook for PRS

PRS report



AHA/AnVIL Working Group

● Clinical genomics.

● Interviewed a panel of clinical scientists.

● Recommended the prioritization of polygenic 
risk score (PRS) calculation and 
pharmacogenetics as our initial focus areas.

● Focus groups of PRS calculation experts led to 
the identification of the 17 tools listed here.

● Conducted focus groups to discuss resources for 
pharmacogenetics (Casey Overby Taylor, JHU)



Clinical Genomics: PharmCAT (Coming Soon!) 

What does PharmCAT do?

● PharmCAT is used to support clinical 
decision making

● Utilizes CPIC/PharmGKB guidelines for 
gene-drug pairs

● Gives prescription recommendations 
based on genetic variants

How does PharmCAT do what it does?

● VCF file is provided by the user

● Named Allele Matcher matches variant 
information with Allele definitions and 
gives a diplotype call for each gene

● The Reporter takes output from the 
Named Allele Matcher and gives 
prescription recommendations



Extending AnVIL

● Bring your own tools and workflows
○ Either by registering them in Dockstore, or by uploading your own custom WDL to Terra

● Build on top of the AnVIL APIs
○ All of the components of the AnVIL provide APIs
○ We will be providing a unified, stable API endpoint for the AnVIL with OpenAPI documentation
○ We are building API wrapper libraries in Python and R, largely generate from the OpenAPI 

specification but curated 
○ See the repo: https://github.com/anvilproject

● Adding new web applications
○ We are defining standards to allow a containerized web application to be hosted inside AnVIL
○ Leveraging standards container orchestration (Kubernetes) for complex applications

https://github.com/anvilproject


Future directions

● Integration of third-party applications
○ Goal: empower app developers with streamlined integration and verification process
○ In process: create official Terra App Dev and Terra App Security guides for third-party developers

● Machine learning
○ Harmonized datasets for training and testing models
○ Optimized software libraries with GPU support for efficient processing
○ Advanced visualization capabilities to inspect and debug
○ Model Zoo - Make code and pretrained models available to the genomics community

● Basic Sciences
○ More diverse assays, e.g. ENCODE, Roadmap Epigenomics, IGVF, dGTEx
○ Large scale multi-omic integrations

● Clinical genomics
○ Diversity of data types, e.g. eMERGE (genomics, medical records, image analysis, etc)
○ Disease associations, clinical reporting, treatment guidelines




