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For over a decade, Calit2 has had a driving vision that healthcare is being
transformed into “digitally enabled genomic medicine.” Combined with
advances in nanotechnology and MEMS, a new generation of body sensors is
rapidly developing. As these real-time data streams are stored in the cloud,
cross population comparisons becomes increasingly possible and the
availability of biofeedback leads to behavior change toward wellness. To put a
more personal face on the "patient of the future,” | have been increasingly
quantifying my own body over the last ten years. In addition to external markers
| also currently track over 100 blood biomarkers and dozens of molecular and
microbial variables in my stool. Using my saliva 23andme.com obtained 1
million single nucleotide polymorphisms (SNPs) in my human DNA. My gut
microbiome has been metagenomically sequenced by the J. Craig Venter
Institute, yielding 25 billion DNA bases. | will show how one can discover
emerging disease states before they develop serious symptoms using this Big
Data approach. Hundreds of thousands of supercomputer CPU-hours were
used in this voyage of self-discovery.
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Where | Believe We are Headed: Predictive,
Personalized, Preventive, & Participatory Medicine

|l am Lee Hood’s Lab Rat!

A Doctor’s Vision of the Future of
Medicine

Leroy Hood
NEWSWEEK

From the magazine issue dated Jul 13, 2009

UCII'ViHe www.newsweek.com/2009/06/26/a-doctor-s-vision-of-the-future-of-medicine.html
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Calit2 Has Been Had a Vision of

“the Digital Transformation of Health” for a Decade

www.bodymedia.com

* Next Step—Putting You On-Line! a1 ¢
— Wireless Internet Transmission ‘

— Key Metabolic and Physical Variables

— Model -- Dozens of Processors and 60 Sensors /
Actuators Inside of our Cars

* Post-Genomic Individualized Medicine
— Combine
—Genetic Code
—Body Data Flow

— Use Powerful Al Data Mining Techniques

UCSD The Content of This Slide from 2001 Larry Smarr ‘i(—")
UClIrvine Calit2 Talk on Digitally Enabled Genomic Medicine




The Calit2 Vision of Digitally Enabled Genomic Medicine

iIs an Emerging Reality

The Creative
Destruction of

technology
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HOW THE DIGITAL REVOLUTION

WILL CREATE BETTER HEALTH CARE

ERIC TOPOL, M.D.
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Lifechips--Merging Two Major Industries:

Microelectronic Chips & Life Sciences

65 UCI Faculty

HEART ASSIST
PUMP

litechips

university of california, irvine
www.lifechips.org
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Temporary Tattoo Biosensors
Can Measure pH and Lactate in Sweat

From the UCSD Jacobs School of Engineering
Laboratory for Nanobioelectronics-Prof. Joe Wang

UcCsD ‘il_*v

UCIrvine www.jacobsschool.ucsd.edu/news/news releases/release.sfe?id=1353



CitiSense —UCSD NSF Grant for Fine-Grained
“Exposome” Sensing Using Cell Phones
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CitiSense Team
PI: Bill Griswold
Ingolf Krueger
Tajana Simunic Rosing
Sanjoy Dasgupta
Hovav Shacham
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CitiSense Atmospheric Sensor Platform:
Sensors Will Miniaturize and Diversify




| Arrived in La Jolla in 2000 After 20 Years in the Midwest
and Decided to Move Against the Obesity Trend

'r' s
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| Reversed My Body’s Decline By
Quantifying and Altering Nutrition and Exercise

UCII'Viﬂe http://lsmarr.calit2.net/repository/LS_reading_recommendations_FiRe_2011.pdf




Challenge-Develop Standards to Enable MashUps

of Personal Sensor Data Across Private Clouds

Withing/iPhone-
Blood Pressure

Pancakes (Jp)
Bisquick, 4 pancakes (173 cup = 40g)

Coffee - Brewed from grounds
1 cup (8 N oz

[+
o
Sugars - Granulated (sucrose) 14
1 servang packet o
0

Lowfat Milk - 1% [Calcium Fortif... .

(0.3) Laeraid, 1 cup

. S FitBit -
gkl 3 0 Daily Steps &
N 0 0 Calories Burned

e
MEAZLIRIMG
2 LEFT

AY:,

L JI"qi"Lr."J‘.'- j‘-.,l'-

MyFitnessPal-
Calories Ingested

EM Wave PC-
Stress

_ Azumio-Heart Rate
UcCcsD ° W,
UClIrvine Zeo-Sleep "t )



From Measuring Macro-Variables

to Measuring Your Internal Variables

technology
review

Published by MIT

MARCH/APRIL 2012

BY JON COHEN

The Patient of the Future
z Internet pioneer Larry Smarr's quest to quantify everything about his health led him to a startling
( SD discovery, an unusual partnership with his doctor, and more control over his life

UClIrvine www.technologyreview.com/biomedicine/39636




From One to a Billion Data Points Defining Me:

The Exponential Rise in Body Data in Just One Decade!

MV BOdV Data Microbial Genome
1.E+09 /
1.E+08 /
1.E+07

Improving Bod
1.E+06 P 9 y
SNPs
1.E+05

1.E+04 /

/ Discovering Disease

LE+03 Blood
Variable

1.E+02

1.E+01

1.E+00

2000 2002 2004 2006 2003 2010 2012

UClIrvine

Amount of Data




Visualizing Time Series of
150 LS Blood and Stool Variables, Each Over 5-10 Years

Calit2 64 megapixel VROOM
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Only One of My Blood Measurements

Was Far Out of Range--Indicating Chronic Inflammation

25

20

Episodic Peaks in Inflammation
Followed by Spontaneous Drops

27x Upper Limit

o
& 15
u /

10 = A

Antibiotics /\/1 W
: i
Antibiotics
Normal Range<1 mq/L
0 ormal
8/1/2008 8/1/2009 8/1/2010 8/1/2011 8/1/2012

UCSD Complex Reactive Protein (CRP) is a Blood Biomarker ‘il})

UClIrvine

for Detecting Presence of Inflammation



High Values of Lactoferrin (Shed from Neutrophils)

From Stool Sample Suggested Inflammation in Colon

1000
124x Upper Limit Typical
900 Lactoferrin
Value for
300 Stool Samples Analyzed ] Active
by www.yourfuturehealth.com IBD
700
S 600 ¢
€ 500
5]
8 400
Normal Range
300
<7.3 yg/mL
200
100 Antibiotics
ﬂ' —
8/1/2008 8/1/2009 8/1/2010 8/1/2011 8/1/2012 8/1/20

UCSD Lactoferrin is a Sensitive and Specific Biomarker for ‘i("’

UClIrvine Detecting Presence of Inflammatory Bowel Disease (IBD)




Confirming the IBD (Crohn’s) Hypothesis:
Finding the “Smoking Gun” with MRI Imaging

LivERmy . Goion | Obtained the MRI Slices
gt From UCSD Medical Services
» ‘*;t« ,_j;‘.‘?- and Converted to Interactive 3D
3 - Working With Calit2er Jurgen
Schulze’s DeskVOX Software

Descending Colon

ol

Small Intestine

MRI Jan 2012 \4

Cross ection

v : ", . Sigmoid Colon
UCIrvine Threading lliac Arteries




An MRI Shows Sigmoid Colon Wall Thickened

Indicating Probable Dlagn03|s of Crohn’s Disease
W l\‘ - -




Why Did | Have an Autoimmune Disease like IBD?

Despite decades of research,
the etiology of Crohn's disease
remains unknown.

Its pathogenesis may involve
a complex interplay between
host genetics,
immune dysfunction,

and microbial or environmental factors.
--The Role of Microbes in Crohn's Disease

So | Set Out to Quantify All Three!
Paul B. Eckburg & David A. Relman ‘fl“;

UCIrvine Clin Infect Dis. 44:256-262 (2007)



| Wondered if Crohn’s is an Autoimmune Disease,

Did | Have a Personal Genomic Polymorphism?

> fold From www.23andme.com Polymorphism in
nereasEa e Interleukin-23 Receptor Gene
— 80% Higher Risk
of Pro-inflammatory
Immune Response

ATG16L1

Average Hisk GJ] E

SNPs Associated with CD

2-fold

Decreased Risk

Now Comparing
_ 163 Known IBD SNPs
News and Views with 23andme SNP Chip

Nature Medicine 13, 26 - 28 (2007)

IL-23: a master regulator in Crohn disease

Markus F Neuratht [il_

UClIrvine




Crohn’s May be a Related Set of Diseases

Driven by Different SNPs

2-fold .
Increazed Risk

NOD2 (1)
rs2066844 Fernale

Average Risk [ _m CD Onset

At 20-Years Old

2-fold |
Decreased Risk
2-fold _
Increased Risk "-23R
rs1004819
Average Rizk i‘l_lg i — Me'MaIe
CD Onset

At 60-Years Old

&’

L . 2-fold
UCIW]ne Decreased Risk




Autoimmune Disease Overlap Gut Lees, et al.
60:1739-1753

from SNP GWAS (2011)

MULTIPLE SCLEROSIS SYSTEMIC LUPUS ERYTHEMATOSUS

PTGER4; STAT3; ILZRALILTR; FCGR2A PRDM1/ATGS
IL10

RHEUMATOID ARTHRITIS MUl /\NKKYLOSING SPONDYLITIS
: IRFS

PRDM1 IL23R
REL ERAPZ
ATOPIC DERMATITIS PTPN22 J;ﬁgg PSORIASIS
CCRG
C110m30 ILZ2RA CDKAL1
FOCGR2ZA PTPNZ2
w2/ 1021
LEPROSY TNFRSF14 BEHCET'S
IRF5

NOD2
LRRKZ
TNFSF15

ILZ3R; IL10

ALOPECIA

IBD

IL2RA PROXS
£ IETeR IL2RA
CCR6 IL2 /IL21
ZMIZ1 iz -
ICOSLG
ALEIE0 REL IL18RAP ORMDL3 ASTHMA
KIF218 VAMP3 SMAD3
YDJC BACH?2 5q31 (IBDS)
PTPN2  IL18RAP TNFRSF14| TAGAP DENND1B
ORMDL3 PTPN22 IL2/iL21 y £ZFP36L1

IL10 IL27
TYK2 BACHZ
FCGR2A IL2RA

COELIAC DISEASE e 7D
Type | DIABETES MELLITUS Type |l DIABETES MELLITUS

CDKAL1




Imagine Crowdsourcing 23andme SNPs

For Even a Small Portion of Crohnology!

Map | Satellite

Greankand

Mali Miger Sudan
Chad

Nigeria Ethiopla

South

Dcean

UClrvine www.crohnology.com



But the Human Genome Contains

The Total Number of These Bacterial
Cells is 10 Times the Number
of Human Cells in Your Body

¢ : The NIH Common Fund

WE ACCELERATE DNSCOVERY.

UClIrvine http://commonfund.nih.gov/hmp/




But How Can You Determine

Which Microbes Are Within You?

THE NEW SCIENCE OF
METAGENOMICS

Revealing the Secrets of Our Microbial Planet “The emerging field
of metagenomics,

AR g . where the DNA of entire
'- . ?-"" %‘ communities of microbes
is studied simultaneously,

NRC Report:

Metagenomic
data should

be ma de . presents the greatest opportunity
pL.'bI'CIy. -- perhaps since the invention of
_avallab!e n the microscope —
International i to revolutionize understanding of
arch_lves as the microbial world.” —
rapidly as
possible.

National Research Council
March 27, 2007

THE NATIONAL ACADEMIES
Advisers to the Nation on Science, Engingering, and Medicing

0D
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Calit2 Community Cyberinfrastructure for Advanced
Microbial Ecology Research and Analysis (CAMERA)

NSF/SDSC NSF/SDSC
Gordon Trestles

Infrastructure Services Extend
CAMERA Computations to
3 Party Compute Resources

Source:
Jeff Grethe,
CRBS, UCSD

UClIrvine

@ >90 Countries

NSF/TACC NSF/ TACC NSF/ RCAC

Lonestar Ranger Steele
."50] I].] .‘ B

ok -)MOORE

“ FOUNDATION

&0

>5000 Users




CAMERA and NIH Funded Weizhong Li Group’s Metagenomic

Computational NextGen Sequencing Pipeline

Reads QC
Raw reads I i HQ reads:
[ Filter human
\Y4

Bowtie/BWA against |
> Human genome and
mRNAs

Filtered reads

v

Filter duplicate

FR-HIT against
Non-redundant Read recruitment

Unique reads

_raereats_|

_ CD-HIT-Dup
For single or PE read

Filter errors

microbial genomes |

v

Taxonomy binning

A4
Visualization I

LS @=)B 8 PI: (Weizhong Li, UCSD):

> Cluster-based
| Denoising

\'4
Further filtered Velvet
elvet,
reads SOAPdenovo,
Assemble ——>/ Abyss
\Y4

Contigs K-mer setting
apping ——>|  BWA Bowtie
\"4
| Contigs with RF-finder
Abundance egagene ORFs
tRNA-scan

Cd-hit at 95%
rRNA - HMM A"

v Non redundant
tRNAs ORFs
rRNAs

Cd-hit at 60% Vi

Core ORF clusters

Cd-hit at 30% 1e-

\"4

Protein families

UCIrvine NIH RO1HG005978 (2010-2013, $1.1M)

Il National Human
H. Genome Research
Institute

Hmmer
RPS-blast ——>
blast

v

Function
Pathway

Annotation :il*_‘,)



We Used SDSC’s Gordon Data-Intensive Supercomputer

to Analyze a Wide Range of Gut Microbiomes

° Analyzed Healthy and IBD Patients: Venter Sequencing of
— LS, 13 Crohn's Disease & LS Gut Microbiome:
11 Ulcerative Colitis Patients, 230 M Reads
. 101 Bases Per Read
+ 150 HMP Healthy Subjects 23 Billion DNA Bases

Gordon Compute Time
— ~1/2 CPU-Year Per Sample

— > 200,000 CPU-Hours so far Enabled by
* Gordon RAM Required a Grant of Time
— 64GB RAM for Most Steps on Gordon from

— 192GB RAM for Assembly SDSC Director Mike Norman

Gordon Disk Required SDSC

— 8TB for All Subjects
— Input, Intermediate and Final Results

UClIrvine
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2012 Was
the Year of Human Mlcroblome

The Catholic church’s unholy mess

ThE . Faul Ryan: the man with the plan
ECO no mlst Generation Xhausted

China, victim of the Olympics?

BLKAFST 1874 14M FOL2 Eeenamtiliom On the origin of specie

Mjcrobes maketh man
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When We Think About Biological Diversity

We Typically Think of the Wide Range of Animals

@

WIKIMEDIA
COMMONS

But All These Animals Are in One SubPhylum Vertebrata
of the Chordata Phylum

USD All images from Wikimedia Commons.
UCIrvine Photos are public domain or by Trisha Shears & Richard Bartz




Think of These Phyla of Animals When

You Consider the Biodiversity of Microbes Inside You

@

WIKIMEDIA
COMMONS

Phylum
Chordata

Phylum Phylum Phylum Phylum Phylum
Cnidaria Echinodermata Annelida Mollusca Arthropoda

ucsD
All images from WikiMedia Commons.

U(/IWIHQ Photos are public domain or by Dan Hershman, Michael Linnenbach, Manuae, B_cool




Most Biological Diversity on Earth

Is in the Microbial World

Cyanobacterh

Planctomyce?®

Cﬂacrerm'de .

Cytophaga

Thermotoga

Bacteria Archaea Eucarya
Green Last Slide
Filamentous Slime
Spirochetes bacteria Entamoapae Melds\ Apimals
Methanosargina , Fungi
T ethanobacterjurf> Halgphiles i
@nnha o pﬂﬁ“ﬁ Methanococgu s
T. celgr Ciliates
Thermoprotgus
Pyrodicticung] Flagellates
Trichomonads
Microsporidia
Diplomonads

Aquifex

UClIrvine

Red Circles Are Dominate
Human Gut Microbes

Evolutionary Distance Derived from
Comparative Sequencing of 16S or 18S Ribosomal RNA

Source: Carl Woese, et al




Intense Scientific Research is Underway

on Understanding the Human Microbiome

The Gut Micrebiota’ & - -
pr Ui

o
| oo N E Sl -
iy L A .,

i d s

FELLOW T
TRAVELLERS ¢

k i -
June 8, 2012 June 14, 2012

UCSD From Culturing Bacteria to Sequencing Them ‘it’;

UClIrvine



To Map My Gut Microbes, | Sent a Stool Sample to
the Venter Institute for Metagenomic Sequencing

Only 0 2% Human R

Il N 5 T I T U T E :
& UC San Diego Required 1/2 'c_pu-yr' |
) HearH SCIENCES Per Person Analyzed!

Gel Image of Extract from Smarr Sample-Next is Library Construction
UCSD Manny Torralba, Project Lead - Human Genomic Medicine

W,
J Craig Venter Institute "l_ )

UClIrvine Januarv 25. 2012




We Computationally Align 230M lllumina Short Reads

With a Reference Genome Set & Then Visually Analyze

Taxonomy Classification

Kingdom

Species

2,330




NIH HUMAN
MICROBIOME
PROJECT

Current News

® April 2013
HMP-DACC hosts free webinar:
Approaches in Microblome Assembly

® November 2012
New Walkthroughs Avallable

® June 2012

Owen White and Dirk Gevers discuss
the HMF on Wisconsin Public Radio

More News Items

Publications

» Xenobictics and the human gut
microbiome: metatranscriptomics
reveal t.,

® Transcriptome profiling of
microRNA by Next-Gen deep
sequencing reveal...

® Shallow breathing: bacterial life
at low 0(2)....

Partner Resources
® NIH Commeon Fund
#» NCBI HMP Data Repository

Additional Phenotypes Added from NIH HMP

For Comparative Analysis

|- | v Login

HMPDACC
DATA BROWSER

ETHICAL
IMPLICATIONS

IMPACTS ON
HEALTH

TOOLS &
TECHNOLOGY

REFERENCE
GENOMES

MICROBIOME

ANALYSIS OUTREACH

» Feedback

35 “Healthy” Individuals
1 Point in Time

Welcome to the Data Analysis and Coordination Center (DACC) for the National Institutes of Health (NIH)

Common Fund supported Human Microbiome Project {HMP). This site is the central repository for all HMP GET DATA
data. The aim of the HMP is to characterize microbial communities found at multiple human body sites and to
look for correlations between changes in the microbiome and human health. More information can be found in GET.TOOLS

the menus above and on the NIH Common Fund site.

Areas of Interest

6 Ulcerative Colitis, 1 Point in Time

Impacts on Health
Demonstration projects to determine the relationship between human health and changes in the human microbiome through the use of 165 and
whole metagenome sequencing of clinical samples of interest...

DACC Member Organizations
Related Sites

% CloVR

img/hmpm

Please help us to improve the DACC website by The DACC provides tutorials, or
taking our user surveyl

[ View Survey |

step-by-step
wal  taki ical HMP
lf:‘_f:uo‘s ing users through typi

5 lleal Crohn’s, 3 Points in Time

[ More Information |

ucsD
UClIrvine

& «v




We Find Major Shifts in Microbial Ecology

Between Healthy and Two Forms of IBD

Ave. Healthy
W Bacteroidetes
M Firmicutes
Microbiome “Dysbiosis” = Proteobacteria
or “Mass Extinction”? MW Actinobacteria
® Fusobacteria
W Euryarchaeota

Ave. Ulcerative Colitis LS Apr 2012 Ave. Crohn's

UCSD Collapse of

” (04
UCIrvine On the IBD Spectrum Bacteroidetes




Almost All Abundant Species (21%) in Healthy Subjects

Are Severely Depleted in LS Gut

0.04
0.03
0.02
0.01
%7 % .

UClIrvine

mlarry

m ave healthy
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Major Changes in LS Microbiome Before and After

1 Month Antibiotic & 2 Month Prednisone Therapy

LS Jan 2012 LS Apr 2012 LS Aug 2012

Therapy Greatly Reduced Two Phyla,
But Massive Reduction in Bacteroidetes
And Large % Proteobacteria Remain

Small Changes
With No Therapy

M Bacteroidetes
M Firmicutes

® Proteobacteria How Does One Get Back

W Actinobacteria to a “Healthy” Gut Microbiome?
W Fusobacteria

W Euryarchaeota



Integrative Personal Omics Profiling

Using 100x My Quantifying Biomarkers

Cell 148, 1293-1307, March 16, 2012

B sampLe TYPE METHOD ANALYSES _
St Ch Variant Calling / Phasing || Mlcf.lael Snyder’.
Sequencing Chair of Genomics

Stanford Univ.

* Genome 140x
Coverage

* Blood Tests 20
Times in 14 Months

— tracked nearly

Heteraallelic & Variant
Exprassion

!

Whiole Transcriptome
PEBMC [ Sequencing RNA-Editing
imEMNA and miEMNA)

!

SOINO TVYNOSHAd A3.1vEO3LNI

Quantitative Differantial
Expression & Dynamics

i

Variant Canfirmalion in

Proteome Profiling RNA and Protein |
20,000 distinct
Untargeted Proteome Quantitative Differential | | transcripts coding
Profiling Expression & Dynamics for 12.000 genes
J
J:;}rﬁl‘;:m[g mmf:::’: Quantitative Expression =+ B mea§ured the
g (Cytokines) relative levels of
more than 6,000
Serum Metabolome FProfiling H Dynamics e proteins and 1.000
)
metabolites in
AutoAntibod i '
- DP:ﬂlﬁlin;ﬂmE H Differential Reactivity | Snyder s blood

L 4 "",
Madical / Lab Tests Glucose, HbA1c, CRF,
Telomere Length



Proposed UCSD/JCVI
Integrated Omics Pipeline

Integrated OMIC +
phenotype data access -

J. Craig Venter @ UC San Diegc

I NS TITUTE ¥/ HEALTH SCIENCES

Phenotype
data

165 rRNA

Metagenomics

Metatranscriptome -

Metaproteomics

Lipidomics

UcCcsD

UCIrvine Source: Nuno Bandiera, UCSD



UCSD Center for Computational Mass Spectrometry

Becoming Global MS Repository

ProteoSAFe: Compute-intensive MassIVE: repository and
discovery MS at the click of a button identification platform for all
MS data in the world

S Computational Mass Spectrometry Journal of
UCSD Computer Sence and Enginln. nir\resity nfErnia, an Diego prOteome

| Ganeral Info | LIC ics | Future Tool T et bl L eresearch

......

Tool; @ |nsPecT W5-Alignment PepMovo
Spectrurm fila: Brawse.. | O SELECT SERVER-SIDE FILES

Statistics
Description:

Members 1544

Instrument: ESI-ION-TRAP -
Cysteine protecting group: Carbamidomethylation(+57] - Protease: Trypsin - GFDUDS & FerJEI:tS 355
Parent mass tolerance: 2 Do between O and 2.5 lon tolerance: 0.5 [a hetween O and 1 Data Size (uncaompressed) 23.3TB
Data Files 13,264,659

Source:

Maximal number of PTMs permitted in a single peptide @ 1

Nuno Bandeira,

Mass (Da)

oidation [ 15,9994 Vineet Bafna,
Lysine Methlation [ 140266

Pyroglutamate Formation ;-1?.0335 Pavel Pevzner’
Phasphandation | 79.9799 Ingolf Krueger,

ucsD .

proteomics.ucsd.edu ‘f("')

National Institutes of Health
National Institute of
General Medical Sciences

BASIC DISCOVERIES FOR BETTER HEALTH




A “Big Data Freeway System” Connecting Users

to Remote Campus Clusters & Scientific Instruments

® La JollaMesa Off Campus TUC Davis

I
P ri s m @ U CSD Sanford Consortium for \Sanford Bumham Institute }'Bf'.ijing Genomics
| L éwQﬂpps Research Institute | Institute

Regenerative Medicine

UCSD Main Campus

-

“CAMERA (300

R | . ” P
] i A, kY < [ | *Viz Walls (30)
— ' o | =vEoom (40)
s %} [ | *NCMIE Data (40)
LY

B — . Salk Institute H"mh 4 R J%;- [ 'IIE_ «StarCave (40)
: Ji e - 6 *CineGrid WAN (30)
= “‘5@' N \ O | -PRAGMA 20)

: = | -SEED (30
| - \
' ‘k ! | | -ROCKS (40)

| : ' 100Gbps T \ '
e SBSCT TS N\ X |
w il I | GALIT2

_ e Scripps S .t ——all . &
i [ L /il % Porter-
; - R A/ %
I: 4 Caypn- 20 GOpe— e p7 frf: J._r';_llf %Compuier Science
. Y - Re:srrmnal Climate — AUUW - o / E';fl." U
| e 1 e g AL Sfonnly
Orgutt- ¥ B N /& ; étﬁj
Dﬂ_h‘ﬂﬂ \ /_(" _IE‘_\ Y 4-% f -f
Opserving i e o= Ill."II @'
| ! - R4 / Fi R E
IiE / L | |
; > ;’fdeker- e | .
[ Bandeira-  ~ .# ( Genomics M | 1%15“1"‘“'
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= Data Bank

AT

L] 150 300 Gl
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Map Created by Jessita Block

-
Phil Papadopoulos, SDSC, Calit2, PI SDSC "t)
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Arista Enables SDSC’s Massively Parallel

10G Switched Data Analysis Resource

10Gbps Radical Change Enabled by
— e Arista 7508 10G Switch Pair
Co-Lo s 768 10GbE Capable
12 NLRA (480 10GbE Provisioned)

e NFS/ZFS

=== Commodity
Trestles —== <= Storage
100 TF === 075PB

U U 16

Oasis Parallel File System >6 PB Raw
128 « 64 OSS servers each at 2x10GbE

» > 50GB/sec achieved to/from Gordonon 32 0SS
SDSC

« > 100GB/sec total BW available (3 File Systems)
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The Protein Data Bank (PDB)

Usage Is Growing Over Time
More than 300,000 Unique Visitors per Month

~10 Structures are Downloaded per Second 7/24/365
Increasingly Popular Web Services Traffic

Millions
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PDB Plans to Establish
Global Load Balancing

* Why is it Important?

— Enables PDB to Better Serve Its Users by Providing
Increased Reliability and Quicker Results

* How Will it be Done?

— By More Evenly Allocating PDB Resources
at Rutgers and UCSD

— By Directing Users to the Closest Site
* Need High Bandwidth Between Rutgers & UCSD Facilities

5 — i i =

Source: Phil Bourne and Andreas Prli¢, PDB



Integrating Systems Biology Data: Cytoscape
On Vroom-64MPixels Connected at 50Gbps

Calit2 Collaboration with Trey Idekar Group

UClIrvine www.cytoscape.org



“A Whole-Cell Computational Model

Predicts Phenotype from Genotype”

mudﬁﬁcﬂa tion

- Ri :
..-'b,-._-;f.f" ocsome TE"“;',%EL or @nelre
. tRNA Protein.
; : RMNA processin AR eon _ Fansccas
- | B pr:;_ ¢ A 8 At on Cell 150, 389-401, July 20, 2012
“1'. 3 Host epithelium
Transcription / vigad —

ToscRlon Mesamsistarer | o e A model of
» Protein adu}j& modicon Protein Mycoplasma genitalium,
-~ i "’E’E‘t"g *525 genes

*Using 1,900 experimental
Metabolitesobservations
: Er':‘:; ’ ‘From 900 studies,
= DNA *They created the
software model,
*‘Which requires 128
computers to run
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Jonathan R. Karr,’* Jayodita C. Sanghvi,?# Derek N. Macklin,2 Miriam V. Gutschow,? Jared M. Jacobs,?
Benjamin Bolival, Jr.,2 Nacyra Assad-Garcia,® John I. Glass,® and Markus W. Covert2”®
1Graduate Program in Biophysics

2Department of Bioengineering The Dawn Of Vrtual CE“ BlOIOgy "l_)

Stanford University, Stanford, CA 94305, USA
3J. Craig Venter Institute, Rockville, MD 20850, USA



Early Attempts at Modeling the Systems Biology of

the Gut Microbiome and the Human Immune System

Trends in Biotechnology June 2011, Vol. 29, No. G

Prospects for systems biology and
modeling of the gut microbiome

Fredrik H. Karlsson, Intawat Nookaew, Dina Petranovic and Jens Nielsen

Department of Chemical and Biological Engineering, Chalmers University of Technology, Kemivagen 10, SE-412 96 Gdteborg,
Sweden

2012 IEEE 26th International Parallel and Distributed Processing Symposium

High-Performance Interaction-Based Simulation of Gut Immunopathologies with
ENteric Immunity SImulator (ENISI)

Keith Bisset*, Md. Maksudul Alam™*, Josep Bassaganya-Riera®, Adria Carbo®, Stephen Eubank®, Raquel Hontecillas®,
Stefan Hoops*, Yongguo Mei*, Katherine Wendelsdorf*, Dawen Xie*, Jae-Seung Yeom*T, and Madhav Marathe* T
*Virginia Bioinformatics Institute
inparrmenr of Computer Science
Virginia Tech, Blacksburg VA 24061
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Next Challenge:

Building a Multi-Cellular Organism Simulation

OpenWorm is an attempt to build a complete cellular-level simulation of
the nematode worm Caenorhabditis elegans. Of the 959 cells in the
hermaphrodite, 302 are neurons and 95 are muscle cells.

The simulation will model electrical activity in all the muscles and
neurons. An integrated soft-body physics simulation will also model
body movement and physical forces within the worm and from its
environment.

¢ |[atest news [ current status
* Biology of C. elegans

¢ The nervous system

¢ Simulation approach

¢ Software stack

¢ Computer hardware

o 30 WebGL model

ke
L 7
i
N
IBE T H ! - . [ — -
UCSD A 20 rendering of the C. elegans nervous system.

UClIrvine www.artificialbrains.com/openworm



http://en.wikipedia.org/wiki/Nematode
http://en.wikipedia.org/wiki/Caenorhabditis_elegans
http://en.wikipedia.org/wiki/Hermaphrodite
http://en.wikipedia.org/wiki/Soft_body_dynamics

A Vision for Healthcare

in the Coming Decades

Using this data, the planetary computer will be able
to build a computational model of your body
and compare your sensor stream with millions of others.
Besides providing early detection of internal changes
that could lead to disease,
cloud-powered voice-recognition wellness coaches could provide
continual personalized support on lifestyle choices, potentially
staving off disease
and making health care affordable for everyone.

ESSAY
An Evolution Toward a Programmable Universe

By LARRY SMARR

1LICSD Published: December 5, 2011 [’-(_v)
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