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The Genomics challenge




Cost per Human Genome
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Genomic footprints require scalable storage and compute

25
20
15

10

Acquisition
Storage

Analysis

Distribution

25 zetta/bytes/year
1EB/year

In situ data reduction

Real-time processing

Massive volumes

Dedicated lines from antennae
to server (600 TB/s)

Storage EB/year

0.5/15 billion tweets/year
1-17 PB/year
Topic and sentiment mining

Metadata analysis

Small units of distribution

500-900 million hours/year
1-2 EB/year

Limited requirements

Major component of modern
user’'s bandwidth (10 MB/s)

Source: Stephens, et al., Big Data: Astronomical or Genomical? (2015)

Genomics

1 zetta-bases/year

2-40 EB/year

Heterogeneous data and analysis

Variant calling, ~2 trillion central
processing unit (CPU) hours

All-pairs genome alignments,
~10,000 trillion CPU hours

Many small (10 MB/s) and fewer
massive (10 TB/s) data movement
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Key considerations for Genomics workloads

=t S

* Multiple Genomic data types » Many steps linked for Genomic data analysis
(WGS, WES, Targeted) and processing

* Genomics data range from 10s of GBs » Varied computational needs depending upon
to 100s of GBs per sample Genomic data type and tool

« Growing rapidly due to continuously » Portability and reproducibility

improving sequencing technologies
 Cost needs to be front and center
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Why AWS for Genomics




AWS core cloud capabilities facilitating Genomics

Amazon EC2

Storage Identity
R__A
N . &
KN
Amazon Elastic  Amazon S3 FSX for Lustre AWS ldentity and Access
Block Store (EBS) Management (IAM)

Managed services

AWS Batch Amazon Elastic  AWS Step
Container Service Functions
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AWS is global

@ REGIONS

@ COMING SOON

for Genomics & Health

Over 1 million active customers
across 190 countries

2,000+ government agencies
5,000+ educational institutions
25 regions (+3 Planned)

81 availability zones with
3+ data centers per zone

230+ POPs

245 countries and
territories served



Customer benefits of the AWS Global Infrastructure

GRS ® O

Security Availability Performance Scalability Flexibility

Low cost
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Computing as a utility

Focus on applications
“and not infrastru_c.t_—ure '-

Pay as you go, and only
for what you use

On-demand and
fit for purpose
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Compliance on AWS

Certifications/
Attestations

Laws/Regulations/
Privacy

HIPAA compliance does not
equate to GxP compliance,
or non-US data privacy laws

Alignments/Frameworks
(industry/function)

NIST

(6

) B
)

! x .F._

HITRUST

CSF Certified
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AWS powers Genomics organizations of all sizes and disciplines
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AWS for Genomics solution areas
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Data transfer Workflow automation Data aggregation
& storage and secondary analysis & governance

Interpretation & ML
for tertiary analysis
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AWS Genomic Workflow
Automation Solutions




Workflow pipelines in a nutshell

Raw data Processed data
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@ Compute intensive
@ Memory intensive
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Major infrastructure components
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AWS Step Functions AWS Batch Amazon S3
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AWS native reference architecture

Amazon ECR I K
Batch Job
\/"\/
11T i
/\./\ :
Task Spot instance !
User AWS Step Functions AWS Batch Container Amazon S3

_________________________________
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Putting it all together

wdl CWL

=

Develop a workflow using a
definition language and
containerized tools

a6
e va AL
Ww A

Cromwell Airflow

o=

Nextflow AWS Step
Functions

Submit your workflow
to a workflow engine

Docker Image
Repository

.

AWS Batch

Task

Workflow engine submits
tasks to cloud compute
resources (e.g., AWS Batch)

Spot

Container instance

Batch Job

Amazon S3
ZE:]gl FSXan
Amazon EFS Amazon FSx

for Lustre

Tasks retrieve and store
data in cloud object storage
(e.g., Amazon S3)
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Amazon Genomics CLI

Amazon Genomics CLI is an
new to AWS run Genomics workflows in the cloud by

for workflow engines. Amazon Genomics CLI reduces the time for

scientists and developers to start running existing Genomics workflows at scale and speed up
iteration cycles as they develop new ones.

Setup a new project and run a Open source and built on

Genomics secondary analysis community open standards
workflow in the cloud with a

few CLI commands

that helps customers




Amazon Genomics CLI

o0 Amazon Genomics CLI

Sta rt ru n ning genomics WorkflOWS On @ Launch and manage genomics workloads on AWS.
AWS with a few easy steps and s started 7

account Commands for AWS account setup.
fa m i lia r too li n g Install or remove AGC from your account.
Contexts
context Commands for contexts.

Contexts specify workflow engines and computational fleets to use when running a workflow.

Logs
logs Commands for various logs (currently only CloudWatch).
Configure Deploy Run ——
project Commands to interact with projects.
Workflows

workf low Commands for workflows.
Workflows are potentially-dynamic graphs of computational tasks to execute.

Settings o

version Print the version number.
Flags
-h, —help help for agc

-v, —verbose display verbose diagnostic information
——version version for agc

Create a project, define Deploy compute resources Process genomic data and Examples -
compute resources and and container clusters to derive research insights Displays the help menu for the specified sub—command.

) “$ agc account —help’
workflows execute workflow engines 4 o~



Amazon Genomics CLI

o0 Amazon Genomics CLI

Start running genomics workflows on |
AWS with a few easy steps and b hete e
familiar tooling

+ ~ # Initialize a project
+ ~ agc project init
Configure Deploy Run

+ ~ # Deploy a context
+ ~ agc context deploy myContext

+ =~ # Run a workflow
+ ~ agc workflow run myGenomicsWorkflow

Create a project, define Deploy compute resources Process genomic data and
compute resources and and container clusters to derive research insights
workflows execute workflow engines



Industry-leading ISVs build on and collaborate with AWS

illumina ) Bridge >,
IHlumina . Bng{ge < NVIDIA

000000000
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= seqgeralabs % o

databricks A lifebit
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Accelerated Genomics workflows (CPU, GPU, FPGA)

-

awsmarketplace

310,000+ AWS active customers are using
software from the AWS Marketplace

50+ categories and more than 10,000+
software listings from 1,600+ ISVs

2M+ active Saa$S subscriptions

650M hours of usage a month of
Amazon EC2 for AWS Marketplace products

_; Sentieon
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Demos




Customer case studies




Bayer Crop Sciences Enables scalable
Genomics analysis workflow on AWS

Bayer crop science wanted to The company worked with AWS Lowered barriers to entry and
reduce costs and increase Professional Services to build a expansion for customers
modularity for processing and scalable, and modular Genomic Dadliead @asis sl

interpreting Genomic analysis analysis pipeline using AWS around times for analysis
data, in order to understand step functions, with the aim of

the feasibility of the new reducing the costs and turn-

“skim” sequencing pipeline. around times.

What really impressed me was the extraordinary working
relationship among all the AWS team members and Bayer
scientists involved in the project. We have had many
collaborations with external parties, and this one with
AWS was truly a partnership.

Tom Osborn , Head of Analytics and Pipeline Design, Crop Science

B
Bayer CropScience

Company: Bayor Crop Science
Industry: Life Sciences
Country: Germany

Website:
WWwWWw.cropscience.bayer.com/en

About Bayer Crop Science

Bayer’s Crop Science division is part of Bayer
AG, and is the third largest innovative
agricultural input company in the world and
has businesses in high-value seeds, crop
protection and non-agricultural pest control.
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Fred Hutch microbiome researchers use AWS
to perform seven years of compute time in

seven days

Fred Hutch is engaged in
analysis of the microbiome.
Translating gigabytes of raw
microbiome Genomic data into
insights about which specific
microbes are present in a
person is a computationally
intensive task requiring highly
scalable technology.

To accelerate its research,

the team uses the Nextflow
framework to orchestrate AWS
Batch processes and scale the
high-performance computing
platform to accelerate
processing time—reducing

7 years of compute time to

7 days.

Processes data from
more than 15,000
biological samples

Reduced 7 years of
compute time to 7 days

Increases resolution on
microbiome samples to
find links to improve
health outcomes

AWS Batch integrates well with Nextflow, so it was
easy for us to get Nextflow up and running without
having to reinvent the wheel.

Sam Minot, PhD and staff scientist at Fred Hutch MRI

# !y FRED HUTCH

, i CURES START HERE™

Company: Fred Hutch
Industry: Life Sciences
Country: United States
Employees: 3,500

Website:
https://research.fredhutch.org/

About Fred Hutch

The Fred Hutch Microbiome Research
Initiative, funded by Seattle's Fred
Hutchinson Cancer Research Center, includes
microbiome investigators with expertise in
study design, laboratory methods, animal
models, human intervention studies, data
analysis, and visualization. These researchers
are working to predict health outcomes,
understand the pathogenesis of disease,

and manipulate the microbiota to

promote health.
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Lifebit: Powering Genomics England's Research
Environment & the UK's COVID-19 Research

COVID-19 has brought the

clinical application of genomics

to the forefront. Through a
partnership with Lifebit and
AWS, Genomics England (GEL)
launched a large-scale
genomics research project that
aims to leverage data from
35,000 COVID-19 patients and
100,000 participants from the

organization's historical cohort.

Lifebit's end-to-end data
platform will allow global
biopharma and academic
researchers to query, analyze,
augment, and collaborate over
these large datasets in seconds

so they can accelerate drug and

vaccine discoveries.

Organizations bring their
private data for joint analyses,
and the platform scales to
accommodate data from 1+
million individuals, 3+ billion
genetic variants, and 1+
million phenotypic and clinical
annotations.

10X increase in relevant
scientific findings, massively
improving COVID-19
diagnosis and prevention

We've essentially taken Genomics England, the
pioneers of population genomics, and have turned
them into the world’s most cutting-edge research

environment.

Thorben Seeger, VP Commercial

A lifebit

Company: Lifebit

Industry: Life Sciences
Country: United Kingdom
Website: https://lifebit.ai/

About Lifebit

Lifebit is democratising the analysis &
understanding of genetic big data to leap-
forward cures, disease prevention, and our
quality and understanding of life.
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Summary




How AWS enables scalable genomics workloads

/¢>\ Reduce costs and improve turnaround Start building with AWS reference
,@ time for genomic analysis == architectures, Amazon Genomics CLI,

AWS Partner offerings

o . e
;= Maximize results by minimizing ( ) Bioinformaticists and Data Scienti.sts
_{é\)} operational overhead associated modernize and acce.lerate Genomic
with infrastructure research and analysis
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Next steps & resources




Resources

AWS for Health
aws.amazon.com/health

Genomics in the Cloud
aws.amazon.com/health/genomics

Genomic Solutions
aws.amazon.com/health/genomics/solutions

Guide to Genomics Workflows on AWS
docs.opendata.aws/genomics-workflows

AWS Marketplace
aws.amazon.com/marketplace

AWS Partner Network
aws.amazon.com/partners/find

aws

Contactus s, t
Products N -
Solutions  Pricing Documentation  Leam

Partner Network 4
WS Mar
Healthcare & Life Sciences

Overview
ST T Solitions v Technolo
ay -

Genomics in the Cloud

Accelerate genomics discoveries

Wi % A
th AWS, genomics customers can dedicate more time and resources to science

ng time to insights, achieving breakthrough research faster and bringing
ing products to mark

AWS enables customers to innovate by making genomics data more acces

sible and
useful, AWS delivers the breadth and d

lepth of services to reduce the time between
sequencing and interpretation, with secure and frictionless collaboration capabilities
across multi-modal datasets. Plus, you can choose the right tool for the job to getthe
best cost and performance at a global scale— accelerating the mo
genomics. 7

ern study of

compared to
throughput ; ign On-Demand
the next prices

largest cloud

Benefits

Keep costs low and performance
high

Accelerate time to discovery

ine lear
Powerful compute and machine .
optio ntists can execute workloads  The flexible pricing and on-demand nature of
cloud computing 3
selection of comput complex:

S scramble to
ather cloud provider—and only A

r idle infrastructure or

compute instanc
netwarking throughput

AWS Partners in Genomics 5
of Partners, Mwwmnnhummmm
ngnupm-mmlgmm«.

options for

AWS offers the largest network

fully managed solutions to help
jcs 2

Lean mors abaut AWS Partners for GE0am

Learn more »

Compliance = gyge

aws

Contactus g,
= T
Uets Solutions  pricing Dacumentatio,
n

Leam  Partner Network AWS Mark,

Healthcare & Life Sciences

Overview g,
IMENtS Y Solytiong = Technology « ¢,
ompliance »

Case Studies

Genomics Solutions

AW

S and AW$ Partners offer Purpose-built solutions across the
workflow, designed to help translate sam,
scientific breakthroughs

ples into actionable i

the new updates for Amazon HealthLake. Learn more

Leading organizations are accelerating genomi

illumina  Astrazeneca DNAnexus

Nllumina delivers integrated systems for anal
function. Illumina bu AWS to gain mo|

ol @
l l I m I n a costs, enabling the organization to pass alan

customers

“Genomics — next-generation sequencing
for personalized medicine. The ability a4
genomes in individuals and, populations d

last decade, we've collabs

services to researchers around the globél

Health initiative supports our mission ofi

power of the genome.

Watch video »

Explore more customer stories »

Solution Areas

i Gov
5 ata Aggregation &
fer & Storage secondary Analysis Dpata Agg
Data Transfe
—_—

Clinical Genomics

Genomics Data Transfer & Storage

aws

p—
Products  Salutions
Healthcare & Life Sciences

Overview
g Segments +

AWS for Health

AWS is the trusted technology and

Innovation partner to the global b
healthcare and life sciences industry,
praviding unmatched reliability, security,
and data privacy.

TR R

Pricng  Documentation

Contactn Support~  Engiane ya
. <ount=

Leamn

Partner Network

AW
S Marketplace  Customer Enablement

Events 3 q

Technology ~  Compliance

CueStudies  Partners +  pess
esources ~

Introducing AWS

Healthcare and life science organizations are reinventing how they collaborate, make data drive

r Health, Read the launch blog »

v clinical and

enable precision medicine, and decrease the cost of care.

Introducing AWS for Health, an offering of AWS services and AWS Partner Network solutions used by thousands of healthcare and

life sciences customers globally. AWS for Health provides proven and easily ac

capabilities that help organizations in

the pace of innovation, unlock the potential of health data, and dew hes to therapeutic dew

and care.

Customers innovating and transforming the future of health with AWS
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versity Medical Center is an academ
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projects dev

medical devices.

“We've partnered o iyl
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ala Hota, MD, Vice Prs dent, Chief Analytics Officer - R h University Medical
D, Vice President, Chief And s Officer - Rush Uni
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https://aws.amazon.com/health/
https://aws.amazon.com/health/genomics/
https://aws.amazon.com/health/genomics/solutions/?#Solution_Areas
https://docs.opendata.aws/genomics-workflows
https://aws.amazon.com/marketplace
https://aws.amazon.com/partners/find/

Resources continued

Speak to a team member:
https://pages.awscloud.com/
GenomicsContactSales.html

Announcing Amazon Genomics
CLI:
https://aws.amazon.com/blogs/
industries/announcing-amazon-
genomics-cli-preview/

View Genomics Resources:
https://aws.amazon.com/health/
genomics-resources/

¥ Announcing Amazon Genomic
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cts  Solutions Pricing Documentation

BI,
og Home Category ~ Edition ~ Follow
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RELATED POSTS

Content
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Announcing Amazon Genomics C
(Preview)

Permalink | /=

Today, we are excited to announce preview availability of A
CLI, a tool for genomics and life science customers to procesy
data at petabyte scale on AWS enabling population level gi
faster drug discovery, and more. In this blog, we take a brief
use Amazon Genomics CLI with just a few commands to easi
configure, and scale cloud resources in minutes to run gene
on AWS. For access to Amazon Genomics CLI, sign up forthe

In studies published in 2015 and it was estimated that
million and 2 billion people would have their individual gene
by 2025, producing data at a rate of EXA-bytes daily global

researchers around the world are creating datasets like these
find novel d

deeper insights into the mechanisms of diseas
and study population scale genetic traits. Similarly, the more|
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Questions and answers
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