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IN GENOME-WIDE ASSOCLIATION
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Before GWAS

Linkage studies
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A polymorphic DNA marker genetically linked
to Huntington’s disease
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Family studies show that the Huntington’s disease gene is linked to a polymorphic DNA marker that maps to human
chi 4. The chr | localization of the Huntington’s disease gene is the first step in using recombinant
DNA technology to identify the primary genetic defect in this disorder.
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29 NOVEMBER 1985 SCIENCE, VOL. 230

Cystic Fibrosis Locus Defined by a Genetically Linked
Polymorphic DNA Marker

Abstract. A polymorphic DNA marker has been found genetically linked, in a set
of 39 human families, to an autosomal recessive gene that causes cystic fibrosis
(CF), a disease affecting one in 2000 Caucasian children. The DNA marker (called
DOCRI-917) is also linked to the PON locus, which by independent evidence is linked
to the CF locus. The best estimates of the genetic distances are 5 centimorgans
between the DNA marker and PON and 15 centimorgans between the DNA marker
and the CF locus, meaning that the location of the disease gene has been narrowed
to about 1 percent of the human genome (about 30 million base pairs). Although the
data are consistent with the interpretation that a single locus causes cystic fibrosis,
the possibility of genetic heterogeneity remains. The discovery of a linked DNA
polymorphism is the first step in molecular analysis of the CF gene and its causative
role in the disease.

Doesn’t work for complex traits, unless the
variant has a very large effect:

* Diabetes (Insulin gene)

* Breast cancer (BRCA1 & BRCA2 genes)

* Alzheimer (APOE genes)




Before GWAS

Candidate gene studies T ——
Serotonine & depression \& €
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ORIGINAL ARTICLE
Collaborative meta-analysis finds no evidence of a strong

interaction between stress and 5S-HTTLPR genotype
contributing to the development of depression




Before GWAS

Candidate gene studies

Mono-amine oxidase (MAO-A) & aggression

Role of Genotype in the Cycle
of Violence in Maltreated
Children
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Lighter sentence for murderer with
'bad genes'

Italian court reduces jail term after tests identify genes linked
to violent behaviour.

Emiliano Feresin

An Italian court has cut the
sentence given to a
convicted murderer by a
year because he has genes
linked to violent behaviour
— the first time that
behavioural genetics has
affected a sentence
passed by a European
court. But researchers
contacted by Nature have
questioned whether the
decision was based on

A court in Italy has cut a prisoner's
; jail term because he has genes
sound science. associated with aggressive
behaviour.

Ingram Publishing



Our a priori hypotheses are bad ...

We need a hypothesis-free design - scan the whole genome?



Cost of Sequencing a Whole Human Genome (2000—-2026) vs. Moore’s Law
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We don’t need to sequence the whole

genome to capture most variation!

Single Nucleotide Polymorphism (SNPs)
SNP
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Linkage Disequilibrium (LD)

* Alleles are in LD when they’re inherited together more
frequently than expected (they’re correlated).
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Linkage Disequilibrium (LD)

* Alleles are in LD when they’re inherited together more
frequently than expected (they’re correlated).

* r’is between O (no LD) and 1 (perfect correlation).
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Linkage Disequilibrium (LD)

* Alleles are in LD when they’re inherited together more
frequently than expected (they’re correlated).

* r’is between 0 (no LD) and 1 (perfect correlation).

* | D can be influenced by: 2

* Recombination
* Population history




Linkage Disequilibrium (LD)

* Alleles are in LD when they’re inherited together more
frequently than expected (they’re correlated).

* r’is between 0 (no LD) and 1 (perfect correlation).

* | D can be influenced by:
e Recombination
* Population history\~
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Linkage Disequilibrium (LD)

* Alleles are in LD when they’re inherited together more
frequently than expected (they’re correlated).

* r’is between 0 (no LD) and 1 (perfect correlation).

* LD can be influenced by: out of Afrc
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Next step: create haplotype maps

Individual sequences

GATATTCGTACGGATT
GATGTTCGTACTGAAT
GATATTCGTACGGATT
GATATTCGTACGGAAT
GATGTTCGTACTGAAT
GATGTTCGTACTGAAT

SNPs  A/G G/T A/T
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Next step: create haplotype maps by

genotyping/sequencing populations ﬁ—ture
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DNA Microarray

www.movingscience.dk



https://en.wikipedia.org/wiki/File:From_spit_to_DNA-sample.webm
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Single Nucleotide Polymorphism (SNPs)
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When did GWAS begin?

SCIENCE ¢ VOL. 273 » 13 SEPTEMBER 1996

The Future of Genetic Studies of

Complex Human Diseases
Singletons Sib pairs

il Ri i Genotypic Frequency Probability No. of Probability of  Proportion of
Neil Risch and Kathleen Merlkangas risk ratio of disease  of allele  families transmitting heterozygous
allele A sharing required disease allele A parents
() (p) (Y) (N) P(tr-A) (Het) (N) (Het) (N)
_ o 4.0 0.01 0520 4260 0.800 0.048 1098 0112 235
Thus, the primary limitation of genome- 0.10 0.597 185 0.800 0.346 150 0537 48
wide association tests is not a statistical one 0.50 0.576 297 0.800 0500 103 0424 61
but a technological one. A large number of 0.80 0529 2013 0.800 0235 222 0.163 161
genes (UP, to 100,000) and polymorphlsrps 2.0 0.01 0.502 296,710 0.667 0.029 5823 0.043 1970
(preferentially ones that create alterations in Hah RETaE - 0,667 0245 B85, 0323 264
derived proteins or their expression) must first 0.50 0526 2498 0.667 0500 340 0474 180
be identified, and an extremely large number 0.80 0.512 11,917 0.667 0.267 640  0.217 394
of such polymorphisms will need to be tested. VB i 0501 4,620,807  0.600 0.025 19,320 0.031 7776
Although testing such a large number of poly- 0.10 0505 67,816 0.600 0197 2218 0.253 941
morphisms on several hundred, or even a 0.50 0510 17,997 0.600 0.500 949  0.490 484
0.80 0.505 67,816 0.600 0286 1663 0.253 941

thousand families, might currently seem im-

plausible in scope, more efficient methods of Comparison of linkage and association studies. Number of families needed for identification of a
. . disease gene.

screening a large number of polymorphisms .

(for example, sample pooling) may be pos-

sible.




When did GWAS begin?

Complement Factor H
Polymorphism in Age-Related
Macular Degeneration
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96 cases and 50 controls
116,204 SNPs
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Genome-wide association study of 14,000
cases of seven common diseases and
3,000 shared controls

The Wellcome Trust Case Control Consortium*



Number of publications
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Five Years of GWAS Discovery

Peter M. Visscher,1.2* Matthew A. Brown,! Mark I. McCarthy,3* and Jian Yang5
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10 Years of GWAS Discovery:

Biology, Function, and Translation
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15 years of GWAS discovery: Realizing the promise
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Enabling scientific discoveries that improve human health
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Assaociations contributed by
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Article
Mapping the geneticlandscapeacross14
psychiatricdisorders

Nature | Vol 649 | 8 January 2026
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-~ ASD 44K / 27.8M
NIC 46K / 28.4M
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Next video: signal versus noise
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