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Review of vocabulary:

markers variable loci (polymorphisms) of known location people can
be genotyped to see which marker alleles they have at these loci

SNPs single nucleotide polymorphisms 8 million now available
- these make good markers for association studies but only 2 alleles possible

- for linkage studies, the ideal marker has many alleles (eg 10) equally frequent in
population

genetic linkage tendency of a short chromosomal segment to be
Inherited intact from parent to offspring

- used in linkage methods

haplotype the combination of alleles inherited together
-stay together over many generations, only broken up by recombination

allelic association excessive co-occurrence of a particular combination
of alleles due to tight linkage (or other reasons)

- used in association methods



Humans

* not possible to manipulate genes
not possible to design matings

not possible to eliminate environmental effects that may influence
gene effects

« forced to deal with naturally occurring genetic and environmental
variation

* results from research WILL generalize to world outside lab, more likely
to be clinically relevant for diagnoses, treatment, unlike some animal
research

Success so far:

|dentifying genes for single gene disorders
ldentifying QTLs for some medical conditions

macular degeneration IBS type 2 diabetes

blood group O allele associated with duodenal ulcers - very small
effect, only 1% of variance
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Meta-analysis identifies 29 additional ulcerative colitis risk
loci, increasing the number of confirmed associations to 47
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Genomewide pharmacogenomic study of metabolic side
effects to antipsychotic drugs
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Antipsychotics are the cornerstone for acute and
long-term treatment for schizophrenia®® The first
generation, sometimes meferred to as the ‘typical’
antipsychotics [for example, I} was intro-
duced in the 1950s. Despite treatment with these fArst-
generation ant psychotics, a substantial proportion of
schizophrenia patients do not improve or relapse
frequently. Furthemaore, these are often asso-
dated with =significant =ide effects, incl exira-
pyramidal symptoms—involuntary movements that
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patients after long-term
treatment with antipsychotic medication. Tardive
dy=kinesia iz a particnlarly wormrisome extrapyrami dal
symptom bhecmsze of its high snnual incidence rates’
md potential ireevemibility.*

Clozapine was reintroduced in the year 1880,
n:uu‘k:h:.g th.e advent of a second generation of
‘a pﬁnﬂu 8 It has enhanced therapen-

ts who respond poody to reatment
an.d.hasamum lowrer rizk of =zide effects such as
tardive dyskinesia. Clozapine has, howewver, been
associated with severs agmnulo =iz, necessitating
heamatological monitoring and making it unsuitable as
a first-line dmg. Clozapine's success stimulated
efforts to dewelop new antipsychotics, resulting in
other sscond-generation such as risperidons
mid olanwmpine” These newer second-generation
drugs differ pharmacologically from first-generation
mtipsychotice principally in their lower affinity for



Size of individual gene effects

For polygenic traits
« some of the largest gene effects seen for macular degeneration
5 variants in 3 genes account for ~50% of genetic variation

« smallest effect sizes for height
180 loci explain about 13% of genetic variation

Few polygenic traits have all heritability accounted for (‘missing heritability’
dilemma)

- current GWAS SNPs and sample sizes not adequate to detect very small
effect sizes the larger the sample, the more heritability accounted for

- epistasis?

- GXFE?

Recent study in yeast — polygenic traits, able to account for 100% of genetic

variance, epistasis ranged from 0 — 50% of genetic variance depending on
trait. Huge sample size, environment held constant (Bloom et al, Nature, Feb 2013)



Linkage methods : single gene disorders

 linkage will result in alleles of loci that are close together on

a chromosome being passed on together down the
generations within a population of related individuals

- test for cosegregation (cotransmission) of a DNA marker allele along with

an inferred disease locus in individuals in a large pedigree

- locus is inferred by looking for affected phenotype

- provides only an approximate location of a gene for the trait

5cMregion  several different genes

Examples: location of genes for Huntingtons, fragile X, PKU

Genome wide linkage analysis
- large number of markers (SNPs) now available makes it possible to

systematically search the genome for markers linked to phenotypes

small effect of each gene in a complex trait makes this difficult in
practice

linkage methods are not powerful enough to detect genes of very small
effect
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Linkage methods: complex traits

Much larger sample sizes needed than for single gene traits
Linkage analysis using pedigrees not powerful enough

Allele-sharing (affected sib-pair) QTL linkage design
e can be used for dichotomous traits or quantitative traits

« uses pairs of sibs from many different families, allows larger sample
sizes

* look for over-representation of markers in sib-pairs that both have the
trait of interest or are more similar for a quantitative trait

- expect 50% of sib-pairs to share a marker, even if not linked with the trait
- based on identity-by-descent (ibd)

Example: identification and replication of linkage for reading disability on
chr 6 (6p21, Cardon et al, 1994), since replicated many times



Assoclation methods: candidate genes

look for association between particular allelic variants —
often SNPs alleles - within a gene and variationin
phenotype for the trait the gene is suspected of affecting

not systematic
needs candidate loci (genes suspected of being influential in the trait)

related individuals not needed
more powerful than linkage

Examples:

Replicated association of a risk allele for late-onset Alzheimers disease
apolipoprotein E gene, chr 19

risk allele present in 40% of cases, only 15% of controls
Replicated association of DRD4 7-repeat allele with risk for ADHD

risk allele present in 25% of cases, 15% of controls
for dichotomous traits

- use chi-square test with null hypothesis of NO association (ie. no
difference in marker occurrence between cases and controls)

- significant result indicates allele IS associated with the trait



Genome-wide association studies (GWAS)

« systematic search of the genome

« very large number of SNPs densely distributed across entire genome
are used as markers, essentially using every SNP location as a
‘candidate gene’

« use of microarrays capable of genotyping millions of SNPs at once
makes this possible

 SNPs located close together are inherited together in haplotype
blocks, allows imputation and a reduction in number of markers
genotyped (only tag SNPs genotyped)

 identify which SNPs are associated with phenotype
 Weaknesses:

marker itself either has to be risk allele (direct association) or very
close to it (indirect association or linkage disequilibrium)

SNP coverage discovered to be inadequate, even when millions of
SNPs used ( genome sequencing may solve this problem)
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LETTERS TO THE EDITOR

Power in GWAS: lifting the curse of the clinical cut-off

Maoleaiar Peyohiatry (201 3) 18, 2-3; doi10.1038,/mp 200 265;
published online 22 May 2012
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In the past, candidate gene association studies were designed poorly,
many false positive results published. What were the problems?

1.Linkage and association methods are non-hypothesis driven
* prone to false positives and false negatives

- especially for association studies
- large number of studies report results that are result of

Type 1 errors : false positives — finding an association when there really Is
not one, leads to failure to replicate positive findings when study is
repeated

p<0.05 %2 million SNPs gives expected 25000 false positives
need p<10 to give expectation of <1 false positive

but taking up too stringent significance criteria leads to
Type 2 errors: false negatives - not finding an association when there is one
again, leads to failure to replicate negative findings

2.Very small gene effects
oth reduce power to detect

3. Too small a sample size
Need <1m SNPs, <30,000 sample size to reliably detect associations



4. Population stratification

e another cause of errors
« allele frequencies vary across ethnic groups (‘genetic’ populations)

« Dbetween group differences will confound search for biologically relevant
within group differences

le. allele frequency differences between cases and controls will be
confounded with between ethnic group differences

 will produce spurious associations unless control group Is from same
population as affected group

melanin-producing locus / sickle cell disease



Gene pathway analysis

« based on assumption that risk alleles for a disorder will be found in
genes with functions more closely related to each other than random
sets of genes

« using results from all other gene-locating methods, use an analytical
method to look for nonrandom functional relationships between genes
containing risk alleles

« algorithms test whether a given set of loci in the genome is enriched for
genetic variants that show some relationship with a disorder compared
to a null expectation

Gene pathway to be tested needs to be developed independently from
results of gene-finding studies , not biased by including genes found by
genetic analysis (post hoc bias)
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Common disease networks.

GWAS SNPs from related diseases repeatedly perturb recognition sequences of common
transcription factors. Shown are factors whose recognition sequences harbor 28 or 26 GWAS
SNPs in inflammatory or autoimmune diseases (A) and cancer (B), respectively. Edge
thickness represents number of associations between transcription factor and disease in
DHSs in relevant tissues. Both networks are significantly enriched for overlap with disease-
relevant GWAS SNPs and include many well-studied regulators.

Maurano et al, Science 2012, 337, 1190



Maurano et al, Science 2012, 337

Systematic Localization of Common Disease-Associated Variation in
Regulatory DNA
Matthew T. Maurano ef al.
Science 337 1190 (2012);
DOI- 10.1126/science 1222794
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Other recently developed methods

expression pattern studies - look at actual gene product (MRNA)
differences between those with & without disorder, use RNA microarrays

methylation arrays - look at which genes are methylated to help
determine activity, how it relates to disorders

locating copy number variants (CNVs) - whole genes present as
extra copies or missing on one chromosome, thought to be cause of some
genetic variation, not recognized by linkage or association methods

genome sequencing (resequencing) - allows all variation to be
studied, not just SNPs
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Knowing when to stop

Pobrmorphisms in CHRMAS —
which encodes the a5 subunit of
the micotinic acetylcholine receptor
[(n&ChE) — are associabed with an
increased risk of tobacco addiction,
buat the resscn for this has remained
unclear. How Fenny and colleagpes
shioar thart a5-containing nAChRs are
crucialby imvrobred in an inhibitcoy
mctvational pathovay that limits
nicotine consumption.

mice lacking the a5 subunit
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{ ClermaS~" mice) which, like wild-
type mice, showed a vigorons
response of self adrministration to
wild-type mice limited their nicotine
imtnke when higher unit doses wers
mvailable, wheras knock cut mice

continued to corswme more micotine,

Thuus, the inhibitory effects ofhigh
doses of micotine that normalby Limit
nicotine imoke o absent in mice
Iacking a5-contnining nAChHRs.

The authors next focussd on
the medial habemula (MHE)-
imterpeduncular pcleas (TFH)
pathwmy as it is actvated by high
dioses of micotine and is enriched for
aS-contmining nAChRs. Lentiriral
delivery cfthe a5 subunit to the
MHb of ClrmaS™" mice rescued
the inhibitory effect of high-dos=
nicotine on consumption. Moreower
in rats, delvery of aS5-specific
shart hairpin RHA (o5 shRHA)
to the BMHb produced an increase
in micotine consumption that was
micst pronounced at high doses. The
increased newronal activity in the
TFH of wild-type mice in response to
high-dass nicotine, as measared by
FOS immunarenctivity, was almost

completely abolished in Clrmas—-
mice. Glutamatergic transmission
between the BMHb and the TFH seems
toplay a key part inthese processes,
as pharmacalogical inhibition of
MDA, receptors specifically in thess
sites increased self administration of
micotine in mats

Tt was previcashr shown thaxt loas
drees of nicotine reduce the threshiold
for experiencing reward in o braio-
girnulation reward paradigm., whereas
high doses of nicotine increase it.
Howewver, in a5 shREMA-treated mis,
the threshold for reward rema’ined
lensr even if they receired high doses
of micotine, Thus, in the sbesncs of
aS-contnining nAChE sigralling,
high doses of nicotine do not baoee an

These shadies highlight the
importance of the a5 nAChR sabanit
in limiting nicotine consumption,
saggesting that it could be a thera-
peutic target for smoking cessation.
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Letier s bo the Editor

Convergence of linkage,
association and GWAS
findings for a candidate
region for bipolar disorder
and schizophrenia on
chromosome 4p

240
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Several strong candidate genes and regions have been
implicated in bipolar disorder [BF) and schizophrenia
[SCE) thmough linkage and association staudies. These
dizardars have alzo recently been studied in genorme-
wiide azsociation studies [GWAS), identifyving further
putative candidate loci, albeit with lower lewvels of
significance and reproducibility than in GWAS of
other complex dizorders.® Car study fomises onoa
well-eetablizshed candidate region for pewchiatric ill-
ness and independently implicates one of the top
candidate genes to emerges fbom GWAS of BP.

The chromaosome 4p15—p 16 linkage region was first
identified in a latge Soottish family altiply affected
with major affective disorde.®? Suhsequently, it has
been repeatedly implicated in BF, SCF and relabed
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Major outcomes of GWAS in human genetics of
complex traits

GWAS = largest biological investigations humans have ever conducted
total number of people genotyped to date > 1 million

* most common diseases have highly polygenic architecture (1000’s of
genes)

« genetic effect sizes of common SNVs (variants) are very small (<0.1%)

« genes and biological processes not previously suspected as being
involved have been identified

« some loci are involved in several different diseases once thought to be
completely independent in terms of etiology

HUGE sample sizes needed are only made possible by collaborations,
often on worldwide scale (eg International Schizophrenia Consortium)

most collaborations were self-organized, emerged rapidly from grassroots
origins (actual researchers, not government or business corporations)



|@ © 2011 Nature America, Inc. All rights mserved,

LETTERS

Genome-wide association study identifies five new

schizophrenia loci

The Schizophrenia Peychiatric Genome-Wide Association Study (GWAS) Consortinm?

We examined the role of common genetic variation in
schizophrenia in a genome-wide association study of
substantial sizez a stage 1 discovery sample of 21,856
individuals of European ancestry and a stage I replication

of 29,639 indep subjects. The combined stage
1 and 2 amalysis yielded genome-wide significant associations
with schizophrenia for seven lodi, five of which are new
(1pz1.3, 2q32.3, 8p23.2, Bg21.3 and 10q24.32-q24.33) and
two of which have bean previously implicated (6p21.32-p22.1
and 18g21.2). The strongest new finding (P = 1.6 = 1011}
was with rs1625579 within an intron of a patative primary
transcript for AMIRT 37 (microRMA 137), a known regulator
of neuronal ds Four other s enia loci
achieving genome-wide significance contain predicted targets
of MIRT 37, sugmesting MIRT 3 7-mediated dysregulation as a

sly unknown et ic mechanism in schizephrenia.
Im a joint analysis with a bipolar disorder sample (16,374
affected individuals and 14,044 controls), three loc

reached genome-wide significance: CACMATC (rsd4 765905,
P =70 = 10-%), ANK? (rs10994359, P= 2.5 = 10~% and the
ITIHZ-ITIH4 region (rs2239547, P = 7.8 = 10-%).

In stage 1, we conducted a mega-analysis combining genome-wide
assocation stady (GWAS) data from 1 7 separate studies (with a total of
9304 cases and 12462 controls; Table 1 and Supplementary Tables 1,21
We imputed allelic dosages for 1,252,901 autescmal SHPs (Table 1,
Supplementary Table 3 and Suppl ¥ Mote) using 3
asthe reference panel!, We En:dﬁrula:mwm using logistic regres-
sion of imputed d with 1 "I nndtl:mcpcrmnp-l
COMMPone nis as cor ‘to mi i ion in si o be st
ing coused by population stratification. The quantile-gquantile plot
ts-pplcncnt-ry P“. 1) dewviated from the oull distribution with a
popal n inflation factor of 4 = 1.23. However, 41500,
a metric that standardizes the degree of inflaticn by sample size, was
only 1.02, similar to that observed in other GWAS meta-anabrses™.
This deviation persisted despite comprehersive quality control and
inclusion of up to 20 principal components (Supplementary Fig. 1.
Thus, we interpret this deviation as indicative of o large number of
weakly asscciated SMPs :Dm.ll.:b:nt wn:h palygenic inheritance®. We
also insd 298 ! (ATM s} that reflect
European-ancestry population :u]:nxm:tum‘ Unadjusted analyses

P

showed greater inflation inthe test statistic s than we saw for all mark-
ers (ATMs A =226 compared to all markers A = 1.56). Afterinchision
af pri 1 compoments, the distributi of the test did not
differ between ATMs (1 = 1.18) and all markers (1 = 1.23), a result
inconsistent with population stratification explaining the residual
deviation seen in Supplementary Figure 1. Moreover, the results of
a meta-analysis using summary results ge nerate d using stady specific
principal components (Supplementary Note) were highby comrelated
wwith those from the mega-analysis (Pearsan corrlation = 0.94, with a

ilar A = 1.20; Supp ry Fig. Z). Ofthe ten SHP= in Table ,
four increased and six decreased in llgnLﬁn'.lnctu suggesting t_hn the
most extreme valies did not result from inflation
Therefors, cur primary snalysis ussd dj d P values (; :
less, see Table 2 for stage 1 P values adjusted for A (ref. &),

In stage 1 (Table 2, s-pplznnl-r,- T-I:Izt and s-rpla-uunry
Figs. 3 and 4), 136
(P = 5%10-EF . The af't]m-eu. (¥ =125) mapped
o 5.5 Mb in the exrtended major histocompatibility complex (MHC,
Ep2l.32-p22. 1) a regicn of high lickage dizequilibrium (LD} previ-
ously implicated in schizophrenia in a subset of the samples used
heretE? The other stage 1 regicns included new regions (10g24.33
and Bq2 1.3) and previoushy reported regions (189212 st TCF4 (encod-
ing tramscription factor 4) and 11242 (ref. 8)). The signal at 11g24.2
s ~ 085 b b from NRGN {ﬂtndmgnmmgmn} l.n.d. is uncorrelated
with the previ i near this genef,

In Table 2 and Supplementary Table 4, we denote regions of associ-
ation by the most significant marker. Associated SHPs with «2 2 0.2 in
Hapkap3 (CEU+ TS populations) were not considersd independent.
However, we noticed i where multiple SMPs within 250 kb of
each other yielded evidence for association (F < 10-F) despite weak
LD (P = 0.2) between them. For regions with P =< 105, we performed
a conditional analysis using as covariates the dosages of the strong-
est associated SHF, principal components 1-4 and 6 and study indi-
cator. We observed multiple statistically independent sigrals at the
MHC. Although a number of SHPs within the MHC were poten-
tially independent per Haphiap ¢ values, only s%272105 withstood
formal conditicnal analysis, showing P = 1.8 & 10~% conditional an
asscciation to the best SHE, rs2021722 (stage 1 P= 4.3 % 10, inter-
SMP distance = 2.4 Mhb, r* = 0.01 in HapMap). Excluding the MHC
region, we identified six regions with at least cne SHP associated at
P < 1073 and a second SHP with a conditionally independent P < 107

14 full 15t of suthars and affllistlans sppaars o the and of tha papar.
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Psychology’'s Bold Initiative

In an unusual attempt at scientific self-examination, psychology researchers
are scrutinizing their field's reproducibility

PICK UP THE JANUARY 2008 ISSUE OF
Pysychological Science, tum to page 49, and
you'll find a study showing that people are
more likely to cheat on a simple Isborstory
task ifthey have just read an essay arguing
that free will is an illusion. It was a striking
study that drew widespread agention both
from psychologists and from many media
outlets. But should you believe the resul®?

There§ no resson to think that the study,
conducted by piychologists Kathleen Vohs of
the University of Mimesots Carlson School
of Management in Mimeapolis, and Jona-
than Schooler, who is now st the Univer-
sity of California, Sants Barbara (UCSB), is
incorrect. Yet according to many psycholo-
gists, their feld has a credibility problem st
the moment, and it affects howsands of stud-
ies like thisone.

Part of the angst stems from recent high-
profile cases of scientific misconduct, maost
dramatically the exeensive fraud perpetrated
by Dutch social psychologist Diederik Stapel
(Science, 4 November 2011, p. 579), that
have cast aharsh light on psychological sci-
ence. Yet there 5 no evidence that psychology
i more prone © fraud than any other field of
science. The greater concemn arises from sev-
eral recent studies that have broadly critiqued
psychological research practices, highlighting
lax data collection, analysis and reporting,
and decrying a scientificculture that 0o heav-

ily favors new and counterintuitive ideas over
the confirmation of existing resuls. Some
psychology researchers argue that thishasled
© 00 many findings that are striking for their
novelty and published in respected jounals—
butare nonetheless false.

As a seep toward testing that disturb-
ing idea, one project begun this year offers
an online site (PsychFile Drawer.org) where
mychologists can quickly and easily post,
in brief form, the results of replications of
experiments—whether they succeed or fail
University of California, San Diego, psychol-
ogist Hal Pashleg one of the projects devel-
opers, says the goal 8 10 counteract the “file
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Double trouble? Brisn Nosek leads & Lrgescale
difort to mplicate recent poych ology studies
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drawer problem™ that plagnes all of science,
including psychology; researchers usually i
just file away stra ight forward replication stud-
jes be most j Is decline to publish
such work.

In an even more daring effort, a group of
more than 50 academic psychologists, which
calks itself the Open Science Collaboration
(OSC), has begun an unprecedented, large-
scale project 1o systematically replicate psy-
cholagical experiments recently published in
leading journals. “We're wringing our hands
worrying sbout whether reproducibility is
a problem or not,” says psychologist Brian
Nosek of the University of Virginia in Char-
lottesville, who is coordinating the effort. “If &
there is a problem, we're going to find out and 2
then we'll figure out howto fix it™

Robert Kail, a Purdue University develop-
mental psychologist and editor of Pychologi-
cal Science—aone of the three journals whose
papers the OSC s attempting to replicate—is

imistic that a high p age of published %
will be replicsted. Nonethel h.-g
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views the field's recent attention to the isue
of false positives as healthy. “There has been S
alot of speculation about the extent © which
its aproblem” he says. “But nobody has actu-
ally setitupas an empirical project It'sa grest 2
thing for somebody toactually do the™ Q
Schooler, who is not directly involved
with the project but whose free will study £
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