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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! a] ¢
— 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
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Lifechips--Merging Two Major Industries:

Microelectronic Chips & Life Sciences

CHRML NOSE
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HEART ASSIST
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[itechips

university of california, irvine
wwwlifechips.org
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From One to a Billion Data Points Defining Me:

The Exponential Rise in Body Data in Just One Decade!
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During the 2000s, The Fraction of the Population

That is Obese Has Greatly Increased

Percent of Obese (BMI > 30) in U.S. Adults

2000 35% of Adults

17% of Children

No State Reduced
its
% Obese
In 2010

2009

o~

UCSD Source: Behavioral Risk Factor Surveillance System, CDC

UClrvine <10% [T 10%-14% [J15%-19% 20%-24% [ 25%-29% [ 230%




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

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

ucCcsD
See the full story at:

UCIrvine http://Ismarr.calit2.net/repository/092811_Special_Letter, Smarr.final.pdf




| Lost Weight by Changing What & How Much | Eat,

While Increasing Aerobic and Weight Bearing Exercise

205

Exercise is Elliptical and Walking
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UCSD Average Blood Pressure 134/73, Pulse 55 ‘ft )

UClIrvine Resting Pulse Lowered to 45



| Quantify My Food Intake So | Can “Tune”

My Glucose/lnsulin System and Lower Inflammation

Computed Average Over 12 Days When at Home for Maximum Accuracy
Measure All Food and Drink Components,
Then Use USDA Lookup to Compute Each ltem

calories fat carb protein fiber sugar sodium
keal g g g g g mg

46 122 20 0 26 53 1358

Measuring Daily Food Intake
* Quality of Food Needs More “LifeChips”!

— All Organic and Mostly Locally Grown
— Carbs are Low Glycemic Index
— No Added Sugar or Refined Flour — Mostly Fruits and Vegetables
— Proteins are Lean
— Meat is Grass Fed — No Corn or Antibiotics
— Fish is Wild, Often Locally Caught
— Fats are Omega-3 Rich
— Supplemented by 7g Daily Pharmaceutically Purified Fish Oil Pills
&’
~ . For my recommendations on nutrition, exercise, sleep and stress, see:
U(;II'V]I’]E! http://Ismarr.calit2.net/repository/LS reading recommendations FiRe 2011.pdf




Wireless Monitoring

Helps Drive Exercise Goals

every 5 minutes My Average is 7,000 Steps/ Day & Lol s
Over Last 10 Months & fltblt

1 ver]rat_:ﬁve
35 B 10731 steps taken B3 5.13 miles traveled

25 18 floors climbed [} 2472 calories bumed

12am  2am 4am Gam cam 10am 12pm 2Zpm 4pm Gpm epm  10pm 12am

30 day graph of time active (in hours)
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Quantifying My Sleep Pattern Using a Zeo -

Surprlsmgly About Half My Sleep iIs REM!

1% Wake 0:03

Hida Caolors

= |
o

Il

Total Z: 9 hr 31 min

6% Deep Sleep 0:37

22% REM 4:59 41% Light Sleep 2:55

Time to Z: 0 hr 2 min

Why are these numbers different from the sleep graph above?

UCsD REM is Normally 20% of Sleep An Infant Typically ‘ff‘;

UCIrvine Mine is Between 45-65% of Sleep Has 50% REM



On the Road Zeo Solution:
Link Headband to Android Smartphone

ucsD
UClIrvine




CitiSense —New NSF Grant for Fine-Grained
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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
3 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




Where | Believe We are Headed: Predictive,
Personalized, Preventive, & Participatory Medicine

| am Leroy Hood's Lab Rat!

A Doctor’s Vision of the Future of
Medicine

Leroy Hood
NEWSWEEK

From the magazine issue dated Jul 13, 2009

Using a “LifeChip”
Quantify ~2500 Blood Proteins,
50 Each from 50 Organs or Cell Types
from a Single Drop of Blood
To Create a Time Series

UClIrvine



Tracking and Reducing Inflammation
is Critical to Your Health

INFLAMMATION

MORE THAN 5 MILLION ZONE BOOKS SOLD

REVERSING THE SILENT
EPIDEMIC THAT'S
DESTROYING OUR HEALTH

UucCcsD ‘ils-)

UCIrvine




| Have Greatly Lowered My Body’s Inflammation

From Food By Increasing Omega-3s
Ratio of AA/EPA

25

“Silent Inflammation”

20

Chronically I | take 6 Fish Ol
American Pills Per Day

15

Average “Healthy”
American

10

|deal Range
‘ My Range

0

UCSD Range Source: Barry Sears

UClIrvine My Tests by www.yourfuturehealth.com




Most Blood Variables Stay Within Normal Range:

Fraction of Normal Upper Range For Three Variables

Occasional Brief Excursions Above Normal Upper Range
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My Quarterly Blood Tests In Addition to Lipids:

Only One Was Far Beyond Normal Limits

Electrolytes

— Sodium, Potassium, Calcium,
Magnesium, Phosphorus, Boron,
Chlorine, CO,

Micronutrients

— Arsenic, Chromium, Cobalt,
Copper, Iron, Manganese,
Molybdenum, Selenium, Zinc

Blood Sugar Cycle
— Glucose, Insulin, A1C Hemoglobin

Cardi isk
— | Complex Reactive Protein (CRP

— Homocysteine
Kidneys

— Bun, Creatinine, Uric Acid
Protein

— Total Protein, Albumin, Globulin

UClIrvine

| Track Over 100 Blood Variables Over Time

Liver

— GGTP, SGOT, SGPT, LDH, Total
Direct Bilirubin,
Alkaline Phosphatase

Thyroid

— T3 Uptake, T4, Free Thyroxine
Index, FT4, 29 Gen TSH

Blood Cells
— Complete Blood Cell Count
— Red Blood Cell Subtypes
— White Blood Cell Subtypes
Cancer Screen
— CEA, Total PSA, % Free PSA
— CA-19-9
Vitamins & Antioxidant Screen

— Vit D, E; Selenium, ALA, coQ10,
Glutathione, Total Antioxidant Fn.

0D



Blood Measurements Reveal Chronic Inflammation

Via Complex Reactive Protein Biomarker

15

10

0

15x Normal

CRP from
Blood Tests

Symptom:
Acute Diverticulitis

-

“Come Back When You
Have a Symptom”

Inflammation
5x Normal

CRP Good Range

=N

Antibiotics

10/4/2005 10/4/2006

10/4/2007

10/4/2008 10/4/2009

UClIrvine




Inflammation is Episodic and Growing:

What Could be the Cause?

27X
- Much of the Inflammation Drop 1
s Spontaneous /
20
Previous Graph Size 15X f

10
/' Antibiotics
5x

5 — R = — %
Antibiotics &
Normal Range CRP < 1

0
10/4/2005 10/4/2006 10/4/2007 10/4/2008 10/4/2009 10/4/2010 10/4/2011

Demonstrates Value of Fine-Grained Time Series
ucsD ‘il—‘;
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CRP and LDL Cholesterol

Co-Create Arterial Plaque

High CRP

Arterial Plaque Formation

CRP > 4.2, 5x Risk of Future Heart Disease

&Y

U(/I[ VI1Ie http://sjog.org.au/pathology/pathology wa/doctor_resources/clinical_articles/high_sensitivity _crp.aspx



Frequent Stool Analysis Reveals Lactoferrin Spike

to Active Crohn’s Disease (CD) Level

1000 - Colonoscopy
Normal Lactoferrin Level <7 Laci'gf'gfrm May 2011
900
Value for
Active
S Crohn’s
700
—4—hsCRP x 10
600 £l
=fi-—Lactoferrin
500 Colonoscopy
May 2006 Colonoscopy
Jan 2012
400
Colonoscopy
300 December 2010
v \A
200
100
4
ﬂ T T T T T T
10/4/2005 10/4/2006 10/4/2007 10/4/2008 10/4/2009 10/4/2010 10/4/2011
UCSD Colonoscopy and Biopsies ‘]t";
UClIrvine Support CD Diagnosis




Confirming the Crohn’s Hypothesis:

Finding the “Smoking Gun” with MRI Imaging

Liver "ﬁ’
ransverse Colon

| Obtained the MRI Slices
B From UCSD Medical Services
K ) 3‘ -.ﬁ:;;_jf' and Converted to Interactive 3D
o Working With
Calit2 Staff & DeskVOX Software

Descending Colon

i ung
-

Small Intestine

Diseased Sigmoid Colon

- - y '
o e ‘ | 4 . -
v L " | ¥ &
L 4 . N oy '
- Wy #

Major Kink

%
Sigmoid Colon ‘ft )

UCIrvine h Threading lliac Arteries




LS Sigmoid Colon Cross Sections

Showing Inflamed Wall

Jan 2012 MRI Enterography report: “long segment wall thickening
in the proximal and mid portions of the sigmoid colon,
extending over a segment of approximately 16 cm,
with suggestion of intramural sinus tracts.

Ulcerative
Colitis is
Restricted to
the Mucosa,”

while
Crohn's
Disease Note
Affects the Thickness
Whole of Wall -
Bowel Wall Normal
IS 3mm
(like a
Balloon)

UClIrvine Source: L Smarr Using Calit2’s Jurgen Schultz Software




Exploring My Internal Organs in the Calit2
Virtual Reality CAVE Using DeskVOX Software

UCIrvine  Photo & DeskVOX Software Courtesy of Jurgen Schulze, Calit2 '



Autoimmune Diseases

Effect 5-8% of Americans

 Crohn’s Disease Despite decades of research, the
i . etiology of Crohn's disease

* Ulcerative Colitis remains unknown.

* Rheumatoid Arthritis Its pathogenesis may involve a

complex interplay between

* Multiple Sclerosis host genetics,

* Psoriasis immune dysfunction,
- Type 1 Diabetes, apd microbial
] o or environmental factors.
* Ankylosing Spondylitis --The Role of Microbes in Crohn's Disease
Paul B. Eckburg & David A. Relman
* Lupus Erythematosus Clin Infect Dis. 44:256-262 (2007)

* Plus Over 70 Others

&’

UCIrvine The National Institute of Allergy and Infectious Diseases (NIAID)



The Cost of Sequencing a Human Genome
Has Fallen Over 10,000x in the Last Ten Years!

Cost per Genome

$100,000,000 3<

Al BMiores Law|

$1,000,000 3

$100,000 1

' “”“mn"ml“l” National Human
$10,000 4 %mw IGenome Research
] nstitute

genome.gov/sequencingcosts

UCSD This Has Enabled Sequencing of
UClIrvine Both Human and Microbial Genomes




Single Nucleotide Polymorphisms (SNPs) Make Up

About 90% of All Human Genetic Variation

Person A
SNPs Occur Every
100 to 300 Bases
Along Human DNA
Person B
UCsSD * W
UCIrvine  wWww.23andme.com Tracks One Million SNPs "t)



| Wondered if Crohn’s is an Autoimmune Disease,

Did | Have a Personal Genomic Polymorphism?

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

ATG16L1

Average Risk EJ] E

SNPs Associated with CD

2-fold 1
Decreazsed Rizk

News and Views

Nature Medicine 13, 26 - 28 (2007)

IL-23: a master regulator in Crohn disease

Markus F Neurath® ‘il_“;

UClIrvine




You are a Superorganism:

Your Body Has Ten Microbes for Every Human Cell!

Human Microbiome Project  «.J The NiH Common Fund

WE ACCELERATE DISCOVERY.

Colon (195)

Mouth (36
- 0 outh (56) Esophagus (43) Skin (48)
Stomach (25)

: ‘ Vagina (5)
)\ - -
———n

|:| Firmicutes . Bacteroidetes . Actinobacteria . Proteobacteria . Other phyla

Firmicutes Are the Dominant Phyla
In the Human Microbiome

&’

UClIrvine Science v.330, p. 1619 (2010)




The Gut Microbiome Has Been Mapped

in the Last Five Years Using Genome Sequencing

“A majority of the bacterial sequences corresponded to
uncultivated species and novel microorganisms.”

395 Phylotypes ‘

bl " = | (0]
l ‘ ‘ ‘ ‘I “:ll‘ I rlr.'.l'lr-‘ ‘ l ‘.I’ﬂ_“" ‘ [“ ‘ W Jl:, Iy ll [ .Il_r_[lj -ll.‘-‘.t_’l:'w | l'””] | : k'q(t“""lu

A - 1 1 O At e
: Firmicutes [ -T 1 Bacteroide-tesr

= - -‘v
UCSD “Diversity of the Human Intestinal Microbial Flora” "l_)

UClIrvine Paul B. Eckburg, et al Science 308, 1635-8 (2005)



Crohn’s Disease Patients Have Number of Firmicute

Gut Microbe Species Reduced by Over 2/3!

Healthy Gut Microbes

Actinobacteria ‘

7 Bacteroidetes Proteobacteria Firmicutes

33 5 43

IBD Gut Microbes

Actinobacteria

7 Bacteroidetes Proteobacteria Firmicutes

33 5 13

The Missing Firmicutes Inhibit Pro-Inflammation

&

UCIrvine Manichanh, et al, Gut 2006:55:205-211




Next Step: Use Microarray to

Measure Time Series of Microbial Diversity

www.secondgenome.com

“Second Genome has developed
THE MICROBIONE COMPANY a sensitive, flexible and robust platform for
the identification of
microbiome-based signatures
for the rapid identification
of microbial gut health biomarkers.”

SECOND GENOME

DNA microarray that can identify,
within hours,
over 50,000 different microbes

._ %y ;
. :
: N
<
. . 3
LBL’s Gary Andersen
and his PhyloChip

UClIrvine




Microbial Metagenomics

Can Diagnose Disease States

PC2

Yicerative colits|~ — Nature 464, 59-65 (4 March 2010)

\

IBD Patients Harbored,
on Average,

25% Fewer
Microbial Genes
than the Individuals
Not Suffering from IBD.

’"‘mﬁg
/ ,i P value: 0.031

Figure 4 | Bacterial species abundance differentiates IBD patients and
healthy individuals. Principal component analysis with health status as

A human gut microbial gene catalogue
established by metagenomic sequencing

Junjie Qin'*, Ruigiang Li'*, Jeroen Raes™’, Manimozhiyan Arumugam?, Kristoffer Solvsten Burgdorf®,



Finding Out if | Have Missing Microbes:
Metagenomic Sequencing of My Gut Microbiome

i 'Only 0. 2% Human

Next: 100,000 cpu-hrs
J. Craig Venter

Il N 5 T 1T UTE

Gel Image of Extract from Smarr Sample-Next is Library Construction
7 - Manny Torralba, Project Lead - Human Genomic Medicine
USD J Craig Venter Institute
UClIrvine Januarv 25. 2012




100,000 People Like Me

Are Uploading Their Genomes and Medical Records

World DNA Day: April 25, 2012

GET=-
CONFERENCE

| Have Been Accepted by PGP and Spoke at GET 2012:
"N=1: Pioneers of self-tracking"

Personal Genome Project

Posted 06.01.02 | NOVA scienceNOW

The Personal Genome Project, spearheaded by George Church of
Harvard's Center for Computational Genetics, aims to recruit 100,000

people willing to offer up their DNA and personal life histories. It's all in an
effort to further knowledge of human genetics and why we get—or don't

LICSD get—diseases.

UClIrvine GET Held at the Harvard Medical School




Integrative Personal Omics Profiling:

1000x the Data | Have Taken

Cell 148, 1293-1307, March 16, 2012

B SAMPLE TYPE METHOD AMNALYSES

Whole Genome
Sequencing

* Michael Snyder,
Chair of Genomics
Stanford Univ.

* Genome 140x
Coverage

* Blood Tests 20
Times in 14 Months

— tracked nearly

Varant Calling ( Fhasing 9

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
Prafiling Expression & Dynamics

for 12,000 genes

— measured the
relative levels of

Targeted Proteome
Profiling (Cytokinas)

{

Quantitative Expression

more than 6,000
ki e T H ik Yl proteins and 1,000
)
metabolites in
AutoAntibod i '
= Dp:ﬂlﬁ“n;ﬂme H Differential Reactivity ™ Snyder s blood

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



Integrating Systems Biology Data:

Cytoscape

OPEN SOURCE Java
LA A A P S Platform for Integration
RS, i W O, T of Systems Biology Data

Y L A "  Layout and Query of

Interaction Networks
Cyt Lol P (Physical And Genetic)

* Visual and Programmatic
Integration of Molecular
State Data (Attributes)

An Open Source Platform for
Network Analysis and Visualization

Download Cytoscape 2.6.3!

2.6.2 Release Notes »

- 39

"UCSD |

UClIrvine www.cytoscape.org




With the Explosion in Biomedical Data,
What is the Required Cyberinfrastructure?

cyberinfrastructure
expertise

research network

UCSD research
cyberinfrastructure

centralized disk
storage

condo clusters

co-location facilities

Report 2009
‘ http://rci.ucsd.edu ‘




NIH Roadmap Source: Lucila Ohno-Machado, UCSD SOM

National Centers for Biomedical Computing

Home NCBC Summary Calendar All Hands Meetings Biological Projects Biositermaps Projects  Waorking Group Archive

Search for NCBC resources in the new Resource Discovery System (RDS)

Informatics for Integrating Biology and the Bedside —
¢NCBC Centers SR

Brigham and Women’s Hospital
National Alliance for Medical \

ing Computin
7 Imaging Computing ,)'

-

National Centerfor ‘l
Integrative Biomedical Informatics
University of Michigan
Center for Biomedical Ontology. ?'j

| ?'"-Stanfurd University National Center.for.Multi-Scale

)
.E'enter for Computational Biology Study of Cellular, Networks
University of California at Los Angeles Columbia University

% MAG!c! _'Ihtfeg[_a"giilg Data!f_n[ P:nalysis, A!]unymizatinn and SHaring (iDASH)
Universityof California at San Diego b

N\ //\"u‘):!

Outcome of NIH Botstein-Smarr Report (1999)
http://acd.od.nih.gov/agendas/060399 Biomed Computing WG_RPT.htm

b

[




New NCBC: integrating Data for Analysis,

Anonymization, and SHaring (iDASH)

- Data Exported for Computation
Elsewhere
— Users download data from iDASH

IDASH

- Computation Comes to the Data
— Users access data in iDASH

— Users upload algorithms into

IDASH Private Cloud at SD Supercomputer Center
Medical Center Data Hosting
HIPAA certified facility

. iDASH Exportable

Cyberinfrastructure
— Users download infrastructure

UucsD .
Source: Lucila Ohno-Machado, UCSD SOM

UClIrvine funded by NIH US4HL108460




UCSD Next Generation Sequencer Example:

Professor Trey ldekar

[ag

T
i

r II|
I

e

~ Skaggs/Users

e |

Next Gen
Sequencers

Generate
~1TB/Run

L Calit2/Storage SDSC/Triton
D C Source: Chris Misleh, Calit2/SOM




Calit2 Community Cyberinfrastructure for Advanced
Mlcroblal Ecology Research and Analysis (CAMERA)

Source Phl| Papadopoulos SDSC, Calit2 /

Fe—sud I T
u‘{ Vi & i N\t "—r:-;-
>y

]

*5-?*200 Tﬁe,raby;_!_'

UCSD 5000 Users @

UCIrvine 90 Countries

MOORE YDA QIR A

FOUNDATIONRN




Access to Computing Resources Tailored by

User’s Requirements and Resources

SDSC

Advanced HPC Platforms

CODON'S”

amazon
web services

7 Windows Azure

CAMERA
Core HPC
Resource

Resources

&’

UClIrvine Source: Jeff Grethe, CAMERA



NSF Funds a Data-Intensive Track 2 Supercomputer:

SDSC’s Gordon-Coming Summer 2011

* Data-Intensive Supercomputer Based on
SSD Flash Memory and Virtual Shared Memory SW

— Emphasizes MEM and IOPS over FLOP
— Supernode has Virtual Shared Memory:
— 2 TB RAM Aggregate
— 8 TB SSD Aggregate
— Total Machine = 32 Supernodes
— 4 PB Disk Parallel File System >100 GB/s I/0O

* System Designed to Accelerate Access
to Massive Data Bases being Generated in
Many Fields of Science, Engineering, Medicine,
and Social Science
SDSC &’

UClIrvine Source: Mike Norman, Allan Snavely SDSC




Rapid Evolution of 10GbE Port Prices

Makes Campus-Scale 10Gbps Cl Affordable

* Port Pricing is Falling
* Density is Rising — Dramatically
* Cost of 10GbE Approaching Cluster HPC Interconnects

$80K/port
Chiaro
(60 Max)

$ 5K
Force 10
(40 max)

~$1000
(300+ Max)

.l/ $ 400
Arista
- 48 ports
2005 2007 2009 2010 >

SDSC &’

UClIrvine Source: Philip Papadopoulos, SDSC/Calit2




10G Switched Data Analysis Resource:

SDSC’s Data Oasis — Scaled Performance

10Gbps
OptlPuter

3 Radical Change Enabled by

Arista 7508 10G Switch

Triton
=i==_— Existing
S==mmo E=—=—=—= Commodity
fresties === BEErT
_ ESE=rss 1/3PB

Oasis Procurement (RFP) 2000 TB

* Phase0: > 8GB/s Sustained Today
* Phase I: > 50 GB/sec for Lustre (May 2011)
:Phase Il: >100 GB/s (Feb 2012)

> 50 GB/s


http://www.quote-with-clarity.com/media/catalog/product/cache/1/image/5e06319eda06f020e43594a9c230972d/X/4/X4150_1_4_1.jpg

From “How Do You Feel?”,

to “What Are Your Numbers?”

Where’s There's Data
There’'s Hope

UClIrvine




&Dcqlit2
Larry Smarr

Videos

Towards Digitally
Enabled Genomic
Medicine: with a
Personal
lllustration of
Clinical Discovery
2011.09.09

+ more videos

UClIrvine

For Further Information
Visit My Portal

Presentations

An End-to—End
Campus-5Scale High
Performance
Cyberinfrastructure
for Data-Intensive
Research

2012.04.19

+ more presentations

Contact Larry Smarr

Calit2*Life:
Discussion Follows
NYTimes Article on
Supercomputer ...
20171.05.04

+ More news

Search This 5ite :

Publications

Essay: An Evolution
Toward a
Programmable
Universe

December 2011

+ more publications

‘/llsmarr.calit2.net/

Google +

Facebook R5S

Custom Search Search

T
Photos

+ more photos
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