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Here's to the crazy ones, the misfits, the rebels, the troublemakers, the round pegs
in the square holes... the ones who see things differently -- they're not fond of
rules... You can quote them, disagree with them, glorify or vilify them, but the only
thing you can't do is ignore them because they change things... they push the
human race forward, and while some may see them as the crazy ones, we see
genius, because the ones who are crazy enough to think that they can change the
world, are the ones who do.

--Steve Jobs
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Overview

Paradigm shift in medicine

What is the role of the pathologist in P4 medicine?
What is P4 Medicine?

What is Genomic Pathology?

> > > I

A Direct to consumer (DTC) recreational genomics
A Next generation sequencing (DNA)

A Not covered today

-

Cytogenomic arrays

-

Expression arrays and panels

1 OncotypeDx versus Mammaprint (Archives, Nov 2010)

TASystems biologyo



What do these cancers have in common?
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Gleevec (imantinib mesylate)

A Tyrosine kinase inhibitor
(TKI)

A Effective In
A CML Bcr-Abl)
A GIST (c-kit)
A Glioma (PDGFR)
A Soft tissue tumors (PDGFR)
A Melanoma (c-kit)

A 184 ongoing clinical trials for
Gleevec
(www.cancer.gov/clinicaltrials)
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Paradigm Shift

> > > > D>

Bcr-Abl = Chronic MyelogenousLeukemia =
response to Gleevec

PMLRARa= M3 AML = response to ATRA
Her2+ breast cancer = response to Herceptin
Her2+ gastric cancer = response to Herceptin
Jak2+ = clonal myeloproliferative disorder

1p/199g co-deletion in brain tumor A
diagnosis, prognosis, treatment

Molecular beginning to trump morphology

Who cares what you call it? What drug it will
respond to is what we really care about.
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Acceleration of the Paradigm Shift

A Post-Human Genome Project

A Advent of massively parallel testing methods
A DNA:Cytogenomic arrays and Next Generation Sequencing
A RNA: Expression arrays

A Proteins, miRNA , methylation, etc

A Annotation of the human genome and genome
browsers

A Computational advancements

A Social media, direct to consumer genetic testing,
WebMD, Wikipedia



Medicine yesterday

A Clinical symptoms appear.
A Patient goes to doctor.

A Doctor orders the tests he/she thinks are
appropriate.

A Doctor decides on a treatment plan and
Implements the treatment plan.

A Often, the management involves alleviation of
symptoms rather than cure or prevention of
disease.



What is P4™ Medicine?

A Personalized
A Predictive
A Preventive
A Participatory



Genomic Medicine

A

A

A

Definition Aigenomi ¢ medi cigoogle
Nits

Personalized medicine ="the right treatment

for the right person at
Genomic medicine

A Disease market: sick people who want to get better

A Wellness market: well people who want to stay that way

Genomic/Personalized Medicine
A Cancer genetics A what cancers are you susceptible to?
A Molecular oncology A what drugs will your tumor respond to?

A Pharmacogenetics A what drugs can your body metabolize
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Patients today/tomorrow

A Information Age + Genomic Medicine = informed
patients = empowered patients

A WebMD
A Wikipedia
A MyBiopsy.org
A Direct to consumer marketing
A Viral marketing
A Recreational Genomics
I 23&Me, Navigenics , DeCodeMe

A Boutigue Diagnostics
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A Game Changer: NGS and

AThe Human Genome Project, 2000

A3 years

A3 billion

A\nalogous to the computers ¢.1950
2007 fANext Generat.
A3 weeks
A1 million
A\nalogous to computers ¢.1975

£010 NGS on Steroids

AL-2 week

A$5-10K

A\nalogous to computers ¢.1985
AR011-201859Geher ati on S
ALess than $1000 A Less than $100
Adours A minutes
Analogous to the personal
computer

3GS (NNGS)

Baseline information

Cost of genome sequencing compared with
Moore's law for computers R
on Sequenci N g Oy
100,000
Cost of computing
(Moore's law) 10,000
1,000
100
10
% per million DNA bases
1.0
| J . | J | 1 | U.i
e @9 e WOE 1%n gto 08 10
Source: Broad Institute




There’s an app for that...

genomePad

Hey, docél have

IPad. What does it mean?

TGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATA
GTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTT
GAACGCACATTGCGCCCCTTGGTATTCCGAGGGGCATGC
TGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTA
TGGGCTCCGTCCTCCACGGACGCGCCTTAAAGACCTCGG
GGTGGCGTCTIGCCTCAAGCGTAGTAGAAAACACCTCGC
TTGGAGCGCACGGCGTCGCCCGCCGGACGAACCTTTGAA

TATTTCTCAAGGTTGACCTCGGATCATCGAGAAGTTCGA
AAGGTAAGAAAGTTTTTCCTTCCGCTGCACGCGCTGGAT
CTGGGTGCTGGGTGCTGGGTGCTGGGTTCCCGCACTCAA
TTGCCTTATCGCTTCGGTGAGGGGCATTTTGGTGGTGGG
TTGGCCCGCGCTAAGCCTCGTTCGGGCTCGGCAAAATGT
CGCATCTGGTTTTTTTGCGACCGGCGTGCGACCGAAGCG

my

gen
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Direct to Consumer (DTC) Genomics

https://www.23andme.com/

Search 23andMe Go Login | Hedister Your kit | Blog | Help
23andMe genetics just got personal.

ancestry health how it works store

Start fllllng N the © Get Your Kit @ Provide © Learn About Yourself

O Get Monthly

. Saliva = w DA Discoveries
gaps with your DNA _ Type 2 Diabetes | s
— May 3
_ T §
_:" WRecause | had given my doctor el J || Mews results
infarmation from 23andme, he U—_J ] | avallapie
got to a diagnosis much faster, .
23andme saved my life.” Kirk C. oo Do gencioloky
\ \

s ) Our new low price for all!
/ Was $199

y ain insight into your traits, from baldness to muscle performance. Discover risk
factors for 87 diseases. Know your predicted response to drugs, from blood

thinners to coffee. And uncover your ancestral origins. start tour »
Order Now »

*Hequires a 1-vear commitment to the Perzonal Genome Discover Health KEEp Your Participate In
Service® at 2%'mo. Order for $399 without commitment.

& Ancestry Doctor Informed Research
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Thoughts for this section

AWho Aownso onedS genome
A Medical community?
A Federal government?
A The individual?

A What is the role of physicians in the era of DTC
recreational genomics?

A What is the role of pathologists in the era of
DTC recreational genomics?
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23&Me Navigation panel

https://www.23andme.com/you/health/risk/

Iy Health
Disease Risk
Carrier Status
Crug Response

Traits

» Health Labs

Iy Ancestry
Maternal Line
Paternal Line
Relative Finder
Ancestry Painting
Global Similarity

Ancestry Labs

Sharing & Community
Compare Genes
Family Inheritance
Z3andMe Community

Genome Sharinn
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https://www.23andme.com/you/health/risk/

d Isease rISk Share my health results with family and friends

Show results for | Jill Hagenkord v See new and recently updated reports »

o 23andWe Discoveries were made possible by 23andMe members who took surveys.

Elevated Risk

Hame Confidence Your Risk Avg. Risk Compared to Average
Venous Thromboembaolism irdrdr 33.5% 8.7% 3.44x .
Breast Cancer irdrdr 17.1% 13.5% 1.26% =
Psoriasis ok 15.0% 10.1% 1.48x =
Ulcerative Colitis ik 0.7% 0.5% 1.42x !
::EEsgcpg?geal Squamous Cell Carcinoma S 0.09% 0.07% 121 :
E;ﬂerggggrgzgfrfar:::'gasmc e St 0.08% 0.07% 1220 |
Alopecia Areata ik +
Bladder Cancer ok +
Celiac Disease: Preliminary Research TN +*
Keloid 1.8 8 1 +*
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disease risk

Venous Thromboembolism @

Established Research report on 2 reported markers, updated July 30th, 2009

Your Data How It Works Timeline MD's Perspective Resources Technical Report

About Venous Thromboembolism

Wenous thromboembolism (VTE) encompasses two related
conditions. The first, deep vein thrombosis or DVT, is the formation of
ablood clotin a vein deep within the body, usually in the legs. The
second, pulmonary embolism (PE), occurs if the clot breaks free and
travels through the circulatory system to the lungs. DVT always
precedes PE. ltis estimated that about 250,000 people are
hospitalized with venous thromboembaolism in the United States each
year, butthe incidence is probably much higher as many cases go
undiagnosed. Pulmonary embolism is potentially life threatening if
prompt medical attention is not received. Therefore, recognizing the
symptoms of venous thromboembolism and avoiding risk factors is
of paramount importance.

Learn more about the biology of Venous Thromboembolism...
Major discaveries in Venous Thromboembaolism...

10f3. The:
body uncon

bE BEEF B

s
b B R

Your Genetic Data

Show infarmation for [Jil Hagenkord

HNext »

Alphs-1 Anfitrypein De._.

T Printable Version

» 2hare your health results

~ | assuming ethnicity and an age range of

Where's mine?

What does the Odds Calculator show me?

Usze the ethnicity and age range selectars ahove to see the estimated
incidence of ¥enous Thromboemhbolism due to genetics for women with Jill
Hagenkord's genotype. The 23andie Odds Calculator assumes thata
person is free of the condition at the lower age in the range. You can use the
name selector above to see the estimated incidence of Venous
Thromboembolism for the genotypes of other people in your account.

Jill Hagenkord
33.5 out of 100

wamen of European ethnicity
whao share Jill Hagenkard's
genotype will develop Yenous
Thromboembolizm between the
ages of 0and 79.

Average
9.7 out of 100

wamen of Europesn ethnicity wil
develop Yenous Thromboembolism
hetween the ages of 0 and 79.

The 23andMe Odds Calculator only takes into account effects of markers
with known associations that are also on our genotyping chip. Keep in mind
that aside from genetics, environment and lifestyle may also contribute to
one's risk for Venous Thromboembolism.

Genes vs, Environment

55 %
Attributable to
Genetics

The heritahility of venous thremboembolism is estimated to be 55%. This means that genetics (including
unknown factors and known ones such as the SNPs we describe here) and environment play nearly equal roles
inthis condition. There are a number of environmental factors of various strengths that contribute to venous
thromboembolism. Strong risk factors include hip or leg fractures, hip or knee replacement, major surgery or
trauma, and spinal cord injury or surgery. Moderate risk factors include arthroscopic knee surgery, having central
vennis lines connestive heart ar resniratore failire hormaone renlacement or aral contracentive use cancar
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What You Can Do

Assuming the ethnicity setting above is correct, your test resulis indicate you are at increased risk for venous thromboembolism based on

genetics. MNote that family history and non-genetic factors can also influence your risk for venous thromboembolism. Below are some steps

you can take to reduce your risk.

Know the symptoms

According to the Mational Alliance for Thrombosis and Thromobophilia, you should seek out medical attention immediately if vou experience

any of the following symptoms of DVT (leg clots):

OVT (leg clot) symptoms:

= Swelling, usually in ane leg

= Leg pain ortenderness

= Reddish or bluish skin discoloration
= Legwarm to touch

PE (lung clot) symptoms:

= Sudden shaortness of breath

= Chest pain-sharp, stabbing; may get warse with deep breath
= Rapid heart rate

= Unexplained cough, sometimes with bloody mucus

Don't smoke
Alarge Danish study found that women who smoked had a 52% increased risk for ve

Learn your family medical history

A study published in the Archives of Internal Medicine in 2009 found that family history increases the risk of DVT to about the same degree as
known genetic risk factars. Afamily history of DVT or a known genetic risk factor alone increases the odds of DVT by about two and a half
times, butthe presence of both increases the odds by 6.3 times. The U.S. Surgeon General's My Family Health Portrait tool can help you
assemble your family medical history.

Learn more about the genetics of venous thromboembolism
The GeneReview article about venous thromboembolism can help you understand more about all of the genetic factors (including those that
are notincluded in your 23andMe results) that have been associated with this disease.

Connect with relevant groups

+ Thrombophilia Awareness Project
+ MNational Alliance for Thrombosis and Thromhbophilia

Additional sources of testing

+ DMNA Direct ! Thrombaphilia
+ Genzyme Genetics ( Factor V Leiden Mutation Analysis
+ Genzyme Genetics / Factor Il (Prothrombin) G202104 Mutation Analysis

Talk with a genetic counselor

A genetic counselor can help you understand more about your 23andle reports and respond to your genetic health questions. 23andMe is
collaborating with Informed WMedical Decisions, Inc., to give you direct access to board-cerified genetic counselors that have been specifically
trained to guide you through your 23andMe results. Click here to learn more about their independent genetic counseling services.
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Carrier Status: 23&Me meets Match.com?

Show results for |Jill Hagenkord v See new and recently updated reports »

> 23andWe Discoveries were made possikle by 23andMe members who took surveys.

Hame Confidence Confidence =
Alpha-1 Antitrypsin Deficiency Yariant Present
Bloom's Syndrome Yariant Absent
BRCA Cancer Mutations (Selected) Yariant Absent
iZanavan Disease Wariant Absent
Cystic Fibrosis YWariant Absent
Familial Dysautonomia Yariant Absent
Factor Xl Deficiency Yariant Absent
Fanconi Anemia (FANCC-related) YWariant Absent
Familial Hyperchaolesteralemia Type B YWariant Absent

Farmilial Maditarranaan Fauar e it e Wariant Ahcant



Drug Response

Show results for |Jill Hagenkord v

% 23andWe Discoveries were made possible by 23andMe members who took surveys.

Hame Confidence«

Clopidogrel (Plavix®) Efficacy

Cral Contraceptives, Hormone Replacement Therapy and Risk of Venous
Thromboembolism O

Abacavir Hypersensitivity

Alcohal Consumption, Smoking and Risk of Esophageal Cancer
Fluorouracil Toxicity

Respanse to Hepatitis C Treatment

Pseudocholinesterase Deficiency

Warfarin (Coumadin®) Sensitivity

Caffeine Metabaolism

Metformin Response [new

Antidepressant Response
Beta-Blocker Response

Floxacillin Toxicity

e

ik

ik

L8t

ik

*k

See new and recently updated reports »

Status

Linknown

Increased

Typical
Typical
Typical
Typical
Typical
Typical

Fast Metabaolizer

Typical Odds of Positive
Response

See Report
See Report

Typical Odds
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Drug response for my sister

Show results for Cari Pendroy v See new and recently updated reports »

x Z3andWe Discoveries were made possible by 23andiMe members who took surveys.

Name Confidence = Status
Clopidogrel (Plavin®) Efficacy LInknown
Response to Hepatitis C Treatment Reduced
Warfarin (Coumadin®) Sensitivity Increased
Abacavir Hypersensitivity Typical
Alcohol Consumption, 3moking and Risk of Esophageal Cancer Typical
Oral G-:mtral::ept.i'v'es. Hormone Replacement Therapy and Risk of Venaous Typical
Thromboembaolism

Fluorouracil Toxicity Typical
Pseudocholinesterase Deficiency Typical
Caffeine Metabalism ki Fast Metabaolizer
Metformin Response [ *kk Typical DMSR‘;;PD‘;?::E
Antidepressant Response T See Report
Beta-Blocker Response T See Report
Floxacillin Toxicity i Typical Odds
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traits

Show results for |Jil Hagenkord

W

Share my health results with family and friends

See new and recently updated reports »

- Z3andWe Discoveries were made possible by 23andMe members who took surveys.

Name

Alcohol Flush Reaction

Bitter Taste Perception

Earwax Type

Eye Caolar

Hair Curl 2%

Lactose Intolerance

Malaria Resistance (Duffy Antigen)

Muscle Performance

Confidence

ik

Yok

ek

Yok

ik

Yook

¥rirink

Yok

Outcome

Does Mot Flush

Zan Taste

Wet

Likely Brown

Straighter Hair on Average
Likely Tolerant

Mot Resistant

Likely Sprinter
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health labs
ABO Blood Type

By: Micholas Eriksson

Find out your probable blood type. * Discuss this feature
« Zend feedhack

There actually are more than 25 different blood groups that go into determining your particular "type." but you're probably
most familiar with the blood groups determined by the ABO and RHD genes. These are the genes that determines
whether you will be type O, A, B, or AB, and positive or negative (the Rhesus or Rh factor).

Show probable blood type for: |J”| Hagenkord w | [Subrnit] Compatible combinations of blood donors and recipients

The ABO blood groups are very importantin determining who can donate and receive blood from whom

This estimate should not be used for medical purposes. poner

Recipient 0- 0+ A A+ B- B+ AB- AB+
0- v - = = = = = —
Jill Hagenkord's probable ABO blood type: o Y e
A- vy - = = = = —
A+ v v v v - - = —
B- v - - = v — = —
Type A (A/0) .
AB+ v v v v v v v v
. Blood type frequencies (%) around the world
'JI" Hagenknrdls prnbable Rh faﬂtﬂr: The prevalence of different blood groups varies around the world.
Population 0 A B AB
Can't be predicted. Y
Iranian 354 32 253 8+
Indian 327 253 329 940
. Thai 412 202 326 67
Why can't we predict your blood type? = L——== e o

Your Rh factor is not available because you have data missing at the SMP 4001527 that we use to determine yvour Rh factor.
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My Health
Disease Risk
Carrier Status
Drug Response
Traits

- Health Labs

My Ancestry
Maternal Line
Faternal Line
Relative Finder
Ancestry Painting
Global Similarity

Ancestry Labs

Sharing & Community
Compare Genes
Family Inheritance
Z23andMe Community

Genome Sharinn

Maternal Haplogroup: U4b1
14b1 is a subgroup of U4, which is described below.

Locations of haplogroup U4 circa 500 years ago, before the era of intercontinental travel.

- ‘
Europe - Asia Narth

- America Aflantic

: Paciic Ocean

Africa Ocean
Indian South
Ocean . X amenica
Avistralia
B ]
) 50 1009

Haplogroup U4 is found in western Eurasia, from Mongolia to central Europe. It arose about

25,000 yvears ago and subsequently spread with the migrations that followed the end of the
lce Age about 14,000 years ago.

Human Prehistory Videos

Human Prehistory: Prologue

Out of (Eastern) Africa

Recent Posts Tagged With Haplogroup U4

Haplogroup: U4, a subgroup of =
Age: 25,000 years

Region: Europe, Asia, Marthern Africa

Populations: Indians, Europeans

Highlight: The range of haplogroup L
spans three continents: Asia, Europe
and Africa.

Your Family and Friends

A2
D4e2
DSaZa'c
L3e2b2

Udb1

Federico Monzon
Japanese Person
Chinese Person

Migerian Persan

Jill Hagenkard, Cari Pendroy

Famous People

|I |I |-
oo
]

= H

IMarie Antoinette
Jimmy Buffett
Warren Buffett
Jesse James

Benjamin Franklin, Bono
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Relative Finder

List View Discovery View . Download Results
Filter Predicted Relatives: All Results (116) r Results 1 — 20 of 116
Predicted Relationship i # Shared
Contact Status — Personal Details N
- Relationship Range Segments
| show Close Relatives™
Mal
o 3rd to Bth e o
e 4th Cousin cousin Maternal Haplogroup T2k 0.37% 1
Cousir
FPaternal Haplogroup Ri1b1h2atat®
Male
3rd to Gth Maternal Haplogroup H23
ake conts 4th Cousin : 1 PIaretl 0.32% 1
| A Cousin Paternal Haplogroup
R1b1b2alazf*
Male
- : 3rd to 6th I Maternal Haplogroup H1c R
5 pnta 4th Cousin _ i 0.30% 1
| /A Cousin Paternal Haplogroup R1b1b2a1a1®
Mumber of surnames in profile: 2
Female
: ard to 6th i
e 4th Cousin cousin Maternal Haplogroup H1a3 0.30% 1
- Mumber of surnames in profile: 2
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Ancestry Painting

Trace the ancestry of your chromosomes, one segment at a time. Last updated April 18, 2011

Chromosome View

B =olid segments indicate that both chromosomes come from the same geographicregion. See a Cambodian Woman's painting.
mmw' [Cual-colored segments indicate chromosomes from different geographic regions. See an African American Man's painting.
B Gray segments indicate regions where 23andMe’s genotyping chip has no markers.

Selecta person: |.Ji|| Hagenkord V|

Jill Hagenkord ?

_ Europe 100%
Asia 0%
Africa 0%

Worldwide Examples

Click on the icons inthe map below to see example
paintings of individuals from across the globe.

-

Tall Ma Akt
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My friend is more of a mutt...

Federico Monzon ?
Asia 245
Africa 5%

Worldwide Examples

Click on the icons in the map below to see example
paintings of individuals from across the globe.

- " . q

-

Tell Me About...

..using Ancestry Painting.

.the three reference populations.

why only three populations are used.

the people linked to my account.

Jwhy it says I'm Europeandafricans/Asian when 'm really
an AmericanfAustralian/South African.

how the percentages are calculated.

wihara tha ¥ and ¥V rhramacnmeac aro
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Global similarities

Q

showing similarity for: :JiII Hagenkord ¥

The longer the bar, the more zimilar Jil Hagenkord is to the
people from that region. These bars are scaled to show
geographic diversity, but keep in mind that all humans are
more than 99% similar to each other genetically.

® Northern Europeans

Tell me more about these reference populations.

Morthern Burope’'s prehistory was shaped by the advancement and retreat

Morthern Eurcpeans [ NN ofice sheets during the Ice Age, which reached its peak about 18,000
Southern Europeans years ago. Atthat time the region was nearly uninhabited, covered mostly

Mear Easterners by mile-thick ice sheets and vast stretches of frozen tundra. But when the
Central Asians ice began to retreat about 15,000 years ago, the ancestors of many

N-:lrthern .#.Trfc:ans present-day narthern Europeans moved nornthward from lberia, the
Maorth Americans

Siberians

South Americans
Eastern Asians
Jceanians
Eastern Africans

Balkans and the falian peninsula.

We consider the Alps and Pyrenees to divide southern and northern
Europe, the Caucasus Mountains and Caspian Sea to separate Europe
from Central Asia and the Ural Mountains to delimit nothern Europe and

Saouthern Africans Siberia. The 23andMe database currently includes narthern Europeans
Central Africans representing residents of western Russia, France and the Orkney Islands
Western Africans north of mainland Scotland. Our database reflects some of the genetic

diversity of northern Europe prior to the era of intercontinental travel that
began roughly 500 years ago.



Not at Mexican as he thought...

Showing similarity for: (iR E=am{s]gr4ely v

he lenger the bar, the more similar Federico Menzon is to the
oeople from that reaion. These bars are scaled to show

® South Americans
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compare genes
oneto-one  One-to-Many

Tell me how to use this feature...

. . Select a trait for comparison:
Jill Hagenkord -~ enome-Wide Comparison P
Comparizon acroes all of the genome data ® Genome-Wide Comparison
Comparizon acrozs all of the genome

Percent similarity to Jill Hagenkord over 539697 SNPs data

[# Bitter Tasting

" Cari Pendray 84.68% Genes related to bitter tazting
j Federico Monzon 75.27% ® Circadian Rhythm
Genes related to regulating v
‘- Japanese Person 71.538% intEnrnﬂIrcI:ck ¢ e e
4 Chinese Person 71.33% ® Endurance
o Genes related to physical endurance
" Migerian Person 58.61%

® Female Fertility
Genesz related to fertility in women

B Immune System Compatibility



Family Inheritance

Mother and daughter
50% identical
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She really is my sister!

Compare the genome of; Tothe genome of;
Jill Hagenkord V| |Cari FPendroy V|
Immune System Compatibility
Genes related to histocompstibility | TROT
JillHagenkord -~ Immune System Compatibility
Genes related to hiztocompatibility
| N T [53) e
Pll— | T BN
&  mm 00 e Fercent similarity to Jill Hagenkord over 295 SNPs
L e .
4 “— ‘. Cari Pendroy 100.00%
N D 0]
. s e 4| Federico Monzon 81.45%
l = e— 4 Chinese Person 76.36%
3 [l
. ". Japanese Person 75.77%
10 @ T ‘. Migerian Person G67.46%

0 I

D D

T

g mpm 1 Estimates

- B Hali-idertical (2.03 Gh)

L — B Completely identical (0,47 Gh)
L | — Mt icdertical

T B Mot enoudgh information

[ . ¥ CGenesfredions associated with
— the zelected trait.
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I am not at all related to Federico

Caompare the genarme of: Tathe genarme of:

Jill Hagenkard V| |Federi|:|:| fanzan

Genome-Wide Comparison
Camparizon acrozs all of the gename data

1M - ¥

M ™ ]

Im M

4K

iy T

M

™ g

16 ™ ) Estimates
e ——— B Half-identical (0 M)

L —— W Completely idertical (F My
L] — L — [ Mot identical
we—r—— M Mot enough informeation
MR ¥ Genesfegions azsocisted with
the selected trait.

Pl o —

¥ T | =
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Thoughts for this section

AWho Aownso onedS genome
A Medical community?
A Federal government?
A The individual?

A Should the FDA regulate DTC genomics
companies?

A What is the role of physicians in the era of DTC
recreational genomics?

A What is the role of pathologists in the era of
DTC recreational genomics?
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Next Generation Sequencing

Pathologists, get your head out of the microscope!
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Sanger Sequencing

TGCAGGCATCAG
a. Denatured G TC Labelled
Template i
P ACGTCCGTAGTC Frimer
1 1 1 1 1 1 1 1 1 1 | ) )
Add dNTPs and
Polymerase
y ddG ddA ddT ddC Template/Product
TGCAGGCATCAG
ddCGTAGTC
i Sl ol S 72 N
ddCCGTAGTC
o S S ol S Y
dCGTGCGTAGTC
Denaturing Gel
Labelled Strands
G A TC
b ddACGTCCGTAGTC
. A 1 1 1 1 1 1 1 1 1 1 1 L@
ddC
c 1 1 1 1 1 1 1 2 1 1 1 o
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Difficult to resolve size difference beyond ~700 bp.
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Next generation sequencing (NGS)

A Whole genome, whole exome, or targeted

A Great for diseases with molecular heterogeneity (eg, CF,
HCM, XLMR)

A Whole genome soon cheaper than targeted
A Germline
1 Pharmacogenomics
1 Disease susceptibility

A Cancer

—_

Tallored therapy

I Pathway monitoring

See Wi kipedia A DNA Sequencingo
See A Th eGehdThdRevolution in DNA Sequencing and the New Era of Personalized Medicine, by Kevin Davies (2010).
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NNGS or 3GS

!

Single molecule
sequencing technologies
skip this step

Cheaper ways to do this step

Voelkerding VV, et al, JIMD, 2010 39



