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1 Setting the pace
1.aWhat can your spit tell you about your DNA?

From saliva to DNA

{ Your saliva contains a veritable motheadof biological material from
which your genetic blueprint can be determined.

{ For example, a mouthful of spit contains hundrefi€omplex protein
molecules; enzymes- that aid in the digestion of food.

| Swirling around with those chromosomeswhichthemselves
enzymes are cells sloughed off are made up of DNA
from the inside of your cheek.
1 Inside each of thoseells lies a |
nucleus, and inside each nucleus, .’

Van Steen K



Topics in epidemiology

SIGN IN REGISTER KIT HELP Vv

23andMe*
OURSERVICE HOWITWORKS v  STORIES BUY I

Order v -

///é / Spit . Discover
% Your saliva collection kit ///ﬁ Follow kit instructions to spit ////////Z In approximately 6-8 weeks,
I typically arrives within 3 to 5 ’ in the tube provided — all we will send you an email to
days. Express shipping is from home. Register your let you know your reports
available. saliva collection tube using are ready in your online
the barcode so we know it account. Log in and start
belongs to you, and mail it discovering what your DNA
back to our lab in the pre- says about you.

paid package.

> 7 _
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= Print this page Key to your results

Your estimated lifetime risk

Click anywhere on the colored boxes below 10 access in-depth information about each heaith
@ condition, your genetic predispositions, what you can do, your specific genetic markers, and much
more.

Condition name

0-1% >1-10% >10 - 25% >25-50% >50 - 100%

» Why orange & gray boxes?
Brain aneurysm  Alzheimer's Heart attack You have no e
disease results in this
You: 0.91% You: 10% You: 22% range Tutorial: Review the tutorial

Avg: 090% » Avg: 17% » Avg: 26% »

More: How we estimate your
risk

Rheumatoid Breast cancer
arthritis
You: 0.88% You: 14% Your genetic counselor
Avg: 33% » Avg: 13% »
Counsedors are available

M woekdays from Sam 1o S5pm PST,

! of you ¢an schedule another time
You: 0.55% DR o Yoo,
Avg: 1.0% » i o S

Intermational:
Macutar *1 (650) S85-7743
You: 0.44%
Avg: 3.1% »
AT
m m @) Sharing results
You: 0.28% You: 2.9% with your doctor
L et AT . A ARG S
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The23andMestory

1 Wojcicki founded 23andme in 2006 with Linda Avey and Paul Cusenza
with a goal of upending conventional models of health care
- put sophisticated DNA analyses into the hands of consumers,
- giving then information about health, disease and ancestry,
- and allowing the company to sell access to the genetic data to fuel
research.
{1 In 2013, that vision hit a snag. Wojcicki didn't think she needed regulatory
approval to provide information about her custons&éhealth risks. The
US Food and Drug Administration (FDA) disagreed, and ordered the
company to stop.

(source: https:/www.nature.com/news/therise-andfall-and-rise-againof-23andme1.22801)
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Can you handle the truth?

Identifying Genetic Markers

Service Provider: 23andMe deCODEme Navigenics

Arthritis & s
Asthma %
Bipolar/Depression

Cardiovascular Disease

Multiple Sclerosis

Osteoporosis

Parkinson’s Disease

Schizophrenia

Thrombosis

Type 1/2 Diabetes
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SIGN IN REGISTERKIT  HELP Vv
23andMe-
OURSERVICE HOWITWORKS v STORIES BUY U

NOWWITH * 3 We are

150+ | reinventing the

REGIONS & - : Way you see your
ancestry —

through science.

‘o
,: @® 47.1% Northwest European

@ 252%Chinese A Your DNA can tell you more
' 21.2% Filipino & Austronesian \\ o : abo Ut your family hiStO ry.

@® 2.6% Southern European
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The 23andMe story
g TAfter yearsof effort, the payoff came in Apri2017,

when the FDA agreed to allow 23andme to tell

! consumers their risks of developing taredical
conditions, including Parkinson's disease and-taiset
Alzheimer's disease.

1 With more than 2 million customers, ¢hcompany hosts by far the largest
collection of gendinked health data anywhere

(source: https://www.nature.com/news/theise-andfall-and-rise-againof-23andme1.22801)
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How many types of genetic tests exist?

1 There are>2000genetic tests availabletphysicians to aid in the diagnosis
and therapy for >1000 different diseases. Genetic testing is performed for
the following reasons:

- conformational diagnosis of a symptomatic individual

- pre-symptomatic testing for estimatg risk developing disease
- pre-symptomatic testing for predicting disease

- prenatal screening

- newborn screening

- preimplantation genetic diagnosis

- carrier screening

- forensic testing

- paternal testing
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How is genetic testing used clinically?

i Diagnostic medicineidentify whether an individal has a certain genetic
disease. This type of test commonly detects a specific gééaration butis
often not able to determine disease severity or age of onset. It is estimated
that there are >4000 disasas caused by a mutation in a single gene.
Exampés of diseases that can be diagnosed by genetic testing includes
cystic fibrosis antiuntington's disease.

{ Predictive medicinedetermine whether an individudlas an increased risk
for aparticular disease. Results from this type of test are usuallyessed
In terms of probability and are therefore less definitive since disease
susceptibility may also be influenced by other genetic and-gemetic (e.g.
environmental, lifestyle) factor&&xamples of diseases that use genetic
testing to identify individals with increased risk include certain forms of
breast cancer (BRCA) acaolorectal cancer.
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How is genetic testing used clinically?

{ Pharmacogenomicsclassifes subtle variations in an individual's genetic
makeup todeterminewhether a drug is suitablef a particular patient,
and if so, what would be the safest and most effective ddssarnmore
aboutpharmacogenomicg precision medicind, 5 b ! LI & &4 LJ2 NI &
longerscience fiction!

{ Whole-genome and wholeexome sequencingexamines the entire
genome orexome to discover genetic alterations that may be the cause of
disease.Currently, this type of tet is most often used in complex
diagnostic cases, but it is being explored for use in asymptomatic
Individuals to predict future diseag® increasingly feable by improved
technology + reduced costs more adequate reference genomes
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1.b Speaking the laguage

Where is the genetic information located?

e Cell has nucleus

e Nucleus carries genetic information in chromosomes

e Chromsomes composed of desoxyribonucleic acid (DNA) and
proteins

e DNA large molecule consisting in two strands

e Each strand has backbone of sugar and phosphate residues

e Sequence of bases attached to backbone
e Bases: adenine (A), guanine (G), cytosine (C), thymine (T)
e Strands connected through hydrogen bonds

o A with T (2 hydrogen bonds)

o C with G (3 hydrogen bonds)
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Result of crossover: recombination in meiotic products

a) Al A2 A1 |A2
—-

Bl B2 B1 |B2

O o

L

e Relevant measure: recombination fraction (probability of odd
number of crossovers) between two chromosomal positions
e Strong correlation between recombination fraction and distance in

base pairs
(Ziegler and/an Steen, Brazil 2010)
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TELOMERE

SHORT ARM (P)

CENTROMERE

LONG ARM (Q)

SISTER CHROMATIDS

Photon Illustration/Stocktrek Images/Getty Images

In humans, males have lower recombination rates than females over the
majority of the genome, but the oppds is usually true near the telomeres
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How much do individuals differ with respect to genetic information?

e Allele: one of several alternative forms of DNA sequence at specific
chromosomal location (locus)

e Genetic marker: polymorphic DNA sequence at single locus

e Polymorphism: existence of > 2 alleles at single locus

e Homozygosity (homozygous): both alleles identical at locus

e Heterozygosity (heterozygous): different alleles at locus

e Mutation:
o Changes allele at specific chromosomal position
o Frequency = 10 to 10° = Individuals differ with freq. of 1/1000 bases

(Ziegler and Van Steen, Brazil 2010)
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How much do individuals differ with respect to genetic information?

1 Genotype The two alleles inhdrd at a specific locus. If the alleles are the
same, the genotype is homozygous, if different, heterozygous. In genetic
association studies, genotypes can be used for analysis as well as alleles or
haplotypes.

{ Haplotype Linear arangements of allelesrothe same chromosome that
have been inherited as a unit. A person has two haplotygeany such
series of loci, one inherited maternally and tther paternally. A
haplotype may be characterized by a single allele

L 4

@ WMITIT THN NEN BE)

http:// www.dorak.info/epi/glosge.html
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What arebiomarkers?

1 A biological marker, or biomarker, is something that can be
measured, which points to theresence of a disease, a physiological
change, response to a treatment, or a psychological condition.

1 A molecular biomarker is a moleculeat can be used in this way
Recall thaDNA is a molecule”A genetic markes = polymorphic
DNA sequenceat alocus

{ Biomarkersare used in different ways at different stages of
medicines development, including in some cases as a surrogate
endpoint to indcate and measure the effect of medicinesimical
trials A also genetic markers

(www.eupati.eu)
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The biomarker development proess
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(Quezada et al. 2017)
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What are the most popular genetic markers?

Single Nucleotide Polymorphisms (SNPs)

e Variations in single base, i.e., one base substituted by another base
e |In theory: four different nucleotides possible at base

e |In practice: generally only two different nucleotides observed

¢ Definition strict and loose:

o Strict: minor allele frequency > 1%
o Loose: 2 2 nucleotides observed in two individuals at position
e Nomenclature:

o ss-number (submitted SNP number)
o rs-number: searchable in dbSNP, mapped to external resources, unique
o rs-numbers do not provide information about possible function of SNP

o Alternative: nomenclature of Human Genome Variation Society

(Ziegler and Van Steen, Brazil 20
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Do SNPs capture differees between human genomes?

T Any two people plucked at random off the stremte on averag®9.9
percent the same, DNise(> 3 million positional differences)

T Most genome variations are
relatively small and simple,
iInvolving only a few basesan
A substituted for a T here, a G & Base Pairs
left out there, a short sequence o —
such as Gadded somewhere e e
else

— )

Guanine  Cytosine

Sugar phosphate
backbone

(U.S. National Library of Medicine)
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Common genetic variations MAF (minor allele frequency)

Single Frequency In
Nucleotide general

- Polymorphisms |population
\ ase Fairs (SNPS)
Lj \

o Adenine  Thymine @ 9504

— )

Guanine  Cytosine

Sugar phosphate
backbone

A 5% > 1%
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Indirect

association _«*™

-‘.------..-’ —

Direct
association

Direct
association

—Haplotype
Typed marker locus Unobserved causal locus

(Balding 2006

Van Steen K



Topics in epidemiology

What are gnes? Defining genesas units oinheritance

{1 Thegeneis the basic physical unit
of inheritance.

{ Genes are passed from parents to
offspring and contain the
iInformation needed to specify
traits.

{ Theyare arranged, one after
another, onthe chromosomes

{ Chromosomes are not taken
entirely by genes.

TERHEEY TELE RN
IR as TEEER

1 12 8 10 11 12

SE 35 88 &1 it EBS 3 &

15 16 13 14 15 0NN | 7ER 8

OB W o1 BB
X X

1920 R D (Re=20

i n %5 53 BB

8 9 L1112

§§ A 55 38 80

14 15 16 17 18

ﬂﬂ i o3

&
19 20 21 22 XY

(Figure: Human chromosoma@s
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What are genes? Defining genes by their structure

Structure of g Gene

t.ncn 1 [mn 3 !u- 3 bu A
Wpnnider % b 1 8 LLE ol
Chove [UNA)
‘ Tranuscrgton
Pamury Rarmtrpt A

lmm

Motos SIL2 LSS

Matre Tarmorgt | RN L L

Wk oo Lo
Smplifsed overview of gene struciure and expression (for cukaryotes ). 4
PR -0OG N pera 5 delinad by the aetent of The grmacy Tamcoos, The gene i
Argt Sranscnibad 10 sl A grimary IANCHET, WAKR 4 gracessad 10 remisve the
ntrorg. Tha mature anaanigt (mecsenger RNA, mRANA) & e tranasted o 2
Sequance of amize acsdn, which defices tte iatan. The chae of aming sciss
st Pold up e oenarate She Aol Bartiry s uctare of the grateen

Splicing Is carried out by a very complex enzyme machinery: the spliceosome. In the
spliceasome, proteins as well as RNA molecules are found that form complexes: the small
nuclear ribonucieoproteins or snNANPS (snurps), These recognize specific sequences on the
borders of an intron, cut the ends, refease the intron and ligate the remaining exons.
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What is gene annotation?

f An annotation (irrespective of the context) imate added by way of
explanation or commentary.

{ Genome annotations theprocess of identifying the locations of genes and
all of the coding regions in a genome and determining what those genes do.

{ Once agenome is sequenced, it needs to be annotatedtake sense of it
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What is gene regulation? revised version ofentral dogma

I g&lif
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What is the central dogma of molecular biology? Simplified version

" udEsadakal ogend (1TTH) — EiifE = TIUTH

i - a e ™ /
M
i i - ——
Prediad &1 i -~ I
fren Frasscription

l RMA processsing

G |

orin |
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Information is eveywhere: the programming of life

http://www.youtube.com/watch?v=00vBqYDBW5s

anformation:

that which can b&eommunicated through symbolic language
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What is genetic epidemiology?

“ .. Examining the role of genetic factors, along with the environmental
contributors to disease, and at the same time giving equal attention to
the differential impact of environmental agents, non-familial as well
as familial, on different genetic backgrounds”

“It is the discipline investigating genetic and environmental factors that
influence the development and distribution of diseases. It differs from
epidemiology in that explicitly genetic factors and similarities within
families are taken into account. On the other hand, it can be
distinguished from medical genetics by considering populations rather
than single patients or families.”

(Ziegler and/an Steen, Brazil 2010)
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What is genetiepidemiology?
Hard to define!

A science that deals with the etiology, distribution and

control of disease-related phenotypes in groups of
relatives, and with inherited causes of disease-related
phenotypes in populations

Statistical methodology
Genome-wide association studies
Next generation sequencing
Gene-environment interaction

Family studies
+ Risk score
Predictive markers & pharmacogenetics
Microbiome
Epigenetics
eQTL
Other Omics

(IGES presidential address A Ziegler, Chicago 2013)
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What are the ke concepts in genetic epidemiology

Genetic Epidemiology 1

Key concepts in genetic epidemiology

Paul R Burton, Martin D Tobin, John L Hopper

This article is the first in a series of seven that will provide an overview of central concepts and topical issues in
modern genetic epidemiology. In this article, we provide an overall framework for investigating the role of familial
factors, especially genetic determinants, in the causation of complex diseases such as diabetes. The discrete steps of
the framework to be outlined integrate the biological science underlying modern genetics and the population science
underpinning mainstream epidemiology. In keeping with the broad readership of The Lancet and the diverse
background of today’s genetic epidemiologists, we provide introductory sections to equip readers with basic concepts
and vocabulary. We anticipate that, depending on their professional background and specialist knowledge, some

readers will wish to skip some of this article.

What is genetic epidemiology?

Epidemiology is usually defined as “the study of the
distribution, determinants [and control] of health-
related states and events in populations”.' By contrast,
genetic  epidemiology means different things to
different people.” We regard it as a discipline closely
allied to traditional epidemiology that focuses on the
familial, and in particular genetic, determinants of
disease and the joint effects of genes and non-genetic
determinants. Crucially, appropriate account is taken of
the biology that underlies the action of genes and the

dose. The marker and the causative variant need not be
within the same gene. This principle is the basis of
genetic linkage analysis (see a later paper in this series®),
which has achieved many of the breakthroughs in the
genetics of disease causation. Many such breakthroughs
involve conditions caused by variants in a single gene
and have been achieved by geneticists and clinical
geneticists who would not view themselves as genetic
epidemiologists. Nevertheless, linkage analysis is one of
the most important tools available to the genetic
epidemiologist.

Lancet 2005; 366: 341-51
See Comment page 330

This is the firstin a Series of
SEVEN PAPETS 0N genetic
epidemiology.

Department of Health Sdences
and Department of Genetics,
University of Leicester,
Leicester, UK

(Prof PR Burton MO,

M [ Tobin PhD); and Centre for
Genetic Epidemiology,
University of Melboums,
Melbourne, Victoria, Australia
(Prof | L Hopper PhD)

Comespondence to:

Prof Faul R Burton, Department
of Health Sciences, Linfversity of
Laicaster, 22- 28 Princess Road
‘West, Leicester LE1 6TF, UK
pbs1@le.acuk
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What are relevant questions in genetiepidemiology?

Recurmence risk ratios 1s there evidence of phenotypic
Correlations SEEmEN aggregation within families?
¢ Fes
Vatiance components 15 the pattermn of comelation consistent
Heritahility pmmmRR with a possible effect of genes? ;}

L Yes

I5 it likely that there is a gene present

; . anmnnn | Wihalarge enough effect 1o make it
Segresaiion analysis hwhile dedicat e _}'
resources trving w identify it? No

¢ Yex

Linkage analysis EEEEEN = lmgm“ :::eiw likely
¢ Expression siudies
Linkage disequilibrivm mapping . Can we be more precise about where it lies? Functional work
Asgociation analysis Can we identily a cavsative polymorphism? >
Fes Irugldiagnostic test
development

(Handbook of Statistical Geneticdohn Wiley & Songig.281)
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How to hunt for genes to answer relevant questioris

{| Developing new and better tools to make gene hunts faster, cheaper and
practical for any sentist was a primary goal of tHeuman Genome Project
(HGP).

{ One of these tools igenetic mappingthe first step in isolating a gene.
Genetic mapping in the ealy days- can offer firm evidence that a disease
transmitted from parent to child iBnked to one or more genes. It also
LINE A RSA& aOf dzSaé | 62dzi gKSNBE 0UKS 3

{ Genetic maps have been used successfully to find the single gene
responsible for relativgirare inherited disorders, like cystic fibrosis, but
have also been useful as a guide tentify the possible many genes
underlying more common disorders, liesthma
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How to generate a genetic map?

1 Initially, o produce a genetic map, researchersedtlblood or tissue
samples fronfamily memberswhere a certain disease or trait is prevalen

| Using various laboratory technigues, the scientists isolate DNA from these
samples and examine it for the unique patterns seen only in family
members who havehte disease or trait.

11 Before researchers identify the gene responsible for the diseaseaiby tr
DNA markers can tell them roughly where the gene is on the chromosome.

How is this possible?

K Van Steen 1
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How to generate a genetic mapZontinued)

| This is possible because of recombinatithre process we have introduced
before.

As eggs or sperm develofthvn a person's body, the 23 pairs of
chromosomes within those cells exchange recombine genetic
material. If a particular gene is close to a DNA marker, the gene and
marker will likely stay together during the recombination process, and
be passed o together from parent to child. So, if each family member
with a particular disease or trait also infits a particular DNA

marker, chances are high that the gene responsible for the disease lies
near that marker.

K Van Steen
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How to generate a genetic map¥Vhat isLinkage DisequilibriumgLD?%

Linkage Within A Family

Recombination Point

Initial
Generation

Generation 1

Generation 2

Generation 3

Linkage between two points/
markers

Decay of Linkage over successive generations

(Bush et al

Linkage Disequilibrium Within A Population

Initial
Generation

(INEN NN N Eaminn
ML Trmirm

IINIENEN I N i
I W [T W

| 100
l )J) Generations

1000
Generations

Population moves from Linkage Disequilibrium to Linkage

. 2012)
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How to generate a genetic map¥Vhat is Linkage DisequilibriugiD?%

chromosomal background (shaded) |

[

| | I | ** Ancestral
| | | | | | | | | l | | \ mutation

FEL T IR I ' '

- - {Many generations) —»

firn- i s L

e )
M - Initial mutation (+) occurs on a Most recent common ancestor

<
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How to generate a genetic mapZontinued)

{ The more DNA markers there are on a genetic map, the more likely it is that
one will e closely linked to a disease getsnd the easier it will be for
researchers to zern on that gene.

{ One of thefirst major achievements of the HGP was to developnde

maps of markers spaced evenly across the entire collection of human
DNA

(http:// www.genome.gov/100007 15#8))
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1.cd ¢ K&man Genome Projeét

ional Human Genome Research Institute

National Institutes of Health

iy, 9°"ome9ov R
%WW Nat

h Funding i h at HHGRI; Health BRI Issues in Genetics } Newsroom icareers&Training ; About | For You ‘ ﬁ D ('ﬂ

Home > Education > All About The Human Genome Project (HGP)

. All About The Human Genome Project (HGP)

All About The Human
Senome Eroject (Hak) The Human Genome Project (HGP) was one of the great feats of | gee Also:
et 5 Sl N d
Education Archive exploration in history anvlnward voyage of discovery rather YouflT) White House
Fact Sheets than an outward exploration of the planet or the cosmos; an Annohncement

international research effort to sequence and map all of the
Genetic Education Resources for  » ! P June 26, 2000

Teachers genes - together known as the genome - of members of our
species, Homo sapiens. Completed in April 2003, the HGP gave Extramural Research
NHGRI Webinar Series » ks B bt Program
us the ability, for the first time, to read nature's complete
National DNA Day Y genetic blueprint for building a human being. Other Federal Agencies
Online Genetics Education Resources . X X i . i Involved in Genomics
In this section, you will find access to a wealth of information on the history of the HGP, ——
Smithsonian NHGRI Genome » ¢ OnOther Sites:
Exhibition its progress, cast of characters and future. e St
Taking Glos Access to the full human
alkin SSar .
2 2 © Educational Resources sequence
Understanding the Human » .
Genome Project @ General Information

@ Research
© Model Organisms

Educational Resources

* An Interactive Timeline of the Human Genome [unlockinglifescode.org]
An interactive, hyper-linked timeline of genetics that takes the reader from Mendel (1865) to the completion of
the mapping of the human genome (2003).

* The Human Genome: A Decade of Discovery, Creating a Healthy Future
A workshop for science reporters about the 10th anniversary of the completion of the draft sequence of the
human genome and to look at the future of genomic research.

« Understanding the Human Genome Project
NHGRI's Online Education Kit

* An Overview of the Human Genome Project
A brief overview of the HGP.

* 50 Years of DNA: From Double Helix to Health
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Historical overview(interludium)

Gregor Mendel, the father of ©

modern genetics, presents his
research on experiments in
plant hybridization

Gregor Mendel, a 19th century Augustinian monk, is called the
father of modern genetics. He used a monastery garden for
crossing pea plant varieties having different heights, colors, pod
shapes, seed shapes, and flower positions. Mendel's
experiments, between 1856 and 1863, revealed how traits are
passed down from parents. For example, when he crossed
yellow peas with green peas, all the offspring peas were yellow.
But when these offspring reproduced, the next generation was
/s yellow and Y4 green. Mendel's work, which was presented in
1865, showed that what we now call “genes” determine traits in
predictable ways.

K Van Steen 7
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Historical overview

James Watson and Francis
Crick discover the double
helix structure of DNA

When Francis Crick and James Watson modeled the structure
of DNA, they used paper cutouts of the bases (A, C, G, T) and
metal scraps from a machine shop. Their model represented
DNA as a double helix, with sugars and phosphates forming the
outer strands of the helix and the bases pointing into the
center. Hydrogen bonds connect the bases, pairing A-T and
C-G; and the two strands of the helix are parallel but oriented
in opposite directions. Their 1953 paper notes that the model
“immediately suggests a possible copying mechanism for the
genetic material.”

K Van Steen
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Historical overview

Marshall Nirenberg cracks thee
genetic code for protein
synthesis

In the early 1960s, Marshall Nirenberg and National Institutes
of Health colleagues focused on how DNA directs protein
synthesis and the role of RNA in these processes. Their 1961
experiment, using a synthetic messenger RNA (mRNA) strand
that contained only uracils (U), yielded a protein that contained
only phenylalanines. Identifying UUU (three uracil bases in a
row) as the RNA code for phenylalanine was their first
breakthrough. Within a few years, Nirenberg’'s team had
cracked the 60 mRNA codons for all 20 amino acids. In 1968,
Nirenberg shared the Nobel Prize in Physiology or Medicine for
his contributions to breaking the genetic code and
understanding protein synthesis.

1961

K Van Steen
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Historical overview

Frederick Sanger develops 9

rapid DNA sequencing
technique

In 1977, Frederick Sanger developed the classical “rapid DNA
sequencing” technique, now known as the Sanger method, to
determine the order of bases in a strand of DNA. Special
enzymes are used to synthesize short pieces of DNA, which end
when a selected “terminating” base is added to the stretch of
DNA being synthesized. Typically, each of these terminating
bases is tagged with a radioactive marker, so it can be
identified. Then the DNA fragments, of varying lengths, are
separated by how rapidly they move through a gel matrix when
an electric field is applied — a technique called electrophoresis.
Frederick Sanger shared the 1980 Nobel Prize in Chemistry for
his contributions to DNA-sequencing methods.

1977

K Van Steen 10
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Historical overview
(%)

First genetic disease mapped,
Huntington's Disease

Huntington's disease (HD) causes the death of specific neurons
in the brain, leading to jerky movements, physical rigidity, and
dementia. Symptoms usually appear in midlife and worsen
progressively. The location of the HD gene, whose mutation
causes Huntington’s disease, was mapped to chromosome 4 in
1983, making HD the first disease gene to be mapped using
DNA polymorphisms — variants in the DNA sequence. The
mutation consists of increasing repetitions of “CAG” in the DNA
that codes for the protein huntingtin. The number of CAG
repeats may increase when passed from parent to child,
leading to earlier HD onset in each generation. The gene was

finally isolated in 1993.
1983
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Invention of polymerase -

chain reaction (PCR)
technology for amplifying
DNA

Conceived in 1983 by Kary Mullis, the Polymerase Chain
Reaction (PCR) is a relatively simple and inexpensive technology
used to amplify or make billions of copies of a segment of DNA.
One of the most important scientific advances in molecular
biology, PCR ampilification is used every day to diagnose
diseases, identify bacteria and viruses, and match criminals to
crime scenes. PCR revolutionized the study of DNA to such an
extent that Dr. Mullis was awarded the Nobel Prize in Chemistry

in 1993.
1983

K Van Steen
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Historical overview

First evidence provided for ©

the existence of the BRCA1l
gene

BRCA1 (BReast CAncer gene 1) is a “tumor suppressor gene,”
which normally produces a protein that prevents cells from

growing and dividing out of control. However, certain variations
of BRCA1L can disrupt its normal function, leading to increased
hereditary risk for cancer. The first evidence for existence of the
BRCAL gene was provided in 1990 by the King laboratory at
University of California Berkeley. After a heated international

race, the gene was finally isolated in 1994. Today, researchers
have identified more than 1,000 mutations of the BRCA1 gene,
many of them associated with increased risk of cancer,

particularly breast and ovarian cancers in women.

K Van Steen 13
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o

The Human Genome Project
begins

Beginning in 1984, the U.S. Department of Energy (DOE),
National Institutes of Health (NIH), and international groups
held meetings about studying the human genome. In 1988, the
National Research Council recommended starting a program to
map the human genome. Finally, in 1990, NIH and DOE
published a plan for the first five years of an expected 15-year
project. The project would develop technology for analyzing
DNA; map and sequence human and other genomes —
including fruit flies and mice; and study related ethical, legal,

and social issues.
1990
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The sequence of the Human Genomea milestone in modern medicine

1 In June 2000 came the announcement that the majority of the human genome had in fact
been sequenced, which was followed by the publicatio@@perent of the sequence of
the genome's three billion bas@airsin the journalNature in February 2001

1 Surpises accompanying the sequence publication included:

- the relatively smalhumber of human genesperhaps as few &0,00635,00Q
Note: 100,00 A 30,000-35,000A 24,000A 19,000-20,000

- the complex architecture of human proteins compared to their homolaisnilar
genes with the same functionsn, for example, roundworms and fruit flies;

- the lessons to be taught by repeat sequences of DNA.
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" genome.gov
JM I National Human Genome Research Ins

National Institutes of Health

Research Funding } Research at NHGRI i Health

Issues in ¢

Home > Education > All About The Human Genome Project (HGP) > An Overview of the Human Ge|

News About the Human Genome Project

Links to news releases announcing key moments in the hist

O 1994
O 1996 2004
O 1998 March 24, 2004: International Sequencing Consortium Launches Online Resource
O 1999 The National Human Genome Research Institute announces that the International Sequencing Consortium (ISC) has launched a free, online resource
D — where scientists and the public can get the latest information on the status of sequencing projects for animal, plant and other eukaryotic genomes.
O 2001 March 31, 2004: Scientists Compare Rat Genome With Human, Mouse

An international research team, supported by the National Institutes of Health (NIH), today announced it has completed a high-quality, draft sequence
© 2003 of the genome of the laboratory rat, and has used that data to explore how the rat's genetic blueprint stacks up against those of mice and humans.
O 2004

April 21, 2004: NHGRI Scientists Return to the Classroom For Second Annual National DNA Day
On April 30, dozens of researchers and staff from the National Human Genome Research Institute (NHGRI) will head back to high schools in rural and
urban communities across the country to share with students some of the exciting research taking place at the National Institutes of Health (NIH).

October 14, 2004: NHGRI Seeks Next Generation of Sequencing Technologies
The National Human Genome Research Institute (NHGRI), part of the National Institutes of Health (NIH), today announced it has awarded more than

%38 million in grants to spur the development of innovative technologies designed to dramatically reduce the cost of DNA sequencing, a move aimed at
broadening the applications of genomic information in medical research and health care.

October 20, 2004: International Human Genome Sequencing Consortium Describes Finished Human Genome Seguence

The I ) ome Sequencing Consortium, led in the United States by the National Human Genome Researc =
Department of Energy (DOE), today published its scientific description of the finished human genome sequence, reducing the estimated number of
reHRan protein-coding genes from 35,000 to only 20,000-25,000, a surprisingly low number for our species. "
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genome.gov

il : :
%W National Human Genome Research Institute

National Institutes of Health

Research Funding  Research at NHGRI ‘ Health

LT Issues in Genetics | Newsroom | Careers & Training | About ‘ For You ‘ n :

Home » Education » Understanding the Human Genome Project » Dynamic Timeline » 2004-The Future » 2005b: HapMap Project Completed

Online Education Kit: 2004-The Future

2004a: Rat and Chicken Genomes Sequenced

2004b: FDA Approves First Microarray

2005: HapMap Project Completed £ share | erin

The International HapMap Consortium published a catalog of human genetic variation that is expected

2 L : : : See Also:
b= anttiaad g il | Seemachas acthma cancer,

2004c: Refined Analysis of n
Genome Sequenc

2004d: Surgeon General Stress

2005

diabetes, and heart disease. While the Human Genome Project focused on the DNA sequence from a - =
Consortium Completes Ma

single individual, the HapMap project focused on variation in the genome and on human populations.

International Ha

of Family History

2005a: Chimpanzee Genomes Sequenced
2005b: HapMap Project Completed
2005c: Trypanosomatid Genomes Sequenced
2005d: Dog Genomes Sequenced

2006a: The Cancer Genome Atlas (TCGA)
Project Started

2006b: Second Non-human Primate Genome
is Sequenced

2006¢: Initiatives to Establish the Genetic and
Environmental Causes of Common Diseases
Launched

The Future

The $138 million project was a three-year collaboration between more than 200 researchers from

pak. Diacra and the nited ate he new nopar da 3 =S

PrEtoTT ol a

: $ S ) 22008 : On Other Sites:
Phase I HapMap that contains more than 1 milion markers of genetic variation. At the time of the

publication, the consortium was nearing completion of a Phase II HapMap that would contain more
than 3 million genetic markers.

International HapMap Project
Web page for the International
HapMap Consortium

More Information

References:

The International HapMap Consortium. Integrating ethics and science in the International HapMap Project. Nature Genetics, 5: 467-475. 2004. [Full Text] W‘

International HapMap Consortium. A haplotype map of the human genome. Nature, 437: 1229-1320. 2005. [Full Text] W’

Klein, R.J., Zeiss, C., Chew, E.Y., Tsai, J.Y., et al. Complement factor H polymorphism in age-related macular degeneration. Science, 308: 385-389. 2005. [PubMed]
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BREAKTHROUGH OF THE YEAR

Human Genetic |

Variation

Equipped with faster, cheaper technologies for sequencing
DNA and assessing variation in genomes on scales ranging
from one to millions of bases, researchers are finding out
how truly different we are from one another

THE UNVEILING OF THE HUMAN GENOME ALMOST 7 YEARS AGO
cast the first famt ight on our complete genetic makeup. Since then, each
new gemme sequenced and each new ndividual studied has luminated
our genomic landscape mever more detail. In 2007, researchars cameto
apprecide the extent to which our genomes differ from person to person
andthe implications of this vanation fordeaphenng the genetes of com-
plex diseases and personal traits.

Less than a year ago, the big news was triangulating variation
between us and our pimate cousins to get a better handle on genetic
changes along the evolutionary tree that led to humans. Now, we have
moved from asking what in our DNA makes us human to striving to
know what in my DNA makes me me.

@ HcHR-ID

Inversion Insertion

Daletion Copy number varation
What makes us unique. Changes in ‘A‘B_
the number and order of genes (A-D)
add variety to the human genome. Referance

Pennisi 2007 Science 318:1842-3
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2007 SCIENTIFIC BREAKTHROUGH OF THE YEAR

Science Magazine, December 21, 2007

“It’s all about me!”

Single Nucleotide Polymorphisms
(SNPs)

SNP SNP
v v

Chromosome1 AACACGCCA.... TTCGGGGTC....
Chromosome2 AACACGCCA.... TTCGAGGTC....
Chromosome3 AACATGCCA.... TTCGGGGTC....
Chromosome4 AACA GCCA....TTCG GGTC....

K Vi
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Historical overview associating genetic variation to disease outcomes

BREAKTHROUGH OF THE YEAR: The Runners-Up

Science 314, 1850a (2006);
DOI: 10.1126/science.314.5807.1850a

AYAAAS

Areas to Watch in 2007

Whole-genome association studies. The trickle of studies comparing the
genomes of healthy people to those of the sick is fast becoming a flood.
Already, scientists have applied this strategy to macular degeneration,
memory, and inflammatory bowel disease, and new projects on schizo-
phrenia, psoriasis, diabetes, and more are heating up. But will the wave of
data and new gene possibilities offer real insight into how diseases germi-
nate? And will the genetic associations hold up better than those found the
old-fashioned way?
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Indirect

association _«*™

-‘.------..-’ —

Direct
association

Direct
association

—Haplotype
Typed marker locus Unobserved causal locus

(Balding 2006
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TRAF1-C5
Rheumatoid athritis

IKZF4, ERBB3
CDK2, ERBB3
Type 1 Diabetes.

KIFSA-PIP4K2C
Rheumatoid athritis
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Historical overview 210 traits¢ multiple loci(sites, locations)

Published Genome-Wide Associations through 12/2010,
1212 published GWA at p<5x10-8 for 210 traits

NHGRI GWA Catalog
www.genome.gov/IGWAStudies "
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Historical overview trait categories

Published Genome-Wide Associations through 12/2013
Published GWA at p<5X10°¢ for 17 trait categories

Uit
N
o
4
§

NHGRI GWA Catalog
" eeesmes Www.genome.gov/GWAStudies
2"..‘.'."'.."“"‘ www.ebi.ac.uk/fgpt/gwas/

0000000000000 0OO®

Digestive system disease
Cardiovascular disease

Metabolic disease

Immune system disease

Nervous system disease

Liver enzyme measurement

Lipid or lipoprotein measurement
Inflammatory marker measurement
Hematological measurement
Body measurement
Cardiovascular measurment
Other measurement

Response to drug

Biological process

Cancer

Other disease

Other trait
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Historical overviewtrait categories and nr of SNPs

Date: 3/3/2020

Filter the diagram »~

Filter by trait

Clear Apply
Show SNPs for

@ Digestie sysiem disesse

@ carvomscuir gisesee

o Mtstollc dlsese

O N SyEem Olsezse

(O Nenous system aksease

Lher enzyme mezsurement

o Lipid or Hipoprosein mezsurement

O FEMME0N MATKer mezsuremant

emzniogical measurement

@ Boay welgnts 200 massures

@ caromascutar measurement

@ Oz mezsurement

O Response o orug

@ swiogical process

@ cor

@ overisese

000000000 BelEEBE

@ coervan

K Van Steen 25



Topics in epidemiology

Historical overviewinter-relationships (networks)

m Cardiovascular diseases (Cv)
~= Digestive system diseases

= Endocrine system diseases
I Eye diseases

1. Type 1 diabetes (36) == |mmune system diseases (Is)
2. Multiple sclerosis (36) m Mental disorders
3. ADHD and conduct disorder (33) == Multiple diseases
4. Crohn's disease (27) = Musculoskeletal diseases (Ms)
5. Type 2 diabetes (22) = Ms, Sc, Is
6. Celiac disease (19) == Neoplasms
7. Ulcerative colitis(17) == Nervous system diseases (Ns)
8. Systemic lupus erythematosus (17) wm Ns, Cv
9. Prostate cancer (17) = Ns |s
10. Rheumatoid arthritis (13) = Ns, Ms
11. Breast cancer (12) m= Nutritional and metabolic diseases |
12. Lung cancer (11) ™ Nm, Es, Is

&= Skin and connective tissue disease
M Sc, Is
™ Urogenital diseases

(Barrenas et al 200€omplex disease networknodes ae diseasep
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Historical overviewinter-relationships (networks)

B v °® A Intracranial aneurysm

1. HLA-DQAT1 (5)

i, “oronary 2. HLA-DRB1 (4)
Celiac disease  NIPo_—&\ i gl 3~ disease 3. CDKN2A (4)
. A< N\ 290 4. CDKN2B (4)
518 5. IL23R (3)
6. HLA-E (3)

Alzheimer’ N :\“@ 2
i - ‘.\I! / .o“":\‘?'v

disease JE "///ﬁ!i k-\'
Parkinson’s " ® \‘-;.’:7@
disease D

@ - e B
Bipolar Guareny Breast cancer
Secedisorder
Schizophrenia

Chronic lymphocytic
leukemia

(Barrenas et al 200€omplex disease GENE netwqnkodes are gengs
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2 The rise oilGWAS

(slide Doyg Brutlag 2010)
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What are GWASs?

{ Agenomewide association studys an approach that involves rapidly
scanning markers across the complete sets of DNA, or genomes, of many
people to find genetic variations associated with a partictrizi.

1 Recall atrait can be defined as a coded phenotype, a particular

characterstic such as hair color, BMliseasegene expression intensity
f SPSt 3T X
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Genomewide association studies: basic principles

The genomeawide association study is typica({lyut not solely!!) based on a
casécontrol design in whickinglenucleotide polymorphisms (SNPs) across
the human genome are genotyped (Panel A: small fragment)

A

E sm»r ] smaz

Chromosome 9

'I-l-l'l-LFI'I I'I'I-I'I'I'I'I'I'I-I.I'I'I'I-I-I-I'I'I-I-I-I-I-I'I-l-I'I-I-I'I-I'II-I-l'l'l-l'l-l-l'
'H.I'I.I.FI'I l‘l'l.l'l'l'l'l'l'l.l.l'l'I'I-I.I.I'I' olil: 'I.I'I.I.I'I-I.I'I.I'IaI.I.I'I'I.I'I.I-I'

— Personl

'I.I-I'I-I-I'I'I FELFEEEEE BT EL T ool Lol Ll EE- -I-|'|'I-I'I-I-I
!Iilil'l-lil'l!l I!I'Iﬁl‘l!I!I',I!I!I.Ii'I!I'I!IiIiI-I!I'Iil‘il.lnl‘.l'lilil'lilil!lil!lI-I‘.l'l!lil!l.lnl'

— Person2

— Person3
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Genomewide association studies: basic principles

B SNP1 SNP2
Initial discovery study .4l Initial discovery study

Cas
P P=1x10? aaa P=1x10-3

Cases

Controls

Variant
homozygote

Common
homozygote

f Heterozygote

91 Panel B, the strength of asciation between each SNP and disease is
cdculated on the basis of the prevalence of each SNP in cases and
controls. In this example, SNPs 1 and 2 on chromosome 9 are associated
with disease, with P values of#t®and 132, respectively

(Manolio 2010)
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Genomewide association studies: basic principles

14-

~Log,, P Value

Position on chromosome 9

16 18 20 22

Chromosome

1 The plot in Panel C shows the P valuesafibgenotyped SNPs that have
survived a qualiycontrol screen (eachhromosome, a different colr
{ The results implicate a locus on chromosome 9, marked by SNPs 1 and 2,

which are adjacent to each other (graph at right), and other neighboring
SNPs. (Manolio 2010)
32
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Genomewide association studies: key components

* |ndividuals

Input Data * Genetic markers

* Adjust for confounders (e.g.,
genetic ancestry, smoking)

* Add levels of complexity (e.g.,

GxG, GxE interactions)

Association
Method

* Same conditions
* Dissimilar conditions

Validation
Replication

* Functional analysis

Interpretation .
P * Follow-up studies
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Genomewide association studies: key components

{ To carry out a GWAs, sevetaols are needed, which include those that
deal with datageneration and data handling:

- Computerized data bases with reference human genome sequence

- Map of human genetic variation

- Technologies that can quickly and accurately analyze (whole genome)
sampes for genetic variations that contribute to disease

(http://lwww.genome.gov/pfv.cfim?pagelD=20019523)
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Detailedflow of a genomewide association study

Biological question Sampling —p= Selection of DNA chip
Laboratory DNA preparation | Chip hybridization Chip scan
Low level analysis Image analysis —» Normalization —»  Genotype calling ]—D{Standard quality control

- " -7~ '
High level analysis Statistical analysis }D[Replication [ Validation —% Impact on population ],

.

- T a
Imputation H Statistical analysis
/ ==

L P -~y

—% Replication ;‘ValidationH Impact on population ‘

A

" o . n - . N
Data mining Replication / Validation /—p[ Impact on population l

N\ . . -
.~. - . \._._.—_

(Ziegler 2009)
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How to access GWAS results? View the GVWAs catalogue
(http://www.genome.gov/gwastudies/)

. 2317 studies (6/10/2014)

Page 10of 47 Next> Last>>

(Entries 1-50 of 2317)

Date First Disease/Trait Initial Replication Region Reported Gene(s) Mapped Strongest Context Risk Allele P-value OR or Platform CNV
Added to Author/Date/ Sample Sample Gene(s) SNP-Risk Frequency beta-coefficient |[SNPs passing QC]

Catalog Journal/Study Description Description Allele in and [95% CI]
Controls

(since
11/25/08)

0.78 1x107 .322 [0.25-0.40] Tllumina N
ug/mL increase [NR]

04/16/14 | Chung CM Resistin levels | 382 Han 559 Han 19p13.2 RETN RETN - r51423096-G
March 03, 2014 Chinese Chinese C19orfs59
Diabetes Metab ancestry ancestry
Res Rev indiviudals indiviudals
Common
gquantitative trait
locus downstream
of RETN gene
identified by
genome-wide
association study
is associated with
risk of tvpe 2
diabetes mellitus
in Han Chinese: a
Mendelian
randomization
effect.

0.145 3x 1071t 1.22 [1.15-1.29] Affymetrix & N
Ilumina
[1,695,815]
(imputed)

10/03/14 Zhang B Colorectal 1,773 East 6,902 East 18q21.1 SMAD7 SMAD7 rs7229639-A intron
January 21, 2014 | cancer Asian ancestry | Asian ancestry
Int ] Cancer cases, 2,642 | cases, 7,862
Genome-wide East Asian East Asian
association study ancestry ancestry
identifies a new controls controls
SMAD7 risk

variant associated

with colorectal
cancer risk in East

Asians.

Tllumina N

10/06/14 Xie T Amyotrophic 250 Han NA View full set of 175 SNPs
[859,311] (pooled)

January 17, 2014 | lateral sclerosis | Chinese
Neurobiol Aging | (sporadic) ancestry. NA RABSP1 NA kgp22272527-? NR 8x 1071t NR
A genome-wide cases, 250 Han
association study Chinese NA
combining ancestry
pathway analysis controls _ s
12924.33 GPR133 GPR133 rs11061269-2 |intron 0.08 8x10°10 3.7761 [2.49-5.74]
for typical SR—
sporadic 21q22.3

MYO188 NA kgp8087771-? 0.2 2x10°10 3.0327
[2.212039-4.157817]

TMPRSS2 IMPRSS2 - £59977018-2 0.05 2102 NR
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