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Contexto: Biologia de Sistemas Integrativa

Estudio de sistemas bioldgicos
mediante

- Analisis de respuestas
globales ante
perturbaciones sistematicas

- Integracién de datos en
modelos predictivos

Perturbations

® Chemicals/
small molecules
¢ Genetic mutations/
RNAi
* Natural variation
¢ Changing environments
e Shifting time

* .
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Biological system

This system under perturbation
can range in scale from molecular
processes to cells, tissues, single
organisms or up to populations
of individuals.

Ideker & Bandyopadhyay Integrative Systems Biology Nature Genetics 2010



Biologia de Sistemas Integrativa

Perturbations Biological system Molecular state measurements (nodes)

¢ Chemicals/ This system under perturbation Large-scale dataset types Technologies
small molecules can range in scale from molecular T e R ———
¢ Genetic mutations/ processes to cells, tissues, single sequences, SNPsand CNVs  microarrays
RNAi organisms or up to populations
¢ Natural variation of individuals.
¢ Ch anging environments Transcriptome Transcript abundances, DNA microarrays, RNA-seq,

translation rate and CAGE, GRO-seq, ribosome

- Shifting time microRNAs profiling

Metabolome Metabolite profiling Mass spectrometry, liquid
chromatography

Molecular interaction measurements (edges)

Data types Technologies

Physical Protein—protein Immuno-precipitation (IP),
co-affinity purification, yeast
two-hybrid, protein arrays,
kinase-substrate measurements

Protein—-DNA, protein—-RNA Genome-wide chromatin
immuno-precipitation (ChiP),
DMNA binding arrays

Solid color faa]_

Protein—small molecule, Isotope labeling, mass
reaction fluxes spectrometry

Ideker & Bandyopadhyay Integrative Systems Biology Natureé



Biologia de Sistemas Integrativa

Molecular state measurements (nodes)

Genome
Epigenome

Transcriptome

Proteome

Metabolome

Large-scale dataset types
Whole-genome DMNA
sequences, SNPsand CNVs

Chromatin modifications and
structure

Transcript abundances,
translation rate and
microRNAs

Protein abundances and
modifications
Metabolite profiling

Technologies
DNMA sequencing, genotyping
microarrays

ChlP-seq, methyl-seq, DHS-chip

DMA microarrays, RNA-seq,
CAGE, GRO-seq, ribosome
profiling

NMR, mass spectrometry,
multiparameter FACS

Mass spectrometry, liquid
chromatography

Molecular interaction measurements (edges)

Physical

Genetic and
functional

Data types

Frotein—protein

Protein—-DNA, protein—-RNA

Protein—small molecule,
reaction fluxes

Synthetic lethality, epistasis

Cause—effect relationships

Technologies
Immuno-precipitation (IF),
co-affinity purification, yeast
two-hybrid, protein arrays,
kinase-substrate measurements
Genome-wide chromatin
immuno-precipitation (ChiP),
DMNA binding arrays

Isotope labeling, mass
spectrometry

Synthetic genetic arrays (SGA)
combinatorial RNAI, population
genetics

Genetic perturbation (gene
knockourt, RMNAI) followed by
phenotyping (microarrays,
cellular imaging); trans eQTLs
(expression quantitative trait loci)

Molecular databases

New measurements are stored alongside
existing data, including functional
annotations.

Conditions or time

Annotations States

Interactions




Conocimiento Bioldgico

Interaction type(s) Detection methodologies Databases
Protein-protein Yeast-2-hybrid (Y2H)'*. co- BioGRID’, IntAct'’, APID!, STRING",
immuno-precipitation (Co-IP)%. mass MINTY, DIP¥, HPRDY, MIPS-MPPI!,
spectroscopy>°}, affinity purification Netpath!”, DroiD*
coupled with mass spectroscopy (AP/MS)"#
Protein-DNA Yeast-1-hybrid (Y1H)", chromatin TRANSFACZ, UniProbe?, DroiD*,
(e.g.. regulatory immuno-precipitation based methods BioGRID’. TcoF-DB*, BIPA®, hPDI*.
networks) (CHIP-CHIP)®, DNA-footprinting?! EDGEdbY, NPIDB?%
Protein-RNA RNA electro-mobility shift (RNA- PRID*, BIPA™ NPInter”’. RBPDB*, PRIDBY,
Physical EMSAY? RNA-pull down®! StarBase®
Metabolic Mass spectroscopy based selective Reactome®. KEGG *. BioCyc and MetaCyc*.
(e.g.. enzyme-substrate,  reaction monitoring (SRM)%7. NMR*, HMDB**, EcoCyc*’. HumanCyc',
ligand-receptor) affinity purification®. co-IP?, fluorescence ConsensusPathDB*’
spectroscopy”™
Protein/gene-compound  Chemical structure*®*, forward or reverse SuperTarget™. Matador™., DrugBank™
(e.g.. drug-target, chemo-genomic/proteomic profiling”™?, in ~ ChemProt®®, STITCH”, AfinDB*,
chemical-protein) silico predictions™ MatrixDB*, PSMDB®, PDB-Ligand®,
ChEMBL®, ConsensusPathDBY
Genetic Synthetic genetic array (SGA)®. Epistatic BioGRID®. DRYGINY, CYGD®%, DrolD’8,
(gene-gene) Miniarray Profiling (E-MAP)®, co- ConsensusPathDB*
Functional expression profiling®
Gene-Disease Literature curation, clinical and sequence OMIM®, HuDiNe™, Diseasome?!
information

Omics data type

Detection methodologies

Databases

Microarray>. RNASeq”

GEO™, SMD7, TCGA™, GXD7,

Transeriptomies ONCOMINE™, ArrayExpress’,

RNAi (phenomics) RNAI interference assay® RNAIDB?!, GenomeRNAi®, siRecords®
. . Methylation profiling® DAnCERP, DiseaseMeth®, PubMeth?’,

Epigenomics

MethDB#®, MethCancerDB®, MethyCancer®

Mutation / SNP

SNP Array®l, genome sequencing’

TCGAT™, dbSNP®, dbQSNP*. GWAS Central
%, OMIM®

Proteomics

CHIP 2% Mass Spectrometry™®

PDB?". ExPASy™, InterPro®. World-2DPage!™,
JASPAR!

PhosphoGRID'2, PhospoELM!®, PHOSIDA!%

Phosphorylation profile

Mass Spectrometry?, literature curation

Mitra 2013 Nat Review Integrative approaches for finding modular structure in biological networks




Portal de Conocimiento Biologico

&=

(i) www.pathguide.org ¢

Q, Buscar

PCI T h g U Id @  the pathway resource list
e

Navigation ___J
r
Protein-Protein
Interactions

Metabolic Pathways
Signaling Pathways
Pathway Diagrams

Transcription Factors
| Gene Regulatory
Hetworks

Protein-Compound
Interactions

Genetic Interaction
Hetworks

Protein Sequence
Focused

Other

Search ______}

Organisms

All -
Availability

All -
Standards

All -

Statistics

Database Interactions
Contact \,
Comments,

Questions,
Cn a ne ara

Complete Listing of All Pathguide Resources

Pathguide contains information about 547 biclogical pathway related resources and malecular interaction
related resources. Click on a link to go to the resource home page or ‘Details’ for a description page.
Diatabases that are free and those supporting BioP&X, CellML, PSI-MI or SBML standards are respectively
indicated.

If you know of a pathway resource thatis not listed here, or have other questions or comments, please send
us an e-mail.

Visual navigation a
May 2010
Click the "Database

inbaraatinnn? linl an the

Protein-Protein Interactions

Database Mame (Order: alphabetically | by web popularity &)

2P21db - The Protein-Protein Interaction Inhibition Database
3AD-Interologs - 3D-Interologs

3DID - 3D interacting domains

ADAM - Prediction of protein-protein interaction of modular domains
AHDZ.0 - Arabidopsis Hormone Database 2.0

AllFuse - Functional Associations of Proteins in Complete Genomes
aMAZE - Protein Function and Biochemical Pathways Project
AMAP - Arabidopsis Metwork Analysis Pipelina

AnimalTFDB - Animal Transcription Factor Database

Antiden - AntiJen a Kinetic, Thermodynamic and Cellular Database
APID - Agile Protein Interaction DataAnalyzer

AS-ALPS - Alternative Splicing - induced ALteration of Protein Structure
ASD - Allosteric Database

ASEdb - Alanine Scanning Energetics Database

ASPD - Artificial Selected Proteins/Peptides Database
ATDB - Animal Toxin Database

AIPID - Arabidopsis thaliana Protein Interactome Database

Full Record  Awailabili

Details Free
Details Free
Details Free
Details X
Details Free
Details X

Details X
Details Free
Details Free

Details Free
Details Free
Details Free
Details Free
Details Free
Details Free
Details Free
Details Free



Biologia de Sistemas Integrativa

Molecular databases

New measurements are stored alongside
existing data, including functional
annotations.

Model
assembly

Conditions or time

Analisis estadistico

Clustering de datos
Overlaps y correlaciones en datasets
Enriguecimiento funcional

Modelado

Inferencia estadistica de interacciones
a partir de datos

Modelado de sistemas dinamicos y
simulaciones biofisicas



Enriquecimiento funcional
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Molecular Signatures DataBase

- MSigDB

e

. == Molecular Signatures
s @==_ Database

= Conjunto de bolsas de genes armadas
bajo algun criterio relevante desde el
punto de vista bioldgico.

= Conocimiento bioldgico se encuentra

embebido en la composicion de cada
conjunto

http://software.broadinstitute.org/gsea/msigdb

The MSigDB gene sets are divided into 8 major collections:

H

hallmark gene sets are coherently expressed
signatures derived by aggregating many MSigDB
gene =ets to represent well-defined biclogical
states or processes.,

C1

positional gene sets for each human
chromosome and cytogenetic band.

C2

curated gene sets from online pathway
databases, publications in PubMed, and knowledge
of domain experts.

motif gene sets bazed on conserved
cis-regulatory motifs from a comparative analysis
of the human, mouse, rat, and dog genomes.

C4

computational gene sets defined by mining
large collections of cancer-oriented microarray
data.

C

GO gene sets consist of genes annotated by the
zame GO terms.

oncogenic signatures defined directly from
microarray gene expression data from cancer gene
perturbations.

C7

immuneclogic signatures defined directly from
microarray gene expression data from
immunalogic studies.




* Vocabulario controlado, organizado como DAG

Gene Ontology

the Gene Ontofogy

O Biological process
= ~

Cellular process S o

Cell communication s

. s \qggspome to stimulus
st Cellular SRS
Signal transduction /C o physiological QResponse to stress
/' \

process \ Response to
Intracellular signalling endogenous |
, o stimulus \
\»Cell surface receptor Cellular ~o \
Intracellular /linked signalling { elusar P
receptor-mediated / L metabolism — 4 Response to
signalling | énzym&l!nked ’(eu / (Oceldeath S Xe Regudation of DNA-damage stimulus
f | receptor signalling / cycle \ [ % cellular metabolism
SeacidHo I \ / Programmed | I
mt:r;;nt o s]grn\;mg o e i / cell death { Nucleic acid ONA :
RTK signalling /‘ Cell proliferation /‘ ! metabolism e Sl repa
/ Apoptosis | A DNA N TTOMMR
Androgen receptor Regulaticn of cell-cycle QPhc:sphorubd S '\ metabolism
signalling progression Regulation e
', of apoptosis Transcription JDNA replication
Negative regulation of \ Phosphate {
cell cycle progression Cell-cycle Heghiive metabolism / ODNA dependent |
Cyc regulation / DNA replication |
checkpoint \of apoptosis / /
\ / Regulation of f
Phosphorylation / transcription /
. , /
Anti-apoprosis [ Transcription \\ Transcriphonc-)wupled NER

°[3NA-dependem \
> e T Regulation of transcription,

Transcription from DNA-dependent

RNA pol Il promoter

Nature Reviews | Cancer

* Organizacion cuasi-jerarquica — Especifididad de conceptos
* Productos génicos son mapeados a un (o mas) nodos especificos y automaticamente son
tambien anotados en nodos ancestros de |la ontologia

www.geneontology.org



maolecular
function

biclogical cellular
process

component
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cell killing GD i
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part_of
nucleic acid cell
binding —

is_a

transcription
regulator
activity

15.a

. membrane

transeription
factor activity

* Tres ramas princiaples

* Molecular Function (Qué hace?)

* Cellular Component (Ddnde lo hace?)
* Biological Process (Por qué lo hace?)



Enriquecimiento funcional

Algun concepto de GO o conjunto de MSigDB esta sobrerepresentado
en alguna comunidad o cluster detectado en mis datos?

genl
gen2
gen3
gen4
gen5
genb
gen/
gen§8
gen9
genlo ——>  Respuesta Inmune

—> Apoptosis

Existe un vinculo entre
pertenecer a una comunidad
dada y estar anotado dentro de
un tema biologico?

Test de Fisher Exacto

Que tan probable es observar un dado
numero de hits en la lista solo por azar



Enriquecimiento funcional

genl
gen2
gen3
gend e
gen5 —> Apoptosis (r=12)
geng =——

gen/ =
geng8

gen9

genl0

N (100) genes examinados

Test de Fisher Exacto

Que tan probable es observar un dado
numero de hits en la lista solo por azar

OCICIONON N N N

k (10) genes en la comunidad/cluster
m (4) genes del cluster en la categoria biolégica

categoria bio categoria bio

cluster 4 6 10
cluster 8 82 90
12 38 100

categoria bio categoria bio

cluster m k-m k
cluster r-m N-k+m-r N-k
r N-r N



Enriquecimiento funcional

genl
gen2
gen3
gend e
gen5 —> Apoptosis (r=12)
geng =——

gen/ =
geng8

gen9

genl0

N (100) genes examinados

Test de Fisher Exacto

Que tan probable es observar un dado
numero de hits en la lista solo por azar

OCICIONON N N N

k (10) genes en la comunidad/cluster
m (4) genes del cluster en la categoria biolégica

categoria bio categoria bio

cluster m k-m k
cluster r-m N-k+m-r N-k
r N-r N

Cual es la probabilidad de ver esta tabla o alguna
mas extrema si saco las bolas al azar? (i.e. no hay
coneccion alguna entre pertenencia al clustery a la
categoria bioldgica?)



Enriquecimiento funcional

genl
gen2

Test de Fisher Exacto

gen3
gend e
gen5

Que tan probable es observar un dado

5 Apoptosis (r=12) numero de hits en la lista solo por azar

geng =——
gen/ =
geng8

gen9

genl0

N (100) genes examinados

OCICIONON N N N

k (10) genes en la comunidad/cluster
m (4) genes del cluster en la categoria biolégica

categoria bio categoria bio

cluster r-m N-k+m-r N-k

= O
OO ® o P O cluster m k-m k
O O

r N-r N

OQ
Q O Cual es la probabilidad de ver esta tabla?

k N—Kk" <« maneras de elegir r bolas negras con
Q O . (m) ( m afuera (en un grupo de k)

r—-m

N : .
<—— maneras de elegir r bolas negras sin
r importar si es adentro o afuera



Enriquecimiento funcional

genl
gen2
gen3
gend e
gen5 —> Apoptosis (r=12)
geng =——

gen/ =
geng8

gen9

genl0

N (100) genes examinados

Test de Fisher Exacto

Que tan probable es observar un dado
numero de hits en la lista solo por azar

OCICIONON N N N

k (10) genes en la comunidad/cluster
m (4) genes del cluster en la categoria biolégica

categoria bio categoria bio

cluster m k-m k
cluster r-m N-k+m-r N-k
r N-r N

Cual es la probabilidad de ver esta tabla u otra mas extrema?

( Es chica esta cantidad?
Pvalor = E
(N) Py < Pumbral




El problema de los grandes datos: testeo de
multiples hipotesis

1Biological process

Cellular process

. E ~ Response to stimulus
Cellcomrnunlcatxon,/d\,,»-"" L — & !
s p Cellular \ S ——
Signal transduction ( gl ~ physiological \ lesponse 10 st
s NG \ process \  Responseto |
Intracellular signalling (Y~ \ Py N \__ endogenous \
D A 27 ks | N °snm;lus \
/ ( Cell surface receptor e /o Cellul S \
Intracellular { /"~ linked signalling P / el Tmeics
receptor-mediated () Py i / { jmetabolism ~@RResponse to
signalling ] Enzyme-linked OCE" / (cell death O~ i {ONA-damage stimulus
{ | receptor signalling = cycle \\ cellolar metabolism \
Steroid hormone (- / Ofrogrammed ¢ \ \
receptor slgnallmg\)' @Trensmemrane / o “ycelldeath | > Nucleic acid B oA renair
X RTK signalling / Cell proliferation | ! metabolism 10\ repai
\ / 2 L T
\\ / ( )Apoptosis | ’ ~ eoNA . OMMR
Androgen receptor O Regulation of cell-cycle / W;c:sglg?mi \ \ metabolism N
signalling s ‘Progressnon stegulat:on metadolisey \\ \QNER
% \  of apoptosis Transeription (JpNA replication |
Negative regulation of '\ \ Phosphate O\ | /
cell cycle progression @Cell-cycle g”e‘?f“v" metabolism  / \ (ODNA-dependent
ycle regulation \ / \ DNA replication |
checkpoint \ of apoptosis /
-8 1 / Regulation of
; @ Phosphorylation / transcription /
{ \
. : ! Anti-agroptosts [ 3 \ Transcnpnor?coupled NER
e ? F o;?‘r;\scnpnonm. t \
i a3 QP2
i <. Tanscrpion rom (@Y ) cgiatonof ramcopton

= Para una dada comunidad/cluster voy a realizar un test sobre TODO posible concepto
GO para buscar sobrerepresentacion.....son muchos tests (!)

= Existe la posibilidad de ver eventos extremos en el conjunto de todos los test
individuales realizados por azar, aun cuando no haya vinculo entre cluster y anotacién

= Eventos con p,=0.05 tienen un 5% de prob de ocurrir por azar Entonces espero ~5
Falsos Positivos si hago 100 tests y uso 0.05 como corte de significancia de test s
individuales.



Ejemplo del problema de testeo
multiple de hipotesis

Distribution for “t” under Null Hypothesis

Random generated “expression matrix”

A A A A B B B B 'testp-
| | value
1 015 051 008 084 017 091 069 037 0,58
2 0,47 0,06 0,28 0,12 0,83 0,95 0,42 0,29 0,08
3 007 094 017 059 066 01 021 0.2 0,55
4 017 049 08 005 033 011 0,7 0,7 0,8
. T 5 086 0,4 06 02 057 048 07 028 0,87
6 022 004 041 07 029 0,4 05 044 0,68
Observed t 7 005 045 006 0 096 03 053 045 0,06
8 049 045 055 025 059 08 028 089 0,22
9 08 051 026 064 08 046 063 079 0,46
10 003 033 06 08 009 078 002 096 0,99
11 072 081 054 014 __ 0,64 1 022 082 0,61
False Positive at p_cutoff=0.05 !!! [12 044 016 021 058 06 08 08 064 0,02
13 05 056 011 075 055 091 07 088 013
14 048 017 007 03 08 016 011 087 0,33
15 003 08 035 026 045 071 003 096 0,55
Need of Multiple Hypothesis 16 038 011 002 058 015 093 023 051 0,43
Testing Correction when testing 17 03 05 012 048 002 093 095 089 0,25
N 18 058 057 022 04 003 076 081 057 0,63
10000 genes 19 082 068 004 063 091 08 08 075 0,14
20 08 077 064 08 072 023 011 091 0,19



Enriquecimiento funcional

|
i
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(cellular fusion)
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Indice de Homogeneidad nglégica
&

osiok:gical process
- £
g =

Response to stimulus
o

Cellular process

Cell communication >

Validacion de comunidades utilizando S motctin (G

Intracellular signall

. . g stimulus \
conocimiento externo i @Jﬁzﬁ:&m‘”‘“ / e.i.:&w s &m
ignalli DI

me
signallin, i \5 INA-damage stimulus
gnalling | F_nzyrv‘.e—lh'\k‘_;e:I : Ce"Ie / Cell death Regulation of 0
ceptor: signaliing o cellular metabolism
Steroid hormone ngﬁgdmm t;? ed l
Transmemrane cetl.dea f Nucleic acid
receptor signaling °RT'K signalling / Cell proliferation /“ merabobsm S3e DNA r'epa«r
/ Apoptosis | \ Q DNA OMMR
Androgen receptor Regulaticn of cell-cycle osphorus metabolism
signalling progression metabohsm
Regulation NER
' of apoptosis Transcription JDNA replication
\
Negative regulation of \ Phosphate /
cellscycle r:t%gressnon s Negative metabolism  / ODNA dependent |
Cell-cycle regulation / DNA replication |
checkpoint \ of apoptosis /' /
Regulation of 1
Phosphorylauon / transcription /
Antippoprods Transcnpnono-coupled NER
Transcription,
°DNA-dependenl
i ~ ——— Regulation of transcription,
Transcription from 8y ption.
RNA p<'>lp |l promoter ONA-dependent

Nature Reviews | Cancer

genl  Grupos de genes/proteinas cercanos en el
gen2  aspacio de conocimiento capturado por la
gen3 , .

red, qué tan compactos/homogéneos son en

gen4 . ..
gens otro espacio de conocimiento relevante?

gené
gen7/
gen8
gen9
genl0




Indice de Homogeneidad Blologlca

Validacion de comunidades utilizando
conocimiento externo

&

OBiologncal process
o S

Cellular process =g N

Cell communication

e Response to stimulus
= Cellular S ~Cl
Signal transduction \ = physiological lesponse to stress

process
Intracellular signalling . endogenous \
i Cell surface receptor — T_m"l"s '\
ul linked signall
receptor-mediated ! oo (abolasm RDesponse to
re

met
signallin, i \S INA-damage stimulus
ignalling ) Enzymellrykr;e:l l CellIe / Cell death Regulation of 8
| ceptor: signaliing o cellular metabolism
Steroid hormone / QPer:gdram t;? o l
Transmemrane  / cev.geal f Nucleic acid
receptor signalling °R‘n< signalling / Cell proliferation /1 | °meraw;m P Qﬂﬁepar
/ Apoptosis i : @ DoNa TTOMMR
Androgen receptor Regulaticn of cell-cycle Phosphorus \ metabolism
signalling progression metabolism
Regulation NER
i of apoptosis Transcription DNA replication !
\ /
Negative regulation of \iasutiie Phosphate ] /
T g Guits, Qi | ot |
checkpoint \ or apoptosis /'
Regulation of f
Phosphorylauon / transcription /
Antippoprods Tvanscnpnochoupled NER
Transcription,
‘DNA-dependenl \
Transcription from ~ —— Regulation of transcription,

RNA pol Il promoter DNA-dependent

Nature Reviews | Cancer

genl

gen2 BHI, ‘

gen3 71 (n' 1) GODGOJ
r\Utlr

gen4 I#jEC,

gen5

gené

gen7/ 1

gen8 BHI = —2 BHI,

gen9 k

genl0

criterio binario de
coincidencia en
espacio GO



Indice de Homogeneidad Biologica

Validacion de comunidades utilizando
conocimiento externo

(e

ontology

O&olog-cal process
Cellular processo

Response to stimulus
Cell communication /_\ ~——

Cellular \ ~——

Signal transduction /N ‘"_ physiological \\ Response to stress
o o _/ process \ Response to
Intracellular signalling (~ Y~ | / N \\__endogenous
(’I {{
/ \Cell surface receptor // & — ?_f““ i
Inlracsilular i CS “linked signalling P // | "f;mgdlsm Response to
receptor-mediate ;
signalling ) é\zyme linked Cell ,-/ OQ{[ death \ - g o DNA-damage stimulus
| recepsor gnating / crcle o/ P ad l cellular metabolism
' / (\Programm
Steroid hormone () / Q
Transmemrane / celldeath | Nucleic acid
I
receptor signalting oR.TK signalling /’ Cell proliferation | { merabohsm - DNA Hrepar
/ Apoptosis | ’ °DNA TOMMR
Androgen receptor O Regulanon of cell-cycle >) Phosphorus | metabolism \
signalling 2 progresslon O Regulation

metabolism
INER
of apoptosis Transcription (pNA replication
Negative regulation of Phosphate

| /

Negati i / /

cell cycle progression @ Cell-cycle Ovegﬁiarvgn \melabol:sm / Og:: gegl)en:iem /
checkpoint \of apoptosis g / ication [
o -
\ / Regulation of /

Phosphorylanon / transcription J
i \
Anti-apoptosis \ )
Transcription, \ Transcription-coupled NER
DNA-dependent \
Transcription from =3 B 16" Regulation of transcription,

RNA pol Il promoter DNA-dependent

Nature Reviews | Cancer

genl

2 , e
2223 Asi como es posible inferir una

gend métrica a partir de la red tambien es
gen5 posible inferir una métrica a partir de
genb la estructura de GO que permita

gen7/ . . < ef_ _s

gen8 cuantificar el nivel de similaridad
gen9 entre proteinas en un espacio de

genl10 conocimiento bioldgico.



Hacia una métrica GO

Cuanta informacion gano si me entero que una
proteina esta anotada en una clase GO,?

Contenido de informacion @
de un concepto GO:

GO: O&o‘o ical process
IC(GOL) - - logu Ce{lularpocesso -

Response to stimulus
| G OB P | Cell communication 7~ -

-- Cellular \ s
Signal transduction /~ Y physiological \ °Response b
: ,//\ b process \ Responseto |
Intracellular signalling O’ \ , . \_ endogenous |

| . \
/ Cell surface receptor P / | °§E|_r1.;tus \
Intracellular J 7 | Cellular
linked signalling
receptor-mediated .:S i / {\ metabolism — @ Response to
Ve

signalling ’. é‘ zyme-linked ° Cell / (el death \' e esdition of DNA-damage stimulus
f \ DRy signalling / Cyce / cellular metabolism
Steroid hormone \ / Qngéam trhn ud l
Transmemrane / cell dea Nucleic acid
PRCEREor NgRalng RTK signalling /‘I Cell proliferation | ,‘ ometawtm ‘QDNA P
/ Ohapoptosis | o \ ~OMMR
Androgen receptor (O Regulaticn of cell-cycle Phos;;t&orus \ metabolusm
signalling ¥ progression Regulation meta Ism
. of apoptosis 0“3”5“ iption JDNA replication ,
Negative regulation of Ne Phosphate /
o ° . Vé o ative
Fevel & metabolism  / DNA-dependent .’
Similaridad semantica cellcydleprogreson  @catoyde  Qegstton / o renication |
checkpoint of apoptosis R ¢ /
. guiation ¢ j
entre dos conceptos GO: 5 mpho,,m.m Y anscrprion
” AEOPOES Transcription ‘\ Transcripnon(?ccxupled NER
. Resni ° :
. . - . . DNA. ndent \
Stm GOU GO] _ IC(MICA ({GOU GO]})) ; = ,_~_‘<3913€‘“ Regulation of transcription
Transcription from ¢ — 3 pron,

RNA pol Il promoter DNA-dependent

Most Informative Common Ancestor j Nature Reviews | Cancer



Similaridad semantica

simRes"k(Go;, GO;) = IC(MICA({GO;, GO;3})) -

ontol

proteina C

OBIOlogncal process
RS
Cellular process
3 R nse to stimulus
Cell communication < ] ﬁp?a,\ e
S Celllar  \ T 2
Signal transduction 2 : physiological ’Response to stress
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Integrando métricas
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Agrupando con meétricas mixtas

Equivalencia estructural extendida:
Dos vértices, i y j son similares si i tiene como

Nodos con alto grado tienen mas vecinos, que
pueden ser similares a terceros nodos, por lo que
tienen mas chances de aumentar su nivel de

similaridad general. Si se desea mitigar este efecto...

vecino a k, quien a su vez es similar a j.
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Integrando métricas
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Agrupando genes con métricas mixtas

El uso de métricas mixtas en algoritmos de reconocimiento de clusters / comunas
permite buscar estructura simultaneamente coherente en ambos espacios (por ejemplo:
espacio transcripcional y GO)

Las métricas pueden combinarse de diferente forma _ _ _
Non linear transformation of distances
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* El parametro a controla la medida en la que | | | | | [
el espacio GO es tenido en cuenta en la 00 02 04 06 08 10
estimacion de similaridades entre objetos.

Short scales

* dB acerca genes biologicamente relacionados y .
en el sentido de GO La transformacion no-lineal altera de manera

diferente la resolucion a diferentes escalas



Agrupando genes con métricas mixtas
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Agrupando genes con métricas mixtas
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