Computational Biology
What for ?

Protein family Gene sequence Structure

420 * 440 ” 460 *
Hs-RPL3-I3 : ARTGCGTGTAACTTAA-ATTAACCTTGTGGACCTCTGCTCAGCTCOGCTCGECTCTGEE @ 48
Mm-RPL3-I3 : TATATTTGIGGCTTAT-ATTAACCT-GTGGACCTCTGCTCAGCTCCGCTCGGETETGEE @ 42 Lo e
Bt-RPL3-I3 : GANATGTTGTGTTICATTATTAACCTTGTGGACCTCTGCTCAGCTCCGCTCGGCTCTGEC @ 36 |
At  tTGTg cTtAt ATTAACCTLGTGGACCTCTGCTCAGCTCCGCTCGGCTCTGOC B -; iy S IE
480 - 500 - 520 - e gl
He-RPL3-I3 : CGATGAGCTCCATCCAGGCTCCGCTTGCCCETGEARANGGCTCCTTAGAAGCCGGCAAT @ 51 Y o - :
Mm-RPL3I-I3 : CGATGAGCTTCATCCAGGCTCCGCTTIGCCGGTGEARAAGGCTCCTTAGAAGCCGGCART & 47 L P .' & gl
Bt-RPL3-I3 : CGATGAGCTCCATCCAGGCTCCGCTTGCCGETGGAAARGGCTCCTTAGAAGCCGGCART @ 45 o -
CGATGAGCTECATCCAGGCTCCGCTT GCCGETGEAARNGGCTCCT TAGAAGCCGGCAAT F R TR Ty
540 * 560 * 580 * "', , N | I
Hs-RPL3-13 : GAGCTCCATCCCCACGCGGTGCCAGTGTGCCTTCCGCTCACCCCTCEGAGGEETGATGA « 57 BT It
Mm-RPL3-I3 : GAGCCCCATCCCCAAATGGTGCCAGTCTGCCTTCCTCTCACCTGTTGCAAGGGTGATGA @ 53 R4 iig
Bt-RPL3-I3 : GAGCCCCGTCCCCACACGGTGCCTGTGTIGECTCCCCCTCACCCGTTGG! GATGA : 5C I ] o L
GAGCECCaTCCCCACAcGGTGCCAGTTGCCTECC CTCACCEYTEGUAYGGYTGATGA ! Y o H
600 * 620 " " B

Hs-RPL3-I3 : AGGCCTGCACC-TGGTCCCCTOCCCAACTCTGCTCTGCTCCTGAAG @ 619 PR
Mm-RPL3-1I3 : AGGCCTGCACC-GGGCCCCTCCCCCAACTGTGCTCTGCTCCTGAAG @ 583
Bt-RPL3-1I3 : AGGCTGGCACCTGGGCCCCCTCCCOCAACTCTGCTCTGCTCCTGAAG @0 555

AGGCCLGCACC gGGCCCCCctCCCCAACTCTGCTCTGCTCCTGAAG

Figure 2. Alignment of human., bovine and mouse RPL3 gene (intron 3) using the Genedoe multiple alignment program.
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Computational Biology

What for ?

And their phenotypic counterpart




Translational Biolnformatics

PLOS Computational Biology

A Peer-Reviewed, Open Access Journal

Translational Bioinformatics : a collection of Education Articles, 2012
http://www.ploscollections.org/article/browselssue.action?issue=info:doi/10.1371/issue.pcol.v03.

111

Impact of Computational Biology : translational sciences

Integrate huge amount of heterogeneous molecular and clinical data for a better
understanding of molecular basis of diseases and subsequently changing clinical practices of
course for the benefice of the patien

o Clinical Informatics :
Informatics : the study focuses on the clinical

of how to represent, Medical Informatics : delivery part of medical
store, search, retrieve concerns medical information informatics

and analyze
information

Biolnformatics : concerns

Imaging Informatics : basic biological information : : :
focuses on images Biomedical Informatics :

merges bioinformatics and
medical informatics



http://www.ploscollections.org/article/browseIssue.action?issue=info:doi/10.1371/issue.pcol.v03.i11
http://www.ploscollections.org/article/browseIssue.action?issue=info:doi/10.1371/issue.pcol.v03.i11

Translational :
- How to improve diagnostic, pronostic and patients’ care ?
« Small devices
* Molecular dignostic
» Nano-particules based treatment
» Vaccine
Etc.

* Mastering the huge amount of new knowledge in molecular biology, genetics and genomic.

Double helixoidal structure of ADN — pratical improvement of human health
from a technological point of view ?

For sure, we are able to quickly compute/measure :

- DNA sequences (whole genome scale)

- RNA sequences and expression
protein sequences, structure, expression and modification
structure, presence and quantity of small molecular metabolites
generate a lot of data including images



2 playground chapters for this sessions :
- Quantitative Imagery

- Machine Learning / Data Mining

2 important chapters in an ideal world :
- Graph and Network representations

- Knowledge representations : data, database, ontologies

Then technologies/ environments for sotware use/development :
- Java : ImagedJ, Weka

- Python : Biopython, Numpy, Scipy, Matplotlib, Pyvis, Enthought Python
Distribution and Canopy, Anaconda Pandas

- scripts : Perl, Gawk

- Inkscape, ImageMagik / Sphinx / XML, SBML, BioPax, GPML, JSON, SQL,
noSQL, Hadoop

- Clustal — T-coffee, PathwayAPI, BioGRID, PatternHunter ....



Learning code In a biological perspective for being able to get involved in...

- Gene feature recognition :
— TIS (Translation Initiation Site)
— TSS (Transcriptional Start Sites)
— Feature Generation — Feature Selection — Feature integration
— Gene finding

- Gene expression analysis :
— Affymetrix Gene Chip Data
— Gene expression Profile Classification
— Gene expression Profile Clustering
— Gene Regulatory Circuits Reconstruction : Differentially Expressed
Genes, Gene Interaction Prediction

- Sequence Alignment / Comparaison / Homology :
— Multiple Sequence Alignment (Dynamic Programming)
— Function assignment to protein sequence (Guilt by Association)
— Discovery of Active Site or Domain of a function
— PPI / Proteomic Profile Analysis
— key mutation site identification

- Phylogenetic tree : -Biological Networks / Graph of Interactions :
— Construction — Natural pathways
— Comparison — PPI Networks

— Protein Complex Prediction

- Image analysis :
— High-throughput screening



TIS : Translation Initiation Site Recognition/Prediction

5'flank exon Intron exon intron exon 3 flank
___{_4%4§—4Qx1ﬁﬁﬂﬁﬁt:::j&mﬁ&ﬂmﬂ T e
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| y I I ; ;  DNA:ACGT
transcription \ L 4 /
| - | !
Y i | b oot f.-'flJ
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AT ey mRNA: A,C,G,U

coding region

cDNA sample

299 HSU27655.1 CAT U27655 Homo sapiens
CGTGTGTGCAGCAGCCTGCAGCTGCCCCAAGCCATGGCTGAACACTGACTCCCAGCTGTG
CCCAGGGCTTCAAAGACTTCTCAGCTTCGAGCATGGCTTTTGGCTGTCAGGGCAGCTGTA
GGAGGCAGATGAGAAGAGGGAGATGGCCTTGGAGGAAGGGAAGGGGCCTGGTGCCGAGGA
CCTCTCCTGGCCAGGAGCTTCCTCCAGGACAAGACCTTCCACCCAACAAGGACTCCCCT
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Why the second ATG is a TIS?

80
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Gene prediction

DNA Predictions
Exon Candidate # Exons i o P %
Parameters - Short 229 171 A7 39 186
6 suer - e (sochore) s Long 0w | 958 KN 49
6-mer in-frame (Candidate)== g Total 829 746 %00 69 8.5
- Markov e # Bases
Isochore GC Composition ey Total 134814 122833 91.2 13048 9.6

Bxcon GC Composition et \
Size prob. pIofle N
Length e
Donor I—r /
Acceptor e
flntron Yocabulany | (hodm;c}}—

Intron Vecabulary 1 [Candﬂatu}H

Bitron Vo cabulary 2 (lsocho m::)-—y

Intron Voeabulary 2 [Candldate) b




PAS Prediction

False PAS TrLH:IAS

mBEMNSs ] - ATOGUUAAT AAAUGAGUALG. ATCTTITTATUAATAAAATOOTATATUTTTTTTAGTC. .. ...

SoLUemes

EG N SEGITEITOE Wil IFL‘.'IE'.l‘]lE'.l'{-l'.I'f!’.l.l‘]

A 4
| ncom ng - :I:“"'E‘““"E"“"'_"' s ._"_“,‘“““'{"‘_,r_,
seguences - — | - -
a (Talse) PAS window coding amino acid sequence
A 4 ' —:: '
Feature generation | | | A
a (true) PAS window A v achd £ e nenes
A 4 : :

Feature sel ection

Jrrritfrer freos oot on

A

Mew leature space (total of 925 features + class label)

Feature integration

42 l-gram atmninge BE2 Z-gram mmino I bio-know - class
acid patterns acid patterns ledge pattern label
A
! UP-4A, UP-RE, UP-A4, UP-AR, ..., UP-T-number True,
EI\D oo LTP-TN, DHOV - LIP-TM, DHOAR N -5 5 {mumnenc typel False
A DENWN-R, DW= AR

DA R DA -

" {mmeenic typel {memenc typel

- .-'Ir'f . , F ency as values
R s The University Ty mea m

of Waikato 1,3, 5 04, . B2 T 005, L, False
1
' ' ' '
6,5 7,00, 20,03, 10,0, S0, True

SVM in Weka ; :




T-Cell Epitopes Prediction By Artificial Neural Network

* Honeyman et al., Nature
Biotechnology 16:966-969,
1998

TRAP-559AA

MNHLGNVKYLVIVFLIFFDLEFLVNGRDVONNIVDEIKYSE
EVCNDQVDLYLLMDCSGS IRRHNWVNHAVPLAMKLIQQLN
LNDNATHLYVNVESNNAKE T TRTLHSDASKNKEKALITIRS
LLSTNLPYGRTNLTDALLOVRKHLNDRINRENANQLVVIL
TDGIPDSIQDSLKESRKLSDRGVKIAVEGIGQGINVAFNR
FLVGCHPSDGKCNLYADSAWENVKNVIGPFMKAVCVEVEK
TASCGVWDEWSPCSVTCGKGTRSRKREILHEGCTSEIQEQ
CEEERCPPKWEPLDVPDEPEDDQP RPRGDNSSVQKPEEN L
IDNNPOQEPSPNPEEGKDENPNGEDLDENPENPPNPDIPZ
KPNIPEDSEKEVPSDVPKNPEDDREENEFDIPKKPEN
QNNLPNDKSDRNIPYSPLPPKYVLDNERKQSDPQSQ@DNNGN
RHVPNSEDRETRPHGRNNENRSYNRKYNDTPK gEEHE
KPDNNKKKGESDNKYKIRGGIRGGLALLACA@%E!KFVVP
GAATPYAGEPAPFDETLGEEDKDLDEPEQFRLPEENEWN




Histone Promoter Recognition Programs

“GENERAL PROMOTERS"

First Generation

MName

Scoring
Technique used

Search by
content/signal

Features used

NNPP Time delay NN Signal TATA box, Inr
Promoter 2 NN Signal TATA box, Inr, CAAT
box, GC Box
PromFind Discriminative count | Content Hexamer frequency
PromoterScan Discriminative count | Signal TATA box, TFBS
TSSGE/TSSYY Linear discriminant Content + TATA box, TSS,
analysis signal hexamer frequency
upstream TSES, TFBS
Second Generation
DGSF NN Content + CpG island, TSS, DPF
signal output
DPF NN Content + Promoter, exon, intron,
signal TSS
Eponine SVM variant Content + TATA box, GC rich
signal content, TSS
FirstEF Quadratic Content + First exon, CpG islands
disciminant analysis | signal
Mcpromoter NN & Interpolated Content + TATA box, CAAT box,
markov models signal SC box, nucleosome

position

Promoterinspector | Discriminative counts | Content Oligonuleotides, Exon,
Intron, 3’UTR., Promoter
genomic context

CpGS Promoter Quadratic Content + CpG island, TSS

disciminant analysis | signal

CpGProD Generalised linear Content CpG island, AT/GC

model content

“SUB-CLASS OF PROMOTERS”

Muscle family Discriminative counts | Signal TFBS, relative distance

Globin family Logical operators Signal TFBS, relative distance

AND. OR and NOT




9 Motifs Discovered by MEME algo in Histone Promoter 5’ Region [-

250,-1] among 127 histone promoters

PCT IF
MO

MOTIF
DEFIMNITICON

[TFES AND ASSOCIATED FACTORS

[T RAMNSFEAC
SITE MUMBER

[TCTEATTGET T2

CCAAT-box: HITF2Z (La Bella et al.
1959, Martinelli and Heintz 1994 ;
Sallinar et al. 19583, HiMNF-B (van
Wiijmen et al. 1988ab ), NE-Y
(hartowan 12997, HiKNF-D (wan WYijnen
et al 1998, Grnmes et al. 20037

RODEE0

Lo TG CALAT GAG G

Cct-1) Octamer transcrption factor 1
(OTF-1) (Fletcher et al. 1987

ROOEE2

CTATALLLLL I

T 2T 2o TER, TRIHD (MHMalkajima =t al.
1938)

ROOY 0

(T TTTCGOEGOOTA,

EZ2F-binding site: EZ2F-1 factor (Oswald
et al 1998)

RO9YSSE

CALT CALGT CG

HATFZ binding site: HATF2 (La Bella
and Heirtz 1991)

FOOGE 1

L2 S AA ST AT A

2o HITE1 (La Bella et al. 1959),
HirF-2 {wan YWijnen =t al. 195880,
HilF-O (wan Winen et al. 1996,
Srimes et al. 2003

ROOE5E

CAGCOAST CASA,

CCAAT-box: HITET (La Bella et al.
1959), HIMNF-BE (van WYijnen et al.
1988a, ), NE-Y (Mantowani 19997,
HiF-0 (wan Winen et al . 1996,
Srimes et al. 2003, HI1TFE2 (La Bella
et al. 1989 Martinelli and Heintz 1994 ;
Sallinar et al. 1989)

ROOGSY,
ROOEGE0

CCATTGGT TAAL

CCAAT-box: HITF2 (La Bella et al.
1959, Martinelli and Heintz 1994 ;
Sallinari et al. 1952), HiMNF-B (van
Wiijnen et al. 1988ab), NE-Y
(harntowvan 12997, HiKNF-D (van WYijnen
et al 1996, Grimes =t al. 2003)

HO0G50

S s

=C-box: HiMNF-C (wvan YWwijnen =t al.
1959), Spl (Courey and Tlian 19838),
Sp3 (Bimbaum et al. 1995 Hagen et

al. 19943

FO0Gs4




Diagnosis of Childhood Acute Lymphoblastic Leukemia (ALL)
and Optimization of Risk-Benefit Ratio of Therapy

T-ALL? r— A Sample

: ‘///‘F + No
| | “d N E2A-PBX1?
Immuno-phenotyping f*‘{f' y No
TEL-AML1?
G
L BCR-ABL?
- * No
MLL?
@ﬁ * No
Hyperdip>507

No
w Y (OTHERS



Affymetrix GeneChip Micro Array
Analysis

E2A- MLL T-ALL Hyperdiploid >50 BCR-ABL Novel TEL-AMLA1
PBX1



Proteomics Data : Guilt-by-Association

Compare T with seqs of
known function in a db

Poor Sequence Alignment e

* Poor seq alignment shows few matched positions
= The two proteins are not likely to be homologous

Alignment by FASTA of the sequences of amicyanin and domain 1 of
ascorbate oxidase

60 70 80 90 100

Amicyanin MPHNVHFVAGVLGEAALKGPMMKKEQAYSLTFTEAGTYDYHCTPHPFMRGKVVV!E

Ascorbate Oxidase ILQRGTPWADGTASISQCAINPGETFFYNFTVDNPGTFFYHGHLGMQRSAGLYG
70 80 90 100 110

No obvious match between
Amicyanin scorbate Oxidase

Good Sequence Alignment )

* Good alignment usually has clusters of
extensive matched positions

= The two proteins are likely to be homologous

[ >¢i113476732 1 ref INP_108301.11  unknown protein [Mesorhizobium loti]
21114027493 1dbj IBAB53762 .11 unknown protein [Mesorhizoblum loti]
Length = 105

Score = 105 bits (262), Expect = le-22
Identities = 61/106 (57%), Positives = 73/106 (68%), Gaps = 1/106 (0%)

Query: 1  MKPGRLASIALAIIFLPMAVPAHAATIE I TMENLVISPTEVSAKVGDTIRWVNKDVFART 60
MKGL + M PA AATIE+T++ LV 8P V AKVGDTI WWN DV AHT
Shjct: 1 MKAGALIRLSWLAALAI MAAPAAAAT IEVTIDKLVF SPATVEAKVGDT IEWVNNDVVAHT 60
good m etween

Amicyanin and u wn M. loti protein

Discard this function
as a candidate

Assign to T same
function as homologs

Confirm with suitable
wet experiments




Proteomics Data: Subgraphs in Protein Interaction

Primary  Secondary Tertiary
Structure  Structure Structure Maslov & Sneppen,

Science, v296, 2002

Quaternary
Structure

SN
L
A
o v
> 7 .
S e CF-=0

Topology of Protein Interaction Networks:
Hubs, Cores, Bipartites
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cKsl | ' | | Finl

YOREL 2N g

wUsh: -

YHR100C / J —

TRN23N GIFl REF?  YoR)iSW

Network Nodes  Edges | Meal Neand =D Zscore | Neal Mand=SD  Zscore
Gene regulation X Feed- X Y Bi-fan
(transcription) vV forward

Y loop

Z W

/A
E. coli 424 319 J40 7£3 10 203 7212 13
S. cerevisiae® 685 1032 |70 11£4 U4 1812 300+40 4l

a b
Configuration a is less likely than b in protein

interaction networks — Graph/Network Mining



Prognosis based on Gene Expression Profiling

Decision Tree Based In-Silico Cancer Diagnosis

[CFRIUE EAMM I GROuS 31w {3 3 IEE0  TOBE DHEt 0SNG 15es
PMDFIFPLOMPL PMMEDFAPL 43248 12 13 E20M2 SHDD OSBISIS DASUESE 1.07378%
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Discovery of Diagnostic Biomarkers for Ovarian Cancer

Froteomic

Motivation: cure rate ~ 95% if °q image

correct diagnosis at early P .o ..

stage s —r | ‘
M @O !

Proteomic profiling data
obtained from patients’
serum samples

The first data set by Petricoin L.
et al was published in of disease
Lancet, 2002 .

Data Set Of June_zooz of taxicity

253 samples: 91 controls
and 162 patients suffering

Pattern-recognition
lzarning algerithim v

from the disease; 15154 Methods | CS4 | (4. |
features (proteins, peptides, Single | Bagging | Boosting
precisely, mass/charge Errors 0(0:0) | 10(4:6) | 734 | 10(4:0)
identities)

SVM: O errors; Naive Bayes: 19
errors; k-NN: 15 errors.



Mining Errors from Bio Databases

Uninformative sequences

Invalid
— values

Undersized sequences

——ATTRIBUTE |~ Ambiguity

Example Meaningless Seqgs

Dubious
— sequences—
* Among the 5,146,255 protein records queried using Entrez to the major protein or translated
| Vector nucleotide databases , 3,327 protein sequences are shorter than four residues (as of Sep, 2004).
taminated
:::uir:'cr;ae * In Nov 2004, the total number of undersized protein sequences increases to 3,350.

Cross-
r :?rr::tat'on * Among 43,026,887 nucleotide records queried using Entrez to major nucleotide databases, 1,448
records contain sequences shorter than six bases (as of Sep, 2004).

—RECORD —— ':r':g:’tat”“ * In Nov 2004, the total number of undersized nucleotide sequences increases to 1,711.
Sequence
— structure
violation Undersized nucleotide sequences in major
databases
228 233
—SINGLE Sequence 250 g 233
SOURCE redundancy 3 200 O DDBJ
DATABASE r )
: =1 _ . 81
| Data provenance ) 100 = i " 177 = @ GenBank
flaws P 50 ol | : OPDB
: 2[00 O] SO
2 0 = = v -
MULTIPLE | : - i t
— SOURCE _| _ Erroneous data Sequence Length
DATABASE transformation
|l Incompatible

schema



Duplicates detected by association rules

60
49.4
50
40 36.3
2 32.7
Rule 1. Identical sequences ;30
. 3
with the same sequence 2
length and not originated 20
from PDB are 99.7% likely to 9.4
_ :
be duplicates. 10 —% o 753 L —
1.8 2.4 '
- [ | g1

Rule 2. Identical sequences % ' :
with the same sequence @o\e“ w\a@ @o\eg @\eb‘ @6‘" g\o\ee’ ;w"
length and of the same
species are 97.1% likely to ARRotdadaRdies
be duplicates. BFP% BFN% x 1000
Rule 3. Identical sequences Rule 1 S(Seq)=1 ™ N(Seq Length)=1 ™~ M(PDB)=0 (99.7%)
with the same SeiefLlsnes Rule2 | S(Seq)=1 ~ M(PDB)=0 ~ M(Species)=1 (97.1%)
length, of the same species
and not Originated from PDB Rule 3 S(Seq)=1 ~ N(Seq Length)=1 ~ M(Species)=1 ~ M(PDB)=0 (96.8%)
are 96-8% likely to be Rule 4 S(Seq)=1~ M(PDB)=0 ~ M(DB)=0 (93.1%)
duplicates.

Rule 5 S(Seq)=1 ~ M(Seq Length)=1 ~ M(PDB)=0 ~ M(DB)=0 (92.8%)

Rule 6 S(Seq)=1 ~ M(Species)=1 ~ M(PDB)=0 ™~ M(DB)=0 (90.4%)

Rule 7 S(Seq)=1 ~ N(Seq Length)=1 ™ M(Species)=1 ~ M(PDB)=0 ™ M(DB)=0 (90.1%)




(-1 ifzy <a,z2<Db

-1 ifxy <a,xy >b,23<c
{b’/ f(z1,x2,23,24) = < 1 ifz; <a,xz90>b,23 >c¢
- 1 ifzy >a, 24 <d
-1 ifxy >a,z4>d

others :
Given a test sample, at most 3 of the 4 genes’

expression values are needed to make a
decision!

* Yeoh et al., Cancer Cell 1:133-143, 2002;
Differentiating MLL subtype from other subtypes of
childhood leukemia

e Training data (14 MLL vs 201 others), Test data (6
MLL vs 106 others), Number of features: 12558



Phylogenetic tree construction

Root |

Mbuti PygmyL

Ethiopian

____ltalian

__ Tibetan

—  Navajo

L Cherokee

L English

Japanese

Indonesian

Polynesian )

Papuan

Australian
7

Time since split

Africa

Europe

Asia

America

Oceania

Austalasia

Estimate order in which
“populations” evolved

Based on assimilated freq of
many different genes

But ...

IS human evolution a
succession of population
fissions?

Is there such thing as a proto-
Anglo-Italian population which
split, never to meet again, and
became inhabitants of England
and ltaly?



a.1 changes
e nuclestide

o0

Caenorhabditis elegans
Drosophila melanogaster
Cryptococcus neoformans
—Aspergillus nidulans
Magnaporthe grisea

‘—NEUI‘GEP{}I"E crassa
-1 — Fusarium gramineanrum
Schizosaccharomyces pombe
Candida albicans
Saccharomyces kluyveri

S.

. bayanus

castelli

. mikatae
. paradoxus

. ceravisiae

0
A
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3
A
_q"""'n.
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—
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Predicting interactions using phylogenetic profile

™1 P2 |
| e Fa E=s

ool (ELC)

& cerepisiee (SO0

e T T s I

. sweddrlis (BS)

. infleenzae (HI

|

B -

PFhylogenctic Profile:

ELC boT BE HiI
il | b |
= | | [
P (j 1 1
P4 i 0 0
| | | 1
[l ik | 1
| R 1 | i

Profile Clusters:
| Pa i 0o 0|
P2 1 1 o
F7? 1 1
= i 0 L — Ps 1 1 1
P3 0 1 1
i 0 1 i
""'\-\.HV,_,.,-H"'

Comnclusiom: P2 and FP7 are Penctiomally Tandkoed |
P33 amd PO are functomally Tindked

Pellegrini et al. PNAS 96, 4285-4288 (1999)




Comparative genomics

genomg1 (genomeéZ genome3 (genomed genomeé5 genomeb genome7  genome B

genet 0 T 0 1 1 0 T 1
gene?2 () 1 0 1 1 0 1 0
gened | 1 1 1 1 0 1 0 0
gened | 1 1 1 1 (0 0 0 0




