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Genetics before the double helix

Breeding and selection



Genetics before the double helix

Gregor Mendel

Charles Darwin



Genetics before the double helix

Genes are made of DNA

radioactive phosphorus-

labelled DNA core

radioactive sulphur-

labelled protein capsule

+ +

Hershey & Chase, 1952



1953: The DNA double helix

• Double helix

• Bidirectional

Wilkins, Stokes, & Wilson

Franklin & Gosling

Watson & Crick



1953: The DNA double helix

A T

G C

• Double helix

• Bidirectional

• Base-specific pairing

Wilkins, Stokes, & Wilson

Franklin & Gosling

Watson & Crick



ACGUCCAUGCAGGAUAUGACG

ACGTCCATGCAGGATATGACG

The central dogma

DNA

RNA

Protein



The genetic code
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genetics and genome sequencing



Saccharomyces cerevisiaeHaemophilus influenzae

Some early sequenced genomes
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The human genome in numbers

• ~6.4 billion basepairs on 46 linear DNA molecules

•(2 x 23 chromosomes [22 auto-chromosomes and X, Y sex 

chromosomes])
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The human genome in numbers

• ~6.4 billion basepairs on 46 linear DNA molecules

• Mitochondrion: circular DNA molecule of 16 569 bp

• 20 000 protein coding genes

• Two meters DNA in each cell nucleus

• 3 billion US $

Human

Genome

Project



Mapped contigs with large BAC clonesGenomic DNA BAC library

Shotgun clones

…CTGGATTGCCTAGATCTGCTGACCAATACAGTGGTACCGTAGTC…

Assembled sequence

CTGCTGACCAATACAGTGGTACCGTAGTC…

…CTGGATTGCCTAGATCTGCTGACCAATA

Shotgun sequences

How to sequence a genome 

(historic)

Cutting & 

size fractioning

Cutting & 

size fractioning
STS mapping

Sequencing

Assembly



Genome sequencing, then and now

Year 2000, announcement 

of the first human genome 

sequence



Cost per human genome

Genome sequencing, then and now



Main current («Next-generation») genome 

sequencing (NGS) technologies

• Short-read sequencing (Illumina)

• Long-read sequencing (Pacific Biosciences, 

Oxford Nanopore Technologies)



Sequence annotation
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Chromosome 14

q11 q12q13 q22 q24 q32p11p13 q21 q23 q31

Genome 

browserschr14: 1 - 101 311 216

0 20 30 40 50 60 70 80 90 100 Mbp10



Chromosome 14

q11 q12q13 q22 q24 q32p11p13 q21 q23 q31

0 20 30 40 50 60 70 80 90 100 Mbp10

GENE DESERT
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GeneScan

RefSeq genes

mRNA

CpG islands



Chromosome 14
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Chromosome 14
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intergenic
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genes
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intron

41.3 %

coding

1.1 %

intergenic

56.4 %

non-

coding

1.2 %

46% repetitive

elements

• 1050 genes

• 1 gene / 100 kb



Gene ontology

+ Molecular function

+ Biological process

+ Cellular component

Current release 2022-10-07:
43 329 GO terms | 7 694 564 annotations
1 503 740 gene products | 5 257 species

geneontology.org/



Gene ontology

+ Molecular function

- Biological process
+ behaviour

+ cellular process
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+ development
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Gene ontology

+ Molecular function

- Biological process
+ behaviour

- cellular process

+ cell communication

+ cell death

+ cell differentiation

+ cell motility

+ membrane fusion

+ physiological process

+ viral life cycle

+ development

Current release 2022-10-07:
43 329 GO terms | 7 694 564 annotations
1 503 740 gene products | 5 257 species

geneontology.org/



Gene ontology

+ Molecular function

- Biological process
+ behaviour

- cellular process

- cell communication

+ cell adhesion

+ cell invasion

+ signal transduction

+ response to extra-cellular stimulus

+ cell-cell signalling

+ host-pathogen interaction

+ cell death

+ cell differentiation

Current release 2022-10-07:
43 329 GO terms | 7 694 564 annotations
1 503 740 gene products | 5 257 species

geneontology.org/



DNA sequence variation

 variant protein product?



DNA sequence variation

Svante Pääbo, Science 2001

Nobel Prize, 2022

The global family



Comparative genomics

Large blocks of DNA 

have remained intact 

from mouse to humans

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X Y

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 X Y



Comparative genomics

75 mill. y.

5 mill. y.

1 substitution

80 nucleotides

1 substitution

2 nucleotides



The phylogenetic tree of life
Taxonomy in biology. Asigning vectors (from aligned genomics data, commonly 

ribosomal-RNA) to species, calculating matrix of distances, group them with 

cluster analysis to obtain a tree or dendrogram

Eric Gaba



human

non-human (i.e. most non-mammalian model organisms)

Comparative genomics

Distribution of gene-rich areas



human

non-human (i.e. most non-mammalian model organisms)

Comparative genomics

Repeat sequences

~ 50 %

< 10 %



human

non-human (i.e. most non-mammalian model organisms; here: c. elegans)

Comparative genomics

The human genome has

many protein variants

Number of genes Number of protein variants



Gene regulation

• Time

• Space

• Level

• Alternative splicing

• Activity



Genomics into clinics
• Individualise treatment

• Targeted and tailored “designer” medicine

– Gleevec

– t(9;22): Philadelphia chr.

– Chronic myeloid leukaemia



Genomics into clinics
• Individualise treatment

• Targeted and tailored “designer” medicine

• High-throughput technologies

– Primarily sequencing of DNA and RNA

• DNA mutations/variation: base-level and larger

• RNA expression: quantitative and qualitative

• Pre-symptomatic diagnosis

– Huntington’s disease

– Cystic fibrosis

– Breast cancer

• Potential future health



Ethical, legal, and 

social implications


