Bioinformatic Strategies:
Integrating Data and Knowledge to Improve
Biosurveillance

Presented by
Bob Cottingham

Biosciences Division
Oak Ridge National Laboratory

N &

NDIA Biosurveillance Conference
August 28, 2012

OAK
Managed by UT-Battelle RID GE

for the U.S. Department of Energy

National Laboratory



Introduction and Motivation

* Biosurveillance has been primarily based on
traditional and manual methods such PCR detection,
and intelligence gathering and analysis.

* As science and technology advances there is
increasing potential for terrorist engineered threats.

- But also increasing potential for computational means
to detect both natural and synthetic threats.

OAK
Managed by UT-Battelle for the RID GE

U.S. Department of Energy 2 National Labor



What would it take to develop a
standardized biosurveillance system

« Common, Standardized, Scalable
« Computational framework

* Allows rapid, efficient development of new
computational analytic methods in a common,
integrated data environment.

« Enable common methods for the evaluation and
comparison of analytic methods to drive improved
performance.

* Provide the basis for computational work
environments for biosurveillance analysts.
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Some relevant topics to consider

» Data intensive computing for analysis of multiple
real-time data streams,

» Genomic, transcriptomic, and other -omics analysis
of samples,

 Sensor network integration,
- Spatial analysis and visualization,
* Social network analysis
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Scaling of Bio Data - Both Volume and

Breadth of Data | row ot cendank
Déja vu all over again :

- Yogi Berra |

* Next-next gen sequencers e.g.
PacBio = 100GB/hr in 20127

i =

(millions)

Sequences

* |s storing and processing data all
that’s needed?

* |s computing becoming the
bottleneck in research progress?

Databases
PN

* Haven’t we been saying this since
early 1990s?

* |s Moore’s Law keeping up?

- What about transcriptomics and

omics integration? OAK
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Problem: Discovery of Microbial Pathways
Important to Production of Cellulosic Ethanol
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Computational Biology & Bioinformatics:
Future of Analytical Integration

Super-exponential growth:
more data to analyze,
more often.

Predict protein and function

Align with all conserved
protein domains >1000

ETrr e

Significant match
in motif scan
(PROSITE, ELM)

Increased data and
integration increases
computation and storage

Use family-based
resources to search
for match (Pfam,
SMART, TIGRFAMs,
PANTHER, Gene3D,
SUPERFAMILY)

Sequencing 5

Identify conserved
residues (ET or SNPs
that affect function,
such as SIFT)

Versioning of analysis
tools, data and evidence.

Global Fly—By Pathway Navigation .

Microbial Annotation Pipeline — S e U .
L o
Quality assessment of s - .
. Annotation Date: 2007-03-24 -
data, analysis tools and S L
Pathway(s): Shenty
results. o= Rl O —
Establish open standards 2 s .
for assessing quality and g .
performance of analytical . _
methods. i B i
‘m y e

Extend so researcher can
Lead open source software see evidence, quality and
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Knowledgebase R&D Project
Background and Objective

» 2008 Workshop Report

Systems Biology Knowledgebase

— Historically projects developed in foraNoy L nsory
isolation resulting in isolated data and
methods.

— Vision: Integrating, community
informatics resource enabling a broader
and more powerful systems biology
research effort.

* Objective: Develop an implementation
path toward the vision of the DOE
Systems Biology Knowledgebase.
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Experimental Design to Validate
Prediction

Web Images Videos Maps Mews Shopping Gmail more v

GOLnge ma DS |starbucks

|v l Search Maps

Find b

Get Directions My Maps

@ {otel Circle North, San Diego, CA 92105

® (7007 Friars Road, San Diego, CA 92108

Add Destination - Show optiens

‘Walkmg v ‘

[ Get Directions I

Walking directions are in beta.
pedestrian paths.

Walking directions to Starbucks

=) Suggested routes
Fashion Valley Rd

0.8 mi

Camino De La Reina and Friars Rd
1.1 mi

500 Hotel Cir N
San Diego. CA 52108
1. Head southwest on Hotel Cir N toward
Fashion Valley Rd
2. Tumn right at Fashion Valley Rd

3. Turn right at Friars Rd
Destination will be on the right

Starbucks
7007 Friars Road
San Diego, CA 92108-1157

are for planning pul

Map data ©2009

Report a problem
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Also available: B By car B3 Public Transit

Use caution — This route may be missing sidewalks or
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A Model of the Earth - 15t century
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A Current Model of the Earth
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Image with Annotation
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User Interface on
Computational Model
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Research Function with User Interface
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Experimental Design to Validate
Prediction
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Also available: B By car B3 Public Transit

Use caution — This route may be missing sidewalks or
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Could something like that exist for

biosurveillance? Google
trends
- . . ‘/ DNA

« The ability to collect, communicate and %v\) () Sequence
analyze biological-related data is rapidly A Hiy - \%‘1
changing. = $ e

. . ‘Z‘é K%é{ . ‘ﬂ"‘i‘/l:i

* Diverse sources of data can be used in -

predicting and mitigating an outbreak. Synthetic Biology

« When a bioterrorism event unfolds, we must rapidly collect, analyze,
and filter diverse information to enable the best response and
decision-making.

* Information could come from search engines like Google, from
scientific labs, field detectors, handheld devices, social networks,
blogs, over the counter sales, traditional media or virtually any
person or entity that shares information on the Web.
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Managed by UT-Battelle for the RID GE

U.S. Department of Energy 16 National Laboratory




Data Intensive Science - The 4" Paradigm

« Experimental, Theoretical, Computer Simulation, ... next Data Intensive.

- Data discipline based on databases, schemas, ontologies - scientific
community generally lacks understanding of these topics.

- Data intensive science requires specialized skills and analysis tools.

 Each piece of data needs have its associated ontological and semantic
information.

 Search, analysis and reuse is supported by standard vocabularies.

* IT industry building huge “cloud services” with high bandwidth, low
cost storage and computing. No prominent bio examples yet.

* Future scientific progress in biology depends on how well the
community acquires the necessary expertise in database, workflow,
visualization and cloud computing techniques.

OAK
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Scenario Driven Data Modeling SDDM:

[ Beta-lactamase ]

[ ID=INTERPRO:IPRO00871

ID=SCEN:EVENT 1003_2_1
DATE=8/13/2010

A Belgian man died from a drug-resistant
so-called superbug originating in South
Asia, the 1st reported death from the
new health threat.
COOR=4.790039,50.359482,0.000000

ID=SCEN:OUTBREAK_1003_2
START DATE=8/13/2010
END DATE=8/14/2010

13

ID=SCEN:SEQ_1003_1
SEQ="cttggtcgtc...”

hasEvent 14
] hasPROMEDRef @

Owl:sameAs matches [ |ID=PROMED:20100817.2853 }
hasOutbreak
annotatedBy ID=SCEN:EVENT 1003_1_2
DATE=8/14/2010
ID= INTERPRO:IPR001036
L hasSequence DESC= At least 2 Canadians have become
infected with a dangerous new "superbug"
6 matches hasSequence from India that is spreading around the
8 world, partly due to medical tourism.
annotatedBy ID=SCEN:SEQ_1003_2 |D SCEN:1003 ] COOR=-102.041016,55.727112,0.000000
SEQ="tctcgacatg...” ~
ID=G0:0016787 hasSequence hasOutbreak
annotatedBy \@(_ matches 10 hasEvent
ID=SCEN:SEQ_1003_3 hasPROMEDRef
[ ID= INTERPRO: IPR001279 ] SEQ="gaaaatcgcc...” ID=OUTBREAK_1003_1
START DATE=8/11/2010
END DATE=8/14/2010
hasEvent hasPROMEDRef 16

Managed by UT-Battelle for the
U.S. Department of Energy

ID=SCEN:EVENT 1003_1_1
DATE=8/11/2010

DESC=A new "superbug" that is resistant
to even the most powerful antimicrobial
agents has entered UK hospitals
COOR=-2.065430,53.330872,0.000000

ID=PROMED:20100815.2812
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Knowledgebase R&D Project
Background and Objective

» 2008 Workshop Report

Systems Biology Knowledgebase

— Historically projects developed in foraNoy L nsory
isolation resulting in isolated data and
methods.

— Vision: Integrating, community
informatics resource enabling a broader
and more powerful systems biology
research effort.

* Objective: Develop an implementation
path toward the vision of the DOE
Systems Biology Knowledgebase.

Managed by UT-Battelle for the 19 RID GE
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Growth of GenBank
(1962 - 2008)

The Problem

- Biological research projects are becoming - -..
larger and more complex, both experimentally ==+
and computationally.

* To succeed there is an increasing need to
cooperate and standardize.

 Technological advances continue to produce
exponentially more and diverse types of data.

* A new kind of computational infrastructure is
needed for the overall scientific effort to be
productive and successful.

OAK
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Kbase Mission

* To provide a large-scale, open community
computational capability for systems biology
research data management and analysis.

* Promote openness and sharing of data, code and
computational infrastructure.

* Address problems of large scale data management
and processing.

» Utilize computational techniques required for
community effort at data integration, open
development, large scale resource sharing and to
meet other research community policies and
objectives.

OAK
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How Would Kbase Be Different?

* How would Kbase be different?
— Integrate across projects and laboratories
— Implies a community research effort
— More standardized approach .
— More mature software engineering approach | ﬁ; o
— More involvement of non-informatics researchers =~ = L

 Reference models - technical:
— Open source development, e.g. Linux
— iPhone Apps, Google Apps, Facebook Apps — :

— Google Maps cloud computing with smart phone app 2o 4
— Wikipedia shared community reference resource .g

Managed by UT-Battelle for the 22 RID GE

U.S. Department of Energy National Laboratory




Kbase Guiding Principles m “
* Science drives Kbase development. -
« Community effort integrating data and methods across
multiple laboratories to improve research productivity.

* Open access — data and methods are available for
anyone to use with perhaps a limited embargo policy.

 Open contribution — data and source code managed in
an open environment and can be contributed by anyone
with an editorial / peer review process.

* Distributed data and methods, Kbase is not a single,
centralized, monolithic system.

OAK
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DOE Systems Biology Knowledgebase
Establishing A Systems Biology Modeling Framework

Data generators Open-Access Data and Information
s Sog Exchange
* Flexible user interfaces Data
A * Easy data retrieval users
oA * Environment for in silico experimentation \
- ' g

Seamless Submission and

Incorporation of Diverse Data DOE Systems Biology = _ /

Knowledgebase
* Standards for data, metadata

* Quality control and assurance Vel Community-Wide Stewardship

> GEEIRE C i e T "3 dats « User, Standards, and Advisory
committees
Software and tool / * Value-added analysis
developers \/ Tools * Training, tutorials, and support

Open Development of Open-Source Software

and Tools
* Analysis and visualization
* In silico experimentation O AK
* Tracking and evaluation of tool use
Managed by UT-Battelle for the 24 RID GE
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SUBD Ko at is a Knowledgebase?

DOE Systems Biology Knowledgebase

Data is extracted and displayed

,NMDBPQ&SE@EEMM Databases enable the rapid
“DIED IN A ACCIDENT® organization and search of data

Ao GODGLE. RESUTS
sovingG | BTy 70
aivar | e 575

sorrinG | N (75
SKATEBOARDING | I, 75

S | Knowledge is learning & answering

ICE SKATING | (N 24
KNTTING | | 7
BLOGGING | | 2

This is the database model

PROBABILITY
BOoK (s GaoD

Knowledgebases should learn a
“model” of the data to provide
“conclusions” (hypotheses)

NUMBER OF WORDS MADE UP BY AUTHOR

"THE. ELDERS, OR FRAAS GUARDED THE SARMUNGS (CHILDREN)
WITH THEIR KRYTDSES, WHICH ARE LIKE SWORDS BUT AMESVER. .

This is the knowledgebase model

M-C Jenkins (http://www.scienceforseo.com) %
RIDGE

e g ary 1 - 1or s

U.S. Department of Energy National Laboratory
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Knowledge = Models

* The Knowledgebase should learn models from data and

human interaction.

* Models and their parts should carry information about

the quality of their data, annotations, and predictions.

» Data, protocols, algorithms and models should be
subject to both calculated and community quality
assessment.

OAK
Managed by UT-Battelle for the RID GE
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ﬁ*V"" KBASE Base Infrastructure and Services

DOE Systems Biology Knowledgebase |

. Modeling and . Data Search and Anal_ysm . Third Party Web
6 a . i Model Curation - Experimental

= O Engineering Browsing ) Tools

i Design

=

= &

>

-~ ... DaaandAnalysisWorkbench .

KBase End User Web Interfaces

Community Plug-in Services

1]
tE L
g g Functional Inference in Metabolic, Regulatory, Model-based Comparative Analysis of
a E Genomes and and Community engineering and Predictions, Networks,
g = Metagenomes Network Inference analysis and Communities
a3z B— . Toe——— ——

KBase Tools

Data
Management

Graphics and
imaging

Naming, and User Interface

Location

and Search Interchange St Rt

Data Access I Data ‘ Registration,

Integration Services Low-Level System Services User Interfaces and Graphics

Bulk Data Services Persistent Store Central Data Store




_>

' KBASE ofi],(-:1 - KBase User Experience

DOE Systems Biology Knowl¢dgebase

£ véﬁ' KBASE Search | Narrative @

predictive biology TH A E H script publish
DOE Systems Biology Knowledgebase data || function
Sensory_genes: @
12 narratives/10 hypotheses Flagellar_genes: Q@ [ search ]
2 genomes -
1 metagenome [in4] 9:12:12am 11/16/2011 C: ClusterMe Clustering

(* Bobtheguy says | missed one. | have looked and by eye | agree *)

1 model
Add(Sensory_genes, )->Sensory_genes g

183 data uploads

[in5] 10:00:28pm 11/16/2011

New narrative ] [ New team ] I need to figure out in which conditions these genes are expressed. First] am going to
aggregate my two sets of genes (| separate them for differential analysis later, then query

for all gene expression data concerning them. Hmmm... what's that function again?

[in6] 10:04:17pm 11/16/2011

Merge(Sensory_genes,Flagellar_genes)->GetExpress(geneids::stdin)->Add(Expression_data,

stdin) 0
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[in7] 10:27:43pm 11/16/2011

Data management ClusterMe(Expression_data}->PickCluster()

@ Metal reduction project
O Chemotaxis project

Narrative management

Q Chemotaxis Study -> ©-> Add(High_Expression, stdinj
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