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m Facts you should know

m Discovery of
o Cells,
o DNA/RNA structures,
o The human genome
m Biology recap
o Pro- vs. eukaryotes

o Cell components
Medical Use Case

o Genetic changes and defects Oncology
. Data Management for
m Build your own DNA Digital Health, Winter
2023
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Humans in Numbers Hasso
Plattner

Institut

TMIAEICAL T < p
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m Genome size: 3.2 Gbp
m Genes: approx. 20k-25k
m Chromosomes: 22 + XY

m Mean gene size: 27 kbp

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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MICROGRAPHIA :

OR SOME
Phyfiological  Defcriptions

History of Cells @; Hasso

Institut

MINUTE BODIES

m 1665: Robert Hookes published his MADE BY
. . MAGNIFYING GLASSES.
textbook “Micrographia WiITH

Osservations and lN(;mnxasthei'eupon.

m Shared the power of microscopic

By R. HOOKE, Fellow ofthe Roy 1L Sociery.

Observations Non polfis oculo quantum contendere Linceus,
Nontamen idcirco contemmas Lippus imungs, Horat. Ep.lib. 1.
m Defined term “cell” using the plant cork = e

Medical Use Case

i Oncology
1 3 = Data Management for
LONDON, Yrinted by 7o. Martyn, and 7. Allefiry, Printers to . .
Roxa L,S OCIE r{:anmtﬁbefoldatthcirSl{igzttheBrﬂin Dlgltal Health, Wlnter
S. Paul's Church-yard. M DC LX V. 2023
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1665: Robert Hookes: “Micrographia”



History of Cells | Seben i % Hasso
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MICROGR APHIA :
OR SOME
Phyfiological - Deferiptions
oy

m "Observ. XVIIIl. Of the Schematisme or Texture of
Cork, and of the Cells and Pores of some other
such frothy Bodies.”
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m ... it had a very little solid substance...

m "..for the Interstitia, or walls (as | may so call
them) or partitions of those pores were neer as

thin in proportion to their pores..."

LONDON, Vrinesd by o Mortrs, and Priszers todbe
s are v b o at thee S o 1 £ b
S Pouls Crarchyaed. >

m "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...” Medical Use Case

Oncology

Data Management for
Digital Health, Winter
2023

9

m Continue reading at [1].



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

Human Cells
<<QUIZ >>

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

A. Brain
B. Hair
C. Blood
D. Skin Ehr
|.
24 9 trillion cells
' by number '
2.5 kilograms

13 kg 10 kg 20 kg

I
enamre

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

by mass
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KEEP
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it is time for
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QUIZ ,
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Human Cells IF;IIaﬁO
attner
<< QUIZ >2 Institut
COUNTING HUMAN CELLS
Most of our body'’s cells are small red blood cells, although fat cells KEEP
and muscle cells make up the majority by mass. CALM
B Red blood cells (erythrocytes) = Platelets # Fat cells (adipocytes) DIG”gUI"ZEALTH
M Other M Muscle cells }_4 tn \
24 9 trillion cells
' by number '
2.5 kilograms Medical Use Case
Oncology
13 kg 10 kg 20 kg Data Management for
Digital Health, Winter
| b | 2023
Y Mass 11

enamre

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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Categorization of Cells % Hasso
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m Prokaryote := Absence of nucleus, single-cell organisms, e.g. bacteria

1Tpm

plasma DNA  cellwall flagellum
membrane \ /

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Figure 1-18 Molecular Biology of the Cell, Fifth Edition (© Garland Science 2008)



Categorization of Cells % ll;lﬁstso
atiner

Institut

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

microtubule

centrosome with o 3
i i extracellular matrix
pair of centrioles chromatin (DNA)

== nuclear pore
nuclear envelope

vesicles

lysosome
Medical Use Case
actin Oncology
“'a"‘e“f‘ .. Data Management for
peroxisome” Digital Health, Winter
ribosomes 2023
in cytosol  Golgi intermediate  plasma nucleus endoplasmic mitochondrion 14

apparatus filaments membrane reticulum
Figure 1-30 Molecular Biology of the Cell, Fifth Edition (© Garland Science 2008)



Categorization of Cells

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

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

Prokaryotes Eukaryotes

Size 1-10 um 10-100 pm
Organisms bacteria, archaea protists, fungi, plants, animals
DNA form circular linear

m Further classification:

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

o Gametes ;= Store genetic material for reproduction, e.g. ovozyte, sperm

o Somatic cells ;= All remaining body cells, e.g. skin cell, tissue, organs, etc.

% Hasso
Plattner
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Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Components of Eukaryotic Cells (Organelles) Hasso
<< Brainstorming Sessions >> Institut
m Task: What cell components (organelles) of eukaryotic cells do you remember? @

KEEP

CALM

it is time for

DIGITAL HEALTH
QUIZ ,

\

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Components of Eukaryotic Cells (Organelles) % Hasso

Plattner
Institut

Nucleus

Nuclear pore
Chromatin
Nuclear envelope
Nucleus
Nucleolus

Peroxisome
Microtubule
Lysosome
Free Ribosomes
Mitochondrion
Plasma membrane Intermediate Filaments
Golgi vesicles
(golgi apparatus)
Ribosomes
Rough endoplasmic reticulum
Smooth endoplasmic reticulum
Actin filaments

Cytoplasm Medical Use Case

ecretory vesicle

Oncology
Centrosome
(with 2 centrioles) Data Management for
Flagellum Digital Health, Winter
2023
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Components of Eukaryotic Cells (Organelles) ' @; Hasso
. : Plattner
Mitochondria - Institut
m Responsible for energy management =
m Performs Oxidative Phosphorylation (OXPHOS) |
m Energy cycle within cells:
Energy (E) + :
ATP Synthase + Phosphorylation
Phosphate (P)
Adenosine Di- Adenosine Tri-
N - Phosphate (ADP) Phosphate (ATP) \
1/ P (PPP) ]
Energy (E) +
Phosphate (P) ATP Medical Use Case
Hydrolysi Oncology
— Data Management for
(o \ Digital Health, Winter

\ 2023
— 18
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Components of Eukaryotic Cells (Organelles)
Cell Nucleus

-

m Contains condensed DNA in form of chromosomes (humans 22+X/Y)

m Best protected area of the cell

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Components of Eukaryotic Cells (Organelles)
Endoplasmic Reticulum (ER)

& % Hasso
Plattner

Institut

m Cell-internal transport system
m Categories:
o Rough ER with ribosomes on its surface to release AA into cytoplasm

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

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Components of Eukaryotic Cells (Organelles) Hasso
. Plattner
Ribosome Institut

m Consists of complexes of Ribo-Nucleic Acids (RNAs)

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

\ ) | J
| |

blueprint product

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Components of Eukaryotic Cells (Organelles) Hasso

. Platt
Golgi Apparatus Institut

m Processes and packages macromolecules, e.g. proteins and lipids, prior to transport

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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What to take Home?

m Mitochondria: Power supply for the cell

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

m Endoplasmic reticulum: Provides transport network

m Ribosomes: Compiler, e.g. mMRNA to AA

éw m Golgi apparatus: Packaging, e.g. proteins

% Hasso
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Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023

23



% Hasso
Plattner
Institut

Digital Engineering + Universitdt Potsdam

Discovery of the Human Genome




Discovery of the Human Genome % Hasso
 Plattner

<< QUIZ 22 Institut
m When was the human DNA model discovered as we know it today? @ |
A. 1890s B

KEEP
B. 1910s CALM

itis time for
C. 1930s DIGITAL HEALTH
D. 1950s =

\

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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https://www.theguardian.com/science/2015/jun/23/sexism-in-science-did-watson-and-crick-really-steal-rosalind-franklins-data
https://www.chemheritage.org/historical-profile/james-watson-francis-crick-maurice-wilkins-and-rosalind-franklin
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Discovery of the Human Genome Hasso

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

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

m 1944 Oswald Avery discovered that DNA composes hereditary units - genes

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

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

Medical Use Case
Oncology

Data Management for
Digital Health, Winter

2023
1800 1900 2000 26
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Discovery of the Human Genome
1953 Crick’s Letter to His Son Michael
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Discovery of the Human Genome
1953 Scientific Discovery of DNA and its Structure

737

is & residuc on cach chain every 3-4 A. in the z-direc-
tion. We have assumed on sngle of 36° between

adjacont residucs in the ssme ohain, so that tI
. . . . . . -Gmnlruun Tepeats ;'ruu(-x 10 mndu? on ﬁuh;hnm. um-:

is, after 3¢ A. The distanco of & phosphorus at

m Francis Crick (Physicist) and James Watson (Biologist) E R LA
‘The structure is an open one, and its water content
is rather high. lower water contents we would
expoct the bases to tilt so that the struoture could

define model for structure of Des-oxy-ribose-nucleic- e B et s it

MOLECULAR STRUCTURE OF in which the two chains are held ‘together by the
acid (DNA)

m Findings:

o Three-dimensional, double-helix model of DNA

o Specific base bindings, i.e. A-T and C-G (proofing

Chargaff)

o Anti-parallel structure, i.e. 5" end is bound to 3' end

of complementary strand

NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggest & structure for the salt
f deoxyriboso nucleio acid (D.N.A.), Thin
nmemre has mv-l features which aro of considerable
biological interest
A structure fm- nucleic acid has already been
proposed by Pauling and Corey'. They kindly made
their manuscript available to us in advance of
pubhcnnan Their modol consists of three inter-
wined chains, with the phosphates near (he fibre
Axu. aml the bases on tho outside. In our opinion,
this_struoture is unsotisfactory for two reasons :
(ll Wo beliove that the material which gives the
ingrams is tho salt, not the froe acid. Without
e ‘hydrogen atoms it i# not clear what forces
would hold the structure together, cspecially as the
negatively charged phosphates near the axis will
repel cach othor. (z) som. of nm van der Waals
distances. lpkolr to be
Anothor throo-chain atrucwm m also been sug-
gostod by Fraser (in the press). In his model the
phosphates aro on tho outaido and the bases on tho
inside, dinkod_together by hydrogen bonds. This
atructure as described is rathor ill-defined, and for
this roason we shall not comment
< on it
w., to put forward a
ically rent structure for
:h. it of deoxyribose nucleic
acid. This structure has two
helical chaina cach coiled rnund
the same axis (sce diagram).
have made the ususl chormul
assumptions, namely, thlt u\:h

purine and pyrimidine bases. The planes of the bases
are perpendicular to the fibro uxis. They aro joined
Yogethr in paim, & singlo baso from one ohain being
hydrogen-bonded to & single base from the other
in, 80 that the two lie side by side with identical
zco-ordinatos. Ono of the pair rust bo & purine and
the other & pyrimidine for bondmg ocour.
hydrogen bonds are made as follows : purine po-man
ition 1; purine position 6 to
position 6.
assumed that the bases only ocour in the

structure in the most plausible tautomeric forms
{that is, with thof kal: rather nglnn the onol con-
figurations) it is found that o ific pairs of
basea can bon ther. uoymnm

(purine) with o i 3

In other words, if an mmnu forms one member of
& pair, on oither chain, then on theso assumptions
the other member must be thymine ; similarly for

guanine and cytosine. The sequence of bases on 8

lmglu chain does not appear-to be restricted in any
way. However, if only apecific pairs of bases can be
formed, it follows that if the sequence of bases on

ono chain in mvo:,.l ;hon tho suqaenos on the other
ly dot .

chain is sutomati

Tt has boon found axp.umnunyu that the ratio
of the amounts of Adnum:! thymins, and the ratio

f guanine to oytosine, are always very close to unit)
fnr deoxyriboso nucleic acid. i o

It is probably impossible to build this structure
with & ribose sugar in placo of the deoxyribose, as
the extra oxygen atom would make too close & van
der Waals contact.

The previously published X-ray data** on deoxy-
ribose nucleic acid aro insufficient for a rigorous test
of our structure, So far as we can tell, it is

ible with the i data, but it must

chain consists of
ester groups joining B-D-deoxy-

ribofuran u_} residues wi h‘::a (3; 5"
linkages. Tho two c ut
not their 'hu:l) are mhl:d :b y 8
d ndicular to the fibre
.z:l m chains follow right-
handed helices, but owing to
the dyad the soquences of the
atoms in_the two chains run
in  opposito duvcuoml. Eacl

oS ghoin loosely rescmbles Fur-
>\ - berg's* modsl \Yo 1; that is,
>\ the bases are on the inside of

The Rgure, & \ tha helix and tha phm on
e dguee gty tho outsido. The col ion
Tt wywsotns (e of the sugar and the

haind o he ‘o, near it is oclose to Purbo-g-

be regarded as unproved until it has been checked
against more exact results. Soms of these are given
in the following communications. We were not aware
of the details of the results presented there when we
devised our structure, which rests mainly though not
entirely on pu.bluhed experimental data and stereo-
chemical a1

It has not emyed our nouna that iho' spm‘lc

pairing we have postulated i suggests &
possiblo copying mecharism for the ‘aterial.

Full details of the structure, including the con-
ditions n-mned building u,wmw-m-m
nf m-ordmm for the m-u. will bs published

Wo m much indebted to Dr, Jerry Donohue for
oconstant advioe md oritioiam, on inter-
atomio distanoce. We have also beon stimulated

chains, and the horl
z0ntal'rods the pairs of ) the
Ml-wanxu‘-eu!m po\'pend(-

e Tl S D raehad hake, There

nflhwl‘lwmofﬁn\?m
oxperimental resulta and ideas of Dr. M. H. F.
Wilkins, Dr. R. E. Franklin and their co-workers a!

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
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Data Management for
Digital Health, Winter
2023
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Discovery of the Human Genome Hasso
1953 Scientific Discovery of DNA and its Structure el

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

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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https://www.theguardian.com/science/2015/jun/23/sexism-in-science-did-watson-and-crick-really-steal-rosalind-franklins-data



Discovery of the Human Genome
Recent Decades

m 1977: DNA sequencing methods was designed by Francis Sanger

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

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

m 2000: Rough draft of the HG announced

m 2003: Human genome completely sequenced by HGP

m 2006: Sequence of the last and longest chrl published
m 2015: U.S. Pres. Obama initiated Precision Medicine Initiative

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

1800 1900

2000

Hasso
 Plattner
Institut

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
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Data Storage: Components of DNA and RNA "= '. Hasso

. Plattner
Overview Institut

m Purpose: Understand components of DNA and its structure

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

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

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Components of Deoxyribonucleic Acid (DNA)

m Each DNA strand consists of
o Nucleobase,
— Adenine (A),
— Cytosine (C),

sugar-phosphate

- Guan|ne (G), or backbone

— Thymine (T)
o Sugar: Deoxyribose, and

o Phosphate group

m Two strands of DNA form double-helix structure

H
/ Q
C —N
\ NIImimH=—N
/
c C—C
/ N—HIIno \
" ad
H
\
N —HIInno
/ N
N a=C (s N
\ C/ \N —H NN C —H
/" N
c o ,C - C\\ /C C
/ N o lnimH—N

guanine.

" hydrogen
3 bond

Molecular Biology of the Cell (Garland Science 2008)
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Medical Use Case
Oncology

Data Management for
Digital Health, Winter
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Components of Ribonucleic Acid (RNA)

m RNA consists of
o Nucleobase,
— Adenine (A),
— Cytosine (C),

— Guanine (G), or

— Uracil (U) instead of Thymine (T) in DNA H
o Sugar: Ribose instead of deoxyribose in DNA, and

o Phosphate group

2 o
H
/ A
C —N
P atn
N INH=—N C —H
Vi
C—C

\ /
N—H ||||||||||o/ éH;

sugar-phosphate
backbone

hydrogen
bond

Molecular Biology of the Cell (Garland Science 2008)
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Structure of Deoxyribose Hasso
Plattner

Institut

m 1' end binds nucleobase
Nucleobase

m 3’ end contains OH hydroxyl group
Phosphate rest

m 5' end replaced by phosphate rest

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

O H Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Genes %j Hasso
Plattner
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m Gene := Certain region on the DNA

o Intron ;= Regions of a gene not used for RNA coding (a.k.a. non-coding)
o Exon := Region of a gene responsible for RNA coding (a.k.a. coding)

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

m In humans:
o Approx. 20k-25k genes

o Length of genes range vary from few hundreds to millions of base pairs
Medical Use Case

Oncology

Data Management for
Digital Health, Winter
2023
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Chromosomes @; Hasso
<< QUIZ >> Plattner

Institut

m Chromosome := DNA molecule storing parts of the genome; named in @
chronological order of length
m Please bring the chromosome sets of the following species in the correct (':(EE';I
numerical order (begin with the smallest). N
DIGITAL HEALTH
Cows QUIZ ,

\

1.

2. Hedgehogs
3. Drosophila
4.

Humans

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Chromosomes % Flfséo
atther

Institut

Chromosome
Nucleus Chromatid Chromatid

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

m Examples: Sidanoid
3. Drosophila: 2n= 8/140 Mbp -
4. Humans: 2n=46/3.2 Gbp o~ E—

1. Cows: 2n=60/3.0 Gbp o

2. Hedgehogs: 2n=90/2.3 Gbp

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
> 2023

http://www?2.le.ac.uk/projects/vgec/schoolscolleges/topics/dna-genes-chromosomes



What to take home? % Hasso
Plattner
Institut

m DNA consist of two strands 4500 - 450

4000 Gengs I | 400
= 2" DNA strand is reverse complementary . pserare == o
. o
to first , 3000 - ~ 300 %
. . . 2 2
m Recap Chargaff: Bases bind in pairs, either § 2500 - - 250 3

T 2000 - 200
A-Tor C-G. g §
1500 — - 150
o
1000 — - 100 F

500 - 50
0 - )
123456 7 8 910111213141516171819202122 X Y
Chromosome
https://commons.wikimedia.org/wiki/File:Genes_and_base_pairs_on_chromosomes.svg Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Digital Engineering + Universitdt Potsdam

Lifecycle Management: Replication




Grey's Anatomy

0

N - ’
ttps://ww

/

o o <)
4N —wan}?ko}\mt‘—gte

% Hasso
Plattner
Institut

Medical Use Case
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Grey's Anatomy Hasso
datther

Institut

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Gray's Anatomy = ANATOMY s
1918 ed. % Plattner

Institut
THE HUMAN BODY

BY
HENRY GRAY, F.R.S.
FELLOW OF THE KOYAL COLLEGE OF SUMGTONSD LECTUREE ON ANATOMY AT AT, GEORGE'S
NOSPITAL MEBICAL 3€HOOL, LOXDON

TWENTIETH EDITION
THOROUGHLY REVISED AND RE-EDITED

BY
WARREN H. LEWIS, B.S., M.D.

PROFERSON OF PHTSIOLOGICAL ANATOMY, JONNA MOPKING UNIVERSITY, DALTIMORE, MD

fillustrated with 1247 Engravings

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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LEA & FEBIGER
PHILADELPHIA AND NEW YORK

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



Gray's Anatomy

4 f
Recap: Cell Organelles attner

Institut

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

Centrosome consisting af cen-

Cell wall {rosphere enclosing two cen-
trioles
v Nucleolus
Nuclear
BBERN Net-knot of clhromatin forme-
ing a pseudo-nucleolus
§ Chromatin networl:
Medical Use Case
Vaeuole Oncology

Cell-inclusions { parapiasim)
it e Data Management for

Digital Health, Winter
2023
51

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



Cell Cycle Hasso
Plattner
Interphase Institut

m Interphase (l) consists of:
o Gap 1 (G1), i.e. cell growth creating cell organelles
o Gap 0 (GO)
o Synthesis (S) of DNA through replication of chromatids within the cell core

/ Resting, i.e. cell stops division temporarily or forever

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

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Cell Cycle
Mitosis

% Hasso
Plattner
Institut

m Mitosis (M) := process of cell division into two daughter cells carrying identical DNA
o Prophase
o Metaphase
o Anaphase

o Telophase

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Mitosis
Prophase

m Chromatin condenses into chromosomes
m Nucleolus, i.e. a part of the nucleus where ribosomes are made, disappears

m Spindle apparatus move to individual poles of the cell

-
Tl
e
.
bt
—
.

O
~

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

% Hasso
Plattner
Institut

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
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Mitosis

G Je
Metaphase ctitut

Institut

m Chromosomes line up along equatorial plane

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023

Henry Gray's Anatomy of the Human Body (Gray's Anatomy), 1918 5 5




Mitosis

G e
Anaphase stitut

Institut

m Chromosomes break up at equatorial plane into individual chromatids

m Chromatids move to individual poles

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023

I
Henry Gray's Anatomy of the Human Body (Gray's Anatomy), 1918 5 6




Mitosis % II;IIaﬁO
atther
Telophase Institut

m Individual cell membranes form
m Nucleoli reappear

m Chromosomes unwind into more stable chromatin within nucleolus

\‘I['I ----------- T
4 : -
@w; e | Medical Use Case
y - C Oncology
\
N Data Management for
- T e ' Digital Health, Winter

2023

Henry Gray's Anatomy of the Human Body (Gray's Anatomy), 1918 5 7



Meiosis

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

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

Stages of Meiosis

The Trd of Merosis [
HHomologpues sepvrated

mnto 2 cells

The cycle then repeates itself to
make a total of four cells.

(e pary of Homeloyues
fiomologons  condense and
chremosones cross-over,

MHomeloymess
Al

Homologues
Sepvervate

- NN
NoANADNNS S

Prophase I ~ Metaphase I Anaphase I Telophase I

Prophase Il Metaphase I Anaphase 11 Telophase I

http://www.dbriers.com/tutorials/2012/11/comparing-mitosis-vs-meiosis/

Hasso
Plattner
Institut

%

Medical Use Case
Oncology
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Mitosis live (time lapse)

fb.com/ScienceNaturePage




DNA Replication during Synthesis Phase

% 'Hasso
Plattner
Institut

DNA primase

DNA-ligase RNA primer,
DNA-Polymerase (Pola)

31

DRI %,

a 3
Okazaki fragment !III!: !“‘ l‘m’l \\‘I 5

5|

\WV
T . (o
strandOQ , ‘ L | | L | | | | IAIQ / Topoisomerase
’ DNA Polymerase (Pol6) Medical Use Case
Helicase Oncology
sgng!e strand, D.at.a Managemer]t for
Binding proteins Digital Health, Winter
2023

60



DNA Replication during Synthesis Phase

 Hasso
Plattner
Institut

1.

3.

[nitiation

o Topoisomerase helps to prepare unwinding of DNA
o Primase adds primer for binding of polymerase

Elongation

— Performs proofreading of replicated strand

o DNA polymerase
— Extends DNA only in 5" - 3’ direction using a template strand “
o DNA ligase seals strand breaks “

Termination: Replication comes to an end

o Helicase unzips DNA at specific origins *« !

PPPPPPPPPPPPPPPPPPP
3 I/I/

/ a 3

RO

Okazaki y

mmmmmmmmmm \\‘\‘\ Il7|

Lea A

()

eeeeeeee

Medical Use Case
Oncology

Data Management for
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2023

61



LT TTETTIRT,

A I
2 . ) e
https://youtu.be/TNKWgcFPHqw



What to Take Home?

m Mitosis results in two daughter cells carrying identical DNA

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

m DNA polymerase performs proofreading of replicated strand
m Throughput of DNA polymerase:

o Eukaryotes: Approx. 50-100 nucleotides / second

o Prokaryotes: Approx. 1,000 nucleotides / second

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

DNA Polymerase (Pol6) f/
Helic,

Hasso
Plattner
Institut

gingle strand
Binding proteins

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Recap the Recap Hasso
<< Open Mic Session >> Institut

m Please name five cell organelles and their functions (speak up!). @

. @

KEEP

CALM

it is time for

DIGITAL HEALTH
QUIZ ,

\

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Recap the Recap
<< Open Mic Session >>

% 'Hasso
Plattner
Institut

m Please name five cell organelles and their functions (speak up!). @
Em@
¥ CALM

m Please name three properties of the DNA. DIGITAL HEALTH
, QUIZ ,

\

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Recap the Recap Hasso
<< Open Mic Session >> Institut

m Please name five cell organelles and their functions (speak up!).

m Please name three properties of the DNA. pe——

m What is cell division and how does it work?

o G1:3-12h
VY~ : Medical Use Case

o S:8-12h N/ Oncology

0 G2:1.5-3h Data Management for

Digital Health, Winter

o M: 0.5-1h £oe



Recap the Recap Hasso
<< Open Mic Session >> Institut

m Please name five cell organelles and their functions (speak up!). @
z - @ KEEP
¥ CALM

m Please name three properties of the DNA. DIGITAL HEALTH
, QUIZ ,

\

m What is cell division and how does it work? |

Medical Use Case
Oncology

, Data Management for
Digital Health, Winter
s s 2023
L B

m How does DNA synthesis work?

Okazaki fragment

DNA Polymerase (Pol5)
Helicase

Single strand §

Binding proteins



% Hasso
Plattner
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Digital Engineering + Universitdt Potsdam

Compiling the Code: Transcription and Translation




Transcription and Translation

% 'Hasso
Plattner
Institut

<< QUIZ >>
m What are products produced by the ribosomes? @
A. Water
o _ _ KEEP
B. Proteins, i.e. sequences of amino acids CALM
C. Organic yeast DIGITXEMHEALTH
QUIZ ,
D. Energy

\

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Amino Acid Coding Sun Hasso

Institut

m Codon ;= Triplet of bases, i.e. three consecutive bases

m Amino Acid (AA) := encoded by codons
m 20 canonical AAs in humans

m - Redundancy within the genetic code, i.e.
multiple codons form the same AA

m Nine of the AAs cannot be synthesized 2> .
essential to be consumed in the diet, i.e.

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

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Amino Acids IF;Ilaasso
. . . attner
Non-polar, aliphatic residues Institut
Q
Glycine Gly G H N \/U\OH GGU GGC GGA GGG
O
Alanine Ala A Hge H GCU GCC GCA GCG
NH2
CH3 O
Valine Val v HC /k,/KOH GUU GUC GUA GUG
NH2
o]
Leucine Leu L Hat j/\)j\on UUA UUG CUU CUC CUA CUG
CH3 NH2
L SHy € Medical Use Case
Isoleucine Ile I 3 \/H)I\OH AUU AUC AUA Oncology
NIy Data Management for
5 Digital Health, Winter
H 2023
Proline Pro P UU\OH CCU CCC CCA CCG 71
http://www.fr33.net/aminoacids.php



Amino Acids
Aromatic residues

Phenylalanine Phe

Tyrosine Tyr

Tryptophan Trp

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

W

Uuu uucC

UAU UAC

UGG

Hasso
Plattner
Institut

Medical Use Case
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Hasso
Plattner
Institut

Amino Acids
Polar, non-charged residues

Serine Ser S HO OH UCU UCC UCA UCG AGU AGC
NH2
CH3 L
Threonine Thr i HO )\) OH ACU ACC ACA ACG
NH2
(o]
Cysteine Cys (5 HS/\|)L0H UGU UGC
NH2
o}
Methionine Met M Hae ™ \/\Aon AUG
NH2
o}
Asparagine  Asn N ra! MH AAU AAC Medical Use Case
0 NH, Oncology
Data Management for
jiz 9 Digital Health, Winter
Glutamine GIn Q 0 /\HJ\OH CAA CAG 2023

NH, 73

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



Amino Acids

Positively charged residues

Hasso
Plattner
Institut

Lysine Lys
Arginine Arg
Histidine His

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

(0]
H2N\//\/\')k0H AAA AAG
NH2

NH2 O
HN J\NH’“\/\HJ\OH CGU CGC CGA CGG AGA AGG
NH
2

H O
<:' i OH CAU CAC
N NH,

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Amino Acids F'laifo
Negatively charged residues Institut

U
Aspartate Asp D "o M” GAU GAC
O NH2
O O
Glutamate Gu E HO JK/\I)LOH GAA GAG
NH
2

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Transcription

m 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) = RNA (A,U,C,G)

m Types of RNA:

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

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

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

%j Hasso
Plattner
Institut

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Translation

1.
2.

newly born protei

Translation := Process of protein synthesis performed by ribosomes amino acids
following a given template, i.e. RNA > AA sequence p e

Initiation: Detect start codon

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

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

small subunit

Hasso
Plattner
Institut

Mariana Ruiz Villarreal

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Hasso
Plattner
Institut

Increasing Variability through Alternative Splicing

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

DNA
RNA
[ Alternative Splicing 1
1 2 3 4 5 1 2 4 5 1 2 3 5
MRNA e B — i g e s A

Translation Translation

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Protein A Protein B Protein C

National Human Genome Research Institute



Epigentics: Additional Factors Impacting Gene Regulation

e Aging
¢ Diet

Histones are proteins around which
DNA can wind for compaction and
gene regulation.

DNA methylation
Methyl group (an epigenetic factor found
in some dietary sources) can tag DNA

| and activate or repress genes.

EPIGENETIC MECHANISMS

are affected by these factors and processes:
¢ Development (in utero, childhood)
¢ Environmental chemicals
* Drugs/Pharmaceuticals

CHROMATIN

HEALTH ENDPOINTS

e Cancer

¢ Autoimmune disease
* Mental disorders

¢ Diabetes

EPIGENETIC

s FACTOR

HISTONE

HISTONE TAIL

DNA inaccessible, gene inactive

HISTONE TAIL

DNA accessible, gene active

Histone modification
The binding of epigenetic factors to histone “tails”
alters the extent to which DNA is wrapped around
histones and the availability of genes in the DNA
to be activated.

%T Hasso
Plattner

Institut

m DNA methylation

m Histone acetylation

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Excursus: Replication of Viruses Hasso

Plattner
Institut

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

m RNA virus are directly replicated by ribosomes of the host, e.g.
o Severe Acute Respiratory Syndrome (SARS) viruses also SARS-CoV-2,
o Influenza virus, and

o Hep. Cvirus.

m Coronavirus:

o RNA-based viruses surrounded by a hull
Medical Use Case

Oncology

Data Management for
Digital Health, Winter
2023
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o 30kbps single-stranded RNA genome with
positive polarity, i.e. longest genome of all
known RNA viruses




% Hasso
Plattner
Institut

Digital Engineering + Universitdt Potsdam

Bugs: Genetic Changes




Genetic Variants and Mutations

% 'Hasso
Plattner
Institut

<< QUIZ >>
m What are properties of mutations? @
A. Spontaneously
, KEEP
B. Undirected CALM
C. Triggered by mutagens, e.g. radiation or chemicals DIGITXEMFEEALTH
D. All of the above S \

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Genetic Variants and Mutations %’é Hasso

- Platt
Example: Individual blood groups Institut

m Single Nucleotide Polymorphism (SNP) on the DNA strand

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

m Distribution of blood group by

; F 7 TR R
o § i oo
n Al A [
i oo A NS
i & =
}- S 2
fz& i d R
o . i
"\'&.\
\ Percent of i
Percent of ) "‘ ¢’ N e population - ) iy Percent of
population { il 2 that has the = population
thathas th \ / .|| Ballele \ - that has the
athas the )| P ’) .‘. N C 0O blood type
Aallele { / 4 [Jos 1520 J: y. "/ Ly ) 4
i [ 1510 N 20-25 | ¥ &%{ > (] 0.5
[ os [ loas )/ (2025 (036 o tos i 2530 | / & o o
[ 50 [ 1520 ‘Q’ P 25-30 [ 35-40+ . ~le0- I s0-

Medical Use Case
A or AB B or AB 0 Oncology

Data Management for
Digital Health, Winter
2023
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Genetic Variants and Mutations Hasso

Plattner
Institut

m Genetic variant := Polymorphism within the genetic code
m Mutation := Variants with measurable impact occurring spontaneously and undirected

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

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Mutations

Affected Cell Types | Inheritable m

m No Current individual only

m Where mutation can occur, e.g..

o Gene, i.e. within a specific range on a chromosome
o Chromosome, i.e. the structure of the chromosome is affected

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

% Hasso
Plattner
Institut

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Plattner
Institut

Point Mutations / Gene Mutations Hasso

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

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

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

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

Size Type Impact
(before vs.
after)

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

Medical Use Case
Oncology

Data Management for
Digital Health, Winter

. Nonstop Converts existing stop codon to another triplet (-STOP) 5923

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



Point Mutations / Gene Mutations % Ellastst-.o
atiner
Institut

m Lysine, a.k.a. Lys (K)

DNA level TE e
mMRNA level AAG
protein level Lys
N
Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Point Mutations / Gene Mutations Il;llasso
Silent Mutation / Non-functional FIALLUEr

DNA level TTC ITT
mRNA level AAG AAA
protein level Lys Lys
HH NHy'
Medical Use Case
Oncology
N 5 Data Management for
Digital Health, Winter
2023
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Point Mutations / Gene Mutations Hasso

. . Platt
Nonsense Mutation / Functional |n§ti?§tr

DNA level TTC T | ATC
MRNA level AAG AAA UAG
protein level Lys Lys STOP
i oy
P Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Point Mutations / Gene Mutations II;IIasso
Conservative Missense Mutation / Functional IOy

DNA level TTC TR ATC TCC
mRNA level AAG AAA UAG AGG
protein level Lys Lys STOP Arg

7 " W

Medical Use Case
Oncology

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

Data Management for
Digital Health, Winter
2023
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Point Mutations / Gene Mutations
Non-conservative Missense Mutation / Functional

DNA level LG
mMRNA level AAG
protein level Lys

iy

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

TTT ATC
AAA UAG
Lys STOP

MM,

TCC TGC
AGG ACG
Arg Thr
MIW HiE O
g IT_,_

1

basic
polar

% Hasso
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Chromosome Mutations

m In-/Del ;= Chromosome segment is inserted into/deleted from another chromosome
m Duplication := Chromosome segment is multiplied, e.g. amplying effect

m Inversion := Chromosome segment gets inverted on the chromosome

m Translocation := Segments of two chromosomes are exchanged

m Transposition ;= Copied segment is added to another chromosome

Hasso
 Plattner
Institut

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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I
Genome Mutations

m Affects number of chromosomes

%j Hasso
Plattner
Institut

LR
m Polyploidy := All chromosomes are multiplied EE

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

20

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

o Tetraploid, etc.

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

21 22

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Genome Mutations
Karyograms

% Hasso
Plattner
Institut

- - “u 5 ‘% o
] 4
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ZWK99008 . Medical Use Case
° “\ o9 Oncology
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Genome Mutations
Karyograms

ZWK99008 KEY
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Genome Mutations Il;llaﬁo
atther

Karyograms Institut

ZWK99025 KEY

(1 B TR TR )

1 3 4 5

(F 3% 0% %2 28 g3l

88 44 sp By EE  pa
13 14 15 16 17 18 Medical Use Case

Oncology
3 Data Management for
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Genome Mutations
Karyograms

ZWK99027 KEY

13 14 15 16 7 18
8 ‘ 3 gquz.l LR "'.' A } (
19 20 21 22 X Y

Wisconsin State Laboratory of Hygiene
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Hasso
 Plattner
Institut

What to Take Home? ‘

m Mutations
o Occur spontaneously and undirected
o Increase variability; are considered as foundation for evolution

m Changes in the genetic code can occur on various levels

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

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Digital Engineering + Universitdt Potsdam

Hands-on: Understanding DNA




Build your own DNA Eﬂﬁﬁer

Objectives Institut

m Understand
o Phosphate, Deoxyribose, Nucleobase - Nucleotides |
o Complementary base pairing
o Semiconservative replication
o 3D-structure of DNA double strand
o Transcription and translation

o Different kinds of mutations and their effects

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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m Have fun!




Build your own DNA

% II;IIaSSO
Getting creative with PlayMais attner

Institut

A 3D-DNA Molecule Made of PlayMais

Massimo Caine, Ninon Horié, Sandrine Zuchuat, Aurélia Weber, Verena
Ducret, Patrick Linder & Karl Perron

To cite this article: Massimo Caine, Ninon Horié, Sandrine Zuchuat, Aurélia Weber,
Verena Ducret, Patrick Linder & Karl Perron (2015) A 3D-DNA Molecule Made of
PlayMais, Science Activities: Classroom Projects and Curriculum Ideas, 52:2, 31-44, DOI:
10.1080/00368121.2015.1029427

To link to this article: http://dx.doi.org/10.1080/00368121.2015.1029427
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Part 1+2;
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Part 3 % Hasso

Medical Use Case
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.|
Part4 +5 Hasso
Plattner
Institut

m Merge all sequences

m Transcribe and translate the complete sequence

m Introduce mutations and DNA modifications, e.g.

o Point mutation

o Indels
Medical Use Case

o Premature STOP codons Oncology
Data Management for
Digital Health, Winter
2023
105



Build your own DNA Il;llaaﬁger

Overall set-up Institut

m Splitinto groups

m Receive your group target sequence

m Build the given sequence according to the manual
m Merge all sequences

m Translate the sequence

m Introduce Mutations

m Discuss the results

Medical Use Case
Oncology

Data Management for
Digital Health, Winter
2023
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Homework

m Read the manual for the upcoming DIY workshop

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

m Have types of mutations at hand in our DIY workshop
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Upcoming Week: DIY DNA

Hasso
Plattner
Institut

m Bear in mind:
o Functions, e.g. data encoding

o Stability, e.g. mechanical and
functional

o Structure, e.g. double helix
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