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What inspires
us to
participate?

To learn?

To take risks?

(Cultural, physical, financial)

Armstrong, Collins, Aldrin



i Shrinking cost of
" your genome

$100 million

$1 million Million-fold
In 6 years

2005 2007 2009



What does $0 to the consumer mean?

2001 Wikipedia \g g

1998 Search, Maps, Translatlon

But these new technologies (cell phone, fax, PC) are
only as good as their communities.

Web 2.0,
Crowd-sourcing




Will genomes be like faces?

Revealing our ancestry, personality, health ..
but still generally shared.




The Personal Genome: Do | want to know?

1. EXpensive
2. Discriminative
3. Worthless

Genetic Information
Nondiscrimination Act of 2008
(GINA)

Employment & health insurance



Destigmatization vs enhanced hiding
(addressing causes vs symptoms)

*Ethnicity
oSexuality GLBT
eCancer
*Facebook.com
PatientsLikeMe.com
- HIV-AIDS
- Neurodegenerative Disorders
- Psychiatric Meds



DIY Bio

DNA Explorer, $80
(Ages 10 and up)

Genographic $99

23andme $399



Anonymity vs Open-access?

Trends in laws to make data public (not just at elite institutions): e.g. H.R. 2764,
SEC. 218. 26-Dec-07 open-access publishing for all NIH-funded research.

(12) Identify individual case/control status from pooled SNP data Homer et al
PL0S Genetics 2008 as this became known, NCBI pulled doGAP data

(11) Re-identification after *“de-identification” using public data. Group
Insurance list of birth date, gender, zip code sufficient to re-identify medical
records of Governor Weld & family via voter-registration records (1998)

Self identification trend

(10) Unapproved self-identification. e.g. Celera IRB. (Kennedy Science. 2002)
(9) Obtaining data about oneself via FOIA or sympathetic researchers.

(8) DNA data CODIS data in the public domain. ) 13 CODIS Core STR Loci

with Chromosomal Positions
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Anonymity vs Open-access?

Accessing “Secure data”
(7) Laptop loss. 26 million Veterans' medical records,
SSN & disabilities stolen Jun 2006.

(6) Hacking. A hacker gained access to confidential medical info at the U.
Washington Medical Center -- 4000 files (names, conditions, etc, 2000)

(5) Combination of surnames from genotype with geographical info An
anonymous sperm donor traced on the internet 2005 by hIS 15 year old son
who used his own Y chromosome data. @=" —

(4) Identification by phenotype. If CT or MR |mag|ng data |spart of a study, one
could reconstruct a person’s appearance . Even blood chemistry can be
Identifying in some cases.

(3) Inferring phenotype from genotype Markers for eye, skin, and hair color,
height, weight, geographical features, dysmorphologies, etc. are known & the
list is growing.

(2) “Abandoned DNA bearing samples (e.g. hair, dandruff, hand-prints, etc.)

(1) Government subpoena. False positive IDs and/or family coercion




Newborns are tested for up to 40 traits
(e.g. PKU)

1526 Highly Predictable & actionable
gene tests (not SNP chips)

As with security/insurance purchases, we
are all at risk, even though we don’t
expect to see direct payback.



The Personal Genome: Do | want to know,
If there will be no medical action?

e 50% to 75% get good news
and for the rest:
 Planning — family, geography

e Research activism



Who can contribute to cures & prevention?
. Motivating, donating, raising consciousness
L ORBNZ0S OIL -
B

HFE Aull  Huntington's Nancy

,: - | P . (engineer) Wexler (psychologist)
T ¥ |

Ad renluodystrophy
Odone (World Bank)

T

VERY PERSONAL ALS Jamie

GENOMICS ..o - .

Heywood (engineer)
PatientsLikeMe.com

Parkinson’s

Brin family Hugh Rienhoff, (MD)
L RRK?2 G2019S MyDaughterSDNA.Org
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Genes Personal
environments Genome

traits, cells Project
1) Only open access db

2) Avoid over-promising on de-identification

3) 100% on Exam to assure informed consent

(*Educate pre-consent rather than post-discovery*)

4) Low cost whole genome seqguences

5) Multiple-traits: images, stem cells, etc.

6) IRB approval for 100,000 diverse volunteers
15,000 since May 2009

PERSONALGENOMES.ORG
501(c)(3)




Generic Health Advice

*EXxercise

Drink your milk
eEat your beans
e & your grains

e & your iron

eGet more rest



UNLESS ...

*EXxercise

Drink your milk
eEat your beans
e & your grains

e & your iron

eGet more rest

HCM
MCM6
G6PD
HLA-DQ?
HFE
HLA-DR?



Diagnostics Systems Biology Challenge

NOT going from ONLY Genome Sequence
to Prediction

Genome ( (/\ TRAITS
6 Gbp (Phenome)

3M Alleles \>

17



PersonalGenomes.org
Inherited, Somatic, Environmental Genomics

One in a life-time genome + yearly ( to daily) tests

Public Health Bio-weathermap.org : Allergens, Microbes, Viruses

PERSONAL Personal
GENOME
6 Ghp stgm-cells TRAITS
3M alleles epigenome : j E ; (Phenome)

(RNA,mC)

Microbiome

~5 new non-synonymous

Alleles per generation
18



GoPD
(food/drug induced

hamAahtirn AnnAarmMin)

New Influenza A (H1N1), Status as of 26 June 2009
Number of laboratory confirmed cases as reported to WHO 06:00 GMT o

Cumulative cases
1-10
. 1M -50
- 51 - 500 Total: Chinese Taipei has reperted B1 confinmed cases
i = 58 814 cases  of influenza & (H1M1} with O deaths. Cases from
- 501 and more 263 deaths Chinese Taipeiare included in the cumulative tatals.
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Even far from hospltals & farms




Even far from hospitals & farms
are multi-drug resistant microbes

Bacteria Subsisting on Antibiotics

Gautam Dantas,™ Morten O. A. Sommer,** Rantimi D. Oluwasegun,® George M. Church

VOL 320 SCIENCE www.sciencemag.org

@he Netw ork Simes ﬁ ///

Researchers Find Bacteria | ;
That Devour Antibiotics o0 A 18

2 _  Enterobacteriales
j bioweathermap.o

Actinomycetales — 2% /[ } ‘_ Pseudomonadales

Sphingobacteriales ##” %Sphlngfjrnonadales
// Rhodospirillales 21



Microbiome vs VDJ-ome

Microbe tests: Detect Drug resistance spectrum
Earlier warning (e.g. meningitis)

Immune tests: Focus on response to exposure
Longer times to detect exposure (e.g. HIV, TB)

22



Antibody (& TCR) VDJ regions

Heavy-chain V region
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Time Series Vaccine Experiment

Tracking human dynamic response to vaccination to 11 strains:

Hepatitis A+B, Flu A/Brisbane/59/2007 (H1N1)-like, 10/2007
(H3N2)-like, B/Florida/4/2006-like virus

Polio, Yellow fever
Meningococcus
Typhoid, Tetanus
Diptheria, Pertussis
Collect samples at
-14d, 0d,

+1d, +3d,

+7d, +14d,

+21d, +28d
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The Personal Genome: Do | want to know?

1. Expensive: “If you think education Is
expensive .. try ignorance”

2. Discriminative: Destigmatize,
pass laws, educate

3. Worthless: If we share, .. priceless



personal genetics education project

About us What we do Contact Support MNews & Events Links

Tools for Teachers {new!)

Outreach Program

we lead interactive workshops
on topics related to persanal
genetics, bioethics and society,
Learn more

Personal genomes 101:
What is personal genome
sequencing?

Personal sequencing and
medicine

Genotype and phenotype
Possible benefits
Possible risks

Ethical questions

EEEEE B B

Time frame and
stakeholders

& Tools for teachers: Lesson plans

This series of lesson plans is intended to faciliate the inclusion of ethics and personal
genomes in the high school and college classroom. Each unit can function as a stand-alone
lesson, or all units can be taught as a series. Lessons include a set of PowerPoint slides,
suggestions for further reading, and materials for in-class and hormewaorl activities,

Unit Overview: Preparing to teach the lessons.
Download as a Word Docurnent or POF,

1. Genome sequencing and ethical issues: Who, what, why, and when?
Download lesson plan as a Word Docurment or POF.
Wiew Lesson 1 slides,

2. How will knowing more about our genes change us? Exploring personal,
family and psychological issues.

Diownload lesson plan as a Wword Docurment ar POF.

Diownload discussion scenarios as a word Docurment or POF,

Wiew lesson 2 slides.,

3. Genetics and reproduction: Ethical questions now and in the future.
Download lesson plan as a Word Docurment or POF.

Download discussion scenarios as a Wword Docurment or POF,

Download teacher's notes for discussion as a Word Document or POF,

View lesson 3 slides,

© 2007 Harvard University | Horne | Contact | The Wo Lab | Design by: styleshout

pged.org



Four open-source resources

f Polonator.org

i pioweathermap .o

snp.med.harvard.edu
(Genes + Environment = Trait prediction)

28
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