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Summarise 
criticisms of 
GWAS
And responses!



NHGRI GWA Catalog
www.genome.gov/GWAStudies

Published Genome-Wide Associations through 12/2010, 
1212 published GWA at p<5x10-8 for 210 traits

We are on 5% of these !



Number of Loci Identified is 
a Function of Sample Size

Selected quantitative traits              Selected diseases

Visscher PM, et.al. (2012) Am J Hum Genetics



Functional classifications of 465 Trait-Associated SNPs 
and the SNPs in Linkage Disequilibrium with them

Manolio T. N Engl J Med 2010;363:166-176



Examples of Previously Unsuspected Associations between Certain 
Conditions and Genes and the Related Metabolic Function or 

Pathway, According to Genomewide Association Studies

Manolio T. N Engl J Med 2010;363:166-176



Examples of loci shared by conditions or traits previously thought to 
be unrelated, according to Genomewide Association Studies

Manolio T. N Engl J Med 2010;363:166-176







Age‐related Macular Degeneration (AMD) –
the first GWAS success (2005)



Relative risk plotted as a function of the genetic load 
of the five variants that influence risk of AMD



Complement Pathway & 
New Therapeutic Agents 

Currently in Clinical Trials for AMD





Association between CPD and rs1051730 across studies where subjects are stratified by 
age of onset of regular smoking (AOS) at or before age 16 versus after age 16. P‐value for 
difference between meta‐analysis betas for the two AOS strata is 0.006.

Sarah Hartz









Manhattan Plot for
Glaucoma 2010

Nat Genet. 2010 Oct;42(10):906-9.





Nature, December 2011

•66,867 individuals

•68 new loci controlling platelet 
count and volume





GWAS of monocyte counts – help from expression data

 Discovery N=4,225 (QIMR+NTR), replication N=1,517 (Busselton, GenomEUtwin)

Ferreira et al. (2009) AJHG 85: 745; Zeller et al. (2010) PLoS One 5: e10693.



5 x 10-8

CACNA1CAnkryin-G (ANK3)

Bipolar GWAS of 10,648 samplesBipolar GWAS of 10,648 samples

Sample Cases Controls P-value
STEP 7.4% 5.8% 0.0013
WTCCC 7.6% 5.9% 0.0008
EXT 7.3% 4.7% 0.0002
Total 7.5% 5.6% 9.1×10-9

Sample Case Controls P-value
STEP 35.7% 32.4% 0.0015
WTCCC 35.7% 31.5% 0.0003
EXT 35.3% 33.7% 0.0108
Total 35.6% 32.4% 7×10-8

X

>1.7 million genotyped and (high confidence) imputed SNPs

Ferreira et al (Nature Genetics, 2008)













GWAS of brain volumes (ADNI sample)

Alzheimer’s Disease 
Neuroimaging Iniative (ADNI) 
- mixed sample of healthy 
controls, MCI, AD

N = 742 (temporal)
N = 698 (hippo)

610K Illumina SNP

Genome –wide  evidence or 
support  - chrm. 12

Lower temporal lobe vols
were  most assoc. with a 
common variant in GRIN2B .

Risk allele over-represented in 
AD and MCI vs elderly 
controls

Stein et al. Neuroimage, 2010 



ENIGMA (Enhancing Neuroimaging Genetics through Meta-Analysis)

http://enigma.loni.ucla.edu

first meta-analysis on the hippocampus has been completed.

17 cohorts of European ancestry from whom genome-wide single 
nucleotide polymorphisms (SNPs) and structural MRI data were collected.

Unselected population samples and case-control studies were included, 
with cases ascertained for neuropsychiatric disorders including 
depression, anxiety, Alzheimer’s disease and schizophrenia. 

To distinguish whether putative effects at loci varied
with disease status, analyses were run in the full 
sample (N=7,795) and in a healthy subsample (N=5,776).

Replicated in CHARGE sample (N~9000)

Next project is 7 subcortical structures:
caudate, putamen, pallidum, thalamus, accumbens, 
amygdala (and hippocampus)
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ENIGMA GWAS meta-analysis for 
hippocampal volume (N=7,795) 
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Top hit for hippocampal
volume replicated in CHARGE





GIANT Consortium ‐ Height

34

•180,000 individuals
•180 loci identified
•Allelic effect sizes 1 to 4 mm
•Enriched for genes that are 
connected in biological pathways 
that underlie skeletal growth

•BUT only ~12% of heritability 
explained !



Individual genes

35

[Lango Allen et al. Nature 2010]



GWAS of Height

Weedon et al. (in press) Nat Genet

Large numbers are needed to detect QTLs !!!

Collaboration is the name of the game !!!

A- 1914 Cases (WTCCC T2D)
B- 4892 Cases (DGI)
C- 6788 Cases (WTCCC HT)
D- 8668 Cases (WTCCC CAD)
E- 12228 Cases (EPIC)
F- 13665 Cases (WTCCC UKBS)

Significant results

Other loci?

Nat Genet. 2008 May;40(5):575-83.
Genome-wide association analysis identifies 20 
loci that influence adult height.
Weedon MN, ….Evans DM,, , Frayling TM.



Schizophrenia (ISC) Q-Q plotSchizophrenia (ISC) Q-Q plot

Consistent with:

Stratification?

Genotyping bias?

Distribution of true 
polygenic effects?
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N = 17,000



GWILL studies (pace MCN)

• Personality – using Item Response 
Modeling to map different personality 
scales (EPQ, TPQ, NEO, MPQ) on to each 
other so samples can be combined –
N~60,000 - and more wanted! (Marleen de 
Moor, Stephanie Vandenberg, Dorret Boomsma)

• Educational Attainment – CHARGE 
Social Science Consortium: N~100,000  
(Sarah Medland, Jaime Derringer, Niels Rietvelt, Philip 
Koellinger, David Caesarini)

• Need more samples for both !!! 41



Vink et al, Am J Hum Genet 84:367-79,2009

Pathway (Ingenuity) analysis of GWAS for smoking



How much variance have 
GWAS studies explained?



Variance 
explained 
by GWAS 
for 
selected 
complex 
traits
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GWAS’ greatest success:  T1D





Proportion of height variance 
tagged by SNPs ~ 0.55 (SE 0.1)

Yang et al. Nature Genetics 2010

Very distant relatives that share more of their genome 
by descent are phenotypically more similar than those 
that share less

Estimating heritability from ‘unrelated’ individuals
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More than 50% of genetic variation is tagged by common SNPs

Evidence that causal variants have lower MAF than genotyped SNPs
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Putative MAF spectrum of causal variants



Correction for imperfect LD and 
absence of rare SNPs will push this 
even higher (for height -> ~0.8)



Phenotype

Variance 

explained by 

typed SNPs

Additive 

heritability

MDD 21.1% 36% 

Smoking initiation 12.2% 44%

Current smoking 42.1% 79%

Fasting glucose 25.4% 53%

Height 48.2% 90% 

Estimates of GW SNP-associated variance 
~half that estimated from twin studies ?!

Lubke & Boomsma, submitted , 2011



Phenotype

Variance 

explained by 

typed SNPs

Additive 

heritability

Crohn’s disease 22-24% 50-60% 

Bipolar Disorder 37-41% 60-85%

Type 2 diabetes 28-32% 30-70%



Total SNP-Associated Variance



SNP Variance versus
Heritability (1)



SNP Variance versus
Heritability (2)
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Gene‐Gene Interaction and 
Ankylosing Spondylitis

Evans et al. (2012) Nat Genet

ERAP1 is a risk 
variant for AS 
only in 
individuals 
that are HLA-
B27 positive



Non-additive variance?



y = 1.006x + 0.0001
R2 = 0.9715

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.00 0.02 0.04 0.06 0.08 0.10 0.12

From single chromosome analyses

Fr
om

 c
om

bi
ne

d 
ch

ro
m

os
om

e 
an

al
ys

is

Estimates of chromosomal heritabilities for height

No epistasis?



Possible explanations for missing heritability 
(in order of increasing plausibility ?)

• Heritability estimates are wrong 
• Nonadditivity of gene effects – epistasis, GxE 

• Epigenetics – including parent-of-origin effects

• Low power for common small effects
• Disease heterogeneity – lots of different diseases 

with the same phenotype

• Poor tagging (1)
– rare mutations of large effect (including CNVs)

• Poor tagging (2)
– common variants in problematic genomic regions



For example: Bipolar disorder

… we present a genome-wide copy number variant (CNV) survey of 1001 
cases and 1034 controls ... Singleton deletions (deletions that appear only 
once in the dataset) more than 100 kb in length are present in 16.2% of BD 
cases and in 12.3% of controls (permutation P = 0.007).
Our results strongly suggest that BD can result from the effects of multiple 
rare structural variants.



Possible explanations for missing heritability 
(in order of increasing plausibility ?)

• Heritability estimates are wrong 
• Nonadditivity of gene effects – epistasis, GxE 

• Epigenetics – including parent-of-origin effects

• Low power for common small effects
• Disease heterogeneity – lots of different diseases 

with the same phenotype

• Poor tagging (1)
– rare mutations of large effect (including CNVs)

• Poor tagging (2)
– common variants in problematic genomic regions
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50% of the 
human 
genome is 
repetitive 
DNA.
Only 1.2% 
is coding



Types of repetitive elements and their 
chromosomal locations



Triplet repeat diseases



Alu elements
The structure of each Alu 
element is bi-partite, with the 3' 
half containing an additional 31-
bp insertion (not shown) relative 
to the 5' half. The total length of 
each Alu sequence is 300 bp, 
depending on the length of the 3' 
oligo(dA)-rich tail. The elements 
also contain a central A-rich 
region and are flanked by short 
intact direct repeats that are 
derived from the site of insertion 
(black arrows). The 5' half of 
each sequence contains an 
RNA-polymerase-III promoter (A 
and B boxes). The 3' terminus of 
the Alu element almost always 
consists of a run of As that is 
only occasionally interspersed 
with other bases (a).



The abundant Alu transposable element, a member of the middle 
repetitive DNA sequences, is present in all human chromosomes (the 
Alu element is stained green, while the remainder of the DNA in the 

chromosomes is stained red).

• > 1 million in genome – unique to humans
• Involved in RNA editing – functional ?
• How well are they tagged ??????



Summary
• Huge amount of repetitive sequence
• Highly polymorphic
• Some evidence that it has functional significance
• Earlier studies too small (100s) to detect effect 

sizes now known to be realistic
• Much (most?) such variation poorly tagged with 

current chips
• Current CNV arrays only detect large variants; 

no systematic coverage of the vast number of 
small CNVs (including microsatellites)





sequenced

Can sequencing contribute to the genetics of complex traits ? 
MITF (E318K) cosegregates with melanoma in at least 28% of families carrying the variant 



Genetic Epidemiology:
Stages of Genetic Mapping

 Are there genes influencing this trait?
 Genetic epidemiological studies

 Where are those genes?
 Linkage analysis

 What are those genes?
 Association analysis

 How do they work beyond the sequence?
 Epigenetics, transcriptomics, proteomics

 What can we do with them ?
 Translational medicine





Sci Transl Med. 2011 Jun 15;3(87):87re3.
Whole-genome sequencing for optimized patient 
management.
Bainbridge MN, ................... Gibbs RA.

Whole-genome sequencing of patient DNA can facilitate 
diagnosis of a disease, but its potential for guiding treatment 
has been under-realized. We interrogated the complete 
genome sequences of a 14-year-old fraternal twin pair 
diagnosed with dopa (3,4-dihydroxyphenylalanine)-responsive 
dystonia. Whole-genome sequencing identified compound 
heterozygous mutations in the SPR gene encoding sepiapterin
reductase. Disruption of SPR causes a decrease in 
tetrahydrobiopterin, a cofactor required for the hydroxylase
enzymes that synthesize the neurotransmitters dopamine and 
serotonin. Supplementation of l-dopa therapy with 5-
hydroxytryptophan, a serotonin precursor, resulted in clinical 
improvements in both twins.







The future
 GWAS works!

 collect larger samples
 collaborate

 Sequencing may work…
 collect multiplex families

 Function 
 Correlate GWAS/NGS hits with other –omics
 take GWAS/NGS hits into animals – not vice versa

 Translation
 new genes/pathways provide targets for intervention   

e.g. IL6R and tocilumizab for asthma



We also run two journals (1)

• Editor: John Hewitt
• Editorial assistant 

Christina Hewitt
• Publisher: Kluwer 

/Plenum
• Fully online
• http://www.bga.org



We also run two journals (2)
 Editor: Nick Martin
 Editorial assistant + 

subscriptions: Lorin
Grey

 Publisher: Australian 
Academic Press

 Fully online
 http://www.ists.qimr

.edu.au/journal.html


