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Outline 
 
• Population stratification (or population structure) : the 

presence of a systematic difference in allele frequencies 
between (sub)populations, possibly due to  e.g. different 
ancestry 

 
• Characterizing genomic variation across populations (based on 

SNP & whole-genome sequencing) 
 

• Genetic variation and migration   
 

• Relation with phenotypes: biomarkers, height, schizophrenia, 
education, MDD 



 
 
 
Population stratification 
Ways to study population stratification: 
 Principal Component Analysis  
 (= Multidimensional Scaling in Plink) 

 

Applying PCA to human genetic variation has helped in: 
 Correcting for stratification 
 Detecting population substructure 
 Making inferences about human history 

 

Ways to study genetic differences between populations: 
 Fst: measure of genetic variability within and between 

populations 
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Principal Component Analysis (PCA) 
 PCA is a statistical method for exploring datasets with a 

large number of measurs (e.g. genetic variants) by reducing 
the dimensions to the few principal components (PCs). 

 The first PC is the mathematical combination of measures 
that accounts for the largest amount of variability in the 
data. The second PC (uncorrelated with the first) accounts 
for the second largest amount of variability, etc. 

 PC Plots provide guidance for interpretation of findings and 
deciding which PCs to use for correction for population 
stratification. 
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Perspective “world” 

CEPH/European 
Yoruba 
Han Chinese 
Japanese 
 
(Multidimensional  
Scaling (MDS) 
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CEPH: 10 French families / 48 Mormon families from Utah / 1 Pennsylvania Amish family / 2 Venezuelan families 



  

Han Chinese 
Japanese 
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Perspective “China / Japan” 



Perspective “Europe" 
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Twin-family populations genotyped on GSA 

Beck, J. J., Hottenga, J. J., Mbarek, H.., 
Davies, G. E. (2019). Genetic Similarity 
Assessment of Twin-Family Populations 
by Custom-Designed Genotyping Array. 

Twin Res Hum Genet, 1-10. 
doi:10.1017/thg.2019.41 



Top two PCs of 109,702 GSA SNPs reveal genetic similarity 
of Australian, Dutch, and Midwestern American Populations 

Beck, J. J et al. (2019). Genetic Similarity Assessment of Twin-Family Populations by Custom-
Designed Genotyping Array. Twin Res Hum Genet, 1-10. doi:10.1017/thg.2019.41 



Projection of study population PCs on to worldwide Human 
Genome Diversity Project (HGDP) populations (54,820 SNPs) 

Beck, J. J et al. (2019). Genetic Similarity Assessment of Twin-Family Populations by Custom-
Designed Genotyping Array. Twin Res Hum Genet, 1-10. doi:10.1017/thg.2019.41 



Twin-family population differentiation as estimated by FST 
      

Comparison Weir and Cockerham 
FST 

Population 1 Population 
2 

Est Std. error 

Midwest US Dutch 0.00017 7.40e-06 
Midwest US Australian 0.00019 8.34e-06 
Midwest US Nigerian 0.14362 0.00100 

Dutch Australian 0.00045 8.73e-06 
Dutch Nigerian 0.14382 0.00101 

Australian Nigerian 0.14347 0.00102 

The number of SNPs used for each comparison was 564,020. FST as estimated by 
popstats software. Block size for the jackknife estimator was default 5 Mb. 



PC1 & PC2 N=4,441 
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Perspective “Netherlands” 



PC1 & PC3 N=4,441 
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Perspective “Netherlands” 



PC1, PC2, and PC3 
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 The color of the dots represent the mean PC value per postal 
code (based on current living address of the 4,441 subjects). 



Height and PC 1 
 Northern Dutch are taller on average than the Dutch from the 

Southern parts of the Netherlands.   
 In our sample, height does not correlate very high with the 

North-South gradient of the current living address: 
 males: r = .036, p = .232; females: r = .050, p = .020 

 Height however correlates higher with the North-South PC:  
 males: r = .142,  p < .001; females: r = .153, p < .001 

 This shows that the PC is indeed a better measure for ancestral 
origin than current geographical location.   
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PC3 (N=4,441) 
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Votes for conservative 
Christian party (SGP) 



Netherlands Twin Register 



 NTR recruitment: twin families 

Large scale city council 
approach (1990):  addresses of 
all adolescent twins in NL. 

First projects (1983): 
cardiovascular risk. Families 
approached via  Amsterdam City 
Council. 

1988: new born twins via 
commercial partner 

Ongoing: new born & adult 
twins and their family members 



Focus 

• Heritability, genetic & cultural transmission 

• Gene finding  / genetic association studies (GWAS ‘revolution’) 

• Omics (epigenome, transcriptomics, metabolomics) 

• Epidemiological projects / Causality (‘MR’) 

• 1 in 40 people is a twin -> are they different? 



0-11 years 12-17 years 18+ Total 

Multiples 27474 20949 73734 122,157 

Siblings 628 2338 11938 14,904 

Parents 0 0 114278 114,278 

Spouses 0 0 2616 2,616 

Offspring 280 28 778 1,086 

Other 1 4 683 688 

Total 28,383 23,319 204,027 255,729 

NTR (April 2019): Number of participants by role and age group 



Survey, biobank & non-survey studies 



NTR-BIOBANK 

DNA, RNA, blood, 
urine, feces, etc. 



  Total N YNTR survey ANTR survey 

YNTR survey 147360 147360 24072 

ANTR survey 52039 24072 52039 

DNA (blood or buccal) 29138 15984 19397 

Genome-wide SNPs 26146 14511 17704 

DNA methylation whole blood 450K 3025 355 2942 

DNA methylation buccal 450K 22 22 21 

DNA methylation buccal 850K 1526 1526 58 

DNA sequencing whole blood 349 9 330 

RNA expression U219 array 3370 284 3231 

RNA sequencing 1606 256 1561 

RNA seq LPS stimulated samples 390 13 380 

Metabolomics in serum or plasma 6485 621 6311 

Metabolomics in urine 1564 1564 156 

Microbiome 568 187 561 

Hair sample 222 7 222 



Lipids 
• Total cholesterol 
• LDL & HDL cholesterol 
• Triglycerides 
Glucose metabolism 
•  Glucose 
•  Insulin 
•  HbA1c 
Inflammation 
• C-reactive protein ( CRP) 
• tumor necrosis factor (TNFa) 
• Interleukin-6 (IL6 and IL6R) 
Other 
• Liver enzymes:  
Gamma glutamyl transferase (GGT) 
alanine aminotransferase (ALT) 
aspartate aminotransferase (AST) 
•Cotinine 
• Fibrinogen 
• Creatinine 

Haematology profile 
WHITE BLOOD CELLS 
•  Count 
•  Differentiation (neutrophils, monocytes, 
lymphocytes, eosinophils, basophils) 
RED BLOOD CELLS 
•  Count 
•  Hemoglobine 
•  mean corpuscular volume (MCV) 
•  Hematocrite 
•  mean corpuscular hemoglobin (MCH) 
• corpuscular hemoglobin concentration (MCHC) 
•  red cell distribution width (RDW) 
PLATELETS 
•  Count 
•  mean platelet volume (MPV) 

Adult NTR Biobank (~10.000) 

Metabolomics 
Lipidomics / Biocrates 
1H-NMR/ Brainshake Nightingale 

LCLs, RNA expression,  DNA (sequence / epigenetics) /Telomeres 

Gut 
microbiome 



Genome of the Netherlands (GoNL) 

 Goal: Capture whole 
genome-sequence 
variation in the 
Netherlands 

 Trios and quartets from 
11 of the 12 Dutch 
provinces were 
sampled without 
ascertaining on 
phenotype or disease. 

25 www.nlgenome.nl  
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-Single Nucleotide Variants (SNVs) 
-Structural Variants 
-Loss of Function (LoF) variants 
-De novo mutations 
-Population structure and demographic inference 



Single Nucleotide Variants (SNVs) 
dbSNP definition:  
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So basically, SNVs are common 
and rare SNPs. SNP/SNV 

www.nlgenome.nl  



Single Nucleotide Variants (SNVs) 

 20.4 million single nucleotide 
variants (SNVs): 
 6.2 million common (MAF > 5%) 
 4.0 million low-frequency (MAF 

0.5–5%) 
 10.2 million rare (MAF < 0.5%) 

 There were 7.6 million novel 
SNVs (a 14.6% increase of 
dbSNP), although the majority 
(75.6%) are singletons 

28 www.nlgenome.nl  



Single Nucleotide Variants (SNVs) 

 98.2% of sites present in the 
European sample of HapMap 
Phase 2 (CEU) were observed 
in GoNL  

 71.1% of sites in the European 
subset of the 1000 Genomes 
Project Phase 1 (1KG-EUR) 
were present in GoNL  

 16.5% of 2 million singletons 
in 1KG-EUR were also 
observed in GoNL 

29 www.nlgenome.nl  



Loss-of-function (LoF) variants 

 Each individual carries  on 
average 144 LoF variants: 
 60 SNVs 
 69 indels 
 15 large deletions 

 The majority of these LoF 
mutations are common, 
suggesting that these variants 
are not subject to strong 
selective pressure, and thus are 
likely phenotypically benign.  

30 www.nlgenome.nl  



De novo mutations 

 11,020 high confidence de 
novo SNVs (18-74 per 
offspring) were detected.  

 There was a significant 
positive correlation (R2 = 0.47, 
p < 2.2 x 10-16) between 
father’s age at conception 
and number of mutations in 
the offspring. 

31 www.nlgenome.nl  



Population structure in GoNL 

32 www.nlgenome.nl  



Ancestry-informative PCs replicated in next-
generation sequencing dataset GoNL 
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Ancestry-informative PCs replicated in next-
generation sequencing dataset GoNL 



PC1 correlates with 
height (in the North 
people are taller) 
 
PC1 correlates strongly 
with hair & eye color 
 
We did not observe 
associations with 
biomakers and PC1-PC3 
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