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  Tweelingen, genetica en levensloop.   



Why Twins 

Monozygotic (MZ) : 
“100% “ genetically identical 

Dizygotic (DZ):  
Share 50% of segregating genes 

Classical twin design: 
heritability = 2(rMZ – rDZ) 

(where r stands for correlation) 

DZ  MZ  



Biometrical model 
 

Phenotype = Genes + Environment + Chance 
 
 
  

Measured Measured or latent  Measured or latent  ???? 



Biometrical model 
 

P  = G  + E  + Chance 
 

Variation (P) = Variation (G)+ Variation (E) 
 
  



Biometrical model 
 

Phenotype = Genes + Environment   
 
 
  

Measured Measured or latent  Measured or latent  

When both are not directly measured (unobserved or latent) we apply a   
twin, adoption, or family design and methods from genetic epidemiology 
and behavior genetics to estimate genetic and non-genetic variation. 



Adoptions of twins into separate homes are 
rare.  

 
The classic twin design relies on comparing 

resemblance of mono- and dizygotic twin pairs 
reared together. 
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•Twin correlations for anxiety  
   (young adult twins) 

 

•Correlation (MZ) = 0.54  

•Correlation (DZ) = 0.25 

•Difference = .54-.25 = .29 

•Heritability =2 * .29 = 58%  

MZ twins 

Twin Model 
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Longitudinal data: each participant is at most rated 8 or 9 times (over ~20 years).  
3 62+ 

3 

62+ 

Cells in the matrix with Anx/dep observations are in Blue, darker indicates more data 

Total sample size = 54,896 
Total N of observations = 170,446 

 9,557 MonoZygotic  pairs 
17,778 DiZygotic  pairs 



Anx/Dep: Mean self ratings and individual trajectories per subject over age 

Males: blue against grey (women) background. 
Females: red against grey (men) background. 

Highest score men:  
5.5 at age 56 years 

Highest score women:  
7.3 at age 26 years 



Anxious depression: Twin correlations for MZ and DZ twin pairs across age 

MZ twin correlations in blue DZ correlations in grey. 

Total Heritability in blue, genetic innovation in light blue.  

Nivard et al. Psychol Med. 2015  



Attention problems 

MZ 

DZ 



Age 3-5 5 6-8 10 12 14 16 18 20 22 24 26 30 40 50 60 90 

h2 66 66 83 86 75 75 48 52 57 58 52 50 59 47 59 59 52 
h2new - 35 52 00 16 01 26 10 01 02 00 00 00 00 00 00 00 
h2
stable - 31 31 86 59 74 22 42 56 56 52 50 59 47 59 59 52 

Total heritability as a function of age (blue shades) 

Heritability that is innovation (new genetic variance) 

Heritability that is shared across age (stable genetic variance) 

After adolescence no genetic innovation, the variation in 
Attention problems is still mainly explained by Genes 

Attention problems 

Kan et al. JAACAP, 2013 



Very little / no evidence for genotype x age 
interaction for depression or ADHD / AP 

 

Very little evidence for genetic innovation between 
ages 18 and 60+: no new genes expressed 

In conclusion 



Cognition, genetics, lipids, ageing 



IQ heritability (low at early ages) 

 

Genes Common environment Unique environment 



This is observed across 
all studies: Three US 
studies: Minnesota, Ohio, 
Colorado. One from 
Australia. Two from EU: 
Netherlands, UK.  Age 
ranged from 6 to 71 years 

Increase in heritability  



IQ is a genetic trait, also among the (very) old ! 

Science, 1997 



Twin Research, 2002 

Heritability of lipids in different age groups from 3 countries 



Young Dutch / middle-age Dutch / Australian, Old Swedish twins: M-F within cohort  

Heritability (gray bars) for LDL, HDL, triglycerides, total cholesterol  





The study included twin pairs discordant for dementia 
later in life: The twin who remained healthy had lower 

apoB and cholesterol levels early on. 



23 

Epigenetics: DNA methylation level at one locus in a 
population of cells (e.g. whole blood) is a quantitative trait 

What are the total effects of genetic and environmental factors? 
 - Do these effects depend on age or sex? 
 - Do these effects vary between different genomics regions? 

 



-We applied the classical twin model to DNA methylation levels to 
estimate components of variation and their interactions with age. 
-We also estimated ‘SNP heritability’ and heritability due to other 
genetic effects.   



The classical twin design 

Differences= VE (Unique environment, stochastic,  measurement error) 
 
Covariance (MZ)= 100% VA + 100% VD + 100% VC 

Covariance (DZ) = 50% VA + 25% VD +  100% VC 

Heritability(a2 )=0.81 

Methylation level twin 1 

Methylation level 
twin 2 



Example of a methylation site with a low heritability 

Heritability (Va/Vtotal)=0.18 



Partitioning the total heritability into ‘SNP heritability’ and other genetic effects 

Covariance (methylation level)  
between individuals 
(matrix) 

Genetic relatedness (IBD) 
e.g.  
0 between unrelated individuals 
0.5 between parent-offspring, 
0.5 on average between DZ twins 
1 between monozygotic (MZ) twins, 

Additive genetic variance  
due to all SNPs 

Additive 
genetic 
variance not 
explained by 
SNPs 
 

Unique environmental 
variance (VE) SNPs Other genetic 

effects 



h2: mean=19%  
hSNPS

2, mean=7%  
 

Total   and SNP heritability of DNA methylation level at 411,169 sites in the genome 



Age 

30 

• 33% of methylation sites: significant change in mean 
methylation level with age  

There is an age related shift in the causes of variation in DNA 
methylation between people 
 

 

• 10% of methylation sites: significant change of the 
genetic or environmental variance with age 



• At 39,455 methylation sites 
Higher age  more variation in DNA 
methylation between people 

Heritability of 
methylation decreases 

Environmental or 
stochastic influences on 
methylation increase 

Age 

In general not more 
discordance with increasing age 



     Discordant for exposure 
 

Discordant (MZ) twins        
 

    Discordant for phenotype 
 



Composite images of the effects of 
environment on variation in perceived age 
in MZ twins. 
The older looking twin sister composite 
shows signs of increased skin wrinkling, 
increased nasolabial fold shadowing and 
a grayer skin color, a thinner face and 
reduced lip fullness.  
Each composite was derived from 14 twin 
images, chronological age was 67 [60–76] 
for the composites. 

Younger looking Older looking 



Discordant Monozygotic Twins  
 
 Different chromosome constitutions because of  post-

zygotic non-disjunction: e.g. MZ male-female 46,XY - 45,XO 
 Differences in DNA sequence 
 Differential methylation (imprinted genes) 
 CNV (copy number variation) 
 Skewed X chromosome inactivation in female MZ twins 
 Differential trinucleotide repeat expansion 
 Post-zygotic mutation  
 Prenatal differences 
 Postnatal environmental differences 

Martin, Martin N, Boomsma DI, Machin G. (1997) Nature Genetics 





This study showed that the number of detectable somatic variants 
in blood by NGS is very low and that accumulation of somatic 
mutations is not necessarily a consequence of a century of life. 

Eight single base substitutions between co-twins were supported by two  
platforms and validated as somatic variants.  
 
The number of somatic variants may be substantially larger but those present 
in smaller fractions of cells go undetected.  Consistent, detectable somatic 
variation likely includes somatic mosaicism in blood generated during 
development or clonal expansion of mutations generated at any point during 
the lifetime. The frequency of these variants is limited in blood even after 100 
years of life.   



 for complex disease (heritability) and 
MZ and DZ twin concordance  

  
Probandwise 

concordance (%) 
  MZ   DZ   
Diabetes Type 1 (88%) 42.9 7.4 
Diabetes Type 2 (64%) 34 16 
Multiple Sclerosis (25-70%) 25.3 5.4 
Alzheimer's Disease (48%) 32.2 8.7 
Parkinson Disease (34%) 15.5 11.1 
Schizophrenia (81%) 40.8 5.3 
Major Depresssion (37%) 31.1 25.1  

Discordant MZ twin design MZ concordance 

Two sides of the coin 
Personalized medicine? 
Incomplete concordance 
of MZ twins indicates 
that a genome cannot 
predict individual 
outcome. 



•Twin pairs a good way of recruiting families. 
•Twins are representative of the population (no difference 
in mortality / (cancer) morbidity, many other traits too).  
•Unique value of MZ pairs for e.g. epigenetics . 
•Twin registers have (very long) follow-up / longitudinal 
data and/or biological samples; often prospective. 
•Twins are usually phenotyped for multiple traits. 
•Twin registers often have environmental exposure data. 



Parental Education and Genetics of BMI from Infancy to Old Age: A Pooled Analysis of 29 Twin Cohorts. 
Silventoinen  
 
Genetic and environmental influences on adult human height across birth cohorts from 1886 to 1994. 
Jelenkovic A 
 
Stability in symptoms of anxiety and depression as a function of genotype and environment: a longitudinal twin 
study from ages 3 to 63 years. Nivard MG 
 
Genetic and environmental stability in attention problems across the lifespan: evidence from the Netherlands 
twin register. Kan KJ 
 
The Computerized Neurocognitive Battery: Validation, aging effects, and heritability across cognitive domains. 
Swagerman SC 
 
Association of amyloid pathology with memory performance and cognitive complaints in cognitively normal older 
adults: a monozygotic twin study. Konijnenberg E 
 
Genetic influences on individual differences in longitudinal changes in global and subcortical brain volumes: 
Results of the ENIGMA plasticity working group. Brouwer RM 
 
Age-related accrual of methylomic variability is linked to fundamental ageing mechanisms. Slieker RC 
 
Genetic and environmental influences interact with age and sex in shaping the human methylome. van Dongen J 
 
The Influence of Age and Sex on Genetic Associations with Adult Body Size and Shape: A Large-Scale Genome-
Wide Interaction Study. Winkler TW, 
 
Genome-wide patterns and properties of de novo mutations in humans. Francioli LC 
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