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Bioinformatics today is 
workflows and files

Sequencing: clustered
Data size: terabytes-to-petabytes
Location: local disk, AWS  
Updates: periodic, batch updates
Sharing: copying

• Intermediate files are often retained
• Most data is stored in custom file formats
• “Workflow” and “pipeline” systems are everywhere





Bioinformatics tomorrow will (need to) 
be distributed, incremental

Sequencing: ubiquitous
Data size: petabytes-to-exabytes?
Location: distributed 
Updates: continuous
Sharing: ??? 

• How can we take advantage of 
the “natural” parallelizability in 
many of these computations?

http://www.genome.gov/sequencingcosts/



Spark takes advantage of shared parallelism 
throughout a pipeline 

• Many genomics analyses are 
naturally parallelizable

• Pipelines can often share 
parallelism between stages

• No intermediate files

• Separate implementation 
concerns: 
• parallelization and 

scaling in the platform
• let methods developers 

focus on methods



Parquet+Avro lets us compile our file formats

• Instead of defining custom 
file formats for each data 
type and access pattern…

• Parquet creates a 
compressed format for each 
Avro-defined data model.

• Improvement over existing 
formats1

• 20-22% for BAM
• ~95% for VCF 

1compression % quoted from 1K Genomes samples



ADAM is “Spark for Genomics”

• Hosted at Berkeley and the 
AMPLab

• Apache 2 Licensed
• Contributors from universities, 

biotechs, and pharmas

• Today: core spatial primitives, 
variant calling

• Future: RNA-seq, cancer 
genomics tools



ADAM includes core genomics primitives:
distributed join-by-overlap



“Yet Another Workflow Engine??”



Does Bioinformatics Need Another 
“Workflow Engine?” 

• No: it has a few already, it will require rewriting all our software, 
we should focus on methods instead.

• Yes: we need to move to commodity computing, start planning 
for a day when sharing is not copying, write methods that scale 
with more resources

• Most importantly: separate “developing a method” from “building 
a platform,” and allow different developers to work separately on 
both



Thanks to...
Matt Massie

Frank Nothaft

Uri Laserson

Carl Yeksigian

And thank you! 
Questions?



NCI Cloud Pilot Project

•



Bioinformatics today is carried out on a traditional 
cluster

• Hand-written task creation
• Dependence on file formats, 

which may be
• poorly-defined, 
• contain optional fields, or 
• have multiple alternatives for 

a single data type
• End up rewriting workflow 

engines, task restart
• Poor support for multiple-sample 

analysis



Translation to the cloud is constrained by existing tools

• Pretty much everyone lifts 
bioinformatics tools into the 
cloud in the same way

• Virtualization (VMs, Docker) 
for abstracting and 
encapsulating tasks

• Parallelization dictated by file 
format



Spark can easily express genomics primitives: 
join by genomic overlap

1. Calculate disjoint regions 
based on left (blue) set

2. Partition both sets by 
disjoint regions

3. Merge-join within each 
partition

4. (Optional) aggregation 
across joined pairs



Spark can easily express genomics primitives: 
join by genomic overlap





Spark RDDs and Partitioners allow 
declarative parallelization for genomics

● Genomics computation  is 
parallelized in a small, standard 
number of ways
○ by position
○ by sample

● Declarative, flexible partitioning 
schemes are useful



● Avro to define data models
● Parquet for serialization format
● Still need to answer design 

questions
○ how wide are the schemas?
○ how much do we follow existing 

formats?
○ how do carry through projections? 



Cibulskis et al. Nature Biotechnology 31, 213–219 (2013)
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