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Organisation of the course —Who will be teaching

Myself — Marie-France Sagot, Director of Research Inria

Arnaud Mary, Associate Professor UCL

Blerina Sinaimeri, Junior Researcher Inria

All three members of ERABLE



Organisation of the course — Program

Before Christmas: 12 courses of 2 hours each, onThursday mornings, 8-10am
In January: Final evaluation (see next slide)

Schedule (in black: MFS; in red: AM; in blue: BS)

Sept 17 Presentation of the course and general introduction to biology

Sept 24 General overview of networks (graphs) in biology & associated algorithms
Oct 1 General introduction to enumeration algorithms

Oct 8 Enumeration + Motifs in networks

Oct 15 Motifs in networks

Oct 22 Cycles and st-paths in NGS-related graphs

Nov 5 Cycles and st-paths in NGS-related graphs

Nov 12 Phylogenetic networks

Nov 19 Co-phylogenetic networks

Nov 26 Metabolic networks and precursor sets (as a prelude to species interactions)
Dec 3 Metabolic networks and precursor sets (as a prelude to species interactions)
Dec 17 Metabolic stories




Organisation of the course — Evaluation

Two types of evaluation — May be adapted depending on how many attend!

Continuous

Will consist mainly 1n exercises to be done at home possibly
accompanied by short presentations to be done 1In class

Final

Report + presentation of a paper with open problem(s) and attempts
to address such

or

Report + presentation of an algorithmic project developed on a topic
related to those given in the course

In both cases, choice should be discussed with us and made before
December 15¢



Master research training period

In case of an interest in doing the Master research training in computational

biology
Apart from our own Inria research group that can greet Master students
There are other groups in Lyon, France or abroad who might interest you
In the first case, talk to us

In the second case, we can give you suggestions of appropriate groups, so
talk also to us

Notice that in France, there is a rather large community of persons working
in computational biology, including from a computer science perspective

There is even, since 2000, an annual conference called JOBIM



Today

General introduction to biology

The idea is to give you just a very broad overview that will enable you to
acquire the basic Vocabulary and concepts

Next week, I’ll get more in detail on the various uses of networks/graphs
in biology before we focus on the algorithmics of some more speciﬁc cases

Some more biological concepts will be introduced later as needed



Basics of molecular biology
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The cell

Cells are the fundamental working units of every living system
Smallest structural unit of an organism capable of independent functioning

PROKARYOTES

All organisms
are made of 1

or more cells

EUKARYOTES




Prokaryotes and eukaryotes

According to most recent evidence, there are three main branches to the
tree of life
Prokaryotes which include Archaea (“ancient ones”) and Bacteria
Eukaryotes (Eukarya) which include plants, animals, fungi, and certain
algae

EUKARYA
Stramenopiles
ates

Plantae Red algae

Slime molds
—=% Entamoebae
Fungi ~== Heterolobosea

Physarum
\VKinetoplutids
_ Euglenoids

R Microsporidians

Trichomonads
Diplomonads




Main differences

Prokaryotes Eukaryotes

Single cell Single or multi cell
No nucleus Nucleus

One single piece of circular DNA = Chromosomes

one single chromosome

No organelles Organelles

Organelle = Specialised compartment with a specific function



Examples of cells

Animal
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ANIMAL CELL

microtubule

centrosome with

pair of centrioles extracellular matrix
chromatin (DNA)

nuclear pore
nuclear envelope

actin
filaments

nucleolus
peroxisome
ribosomes

in eytosol G4y plasma nucleus

filaments reticulum

Plant

PLANT CELL

endoplasmic

plasma membrane reticulum
nucleolus

Golgi
apparatus

vacuole membrane (tonoplast)
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mitochondrion

lysosome

Bacterium

BACTERIAL CELL

flagellum

ribosomes in

L plasma membrane
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Compartmentation of the eukaryote cell:
Various organelles

mitochondrion

lyosome
peroxisome

- cytosol

Golgi
apparatus

huclear
envelope

vesicle endoplasmic

reticulum e - -~ plasma
I membrane
(&) (B)
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Main functions of the different compartments

just to show that they vary greatly

Nucleus contains main genome
DNA and RNA synthesis

Cytosol contains many metabolic pathways
protein synthesis

Endoplasmic synthesis of most lipids

reticulum (ER)

synthesis of proteins for distribution to many organelles
and plasma membrane

Golgi apparatus modification, sorting, and packaging of proteins and lipids
for either secretion or delivery to another organelle

Lysosomes intracellular degradation

Endosomes sorting of endocytosed material

Mitochondria ATP synthesis by oxidative phosphorylation

Chloroplasts ATP synthesis and carbon fixation by photosynthesis

Peroxisomes

oxidation of toxic molecules




Meanwhile in prokaryotic cells,
the picture is much different

plasma membrane

plasmid oil

—]

cell wall

nucleoid (DNA) capsule

ribosomes

flagellum

cytoplasm



In both cases:
Main composition of a cell

70% water

23% macromolecules
Proteins
Polysaccharides
Lipids

7% small molecules
Salts
Lipids
Amino acids
Nucleotides



Genetic information is stored in DNA —

Deoxyribonucleic Acid

Consists of two biopolymer strands

coiled around each other to form a
double helix

The structure and the four genomic
letters of the DNA code for all living
organisms

The letters, called “nucleotides” or also
“bases”, are:

Adenine — A

Guanine - G

Thymine —T

Cytosine — C
which pair A withT and C with G on
the complementary strands

building blocks of DNA

phosphate
) sugar

sugar base

phosphate

double-stranded DNA
3!

<

WQ_Q0 QO O O O O O 9 Q

hydrogen-bonded
base pairs

T

nucleotide

sugar-phosphate

backbone

DNA strand

5'O O O O 3
o] &

DNA double helix
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DNA has an orientation

Actually, the double helix structure of DNA is composed of

a base (A,C,G,T)
a sugar molecule
a phosphate group
{3 5 O
\ \
/C§C/CH3 N/C\C/H
| | thymine | | cutosine
Oéc\N/C\\O O¢C\N/C\N—H
| E = = |
BEDEN
H /E§C/N\ PN /N\C 6;}mm
|| | ” | bond
N\céc\w N\c = N

N // adenine N // guanine

sugar-phosphate backbone
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| 0.34nmm

minar
groove

major
groove

IS,
e d

j»_%—‘ 5 1
iy,
ol (f ” o/
O—F\’—O hgdrogen bond 0 —phosphodiester

\
S'end 3l end bond

(A) (B)
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DNA always reads from 5’ end to 3’ end for
transcription replication (see later)
5°ATTTAGGCC 3’
3’TAAATCCGG 5’



DNA encodes proteins

AGA UuA AGC

AGG UuG AGU
GCA CGA GGA CUA CCA UCA ACA GUA
GCC CGC GGC AUA  CUC CCC ucc ACC GUC UaA
GCG CGG  GAC AAC UGC GAA CAA GGG CAC  AUC CUG  AAA uuc CCG UCG ACG UaC GUG UAG

GCU CGU  GAU AAU  UGU GAG CAG  GGU  CAU AUU CUU  AAG  AUG UUU  CCU  UCU  ACU UGG UAaU  GUU UGA
Ala  Arg Asp Asn Cys Glu Gin Gly His e Leu Lys Met Phe Pro Ser Thr Trp Tyr ¥al stop

it R D N C E 0 G H I B K M F B S T W ¥ Y
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protein sequence of a small portion
of the Factor VIl protein

— met — ginh — 1lys — phe — ash —
A A T T

ATG CAor AAdor TTor AAor
G G C G

Some more details will be given later

on the process of going from DNA to

” - protein (“genetic dogma)
degenerate oligonucleotide probe

(a mixture of 16 different oligonucleotides)
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Actually portions of chromosomes called
genes encode proteins

gene A gene B gene C
[ 1 1

DNA
double

helig

information transfer

[ ] ] —
protein & protein B proteinC
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CCCTGTGGAGCCACACCCTAGGGTTGGCCA
ATCTACTCCCAGGAGCAGGGAGGGCAGGAG
CCAGGGCTGGGCATAAAAGTCAGGGCAGAG
CCATCTATTGCTTACATTTGCITCTGACAC
AACTGTGTTCACTAGCAACTCAAACAGACA
CCATGGTGCACCTGACTCCTGAGGAGAAGT
CTGCCGTTACTGCCCTGTGGGGCAAGGTGA
ACGTGGATGAAGTTGGTGGTGAGGCCCTGG
GCAGGTTGGTATCAAGGTTACAAGACAGGT
TTAAGGAGACCAATAGARACTGGGCATGTG
GAGACAGAGAAGACTCTTGGGTTTCTGATA
GGCACTGACTCTCTCTGCCTATTGGTCTAT
TTTCCCACCCTTAGGCTGCTGGTGGTCTAC
CCTTGGACCCAGAGGTTCTTTGAGTCCTTT
GGGGATCTGTCCACTCCTGATGCTGTTATG
GGCAACCCTAAGGTGAAGGCTCATGGCAAG
AAAGTGCTCGGTGCCTTTAGTGATGGCCTG
GCTCACCTGGACAACCTCAAGGGCACCTTT
GCCACACTGAGTGAGCTGCACTGTGACAAG
CTGCACGTGGATCCTGAGAACTTCAGGGTG
AGTCTATGGGACCCTTGATGTTTTCTTTCC
CCTTCTTTTCTATGGTTAAGT TCATGTCAT
AGGAAGGGGAGAAGTAACAGGGTACAGTTT
AGAATGGGAAACAGACGAATGATTGCATCA
GTGTGGAAGTCTCAGGATCGTTTTAGTTTC
TTTTATTTGCTGTTCATAACAATTGTTTTC
TTTTGTTTAATTCTTGCTTTCTTTTTTTTT
CTTCTCCGCAATTTTTACTATTATACTTAA
TGCCTTAACATTGTGTATAACAAAAGGAAA
TATCTCTGAGATACATTAAGTAACTTAAAA
AAAAACTTTACACAGTCTGCCTAGTACATT
ACTATTTGGAATATATGTGTGCTTATTTGC

T TGACCAAATCAGGGT
GIAATTTTAAAAAATGCT
TTCTTCTTTTAATATACTTTTTTGTTTATC
TTATTTCTAATACTTTCCCTAATCTCTTTC
CAGGGCAATAATGATACAATGTATCAT
GCCTCTTTGCACCATTCTAAAGAATAACAG
TGATAATTTCTGGGTTAAGGCAATAGCAAT
ATTTCTGCATATAAATATTTCTGCATATAA
ATTGTAACTGATGTAAGAGGTTTCATATTG
CTAATAGCAGCTACAATCCAGCTACCATTC
TGCTTTTATTTTATGGTTGGGATAAGGCTG
GATTATTCTGAGTCCAAGCTAGGCCCTTTT
GCTAATCATGTTCATACCTCTTATCTTCCT
CCCACAGCTCCTGGGCAACGTGCTGGTCTG
TGTGCTGGCCCATCACTTTGGCAAAGAATT
CACCCCACCAGTGCAGGCTGCCTATCAGAA
AGTGGTGGCTGGTGTGGCTAATGCCCTGGC
CCACAAGTATCACTAAGCTCGCTTTCTTGC
TGTCCAATT 'ATTAAAGGTTCCTTTGTT
CCCTAAGTCCAACTACTARACTGGGGGATA
TTATGAAGGGCCTTGAGCATCTGGATTCTG
CCTAATAAARAACATTTATTTTCATTGCAA
TGATGTATTTAAATTATTTCTGAATATTTT
ACTAAAAAGGGAATGTGGGAGGTCAGTGCA
TTTAARACATARRGAAATGATGAGCTGTTC
AAACCTTGGGARAATACACTATATCTTARA
CTCCATGAMAGRAGGTGAGGCTGCAACCAG
CTAATGCACATTGGCAACAGCCCCTGATGE
CTATGCCTTATTCATCCCTCAGAAAAGGAT
B GCAGGTTAAAG

GTTTTAGCTGTCCTCATGAATGTCTTTTC
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Where genetic information is

In eukaryotes, the DNA is in the nucleus

nuclear
envelope

1295 GARLAND PUBLISHIG

In prokaryotes, the DNA is in the cytoplasm

plasma membrane .
plasmid

cell wall pili

nucleoid (DNA) capsule

ribosomes

flagellum

cytoplasm



A very simplified and abstract view up to now

Nucleus / cytoplasm = library
Chromosome(s) = bookshelves
Genes = books

BUT... (see later)

Almost every cell in an organism contains the same libraries and the same
sets of books

BUT (again)... (see later...)

Books represent all the information (DNA) that each cell in the body needs
so 1t can grow and carry out 1ts various functions

BUT (once more time). .. (see later.. )



All cells have common cycles

They are born, they eat, they replicate, and they die

Nondividing
cells Resting
cells
G,
@@ O =
RNA and
protein
M synthesis
Cell
division
DNA
RNA and replication @ S
protein
synthesis

G,



Some cell-cycle times

just to give an idea of how much they differ

Eukaryotic cell-cycle times

Cell Type

Cell—Cycle Times

Early frog embryo cells

30 minutes

Yeast cells

1.5-3 hours

Intestinal epithelial cells

about 12 hours

Mammalian fibroblasts in culture

about 20 hours

Human liver cells

Prokaryotic cell-cycle times

about 1 year

Rate at which bacteria grow and divide depends on the nature of the

microbe, the ingredients of the medium in which it is grown, and the

environmental conditions. E. coli, when grown in a rich medium, with

plenty of aeration at 37°C is capable of dividing every 20 min



Fukaryotic cell cycle

®
(®

cytoplasm
nucleus

chromosome
replication

DWVISION

MITOSIS

M phase

CYTOKINESIS
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Fukaryotic cell cycle

®
(®

cytoplasm
nucleus

DWVISION

MITOSIS

M phase

CYTOKINESIS
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DNA replication

Each strand serves as template

3'end of strand

S' end of strand
9
“0-P=0 0~ CH:
o [CH G |

0

! —
HC O 0=l:’-0

0

newly template
synthesized 0 strand
strand 0= p=0 0 Ho

6|Al=1T|

HoC :: i 0=

&nd of strandl C E G | 0 gHz

I -
O—P—O—P—O—P—O-CH2 0=g'0
;___
pyrophosphate

0 E:Hz
0
incoming deoxyribonucleoside triphosphate 0=P-0"
)
0
0 CH,
LTI 9
0= IID =0
O

S'end Of strand

Process is semi-conservative

parental DN& double helix

AREPLICATIDN

REPLICATION

PN
}z\/\/\/“‘

NA\ZN\Z\
YAVAYAN

REPLICATION

A ONNIN
PV
>/

A\ A\N
AN\
NA\ZA/AN
NN\
NN\
AN\
.\’/\\/’\\//\\;/
NAVAY)N

daughter DNA double helices
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Replication of eukaryotic chromosomes
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3! parental
e oo DA
newly synthesized 3
& stsands 2!
I
3 * =)
direction of replication

fork movement
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Replication of prokaryotic chromosomes

8I0yondas bt

Crick : stran®
Ter




The replication fork in more detail

’\ sliding DNA polymerase on
newly synthesized ’\' clamp leading strand
strand ’\./\ \
LEADING 2\ ‘
STRAND
parental
DNA helix

LAGGING

STRAND DNA helicase

\

RMNA primer \
/ primase

/

new Okazaki fragment /

/

\'\lh.,,_;'
|
z ,\ lagging-strand template
Q\I Z

DNA polymerase on lagging strand
{just finishing an Okazaki fragment)

single-strand
binding protein
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*f
. 1

new strand .
5 x*xxxsf_) ¥ %
4 _
| - . 1l .
3’ g
/

template strand

— Point of joining
Lagging strand

Okazaki fragment
, Parental DNA duplex

Short RNA primer
5 [HEREERRRERRRRE
4—
Direction of fork Leading strand
movement




There is proof reading during DNA synthesis

DNA polymerase
template
S"ICI I I K 3' DNAstrand
l “: i WO A ‘ /.
3 5
POLYMERASE ADDS AN
INCORRECT NUCLEOTIDE

3'
5 fxxxxxf

L i 1 1 " .
3 5
I MISPAIRED NUCLEOTIDE HOWGVGI‘ mistakes may remain
REMOVED BY
PROOFREADING
D ¢ 6 6 ¢ o ¢!
| . “, W L1 .
3 5

ALLOWS ADDITION OF
NEXT NUCLEOTIDE

l CORRECTLY PAIRED 3' END
5 fxxxxxx 3
piL nr 0 Al
O u

3 ) 5

SYNTHESIS CONTINUES IN
THE 5'TO 3" DIRECTION



DNA repair and DNA mutations

during replication

TOP STRAND
REPLICATED
CORRECTLY
(
parent DNA
molecule
D © 0 0 O &4
= I - REPLICATION
i i
, X : MISTAKE
kP © 0 O O dj OCCURS DURING
REPLICATION OF
BOTTOM STRAND
-
TOP STRAND
REPLICATED
CORRECTLY
parent DNA
molecule
L 0 0 O O ¢
" i 5 REPLICATION <
Il i
) , MISTAKE
kp © O O O g OCCURS DURING
REPLICATION OF
BOTTOM STRAND

original parent strand
) O O O O

) O 0 9 O &
new strand

new strand with error

MISMATCH
x-x?- REPAIR
11 (N} ——
1 (1]
) O © O O ¢

original parent strand

original parent strand
) 0 O O O ¢

new strand

new strand with error REPLICATION
. WITHOUT
b 0 O ¢ r D ¢

REPAIR
1 11 %

original parent strand

strand with error
> © 0 0 O ¢

1L
) O 0 O 0 ¢

newly synthesized
strand

newly synthesized
strand

T

) 0 O O O ¢
original parent strand




Other types of mutations may happen
at the chromosomal level

3§ R

(I T




Remember when I said

Nucleus / cytoplasm = library
Chromosome(s) = bookshelves
Genes = books

BUT... (see later)

Almost every cell in an organism contains the same libraries and the same
sets of books

BUT (again)... (see later...)

Books represent all the information (DNA) that each cell in the body needs
so 1t can grow and carry out 1ts various functions

BUT (once more time). .. (see later.. )



Evolution

Nucleus / cytoplasm = library
Chromosome(s) = bookshelves
Genes = books

BUT... (see later)

Almost every cell in an organism contains the same libraries and the same
sets of books

BUT (again)... (see later...)

Books represent all the information (DNA) that each cell in the body needs
so 1t can grow and carry out 1ts various functions

BUT such books are never static! They are 1n fact continuously changing in
a process that may even lead to the creation of new species!



Speciation

ATGTTCTTGCAT
Two main cases of speciation
There is geographic

ATGTCCTTGCAT ATGTTCTAGCAT separation

There is no geographic
/ separation

ATATCCTTGCAT ACGT?CTAGCAT
1 5 1
ATGTCCTTATAT ATGTTCTAGCGG Eukarya
1 S 1 5 Animals
Archaea
Fungi
Bacteria Slime molds Plants
. . Ciliat
Species evolution usually represented Halophiles Flagaliatie

Gram-positives

Purple bacteria

Methanococcus Microsporidiae

in the form of a co-called phylogenetic

Thermoproteus

Cyanobacteria

tree

Flavobacteria

BUT...

More on it (much) later... (not today)



The (so-called) genetic dogma

DNA synthesis — — —— ° _:I —
(r‘eplication) | — | je——
l TRANSCRIPTION TRANSCRIPTION
DNA v
5| 3| I RNA I RNA
EpEEpEEEENDN = -m ===
3 l:ll!l!lll:l!!l!::ll: 5! e
RNA synthesis
o TRANSLATION TRANSLATION
(transcription) 1 SLATIO { SLATIO
RNA EE®O®®
S e Nge eSS SRS ®eO®®
OOEO®EO®
protein synthesis ®OEO®O®
(translation) ®@EEO®®
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PROTEIN
HoN -COHE K-GO <> C00H
N/

amino acids

A gene 1S expressed 1n two steps:
Transcription: RNA synthesis
Translation: Protein synthesis
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Transcription by RNA polymerase

RNA polymerase = enzyme = protein / Sigma factor = protein

RNA CHAIN

newlg sgnthesized RMNA po]gmerase (A) o .
3 star stop
RNA transcript f site gene site
| 1'| % ¥ (| v / v 1
\ { T h\%\ribonucleoside g.__ __g.] DNA
— : L | |
T P trlphosphates promoter \ terminator
T / template strand
. RMA polymerase RMA SYNTHESIS
3 BEGINS
5l
v e Y v_3'
DMNA double 3 '
helix
'|| S sigma factor
"\ ) 5 growing RNA strand
DNA indi unwmdmg
rewindin :
. g site n v v 5
site 3 — '
short region of
TERMINATION AND RELEASE OF
POLYMERASE AND COMPLETED }

DNA/RNA helix

direction of transcription 3
©1995 GARLAND PUBLISHING 5t
sigma factor
rebinds
\4 \4 %

EE— !

S
3
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RNA versus DNA

(4) HOCH, .0 OH HOCH, .0 OH
H H H H
H H H H
OH OH OH H
ribose deoxyribose
used in ribonucleic used in deoxyribonucleic
acid (RMNA) acid (DNA)
] 0
® | i lc
HC & HC (&
| |
H H
uracil thymine
used in RNA used in DNA

©1998 GARLAND PUBLISHING

®1998 GARLAND PUBLISHING

mRNASs codes for proteins

rRNAs forms part of the structure of the ribosome and participates in
protein synthesis

tRNAs used 1n protein synthesis as an adaptor between mRNA and amino
acids

Small used in pre-mRNA splicing, transport of proteins to endoplasmic

RNAs reticulum, and other cellular processes




Remember when I said

Nucleus / cytoplasm = library
Chromosome(s) = bookshelves
Genes = books

BUT... (see later)

Almost every cell in an organism contains the same libraries and the same
sets of books

BUT (again)... (see later...)

Books represent all the information (DNA) that each cell in the body needs
so 1t can grow and carry out 1ts various functions

BUT (once more time). .. (see later.. )



RNA versus DNA

Nucleus / cytoplasm = library
Chromosome(s) = bookshelves
Genes = books

BUT actually, there are other special types of “books” besides the genes

Almost every cell in an organism contains the same libraries and the same
sets of books

BUT (again)... (see later...)

Books represent all the information (DNA) that each cell in the body needs
so 1t can grow and carry out 1ts various functions

BUT (once more time). .. (see later.. )



Translation

Ribosome = complex proteinst+RNAs

tRNA carrying
first amino acid Large Ribosomal
. subunits
UAC S  —_—
Anticodon m 5’
5’ 3 R
v mRNA = 0 During |n|t_|at|on, the components\
AUG UAG of the translational apparatus come
Start codon

Stop codon ~ together with an mRNA, and a tRNA
P carrying the first amino acid (AA,)
binds to the start codon (AUG).

@ During elongation,
amino acids are brought to
the mRNA by tRNAs and

are added, one by one,to a
growing polypeptide chain.

Recycling of
translational
components

Completed
polypeptide

Release ¢
factor

’
’
o
"

© During termination, a stop codon
in the mRNA is recognized by a
protein release factor, and the
translational apparatus comes apart,
releasing a completed polypeptide.

Stop codon

© 2012 Pearson Education, Inc.



Remember when I said

Nucleus / cytoplasm = library
Chromosome(s) = bookshelves
Genes = books

BUT... (see later)

Almost every cell in an organism contains the same libraries and the same
sets of books

BUT (again)... (see later...)

Books represent all the information (DNA) that each cell in the body needs
so 1t can grow and carry out 1ts various functions

BUT (once more time). .. (see later.. )



Interactions everywhere

Nucleus / cytoplasm = library
Chromosome(s) = bookshelves
Genes = books

BUT... (see later)

Almost every cell in an organism contains the same libraries and the same
sets of books

BUT (again)... (see later...)

Books represent all the information (DNA) that each cell in the body needs
so 1t can grow and carry out 1ts various functions

BUT most functions require INTERACTION among different books



Indeed:

DNA, RNA, and proteins INTERACT among / between
them through (sometimes highly specific) binding sites

enhancer

promoter RNA transcript



Fukaryotic genes contain exons and introns

5' splice site U2 snRNP 3! splice site

U1 snRNP 7
/
exon 1 A m / BXON2  hortion of a
5! A ﬁ? primary transcript
U4/U6 snRNP
US snRNP

5t

sequences required for intron removal

L

5! [( 3) -
e BBIGUAAGD  \ | UAAC UAG|G hortien.ore
LARIAT FORMATION f X : primary transcript
AND S' SPLICE SITE \ / /,-/ e ,"
lCLEAV“GE exon 1 intron ~30;nucleotldes  ouona
INTRON REMOVED
I I
2 2 portion of

31 SPLICE SITE AG |G
CLEAVAGE AND P T | mMRNA

JOINING OF Tw0
EXON SEQUENCES

excised intron sequence
\ in the form of a lariat
A o {will be degraded in nucleus)

N

_|_

exon 1 exon 2 , Portion of

MRNA
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Splicing and alternative splicing

4:%7:_

Constitutive Splicing

[ N
Exon Skipping

H:M&—&——:_

Intron Retention

e ————

Mutually Exclusive Exons

4:/_\_&_/_\_7‘:_

Alternative 5' Splice Site

{Q—L&E:_

Alternative 3' Splice Site



Remember when I said

Nucleus / cytoplasm = library
Chromosome(s) = bookshelves
Genes = books

BUT... (see later)

Almost every cell in an organism contains the same libraries and the same
sets of books

BUT (again)... (see later...)

Books represent all the information (DNA) that each cell in the body needs
so 1t can grow and carry out 1ts various functions

BUT (once more time). .. (see later.. )



Biodiversity of proteins driven by
alternative splicing

Nucleus / cytoplasm = library
Chromosome(s) = bookshelves
Genes = books

BUT... (see later)

Almost every cell in an organism contains the same libraries and the same
sets of books

BUT even inside a same organism, the “final” books may vary greatly

Books represent all the information (DNA) that each cell in the body needs
so 1t can grow and carry out 1ts various functions

BUT (once more time). .. (see later.. )



Various functions of proteins

ENZ?HE S e e

w“u

.| PROTEIN

== STRUCTURA
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TRANSPORT

RECEPTOR

STORAGE
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Various functions of proteins

Crucial in | ey TRANSPORT
[/ .4y.| PROTEIN

metabolism

Metabolism = set

Wy - ———q
B e S LN

of life-sustaining | === PROTEIN
chemical . STORAGE
transformations

PROTEIN
within the cells ‘

. ——
—h Wy P N i WA -

of organisms _w..m_ SIGNALING "
=iz | PROTEIN

RIS PEGULATORY ")\?
552, | PROTEIN %

| : l e 7y

RECEPTOR 355.'3{,“52
PROTEIN === | PROTEIN




Remember what was said before:
macromolecules such as DNA, RNA, proteins and etc
are abundant in cells

bacterial ions, small
cell molecules (4%)

phospholipids (2%)

(¢ “ DNA (18) gi
302
chemicals RNA (6T)
| =z
T-
=)
Al
(-
=
=
T0% : m
proteins {(15%) O
HzU g
m
(Hp)
\\ j/ | - polysaccarides (2%)
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However small molecules also have an important role:
Four main families of small organic molecules in cells

building blocks larger units
of the cell of the cell

SUGARS |y [ POLYSACCHARIDES |
FATTY ACIDS | [FATS/LIPIDS/MEMBRANES]
AMIND ACIDS | =gy PROTEINS |
NUCLEOT IDES = NUCLEIC ACIDS )
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Looking at two small molecules more in particular:
Amino acids of which proteins are made

amino carboxyl
group group

pH 7
Hz Hz
¢g-carbon .
side chain (R)
nonionized form ionized form
(&) (B) (C)
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Looking at two small molecules more in particular:

Nucleotides of which DNA is made

BASES o NH,
I |
"(_/L \NH adenine /N\C/C\N
nH: II U | uracil H(/ “ A I
| HC ¢ The bases are nitrogen-containing ring \ .
C N XN compounds, either pyrimidines or purines. N o ZH
L \N 'f: (8] H N
|I (& | cytosine &
HCQL S 4
N o (") d 3 N "
(
M C 6 ) Nac D
\(I/ \T“ ': ™ / " G l
H('I T ¢ guanine u’( \N/( 0

PHOSPHATES NUCLEOTIDES
The phosphates are normally joined to A nucleotide consists of a nitrogen-containing
the C5 hydroxyl of the ribose or base, a five-carbon sugar, and one or more
deoxyribose sugar (designated 5'). Mono-, phosphate groups. N-glycosidic
di-, and triphosphates are common. bond
BASE \
(') NH,
asin
€ i’ AMP
(0 PHOSPHATE
i 4 7 [
asin
o P (P P “O—P
e FI’ O II’ O ADP |
o (on o
ry
* as in The base is linked to
O=P =0=—P —0—P=—0 ;
| | | _P ATP :'rm"d“ OH OH the same carbon (C1)
o (on o subunits of _ used in sugar-sugar
The phosphate makes a nucleotide the nucleic acids bonds.
negatively charged.
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But also many more small molecules
among which, e.g., one of special interest:
ATP: the energy carrier in the cell

o
&
0 \\ - H\C/N§C/J%b
P i
TN s LN
\pr = i //N
Z
/- - H
H Y=t
OH OH
_triphosphate , ribose adenine |
adenosine
(A) (B)
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phosphoanhydride bonds
rn

[J_
o ¢ g Caoie)
“0-p-0-pP-0-P-0—CH
TR ik z
El NEN

energy available

for cellular work
and for chemical
synthesis

energy from
sunlight or
from food

RIBOSE
inorganic

phosphate (P;)
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Remember when I said

Nucleus / cytoplasm = library
Chromosome(s) = bookshelves
Genes = books

BUT... (see later)

Almost every cell in an organism contains the same libraries and the same
sets of books

BUT (again)... (see later...)

Books represent all the information (DNA) that each cell in the body needs
so 1t can grow and carry out 1ts various functions

BUT (once more time). .. (see later.. )
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To conclude this (brief) introduction
First, one more important information

DNA in a living cellisin a highly compacted and structured state
Transcription 1S dependent on such structural state!



To conclude this (brief) introduction
First, one more important information

DNA in a living cellisin a highly compacted and structured state
Transcription 1S dependent on such structural state!

Chromosomes are not like spaghetti inside the nucleus!

A 1 M chromatin C . )
domaing L 2 e . \ \
’ ' “rj_/) '\Mrhmmnim / A[—i WREEST .'
0 . "’”"’" RO
CTs 7 .

CSH

ST
‘

Interchromatin compartment
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And finally (perhaps the most important):
Transcription and translation are REGULATED

enhancer

—~ @
4
enhancer [ﬁ

YT

l : . Inhibition of Translation
promoter RNA transcript

Cytoplasm

Inhibitory

Complex Target mRNA

cleavage
Target mRNASNS (RISC)
e —

/ Dicer

Degradation Argonaute Precursor miRNA
I (pre-miRNA)
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Remember when I said

Nucleus / cytoplasm = library
Chromosome(s) = bookshelves
Genes = books

BUT... (see later)

Almost every cell in an organism contains the same libraries and the same
sets of books

BUT actually, every cell contains the same set of books (genes) indeed, but
expressed in highly different ways!

Books represent all the information (DNA) that each cell in the body needs
so 1t can grow and carry out 1ts various functions

BUT (once more time). .. (see later.. )



The key abstract idea to retain for now however is:
Interactions! Interactions everywhere!
And so networks / graphs, as models or tools

Biochemical networks ...but also

Rytidospenma clade

Pentaschisfis clade

Cape Merxmuellera clade
Menmuellera arundinacea

New Zealand
Cortaderia clade

Outgroups
Mountain
Menmuellera clade

Plinthanthesis

Notochloe

Cortaderia
pilosa

Chagtobromus !

f Chionochloa
Pseudopentameris

Cortaderia
archboldii

Danthonia
South American

Cortaderia clade

Evolutionary network

ATCTGCTCGACGC
GCGTCGAGCAGAT

B
 Eletasas X

Besides graphs as ways of inferring

Ecological network information related to interactions



A few references for those curious to know more

Molecular biology of the cell, Bruce Alberts & Alexander Johnson

What is life? Erwin Schrﬁdinger
See also: http:/ /whatislife.stanford.edu/LoCo files/ What—is-Life.pdf

The chemistry of life, Steve Rose

In French: La biologie buissoniére, Jacques Ninio

And many, many more

If interested in having more references, contact us!



