
Introduction to the Basics and History of Genetics

Abdel Abdellaoui

a.abdellaoui@amsterdamumc.nl

dr_appie



Abdel Abdellaoui | ESSGN Bootcamp and Kick-Off | November 2023 | Venice, Italy

Where do similarities and differences 
between living organisms come from?
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Pythagoras: father supplies essential 
characteristics (“form”), mother supplies 
material building blocks

Aristotle: children are made from purified 
blood (semen) and menstrual blood
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Heredity

The development of the concept of biological 
heredity in the 16th century was based on legal 
concepts of inheritance of property and wealth.
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• Scientists show in animals that “like breeds like” & 
that all female organisms produce eggs

• Two Dutch scientists see sperm cells and claim there 
were little human beings inside of sperm cells.
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350 BC

Theory of Evolution
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Laws of Mendel
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• Law of segregation: 

• One out of two alleles is passed down by 
each parent



Laws of Mendel
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• Law of segregation: 

• One out of two alleles is passed down by 
each parent

• Law of dominance:

• Some alleles are dominant or recessive. 
An organism with at least one dominant 
allele will display the effect of the 
dominant allele
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• Law of segregation: 

• One out of two alleles is passed down by 
each parent

• Law of dominance:

• Some alleles are dominant or recessive. 
An organism with at least one dominant 
allele will display the effect of the 
dominant allele

• Law of independent assortment:

• Genes for different traits are passed down 
independently from each other

Laws of Mendel
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Galton used twins to study the power of the environment to change twins.

He did not compare identical and fraternal twins to estimate heritability.
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Galton used twins to study the power of the environment to change twins.

He did not compare identical and fraternal twins to estimate heritability.

“There are twins of the same sex so alike in body and mind that
not even their own mothers can distinguish them. Their features,
voice, and expressions are similar; they see things in the same
light, and their ideas follow the same laws of association.”
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In Hereditary Genius (1869), Francis Galton applied 
statistics to show that offspring of “eminent” figures 
were more likely to succeed in high-profile professions.
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Galton also invented Eugenics: 
Improving the “genetic quality” of the 
population through selective parenthood. 
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Ronald Fisher reconciles Mendel’s 
laws & quantitative traits
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Complex trait = 
many genes + environment

Ronald Fisher reconciles Mendel’s 
laws & quantitative traits
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First classical twin studies (monozygotic [MZ] vs dizygotic [DZ] twins) were 
done in the late 1920s on intelligence.



All twin studies 
between 1958 
& 2012

Identical twins

Fraternal twins
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“First law of behavior genetics”: 
All human behavioral traits are heritable. 

Genetic influences

Shared environmental influences

Unique environmental influences



DNA = double helix!
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DNA = double helix!
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There are 20 amino-acids coded for 
in three letter words called “codons”  



Linkage studies
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Only work for very big effects



Candidate Gene Studies
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• Serotonin transporter transports 
serotonin from synaptic cleft to 
presynaptic neuron 

• Serotonin affects mood, sleep, appetite, 
memory, and more
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Candidate Gene Studies
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Candidate Gene Studies
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Candidate Gene Studies

Mono-amine oxidase (MAO-A): an enzyme that 
degrades noradrenaline, adrenaline, serotonin, 
and dopamine.
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Human Genome Project

• Planning in 1984, launch in 1990, 
completion in 2003

• Goal: map all 3 billion nucleotides of the 
human genome

• Costs: 3 billion dollars
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““We are here to celebrate the completion of the first survey of the entire human genome. 
Without a doubt, this is the most important, most wondrous map ever produced by humankind.”

- President Bill Clinton, 26-06-2000, the White House

Human Genome Project
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Next step:

Make haplotype maps
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Next step:

Make haplotype maps
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AA AG GG
CC CA AA TT TA AA

CC CT TT

Genome-Wide Association Study 
(GWAS)
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N ~50,000 N ~150,000

Influences “synaptic pruning” —

the elimination of connections 

between neurons

2016
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C = -.02 G = +.01 A = +.002 G = +.03 T = +.025

.052

Polygenic Score / Polygenic Index

AC
GG

AT
CC TT

1×-.02 + 2×.01  + 1×.002 + 0×.03 + 2×.025 

Genetic effect as 
estimated in GWAS.

DNA of participant
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Polygenic Score Prediction
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SD of outcome around the prediction:

𝜎𝑌 1 − 𝑅2

Polygenic Score Prediction
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SD of outcome around the prediction:

𝜎𝑌 1 − 𝑅2

𝜎𝑌 1 − ℎ2

Upper bound (maximum predictive power):

Polygenic Score Prediction
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SD of outcome around the prediction:

𝜎𝑌 1 − 𝑅2

𝜎𝑌 1 − ℎ2

6.5𝑐𝑚 × 1 − 0.8 ≈ 3𝑐𝑚

Upper bound (maximum predictive power):

Polygenic Score Prediction

Height has heritability of ~0.8 and standard 
deviation of ~6.5 cm

Equivalent to 95% confidence interval of ~12cm



2018 – N = 1,131,881

Educational Attainment

2016 - N = 293,723 

2013 - N = 126,559 2019 - N = 286,301

Income
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2022 – N = 3,037,499

2023 - N = 668,288

Manuscript in 
preparation…



GWASs on behavioural traits 
contain signals from correlated 

traits and the environment
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“When the nature of the predictive ability of polygenic
scores for behavioural traits is not fully understood,
applying them in either scientific research or the clinic
can lead to incorrect interpretations and conclusions.”
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Unpublished results
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Gene-Environment Correlations - Families
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Offspring 
phenotype

Transmitted alleles

Non-transmitted alleles

Parents

Offspring
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Offspring 
phenotype

Transmitted alleles

Non-transmitted alleles

Parents



Abdel Abdellaoui | ESSGN Bootcamp and Kick-Off | November 2023 | Venice, Italy

Offspring 
phenotype

Transmitted alleles

Non-transmitted alleles

Non-transmitted educational attainment 
alleles are associated with:

- Educational attainment
- Age at first child
- High-density lipoprotein (HDL)
- BMI
- Fasting glucose level
- Height
- Cigarettes per day
- Overall health

Parents
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Gene-Environment Correlations - Geographic
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Geography & 
Polygenic Scores

Moran’s I = measure for geographic clustering
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Geography & 
Polygenic Scores

Moran’s I = measure for geographic clustering
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Geography & 
Polygenic Scores

Moran’s I = measure for geographic clustering
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Moran’s I = measure for geographic clustering

Geography & 
Polygenic Scores

Abdel Abdellaoui | ESSGN Bootcamp and Kick-Off | November 2023 | Venice, Italy



Educational 
Attainment 

Polygenic Score

Townsend Index 
(measure of economic 

deprivation)

black lines = coal regions
Moran’s I = measure for geographic clustering

Geography & 
Polygenic Scores
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Educational 
Attainment 

Polygenic Score

Migration & SES
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Migration & SES
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Polygenic Scores PCs



Migration & SES

Abdel Abdellaoui | ESSGN Bootcamp and Kick-Off | November 2023 | Venice, Italy



Sharing more genetic effects 
with EA = stronger geographic 

clustering
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The paper consists of two parts:

• Part 1: detecting gene-environment correlations 
using polygenic scores in up to 43,516 siblings

• Part 2: controlling for gene-environment correlations 
in GWASs in up to 254,387 participants
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Variance explained by region:

Abdel Abdellaoui | ESSGN Bootcamp and Kick-Off | November 2023 | Venice, Italy



Polygenic Scores in Siblings
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higher 
polygenic 

score

lower 
polygenic 

score

=  healthy environmental influences

=  unhealthy environmental influences
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higher 
polygenic 

score

lower 
polygenic 

score

=  healthy environmental influences

=  unhealthy environmental influences

Birth Place
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higher 
polygenic 

score

lower 
polygenic 

score

=  healthy environmental influences

=  unhealthy environmental influences

Birth Place

+ +
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higher 
polygenic 

score

lower 
polygenic 

score

=  healthy environmental influences

=  unhealthy environmental influences

Birth Place

+ +

Passive rGE
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higher 
polygenic 

score

lower 
polygenic 

score

+

=  healthy environmental influences

=  unhealthy environmental influences

Passive rGE

Current Address

Birth Place

+ +
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higher 
polygenic 

score

lower 
polygenic 

score

+ +

=  healthy environmental influences

=  unhealthy environmental influences

Passive rGE

Current Address

Birth Place

+ +

Abdel Abdellaoui | ESSGN Bootcamp and Kick-Off | November 2023 | Venice, Italy



higher 
polygenic 

score

lower 
polygenic 

score

+ +

=  healthy environmental influences

=  unhealthy environmental influences

Active rGE

Passive rGE

Current Address

Birth Place

+ +
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GWASs Controlled for Geography
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• We conducted GWASs on 56 complex traits, 
with and without controlling for geography.

AA AG GG
CC CA AA TT TA AA CC CT TT

Genome-Wide Association Study (GWAS)

Abdel Abdellaoui | ESSGN Bootcamp and Kick-Off | November 2023 | Venice, Italy



Changes in SNP-based heritability
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Changes in genetic correlation with SES - Educational Attainment
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Changes in genetic correlation with SES - Household Income
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Society makes genetic effects stronger.
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Society makes genetic effects stronger.

We reward certain genetic propensities with a 
better environment, and “punish” the lack of
those propensities with a worse environment.



Society makes genetic effects stronger.

We reward certain genetic propensities with a 
better environment, and “punish” the lack of
those propensities with a worse environment.

This makes society more unequal.

This makes studying genetics more difficult.
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Thank you!
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