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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.

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
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Huntington’s Disease

A polymorphic DNA markei' 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. Walhce' Alan Y. Sahgnchl' Anne B. Young', Ira Shoulson',
Ernesto Bonilla' & Joseph B. Martin’

* Neurology Department and Genetics Unit, Massachusetts General Hospital and Harvard Medical School, Boston, Massachusctts 02114, USA
t Heredutary Disease Foundation, 9701 Wilshire Bivd, Beverley Hills, Caldfornia 90212, USA
$ Department of Medical Genctics, Indiana University Medical Center, Indianapols, Indiana 46223, USA
§ Depariment of Human Genetics, Roswell Park Memorial Institute, Buffalo, New York 14263, USA
| Venezuela Collaborative Huntington’s Discase Project”

Family studies show that the Huntington's disease gene is linked 1o 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 genetic defect in this disorder.

Gusella et al (1983) Nature. doi:10.1038/306234a0
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Fig. 2 Pedigree of the Venezwelan Huenting- 1
ton's disease famaly. This pedigree repeesents ! "
 small part of a much larger pedigree that will o [

be dosribed in detail elsewhere. Permanent . |
[ 2ol e [ 15

EBV-transformed lymphoblastoid cell limes 1,
o L & &

were established from blood samples of these
individuals (uapublished data). DNA prepared

from the hympboblustosd lines will esed 10 -

determine the phenotype of cach individual at QQ &=

the GS locus as descrided in Fig 3. The data ——y—l- — .

were analysed for Nnkage to the Huntington's @ ’Q"ﬁfb ”Q’Q "

discase gene using the peogram LIPED'” with - i

a correction for the late age of onset”. Because !‘ L ]

of the high frequency of the Hontington's dis-

exse gene in this population some of the spouses of affected individuals have also descended from identified Huntington's disease gene carmers.
In pone of these cases, however, was the unafected mdividual at significantly greater risk for Huatington's disease than a member of the
general popalation. Although a pumber of younger at-risk ndividuals were also analysed as part of this study, for the sake of these family
members the data are not shown due 10 their predictive nature, The data are avaslable upon request if confidentiality can be assured.
s wemy: I s e
s]e]u]s]=}s) 2PRP2T R0,
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Fig. 3 Hybriduzation of the G§
Probe to Hindlll-digested human
genomic DNA,

Methods: DNA was prepared o
described™ froe lymphoblastosd cell
lines derived from members of two
nuclear families. 5 ug of cach DNA
was digested to completion with 20
units of Hindll in a volume of 30 ul
using the bulfer recomencnded by the sesmem ¥s
supplier. The DNAs were fraction-
ated on a 1% horizontal agarose gel
in TBE buffer (89 mM Tris, pH 8,
59 mM Na borate, 2 mM Na EDTA)
for 18 b Hindlll-digested AC1857
DNA was loaded in 2 separate lane
s a size marker. The gels were staimed with ethidium bromide (0.5 g mi ') for 30 min and the DNA was visualized with UV light. The gels
were incubated for 45 man in | M NaOH with gentle shaking and for two successive 20 min periods in | M Tris, pH 7.6, 1.5 M NaCl. DNA
from the gel was tramsferred in 20 xSSC (3 M NaCl, 0.3 M Na citrate) by capillary action to a positively charged nylon membrane. After
overnight transfer, agarose clinging 1o the fiters was removed by washang in 3 XSSC and the filters were air dried and baked for 2 h under
vacuum at 80 *C. Baked filters were prehybridized in SO0 mi 6 X SSC, 1 X Denhardt's salution (0.02% bovine serwm albuman, 0.02% polyvinyl
pyrollidone, 0.02% Ficoll), 0.3% SDS and 100 ugml ' denatured salmon sperm DNA at 65 °C for 18 h, Prehybridized flters were washed
extensively a1 room temperature in 3 X SSC until no evidence of SDS remasned. Excess hiquid was removed from the Blters by blotting on
Whatman 3MM paper and damp fGlters were placed individaally in heat-sealable plastic bags. Smi of hybeidization solution (6xSSC,
1 X Denbardt’s solution, 0.1% SDS, 100 ugml™' denatured salmon sperm DNA) contsining approximately S 10* ¢.pm. of nick-translated
G¥ DNA (specafic activity ~2x 10" c.pm. ug™ ') was added to each bag which was then sealed and placed at 65 *C for 2448 h. Filters
were removed from the bags and wasked at 65 °C for 30 min each in IXSSC, 2xS8C, 1 xSSC and 0.3 xSSC. The filters were deied and
exposed to Xoray Mm (Kodak XR-5) at =70 °C with a Dupont Cronex intensifying screen for 1 10 4 days. The haplotypes observed in each
individual were determined from the alieies seen for each HindIll RFLP (site 1 and 2) as explained in Fig. 4.

O

L s

'L
»
-

.

el
Aiw
“ham

e
LA L]
~ han

oK S ¥
Ay

e “aae

“'w LA T

“~i3wm il

L

Gusella et al (1983) Nature. doi:

10.1038/306234a0




Huntington’s Disease

Ced, Vol 72. 971-983, March 26, 1999, Copyright © 1993 by Coll Press

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

The Huntington’s Disease Collaborative
Research Group*

Summary

The Huntington's disease (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 families 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 1o produce a dominant phenotype.

Introduction

Huntington’s disease (HD) is a progressive neurodegener-
ative disorder characterizod by motor disturbance, cogni
tive joss, and psychiatric mandestations (Martin and Gu-
sella, 1986). It is inherited in an autosomal dominant
fashion and affects ~ 1 in 10,000 individuals in most popu-
lations of European origin (Harper et al., 1981), The hall-
mark of HD is a distinctive choreic movement disorder
that typically has a subtle, insidious onset in the fourth to
fifth gecadge of lifé and gradually worsens over a course
of 10 to 20 years until death. Occasionally, HD is ex-
pressed in juveniles, typically manifeating with more se-
vere symptoms including rigidity and a more rapid course,
Juvenile onsat of HD is associated with a preponderance
of paternal transmission of the disease allele. The neuro-
pathology of HD also 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 HD has not yet been explaned, and there 1S conse-
quently no treatment effective in delaying or preventing
the onset and progression of this devastating disorder.
The genetic defect causing HD was assigned 10 chromo-
some 4 in 1983 in one of the first successful linkage analy-
ses using polymorphic DNA markers in humans (Gusella
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Figure 6. PCR Analysis of the (CAG). Repeat in a Venezuelan HD
Sibship with Some Offspring Displaying Juvenile Onset

Results of PCR analysis of a sibship in the Venezuelan HD pedigree
are shown, Affected incividuals are represented by closed symbols.
Progeny are shown as trlangles, and the birth order of some individuals
has been changed for confidentiality. AN1, AN2, and AN3 mark the
positions of the allelic products from normal chromosomes. AE marks
the range of PCR products from the HD chromosome. The intensity
of background constant bands, which represent a usetul reference for
comparison of the above PCR products, varies with slight differences
in PCR conditions. The PCR products from cosmids L191F1 and
GUS72-2130 are loaded in lanes 12 and 13 and have 18 and 48 CAG
repoats, respoctively.




analysis

Gerardo Jimenez-Sanchez®, Barton Childs* & David Valle**

* Department of Pediatrics, McKusick-Nathans Institute of Genetic Medicine, and 1 Howard Hughes Medical Institue, Jokns Hopking University School of Medicine,
Balrimore, Maryland 21205, USA

The complete 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
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.
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= ~ otest the proposal that classifying discase genes and their  (www.ncbi.nlm.nih.gov), and increased the total discase gene set
products according to function will provide general  to 923. This sample included genes that cause monogenic discase
insight into discase processes'”, we have compiled and  (97% of the sample) and genes that increase susceptibility for
classified a list of discase genes. To assemble the list, we  complex traits. We excluded genes associated only with somatic
©  began with 269 genes identified in a survey of the 7th  genetic discase (such as non-inherited forms of cancer) or the
edition of Metabolic and Molecular Bases of Inherited Disease’. We  mitochondrial genome.
then scarched the ‘'morbid map” and allelic variants lsted in the
Online Mendelian Inheritance in Marn' (OMIM), an online resource  Funclonal clasaiicaly
documenting human discases and their associated genes We categorized cach disease gene according to the function of its

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



Old Approaches:

Candidate Genes, Pedigrees, Marker analysis New

Approach
A PP Future

/ T

Tabw 1 | Approaches to identifying variants underlying complex traits and common diseases

Potential advantages Association® Reseguencing® Unkage' Admixture® Missense SNPs* Association® Resequencing®
NO prior nfomasion reganding - - + + * + +

Qana fuNcion required

LOCHEAtON 1O SMall genomic * ‘. - - * ’ +

regon

Inexpensive + - + . -/~ - Prohbitive
Farmilos not requined o . - " . . +

NG BSSUTPIONS NOCESSY + - . . - . +
regarding type of variant involved

Not susceptibie 10 eflects of -+ - . * = e -+
strasficationt

NO requrament for varaton of + + ‘ - . " +

alele Fequency among populations

Sulicert power 10 detect common ‘ - e . . ’ ’

ARty 10 Catect rare alsies MAFe<1 %)

- » - — - *»

Reasonablo track record for ' '+ ol NA NA NA NA
common desases
Tools for analyss avalable ‘ 4 . N s v -

CoN)- i s 'Canord-wich sucies. PASSOCEION N SSRGUanCrg S0k 208 I L 10 StCRton Py Ut Bl Dand] Gesigrs. Siertols ncicas
whather the potental avantage N the left column appies complatoly [+), partally [+/+), waakdy [+/«) or not at o [<]. MAF, minor alliie feguency, N'A, not yet attormpted

Genome-wide association studies for common diseases and complex traits
Hirschhorn and Daly (2005) Nature Review Genetics



Genome Wide Association (GWAS)
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SNP1 ‘ SNP2 SNP...
Cases Cases Repeat for all
Count of G: Count of G: SNPs

21040f4000 @ 1648 of 4000

Frequency of G:! Frequency of G:

52.6% 41.2%
GC CC G C CC_GC GC
%G CC %g G(S GC Gg
Controls Controls
Count of G: Count of G:
u;vrurruu ‘ 2676 of 6000 2532 of 6000
Frequency of G: Frequency of G:
. 44.6% |42.2% '
< |

66,66 56,5665 £°




Pearson’ s Chi-squared test

The value of the test-statistic is

-3 QA vy

2 l l L
i=1 =1 0.6

Degrees of freedom

(0:/N - p;)? sk

where

x2 = Pearson's cumulative test statistic, which asymptotically approaches a x2
distribution. -
O; = the number of observations of type i. [
N = total number of observations L : : : |
E; = Np; =the expected (theoretical) frequency of type i, asserted by the null ICATNSEONS clowalei's Sacelaosto

hypothesis that the fraction of type /in the population is p; m—1 m—1
n = the number of cells in the table. P(X2 ({Pi }) >T) ~ / { dy; } exp [_ — ( y: )
g S T H H 2
has G Not G Marginal Row Totals
Cases 2104 (1912) [19.28] 1896 (2088) [17.66] 4000
Controls 2676 (2868) [12.89] 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: (2103 — 1912)? / 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 (GVVAS)

SNP1 ' SNP2 SNP...
Cases Cases Repeat for all
Count of G: Count of G: SNPs
IRRRORRRRARAD 21040f4000 1648 of 4000

Frequency of G:| Frequency of G:
52.6% 41.2%

G

G

Controls \ Controls
Count of G: Count of G:
?f'f'f!f.'.'." 2676 of 6000 2532 of 6000

44.6% 142.2% |

GECCCGE %g %g % %8C P-value: P-value:
5.0- 101 0.33 |

‘ Frequency of G: Frequency of G:
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Genome Wide Association (GWAS)
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The curse of multiple testing
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The curse of multiple testing
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The curse of multiple testing
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Four Novel Loci (19q13, 6q24, 12q24, and 5q14) Influence the Microcirculation In Vivo
lkram et al (2010) PLOS Genetics. doi: 10.1371/journal.pgen.1001 184



Manhattan Plot

Genome-wide significance: 5e-8

Marker significance: 1e-5 [

Significant loci
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Four Novel Loci (19q13, 6q24, 12q24, and 5q14) Influence the Microcirculation In Vivo
lkram et al (2010) PLOS Genetics. doi: 10.1371/journal.pgen.1001 184
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First published GVWAS

Complement Factor H
Polymorphism in Age-Related
Macular Degeneration

m;m‘mm“myv Chew,™*
Jen-Yue Tsal,** Richard S. Sackler,’ Chad Haynes,’
Alice K. Henning,® John Paul SanGiovanni,” Shrikant M. Mane,*
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 S0 controls for
polymorphisms associsted with AMD. Among 116,204 single-nuclectide
polymorphisms 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

homozygous
Increased by a factor of 7.4 (95% confidence interval 2.9 to 19). Resequencing

representing a tyrosine-histidine
mumomuwwmmmcmmmm
gene is located on chromosome 1 in a reglon repeatedly linked to AMD in

family-based studies.

Agerelated macular degenention (AMD) is
e leading cause of blindness = the developed
wﬁl-mcidmeism-&em

wwwaciencermagorg  SCIENCE  VOL 308

have not found sy genetic differences that can
account for a large propoetion of the overall
prevalence (J) Familybased whole-genome
linkage scans have identified chromosoenal
regions that show evidence of linkage to
AMD (4-8), e the Bnkage sreas have st
been resolved % any cassative mutations.
Like many other chronic diseases, AMD is
caused by a combenation of genctic and envi-
roamental risk factors. Linkage stodes are not
2s powerful a5 assochtion studies for the
identification of genes contributing %o the nsk
for comamon, complex diseases (V). However,
linkage studies have the advantage of scarch-
ing the whole genome in an wbiased masmer

15 APRIL 2005

without presupposing the involvement of
particular genes. Searching the whole genome
in an association stady requires typang 100,000
or more single-nucleotide polymorphisms
(SNPs) (10). Because of these techmical de-
mands, only ooe whole-genome association
mdy.awﬁﬂiybmd'ﬂm
tion, has been published 10 due (/7).

itive is no greater than our reported P valoes.

We used a subset of individuals who par-
ticipated in the Age-Related Eye Discase
Study (AREDS) (/2). From the AREDS

of Suatistical Genetics, Rockelelier Uni-
versity, 1230 York Avenue, New York NY 10021,
USA. “Depactment of nd Vissl
Science, Yale University School of Medicine, 330
Cedlar Street, New Maven, CT 06520, USA
Eye natitute, Bulldieg 10, CRC %0 Center
Bethesda, MD 208921204, USA. “Biological
Core, National (ye imstitute, 5000
Bethesda, MD 20892, USA. *The EMMES
401 North Washington Street. Suite 700, Rockwlie
MO 20850, USA, “W. M. Kack Faciity, Yale Unhversity,
300 George Street. Suite 207, New Maven, CT 06517,
USA. "Department of Epidemiclogy and Public
Healts, Yale School of Medicine, 60
College Street, New Haven, CT 06520, USA,

“These authors contriduted equally 10 this work.
170 whom correspendence should be addressed,
E-mail: josephine hoh@yale. odu
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First published GWAS

Complement Factor H
Polymorphism in Age-Related

Macular Degeneration

Robert J. Klein,' Caroline Zeiss,** Emily Y. Chew,*
Jen-Yue Tsal,** Richard S. Sackler,’ Chad Haynes,’
Alice K. Henning,® John Paul SanGiovanni,” Shrikant M. Mane,*

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 S0 controls for
polymorphisms associsted with AMD. Among 116,204 single-nuclectide
potymorphisms 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
revealed a polymorphism In Bnkage disequilibrium with the risk allele
histidine change at amino acid 402 This polymor-
phism is in a regicn of CFH that binds heparin and C-reactive protein, The CFH
gene is located on chromosome 1 in a reglon repeatedly linked to AMD in

representing a

family -based studies.

Agerelated macular degenention (AMD) is
e leading cause of blindness = the developed
world. Its incidence is increasing as the elderly
population expands (/). AMD is characterceed
by progressive destruction of the retina's
centedl region (maacula), causing central fickd
visml loss (2). A key feature of AMD s the
formation of extracellular deposits called dru-
sen concentmted in and arcund the macula
behind the retina between the retinal pigment
epithelium (RPE) and the chorodd. To date, no
therapy for this disease has provem to be
bteoadly effective. Several risk factors have
boen hnked 0 AMD, mxludng age, smoking,
and family history (3). Candidate-gene studies

wwwciencermagorg  SCIENCE

without presupposing the involvement of
particular genes. Searching the whole genome
in an association stady roquires typang 100,000
or more single-nucleotide polymorphisms
(SNPs) (/0). Because of these techmical de-
mands, only one whole-genome Associstion
study, oo susceptibility %o myocardial infarc-
tion, has been published 10 &ue (/7).

Study design. We report a whole-genome
case-control assoclation seady for genes in-
volved in AMD. To maximize the chance of

have not found sy genetic differences that o3
account for a large propostion of the overy
prevalence (2). Family-based whole-genom
linksge scans have identified chromosom
regions that show evidence of linkage
AMD (4-4), xe the bnkage areas have o
been resolved %0 any cassstive mutations.
Like many other chromic diseases, AMD
caused by a combination of genctic and env|
roamental risk factors. Linkage stodes are o)
2s powerful a5 assoclation studies for
identification of genes contributing %o the
for common, complex diseases (9). Howev
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Fig. 1. (A) P values of
genome-wide associa-
tion scan for genes that
affect the risk of devel-
oping AMD. ~log,(p) is
plotted for each SNP in
chromosomal order, The
spadng between SNPs
on the plot is uniform
and does not reflect
distances between SNPs
on the chromosomes.
The dotted horizontal
line shows the cutoff
for P = 005 after Bon-
ferroni cormrection. The
vertical dotted lines
show chromosomal
boundaries. The arrow
indicates the peak for
SNP rs380390, the most
significant association,
which was studied fur-
ther. (B) Variation in
genotype frequencies
between cases and
controls.

linkage studies bave the advantage of
ing the whole genome in an wnbiased . o o
VOL 308 15 APRIL 2005 385




GWAS Catalog

As of 2018-04-10, the GWAS Catalog contains 3,349 publications
and 59,967 unique SNP-trait associations.
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http://www.ebi.ac.uk/gwas/diagram
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ARTICLE

Biological insights from 108
schizophrenia-associated genetic loci

Schizophrenia Working Group of the Psychiatric Genomics Consortium®

dol:10.1038/nature13595

Schizophrenia 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. Associations were enriched among genes expressed in brain, providing biclogical plausibility for
the findings. &lanyﬂndlnpmmepotemhltopmvﬂeendnlymlmmhtom 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
hm.mmmmmwhmmmwmmm.m
support for the speculated link between the immune system and schizophrenia.

Nature 51 1,421-427 (24 July 2014) doi:|0.1038/nature 13595
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Figure 1 | Manhattan plot showing schizophrenia assoclations. Manhattan  position and the y axis is the significance (-log,; P; 2-talled) of assoclation

plot of the discovery genome- wide assoclation meta-analysls 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 bevel (5 X 10 *). SNPs ins green are in linkage disequilibrium with the index SNPs
srodies (1,235 parent affected-offspring trios), The x axis is chromosomal (diamonds) which repeesent independent genome-wide significant ssociations,

Nature 51 1,421-427 (24 July 2014) doi:|0.1038/nature 13595
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o rs115329265: A -> G substitution
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Figure 1  Manhattan plot showing schizophrenia assoclations. Manhattan  position and the y axis is the significance (-log,, P, 2-talled) of assoclation

plot of the discovery genome- wide assoclation meta-analysls 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 bevel (5 X 10 *). SNPs ins green are in inkage disequilibrium with the index SNPs
srodies (1,235 parent affected-offspring trios), The x axis is chromosomal (diamoads) which repeesent independent gencene-wide significant ssociations,

Nature 51 1,421-427 (24 July 2014) doi:|0.1038/nature 13595
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o rs115329265: A -> G substitution
86.4% of cases!
But 85.0% of controls!?!
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Figure 1  Manhattan plot showing schizophrenia assoclations. Manhattan  position and the y axis is the significance (-log,, P, 2-talled) of assoclation

plot of the discovery genome- wide assoclation meta-analysls of 49 case control  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 bevel (5 % 107 °), SNPs in green are in linkage disequilibrium with the index SNPs
srodies (1,235 parent affected-offspring trios), The x axis is chromosomal (diamoads) which repeesent independent gencene-wide significant ssociations,

Nature 51 1,421-427 (24 July 2014) doi:|0.1038/nature 13595



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
sn; association studies (GVVASs) that pointed to the major histocompatibility

;‘:rl' (MHC) locus as a key region associated with schizophrenia risk.

dati “The MHC [locus] is the first and the strongest genetic association for
prey . . . . 5 . . 1) .
the | schizophrenia, but many people have said this finding is not useful,” said

;":, psychiatric geneticist Patrick Sullivan of the University of North Carolina

:?:::r' School of Medicine who was not involved in the study.

doiz 101038/ nature13595

RAEFNIIT TS

-Ruth Williams, The Scientist

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 45604 controls) and 3 family based association ovel (5 X 10 7). SNPs in green are in linkage dsequilidrium with the index SN Ps

s (1,235 parent aflectod-offspring trios), The x axis is chromosomal diammonds) which represent independent penomme-wikle sgnificant ssociations

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



GWAS In Cirisis

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

Phenotype  Gesome-wide association study characteriaticn Identified pene/SNPs  Replication status (January 2007)
platfare design stratification o
(SNPy/analyzed) control
Age-related 100k UCC then Genomic 148 CFH/Intronic Meta-analysis of 11 studies (n = 8,991):
macularde:  (116204/103611)  sequencing control, r5380390; then OR 249 and 6.15 (heterozygotes and
generation of region F.ratlo sequencing showing  homoxygotes respectively), no lrge between:
exonic 13106170 sudy inconsistency in effect sizex; alw
(Y420H) 2kb replicated in karge Dutch cohort
upstream of 41-kb (n = 5,681); several studies on Asian
haplotype block populations claim no assoclation
Obesity Affymetrix 100k Pamily-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 popalations of s « 9,881
followed by trazscription start site  subjects with modest between- study
mapping 100 heterogencity; 7 more independent
neighboring populations with over 21,000 subjects total
SNPs faled 10 replicate the association: no effect
and 20 heterogeneity across the independent
replication teams
Parkinson Perlegen Famdy based, Family based 443 sib-pairs, Thineen genes/ Several small replication stodies and a large
discase (248535/1968345)  second stage  desigs: then 664 13 different SNPy collaborative consortiven (n = 12,208) filed
with matched  matching at identified from o replicate any of the 13 proposed SNP
case-comtrols  second stages analysis of both stagess  null results were consistent across the teams
also genomic none with genome- participating in the consortium
control wide significance
Myocardial  Random ucCc Nooe (just 752 (only LTAMaplotype of Replication im the same publication in
infarcticn gene-based Japanese 94 cases) SSNPs(2inLTAand  additionad 1,133 cases and two coatrol
(92788/67671) maticelity) 3in adjucent genes);  growps (0 = 1,006 and B72); smociation not
the two LTA SNPs had  replicated is subsoguent ISIS-4 case-control
association in larger  study and meta-analysis (n = 18,325) shows
sample and then no association (non-sigaificant OR 1.07
Thr26Asn had also without significant between study
functional ssay heterogencity va. 1.77 in origisally proposed
support association foe recessive model)
Agerelated  Affymetrix 100k UCCGithen  Genomic 26 HTRAlIntragenic  Independent stody (n = 890) published in the
macular de-  (116204/97824)  sequencing control, sl 0490924; then samwe issue starting from dense mapping of
generation of region F-ratio sequencing showing  locus showing consistent effects with OR 190
promoter rs1 1200638  and 7.51 for heterozygotes and homozygotes,
6kb downstream 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



Missing Heritability

“Three groups of researchers scoured
the genomes of huge populations
(>30,000 people) for genetic variants
associated with the height differences.
More than 40 turned up. But there was
a problem: the variants had tiny
effects. Altogether, they accounted for
little more than 5% of height’s
heritability”

- Rare, moderately penetrant or
common, weakly penetrant variants?

N

The case of the missing heritability

When scientists opened up the human genome, they expected to find the genetic components of

common traits and diseases. But they were nowhere to be seen. Brendan Maher shines a light on - CN VS and S VS ?

six places where the missing loot could be stashed away.

- Epistasis (multiple genes working
together)?

- Epigenetic effects, especially in
utero?




Penetrance & Allele Frequency

Large

5.0

Moderate

1.5

Effect Size (Odds Ratio)

Small
1.2

1.0

0.001

"Mutations”

Rare

CFTR A 508 (Cywic Fbrosh)

Common Variants

L L C
with Large Effects
APOE S (Ahervmery)

CFy (AMDY}

Less Common
Variants with

Moderate Effects
NOQOJ (Crobm's Dueee)

INFRSHIA (Muple SCOeroniy)

O M2 (Type 2 Dabetes) -
common variants

with with Small Effects

Identified by
GWAS
LMTED (Prontate Cancer)

0.05 0.5

Low Frequency

0.005

Common

Allele Frequency

Penetrance: The proportion of individuals with a specific genotype who manifest the
genotype at the phenotypic level.
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A central goal of genetics is to understand the links between genetic variation and disease. Intuitively, one
might expect disease-causing variants to cluster into key pathways that drive disease etiology. But for
complex traits, association signals tend to be spread across most of the genome—including near many
genes without an obvious connection to disease. We propose that gene regulatory networks are
sufficiently interconnected such that all genes expressed in disease-relevant cells are liable to
affect the functions of core disease-related genes and that most heritability can be explained by
effects on genes outside core pathways. We refer to this hypothesis as an “omnigenic” model.

An Expanded View of Complex Traits: From Polygenic to Omnigenic
Boyle, Li, Pritchard (2017) Cell. https://doi.org/10.1016/j.cell.2017.05.038



Epigenetic Factors

A Normal Cells s Cancer Cells
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The Key Role of Epigenetics in Human Disease Prevention and Mitigation
Feinberg (2018) NEJM. doi: 10.1056/NEJMral402513



Needles in stacks of needles

f b Figure 1A ing variant deleteri 1o boost
i” AR A ) discowery power of genetic analyses. Cecetic

oad 3 approaches () — lor example, inkage analysis followed
“‘"’N by re-sequencing, genome- wide association studies
' > (CWASS), excme or genome sequencing — define both

L often in manry functional categories (c). Methads 10 peedict
— the phenotypic relevance of incividual variants within
these often lengthy bsts of candhdates (represented by the
row of stars) include predictions of deleteriousness based
on comparative genomics (d, for coding and non-coding
variants), knowledge of protein bicchemistry and structure
(e, for coding variants) and experimental apgroaches if, for
coding and non-coding variants). Panel d is an illustration
of three aligned nucieotides, showing one that is
completely conserved (left column), one that is highly
variable (middie column) and one that is moderately
conserved (right columny. Evaluation of this information
depends on the scope and neutral dvergence of the
phlogery fleft side) relating the aligred sequences. Pacel
@ i an image taken from Stone and Sidow™’ snd shows the
median predicted impact of sl amino acid substitutions at
each residue of p53, ranging from low [red) 1o high (blue)
The DNA (white molecule) binding domain is perticularty
prone to highly deleterious mutations. Panel f is a smplified
Hlustration of the method descrded by Patwaedhan eral™,
in which both ‘wild-type’ (rop) and setant (bottom,
indicated by the star) DrOMOUEr SeQUences are asseised by
performing in vitro resacription (arrows) and Guantifying
function by sequencing. In this case, the mutation recduces
promoter function resulting in fewer transcripts. Panel e is
reproduced, with permission, from REF 27 © (2005)
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Needles in stacks of needles: finding disease-causal variants in a wealth of genomic data
Cooper & Shendure (201 1) Nature Reviews Genetics.



Method

Predicting Deleterious Amino Acid Substitutions

Pauline C. Ng'-? and Steven Henikoff'-*+*

' fred Hutchinson Cancer Research Center, Seattle, Washington 98109, USA; “Department of Bioengineering, University
of Washington, Seattle, Washington 98105, USA; "Howard Hughes Medical Institute, Seattle, Washington 98109, USA

Many missense substitutions are identified in single nucleotide polymorphism (SNP) data and largescale random
mutagenesis projects. Each amino acid substitution potentially affects protein function. We have constructed a
tool that uses sequence homology to predict whether a substitution affects protein function. S1¥T, which sorts
Intolerant from tolerant substitutions, classifies substitutions as tolerated or deleterious. A higher proportion of
substitutions predicted to be deleterious by S1#7T gives an affected phenotype than substitutions predicted to be
deleterious by substitution scoring matrices In three test cases. Using s1#T before mutagenesls studies could
reduce the number of functional assays required and yleld a higher proportion of affected phenotypes. SI1FT
may be used to identify plausible disease candidates among the SNPs that cause missense substitutions,

Genome Research. 2001 May; 1 1(5):863-74.




A probabilistic disease-gene finder
for personal genomes

Mark Yandell,'-*>* Chad Huff,'* Hao Hu,'* Marc Singleton,' Barry Moore,’
Jinchuan Xing,' Lynn B. Jorde,’ and Martin G. Reese”

' Department of Human Genetics, Eccles Institute of Human Genetics, University of Utah and School of Medicine, Saft Lake City,
Utah 84112, USA; “Omidia, Inc., Emeryville, Calfornic 94608, USA

VAAST (the Varlant Annotation, Analysis & Search Tool) Is 2 probabilistic search tool for identifying damaged genes
and their disease-causing variants in personal genome sequences. VAAST builds on existing amino acid substitution
(AAS) and aggregative approaches to varlant prioritization, combining elements of both into a single unified likellhood
framework that allows users to identify damaged genes and deleterious varfants with greater accuracy, and in an easy-to-
use fashlon. VAAST can score both coding and noncoding varlants, evaluating the cumulative Impact of both types of
varfants simultaneously. VAAST can identify rare variants causing rare genetic diseases, and it can also use both rare and
common varfants to klentify genes responsible for common diseases. VAAST thus has a much greater scope of use than
any existing methodology. Here we demonstrate its ability to identify damaged genes using small cohorts (n » 3) of
unrelated Individuals, whereln no two share the same deleterious varlants, and for common, multigenic diseases using as
few a5 150 cases.

[Supplemental material is avallable for this article.)

Genome Research 201 1.doi:10.1101/gr.123158.11 |




A general framework for estimating the relative
pathogenicity of human genetic variants

Martin Kircher'?, Daniela M Witten®®, Preti Jain®*, Brian ] O'Roak’#, Gregory M Cooper® & Jay Shendure'

Current methods for annotating and interpreting human
genetic variation tend to exploit a single information type
(for example, conservation) and/or are restricted in scope (for
example, to missense changes). Here we describe Combined
Annotation-Dependent Depletion (CADD), a method for

objectively integrating many diverse annotations into a single
measure (C score) for each variant. We implement CADD as

a support vector machine trained to differentiate

14.7 million high- human-derived alleles from
14.7 million simulated variants. We precompute C scores
for all 8.6 billion possible human single-nucleotide variants
and enable scoring of short insertions-deletions. C scores
correlate with allelic diversity, annotations of functionality,
pathogenicity, disease severity, experimentally measured
regulatory effects and complex trait associations, and they
highly rank known pathogenic variants within individual
genomes. The ability of CADD to prioritize functional,
deleterious and pathogenic variants across many functional
categories, effect sizes and genetic architectures is unmatched
by any current single-annotation method.

comparable, making it difficult to evaluate the relative importance
of distinct variant categories or annotations. Third, annotation

methods trained on known pathogenic mutations are subject to major
ascertainment biases and may not be gencralizable. Fourth, it is a
major practical challenge to obtain, let alone to objectively evaluate
or combine, the existing panoply of partially correlated and partially
overlapping annotations; this challenge will only increase in size
as large-scale projects such as the Encyclopedia of DNA Elements
(ENCODE)" continually increase the amount of relevant data
available. The net result of these limitations is that many potentially
relevant annotations are ignored, while the annotations that are
used are applied and combined in ad hoc and subjective ways that
undermine their usefulness.

Here we describe a general framework, Combined Annotation-
Dependent Depletion (CADD), for integrating diverse genome
annotations and scoring any possible human single- nucleotide variant
(SNV) or small insertion-deletion (indel) event. The basis of CADD
i 10 contrast the annotations of flxed or nearly fixed derived alleles in
humans with those of simulated variants, Deleterious variants—that
is, variants that reduce organismal fitness——are depleted by natural
sclection in fixed but not simulated variation. CADD therefore

Nature Genetics 46, 310-315 (2014) doi:10.1038/ng.2892



A method for calculating probabilities of fitness
consequences for point mutations across the human genome

Brad Gulko', Melissa ] Hubisz?, llan Gronau®? & Adam Siepel'-?

We describe a new computational method for estimating the
probability that a point mutation at each position in a genome
will influence fitness, These ‘fitness consequence” (fitCons)
scores serve as evolution-based measures of potential genomic
function. Our approach is to cluster genomic positions

into groups exhibiting distinct ‘fingerprints” on the basis of
high-throughput functional genomic data, then to estimate

a probability of fitness consequences for each group from
associated patterns of genetic and
MMWWMMMbM«IW
on the basis of public data from ENCODE. In comparison
with conventional conservation scores, fitCons scores show
considerably improved prediction power for cis regulatory
elements. In addition, fitCons scores indicate that 4.2-7.5%
of nucleotides in the human genome have influenced fitness
since the human-chimpanzee divergence, and they suggest that
recent evolutionary turnover has had limited impact on the
functional content of the genome.

roles’* % by getting at fitness directly through observations of evo-
lutionary change. In essence, the ‘experiment” considered by these
methods Is the one conducted directly on genomes by nature over
millennia, and the outcomes of Interest are the presence or absence
of fixed mutations.

These conservation-based methods, however, depend critically on
the assumption that genomic clements are present at orthologous
locations and maintain similar functional roles over relatively long
evolutionary time periods. Evolutionary turnover may cause incon-
sistencies between sequence orthology and functional homology that
substantially limit this type of analysis. Consequently, investigators
have developed two major aliernative strategies for the identification
and characterization of functional clements. The first strategy &s to
augment information about interspecies conservation with informa-
tion about genetic polymorphism™ %, The shorter evolutionary time
scales assoclated with intraspecies variation make this approach more
robust 10 evolutionary turnover and less sensitive to errors in align-
ment and orthology detection. Polymorphic sites tend to be sparse

alane the eennme hawsver i thic armmach recmires snme tene

Nature Genetics 47,276—283 (2015) doi:10.1038/ng.3196



ARTICLE

Using VAAST to Identify an X-Linked Disorder
Resulting in Lethality in Male Infants
Due to N-Terminal Acetyltransferase Deficiency

Alan F. Rope,’ Kai Wang,*'? Rune Evjenth,? Jinchuan Xing,* Jennifer . Johnston,* Jeffrey J. Swensen, s’
W. Evan Johnson,® Barry Moore,* Chad D. Huff,* Lynne M. Bird,” John C, Carey,’

John M. Opitz, 4461011 Cathy A. Stevens,'? Tao Jiang,'*'4 Christa Schank,®* Heidi Deborah Fain,'s
Reid Robison,'* Brian Dalley,!s Steven Chin,® Sarah T. South,'.” Theodore J. Pysher,® Lynn B. Jorde,*
Hakon Hakonarson,? Johan R. Lillehaug* Leslie G. Biesecker,® Mark Yandell,* Thomas Amesen, 7
and Gholson ). Lyon!s.is2o®

We have identified two families with a previously undescribed lethal X-linked disorder of infancy; the disorder comprises a distinct
combination of an aged appearance, craniofacial anomalies, hypotonia, global developmental delays, cryptorchidism, and cardiac
arrhythmias. Using X chromosome exon sequencing and a recently developed probabilistic algorithm aimed at discovering disease-
causing variants, we identified in one family a ¢.109T>C (p.Ser37Pro) variant in NAA 10, a gene encoding the catalytic subunit of the
major human N-terminal acetyltransferase (NAT). A parallel effort on a second unrelated family converged on the same variant. The
absence of this variant in controls, the amino acid conservation of this region of the protein, the predicted disruptive change, and
the co-occurrence in two unrelated families with the same rare disorder suggest that this is the pathogenic mutation. We confirmed
this by demonstrating a significantly impaired blochemical activity of the mutant hNaa10p, and from this we conclude that a reduction
in acetylation by hNaal0p causes this disease. Here we provide evidence of a human genetic disorder resulting from direct impairment of
N-terminal acetylation, one of the most common protein modifications in humans,

Am ] Hum Genet. 201 | Aug 12;89(2):345. doi: 10.1016/j.ajhg.2011.05.017
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Figure 2. Pedigree Drawing and Pictures of Families 1 and 2
(A) Pedigree drawing for family 1. The most recent deceased individual, 114, is the most well studied subject in the family and Is indi-

cated by an arrow. Genotypes are marked for those In which DNA was avallable and tested. The following abbreviations are used: SB,
stilibom; «, normal varant; mt, rare mutant variant.

(B) Pictures of four affected and deceased boys in this family, showing the aged appearance,

(C) Sanger sequencing results of NAA IO in individual 1H1-4 from family 1.

(D) Pedigree for family 2. Individual [11.2 is the most wellstudied subject in the family and Is indicated by an amrow.

(E) Picture of individuals 11 and 112 in family 2 at ~1 year of age.



Genetic Basis of Autism Spectrum Disorders

Complex disorders of brain development

*Characterized by difficulties in social interaction, verbal
and nonverbal communication and repetitive behaviors.

*Have their roots in very early brain development, and
the most obvious signs of autism and symptoms of
autism tend to emerge between 2 and 3 years of age.

U.S. CDC identify around | in 68 American children
as on the autism spectrum

*Ten-fold increase in prevalence in 40 years, only partly
explained by improved diagnosis and awareness.

*Studies also show that autism is four to five times more
common among boys than girls.

*Specific causes remain elusive

What is Autism?
http://www.autismspeaks.org/what-autism



Autism is NOT caused by vaccines
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llealHymphoid-nodular hyperplasia, non-specific colitis, and
pervasive developmental disorder in children

A J Waketotz, S M Murch, A Anthory, J§ Limoedl, U M Censon, M Makh, M Sorciowitz, A # Dhion, M A Thomaon,
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Increasing Exposure to Antibody-Stimulating Proteins and Polysaccharides
in Vaccines Is Not Associated with Risk of Autism

Frank DeStefanc, MO, MPH', Castofer 5. Price, ScM”, and Erc 5 Wesntrad, MPH'

Objective To evaluate the associaton between autism and the level of Immunclogic stimulation received from
vaccines administered during the first 2 years of e,

Study design We analyzed cata om s case-control study conducied In J managed care organizatiors (MCOs) of
256 chiidren with autinm sDect um disorder (ASD) and 752 conteal chilires manched on Dirth year, sex, and MCO. In
BASTON 10 1he Droader CaneQory of ASD, we NS0 ovaluated autisne cisorder and ASD with regression. ASD dlag-
noses wore visidated through standardized n-person evaluations. Exposure 10 total antibody-stimuating protelns
and polysaccharides rom vaccines was determined Dy summing the antipen content of sach vacoing received, as
obtained from immunization registries and medical records, Potential confounding factons wers sscartained from
parent ntervirws and medical charts, Conditional logatic regression wass Lsed 10 assess associations between
ASD ot00mes and exposure 10 ntigens in selected time perods.

Results The sOR 05% Cff of ASD associaned with each 25-unit INCraase in 1008 AMSQeN exposure was 0.999
10.994-5.003) for cumuiative exposure 10 age 3 months, 0.936 (0.997-1.001) for cumulative exposure 10 age 7
months, and 0.999 [0.988-1.001) for cumulaive exposure 10 age 2 years. Simlarly, no increased rsk was found
for autetic cisorder or ASD with regression,

Conclusion in ths study of MCO swernbers, Ncressng eaposure 10 antbody-stimulating proteirs and polysac-
charides in vaccines during the frst 2 yoars of Mo was not relted %0 e risk of developing an ASD. (J Pedistr
2013, 163:561.7).
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Autism is NOT caused by vaccines

BARLY MEPORT Tue Jovasat or Protaraacs « www,jpeds.com ORIGINAL
 Early report | ARTICLES

The GMC hearings, which began in July 2007, centered on Wakefield's 1998 report. Many
studies have found no connections [5,6], but sensational publicity caused immunization

rates in the UK to drop more than 10 percent and have left lingering doubts among parents
worldwide.

The GMC began investigating after learning from Deer that Wakefield had failed to declare
he had been paid £55.,000 to advise lawyers representing parents who believed that the
vaccine had harmed their children. The GMC found that Wakefield had:

. Impropcrly obtained blood for research purposes from normal children attending his
son's birthday party, paid them £5 for their discomfort, and later joked during a
lecture about having done this.

* Subjected autistic children to colonoscopy, lumbar punctures, and other tests without
approval from a research review board.

* Failed to disclose that he had filed a patent for a vaccine to compete with the MMR

 Starting a child on an experimental product called Transfer Factor, which he planned
to market.
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Autism is NOT caused by antidepressants

MMA | Ongieal irwagation

Association Between Serotonergic Antidepressant Use
During Pregnancy and Autism Spectrum Disorder in Children
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Associations of Maternal Antidepressant Use

During the First Trimester of Pregnancy With Preterm Birth,
Small for Gestational Age, Autism Spectrum Disorder,

and Attention-Deficit/Hyperactivity Disorder in Offspring
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A genome-wide linkage and association scan reveals

novel loci for autism

Lauren A. Weiss'“*t, Dan E. Arking’* & The Gene Discovery Project of Johns Hopkins & the Autism Consortium?

far met with limited success'. Genome-wide association studies
using half a million or more markers, particularly those with very
large sample sizes achieved through meta-analysis, have shown
great success in mapping genes for other complex genetic traits.
Consequently, we initiated a linkage and association mapping study
using half a million wide single nucleotide polymorphisms
(SNPs) in & common set of 1,031 multiplex autism families (1,553
affected offspring). We identified regions of suggestive and signifi-
cant linkage on chromosames 6q27 and 20p13, respectively, Initisl

however, genotyping of top hits in additional families revealed an
SNP on chromosome 5p15 (between SEMASA and TAS2RI) that
was significantly associated with autism (P=2 X% 1077). We also
demonstrated that expression of SEMASA is reduced in brains from
autistic patients, further implicating SEMASA as an autism suscep-
tibility gene. The linkage regions reported here provide targets for
rare variation screening whereas the discovery of a single novel
sssociation demonstrates the action of common variants,

For a high-resolution genetic studv of autism. we selected familiex

Before merging, we carefullly filtered cach data set separasdly 1o ensure
the highest possible genotype quality for analysis, because technical
mypmguuﬁctsmm&kcpmtm:ﬁndeem
examined the distribution of x° values for the highest quality data,
and used a series of quality control (QC) filters designed to identify a
robust set of SNPs, induding data completeness for cach SNP,
Menddian errors per SNP and per family, and a careful evaluation of
inflation of association statistics as a function of allde frequency and
myissing data (see Methods). As 324 individuals were genotyped at both
centres, we performed a concordance check to validate our approach,
After excluding one sample mix-up, we obtained an overall genotype
concordance between the two centres of 99.7% for samples typed on
SO0K at Johns Hopldns University and 5.0 at the Broad Institute and
99.9% for samples run on 5.0 arrays at both sites. The combined data set,
consisting of 1,031 nuclear famdlies (856 with two parents) and a total of
1,553 affected offspring, was used for genetic analyses (Supplementary
Table 1). These data were publicly released in October 2007 and are
directly available from AGRE and NIMH.

For Enkage analyses, the common AGRE/NIMH data set was further
merged with [llumina 550K genotype data generated at the Children's
Hosoital of Philadelohia (CHOP) and available from AGRE. addine
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A genome-wide linkage and association scan reveals

novel loci for autism

Lauren A. Weiss'“*t, Dan E. Arking’* & The Gene Discovery Project of Johns Hopkins & the Autism Consortium?

Although autism is a highly heritable neurod
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Figure 2 | SEMAS5A expression in autism brains. SEMA5A gene expresslon
is shown relative to MAP2. Diamonds indicate individual expression levels
for each sample; error bars indicate standard error (s.e.).




Unified Model of Autism

Sporadic Autism

4 N De novo mutations of high penetrance
O Z A\ contributes to autism, especially in low risk
families with no history of autism.
O Je
N / Familial Autism

o O14 A N

Legend | !

A Sporadic mutation

Fails to procreate
CB 75 2@

A unified genetic theory for sporadic and inherited autism
Zhao et al. (2007) PNAS. 104(31)12831-12836.



De novo mutation discovery and validation

Concept: Identify mutations not present
in parents. Q :

Challenge: Sequencing errors in the child

or low coverage in parents

lead to false positive de novos

Reference: .. . TCAAATCCTTTTAATAAAGAAGAGCTGACA. ..

Father: .. .TCAAATCCTTTTAATAAAGAAGAGCTGACA. ..
Mother: .. .TCAAATCCTTTTAATAAAGAAGAGCTGACA. ..
Sibling: .. .TCAAATCCTTTTAATAAAGAAGAGCTGACA. ..
Proband(1l): ...TCAAATCCTTTTAATAAAGAAGAGCTGACA...
Proband(2): ...TCAAATCCTTTTAAT****AAGAGCTGACA...

4bp heterozygous deletion at chr15:93524061 CHD?2



De novo Genetics of Autism

© 0.2 0.3-
S s B ASD
S 0.1+ M Sib
= 0.1
Q
>
(8N

0.0 - 0.0-

Indels No frameshift Frameshift LGDs
P =0.03 P=047 P=7x10" P=2x10"

* In 2,500 family quads we see significant enrichment in de novo
likely gene disruptions (LGDs) in the autistic children

— Overall rate of de novo mutations basically |:1
— 2:1 enrichment in frameshift indels, nonsense mutations

— Contributed dozens of new autism candidate genes, highly
enriched for neuron development or chromatin modifiers

The contribution of de novo coding mutations to autism spectrum disorder
lossifov et al (2014) Nature. doi:10.1038/nature 3908



A o Y  NCOR complex

The discovery of integrated gene networks for autismand related disorders
Hormozdiari et al (2015) Genome Research



De novo Mutations in Men
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The contribution of de novo coding mutations to autism spectrum disorder
lossifov et al (2014) Nature. doi:10.1038/nature 3908



Age of Fatherhood

Mean Paternal Age (years)
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The age of fathers in the USA is rising: an analysis of 168 867 480 births from 1972 to 2015
Khandwala et al (2017) Human Reproduction. https://doi.org/10.1093/humrep/dex267



