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Direct evidence for genetic etiology : Association studies
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191,044,985 GCTGCAAACG CGGTACTTTC GGGCTCGCCT TTGACGTTAG GAGACTA

191,045,035 TGAGCCTATG CAGGGAAAAA AAATCGAAAA GGTCAATTTG TTAAGEA .
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191,045,135 GATATGAGGG CGGTGGTTGA TGCGCTAAGA AATTGCGGGT TGEG TT

191,045,185 TCCTCCTGCA TTCAAAATGA CATCAGAATCEIGGCTGA AGCGCGTCC®34774923
191,045,235 CAGCATTCAT ACGTTGCATG ATGAGTTCTC ATCAGCTTAC ACAGTTA

191,045,285 GAAGGTGATG CTCTTGCTGG TTCTGAATAT ACTCGTTTAA AATATAT

191,045,335 TGTTTTTTAA TTATAGAGCA GATCTCACCC AGTCCGAATG TGGAATA

191,045,385 AATTGTTATG CAGCGTCTGC TTAAAAGAAG TGTCGTAGGT GGGEMNG
191,045,435 GAGGCAGGG GAATCAGTCA CCCACCTCTT TGTACAGTCT CTGGCGT®&130218513
191,045,485 CCAGAACCTC CTGCTCTAAA GAGAGAAGCG TGGGCCGGCT CEAGACA
191,045,535 CCATGTCTGT CCTTTTCATT AAAGTGCAAA ACGTCTCGGA ATTATAA

191,045,585 ACCTTGCAAA CAAACTGATG CCCTTTGTGA GCCAGAAATA GTAICTG

191,045,635 TTTGAACTAA ATTCATTAAC AATTCTTTAA AATACCCTAG TGATTAGG

191,045,685 TAGCCCTGCC CTTAGTTGTA AAACTAGTAG ATACGGTCAG ATTGATG

191,045,735 GAAACTGCTC AGTACATGAG GTTTAAATGT TAGGTGGATA AGATITTA

191,045,785 GAAGAGTTCT TGCTTTGCCT TATGCGGTTT GTCTCTAGTT ACT@&AGT

191,045,835 TTTATTTGGT AAAAAGCGT TCAGCTGCAG TAGCATATTC AAGTGTTGG$2746073
191,045,885 AGTTAGTAAT TATCTTTTTAATTTTTTGTT TTAG

Complex disease marker? SNFs are single-base differences in DNA
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Association studies until 2007

Limited by genotyping technology
- Only genotype a few SNPs at a time
- Select genes/regions with a prior hypothesis

Some successes
eg DISC1 associated with both SCZ and BP

Small effect size
Limited by sample size
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Advances which have enabled genome-wide
association studies
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Genome-Wide Association Studies

500 000 - 1. 000 000 SNPs

Human Genome - 3,1x10 ° Base Pairs
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Bipolar GWAS of 10,648 samples

>1.7 million genotyped and (high confidence) impute

5x108

Sample
STEP
WTCCC
EXT
Total

Ankryin-G (ANK?3)

Cases
7.4%
7.6%
7.3%
7.5%

Controls P-value

5.8% 0.0013
5.9% 0.0008
4.7% 0.0002
5.6% 9.1x10-°

d SNPs
CACNA1C
Sample Case Controls
STEP 35.7% 32.4%
WTCCC 35.7% 31.5%
EXT 35.3% 33.7%
Total 35.6% 32.4%

P-value
0.0015
0.0003
0.0108
7x10-8

Ferreira et al (Nature Genetics , 2008)
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Flushing after alcohol

Any negative reaction after alcohol
Overall consumption (Qty x Freq)

Max. drinks in any day (past 12 months)
DSM-IIIR AD symptom count

rs1229984
ADH1B*Arg48His
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Flushing after alcohol

Any negative reaction after alcohol
Overall consumption (Qty x Freq)

Max. drinks in any day (past 12 months)
DSM-IIIR AD symptom count

ADH5S ADH1B i iADH1C
r812§9165 rs1042026 .- rs1693482
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R No low hanging fruit (p < 5e-08)

R SNPs in genes DDX6 (chr 11) and ABCA13 (chr
/) have p~1e-6 in pools and replicate (p<0.05)
In one of NL samples

R Initial pathway based analysis suggests some
pathways over-represented amongst top hits

R Clearly associated ADH1B SNP not on arrays
R Otherwise, concordance variable
R Individual genotyping almost finished......







GWA-GAIN




GWA-GAIN: MDD

Eleven of the top 200 signals localized to a 167 kb~ region
overlapping the gene piccolo ( PCLO, whose protein
product localizes to the cytomatrix of the presynap tic
active zone and plays an important role in monoamin ergic
neurotransmission in the brain)
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Replication samples for PCLO

Feature NESDA-NTR | . Bonn- Miinster MPIP DeCC | STAR*D | QIMR UEDIN
Mannheim

Type Original Replicate | Replicate | Replicate | Replicate | Replicate | Replicate | Replicate
Location NL Germany | Germany | Germany UK us Australia UK
Design Conort | sociional | sectional | sectonal | seotonal | _tal. | M | sectiona
SNPs 30 30 30 30 3 30 30 30
Comparisons

N Case 1866 777 452 940 1403 1187 966 354
N Controls 1792 1260 0 967 1291 864 1039 472

We undertook replication of (30) SNPs in the PCLO region
In independent samples (6,079 MDD independent cases
and 5,893 controls)




rs6979066

Qriginal (ML)
QIME (ALIS)
MPIF (GER)
Wiserman (GER)
STARTD (US) .
LEDIM (LK)

Replications —l—

1 | 1T 1 1 1 1 1
083 085 105 120 1.38

Odes ratio



Replication

No SNP exceeded the replication significance
threshold.

However, there was heterogeneity in the
replication samples, and analysis of the original
sample with the sample of greatest similarity
(Australia; population based) yielded
P=6.4x10-8 for a non-synonymous SNP that
gives rise to a serine to alanine substitution
near a C2 calcium-binding-domain of the
PCLO protein.




Observed -log10(p)

Schizophrenia (ISC) Q-Q plot

I

Expected -log10(p)

=1.092

Consistent with:
Stratification?
Genotyping bias?

Distribution of true
polygenic effects?



Indexing polygenic variance with large
sets of weakly associated alleles

Discovery -
set
Top 20%

independent “nominal risk
SNPs alleles”

Do target cases

have a higher
Score # of allele load?

) = —

Individuals’
“polygenic scores”

ISC ISC
Independent SCZ studies (MGS, O’Donovan)

Bipolar disorder (STEP-BD, WTCCC)
Non-psychiatric disease (WTCCC)

Douglas Levinson, Pablo Gejman,
Jianxin Shi and colleagues
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