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Human variation: Height
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Human variation: IQ



Genetic Epidemiology:
Stages of Genetic Mapping

� Are there genes influencing this trait?

� Genetic epidemiological (twin / family) studies OR 
heritability based on measured genetic variants

� Where are those genes?

Linkage analysis� Linkage analysis

� What are those genes?

� Association analysis (meta-analysis / pathway)

� How do they work beyond the sequence?

� Epigenetics, transcriptomics, proteomics

� What can we do with them ?

� Translational medicine



1000

1200

1400

1000

1200

1400

Brain volume MZ twin 
pairs (milliliter) in twin 
and co-twin

Brain volume DZ twin 
pairs (milliliter) in twin 
and co-twin

Twin 1 Twin 1

800

1000

800 1000 1200 1400

800

1000

800 1000 1200 1400

Twin 2 Twin 2

60

80

100

120

140

60 80 100 120 140

IQ MZ 

60
80

100
120
140

60 110

IQ - DZ 



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

Yang et al. Nature Genetics 2010



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

[Yang et al. Nature Genetics 2010]
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Genome-wide Complex Trait Analysis: 
Heritability on measured SNPs 
Major 
Depression

Smoking 
Initiation

Current 
Smoking

Fasting 
Glucose

Height

Number of 
Ss

N=3245
Ncase=1620
Ncontrol=1625

N=4181
Ncase=2602
Ncontrol=1579

N=4181
Ncase=1189
Ncontrol=2992

N=3723 N=4199

MethodMethod
Yang et al. .32 (.086)

p= 1.071x10-4
.19 (.087)
p= 0.024

.24 (.096)
p= 0.011

.22 (.059)
p=5.41x10-5

.42 (.052)
p=0

Method
So et al. .28 (.058) .28 (.084) .44 (.063) .19 (.036) .29 (.035)

Heritability
twin studies .36 .44 .79 .53 .90

Lubke et al. Biological Psychiatry, 2012



Neuroticism - Extraversion heritability by chromosome



4 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

� What can we do with them ?

� Translational medicine



x

1/4 1/4 1/4 1/4
IBD = IDENTITY BY DESCENT: does IBD sharing correspond with phenotype sharing?



IDENTITY BY DESCENT
Sib 1

Sib 2

Sib 1 

Sib 2Sib 2

4/16 = 1/4 sibs share BOTH parental alleles  IBD  =  2

8/16 = 1/2 sibs share ONE parental allele  IBD  =  1

4/16 = 1/4 sibs share NO parental alleles  IBD  =  0

Sib 2



Example: Human OCA2 and eye colour

Zhu et al., Twin Research 7:197-210 (2004)



Finding the genes – association
Looks for correlation between specific alleles 
and phenotype (trait value, disease risk)

How do we test for association?
*with measured (“tag”) SNPs that are correlated 
(in linkage disequilibrium) with causal variants
*with imputed genotype data



Genetic Case Control Study

Controls Cases
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Simple Regression Model of Association
(continuous trait)

Yi = α + βX i + ei

where
Yi = trait value for individual i
X = number of ‘MAF’ alleles an individual hasX i = number of ‘MAF’ alleles an individual has
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Association test is whether β > 0









GWAS studies: What did they find? How 
much variance have they explained?

AJHG 2012





Some hits are ‘easy’: metabolomics

� Metabolites: small

molecules (blood, urine)

� Metabolomics: 

comprehensive

measurement

�Techniques (>1970):
�1H NMR – nuclear magnetic 

resonance spectroscopy

�Mass spectrometry,

e.g. LC – MS

measurement

API 4000 Triple Quadrupole mass 

spectrometer (Helmholtz Zentrum, 

Munich, Germany)

http://test1-img.ehowcdn.com/article-

new/ehow/images/a04/ra/b1/normal-

levels-ldl-hdl-800x800.jpg

‘Classical’:

One or ‘bulk’

Metabolomics:

MANY

http://insiliflo.com/images/m

etaboflo/display.png?134996

9067



ENGAGE Metabolomics project

• ‘Follow up’ of Gieger – 2008 &

Illig – 2010 GWA studies for 

fasting serum

• Metabolomics:

Biocrates AbsoluteIDQ p150 kitBiocrates AbsoluteIDQ p150 kit

• Aims:

– Larger sample sizes �

enhanced GWA power

– Combination with other 

“omics” data �

understanding

Gieger et al, PLoS Genet 2008: 4(11): e1000282



The White House - June 26, 2000

Venter
Clinton
Collins









2007



It took 4 months, a handful of scientists and less than US$1.5 mil to 
sequence the genome of  James Watson









Lifelines

Leiden  Longevity

GoNL: Genome of the Netherlands

NL Twin Register Rotterdam Study



PC1 versus PC2 and  PC1 versus PC 3 in 
769 GoNL samples . PC (1) North - South 
of the Netherlands; (2) East and West; and 
(3) between the middle-band of the 
Netherlands and the rest of the country.



Exon-focused sequencing of impulsive individuals in a founder 
population, targeting fourteen genes belonging to the 
serotonin and dopamine domain. A stop codon in HTR2B was 
identified that is common (minor allele frequency > 1%) but 

exclusive to Finnish people (Nature 2010)





Sequence differences between MZ twins?

-at candidate loci (e.g. van der Woude syndrome)

-CNV studies (e.g. Forsberg et al: function of age; 
Ehli et al: ADHD discordance; Veenmaet al: Ehli et al: ADHD discordance; Veenmaet al: 
Congenital Diaphragmatic Hernia and Esophageal
Atresia (EA)

-whole genome: Baranzini (3 pairs discordant for 
MS), Ye et al. (2 pairs), GoNL (11 pairs)





Sequence differences between MZ twins?



CNVs in MZ twin pairs discordant or concordant for  AP  

N = 25 MZ 
pairs & 
their 

N = 45 MZ 
pairs

2 de novo CNVs were validated through qPCR (1 pre-
twinning and 1 post-twinning) & 1 possible de novo from a 
somatic mutation that resulted in mosaicism in the affected 

twin of a discordant pair

pre-twinning post-twinning
their 
parents.

pairs



(A) A normal profile of MZ twin TP25-1.  (B) 
A 32.5 Mb deletion on 5q of co-twin TP25-2 

41

A 32.5 Mb deletion on 5q of co-twin TP25-2 
(deletion uncovered with LRR data from  
Illumina SNP array)
(C and D) The BAF profiles of twins. The 
qPCR experiments showed that 66.2% of 
nucleated blood cells in TP25-2 had the 5q 
deletion ; 50.5% of the cells had the 5q 
deletion when twins were 77 years old.
(E) The deviation of BAF values from 0.5 
(the allelic fraction of intensity at each 
heterozygous SNP) Percentage of cells 
with the 5q deletion was higher when 
the subjects were 77 years old than 
when they were 70 years old ( p < .001)



No reproducible differences were detected between co-twins among 3.6 
million single nucleotide polymorphisms (SNPs) or 0.2 million insertion-
deletion polymorphisms.





Large twin registers with collections 
of DNA, GWA, sequence data

•How to deal with data from relatives
•Special value in MZ twins?
•Often longitudinal phenotype data

Heritability studies of
• MtDNA content
•Telomere length
• Expression profiles
• Metabolomics
• Epigenetics





DISCORDANT  MZ 
TWINS

Epigenetics?



Anthropometric Heritability N pairs

Height 0.68-0.90 30111

Body Mass Index 0.64-0.79 37000

Birth weight 0.42 2009

Metabolic and cardiovascular

Diabetes, Type 1 0.88 22650

Diabetes, Type 2 0.64 13888

CHD M: 0.57; F: 0.38 10483

SBP 0.42 1617

DBP 0.40 1617

Brain,CNS, psychiatric disorders

Alzheimer 0.48 662

Parkinson 0.34 46436 twins

Migraine 0.34-0.57 29717

Multiple Sclerosis 0.25-0.76 review

ADHD kids 0.76 review

Autism Spectrum 0.71 11535 twins

Schizophrenia 0.81 meta-A

Major Depression 0.37 meta-A

EEG measures of brain activity

Heritabilities from twin studies in humans

DBP 0.40 1617

Markers for cardiovascular disease in blood

High density lipoprotein 0.66 6000

Low density lipoprotein 0.53

Triglyceride level 0.54

Glucose level 0.53

C-reactive protein 0.43

EEG measures of brain activity

Alpha power 0.79 meta-A

P300 amplitude 0.60

Skeletal features and disorders

Bone mineral density 0.70 review

Osteoarthritis 0.4-0.7 review

Rheumatoid arthritis 0.60 13502



MZ and DZ twin concordance

for complex disease

Probandwise

concordance (%)

MZ twins DZ twins

Discordant MZ twin design
MZ concordance

MZ twins DZ twins

Diabetes Type 1 42.9 7.4

Diabetes Type 2 34 16

Multiple Sclerosis 25.3 5.4

Crohn Disease 38 2

Ulcerative Colitis 15 8

Alzheimer's Disease 32.2 8.7

Parkinson Disease 15.5 11.1

Schizophrenia 40.8 5.3

Major Depresssion 31.1 25.1

Two sides of the coin



Personalized medicine?

Incomplete concordance of 
MZ twins indicates that a 
genome cannot predict 
individual disease outcome.

The fact that MZ twin The fact that MZ twin 
concordance for common 
disorders is generally not 
high has important 
implications for genomic risk 
prediction and the ethical 
concerns that have been 
raised in this light. 


