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Personalized Medicine 0|2t £9i017}?

Accidents and Disease should be preventive
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Predictive
Medicine

Preventive
Medicine

Episodic
Treatment

4P Medicine

MEDICINE

ERSONALIZED

REDICTIVE

REVENTIVE

ARTICIPATORY

This transformation is being accelerated by a combination of
revolutionary technologies and evolutionary practices

4P ///” T
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Episodic Treatment | | _Electronic Health Records | [ Artificial Expert Systems |
Data and Systems
Non-specific Organized Personalized
(Treat Symptoms) (Error Reduction) (Disease Prevention)

Evolutionary Practices

49



PLELS
o
)

TI0N

fe/ "By

> <
¥ o
22037 D15

CHOIIALAZIZXISHS| 2014 AACHACHY

O =

What’s Personalized Medicine

\
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Tailored medicine

Procrustes (Mpokpovotng)

Personalized medicine is a medical model that proposes the customization of healthcare,
with all decisions and practices being tailored to the individual patient by use of genetic or
other information.

GSTM1) Polymorphisms and Lung Cancer

Smoking vs Gene of Lung Cancer
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Genetic susceptibilityfactor

Genotype of CYP2D6 in 130 cases and 170 control cases

Application of Clinical Genomics

Potential Roles of # s my disease still in remission?

Genomics in Cancer :

*- How do various potential therapies compare
with respect to efficacy and safety?

]
re my cancer cells malignant,

Ar
and if so, what s the precise
dlassification of my cancer?

What Is my risk of developing
cancer In my lifetime?
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* Reduce the immune response leading to organ rejection

e EXPRESSION DIAGNOSTICS

WOME  ABCUTXDX  TEHNOLOGY  PIPELINE  NEWSSEVENTS  PARTNERNG  GAREERS ‘M

PATIENTS & CAREGIVERS HEALTHCARE PROVIDERS RESOURCES XDX COMMUNITY

Center and a

Dra Site
Near You
Click here.

Join the AlloMap Family
Join our family end receive

a complimentary gift

for signing up*

Management

"\

AlloMap® The Future IMAGE of Heart Transplant Management

“gitor paients and caregivers only.

Research for the future; Personclized medicine

Goals for personalized medicine:
@ Identify genetic differences between people that affect drug response

@ Develop genetic tests that predict an individual’s response to a drug

s !
@ Tailor medical treatmens to the individual (ta st
o Increase effectiveness ‘\°'
© Minimize adverseside effects DrugX
DNA sequence variation
Pharmacogenetics Pharmacogenomics
\ Evaluates how an 2 Combines pharmacogenetcs with
individual's genetic genomic studies. Uses large
makeup corresponds to groups of patients to evaluate
| theirresponse to @ \ how candidate drogs interact with
particular medication. arange of genes and their protein

products.

' .i' Patontgroup M
beneficial ; R NOT beneficial

same prescription
Drug NOT toxic and

NOT beneficial Drug NOT toxic|

and beneficial

Hustration by ChrisTwichell
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Erbitux (Cetuximab)

Developed by Merck, under license
from Imclone

The First Targeted Drug For Colorectal
Cancer

The Effectiveness Of Erbitux Is Determined By The Genetic Makeup Of A Colorectal
Tumor.
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And Vectibix. (Journal Of Clinical Oncology In 2008 )

BRACA 1 S XIe} g4ret

BRCAI gene

BRCA1
—

24 exons, 1863 Amino Acids coding
QU USA ojjo| By Qurer g
12.5%0|L} BRCAL S 0]

7HH0f| S SBt= 80% O|Ato| BHE,H
M CHaRtel 10%0M ZQ1HO|

(2t=0l 49 Y P fEE2
72%, AL 24.6% 3ol RHY 2
4 AT, MEC) Yy D)

e
oX

Rising debates

The NEW ENGLAND
JOURNAL of MEDICINE

FDA marketing authorization for the device.”
On December 5, the company announced that it
was complying with the FDA's demands and

seecomesa rorcs |Toaoney] @e> discontinued running the commercial, noting
i 5\, on its website, “At this time, we have
m 74 ﬁﬁ‘ suspended our health-related genetic tests to
. comply immediately with the [FDA] directive to
Perspective discontinue new consumer access during our
regulatory review process.”

23andMe and the FDA

2 Comments open thiough March 19, 2014

JAMA rsomms
Aeran Madea Assosin

Home Comentleme Alllsmes Online Frst  Speciaies & Topics  CME  Multmed

In this exploratory study of 12 volunteer adults, the use
of WGS was associated with incomplete coverage of
inherited disease genes, low reproducibility of
detection of genetic variation with the highest
potential clinical effects, and uncertainty about
. X clinically reportable findings. In certain cases, WGS
e 1 oh e pmtern ' will identify clinically actionable genetic variants
warranting early medical intervention. These issues.
; should be considered when determining the role of
WGS in clinical medicine.

Harch 12,2014,61 31, Ho. 10>

Clinical Interpretation and Implications of Whole-
Genome Sequencing
ne
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Causes of human genetic variation

iy ) v / it

1. Chromosome aberrations ’1 )1 H m

Normal Deletion  Duplication  Inversion Trisomy
2. Tandem repeat polymorphisms ATATATAT

ATATATATATATAT!

3. Insertion or deletion and copy number variation (CNV)
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Causes of human genetic variation

4. Somatic mutations (BRAF/KRAS..)

5. Single nucleotide polymorphisms (SNP),germline mutation  folymorphism

b

Spelling | | Genetic Alphabetic Order 4 Letters (TR
Option - ot A
> oen

A
SNP

Informally, the term mutation is often used to refer to a harmful genome variation
that is associated with a specific human disease, while the word polymorphism
implies a variation that is neither harmful nor beneficial.
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Chromosome, Gene? VSNPs

Whole books :
22 Chromosomes

vorvan
1vorvan

One book : Chromosomes
(Chr 8)
One misspelling :
SNP (rs2073618)
A

One page : Chr. \
region (Chr 8p24)

- T
SNP is a single base SNP is a single vase
<+— variation in DNA variation in DNA sequence
sequence that has a ki that has a frequemcy >=1%
frequency >=1% in a in a population......
population

One sentence :
Gene (TNFrsfl1b)

chromosome

Eoi,

Each chromosome conains
many genes, and the human
‘genome contains between
30-40,000 of ther

Bold represents exons SNP (rs9594782)

Remember there is another set of encyclopedia in parallel : allele

TNF Chromosomal Location: 6p21.3

s SNP

100
200 Single

200 Si
— el Nucleotide
x 500 | var(esm) Polymorphisms

0 | Exon 1 | UTR ARG
GTAC GGCG(
GGCG(

1000
P HIS
o anc y ser 1050 | var

ac 1150 | mEPEAT
1200

GCAGG TICTCTTCE:

Startcodon : ATG

27
e 2 s e GTAC
—— ‘ ‘

e SNP? : DNA sequence variations
r 2 1850 That occure when a single ucleotide
TTCCCCAGS GACCTCICTC TART et 1600 | zxom 2 4
[Ere 016 11 cr 1ac]s (A.T.C.or G) in the genome
T 1650 sequence is altered with frequency
77 . .
- >1% in a population.
1750
GaTCAT 1800 | Exon 3
s 7
G 1850 * SNPs are the most common

| C e LT L [ = fiovm sequence variations in the human
2150 | Exon 4 genome (1 SNP per 300 bases on
n_f]ss s
ATCATTGCCC G Toce 2600 | uTR average — total 10 million SNPs)
233

T T &

c 2650 | var

What's SNP

SNP : DNA sequence variations That occure when a single nucleotide (A,T,C,or G) in the
genome sequence is altered with frequency >1% in a population.

SNPs: Three Genotypes

Single
Nucleotide
Polymorphisms

ARG
GTACCGCGGCGC Allele 1 (M)

+ Homozygous wild type : GG
* Heterozygous mutant type : GA

» Homozygous mutant type : AA

Gene loci Dominant
GTACCACGGCGC Allele 2 (F) s
HIS [ — i =
Human ApoF gene segment, rs11542035 SNP ‘ L n [ D
? ‘ Tierim
allele
Genotype: PP aa Bb

for the. for
dominant allele  recessive

LGNNI PubMed | Al Databases [ Human Genome | _GenBank | _Map Viewer [BLAST_‘

e Entrez, The Life Sciences Search Engine

Search across databases ﬁ:ARB)

omedical literature
B U.Md abstracts 2

| uw Help

5 U Books: online books @
Lo PubMed Central: free, full text hne Mendelian
200 | () jourmal articies @ |65 ein Man ]
¢« Site Search: NCBI web and FTP OMIA: Online Mendelian
1one rone ; ;
rone R Sies @ [rone @ |iheritance in Animals o
Nucleotide: sequence = UniGene: gene-oriented
200 L 7 g
® Gtibe (ndudes Genganky B 0 3 custers of transcript ]
sequences
166 Protein: sequence database B | &%) CDD: conserved protein a
. &% domain database
s Genome: whole genome @ x
sequences 18 6 3D Domains: domains from @
. . i | Entrez Structure o
3 Structure: three-dimensiona :
macromolecular structures 19 P UniSTS: markers and @
R P mapping data :
none ‘e TaXonomy: organisms in o
GenBank ’ 1 O PopSet: population study 2
e data sets o
865 (i SNP: single nucleotide G} ,
W polymorphism 14078 £ GEO Profiles: expressionand o
L8 molecular abundance profiles
55 e-centered @ e o
esseion < e ataSets: experimental
28 2
& i of GEo dath 2

eukaryotic

National Center for Biotechnology Information
National Library of Medicine National Institules of Health
TaxBrowser Structure

SITE MAP
Alphabetical List
Resource Guide

» What does NCBI do?

Hot Spots

Established in 1988 as a national resource for ~ * Assembly Archive

imolecular biology information, NCBI creates

2 ; » Clusters of
About NCBI public databases, conducts researchin onh;o‘gous groups
eSS omputational biology, develops software tools

NCBI for analyzing genome data, and disseminates » Coffee Break

biomedical information - all for the better
understanding of molecular processes affecting
human health and disease. More. ..

GenBank Genes & Disease,

NCBI Handbook

» Electronic PCR

new PTYOtein Clusters\

» Entrez Home
Entrez Protein Clusters database  \

Literature
databases
PubMed, OMIM,
Books, and
PubMed Central

» Entrez Tools
The new Entrez Protein Clusters database is a collection of
Refererce Sequence (RefSeq) proteins, from the complete

» Gene expression
genomes of prokaryotes, pasmids, and organelies, that have

omnibus (GEO)

y
protein ‘unction. Click here fo find out more atout the Proten
Clusters databass

New G@EP \

» Human genome
Molecular resources

databases

» Influenza Virus
Resource

Sequences,
struchwes and

Gene

-
= BNONEntrez Gene = e

Entrez Gene

Mailing Lists [02: PPARG Order cDNA cione, Links
G Official Symbe# PPARG and Name: i i d gamma
[Homo sapiens]
RefSeq Other Aliases: NR1C3. PPARGI. PPARG2
Other Designations: PPAR gamma peroxisome proliferative activated receptor gamma;
Feedback peroxisome proliferative activated receptor, gamma; peroxisome proliferator-activated
receptor gamma 1
Help Desk Chromosome: 3; Lacation: 3p25
Corrections MIM: 601487
GenolD: 346

52

NCBI a

Publed Nucleotide Protzin Genome Struchure P Taxanomy Books oMM

| peais_|

Display [Summary show[20 J[sendto ]

‘AH:HS iCurremOn\y:Wﬁ Genes Genomes: 152 | SNP GeneView: 138 %]

[ ] ofe hen

Links

Home
About Ttems 1 - 20 of 155
FAQ

Help [11: PPARGAMMA

Gene Handbook peroxisome proliferator-activated receptor gamma 1-b [Macaca mulaita]
S Other Designati vated receptor gamma 1-a
Chromosome: 2

GenelD: 574190

Downloads (FTP)
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Single Nucleotide Polymorphism

T 1: PPARG peroxisome dvated receptor gamma [
GenelD: 5468 undated 22-Apr-2007  "TEE Gene
Summary Home
PubMed Nucleotide Proein Genome Structure PopSet Taxonomy OMIM Books SNP
icial Symbol __Table Of Content
Official Symbol - _ Table OT Contents Search for SNP on NCBI Reference Assembly
PPARG + Summary
poviadby HENC o Genoric regions, Search Entrez [ SNP for Go
wanseripts
official Full Name , Genommic contest SNP linked to Gene Via Contig
peroxisome profferator-actvated receptor gamma + Bilogapty BUILD 126
POSELIENE e W proten 15# on all gene models to Batch Query | Download | all st to file. [ 1t ]
Primary source .
+ Interacions
HeNCi9236 + Geners gene [ Gene Model (mRNA alignment) information from genome sequence 4
seerelated (U Total gene model (contig mRNA transeript): 8
HPRD:03206; MIM:EOLA6T e verces mrna  transeript  protein mrna orientation Contig  Contig Label List SNP
: Senetpe L nastedserverces NM 005037 plus strand NP_005028 forward 517 reference < currently shown
rotein codin * Adtonal tnks
” ° 005028 forward NW_021651 Celera View snp on GeneModel
RefSeq status  c.oan . . - .
Reviewed NM 015869 phus strand NP_056953 T 022517 reference  View snp on GeneModel
Links
NM 015869 and NP_056053 forwar NW_021651 Celera View snp on GeneModel
OFGANISM . rier conn cine ibsnp Homepage | XU-01S869 plus strand NP_06953 forward Celera v
onserved Domsin: 711 plus strand NP 619725 forward NT 022517 reference w s A
s o Announcements 11 plus strand NP_619725 forward NT 022517 ref View snp on GeneModel
Lineage b summary forward NW_921651 Celera View snp on GeneModel
koot Heizos; hordts; Canit Uttt Eulostom Hammale 1 o View s :
Elthara; Eusrehontogires Primetes; Haplorn Catar; Homiides FrP Download NM_138712 plus forward T 022517 reference  View sup on GeneModl
NM_I38712 plus & = forward NW_021651 Celera View snp on GeneModel

NRIC3. PRARGL; PPARG2
Oin gene region © cSNP O has frequency Odouble hit O haplotype
tagged

Summary

“This gene encodes 2 member of the perorisome prolferetor-activated recetor Protein
(PPAR) subfamily of nuclear receptors. PPARS forn heterodimers with retinaid X
recepters (RXRs) and these heterodimers regulate transcription of various cenes.

Akoknownas | owo
« Pusted

Pusted (GensRIF)

Three subtypes of PPARS are known: PPAR-alpha, PPAR-delta, and PPAR-gamma. gene model ContigLabel Contig ~ mrna  protein mrna orientation transeript snp count
The proteir encoded by this gene is PPAR-gamma and is a regulator of adipocyte (contig mRNA. . .
diffzrentation. Additionally, PPAR-gamma has been implcated in the pathokogy of ey seference NT. M_005037 NP. forward  plus strand 9, coding

numerous disesses including obesity, diabetes, aiherosclerosis and cancer

&|-i° Color Legend

Amin
Region COlMiE mRNA DSNPrss Hetero- voisoion 3p oMM Function  0SNF Protein Codon

position  pos  clusterid zygosity allele residue pos

Yes synonymous T Phe [F] 3 245
<P H 5 N e e O A 7 O Validation status description
5 HYes synonymous G Pro[P] 3 267 —
Q818 [T TH ¥ [T eontfp eference CF ProfR] 30 267 | 4® Validated by multiple, independent submissions to the rafSNP cluster
| NS0l pMOGWTND. N sonyrowmowA  Hs(H]2 26 = . _
Npo Yele opsres G An[R2 26 2 | Validated by frequency or genotype data: minoralleles observedin at least two chromosomes.

synonymous T ser[s] 3 287

12398274 905

12398334965 1513306746 N

i 5 ] Sl SR T 5 |12 | Validated by submitier confimation
cxon_7 12415440 1328 1528763804 Yes synonymous G Gla[Q] 3 408 T
Ye  comgneferenceA  Gh[Q]3 408 ‘I |All alleles have been observed in at least two chromosomes apiece

12415557 1445 synonymous T His[H] 3 447 H
0219 a2 comigreforence € HU[E] 3 447 Genotyped by HapMap project

12415567 1455 11805151 N.D. » synonymous T Len[L] 1 451
ND. [ res contigreference € Leu[L]1 451

Promoter
egion

11 snp are ma hic region near PPARG:

Amino
Contig  Contig s

dbSNP rs# Hetero- 0 dbSNP Protein Codon
Label Accession posi alidation - 3D OMIM Function

clusterid zygosity — allele residue position

reference NT_022517 12267431Ys13076933 0.213  [#5<. locus

reference NT_022517 12267497 159880344 N.D. [ locus.

e ey i - AACCACCCA G GA GATA GA(C™ MCA
Selection of Target SNPs

CCCCACCTAT TTAAGATACA AAGCAABACA AACCAAAAAT ACAGATGAGT TGCTTGGTAG
AGCTSCCTAG GCCTCCAAGG RGRGCCCAS AGGATTITTT GACTGAACCC CCTGTIGICT
TTTCCATATG TGSTTCCCCA :AA TGTGAAGCCC ATTGAAGACA
TTCAMGACAA CCTGCTACAA GCCCTGGAGE TCCAGCTGAA GCTGAACCAC CCTGAGTCCT
CACASCTGTT TGOCAAGCTG CTCCAGAAAX TGACAGACCT CAGACAGATT GTCACGGAAC

O YiCT
il I ot sty ST ST
B

T
Glowp ; Contig mRNA  mRNA. @bSNP Protein Codon Amino acid
ot Contig->mRNA—Protein o enadan pos et e o por

eference NT_ 000517 >NM_00S037-NP 005028 12415557 forware 1445 symomymous T H&[H]3 447
comfgrefereme C  Hs[H]3 447
refrence NI_000517--NM 015869>XP 056953 12415557 forware 1564 symomymous T Hs[H]3 477
confgrefereme € Hs[H]3 477
reference NT_00517>NM_ 36711 -NP 610T5 1415557 forward. 1621 symomymous T H[H]3 447
comfgrefereme € Hs[H]3 447
refrence NT_000517:-NM_38712>NP 61976 1415557 forware 1584 symomymous T Hs[H]3 447
congreferaceC  He[H]3 47

[Pobuiation Diversity

50 0900 0.100

16 057 037 00w 0752 0

0233

6 027 0045 0343 0841 019
16 093 008 1000 0967 0053
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Selection of SNPs in Candidate Genes

Give high priority

1) SNPs that are part of the HapMap project

2) SNPs mentioned in the literature as associating with a phenotype of interest
3) SNPs with good minor allele frequencies (MAF) (>5%)

4) SNPs altering an amino acid — a change in protein sequence dictates a
change in protein structure, which alters function (non-synonymous SNPs)

5) SNPs affecting mRNA splicing — splice site SNPs

6) Others — ABI, Perlegen, comparative genomics, transcription factor binding
site, etc

7) Tag SNP - LD block : Haplotype
8) GWAS data

Genome wide association (GWA) study

« The first major GWAS was published in Nature in February 2007 by Robert Sladek et al.
in a study searching for type II diabetes variants

* Numerous genome-wide association studies for the diseases coronary heart disease, type
1 diabetes, type 2 diabetes, rtheumatoid arthritis, Crohn's disease, bipolar disorder, and hyp
ertension has studied.

* One of the challenges for a successful GWAS in the future will be to apply the findings in
a way that accelerates drug and diagnostics development

A WTCC study in coronary artery disease (Samani ,NEJM 2007)

Published Wide A iati t gh 03/2011,
1,319 published GWA at ps5x10° for 221 traits

2011 1st quarter

x g[l- 0| | llmé m

NHGRI GWA Catalog
www.genome.gov/GWAStudies

Published GWAS Reports, 2005 — 6/2012

1400 - -m

1200 -
1000
800

600 -

400 -
N -.|II||

2005 2006 2007 2008 2009 2010 2011 2012
Calendar Quarter

Total Number of Publications

Comparison of Methods

Cost per Megabase of DNA Sequence

SL50 |

SL00—

5050

$0.10—]

10020 30 4050 6

Sequenom

Reaction steps 2 1 3 23
Multiplex no yes yes yes

Bioinformatics no yes yes yes
DNA cost 25ng Sng Ing <Ing

Cost per SNP $1.50 60c <50c <10c
Overhead Very low modest high ~$200,00

T R — 2N = 5 ™

Candidate Gee Associatin Study (CGAS)
Genome-Wide Association Study (GWAS)
R R with Bottom trawl
a2 = R M R g
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Whole genome sequencing history
A& A (sequence R
FH L2 H| & AT G CU Z52 DNA SIS o0l == Zdl
2000 Human Genome Project Sanger sequencing o4 309ty
Capillary (Sanger) Sequencer
i i el of iy
2000 Celera Genomics Sanger sequencing 44 39 =y 19| (Sanger) BHAI© 2 DNA 7|2 20 = I} I =0l
2007 Craig Venter Institute Sanger sequencing 414 7,0009t Eaf HE Ztl (Gold Standard)
Baylor College of Roche 454 o ATGC s ey
7 Medicine HAAR) e e @ )
" y Tllumina AN Felds  socnenst
7 = | [N ———
2007 Beijing Genome Institute Solexa 20 509k &y & ey
iversi Helicos o
2009 Stanford University Heliscope B4 k=] 48,0002 - =
. S
Me oty x| ostol Tlumina, Sol 3500xL Genetic Analyzer e
2009 | ME A REHCIRAT oo +74g 30,0003 et e
2010 Complete Genomics Complete Genomics B k= 4,400 pS——— 5w o = = Do MhelpheinChensly (o)
2011 Life Technology(ABI) SOLID5500, NGS(2A|CH) 48A| 7t 3,000 2 | ‘\\ \ !
~ d + it b et g el ol
2012~2013 The lon PGM™ Next-NGS (34cH) 8AIZH 2,000t2] ion torrent Wil U‘\“,““W “‘/\‘\‘ | L{@
2013 ~ Oxford Nanopore(TBD) Nanopore, (44| ) 158 1,000 2 o S
100022 A5 Ao AE!

NGS(Next Generation Sequencing) Oxford Nanopore in 2013

Roche Roche Hlumina Tlumina Ion-torrent lon-torrent.

ABI 3730XL . i ; Pacio RS C2
GSFXH (65 Junion (Miseq) Hiseq) PGMGIE) Proton
Tigh Output_Rapid R DNA ing i icroscopi membrane.
- i the way i i
| ri I - s - side ofthe membrane to the other.
1 ] - = b4
et | —

heni S| snqoning | prossqvnng | ST | ST | | S0 ol Byl i Reti
| equendng | VOSSN | PIOSSQUENANG |y eas) | synthesisies) time sequencing |
> L i
Ampification % Emusion PR | Emulion PCR | Bridge PCR Bridge PCR Emulsion PCR | Emulsion PCR % © Aflwo ons through
Sequencing Speed | 20ko/m 30 Mo/ 35Mon | 200-20 Mo/ | 22Gt/n | 44Go/ | 130- 270Mo/m - 50 Mo/ 3 D s
outputun 19-840 700mb sMb | 78-85cb | eos | 1206 126 106 100M> OlchapeR flow toa dferent degree,
unzips the altering the current.
Time/run 20min-zh 2h 10n w9h ndys | 2k 73k 24 o Fogla i
Resdlength  400:9006p 7006 “00p Zasbp | i00bp | Z10p 400bp 20009 290060 O]
otincreates
= of reads/run - ™ o1m 30- 34 milion | Gmilon | 12 milon - 6040 milion i ke
Fost per run ot s s7.000 2 sua sesak c = 2 se95K
CostperGh 2457600 510240 - ssoz s i s1000 - s2000
Accuracy %% %5% 5% O %% 585 BT(CLR), 99%(CCS)
Long ndidal ctential o high sequence yld, depaning upon ongest e lngth, s
Advantage |rads ekl for Long rad sz, Fast potertl for g el Seperding Uoon | o e uipmens st |17 102 e Fst

sequencer model and desired application etects 4mC. 5mC, 6ma
mary sppiications ’4 i .

Low yield at high accuarcy
Equipment can be very expensive Homopolymer errors Equipment can be very
penive

Runs are expensive

Disacvantage  More expersive anc Homopolymer ertors

Ltz : 109{%0] 1 O|Ef

Today’s Topic

Personalized Medicine 0|2t F21017}?

m The Sequencing Explosion q

LogScale 2
Cost of computing — 100,000 Genomics 2.' 7| E 7“ IFjJ-lI' HEFE *o"%"

$3 billion (Moore’s Law)
|- 10,000
1,000 3
I I gEe 3% it 05
Cost of Sequencing L 100

Human Genomes Sequenced

I T I T I I I [ I T I I
2000 2002 2004 2006 2008 2010

$1,0005 4
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Gene-Environment interaction for cardiovascular disease prevention

Gene vs Diet

ENVIRONMENT

- - WABIOPHUA COON ALZHEMERS STROKE  CARDO LU MOTOR
2 CUGER DRENE gy W HGEL L
NATURE VS NURTURE? [ & e s
FOROSS  caycen B CACER
WE HAVE THEM BOTH.

Nature vs Nurture

LN Y LN Y

Good diet, bad genes Bad diet, bad genes

e >Ye >Pe>e
Y he Yoo
SYe>Ye >Ye>)e
Yo >Ye>Pe>)e

Good diet, good genes Bad diet, good genes

The figures colored black represent the proportion of each group expected to go on to develop the disease.

Epigenetics

utrigenomics
The effects of nutrients
or diet on the genome,
proteome &
metabolome

Personalized Nutrition

4
o

Nutrigenetics

The effect of genetic
variation on the
interaction between
diet & diseas

(

Genomics

Relationships I Optimal diet Improving health &
between Personalized || preventing disease with

genome & diet nutrition life-style intervention

Colon Cancer Study

case-control study in Pennsylvania (686 cases,740 controls)

folate intake - Genotype interation
113

mTertile 1 WTertile 2 mTertile 3
1.N\x
Kzlz
N 0.99
0.83
069071 g I 079

GG

TYMS rs16948305 TYMS 15495139

Tertile cutpoints: 555/1095 mg/d. GENES, CHROMOSOMES & CANCER 2013

Gene-Environment interaction for cardiovascular disease prevention

HDL Metabolism and
Reverse Cholesterol Transport

Bile > Feces

&
LCAT
—— 4—‘-‘\
" sR-BI Nascent
HDL

U
Macrophage
Livér Mature

HDL

* Apo A-1is a key component of HDL reverse transport.
* APOA1 75G>Ain long arm chain of chromosome 11

* A Meta-analysis shows that rare A allele is associated increased apoA-1

Gene-Environment interaction for cardiovascular disease prevention

Mean (SE) HDL-cholesterol concentrations by APOA1 genotype and
polyunsaturated fatty acid (PUFA) intake

Bl PUFA <4%

PUFA 4-8%

[=5] PuFA>8%

Framingham Offspring study

755 men 822 women

N\

N

66 /A AA
APOA1 genotype

José M Ordovas. Am. J. Clinical Nutrition, Feh 2006; 83: 4435 - 446S.
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Gene-Environment interaction for cardiovascular disease prevention

Polyunsaturated Fatty Acids Interact with the PPARA-1162V Polymorphism to
Affect Plasma Triglyceride Concentrations in the Framingham Heart Study.

510
510 P for interaction = 0.019
A P for interaction = 0.184 A
Tilvea
5 s e - 508 5 62y carriers
3
g > e canics 5 —
2| £
= = 502
T 5.02 é
o3 @
£ 3
- =
E 4.98 g 450
£ Y
2 2
[ [
™ asa
b
4.90 490
Py popy ooy <s% ey

N-6 fatty acids (% energy)

N-3 fatty acids (% energy)

E. Shyong TaietcJ. Nutr., Mar 2005;135:397-403.

Gene-Environment interaction for cardiovascular disease prevention

ApoA-1 G allele ApoA-1 A allele

} HDL 4 HDL
oPARA CVDrrisk ¢
Lallele |~ ™ BRI
recommended
CP:IféTe CVDrisk +
76 : PUFA

recommended

Gene-Gene Interaction

Monogenic disease Polygenic or

Multifactorial Disease

Biological network triggered after the PUFA intake

Interaction with
> PPAR-r
[0 Up-regulation
[ Down-regulation

if”

David M. FASEB J, Oct 2005; 19:1602 - 1616.

GxE Wide Association of PUFA

Alpha Linolenic Acid [ Fupsy/FuDs2/FuDs3 |

H

o

e PLOS Genetics 2009

FADSI(Fatty acid desaturases 1)

Two rate-limiting enzymes in PUFA biosynthesis, A5- and A6-desaturases, are encoded by
the FADSI and F4DS2 genes, respectively.

* CC Genotype of rs174547 in F4DSI gene is associated with elevated TG, LDL ,
Blood Glucose and decreased HDL.(Nakayama et al 2010)

* CC Genotype is associated with lower level of omega-3 and omega-6
(Mathias 2010)

« CC Genotype is associated with significantly increased CHD risk.(Liu et al 2012)

146 Pamencion=0.03
144 Prenc (CIC)=0.04¢
Parenc(T/C)=002
1ag Paenc(T) =096
HDL 14
(mmollL) 1,38
136
134
132 y
13 e
Low ce
ey Medum
(OMEN) oieqts Mo
BS'° cossew

parend fow)=0.07
Ptrend (medfum)=0.38 ALATA
ptrend tigh) =035

Hellstrand, 2012
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PATHWAYFIT"
DIET, NUTRITION & EXERCISE

PERSONAL GENETIC REPORT

FADS1 and Omega 3,6

NAME/ID: KYONG-CHOL KIM

SEX: MALE
ACC #: D3515283 PATHWAY.
DATE: MAY 28, 2013 PAGE 12 GENOMICS
DIET 2
» ]
“ OMEGA-6 AND OMEGA-3 LEVELS AR
Polyunsaturated fats (PUFAS) in our diet are composed of omega-3 and omega-6 DECREASED

fatty acids, both of which ave recommended by the American Heart Association
(AHA) for good heart health. Long-chain PUFAs are provided by our diet, but can
also be synthesized in our bodies starting from the precursor essential fatty acids,
finoleic acid (LA, omega-6) and alpha-linolenic acid (ALA, omega-3). Both omega-3
and omega-6 fats are processed in the body by the same enzyme complex™®. The
major dietary sources of omega-3 faty acids include foods, such as faxseed and
walnuts, as well as fish oils and fish such as salmon. Processed foods often contain
high levels of omega-6, whle healthy sources of omega-6 include evening primrose
and borage oils, as well as olives, nuts and poultry. Historically, the ratio of omega-6 Gene Trsted l
to omega-3 fats in the diet was maintained close to a healthy 1:1, while in the
current Western diet it is estimated to be about 15:1%%

People with your genotype were
found to have decreased blood
levels of an important omega-6 fat
and an important omega-3 fat.

§ YOUR RELATED GENES

Your | scientiic
Genotype | Sttongan

IR

In recent genome-wide association studies that included over 10,000 people, it was
found that those with the C/C or C/T genotypes at a variant in the FADS1 gene,
which codes for one of the enzymes involved in processing omega-3 and omega-6
fats, had "Decreased" blood levels of arachidonic acid (A), a long-chain omega-6
fat, as well as eicosapentasnoic acid (EPA), a long-chain omega-3 fat. On the cther
hand, those with a T/T genotype had "Typical” levels of these two omega-fais'2*. FADS1-1s174547 C/C
Since both AA and EPA are precursors of biologically important metabolites, those
with a"Decreased" outcome should increase their dietary intake of both omega-3
and omega-6 fatty acids. However, considering the current skewed ratio of
omega-6:omega-3 fats, it is recommended that people monitor the intake of
omega-6 fats from processed foods, while increasing their intake of cmega-3 fats.

Today’s Topic

Personalized Medicine 0|t £9i017}?

Genomics 2| 7|& 7Gx} &M Argt

—

Investigative Pathways Leading from Gene Discovery to Clinical Application

GWAS
Sequencing

=

! 3

r

. Hypothesis- . pathzr:;:;bg Per:onalized
riven researc therapy
- - pre e
I #Ee %0 ot olsf ads
Molecular and Risk-factor assessment Clinical trials Patient assessment
cellular studes o d second
j rimary and secondary Biomarker studies Clinical intervention
Animal models prevention
Induced pluripotent Prediction analysis ) «-!
o I-é-|,°| OIA XML - XIH |5 ol Tr= stem-cell models and modeling w
O'Donnell CJ, Nabel EG. N Engl J Med 2011
o k= .= o =] o S . o =]
M7 SHH AlZel HE: ZoPE STH 24 AIZ WY M7 STH Agel HE: Z7HE FTH 24 AZ WY
(et e (B9 werga)
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e | | e wr| w0 MY gEoleh ol dophe ol 88 . - - L | BREYS0| 7MY 52 166%=,
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= el e[l e | AR 139 e o me0ly | w|  w  w| w| w
* Idertfition of 916 1082 214 207 127
. “’“::““E P e — = 2) SEH A MHA AR opAlof 1154 1336 155 3044 166
rug discovery
e - 9P YYB0I 2MHE ABRL OIS Tools 797 917 1066 202 158
ONA fegrment 102 s 1 2 2 =S
amyss . SFK 0| CYESIE| D HA A7} Senvio %7 49 94 1142 182
g T i L " Zotstn QUof AYFEI HES HY 2 BE) 529 586 & 14 119
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- Omers 29 535 @7 22 03
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total 7952 9041| 103060 | 202860 145
2% Business o sequenciag in Drug Discover(2009)
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@%: Business Insights, 'DNA sequencing in Drug Discovery'(2009)
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YOUR MATCHING DIET [ wuTRITONAL NEEDS 0 exercise

KvOw MORS Lve saTTaR Viamin 82 STAY Endurance Tiaining . 50 NORMAL BENEFIT
L GenEcare GENECARE —
Vitemin 06 p. 23 PIMIZEINIAKE  Spengih Training . 3 £S5 BENEFICIAL
- Viamin 12 p. 23 Aerobic Gapacity (vOzmay) p. 31 oAl
it 6 Ao
p ecen Folte - Foli Acid p. 24 K

EATING BEHAVIOR TRAITS

Vitamin Ap, 25

Cardiac DNA Insight™ 2 " 7
242, 4224 8 AU S 22 X1 2 L 39 0 8 B =4 — TR STAY BALANCED
2 2k 20 Hunger . Viamin D p. 25 iZE NTAKE
k- roetg ulp 14 Vienin € p. 27 PTIMIZE INTAKE NORMAL BENEFT
g pisnion .15 ok LKty
o esie . 15 __wcu METABOLIC HEALTH FACTORS 0 NORMAL BENEFI
. insuiln Sensitvity Rosponsa To
Pathway Fit' TERD — Dt p.40 5 A Exercise p. 34 BENEFT
e 2o o FOOD REACTIONS g . leser p. 41
v _ pRCinEu u YOUR BODY AND WEIGHT
i I Elevated Trghycerides p. 42 BELOW AVERAGE
obesty . 37

Elevated Blood Suga p. 43 VERAGE

Welght Loss fegain p. 57

e p 19
Meabolism p. 38

ol Fush . 20
Adiponeciin Levels p. 38 ICAL

Medication DNA Insight
Favma e S T,
8 FE 328 R3O0 PRV 235

Mediation DNA rsigh™ : 4 261 288 3 168

e oo o

Prediction for disease relative risks for five individuals Physician’s disappointment in the market

Disease FemaleA FemaleB FemaleC  MaleD MaleE
Breast cancer T 7 L
Coeliac disease b L L 4 L
Colon cancer = = =l " =
Crohn's disease i ) A 4 1=
Heart attack H =l =l =l "
Lupus T L W 1= 1=

So what?
J2M ofmet

3| AbOFCH
A7t

Macular degeneration 1 1 1= 1 1l
Multiple sclerosis 7 L 1 3
Prostate cancer " n

Psoriasis i T 1" g
Restless legs = I I= 1" 1
syndrome
Rheumatoid arthritis T 7 W W 1
Type 2 diabetes W =l M T =l

Tincreased risk (R > 1.05), | decreased risk (relative isk (RR) <0.95), = average risk (095
<RR <1.05).First prediction is from 23andMe; second prediction is from Navigenics.
Different predictions are highlightedin beige.

¥E7H 4R 0|
o|sict.
OR=13.

AR 2|7}
L2 gt

(53] 2A=2l0H)
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FELE LT
Phenotype Gene Phenotype Gene
Phenotype Gene Phenotype Gene SEAY Vet rEw APGAS
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gz mrc agHE 4925 e — s P
TSget MMmP7 TysuIE HMGCR suor ESR1 [REETEY 921
FeY ESR1 =H8U% p2L g it Mom2 =E3 WK
qwy By MDM2 HEs Wikl tag = Zaud =
EES) cre EEEE) 10 e [TE Frpe Gors
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e ERCCE Gk Fro 2z uck2 H282ay KCNQI
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IR 1128 AT ERYES APOAS Mo 8624 DUCEHAEBLK EDNT
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AZEILIY ALDH2 HUZ B AHEFA HMGCR

FADS1 and HDL Cholesterol

METABOLIC HEALTH FACTORS
DECREASED HDL CHOLESTEROL

» YOUR PROBABILITY <

77 Aol AXZat

High-density lipoprotein (HDL) cholestero is known as good cholesterol, because AVERAGE
high levels of HDL cholesterol seem to protect against heart attack, while low levels Based on your genetic profle you
¥ 9 2} (Gestric cancer) of HDL cholesterol (less than 40 mg/dL) increase the isk of heart disease. While have an average likelihood for
multiple mechanisms are known to account for this, the major one is thought to be decreased HDL cholesterol levels.
the role of HDL in transporting excess cholesterol away from the arteries and back
M R BRS) 5-10%8 HAHE FHM HYS HARHOE ojoy HYT B to the liver, where itis passed from the body?S. Your HDL cholesterol can be
o YO R BRYUCH ol KOS YHET ME Ho 200 ol KA T measured with a simple blood test. In men, typical HDL cholesterol levels range § YOUR RELATED GENES
AUZHEM 4712, Sl He0] TR SHAHE SoiTLC, 88 AE oA 21N from 40 to 50 mg/dl. In women, female hormones cause typical HDL cholesterol p— PP e
levels to range from 50 to 60 mg/dl; however, after menopause there is a tendency Ganaype | Strngn

80| 470 %AOE Ho|J} 2540 Het FOIM of R} 7 LEUCH B Het

il for decreased HDL cholesterol levels. Foods containing trans fats can lower HDL p—
2 YMEZO|R HES AUST US AYUE WSS FZ Mol M4 Wiy cholesterol levels, which is unhealthy. Cholesterol levels should be monitored by
T 2ol R0l YRS WUBLTH B4 TH0IA WY %0l B0, T2 A your physician. ——

U@ YASio] Kol HH T Asivo] REUUS
Agenetic result of "High' or "Above Average" does not mean you have decreased
HDL cholesterol levels, but tells you that you may have a high proj
o decreased HDL cholesterol levels. On the other hand, a result of "Low’
ro K1§ Average," tells you that you have a lower than av|

s HDL cholesterol levels. Our genetic testing is ba
over 19,000 individuals. A result of "High" means

SO
@
SO

HNF4A 151600961 e Hokkk

3] x? oHy T Eal} 79WEI;P - profile with individuals from the Framingham Heart Study who had decreased HDL KCTD101523: co (@ xxkx
cholesterol levels measuring, on average, below 46 mg/dl with approximately 37% [p— S “—
L17A N Ala A of individuals measuring below 40 mg/dI®. On the other hand, a result of “Above S .
Average" means that you share a similar genetic profile with individuals measuring, UPCrs10460017 cr () xxrx
VCAN aa am a on average, below 50 mg/dI HDL cholesterol with approximately 30% o individuals e — [ y—
measuring below 40 mg/dl HDL cholesterole.
PTPRCAP AC Alc A LPL1512678919 AR *okkk
Elevated LDL cholesterol Calculating my genome risk for CHD
METABOLIC HEALTH FACTORS
» YOUR PROI X%
ELEVATED LDL CHOLESTEROL TOUREROBABILIT MYOCARDIAL INFARCTION
Low-density lipoprotein (LDL) s the type of cholesterol that can become dangerous ABOVE AVERAGE GENE/LOCUS MARKER GENOTYPE ODD RATIO
if you have too much of it. Like gunk clogging up your kitchen drain, LDL cholesterol You share a similar genetic profik
can form plaque and build up in the walls of your arteries. This can make yau xhibit LTA rs1041981 A/C 1.2 1.2X1.5X1.6=
arteries narrower and less flexible, putting you at risk for conditio ahe 2887
attack or stroke. Optimally, LDL levels should be less than 100 ma/d. Ne‘v upuma\ 8 :
levels range from 100 to 129 mg/dl and borderline high from 130 to 159 mg/d.. A MIAT rs2331291 c/c 15
score greater than 160 mg/dl is high and greater than 190 mg/dl s very high. Your elevated LDL (bad) cholesterol
physician can mezsure your cholesterol levels Itk ! PSMAB rs1048990 c/c 16
A geneti result of *High" or "Above Average* does not mean you have elevated
LDL cholesterol levels, but tells you that you may have a genetic propensity for YOUR RELATED GENES LTA MITA PSMAG LTA+MITA___| LTA+MITA+PSMAG
plaaied LU diokterol ‘ev‘e’s Oifthe other hand, et of "L‘”;'” OfFRekw T TS present | abscent | present | abscent | present | abscent | present | abscent | present | abscent
Average,” tells you that you have a lower than average genetic likethood for Gomtosea | Jour | Scenttc i T 1 5 T 10 T T 1o o =
elevated LDL cholesterol levels. However, you could still develop problems with -
your LDL levels as a result f your diet and other factors. This report is based on se5u713 healthy | 100 [ 100 wo [ 100 100 | 100 20 [ 160 20 [ 180
genetic variants studied in over 19,000 individuals, A geneic result of "High” mea - Odd ratio] 12 15 16 33 3.60
that you share a similar genetic profile with individuals from the iingham Heart
Study who had elevated LDL cholesterol levels measuring, on average, above 139 CeLSREsLTA S — . . . . —_
ma/dl with approximately 25% of individuals measuring above 160 mg/diE. A genetic pe— Genetic high risk Genetic high risk + smoking| Gene + smoking + obesity | smoking + obesity+inactivity|
result of "Above Average” means that you share a similar genetic profile with present | abscent present | abscent present | abscent present | abscent
individuals measuring, on average, above 130 mg/d LDL with approximately 17% MI 5 | 15 [ [ 16 5 [ 16
of individuals measuring above 160 mg/di LDL cholesterof. A genelic result of healthy 20 180 5 I 185 1 186 EF) 188
“Average” means that you share a similar genetic profile with individuals measuring, Odd ratio| 3.60 385 215 290
on averzge, near-optimal LDL cholesterol levels. Diet plays an important partin
LDL levels. Processed foods and foods high in trans fat contribute to elevated LDL
levels. Tell to patients their personalized risk for CHD according to genome*environmental data
Pes esto
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Gene vs Diet

ENVIRONMENT
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YOUR RELATED GENES. s

Vour
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Matching diet based on my genome Matching exercise based on my genome

EXERCISE

BLOOD PRESSURE RESPONSE TO EXERCISE it |

NAME/ID: KYONG-CHOL KIM

SEX:MALE 5o v e kogun g yprignsion s oo o e EXERCISE STRONGLY
ACC #: D3515263 2 majori some timein OMMENDED
DATE: MAY 28, 2013 | PATHWAY e f pe
DATE: 3 GENOMICS their lives. A genetic variant in me EDNA gene has been shown toincrease the
fikelinood of hypertension in people who were low i cardiorespiratory ftness, which
—_—— refers tothe ability of the heart and lungs to provide muscles. wm oxygen for
DIET » YOUR RESULT 4 physical activity®. This genetic variant did not e who were
MATCHING DIET TYPE i b ety fiess fyou ave i vtart,yur resut e “orcn ikl v i SO e i
Strongly Recommended,” since you may need to exerzise Lo reduce your chances
Your diet has been selected by looking at many genetic variants associated with LOW FAT DIET of hyperension. If you do not have the variant, your result is "Exercise
how people respond to the different macronutients (proteins, fats and Your genatype s associated with Recommended, since execise is siil the ight decision to manage other risk § YOUR RELATED GENES
carbchydrates) in their food?34557, Your genetic risk profles discussed in the weight loss or ottier health benefits factors for high blood pressure you may have. T
Metabolic Health Factors section of this report were also evaluated to determine from a diet lower in fats, especially CeneTesied | cenoype ‘ suengin
your recommended diet®?. Together, your genetic results suggest which one of the saturated fats. [e— ‘ " ‘ .
lcllnwmg diets may be best for you: "Low Fat," "Low Carb," "Mediterranean” or a
“Balanced Diet." It s highly recommended to discuss any change in your diet plan N
with your health care provider. YOUR RELATED GENES Hypertesion 2007
ar e
EXERCISE
Gendiype | Sirogin » YOUR RESULT 4
=
YOUR DIET RECOMMENDATIONS e = HDL (GDOD) CHOLESTEROL RESPONSE TO EXERCISE
v Eatadietlower in fatinstead of a low carbohydrate, Mediterranean or other diet. 5 F— Sg‘i "'n‘"‘e ':z”:" ":"E“‘S L f‘m'““dcah" r:"ﬂ’“”’:;‘mem hyeEiCheg e A BRI
' chelesterol is known as the good cholesterol, and having more HDL is \our geniype is mssociatd witha
+ Yol are lkely 1o be an extreme snanker, S0 be sure 1o have healthy sriacks FO+s993960 w *hk beneficia. Most pecple can imgrove their HDL levels by exercising. In the Heitage. Mxml increase inHOL (good)
avallable. Family Study, peoplz with the AIG and G/G genotypes were more fikely 1o have an el n e
/' Youmay nduige more than average on tempiing foods, as you have a genetic foirnege) | 80 | WAk “Enhanced Benefi”in their HDL levels by exercising™ People wih “Normal 20-week endurance training
marker assocated wih eating disinhibition. Reduce your exposure (0 foods that e — Benefit' may also increase their HDL levels by exercising, but may not experience: program.
temptyou an enhanced effect
r— < | wax
v As somecne who has enhanced bitter taste perception, you may not like the YOUR RELATED GENES
aste of certain healthy vegetables, such as broccoll o ealy greens. Try recipes [r— c o
that mask the bitter flvors without adding too many calories. - CeneTesed | gt ‘ Soenun
/' sSince you have decreased sensilvity o sweet taste, you may need to walch Fow ommmm | | wex
much sugar or other caloric sweeteners, such as agave nectar, honey or other
syrups, aie in the foods you eat. N
= A0 £ evi FEHAIE BABH=71
: B E HAMO|| £ evidence?t THAE HA|SH=71
3.0 SNP-by-fitness interaction: p=0.0025
DIET
» YOUR RESULT 4
25 MATCHING DIET TYPE
Your diet has been selected by looking at many genetic variants associated with LOW FAT DIET
2.0 how people respond to the different macronutrients (proteins, fats and Your genotype is associated with
- carbohydrates) i theirfood? 4357, our genelic ik poffes discussed inthe wwelght 1055 or ofhiex heaith beniefts
® Metabolic Health Fact tion of this report were from a diet lower in fats, especially
(4 15 your recommended diet®. Together, your genetic results suggest which one f the i )
@ following diets may be best for you: "Low Fat,""Low Carh," "Mediterranean” or a
° “Balanced Diet. It is highly recommended to discuss any change in your diet plan
g 1.0 s with your health care provider. § YOUR RELATED GENES
K >
CeneTesed [ Yo | Soenate
05 ; YOUR DIET RECOMMENDATIONS T T
- / Eatadiet lower in fat instead of a low carbohydrate, Mediterransan or other diet - Ak
/' You are ikely to be an exireme snacker, so be sure f> have healthy snacks P— — T
0.0 available. ==
GIG T+ GIG T+ ' You mayindulge more than average on tempting foods, as you have a genetic o | wk
p A" — b P A" — . marker associated with eating disinhibition. Reduce your exposure to foods that [— P e
Low fit High fit tempt you — — T
/  As someone who has enhanced bitter taste perception, you may ot like the i =
' taste of certain healthy vegetables, such as broccoli or leafy greens. Try recipes o ok
that mask the bitter flavors without adding too many calories.
: AoORE
Hypertension 2007 / Since you have decreased sensitiity to sweet taste, you may need to watch how
much sugar or other caloric sweeteners, such as agave nectar, honey or other
syrups, are in the foods you eat -
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Results derived from a large study of approximately 2,000 or
more people, with at least one additional study showing the
same results (replication study).

KRR

Results derived from a moderately-sized study of at least
400 people, with or without a replication study.

Small study of less than 400 people in some cases, with
other small replicated studies. Results in this category are
preliminary, but pass our criteria for statistical significance.

Results in this category should be considered extremely
preliminary.
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Personalized Medicine by the Numbers

13 prominent examples of personalized medicine
drugs, treatments and diagnostics products available in 2006'
72 prominent examples of personalized medicine
diugs, treatments and diagnostics products available in 20112

$300,000,000 cost of sequencing a human genome in 20012

$5,000 cost of sequencing a human genome in 2011

4% U.S. hospitals with fully operational clectronic health records in 2008
22% U.S. hospitals with fully operational clectronic health records in 2009
50% U.S. population that had medical information recorded in clectronic health records in some form in 2010°
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