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Genomics Center Research Aims
1: APIs 

Pioneer common Application Programming Interfaces (APIs) for big genomics data in biomedicine. 

2: Benchmarking  

Create a continuously operating benchmarking platform for methods of large-scale genomics 
analysis.

3: Big Data Genomics Software 

Develop large-scale genomics analysis tools that interact with the genomics data APIs.

4: Driver projects 

 Pilot APIs and tools in a variety of large and small projects in different areas.







Problem: Genome Data Held in Silos, 
Unshared, not Standardized for Exchange

No one institute has enough on its own to make progress. 
Every clinician should be able to compare their genomes to others.



We need a network for sharing 
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Alliance for data sharing

UC Santa Cruz Genomics Institute



GA4GH Driver Project:
 Beacons to Discover Data

      

NO

I can neither 
confirm nor deny 
that request

Do you have any 
genomes with an “A” at 
position 100,735 on 
chromosome 3?

YES



Protocol Adopters (Fall 2015)

STACK



Accomplishments to date
Functional support for:

• Reads : BAM
• Variants and annotations : VCF
• References : FASTA
• Seq Annotations: GFF3
• RNA
• Genotype to Phenotype
• Metadata

Coming soon:
• Other data sources: BED,                                                                                                       

wiggle





Problem Statement
      Secure aggregating counts of relevant patients
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Problem Statement
      Secure aggregating counts of relevant patients

Select count(*) from MD2K A, i2b2 B, GA4GH C where A.caloriesDay>600 
and B.smoker=true and C.r123140=C



Framework Overview
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GMW 
protocol

Query 
decomposition Query 2

Goldreich, Micali and Wigderson (GMW), All Languages in NP have 
Zero-Knowledge Proofs, JACM, July 1991

http://www.wisdom.weizmann.ac.il/~oded/gmw1.html
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http://www.wisdom.weizmann.ac.il/~oded/gmw1.html


Decomposition of the query

Select count(*) from MD2K A, 
i2b2 B, GA4GH C where 
A.caloriesDay>600 and 
B.smoker=true and C.r123140=C

Select IDs from 
MD2K where 
A.caloriesDay>600

Select IDs from 
i2b2 where 
B.smoker=true

Select IDs from 
GA4GH where 
C.r123140=C

Secure aggregation





Compulsory Moore’s Law Slide



Compulsory Moore’s Law Slide

BAD NEWS!!!



Toil — Pipeline Architecture for Genomic Workflows
● Massively Scalable — tested on 32,000 cores
● Resumable after failure of any node
● Portable — installed with a single command

○ Runs on Amazon, OpenStack, Azure and (soon) Google, and 
existing HPC environments

● Simple — built entirely in Python
● Supports CWL and (soon) WDL
● Simple API, based on functional programming principles
● Open-source — Fork us!

Develop workflows locally…

Deploy at scale without changing source code!



Toil RNASeq Recompute



Toil RNA-Seq Recompute

http://biorxiv.org/content/early/2016/07/07/062497



End-to-end variant analysis



End-to-end variant analysis does not scale

15M 
hrs

1000 
weeks

Analysis 
cost:

>$10M



ADAM provides a stack model for genomics
Genomics is built around legacy file formats:

● E.g., SAM/BAM → alignment, VCF → variants, 
BED/GTF/etc → features

● Manually curated text/binary flat files

We want a narrow waist:

● Can change storage medium, execution 
system

● Can make use of horizontally scalable systems 
like Apache Spark

ADAM makes it easy to write parallel algorithms on 
top of RDDs, instead of against “Genome walker”



End results compared to legacy systems

● ADAM produces statistically equivalent 
results to the GATK best practices pipeline

● Our end-to-end pipeline is 3.5x faster 
while also being 4x cheaper

● In the process of recalling the Simons 
Genome Diversity Project using ADAM

● We have a working pipeline using both 
HG19 and GRCh38



Ongoing work
● Completing validation 

study by recalling SGDP 
against GRCh38

● ADAM will compete in the 
VariantDB challenge

● Ongoing work on 
downstream analysis tools:

○ Avocado
○ Gnocchi
○ Mango



Dockstore
Brian O’Connor

Technical Director, Analysis Core - UCSC Genomics Institute
Consultant - OICR



PCAWG Drove Portable Tool Development

● International Cancer Genome 
Consortium (ICGC)

● ~2,800 Cancer Donors
●~1,300 with RNASeq data 
●~5,800 Whole Genomes 
●Goal is to consistently analyze data

● 14 Cloud (and HPC) environments
●3 Commercial, 7 OpenStack, 4 HPC 
●~630 VMs, ~15K cores, ~60TB of RAM

● 8 sites storing and sharing data via GNOS

http://pancancer.info 
http://dcc.icgc.org/pcawg 

http://pancancer.info
http://pancancer.info
http://dcc.icgc.org/pcawg
http://dcc.icgc.org/pcawg


Dockstore Tour

Search

Main Page Tool Management



•
•
•
•



Simulated 
training data 
sets passed into 
workflows

Goals:
Benchmark methods for prediction in RNAseq data 
on oncology datasets

Challenges:
Identify fusion genes
Quantitate transcript isoforms
Datasets:
Simulated data: in silico data generated 
from prostate model, with varying 
number of events from diploid genome 
at depths 30-250 million reads. 

Cell-line spike-ins: breast cancer cell line 
samples with known isoforms and 
fusions spiked-in. Sequenced at 50 
million reads.
 





Motivation for the BRCA Exchange

● Lifetime risk of developing breast or 
ovarian with pathogenic BRCA 
mutation

● Men with pathogenic BRCA mutations 
are also at risk for prostate cancer

● Drug treatment: PARP inhibitors show 
effectiveness for BRCA1/2 patients

Familial 
Breast 
Cancer

No Familial 
Breast 
Cancer

General
Population 

BRCA variation is relatively common 
with well known medical implications



Motivation for the BRCA Exchange

● ClinVar is incomplete:
○ European projects
○ Individual papers and submitters
○ Some organizations can't pay the 

cost of preparing a submission

BRCA variation is relatively common 
with well known medical implications

No single source for BRCA variant 
information

ClinVar
7961 Variants

1041

2107
1191

1778

LOVD
3276 Variants

UMD
3675 Variants



Motivation for the BRCA Exchange

BRCA variation is relatively common 
with well known medical implications

There is no single source for BRCA 
variant information

High numbers of VUSs, where 
classification is limited by being 
unable to see all the data on a variant



Motivation for the BRCA Exchange within 
GA4GH/BD2K
Focus on two genes to efficiently and effectively lay the foundations for GA4GH 
sharing, both legally and technically.





Combined, BRCA Exchange has 
13,500 individual deduplicated variants. 
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