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1 full professor
3 ass.professor
2 postdocs

4 phd students
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6 electrical engineers;
9 bio-engineers;

4 mathematicians/statisticians
1 medical doctor
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Biology

1.000.000 cell types
100.000.000.000.000 cells
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Double helix of DNA
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It has not escaped our notice that the “specific
pairing we have postulated irmmediately suggests a
possible copying mmﬂmmﬂm for the genetic material.
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Genetic (almost) universal code: codons

“Mrwl:f
JUC [ P
UU'&. Phenylakanine
UG F
CMJ”ﬂi‘;
CuUC J\Y v
CUJE"- L
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WU o |
AUC ri*""
A0 . lgodeucineg
AG you M
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Methionine
GUU
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GUG o
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-20 amino acids

UCu
UCC
UCA
UCG

CCuU
CCC
CCA
CCG

ACU
ACC
ACA
ACG

GCU
GCC
GCA

Ree

S UAU g o
U.Iﬂ'-l:: Tyrosine
Serines Um P
i s STO
CALU : H
i&t P CAC Histiine
il 5 CAA
9 proline A i{‘hqlularm(%-
: N
i MU -v:l."u: wranine
g T mac 9N
! AAA S K
Thireonine AAG ﬂ
o B Lysine
A w2 D
"‘f; F:I.I&LC . Asparalic acid
Alanine G."E"u‘:"'. -1 -
GAG E

Shbamic acd

-64 codons: Redundancy - robustness
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UGU
uGC
UGA

UGG

CGU
CGA

AGU
AGC
AGA
AGG

GG
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Cysloine
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STOP
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‘MR T in DNA

2 U in RNA

:;1“ .; S
Serine

vis (=]

J0 "
+
Arginine

G

Slycing

?

Stop=UAA,UAG,UGA
Start=AUG



SNP: Single Nucleotide Polymorphism

11 million SNPs / 3 billion nucleotides
Chromosome  Sequence of Amino acid
7 nucleotides sequence of
.~ INCFTRgene CFTR protein
| ; |
| T ISOLEUCINE 508
| C ‘
. A |
= ‘ T ISOLEUCINE 507
o Deleted
in many
T patients
T PHENYLALANINE 508 Wih cystic
T . fibrosis
. |
CFTRGENE— G GLYCINE 509
T
| | e
T VALINE 510
T
Figure 3-28 NG N
Monogenic diseases &
-1983: Huntington T T TGTTT
g’:‘% -1986: Muscular distrophy
: i 5 -1989: Cystic-fibrosis *
%‘mg S&C: Challenges in 21st century, T.U.Delft, June 2004
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HGP: sequencing

articlas

Initial sequencing and analysis of the
human genome
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The Sequence of the Human Genome
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The genome

I
......................... ACACATTAAATCTTATATGCTAAAACTAGGTCTCGTTTTAGGGATGTTTATAA
CCATCTTTGAGATTATTGATGCATGGTTATTGGTTAGAAAAAATATACGCTTGTTTTTCTTTCCT
AGGTTGATTGACTCATACATGTGTTTCATTGAGGAAGGAACTTAACAAAACTGCACTTTTTTCA
ACGTCACAGCTACTTTAAAAGTGATCAAAGTATATCAAGAAAGCTTAATATAAAGACATTTGTT
TCAAGGTTTCGTAAGTGCACAATATCAAGAAGACAAAAATGACTAATTTTGTTTTCAGGAAGC
ATATATATTACACGAACACAAATCTATTTTTGTAATCAACACCGACCATGGTTCGATTACACAC
ATTAAATCTTATATGCTAAAACTAGGTCTCGTTTTAGGGATGTTTATAACCATCTTTGAGATTAT
TGATGCATGGTTATTGGTTAGAAAAAATATACGCTTGTTTTTCTTTCCTAGGTTGATTGACTCAT
ACATGTGTTTCATTGAGGAAGGAACTTAACAAAACTGCACTTTTTTCAACGTCACAGCTACTTT
AAAAGTGATCAAAGTATATCAAGAAAGCTTAATATAAAGACATTTGTTTCAAGGTTTCGTAAGT
GCACAATATCAAGAAGACAAAAATGACTAATTTTGTTTTCAGGAAGCATATATATTACACGAAC
ACAAATCTATTTTTGTAATCAACACCGACCATGGTTCGATTACACACATTAAATCTTATATGCT
AAAACTAGGTCTCGTTTTAGGGATGTTTATAACCATCTTTGAGATTATTGATGCATGGTTATTG
GTTAGAAAAAATATACGCTTGTTTTTCTTTCCTAGGTTGATTGACTCATACATGTGTTTCATTGA
GGAAGGAACTTAACAAAACTGCACTTTTTTCAACGTCACAGCTACTTTAAAAGTGATCAAAGT
ATATCAAGAAAGCTTAATATAAAGACATTTGTTTCAAGGTTTCGTAAGTGCACAATATCAAGAA
GACAAAAATGACTAATTTTGTTTTCAGGAAGCATATATATTACACGAACACAAATCTATTTTTG
TAATCAACACCGACCATGGTTCGATTAACACATTAAATCTTATATGCTAAAACTAGGTCTCGTT
TTAGGGATGTTTATAACCATCTTTGAGATTATTGATGCATGGTTATTGGTTAGAAAAAATATAC
GCTTGTTTTTCTTTCCTAGGTTGATTGACTCATACATGTGTTTCATTGAGGAAGGAACTTAACA
AAACTGCACTTTTTTCAACGTCACAGCTACTTTAAAAGTGATCAAAGTATATCAAGAAAGCTTA
ATATAAAGACATTTGTTTCAAGGTTTCGTAAGTGCACAATATCAAGAAG. ...,

Humane Genome

+/- 30 000 genes of 60 — 120 kB;

only 3 % DNA = gene (exon: codes for protein);
rest = intergenic (introns, regulatory elements, see later);

=y
>3

&‘i - Each person’s genome is 99.8 % identical to everyone else’s;
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LL ¥4
s
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... also other organisms... 2002: Rat & Rice

- i el 2k

nature

* Arabidopsis
o thaliana
tEI genome

A 58

it quence

HAF ai Frammw
bl e e fved il

SHARED HERITAGE m— ' 1998

Bacteria

Sars genome, April 2003, 3 weeks !

Building blocks and mechanisms are the same
for all living organisms !

‘Universality’ of the genetic code ....

S&C: Challenges in 21st century, T.U.Delft, June 2004 10



... Some genome numbers

Group Species Genes | Genome

(Mbase)
Phages Bacteriophage MS2 41 0.003560
Viruses HIV Type 2 9| 0.009671
Bacteria Haemophilus influenzae (1995) 1760 1.83
Archaea Methanococcus jannaschii 1735 1.74
Fungi Saccaromyces cerevisiae (yeast) (1996) 5800 12.1
Protoctista Oxytricha similis 12000 600
Arthropoda Drosophila melanogaster (fruit fly) (2000) 12000 165
Nematoda Caenorhabdiis elegans (Round worm)(1998) 14000 100
Mollusca Loligo Pealii 35000 2700
Plantae Arabidopsis thaliana (Mustard cress)(2000) 25000 70-145
Chordata Homo Sapiens 30000 3000
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Estimated 265-350 genes are required for ‘life’.
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Moore’s law
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: 1975 [1980] [1985 (1990 [1995 [2000] [2005 [2010]
: ; Year
T‘- Database growth: Number of sequences Database growth: Number of nucleotides

: g [ Rmber ofseences] [ mer o nteois

5.00E+06 4.00E+09
4.50E+06 3.50E+09

0.00E+00- 0.00E+00-+
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Mathematics and biology

e

1865: Mendel’s Shannon: 1940 PhD  1952: Turing 1944: Schr('j-’
Laws = An algebra for The chemical basis IC_I]ICng?er: What's
ife 7

statistics theoretical genetics of morphogenesis

Neural networks !

Genetic algorithms = optimization by
‘survival of the fittest’

Parent A Parent B Offspring
+

3

DNA computers

Sk
I

A
“Bnymie

GHE8"S 8y,
3
=

I
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Differentially expressed genes
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Technology: Microarrays/DNA-chips
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Bio-informatics

-High-throughput technology - lots of ‘wet lab’ data
-Computers - computing power
-Internet - Publicly accessible databases

-Applied mathematics, statistics, numerical algorithms,
machine learning, data mining

Some cases / examples:

- Clinical bio-i: Classification of leukemia
- Gene regulation bio-i: Finding motifs in DNA sequences
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GHE8"S 8y,

Example: Classification of leukemia
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12 600 genes

72 patients:
- 28 Acute Lymphoblastic Leukemia (ALL)
- 24 Acute Myeloid Leukemia (AML)

- 20 Mixed Linkage Leukemia (MLL)
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Pattern recognition algorithms

Data matrix

2 4 _6_3 10 12 14 18
A7 O 11 13 {5
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=fingerprint)

AML Pattern (

18 AML patients (of 21) with 87 genes
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MLL pattern (=fingerprint)

14 MLL patienten (of 17) with 62 genes
EE = H; —
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ALL/AML/MLL dataset

ALL MLL AML
-I'r.'l.'
gebny
.I':i *EE
ok
£ri ng
.4
i 5
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e ] f a =t@ +Pa e
e -] fedates aT ree

© Armstrong SA et al. Nat Genet. 2002 Jan;30(1):41-7.

12 600 genes

72 patients:
- 28 Acute Lymphoblastic Leukemia (ALL)
- 24 Acute Myeloid Leukemia (AML)
- 20 Mixed Linkage Leukemia (MLL)

=3 patients for each class used as test set
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How many genes needed for diagnosis ?

Neural net
number of % area ROC % area ROC

genes training prospective
20 1 1
15 1 1
10 1 99.29
5 1 98.57
4 1 98.57
3 1 97.50
2 08.32 08.21
1 93.60 71.07 Relevance:

Diagnostic kit
£

ﬁ*ﬁ:

[

i
4o )
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Bio-informatics

-High-throughput technology - lots of ‘wet lab’ data
-Computers - computing power
-Internet - Publicly accessible databases

-Applied mathematics, statistics, numerical algorithms,
machine learning, data mining

Some cases / examples:

- Clinical bio-i: Classification of leukemia
- Gene regulation bio-i: Finding motifs in DNA sequences
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Central dogma (Crick, 1958)

i DNA — mRNA — codon — amino-acid - protein
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Protein:

-linear polymer
-100000s

-3D-Folding / docking
-‘workhorse’

Bl E
SRR
s Y

£

: Exceptions exist: e.g. retrovirus (HIV)
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Detecting regulatory elements

GEN

Repe ZE

Transposon £ 1; 1‘ ' :
Pseudoger 1":\. EE 7 )
= 1-;-;

Transpnsunl‘
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Junk DNA ?

", Exon 1 Infran=gxmn

i sirscture of a typical

Imtran 1 aukaryolic gene

o Exon 2

oy

; intran 2
\\ Exon 3

LY I wﬂﬂj
o i o, Exon 4
L T

"|.\._ i
L

% Intergenic DNA

(hromasome

L
o o

¥
Genes @

t:i-.'ml:llrL hedical
struciure of DNA

OEA, such B8 HRDErgems
DHA g frlrors, plays an dmporfant role
in the reguelation and evalution of e geremne

3 % of human genome: genes
97 % non-coding

Introns contain
-Lots of DNA function unknown
-Centromeres
-Telomeres
-Regulators
-Promotors, enhancers
-Suppressors

During transcription, introns
are removed (splicing)
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Regulatory elements

-Many intermediate signhals co-determine gene activity

-Regulatory elements determine when and how much a gene is
active

gene regulatory sequences

. w
II",Illfﬂ = S ‘ S

spacer DNA

n

i
p gene regulatory

factors

: :{ general transcription
3

RNA polymerase

proteins

e T | start of
upstream promoter transcription
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DNA Markov model
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e
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t=3

[
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T

A Cc G
A 0.0643 0.8268 0.0659
C 0.0598 0.0484 0.8515
G 0.1602 0.3407 0.1736
T 0.1507 0.1608 0.3654

T
0.0430
0.0403
0.3255
0.3231

ACGCGGTGTGCGTTTS
ACGGTTACGCGACGTT
ACGTGCGGTGTACHTE
ACGGAGTTTGCGGCAL
ACGCGCGTGACGTACS
AGACGCGTGCGCGCGS
ACGGGCGTGCGCGAGT
AACGCGTTTGTGTTCS
ACCGCGTTTGACGTCS
ACGTGACGCGTAGTTL
ACGTGACACGGACCGTA
ACCGTACTCGCGTTGA
ATACGGCGCGGCGUGE
ACGTACGCGTACACGE
ACGCGCGTGTTTACGA
ACGTCGCACGCGTCGS
ACGGCGGTCGGTACAL
ACGTTGCGACGTGCGT
ACGGAACGACGACGCS
ACGGCGTGTTCGCAGT

GA
T
CG
GT

()

OOOO00r0000n000On00nH
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Statistical model of a motif

Motif 2: TyTTTCCAWC

1

z

S 74 o

A, 0.0978 0.0095 0.0096 0.0096 0.2747 0.0096 0.0085 0.8049 0.4514 0.0096 :[
C 0.0048 0.4457 0.2700 0.0045 0.0049 0.9769 0.9768 0.0043 0.0043 0.6235 I
53 0.0041 0.0041 0.0041 0.0041 0.0041 0.0041 0.0047 0.0041 0.0047 0.0044 I

T 0.8931 0.5386 0.7164 0.85815 0.7164 0.0094 0.0094 0.1862 0.5396 0.36248

1
8 9 10 I

o
—

Scores

[nformation Content 1.18392

Loglikelihood

COnsensus Score

Alignment:

Mame Position

Seq 1
Seq?
Seqg 4
—eq 5
seqE
%
g%’;‘; seq 7
§ Seq 8
g mi Seqs
%
%1475

£kB8
283
B35
a1
442
200
349
513
286
345
229

B5.15E8
1.3043

Site Prob.
TTTTTCCAAT 08517
TTTTACCAALZ 09887
TTCTTCCAAT 0.787E6
TTTTTZCATT 09053
TTTTTCCAATC 0.9980
TCTTTCCTTC 09183
TCTTACCATC 0,.9994
TCOTACCATC 0.94E65
TCTTTCCTTC 0.8509
ATTTTCZCATT 0.5764
TCOTTCCAAL 09806

How to find motifs ?

W.r.t. DNA background,
look for ‘overrepresented’ patterns

-by analysing ‘similarity’ in DNA
conserved regions between species;

-‘upstream’ of co-expressed genes
IN one species;
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Ildentifying regulatory sequences

mCluster genes from microarray expression data to build
clusters of coexpressed genes

mCoexpressed genes may share regulatory mechanisms

mMost regulatory sequences are found in the upstream
region of the genes (up to 2kb in A. thaliana)

mMotifs that are statistically overrepresented in the
upstream regions are candidate regulatory sequences
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Clustering then motif finding

GenBank

Microarrays

Gibbs sampler

LAmehar

L o ol el el el el ol
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Clusters: ‘Guilt by association’
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Zooming in on one cluster

Results: BioDemo 270363

Inpull Parameters:
= Fagquired prabakility of genes helanging o chister: 095
= fdinimal number of genes in cluster: 3
» Tatal number of peres in daka set 136

Results:

= Mumber of clesters; 12
= Mumber of genes not in a clester;, 6B

Cluster 1

Cluster 1 contairs 11 ganss
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(zzre Name
AET
CCOapAT
ELI3
GERz
GFHE
HeAGH
JIP
LECHE
WEEKE
WITz
PRAANI

Similarity measure
-Euclidean distance
-Euclidean angle

Relevancy of measure?

- Biologically ?

- Dynamics (e.g. distance
between time responses)?



Results
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M cellular organisation 107 19
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Arabidopsis Thaliana

Consensus motif PlantCARE

Description

TAArTAAGTCAC 7/10 TGAGTCA Tissue specific GCN4-motif
CGTCA MeJA-responsive element
ATTCAAATTT 8/10 ATACAAAT element assoc. to GCN4-motif
CTTCTTCGATCT 5/10 TTCGACC elicitor responsive element
TTGACyCGy 5/10 TGACG MeJa responsive element
(TYTGAC(C) elicitor responsive element
MACGTCACCT 7/10 CGTCA MeJA responsive element
ACGT Abcissic acid response element
WATATATATMTT 5/10 TATATA TATA-box like element
TCTwCnTC 9/10 TCTCCCT TCCC-motif,light response elem.
ATAAATAKGCNnT 7/10 - -
YyTGACCGTCCsA 9/10 CCGTCC meristem specific activation of
H4 gene
CCGTCC A-box, light or elicitor
responsive element
TGACG MeJA responsive element
CGTCA MeJA responsive element
CACGTGG 5/10 CACGTG G-box light responsive element
ACGT Abcissic acid response element
gﬁ% GCCTymTT 8/10 - -
£ % % AGAATCAAT 6/10 - -
>3 3
@ & g
G ¥
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INCLUSIVe: online analysis of p-array data
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Clustering

—

Pre-processing

AQBC

i 4 T & 7 & 3 10 11 1Z 13 14 17 18 17 183

Gibbs bi-clustering

Sequence Analysis

TOUCAN
MotifSampler

MotifScanner

v

* Gene Ontology
e Text mining
e OMIM

Functional Annotation

TXTGate
Go4G

e LocusLink

http://www.esat.kuleuven.ac.be/inclusive/
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INCLUSIVe — web portal

_ Eile EdR View Go Bookmerks Toos Window Help

% @ @ @ O [Frorrwwesiimven o iomcivamisssp ] [0 [T searon | ‘-‘-'-E".';n @

.| % Home O Search )Bockmarks
Y|~ % INCLLUSIve | 5]

T CITTCETRT

IHCLUS ke Matri=
Fliar & sarwEs riafsEr W e owew e al kel e en s e omaraa P aran
Catiwirl (M CL LESil Sk rindbir | I po e s aall enl ciimen . ad Se mohisine Sersicels er

L. WPEDL Chesiln Deaalesd el Refsrences
Pregrooe Lsng
HMARAH P ar beaidl Maranddain Marardlest [LE L] [LJ]
Clusleviag
BARC AORC sadl AR AORCCEed] 51
Fusclioqal Sroviag:
v
Begeence Aetrieval
Il erwic Skl
Seqeence Cofipaisom.
Al Wiala Wicsl in w3l S ad 141 51
bAatin Deteciiin:
FlalilSangler el Sangler siadi il ad Irtlg 7] (9 [
FAalilE. mier b alirS s, wadl iy az Iecig IR NERY]
I B Falill scatar wadl =
FaslPrmier Fa#tPriml & iddl FaetMrimlertain FoslPraierCliicnt Jumnioad sl M
Helerences
1] Aserin, 5., Ths, G, Comesere, B, Slsss W Worssy, V. De Koo, B (20000 TOLICAN: Deciplarning the Co-Regeisiory Loge: of Corsgeisled Genes . Assmin: Aogs fer, X1 1TTE- 108
[#] Blarckaite, M., Sewdoraibl, B, e Torgs, W (3000 Sgoeib for PRyl Fostprining, oo of Corsamons’ Sk, 30 211223
3] Edancheibe, W. ared Towngs, WL (2002 ) Deseosey of Reguixiony Elerneis by 3 Coanpstationsl Method for Phybogenstic Foobpredeg . Genoms Sesawon, 1F 733748
[ 4] Droee B, Deitachesdc, | osned Pachder L {20000 8000 & Glotel segrarea] Progrem . Sesocse el T 57
o |5] D= v, F Malbys ), Warceal, K This, G, Da Moo, B Wors, v (20000 Aclgetren cuilily-baisd chalsning of gare axgncann prolies, Senilprredcr, B 735-748
1 8
1= H = 8 B[] | Coosmen: Do (045 823) L~ gt

2
L
IRy

0

'
4

Ut S&C: Challenges in 21st century, T.U.Delft, June 2004

41



Endeavour: data & algorithm integration

Gene Anatomical Literature Biological Gene Protein Evolutionary
expression  expression process regulation domains conservation

e

Pathol ogy

S

@ IR i
i
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Software statistics: example

Motif sampler

Number of user on a monthly basis

1400
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1000 -

800 -

S P> DD DI I ISP
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S L

=y
¥

S
A
R0y gt

http://www.esat.kuleuven.ac.be/—dna/Biol/Software.html
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From Kepler to Newton

Kepler’s laws:

Law 1: Orbit is ellips with Sun in focus

Law 2: Joing line sweeps out
equal areas in equal time

2 3 “
1 =+ o+
Law 3: —= = —=
-y a~
el Z
From conic sections
to centripetal forces
# 0 and states
s __———‘__d___—_ ;
e ———
P K
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Example: Systems biology: Chemotaxis

oy T «]“
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‘high throughput ‘data
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Frankenstein or the modern Prometheus ?

Venter Cooks Up a Synthetic Genome in Record Time
Elizabeth Pennisi , Science

When the U.S. Department of Energy (DOE) announced last week that sequencing
maverick J. Craig Venter had taken just 2 weeks to build a viral genome from scratch,
Secretary of Energy Spencer Abraham called the work "nothing short of amazing."

He predicted that it could lead to the creation of microbes tailored to deal with pollution

or excess carbon dioxide or even to meet future fuel needs. But the $3 million DOE project
drew ho-hum reviews from some scientists. "I didn't think it was a big deal," says lan Molineux,
a molecular biologist at the University of Texas, Austin. And Richard Ebright, a molecular
biologist at Rutgers University in Piscataway, New Jersey, agrees: "This is strictly a limited
incremental advance over current technologies."

The skeptics focus on how hard it will be to go beyond the initial step, while Venter, head

of the Institute for Biological Energy Alternatives (IBEA) in Rockville, Maryland, and former
president of Celera Genomics, and his backers are proud to have gotten this far. All are in
agreement, however, that the experiment demonstrated speed in converting raw ingredients
into a functioning virus

The genome synthesized by the Venter-led group belongs to a bacterial virus, called a phage;
when it was tested in a lifelike situation, Venter reported, it infected and killed bacteria just
as natural phages would.

Because his team stitched together the phage's DNA in just a few

Slegeks instead of years, molecular virologist Eckard Wimmer of the State University of New York,
s Jgfany Brook, called the effort "a very smart piece of work."
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Omics’ world

Genome, ORFeome or proteome

Functional maps > 3
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Systems biology /7 Whole-istic / Integration

FraTesy Bioloey

Whole-istic Biulugy
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Yeast protein-protein interactions
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Unravelling genetic networks....
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ODE model of cell cycle

Table 1. A mathematical model of the proposed mechanism (Fig. 1) for the fission yeast cell cycle

Differential equations*

d
S Rum1 = ks — kiRum1—ky(MPF, + e'SKemassyRumT + (Kpp + KeprPPYRUm1P — kyMPFRUMT + kyeCR + k' CR

d
at RumiP = kg (MPF, + epSK:massi-Rumi — (kep + keePPFRum1P — (kg + kel Rum1P — kiMPFRumi1P + kjz:CRP + ks CRP

d
i CR = keMPFRUmT — ki CR — koo CR — kg CR — kyr(MPF, + ey:SK-mass !

d
at CRP = kpiMPF, + gpSK'mass)CR — (kpp + keerPP)CRP + kyMPF-Rum1}

d
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Innovation through multidisciplinarity

‘Enlightment’: Split up sciences

Micro-Electronics. Nano-technology  Biotechnology:

‘Renaissance’: Merge sciences
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Nano-Sensoren en Actuatoren
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Human—++ programma IMEC

Cellular
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This is the (very near) future...

] L] .:'
Farnd et by By mall e

YOURLIFE

Massive automated genetic

‘Customized’ .
ol screening of 1000s of assays
rusdmme

¢
g

G S&C: Challenges in 21st century, T.U.Delft, June 2004

58



GMOs
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What to read and study (the specialist) ?

SI]H”H“M = PROCEEDINGSKIEEE PROCEEDINGSZIEEE

BIOINFORMATICS

PART 1: ADVANGES & CHALLENGES
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What to read and study ?
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Relation Impact Factor — Research Domain
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...and finally...

The Human Genome Project has catalyzed striking paradigm changes in
biology - biology is an information science. [...] Systems biology will play a
central role in the 21st century; there is a need for global (high throughput)
tools of genomics, proteomics, and cell biology to decipher biological

Information; and computer science and applied math will play a

commanding role in converting biological information into knowledge.

Leroy Hood, Institute for Systems Biology, Seattle, WA, 2002
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