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Nov Dec Jan

■ Use Case Infectious 
Diseases

■ Unsupervised ML

■ Lecture Kickoff

■ Actors in Healthcare

■ Digital Health Data

Final Exam
Feb 13, 2024

11:00am,
Lecture Hall HS1

■ Machine Learning (ML) 
Foundations

■ Use Case Oncology

■ Biology Recap

ML

Feb

Q & A

■ Natural Language 
Processing

■ Use Case Nephrology 
& Intensive Care

■ Supervised ML & 
Deep Learning

ML



■ Facts you should know

■ Discovery of

□ Cells,

□ DNA/RNA structures,

□ The human genome

■ Biology recap

□ Pro- vs. eukaryotes

□ Cell components

□ Genetic changes and defects

■ Build your own DNA
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Tashrih Mansuri, 18th century, displayed in Islamic Museum, Doha, Qatar

A global tre
nd started 

centuries ago:

Understanding internals 

of human-beings 



■ Genome size: 3.2 Gbp

■ Genes: approx. 20k-25k

■ Chromosomes: 22 + XY

■ Mean gene size: 27 kbp

Humans in Numbers
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Approx.1490 by Leonardo da Vinci



■ 1665: Robert Hookes published his 
textbook “Micrographia”

■ Shared the power of microscopic 
observations

■ Defined term “cell” using the plant cork

History of Cells
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1665: Robert Hookes: “Micrographia”



■ “Observ. XVIII. Of the Schematisme or Texture of 
Cork, and of the Cells and Pores of some other 
such frothy Bodies.”

■ “... it had a very little solid substance…”

■ “...for the Interstitia, or walls (as I may so call 
them) or partitions of those pores were neer as 
thin in proportion to their pores…“

■ “Next, in that these pores, or cells, were not very 
deep, but consisted of a great many little Boxes, 
separated out of one continued long pore…”

■ Continue reading at [1].

History of Cells
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[1] 1665: Robert Hookes: “Micrographia”, online available at: http://www.gutenberg.org/files/15491/15491-h/15491-h.htm

http://www.gutenberg.org/files/15491/15491-h/15491-h.htm


To what type do the most cells by number belong to?

A. Brain

B. Hair

C. Blood

D. Skin

Human Cells
<< QUIZ >>
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Ron Sender, Shai Fuchs, Ron Milo: “Revised estimates for the number of human and bacteria cells in the body”, PLOS Biology, 2016



Human Cells
<< QUIZ >>
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Ron Sender, Shai Fuchs, Ron Milo: “Revised estimates for the number of human and bacteria cells in the body”, PLOS Biology, 2016
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http://pulpbits.net/7-tissue-pictures-in-the-human-body/

              Human Cells



■ Prokaryote := Absence of nucleus, single-cell organisms, e.g. bacteria

Categorization of Cells
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Figure 1-18 Molecular Biology of the Cell, Fifth Edition (© Garland Science 2008)



■ Eukaryote := Cell nucleus + cell organelles within membranes, e.g. plants and animals

Categorization of Cells
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Figure 1-30 Molecular Biology of the Cell, Fifth Edition (© Garland Science 2008)



■ Prokaryote := Absence of nucleus, single-cell organisms, e.g. bacteria

■ Eukaryote := Cell nucleus + cell organelles within membranes, e.g. plants and animals

■ Further classification: 

□ Germ(-line) cells := Blueprint for differentiation of gametes

□ Gametes := Store genetic material for reproduction, e.g. ovozyte, sperm

□ Somatic cells := All remaining body cells, e.g. skin cell, tissue, organs, etc.

Categorization of Cells
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Prokaryotes Eukaryotes
Size 1–10 µm 10–100 µm

Organisms bacteria, archaea protists, fungi, plants, animals
DNA form circular linear



Components of Eukaryotic Cells (Organelles)
<< Brainstorming Sessions >>
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■ Task: What cell components (organelles) of eukaryotic cells do you remember?



Components of Eukaryotic Cells (Organelles)
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Components of Eukaryotic Cells (Organelles)
Mitochondria
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■ Responsible for energy management

■ Performs Oxidative Phosphorylation (OXPHOS)

■ Energy cycle within cells:

   

Adenosine Di-
Phosphate (ADP)

(PP)

Adenosine Tri-
Phosphate (ATP)

(PPP)

Energy (E) + 
ATP Synthase +

Phosphate (P)

Energy (E) + 
Phosphate (P) ATP

Hydrolysis

ADP
Phosphorylation

Battery icons by zeybart



Components of Eukaryotic Cells (Organelles)
Cell Nucleus
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■ Contains condensed DNA in form of chromosomes (humans 22+X/Y)

■ Best protected area of the cell



Components of Eukaryotic Cells (Organelles)
Endoplasmic Reticulum (ER)
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■ Cell-internal transport system 

■ Categories:

□ Rough ER with ribosomes on its surface to release AA into cytoplasm

□ Smooth ER involved in metabolic processes, e.g. lipid synthesis



Components of Eukaryotic Cells (Organelles)
Ribosome
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■ Consists of complexes of Ribo-Nucleic Acids (RNAs)

■ Performs protein synthesis, i.e. translation of
messenger RNA (mRNA) to Amino Acid (AA) sequences

 blueprint        product



Components of Eukaryotic Cells (Organelles)
Golgi Apparatus 
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■ Processes and packages macromolecules, e.g. proteins and lipids, prior to transport



■ Mitochondria: Power supply for the cell

■ Cell core: Contains source code, i.e. DNA

■ Endoplasmic reticulum: Provides transport network

■ Ribosomes: Compiler, e.g. mRNA to AA

■ Golgi apparatus: Packaging, e.g. proteins

What to take Home?
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Discovery of the Human Genome



■ When was the human DNA model discovered as we know it today?

A. 1890s

B. 1910s

C. 1930s

D. 1950s

Discovery of the Human Genome
<< QUIZ >>
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https://www.chemheritage.org/historical-profile/james-watson-francis-crick-maurice-wilkins-and-rosalind-franklin
https://www.theguardian.com/science/2015/jun/23/sexism-in-science-did-watson-and-crick-really-steal-rosalind-franklins-data



■ 1869: Swiss physiological chemist Friedrich Miescher accidentally discovered
nuclein whilst investigating proteins of leukocytes à nucleic acid

■ 1919: Russian biochemist Phoebus Levene defined polynucleotide model consisting 
of four bases, sugar, and phosphate following same repetition

■ 1944: Oswald Avery discovered that DNA composes hereditary units à genes

■ 1950: Erwin Chargaff discovered that DNA varies across species whilst the amount of 
A,T and C,G keeps balanced

■ 1953: Physicist Francis Crick & biologist James Watson define model for
structure of Des-oxy-ribose-nucleic-acid (D.N.A.)

Discovery of the Human Genome

Data Management for 
Digital Health, Winter 
2023

Medical Use Case 
Oncology

261800 1900 2000



Original letters were sold 

for approx. 6M USD to an 

anonymous buyer during a 

Christie’s auction in Apr 

2013.

Discovery of the Human Genome
1953 Crick’s Letter to His Son Michael
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https://www.nbcnews.com/science/cosmic-log/francis-cricks-dna-letter-his-son-sells-auction-record-6-flna1c9299973
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■ Francis Crick (Physicist) and James Watson (Biologist) 
define model for structure of Des-oxy-ribose-nucleic-
acid (DNA)

■ Findings:

□ Three-dimensional, double-helix model of DNA

□ Specific base bindings, i.e. A-T and C-G (proofing 
Chargaff)

□ Anti-parallel structure, i.e. 5’ end is bound to 3’ end 
of complementary strand

Discovery of the Human Genome
1953 Scientific Discovery of DNA and its Structure
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Watson, J. D., & Crick, F. H. C.: A structure for deoxyribose nucleic acid. Nature 171, 737–738 (1953)

https://www.chemheritage.org/historical-profile/james-watson-francis-crick-maurice-wilkins-and-rosalind-franklin



■ Crick and Watson incorporated X-ray crystallography work of
Rosalind Franklin and Maurice Wilkins already done in 1952

Discovery of the Human Genome
1953 Scientific Discovery of DNA and its Structure
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https://www.theguardian.com/science/2015/jun/23/sexism-in-science-did-watson-and-crick-really-steal-rosalind-franklins-data



■ 1977: DNA sequencing methods was designed by Francis Sanger

■ 1984: Alta Summit: “DNA available on the Internet” à Idea of the 
global Human Genome Project (HGP)

■ 1990: HGP initiated in the US, initial runtime 15 years (3 billion USD 
funding)

■ 2000: Rough draft of the HG announced

■ 2003: Human genome completely sequenced by HGP

■ 2006: Sequence of the last and longest chr1 published

■ 2015: U.S. Pres. Obama initiated Precision Medicine Initiative

■ 2018: Many national genome projects, e.g. USA, UK, Estonia, Qatar

Discovery of the Human Genome
Recent Decades
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Data Storage: Components of DNA and RNA



■ Purpose: Understand components of DNA and its structure

■ Deoxyribonucleic Acid (DNA) stores the blueprint of the cell

■ Ribonucleic Acid (RNA) is used for transferring information from nucleus into the cell

Data Storage: Components of DNA and RNA
Overview
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■ Each DNA strand consists of

□ Nucleobase,

– Adenine (A), 

– Cytosine (C),

– Guanine (G), or

– Thymine (T)

□ Sugar: Deoxyribose, and

□ Phosphate group 

■ Two strands of DNA form double-helix structure

Components of Deoxyribonucleic Acid (DNA)
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Molecular Biology of the Cell (Garland Science 2008)



■ RNA consists of

□ Nucleobase,

– Adenine (A), 

– Cytosine (C),

– Guanine (G), or

– Uracil (U) instead of Thymine (T) in DNA

□ Sugar: Ribose instead of deoxyribose in DNA, and

□ Phosphate group 

Components of Ribonucleic Acid (RNA)
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Molecular Biology of the Cell (Garland Science 2008)



■ 1’ end binds nucleobase

■ 3’ end contains OH hydroxyl group

■ 5’ end replaced by phosphate rest

■ Phosphate rest at 5’ binds to the
3’ carbon of the preceding deoxyribose

Structure of Deoxyribose
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1’

2’3’

5’

4’

Nucleobase

Phosphate rest



■ Gene := Certain region on the DNA

□ Intron := Regions of a gene not used for RNA coding (a.k.a. non-coding)

□ Exon := Region of a gene responsible for RNA coding (a.k.a. coding)

■ “Junk DNA” := Non-coding DNA regions; better: regions we do not know enough so far

■ In humans:

□ Approx. 20k-25k genes

□ Length of genes range vary from few hundreds to millions of base pairs

Genes
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Chromosomes
<< QUIZ >>
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■ Chromosome := DNA molecule storing parts of the genome; named in 
chronological order of length

■ Please bring the chromosome sets of the following species in the correct 
numerical order (begin with the smallest).

1. Cows

2. Hedgehogs

3. Drosophila

4. Humans



■ Chromosome := DNA molecule storing parts of the genome; named in 
chronological order of length

■ Examples:

3.   Drosophila: 2n =   8 / 140 Mbp

4.   Humans: 2n = 46 / 3.2 Gbp

1.   Cows: 2n = 60 / 3.0 Gbp

2.   Hedgehogs: 2n = 90 / 2.3 Gbp

Chromosomes
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■ DNA consist of two strands

■ 2nd DNA strand is reverse complementary 
to first

■ Recap Chargaff: Bases bind in pairs, either 
A-T or C-G.

What to take home?
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https://commons.wikimedia.org/wiki/File:Genes_and_base_pairs_on_chromosomes.svg



Lifecycle Management: Replication



Grey’s Anatomy
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https://www.newsslash.com/n/12441-wann-kommt-greys-anatomy-staffel-14-teil-2-auf-prosieben



Grey’s Anatomy
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https://www.newsslash.com/n/12441-wann-kommt-greys-anatomy-staffel-14-teil-2-auf-prosieben



Gray’s Anatomy
1918 ed.
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Gray’s Anatomy
Recap: Cell Organelles
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Henry Gray’s Anatomy of the Human Body (Gray’s Anatomy), 1918

Nucleus (cell core) Nucleolus (within the cell core)



■ Interphase (I) consists of:

□ Gap 1 (G1), i.e. cell growth creating cell organelles

□ Gap 0 (G0) / Resting, i.e. cell stops division temporarily or forever

□ Synthesis (S) of DNA through replication of chromatids within the cell core

□ Gap 2 (G2), i.e. producing proteins for upcoming mitosis

Cell Cycle
Interphase
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■ Mitosis (M) := process of cell division into two daughter cells carrying identical DNA

□ Prophase

□ Metaphase

□ Anaphase

□ Telophase

Cell Cycle
Mitosis
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■ Chromatin condenses into chromosomes

■ Nucleolus, i.e. a part of the nucleus where ribosomes are made, disappears

■ Spindle apparatus move to individual poles of the cell

Mitosis
Prophase
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■ Chromosomes line up along equatorial plane

Mitosis
Metaphase
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■ Chromosomes break up at equatorial plane into individual chromatids

■ Chromatids move to individual poles

Mitosis
Anaphase
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■ Individual cell membranes form

■ Nucleoli reappear

■ Chromosomes unwind into more stable chromatin within nucleolus

Mitosis
Telophase

Data Management for 
Digital Health, Winter 
2023

Medical Use Case 
Oncology

57Henry Gray’s Anatomy of the Human Body (Gray’s Anatomy), 1918



■ Meiosis := two-level cell division (diploid) into four individual gametes carrying unique 
haploid DNA material 

■ Pro-, Meta-, Ana-, and Telophase are performed twice

Meiosis
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Mitosis live (time lapse)

Data Management for 
Digital Health, Winter 
2023

Medical Use Case 
Oncology

59



DNA Replication during Synthesis Phase
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1. Initiation

□ Topoisomerase helps to prepare unwinding of DNA

□ Helicase unzips DNA at specific origins

□ Primase adds primer for binding of polymerase

2. Elongation

□ DNA polymerase

– Extends DNA only in 5’ à 3’ direction using a template strand 

– Performs proofreading of replicated strand

□ DNA ligase seals strand breaks

3. Termination: Replication comes to an end

DNA Replication during Synthesis Phase
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DNA Replication during Synthesis Phase

Data Management for 
Digital Health, Winter 
2023

Medical Use Case 
Oncology

62

https://youtu.be/TNKWgcFPHqw



■ Mitosis results in two daughter cells carrying identical DNA

■ Meiosis is a two-level cell division of one diploid cell into 4 unique haploid gametes

■ DNA polymerase performs proofreading of replicated strand

■ Throughput of DNA polymerase:

□ Eukaryotes: Approx. 50-100 nucleotides / second

□ Prokaryotes: Approx. 1,000 nucleotides / second

■ DNA replication is performed in parallel at different locations
à DNA unwound only for a very short time

What to Take Home?
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■ Please name five cell organelles and their functions (speak up!).

Recap the Recap
<< Open Mic Session >>
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■ Please name five cell organelles and their functions (speak up!).

■ Please name three properties of the DNA.

Recap the Recap
<< Open Mic Session >>
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■ Please name five cell organelles and their functions (speak up!).

■ Please name three properties of the DNA.

■ What is cell division and how does it work?

□ G1: 3-12h

□ S: 8-12h

□ G2: 1.5-3h

□ M: 0.5-1h

Recap the Recap
<< Open Mic Session >>
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■ Please name five cell organelles and their functions (speak up!).

■ Please name three properties of the DNA.

■ What is cell division and how does it work?

■ How does DNA synthesis work?

Recap the Recap
<< Open Mic Session >>
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Compiling the Code: Transcription and Translation



Transcription and Translation
<< QUIZ >>
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■ What are products produced by the ribosomes?

A. Water

B. Proteins, i.e. sequences of amino acids

C. Organic yeast

D. Energy



■ Codon := Triplet of bases, i.e. three consecutive bases

■ Amino Acid (AA) := encoded by codons

■ 20 canonical AAs in humans

■ à Redundancy within the genetic code, i.e.
multiple codons form the same AA

■ Nine of the AAs cannot be synthesized à
essential to be consumed in the diet, i.e.

Histidine, Isoleucine, Leucine, Lysine,
Methionine, Phenylalanine, Theronine, 
Tryptophan, and Valine.

Amino Acid Coding Sun
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Amino Acids
Non-polar, aliphatic residues
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Amino Acids
Aromatic residues

Data Management for 
Digital Health, Winter 
2023

Medical Use Case 
Oncology

72
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Amino Acids
Polar, non-charged residues
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Amino Acids
Positively charged residues

Data Management for 
Digital Health, Winter 
2023

Medical Use Case 
Oncology

74
http://www.fr33.net/aminoacids.php



Amino Acids
Negatively charged residues
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■ Transcription := Process of copying a segment of DNA into RNA to transport it from 
the nucleus into the cytoplasm, i.e. DNA (A,T,C,G) à RNA (A,U,C,G)

■ Types of RNA:

□ Messenger RNA (mRNA): Exports a segment of a gene (code) from the cell core for 
processing (compiling) by ribosomes

□ Ribosomal RNA (rRNA): Source code for building ribosomes (compiler)

□ Transfer RNA (tRNA): Binds a specific AA from the cytoplasma for ribosomes

Transcription
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■ Translation := Process of protein synthesis performed by ribosomes 
following a given template, i.e. RNA à AA sequence

1. Initiation: Detect start codon

2. Elongation: Bind amino acids defined by next codon, ribosome 
moves on

3. Termination: When a stop codon is detected, the ribosomes 
finishes its work 

Translation
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Mariana Ruiz Villarreal



Transcription and Translation
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https://youtu.be/gG7uCskUOrA



■ How to build different products out of the same DNA? 

Increasing Variability through Alternative Splicing
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National Human Genome Research Institute



■ DNA methylation

■ Histone acetylation

Epigentics: Additional Factors Impacting Gene Regulation
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National Insatitutes of Health



■ DNA virus need to be transcribed into viral mRNA before replication

■ RNA virus are directly replicated by ribosomes of the host, e.g.

□ Severe Acute Respiratory Syndrome (SARS) viruses also SARS-CoV-2,

□ Influenza virus, and

□ Hep. C virus.

■  Coronavirus:

□ RNA-based viruses surrounded by a hull

□ 30kbps single-stranded RNA genome with
positive polarity, i.e. longest genome of all
known RNA viruses 

Excursus: Replication of Viruses
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Bugs: Genetic Changes



Genetic Variants and Mutations
<< QUIZ >>
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■ What are properties of mutations?

A. Spontaneously

B. Undirected

C. Triggered by mutagens, e.g. radiation or chemicals 

D. All of the above



http://anthro.palomar.edu/vary/vary_3.htm

■ Single Nucleotide Polymorphism (SNP) on the DNA strand

■ Distribution of blood group by 

 A or AB     B or AB                            0

Genetic Variants and Mutations
Example: Individual blood groups
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■ Genetic variant := Polymorphism within the genetic code

■ Mutation := Variants with measurable impact occurring spontaneously and undirected

■ Mutagen := Component that may trigger changes in the genetic code, e.g. radiation, 
chemicals, temperature, pressure, etc.

Genetic Variants and Mutations
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■ Where mutation can occur, e.g.:

□ Gene, i.e. within a specific range on a chromosome

□ Chromosome, i.e. the structure of the chromosome is affected

□ Genome, i.e. the complete genome is affected, e.g. number of chromosomes

Mutations
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Affected Cell Types Inheritable Affects

Gametic Yes Offspring

Somatic No Current individual only



■ Single Nucleotide Polymorphism (SNP) := Affects a single locus on a gene, e.g. 
substitution of a single base

■ In/Del := Insertion/Deletion of an arbitrary number of bases resulting in a frame shift

■ Non-functional := No impact on products created from the affected genetic code, e.g. 
compensated through amino acids redundancy

■ Functional := Impact on products built from affected genetic code, e.g.:

Point Mutations / Gene Mutations
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Size
(before vs. 

after)

Type Impact

= Missense Changes triplet, i.e. another amino acid chain is synthesized 

> Nonsense Converts existing triplet to stop codon (+STOP)

< Nonstop Converts existing stop codon to another triplet (-STOP)



■ Lysine, a.k.a. Lys (K) 

Point Mutations / Gene Mutations
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Point Mutations / Gene Mutations
Silent Mutation / Non-functional
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Point Mutations / Gene Mutations
Nonsense Mutation / Functional
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Point Mutations / Gene Mutations
Conservative Missense Mutation / Functional
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Point Mutations / Gene Mutations
Non-conservative Missense Mutation / Functional

Data Management for 
Digital Health, Winter 
2023

Medical Use Case 
Oncology

92
http://study.com/cimages/multimages/16/point_mutations.PNG



■ In-/Del := Chromosome segment is inserted into/deleted from another chromosome

■ Duplication := Chromosome segment is multiplied, e.g. amplying effect

■ Inversion := Chromosome segment gets inverted on the chromosome

■ Translocation := Segments of two chromosomes are exchanged

■ Transposition := Copied segment is added to another chromosome

Chromosome Mutations
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■ Affects number of chromosomes

■ Polyploidy := All chromosomes are multiplied

□ Diploid := All chromosomes exist twice, e.g. x=23, 2n=46 chromosomes

□ Triploid := All chromosomes exist three times, e.g. x=7, 3n=21 chromosomes

□ Tetraploid, etc. 

■ Aneuploidy := Number of selected chromosomes changed, e.g. trisomy 21, 2n+1

Genome Mutations
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Genome Mutations
Karyograms

Data Management for 
Digital Health, Winter 
2023

Medical Use Case 
Oncology

95
Wisconsin State Laboratory of Hygiene



Genome Mutations
Karyograms
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Genome Mutations
Karyograms
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Genome Mutations
Karyograms
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■ Mutations

□ Occur spontaneously and undirected

□ Increase variability; are considered as foundation for evolution

■ Changes in the genetic code can occur on various levels

■ Many variants can be compensated, i.e. have no functional impact

What to Take Home?
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Hands-on: Understanding DNA



■ Understand 

□ Phosphate, Deoxyribose, Nucleobase à Nucleotides

□ Complementary base pairing

□ Semiconservative replication

□ 3D-structure of DNA double strand

□ Transcription and translation 

□ Different kinds of mutations and their effects

■ Have fun! 

Build your own DNA
Objectives
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Build your own DNA
Getting creative with PlayMais
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Part 1+2:
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Part 3
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■ Merge all sequences

■ Transcribe and translate the complete sequence

■ Introduce mutations and DNA modifications, e.g.

□ Point mutation 

□ Indels

□ Premature STOP codons

Part 4 + 5 
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■ Split into groups 

■ Receive your group target sequence 

■ Build the given sequence according to the manual

■ Merge all sequences 

■ Translate the sequence

■ Introduce Mutations

■ Discuss the results 

Build your own DNA
Overall set-up
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■ Read the manual for the upcoming DIY workshop

■ Have another look at the lecture slides and understand 
the biological concepts

■ Have types of mutations at hand in our DIY workshop

Homework
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■ Bear in mind:

□ Functions, e.g. data encoding

□ Stability, e.g. mechanical and 
functional

□ Structure, e.g. double helix

Upcoming Week: DIY DNA
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■ Think about:

□ Functions, e.g. data encoding

□ Stability, e.g. mechanical and 
functional

□ Structure, e.g. double helix

Upcoming Week: DIY DNA
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