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First genetic marker: AB0 blood group system

Landsteiner, 1900; Jan Jansky, W. Moss 1907;



Genotype frequencies and the Hardy-Weinberg model

The Hardy-Weinberg model gives us the fundamental relationship between
allele frequencies and genotype frequencies.

The genotype of a kid can be modeled as a random draw of two alleles from 
the population of possible parents.

J. Pritchard: Human Genetics
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Alternative allele variation on the same gene coding a 
glycosyltransferase enzyme:
- Galactosyltransferase: group B
- N-Acetylgalactosaminyltransferase: group A
- Null allele (frameshift mutation): group 0



AB0 blood group belongs to pseudogenes

• Failed gene duplication events - noncoding DNA.

– Nonprocessed pseudogene

• Processed pseudogenes: through mRNA transcript medation.

– RT cDNA reintegration >> missing sequences >> dead-on-arrival.

– in germ line: genes of standard metabolic function.

• Unitary pseudogenes:

– Only one copy in the genome: usually inactivated genes.

– Vitamin C producing gene: L-glucono-φ-lactone oxidase

• Polymorphic pseudogenes:

– Active / inactive alleles segregating in the population.

– N-acetylgalactosaminyltransferase gene: AB0 blood group



Regulation of LINE-1 in mammals
DOI: https://doi.org/10.1515/bmc-2014-0018

Processing pseudogene through TE mediation (LINE-1)

https://doi.org/10.1515/bmc-2014-0018
https://doi.org/10.1515/bmc-2014-0018
https://doi.org/10.1515/bmc-2014-0018
https://doi.org/10.1515/bmc-2014-0018
https://doi.org/10.1515/bmc-2014-0018


Genetic variations

• Genes / Alleles (Mutation) >> Polymorphism

• Discontinuous variation 

– Mutation (Drosophila vestigal wings)

– Polymorphism (AB0 blood group)

• Continuous variation

– Phenotypic gradiation (unbroken range of phenotype)

• Genotype / Phenotype: dominant / codominance

• Polymorphisms in the gene DNA sequences:

– base substitution / indels: SNPs

– tandemly repeated sequence motifs: satellite DNA



Sequence polymorphisms (SNP)

   --------AGACTAGACATT--------

   --------AGATTAGGCATT--------

Fragment length polymorphisms (VNTR, STR)

   -----(AATG)(AATG)(AATG)-----

   -----(AATG)(AATG)---------------

DNA sequence based polymorphic sites



RECOMBINATION
Drive of polymorphisms:

- Single nucleotide mutation

- Sequence re-arrangement (DSB)



Human Evolutionary Genetics, Jobling, 2004



Publishing the draft human genome



First results of Human Genome Project

• First draft in 2001 (Science, Nature)

• The most large whole genome determined

• Structure and organisation similare to each eukaryotes 

(model organizms)

• Unexpectedly low amount of protein coding genes (~20000)

• Low amount of protein coding sequences (exons): < 1 %

• Emerging number of RNA genes (snRNA, lncRNA, miRNA)

• Excess amount of repetitive sequences: Mobile elements?
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A Auton et al. Nature 526, 68-74 (2015) doi:10.1038/nature15393

Population distribution of variants



- a typical genome differs from the reference human 

genome at 4.1 million to 5.0 million sites.

- >99.9% of variants consist of SNPs and short indels. 

- structural variants affect more bases: 

- typical genome contains an estimated 2,100 to 2,500 

structural variants (1,000 large deletions, 160 copy-

number variants, 915 Alu insertions, 128 L1 insertions, 

51 SVA insertions, 4 NUMTs and 10 inversions) 

affecting 20 million bases of sequence.



Satellite DNA



Restriction Fragment Length Polymorphism 
(RFLP) - „DNA fingerprinting”

Double-stranded DNA

Restriction enzymes

Gel electrophoresis

Southern-blot

Probe hibridization

Autoradiogram

- MLP-RFLP

- SLP-RFLP



1985 – Sir Alec Jeffreys

Genetic mapping

VNTR assay markers: RFLP analytics



Minisatellite (D1S80)

GAGGACCACCAGGAAG

Repeat region

Flanking regions

16 bp repeat unit

Microsatellite (TH01)

TCAT

Repeat region

Flanking regions

4 bp repeat unit

Forensic DNA Typing, 2nd Edition, J. Butler, 2005

VNTRs, RFLP

STRs, PCR



Mutation rate of polymorphic sequences (μ)



Microsatellite structure

Human Evolutionary Genetics, Jobling, 2004



„Replication slippage” – Microsatellite mutation

Human Evolutionary Genetics, Jobling, 2004



Microsatellite evolution

(Replikációs megcsúszás)



Trinucleotide repeat expansion

Instable mutation

Type I

Type II



Trinucleotide repeat expansion

Passarge, 2001



Genetic diseases due to repeat expansion

Fragile X

Huntington disease

Myotonic dystrophy

Friedrich ataxia

SMA

etc.

Passarge, 2001



Diagnostics of expanded CGG repeats in Fragile X

Passarge, 2001



Human Evolutionary Genetics, Jobling, 2004

Distribution of polimorphic markers in the genome



Nurk et al., Science (2022)

Telomere-to-Telomere (T2T) Consortium



QUESTIONS ?
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