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Menu 

• Why do genetic association studies and 
what do we get from them? 

• Some work from Christchurch 
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Heritability 

  Heritability allows a comparison of the relative 
importance of genes and environment to the variation 
of traits within and across populations.  
 

Nature Reviews Genetics 9, 255-266 (April 2008) | doi:10.1038/nrg2322 
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Heritability  (Genetics 101) 

Phenotype (P) = Genotype (G) + Environment (E) 
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A additive genetic effectsD Dominance, interactive effect of alleles at the same lociI epistatic, interactive effects of alleles at different loci
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heritability 
Wray, N. & Visscher, P. (2008) Estimating trait 
heritability. Nature Education 1(1) 
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Heritability 

http://digital.library.adelaide.edu.au/dspace/bitstream/2440/15097/1/9.pdf 

Transactions of the Royal Society of Edinburgh    vol 52: 399-433 (1918) 

“… the square of the standard deviation as the measure 
of variability. We shall term this quantity the Variance of 
the Normal population to which it refers,…” 
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Heritability 

  

Notes and Records of the Royal Society of London, Vol. 31, No. 1 (Jul.,1976), pp. 151-162 
http://www.jstor.org/stable/531555 

Transactions of the Royal Society of Edinburgh    vol 52: 399-433 (1918) 
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Heritability 

  

Notes and Records of the Royal Society of London, Vol. 31, No. 1 (Jul.,1976), pp. 151-162 
http://www.jstor.org/stable/531555 

Transactions of the Royal Society of Edinburgh    vol 52: 399-433 (1918) 
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Heritability 

  

Notes and Records of the Royal Society of London, Vol. 31, No. 1 (Jul.,1976), pp. 151-162 
http://www.jstor.org/stable/531555 

Transactions of the Royal Society of Edinburgh    vol 52: 399-433 (1918) 

Attributed to R. A. Fisher 

… the paper was inevitably refused because it had been sent 
for refereeing to ‘a “mathematician who knew no biology” 
and to a “biologist who knew no mathematics” `. 
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Heritability 
Proc Natl Acad Sci U S A. 1920 June; 6(6): 320–332. 

Presenter
Presentation Notes
Paper uses and defines h2 as the degree of determination by heredity
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Heritability  (Genetics 101) 
Phenotype (P) = Genotype (G) + Environment (E) 
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Presentation Notes
Examples leading to a positive covariance are parents with a high intelligence quotient (IQ) providing an IQ stimulating environment for their children, and dairy cattle being fed according to production. A further term that is ignored in equations 1 and 2 is the interaction between genotype and environment (G*E), when the effect of the genotype depends on the environment. The most studied, yet still controversial, example of G*E in humans is the interaction between stressful life events (the environment) and the length polymorphism of the serotonin transporter gene (the genotype) and their effects on major depression (the phenotype)76.Both G and E covariation and G*E interaction are often ignored, usually because they cannot be estimated. If either is present, ignoring the former will inflate estimates of σG and ignoring the latter will inflate estimates of σEBecause individuals transmit only one copy of each gene to their offspring, most relatives share only singleor no copies that are identical by descent (IBD) (the most important exceptions are identical twins and fullsiblings (sibs)), and dominance and other non-additive genetic effects that are based on sharing two copies donot contribute to their phenotypic resemblance. This is why the selection response and correlation of most relatives depend on h2 and not H2, and why h2 is theusual parameter.
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Heritability: human height 
Annals of Human Biology, March–April 2007; 34(2): 206–215 
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Heritability: human height 
    

 Standard deviation of height in pop is 
about 7cm 
 
Reported heritability's are about 0.8 

      
 

Nature Reviews Genetics 9, 255-266 (April 2008) | doi:10.1038/nrg2322 
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Heritability: human height 
    

 Standard deviation of height in pop is 
about 7cm 
 
Reported heritability's are about 0.8 

Not  the 
proportion of 

phenotype 
passed on to 

next generation 
  

      
 

Says nothing 
about 

differences in 
means between 
groups or over 

time  
  

Nature Reviews Genetics 9, 255-266 (April 2008) | doi:10.1038/nrg2322 
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Heritability: human height 
    

 Standard deviation of height in pop is 
about 7cm 
 
Reported heritability's are about 0.8 
 
Standard deviation of adult offspring 
around parental mean height is about 
5.4cm. 

      
 

Nature Reviews Genetics 9, 255-266 (April 2008) | doi:10.1038/nrg2322 
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Heritability: human height 
    

 Standard deviation of height in pop is 
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Reported heritability's are about 0.8 
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Heritability: human height 
    

 Standard deviation of height in pop is 
about 7cm 
 
Reported heritability's are about 0.8 
 
Standard deviation of adult offspring 
around parental mean height is about 
5.4cm. 
 
Not much smaller than sd in the 
population. 
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Heritability: human height 

“We estimate that rs1042725 explains 0.3% of 
population variation in height  (  0.4 cm increased 
adult height per C allele).” 

High Heritability does not imply high effect genes. 
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Heritability: human height 

No high effect genes does not imply low heritability. 

We show that 45% of variance can be explained by considering all SNPs 
simultaneously. Thus, most of the heritability is not missing but has not 
previously been detected because the individual effects are too small to pass 
stringent significance tests. 

Presenter
Presentation Notes
Our results also suggest that the discrepancy between 80% heritability and 45% accounted for by all SNPs is due to incomplete LD between causal variants and the SNPs
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Missing heritability 
Feasibility of identifying genetic variants by risk allele  
frequency and strength of genetic effect (odds ratio). 

TA Manolio et al. Nature 461, 747-753 (2009) doi:10.1038/nature08494 
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Missing heritability 
Feasibility of identifying genetic variants by risk allele  
frequency and strength of genetic effect (odds ratio). 

TA Manolio et al. Nature 461, 747-753 (2009) doi:10.1038/nature08494 
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Heritability: human height 
Heritability: 
• Is a ratio of the additive genetic variance to the phenotypic 

variance  
• Is specific to a population 

High Heritability: 
• Does not imply genetic determination 
• Does not imply high genetic effects 
• Is not informative about between group means 

Hereditability is not constant 

Presenter
Presentation Notes
Our results also suggest that the discrepancy between 80% heritability and 45% accounted for by all SNPs is due to incomplete LD between causal variants and the SNPsSame trait (weight) measured over a lifetime.
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What’s being done at UOC (partial view) 
 
Candidate gene 
Expression association 
GxE 
Genome wide association 
CNV 
 

Genetic association studies 
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Replication  
Refined phenotype 

Candidate gene studies 
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Candidate gene studies 
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Candidate gene studies: Replication 
OR CI P

CARD8 rs2043211 A/T 0.83 (0.69-1.00) 0.056
NALP3 rs3582941 C/A 0.97 (0.62-1.51) 0.903
IL2_21 rs6822844 T/G 12.14 (9.14-16.46) <10-15

IRGM rs1336118 T/C 1.42 (1.01-2.00) 0.042
IRGM rs4958847 G/A 1.40 (1.04-1.89) 0.025
NCF4 rs4821544 C/T 1.11 (0.91-1.35) 0.311
ATG16L1 rs2241880 T/C 0.71 (0.59-0.84) 0.0001
NOD2 rs2066842 C/T 1.22 (0.97-1.52) 0.085
NOD2 rs2066844 C/T 1.56 (1.10-2.25) 0.013
NOD2 rs2066845 G/C 1.76 (0.96-3.32) 0.035
NOD2 rs2066847 0/C 2.21 (1.25-4.07) 0.011
IL23R rs1120902 G/A 0.51 (0.32-0.78) 0.004

AdditiveGene Locus alleles

“…The Bonferroni correction for multiple testing of 13 SNPs (ten genes) 
adjusts the significance level to 0.0038 for these results…” 

Am J Gastroenterol 2012; 107:589–596; doi:10.1038/ajg.2011.437 
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Candidate gene studies:  
Refined phenotype 

Am J Gastroenterol 2012; 107:589–596; doi:10.1038/ajg.2011.437 

Genotypic associations for Perianal Disease within Crohn's Disease cohort.

OR (CI) P P adjusted
CARD8 rs2043211 A/T 0.98 (0.71-1.33) 0.88 0.84
NALP3 rs35829419 C/A 1.15 (0.54-2.30) 0.70 0.48
IL2_21 rs6822844 T/G 1.02 (0.73-1.42) 0.92 0.50
IRGM rs13361189 T/C 1.40 (0.85-2.27) 0.18 0.23
IRGM rs4958847 G/A 1.22 (0.79-1.85) 0.37 0.35
NCF4 rs4821544 C/T 1.46 (1.08-1.98) 0.01 0.03
ATG16L1 rs2241880 T/C 0.93 (0.69-1.24) 0.61 0.42
NOD2 rs2066842 C/T 1.26 (0.91-1.75) 0.16 0.59
NOD2 rs2066844 C/T 1.32 (0.80-2.13) 0.26 0.84
NOD2 rs2066845 G/C 1.53 (0.63-3.49) 0.33 0.75
NOD2 rs2066847 0/C 1.19 (0.55-2.41) 0.64 0.74
IL23R rs11209026 G/A 0.97 (0.40-2.15) 0.94 0.94

AdditiveGene Locus alleles
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Multiple testing 
Family wise error rate (FWER): 
Control probability of making 1 false positives. 
Bonferroni: declare significance at α/n (0K … 0.05/n) 
• Tests that no genes are associated   
• High probability of rejecting true results (type II error) 
 
False discovery rate (FDR) 
• We can usually cope with a few false discoveries, just control 

the rate at which we make them. 
• BH method adapted to BKY procedure which is also robust to 

departures from independence . 

Benjamini, Y. and Hochberg, Y. (1995) Journal of the Royal Statistical Society, Series B, 57, 289-300. 
Benjamini, Y. and Yekutieli, D. (2001).. Annals of Statistics, 29, 1165-1188. 
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Replication 
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Replication 

a, Eight topics in which the results of the first study or studies differed beyond 
chance (P<0.05) 



31 

Replication 

b, Eight topics in which the first study or studies did not claim formal statistical 
significance for the genetic association 
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(R 2=+0.13,P=0.00002) 

Presenter
Presentation Notes
79 studies, bias is Ln OR/ pooled OR from meta-analysis.  Circle size is proportional to sample size. 
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Genome wide association study 

Circulation.2012; 126: 1896-1906  



34 Circulation.2012; 126: 1896-1906  

Genome wide association study 
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Gene Expression 
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Gene Expression 
Symbol GeneTitle Cytoband Fold 

change 

p-Value p-Value* 

POSTN periostin, osteoblast specific factor 13q13.3 -1.33 0.0096 0.0019 

CCDC80 coiled-coil domain containing 80 3q13.2 -1.23 0.0012 0.0003 

VCAM1 vascular cell adhesion molecule 1 1p21.2 -1.21 0.0023 0.0042 

GAP43 growth associated protein 43 3q13.31 -1.20 0.0106 0.0053 

KCNIP2 Kv channel interacting protein 2 10q24.32 1.19 0.0306 0.0152 

F5 coagulation factor V (proaccelerin, labile factor) 1q24.2 1.18 0.0480 0.0453 

EGR1 early growth response 1 5q31.2 -1.18 0.0350 0.0413 

LOC654433 hypothetical LOC654433 2q13 1.17 0.0124 0.0205 

TNFAIP6 tumor necrosis factor, alpha-induced protein 6 2q23.3 -1.16 0.0397 0.0381 

SGPP2 sphingosine-1-phosphate phosphotase 2 2q36.1 1.15 0.0156 0.0077 

CNTNAP3 contactin associated protein-like 3 9p13.1 1.15 0.0225 0.0305 

JUNB jun B proto-oncogene 19p13.2 -1.15 0.0147 0.0328 
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Gene x Environment 
Biological Psychiatry, Volume 65, Issue 3, 1 February 2009, Pages 211–219 
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Gene x Environment 
Arch Gen Psychiatry. 2011;68(5) 
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Gene x Environment: CHDS 
The British Journal of Psychiatry (2012) 200, 116–123 

Moderating role of the MAOA genotype 
in antisocial behaviour 
David M. Fergusson, Joseph M. Boden, L. John Horwood, Allison Miller and 
Martin A. Kennedy 

399 Males 
Genotyped with a VNTR 
In the 5’ promoter of MAOA 
Gene on Chr X.  
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Gene x Environment: CHDS 
$

Ethnicity
Maori
Maori/Pacifika
Pacifika
Asian
Euro
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2

739 participants genotyped for 657,000 SNPS 
Illumina Human 660W Quad v1 
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Gene x Environment: CHDS 
Am J Med Genet Part B 162B:224–226. 
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Gene x Environment: CHDS 
What’s next? 
- MAOA modifies the effects of early life stressors,  

which other genes do? 
- Can we generate a score combining susceptibility loci? 

The data is difficult:  
Fit with negative binomial or  
over-dispersed Poisson 
models 
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Count data 
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Count data 
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Count data 

0 50 100 150 200

0
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10
15

Violent offences 5+ Top 10% do 91% of offending. 
Top 5% do 77% of offending.  

Presenter
Presentation Notes
Top 10% do 91% of offending.Top 5% do  77% of offending. 
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CNV calling by 4 algorithms 

QC(1) – GWAS criteria 

2,500  BRCA1 
mutation carriers 

CIMBA 
655 female controls 

Hunter Community Study 

Case vs. control 
analyses 

~2,450 cases 619 controls 

2,319 cases 612 controls 

Copy Number Variations 

Data is censored, but not at random: ovarian cancer preceding breast cancer were  
Considered controls for breast cancer.  Test a score statistic based on the likelihood 
of the observed genotype conditional on the disease phenotype. 

Barnes et al. (2012) Evaluation of association methods for analysing modifiers of 
disease risk in carriers of high-risk mutations. Genetic Epidemiology 36: 274-291 
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Take home 
 

• Reviews are not always private 
• Heritability does not imply determinism 
• Initial large effects reduce on replication 
• GWAS need more than a big n. 

 



48 

Acknowledgements 
 
• Anna Pilbrow 
• Vicky Cameron 
 
• Logan Walker 
• Mackenzie Cancer Research Group 
• Amanda Spurdle 
• Louise Marquart 
 
• David Fergusson 
• John Horwood 
• Joe Boden 
• Martin Kennedy 

 
• Tim Eglinton 
• Rebecca Roberts 

 
… Apologies if your name isn’t here but should be. 


	Genetic Association Studies and GWASes
	Menu
	Heritability
	Heritability  (Genetics 101)
	Heritability  (Genetics 101)
	Heritability
	Heritability
	Heritability
	Heritability
	Slide Number 10
	Heritability  (Genetics 101)
	Heritability: human height
	Heritability: human height
	Heritability: human height
	Heritability: human height
	Heritability: human height
	Heritability: human height
	Heritability: human height
	Heritability: human height
	Missing heritability
	Missing heritability
	Heritability: human height
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Genome wide association study
	Genome wide association study
	Gene Expression
	Gene Expression
	Gene x Environment
	Gene x Environment
	Gene x Environment: CHDS
	Gene x Environment: CHDS
	Gene x Environment: CHDS
	Gene x Environment: CHDS
	Count data
	Count data
	Count data
	Slide Number 46
	Take home
	Acknowledgements

