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Preliminary Project Report

Assignment Date: March 30, 2019
Due Date: Monday, April 13, 2019 @ 11:59pm

Each team should submit a PDF of your preliminary project proposal (2 to 3 pages) to GradeScope by 11:59pm on
Monday April 13.

The prefiminary report should have at least:

Title of your project

List of team members and email addresses

1 paragraph abstract summarizing the project

1+ paragraph of Introduction

1+ paragraph of Methods that you are using

1+ paragraph of Results, describing the data evaluated and any any preliminary resuits
1+ paragraph of Dicsussion (what you have seen or expect to see)

1+ figure showing a preliminary result

5+ References to relevant papers and data

The preliminary report should use the Bioinformatics style template. Word and LaTeX templates are available at
hitps://academic.cup.com/bicinformatics/pages/submission_online. Overleaf is recommended for LaTex
submissions. Google Docs is recommended for non-latex submissions, especially group projects. Paperpile is
recommended for citation management,

Later, you will present your project in class starting the week of April 22, You will also submit your final written
report (5-7 pages) of your project by May 13

Please use Piazza if you have any general questions!
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Modern Humans




ARTICLE

An integrated map of genetic variation
from 1,092 human genomes

The 1000 Genomes Project Consartium®
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characterizing the geographic and functional spectrum of human genetic varfation, the 1000 Genomes Project alms to
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profiles of rare and common varfants, and that low - frequency varfants show substantial geographic differentiation,
which is further incressed by the action of purifying selection. We show that evolutionary comservation and coding
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pathways, and that each individual contains handrods of rare non-codimg variants at conserved sites,
-clu changes in transcription - factor - binding sites. This resource, which captures up to 98% of
accessible single polymorphisms at a freguency of 1% in related populations, enables analysis of comumon and

Jow - frequency variants in individuals from diverse, including admixed. pogralations.



|000 Genomes Populations
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| 000 Genomes: Human Mutation Rate

* Phase | Release
— 1092 individuals from 14 populations

— Combination of low coverage WGS, deep
coverage WES, and SNP genotype data

* Overall SNP rate between any two people is
~1/1200bp to ~1/1300

— ~3M SNPs between me and you (.1%)

— ~30M SNPs between human to
Chimpanzees (1%)

e De novo mutation rate ~1/100,000,000

— ~100 de novo mutations from generation to
generation

— ~I-2 de novo mutations within the protein
coding genes

Constructing an integrated map of
variation

The 1,092 haplotype-resolved genomes released as phase | by the
1000 Genomes Project are the result of integrating diverse data from
multiple technologies generated by several centres between 2008 and
2010. The Box 1 Figure describes the process leading from primary
data production to integrated haplotypes.
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An integrated map of genetic variation from 1,092 human genomes

1000 genomes project (2012) Nature. doi:10.1038/naturel 1632




Human Mutation Types
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* Mutations follows a “log-normal’ frequency distribution

— Most mutations are SNPs followed by small indels followed by larger events

A map of human genome variation from population-scale sequencing
1000 genomes project (2010) Nature. doi:10.1038/nature09534



A Systematic Survey of
Loss-of-Function Variants in
Human Protein-Coding Genes

Daniel G. MacArthur,?* Suganthi Balasubramanian,®* Adam Frankish,* Ni Huang,?

James Morris,* Klaudia Walter,* Luke Jostins,* Lukas Habegger,®* Joseph K. Pickrell,’
Stephen B. Montgomery,®” Cornelis A. Albers,>® Zhengdong D. Zhan?,’ Donald F. Conrad,*®
Gerton Lunter,** Hancheng Zheng,*? Qasim Ayub,* Mark A. DePristo,™* Eric Banks,*

Min Hu,® Robert E. Handsaker,*** Jeffrey A. Rosenfeld,*® Menachem Fromer,* Mike Jin,’
Xinmeng Jasmine Mu,>* Ekta Khurana,>* Kai Ye,*® Mike Kay,* Gary lan Saunders,’
Marie-Marthe Suner,” Toby Hunt,® If H. A. Barnes,” Clara Amid,**” Denise R. Carvalho-Silva,’
Alexandra H. Bignell,* Catherine Snow,* Bryndis Yngvadottir,® Suzannah Bumpstead,’

David N. Cooper,*® Yali Xue,* Irene Gallego Romero,™* 1000 Genomes Project Consortium,
Jun Wang,*? Yingrui Li,** Richard A. Gibbs,® Steven A. McCarroll,****

Emmanouil T. Dermitzakis,” Jonathan K. Pritchard,>?° Jeffrey C. Barrett,® Jennifer Harrow,*
Matthew E. Hurles,* Mark B. Gerstein,**?t Chris Tyler-Smith't

Genome-sequencing studies indicate that all humans carry many genetic variants predicted to
cause loss of function (LoF) of protein-coding genes, suggesting unexpected redundancy in the
human genome. Here we apply stringent filters to 2951 putative LoF variants obtained from

185 human genomes to determine their true prevalence and properties. We estimate that human
genomes typically contain ~100 genuine LoF variants with ~20 genes completely inactivated.
We identify rare and likely deleterious LoF alleles, including 26 known and 21 predicted severe
disease—causing variants, as well as common LoF variants in nonessential genes. We describe
functional and evolutionary differences between LoF-tolerant and recessive disease genes and a
method for using these differences to prioritize candidate genes found in clinical sequencing studies.

(2012) Science. doi: 10.1126/science.1215040



Homozygous LoF Mutations

LETTER

Human knockouts and phenotypic analysis in a
cohort with a high rate of consanguinity

(2017) Nature. doi:10.1038/nature22034

Homozygous LoF mutations are
rare in most people, but enriched in
people born from consanguineous
relationships

Sequence the exomes of many such
people, find their homozygous LoFs,
relate to 200 biochemical or
disease traits

A “natural” experiment to
understand what genes do: people
with both copies of APOC3
disabled can clear fat from their
bloodstream much faster than
others, suggests we should develop
compounds to prevent heart
attacks



Variation across populations

PCA coloured by population, Global
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* Not a single variant 100% unique to a given population

* 50% of rare variants (<.5%) observed in a single population

| 7% of low-frequency variants (.5-5% pop. freq) observed in a single ancestry group




Variation across populations

Europeans
PCA coloured by population, Global

vt POP PAIR a:-::::'-c vy piy
e e
AFR ASWALWK 258 a3
AFR LWK.YR 251 502
AFR ASW.YRI 213 453
ASN CHs- 27 25 4K.3
ASN CHB-JPT 17% as?
ASN CHB-CHS 79 387
s EUR FIN-TS 343 a6
& -0m EUR CEU-FIN 201 207
tUR FINGAR 157 432
EUR GBR. TS 100 389
EUR CELTS 57 538
. . TUR CIU-GAAR 37 361
) Americas African CON AFR-EUR 38 $2.2
. CON AFR-ASN 317 526
s CON ASN-EUR 150 534
005 A " A A A A A
3 1 0 om 002 03 004 005 006 Table S12A Summary of sites showing high levels of population differentiation
Asians ok

* Not a single variant 100% unique to a given population
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ExXAC: Exome Aggregation Consortium

a b * The aggregation and analysis of high-
60,000 - . . .
- B — 0044 » quality exome (protein-coding

3 40000 — M Midde Easter 002 » region) DNA sequence data for

2 B

PC3

I 60,706 individuals
20,000 - -0.02 »
10,000 — ! -0.04 4
oluz oEw 0.02

0- PHA— 006 | * This catalogue of human genetic
1000 Genomes ESP ExAC 004 =~ . . .
o diversity contains an average of one
& ¥ e variant every eight bases of
£ s0- " Other doSNP - ok ey -yl the exome
3 ® In 1000 Genomes or ESP 23 -
'. - 2g 60 —
§ 30 gf’j .
5 25 - *  We have used this catalogue to
2 10 £ 20- l calculate objective metrics of
e NG © “Smommous Missense  Nonsense pathogenicity for sequence variants,

and to identify genes subject to
strong selection against various
classes of mutation; identifying
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complete depletion of
predicted protein-truncating

Analysis of protein-coding genetic variation in 60,706 humans
Lek et al (2016) Nature. doi:10.1038/nature 9057



Genes mirror geography within Europe
Novembre et al (2008) Nature. doi: 10.1038/nature0733 1
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Part 3:

Pre-genome Genetic
Medicine




Sickle Cell Anaemia

* Sickle-cell anaemia (SCA) is an abnormality in the
oxygen-carrying protein haemoglobin
(hemoglobin S) found in red blood cells. First
modern clinical description in 1910s

* The genetic basis of sickle cell disease is an

A-to-T transversion in the sixth codon of
the HBB gene.

e The mutation was actually found in the protein
sequence first in the 1950s! Occurs when a
person inherits two abnormal copies of the
haemoglobin gene, one from each parent.
Interestingly, heterozygous patients also incur a
resistance to malaria infection, contributing to its
prevalence in Africa where malaria infections
remain a major disease

OMIM: SICKLE CELL ANEMIA
https://www.omim.org/entry/603903



Huntington’s Disease

A polymorphic DNA marker genetically linked
to Huntington’s disease

James F. Gusella', Nancy S. Wexler”, P. Michael Conneally’, Susan L. Naylor',
Mary Anne Anderson’, Rudolph E. Tanzi', Paul C. Watkins™*, Kathleen Ottina’,
Margaret R. Wallace', Alan Y. Sakaguchi’, Anne B. Young, Ira Shoulson',
Ernesto Bonilla' & Joseph B. Martin®

* Neurology Department and Genetics Unit, Massachusetts Geseral Hospital asd Harvaed Medioal School, Bosson, Massachesctes 02114, USA
! Mereduary Dasease Foundation, 9701 Wikhire Bhd, Beverley Hilh, California 90212, USA
§ Department of Medical Gesetios, ladiana Usiversity Medkal Center, Indanapolis, Infiana 46225, USA
§ Department of Human Genetics, Ronwell Pack Memonad Imitete, Boflado, New York 14263, USA
| Venezuela Collaboratve Mentington's Dncane Project”

Family srudies show thar the Huntington's discase gene is linked to a polymorphic DNA marker that maps to human
chromosome 4. The chromosomal localization of the Huntington's disease gene is the first step in using recombinant
DNA technology to identify the primary genctic defect in this disorder.

Gusella et al (1983) Nature. doi:10.1038/306234a0
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Huntington’s Disease

Coll, Vol 72, 971-983, March 26, 1993, Copyright © 1993 by Cell Press

A Novel Gene Containing a Trinucleotide Repeat
That Is Expanded and Unstable
on Huntington’s Disease Chromosomes

The Huntington's Disease Collaborative
Resecarch Group*

Summary

The Huntington's cisease (HD) gene has been mapped
in 4p16.3 but has eluded identification. We have used
haplotype analysis of linkage disequilibrium to spot-
light a small segment of 4p16.3 as the likely location
of the defect. A new gene, IT15, isolated using cloned
trapped exons from the target area contains a poly-
morphic trinucicotide repeat that is expanded and
unstable on HD chromosomes. A (CAG), repeal longer
than the normal range was observed on HD chromo-
somes from all 75 disease famlilies examined, com-
prising a variety of ethnic backgrounds and 4p16.3
haplotypes. The (CAG), repeat appears to be located
within the coding sequence of a predicted - 348 kd
protein that is widely expressed but unrelated to any
known gene. Thus, the HD mutation involves an
unstable DNA segment, similar to those described in
fragile X syndrome, spino-bulbar muscular atrophy,
and myotonic dystrophy, acting In the context of a

novel 4p16.3 gene to produce a dominant phenotype.

Introduction

Huntington's disease (HD) is a progressive neurodegener-
ative disorder characterizod by motor disturbance, cogni-
tve loss, and psychiatric manifestations (Martin and Gu-
sella, 1986). It is inherited in an autosomal dominant
fashion and affects ~ 1in 10,000 individuals in most popu-
lations of European origin (Harper et al., 1891). The hall-
mark of HD Is a distinctive choreic movement disorder
that typically has a subtie, insidious onset in the fourth 1o
fifth decace of Iife and gracually worsens over a course
of 10 %o 20 years untd death. Occasionally, HD is ex-
pressed in juveniles, typically manifoating with more se-
vere symploms including rigidity and a more rapid course.
Juvenda onset of HD is associalad with a prepandarance
of paternal transmission of the disease allele. The neuro-
pathology of HD aiso displays a distinctive pattern, with
selective loss of neurons that is most severe in the caudate
and putamen. The biochemical basis for neuronal death
in HO has not yet been explaingd, and there 1S conse-
quently no treatment eMective in delaying or préventing
the onset and progression of this devastating disorder
The genetic defect causing HD was assigned to chromo-
some 4 in 1983 in one of the first successful linkage analy-
sas using polymorphic DNA markers in humans (Gusella




Huntington’s Disease

Coll, Vol 72, 971-983, March 26, 1993, Copyright © 1993 by Cell Press

A Novel Gene Containing a Trinucleotide Repe
That Is Expanded and Unstable
on Huntington’s Disease Chromosomes

The Huntington's Disease Collaborative
Research Group”

Summary

The Huntington's cisease (HD) gene has been mapped
in 4p16.3 but has eluded identification. We have used
haplotype analysis of linkage disequilibrium to spot-
light a small segment of 4p16.3 as the likely location
of the defect. A new gene, IT15, isolated using cloned
trapped exons from the target area contains a poly-
morphic trinucicotide repeat that is expanded and
unstable on HD chromosomes. A (CAG), repeat longer
than the normal range was observed on HD chromo-
somes from all 75 disease famlilies examined, com-
prising a variety of ethnic backgrounds and 4p16.3
haplotypes. The (CAG), repeat appears to be located
within the coding sequence of a predicted - 348 kd
protein that is widely expressed but unrelated to any
known gene. Thus, the HD mutation involves an
unstable DNA segment, similar to those described in
fragile X syndrome, spino-bulbar muscular atrophy,
and myoltonic dystrophy, acting in the context of a

novel 4p16.3 gene to produce a dominant phenotype.
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Figure 6 PCR Asalysis of the (CAG) Repeat n a Venezusian HD
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A Shown. ANeCnd iINGMVICUalS 406 represenied by closed symbots
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the range of PCR products from the HD chromosome, The intensity
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comparison of the above PCR products. vanes with slight differences
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Gerardo Jimenez-Sanchez*, Barton Childs* & David Valle**

analysis

* Department of Pediatrics, McKanick-Narhans Institute of Genetic Madiane, and t Howard Hughes Madical Institute, Johns Hophins University Schoed of Medicing

Baltimore, Maryland 21205, USA

The compiete human genome sequence will facilitate the identification of all genes that contribute to disease. We propose that
the functional classification of disease genes and their products will reveal general principles of human disease. We have
determined functional categories for nearly 1,000 documented disease genes, and found striking correlations between the
function of the gene product and features of disease, such as age of onset and mode of inheritance. As knowledge of disease
genes grows, including those contributing to complex traits, more sophisticated analyses will be possible; their results will
yield a deeper understanding of disease and an enhanced integration of medicine with biology.

o test the proposal that classifying disease genes and their
products according to function will provide general
insight into disease processes'”, we have compiled and
classified a list of discase genes. To assemble the list, we
began with 269 genes identified in a survey of the 7th
edition of Metabolic and Molecular Bases of Inherited Disease’. We
then scarched the ‘morbid map” and allelic variants histed in the
Online Mendelian Inheritance in Mar' (OMIM), an online resource
documenting human discases and their associated genes

Human disease genes

(www.ncbinlm.nih.gov), and increased the total disease gene set
to 923. This sample included genes that cause monogenic discase
(97% of the sample) and genes that increase susceptibility for
complex traits. We excluded genes assocated only with somatic
genetic discase (such as non-inherited forms of cancer) or the
mitochondrial genome.

We categorized cach disease gene according to the function of its

Jimenez-Sanchez, G., Childs, B. & Valle, D. (2001) Nature 409, 853-855



Part 4:

Post-genome

Inherited Diseases




“Genome-wide linkage analysis has also been carried out for many common diseases
and quantitative traits, for which the aforementioned characteristics of Mendelian
diseases might not apply. In some cases, genomic regions that show significant
linkage to the disease have been identified, leading to the discovery of variants that
contribute to susceptibility to diseases such as inflammatory bowel disease (IBD),
schizophrenia and type 1 diabetes.

However, for most common diseases, linkage analysis has achieved only limited

success, and the genes discovered usually explain only a small fraction of the overall
heritability of the disease.”

Genome-wide association studies for common diseases and complex traits
Hirschhorn and Daly (2005) Nature Review Genetics
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Genome-wide association studies for common diseases and complex traits
Hirschhorn and Daly (2005) Nature Review Genetics
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A DNA microarray is a collection of microscopic DNA
“spots” attached to a solid surface.

RNA isotation
 DNA microarrays can measure the expression e —
levels of large numbers of genes simultaneously or rf:’-}?ﬁ
to genotype multiple regions of a genome. - ——
- Each DNA spot contains picomoles (10-12 moles) [

of a specific DNA sequence, known as probes (or ’32?3‘.’:.‘:1
reporters or oligos).

« Very cost effective (~$10) for millions of probes at
once
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Genome Wide Association (GVVAS)

SNP1 SNP2 SNP...
Cases Cases Repeat for all
Count of G: Count of G: SNPs
00 O O O RO CR ORI IR O 21040of 4000 | 1648 0of 4000

Frequency of G:' Frequency of G:
52.6% 41.2%

ldddd e e e an )

GC CC_ GG GC CC GC GC
GG CC GC GG GC GG
- Controls Controls

Count of G: Count of G:

Annnnnnnnnn |26760f6000 2532 of 6000 .
\

‘ Frequency of G:
44.6%

66 €6, 56.66,6665.£¢

Frequency of G:
42.2%




Pearson’ s Chi-squared test

1.0

The value of the test-statistic is

O; - E:)? n (0;/N - p:)* 08

2. (O; ; 3 f

1=1 i=1

Degrees of freedom

P-value
=
(=)

where
2 . . g v 0.4

X° = Pearson's cumulative test statistic, which asymptotically approaches a _,\-‘" -
distnibution. ol
O; = the number of observations of type i. [
N = total number of observations ) - - : o

E; = Np; =the expected (theoretical) frequency of type i, asserted by the null A= Peantons comitiatios soat Siatatic

hypothesis that the fraction of type /in the population is p; m—1 m— m—1
n = the number of cells in the table P(X2 ({pz}) > T) ~ { dy; } exp [_ —_ ( Y )
F Y yz >T | i=1 l:[ Z
has G Not G Marginal Row Totals
Cases 2104 (1912) [19.28] 1896 (2088) [17.66] 4000
Controls 2676 (2868) [12.85] 3324 (3132) [11.77] 6000
Marginal Column Totals 4780 5220 10000 (Grand Total)

Cases/hasG expected: 4000 * (4780/10000) = 1912 expected
Cases/hasG squared deviation: (2104 — 1912)?2/ 1912 = 19.28 deviation

The chi-square statistic is 19.28+17.66+12.85+11.77 = 61.56. The p-value is 5e-15




Genome Wide Association (GWAS)
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SNP1
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Count of G:
2104 of 4000

Frequency of G:
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Controls
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P-value:
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Cases Repeat for all
Count of G: SNPs

1648 of 4000

Frequency of G:
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Controls
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Frequency of G:
42.2%

P-value: Chi-squared or
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0.33 similar test



Genome Wide Association (GVVAS)
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Cases Cases Repeat for all
Count of G:  Count of G: SNPs
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Count of G: Count of G:
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The curse of multiple testing




i
m_:m

g2

i g

The curse of multiple testing

&Mmﬂﬁ |

b ge=
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Four Novel Loci (19ql3, 6q24, 12q24, and 5q14) Influence the Microcirculation In Vivo
lkram et al (2010) PLOS Genetics. doi: 10.137|/journal.pgen.1001 184




Manhattan Plot

Genome-wide significance: 5e-8

Marker significance: 1e-5 Significant loci
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First published GWAS

Complement Factor H
Polymorphism in Age-Related

Macular Degeneration

Robert . Klein,' Caroline Zeiss,** Emily Y. Chew,” 2
Jen-Yue Tsai,*® Richard S. Sackler,' Chad
Alice K. Henning,® John Paul SanGiovanni,” smmn.m.‘
Susan T. Mayne,” Michael B. Bracken,” Frederick L. Ferris,”
Jurg Ott,” Colin Barnstable,” Josephine Hoh't

Age-related macular degeneration (AMD) is a major cause of blindness in the
elderly. We report a genome-wide screen of 96 cases and 50 controls for
polymorphisms associsted with AMD. Among 116,204 single-nuclectide

Isms genotyped, an Intronic and common varlant in the comple-
ment factor H gene (CFH) is strongly associated with AMD (nominal P value
<10°7). In individuals for the risk aliele, the likelihood of AMD is
increased by a factor of 7.4 (95% confidence interval 2.9 to 19). Resequencing
revealed a polymorphism in Gnkage disequilibrium with the risk allele
representing a tyrosine-histidine at amino acid 402. This polymor-
phism is in a region of CFH that binds heparin and C-reactive protein, The CFH
gene ks located on chromosome 1 in a region repeatedly linked to AMD in

family-based studies.

Agerclated macular degenention (AMD) is
the leading cause of blindness = the developed
world Its incidence is increasing as the elderly
population expands (/). AMD is charsctenoed
by progressive destroction of the retina's
central region (macula), causing central Seld
visual loss (2). A key feature of AMD s the
formation of extracellular deposits called dru-
sen comoentrated in and around e macula
epithelium (RPE) and @ choroid. To date, no
therapy for this disease has provem to be
becudly effective. Several risk factors bave
been linked to AMD, including age, smoking,
and fienily hissoey (). Candidate-gene studics

www.clencemagorg  SCIENCE  VOL 308

have not found sy genetic differences that cam
account for a large proportion of the overall
prevalence (2 Familydased whole-genome
linkage scans have identified chromosomal
regions that show evidence of linkage o
AMD (4-5), bat the Bnkage arcas have oot
been resolved o 2y causative mutations.
Like many other chronic diseases, AMD s
caused by a combamation of gesetic and envi-
mmahlntbmnlﬂnem&umml
a3 powerful &8 assochation studies for the
identification of genes contributing to the risk
for conumon, complex duseases (9), However,
linkage studies have the advantage of scarch-
ing the whole penome in an wbiased manner

15 APRIL 2005

without presupposing the involvemest of
particular genes. Searching the whole genome
In an sssociation stady roguires typing 100,000
or more single-nucleotide polymorphisms
(SNPs) (10). Because of these technical de-
mands, only one whole-genome  association
study, on susceptibility to myocardial infarc-
tice, has been published to date (/7).

Study design. We report a whole-genome
case-control association study for gemes in-
volved in AMD. To maximize the chance of
success, we chose clearly defined phenotypes
famaﬂmmc.tmmhn-

few semall drusen, We smalyzad our &ta using
a statistically conservative approach to correct
for the large number of SNPs tested, thereby

guarantesing that the probability of & false pos-
itive i no grester than cur reported P values.

Study (AREDS) (/2). From the AREDS

!

of Sutistical Genetics, Rockelelier Uni-
wnny, 1230 York Avenue. New York NY 10021,
USA. “Oepactment of Ophthaimelogy asd Vissel

401 North
MO 20850, USA, "W, M. Ceck Faciity, Yale University,
300 George Street, Suite 200, New Haven, CT 06511,
USA. "Department of Epidemiclogy and Public
Health, Yale University School of Medcine. 60
College Street, New Haven, CT 06520, USA

£-mail: josephise hohByale sdy




First published GVWAS

Complement Factor H e e s
e ° study roquires 100,000
Polymorphism in Age-Related gﬁﬁx.m@mﬁ
Macular Degeneration ks, aly i sl gions ool

Robert . Klein,' Caroline Zeiss,”* Emily Y. Chew,”* tice, has been published to date (/7).
Jen-Yue Tsai,** Richard S. Sackler,’ Chad Haynes,’ Study design. We report a whole-genome
Alice K. Henning.® John Paul SanGiovanni,” Shrikant M. Mane,® osc-control amociation sudy for genes (-
v ’ volved in AMD. To maximaze the chance of

Susan T. Mayne,” Michael B. Bracken,” Frederick L Ferris,”
Jurg Ott,” Colin Barnstable,” josephine Hoh't

Age-related macular degeneration (AMD) is a major cause of blindness in the
elderly. We report a genome-wide screen of 96 cases and 50 controls for
polymorphisms associsted with AMD. Among 116,204 single-nuclectide
polymorphisms genotyped, an Intronic and common varlant in the comple-
ment factor H gene (CFH) is strongly associated with AMD (nominal P value
<10 7). In individuals homozygous for the risk aliele, the likelihood of AMD is
increased by a factor of 7.4 (95% confidence interval 2.9 to 19). Resequencing

Fig 1. (A) P values of

revealed a polymorphism in Unkage disequilibrium with the risk allele distances between SNPs
representing a tyrosine-histidine change at amino acid 402. This polymor- on the dromosomes.
phism is in a region of CFH that binds heparin and C-reactive protein, The CFH 3: ﬁm
gene ks located on chromosome 1 in a region repeatedly linked to AMD in for P = 005 after Bon-
family-based studies. ferroni  comection, The

vertical dotted lines

Agerclated macular degenention (AMD) is  have not found sy genetic differences that show chromosomal

the leading cause of blindness m the developed  account for a large proportion of the
world Its incidence is increasing as the elderly  prevalence (2) Familydased who

populsticn expands (/). AMD is charscerized  linkage scans have idensified e
by progressive destroction of the retina's  regicns that show evidence of linkage was studed fur-

central region (macula), causing central field  AMD (4-5), bat the Enkage arcas have
visual loss (2). A key feature of AMD s the  been resolved to amy causative mutations.
formation of extracellular deposits called dru. Like many other chronic diseases, AMD
sen comoentratod in and around e maculs  caused by 3 combenation of gesetic and env
epithelium (RPE) and @ choroid. To date, o a8 powerful &5 assochation studies for
therapy for this disease has provem to be  identification of genes coatributing to the i
broudly effective. Several risk factors Bave  for common, complex diseases (¥), Howeve
been linked to AMD, including age, smoking,  linkage studies have the advantage of searcl
and femily hisioey (9), Candidate-gene studics ing the whole penome in an wnbiased masnn

between cases and
controls,

wwwclencemagorg  SCIENCE  VOL 308 15 APRIL 2005 385




GWAS Catalog

As of 2020-03-08, the GWAS Catalog contains
4493 publications and 179364 associations.
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ARTICLE

M:IO.IOWMNNIJ”Q

Biological insights from 108
schizophrenia-associated genetic loci

Schizophrenia Working Group of the Psychiatric Genomics Consortium®

is a highly heritable disorder. Genetic risk is conferred by a large number of alleles, including common
alleles of small effect that might be detected by genome -wide association studies. Here we report a multi-stage schizo-
phrenia genome - wide association study of up to 36,989 cases and 113,075 controls. We identify 128 independent asso-
ciations spanning 108 conservatively defined loci that meet genome-wide significance, 83 of which have not been
previously reported. Assoclations were enriched among genes expressed in brain, providing biological plausibility for
the findings. Many findings have the potential to provide entirely new insights into aetiology, but associations at DRD2
and several genes involved in glutamatergic neurotransmission highlight molecules of known and potential therapeutic
relevance to schizophrenia, and are consistent with leading pathophysiological hypotheses. Independent of genes expressed
in brain, associations were enriched among genes expressed in tissues that have important roles in immunity, providing
support for the speculated link between the immune system and schizophrenia,

Nature 511,421-427 (24 July 2014) doi:10.1038/naturel 3595
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Figure 1 | Mashattan plot showing schizophresia associations. Manhattan  position and the y axis is the significance (-log,, P, 2-uiled) of association

plot of the discovery genome- wide assoclation meta-analysis of 49 case control  derived by logistic regression. The red line shows the genome-wide significance
sammples (34,241 cases and 45,604 controls) and 3 family based association level (5 % 10"). SNPs in green are in linkage disequilibrium with the index SNPs
stuadics (1,235 parent affectod-offspring trios). The x axis is chromosomal (diamonds) which represent independent genome-wide significant amociations,

Nature 511,421-427 (24 July 2014) doi:10.1038/naturel 3595
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Figure 1 | Mashattan plot showing schizophresia associations. Manhattan  position and the y axis is the significance (-log,, P, 2-uiled) of association

plot of the discovery genome - wide assoclation meta-analysis of 49 casecontrol  derived by logistic regression. The red line shows the genome-wide significance
samples (34,241 cases and 45,604 controls) and 3 family based association level (5 % 10™"). SNPs in green are in linkage disequilibrium with the index SNPs
stuadics (1,235 parent affectod-offspring trios). The x axis is chromosomal (diamonds) which represent independent genome-wide significant asociations.

Nature 511,421-427 (24 July 2014) doi:10.1038/naturel 3595
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Figure 1 | Manhattan plot showing schizophrenia associations. Manhattan  position and the y axis is the significance (-log,, P; 2-1iled) of associazion

plot of the discovery genome - wide assoclation meta-analysis of 49 casecontrol  derived by logistic regression. The red line shows the genome-wide significance
sammples (34,241 cases and 45,604 controls) and 3 family based association level (5 % 10"). SNPs in green are in linkage disequilibrium with the index SNPs
stuadics (1,235 parent affectod-offspring trios). The x axis is chromosomal (diamonds) which represent independent genome-wide significant asociations.

Nature 511,421-427 (24 July 2014) doi:10.1038/naturel 3595



ARTICLE

« Compared to the brains of healthy individuals, those of people with
Bl‘ schizophrenia have higher expression of a gene called C4, according to a
paper published in Nature today (January 27).The gene encodes an immune
~protein that moonlights in the brain as an eradicator of unwanted neural
schizo connections (synapses). The findings, which suggest increased synaptic
pruning is a feature of the disease, are a direct extension of genome-wide
scni association studies (GVVASs) that pointed to the major histocompatibility

ﬂh";: (MHC) locus as a key region associated with schizophrenia risk.

P

;"r*:: “The MHC [locus] is the first and the strongest genetic association for
the t schizophrenia, but many people have said this finding is not useful,” said

m psychiatric geneticist Patrick Sullivan of the University of North Carolina

:’1‘,3; School of Medicine who was not involved in the study.

@oi: 10, 1050/ nature1 3595

RABFNSSIT TS

-Ruth Williams, The Scientist

plot of the discovery genome- wide assoclation meta-analysis of 49 case control  derived by logistic regression. The red line shows the genome-wide significance
sarmples (34,241 cases and 45,604 controls) and 3 family based association level (5 X 107 "), SNPs in green are in linkage dsequil ibrium with the index SNPs
: : "

o (1,235 parent affectod-offspring trios). The x axis is chrosmosomal (diamonds) which represent independent genome-wide significant asociations,

Nature 511,421-427 (24 July 2014) doi:10.1038/nature | 3595



GWAS In Cirisis

Table 1. Replication and non-replication in associations found by GWA studies of complex diseases published until the end of 2006

Phenotype  Genome wide association study characteristics Identified gene/SNPs  Replication status (January 2007)
platform design stratification o
(SNPy/analyzed) cantrol
Age-related  Affymetrix 100k UCC then Genomic 146 CFH/Intronic Meta-analysis of 11 studies (n = 8,991}
macularde- (116204/103611)  sequencing control, rs380390; then OR 2.49 and 6.15 (heterozygotes and
generation of reglon F-ratio sequencing showing  homoxygotes respectively), no lange between-
exonic rs106170 study incoasistency in effect sizex; dlwo
(Y420H) 2%b replicated is karge Dutch cobort
upstream of 41-kb (n = 5,681); several studies on Asian
haplotype block populations claimn no association
Obesity Affymetrix 100k Family-based. Family-based 694, then INSIG2/rs7 566605 Replication im the same publication in 3 of
(116204/86604)  2-stage, design up to 923 10kb upstream of the 4 independent populations of n « 9,881
followed by tramscription start site  subjects with modest between- study
mappéng 100 heterogencity; 7 more §
neighboring populations with over 21,000 subjects total
SNPs fadled to replicate the association: no effect
and 20 heterogeneity across the independent
replication teamas
Parkinson Perlegen Famiy based, Family-based 443 sib-pairs, Thineen Several small replication stodies and a large
discase (248535/198345)  second stage  desiges then 664 13 different SNPs collaborative consortizm (o » 12,208) Giled
with matched  matching at identified from 10 replicate any of the 13 proposed SNPx
casc-comtrols  second stage; analyyis of both stagess  null results were consistent across the teams
also genomic none with genome- participating in the consortium
control wide significance
Myocardial  Random ucc None (just 752 (only LTAHaplotype of Replication in the same publication in
infarcticn gene based Japanese 94 cases) SSNPs(2in L7TAand  additionad 1,133 cases and two coatrol
(92788/67671) mationality) Jis adjucent genes);  groeps (n » 1,006 and §72); association not
the two LTA SNPs had  replicated in subsequent 15154 case-control
association in larger  study and mueta-analysis (n = 18,325) shows
sample and then no association (non-significant OR 1.07
Thr26Asn had also without sigaificant between -study
functional asay heterogencity va. 1.77 in origisally proposed
support association for recessive model)
Ape-related  Affymetrix 100k UCC; then Genomic 226 HTRA /intragenic Independent sody (n = 89%0) published in the
macular de- (116204/97824)  sequencing control, sl 04%0924; then same issue starting from dense mapping of
generation of region F-ratio sequencing showing  locus showing consistent effects with OR 1.90
promoter rs11200638  and 7.51 for heterozygotes and homozygotes,
6hkb downsreamn respectively

Non-Replication and Inconsistency in the Genome-Wide Association Setting
loannidis (2007) Hum Hered 2007;64:203-213 https://doi.org/10.1159/000103512



