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Review of vocabulary:
markers

genetic linkage

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

allelic association



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

For behavioral traits: Identifying aggregate effect of SNPs currently

available
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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



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

5¢cMregion  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



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

few studies produce replicable results
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Why have results been so inconsistent for behavior, few solid genes
located, few studies able to be replicated?

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 :

but taking up too stringent significance criteria leads to
Type 2 errors

2.Very small gene effects
}both reduce power to detect

3. Too small a sample size
Need <500,000 SNPs, <10,000 sample size to reliably detect associations



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

melanin-producing locus / sickle cell disease



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)



Other recently developed methods

expression pattern studies - look at actual gene product (or mRNA)
differences between those with & without disorder

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



= ADDICTION

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

=
=
s

{ 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

Molacular Psychiary (2011} 16, 240242 doi10. 10380
mp.2010.25; pubkshed online 30 March 2010

Fewie

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 polygenic architecture (1000’s of genes)
« genetic effect sizes of common SNP 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)



