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Bioinformatica y Biologl'a Computacional.

B {Por qué es tan importante?

...Porque la ingente cantidad de datos y la complejidad de sus relaciones hacen inviable
su procesamiento manual (y su reproducibilidad peligra).

...Porque se necesita una perspectiva global del disefo experimental y del andlisis de
resultados.

...Porque la disponibilidad de archivos digitales permite generar hipdtesis verificables
sobre la funcion/estructura de un gen o proteina de interés por medio de la
identificacion de secuencias similares en organismos mejor caracterizados.

Bioinformatica
-

AR Tecnologias dey
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Bioinformatica y Biologia Computacional.

Biology in the 21st century is being transformed from a purely lab-
based science to an information science as well.

Fuente: National Center for Biotechnology Information
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¢ Con que tipo informacion tratamos en
Biologia y Biomedicina?

Atomos

—

 Datos Biologicos

« Caracteristicas:
— Complejos
— Jeraquicos
— Heterogéneos
— Dinamicos
— Incompletos
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¢, Donde se encuentra almacenada?
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GenBank has doubled in size

about every 18 months

GenBank. Benson et al. Nucleic Acids Res. 2011 Jan; 39:D32-7.
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GenBank contains nucleotide sequences for more than

380.000 named organisms

GenBank. Benson et al. Nucleic Acids Res. 2011 Jan; 39:D32-7.
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PDB Searchable structures per year

Last updated: Jul 2011 - http://www.rcsb.org/pdb/statistics/
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¢, PODEMOS REALMENTE

“ENTENDER” TODA ESTA
“INFORMACION”???
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Bioinformatica Funcional

Desarrollo de métodos automaticos que ayuden en
la interpretacion funcional de los resultados
experimentales
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Work horse technology: Micro.arrays

Epigenetic studies

CGH

Transcriptional profiling
Genotyping

Methylation

Protein Expression
Splice Variant studies
Protein selection or attachment by aptamers

Protein-ssDNA interactions

Protein-dsDNA interactions /

Apart from quality issues, data interpretation is currently the main bottleneck in
microarray analyses. In particular, the automated integration of complementary
information in analysis algorithms is not yet well established.

Jorg D. Hoheisel: “Microarray technology: beyond
transcript profiling and genotype analysis.” Nature
Genetics, Vol 7. (2006)
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High-throughput sequencing

Roche’s 454 Illumina’s Solexa ABI’s SOLiD

llumina A‘%!‘B\igsphset%ms
. ‘ChIP-Seq’, or genome-wide mapping of DNA-protein interactions
+  ‘RNA-Seq’, analogous to expressed sequence tags (EST) or serial analysis of gene expression (SAGE))

. Full-genome re-sequencing or more targeted discovery of mutations or polymorphisms

«  Mapping of structural rearrangements, including copy number variation, balanced translocation breakpoints and chromosomal
inversions

. Large-scale analysis of DNA methylation
. Epigenomic state: Differences in DNA methylation patterns
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Future trend
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SeqSolve: NGS

Week of Dec 27, 2010 : mILMN 63.34 WMAFFX 503
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“I think you should be more explicit here in
step two.”
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Main goal of Functional Bioinformatics:

|
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DATOS EXPERIMENTALES => CONOCIMIENTO

EXPERIMENTOS TOMA DE DECISIONES
DE ARRAYS

Sl ~~~~_JASES DE DATOS DE I

CONOCIMIENTO
%)
PREPROCESAMIENT/
DE LOS DATOS TERPRETACION
\ DE LOS RESULTADOS

BUSQUEDA DE PATRONES: DATA MINING

Redes Neruronales, clustering,
Metodos estadisticos....
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PERO.... QUE ES “DATA MINING”???

Startrek.mpg
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CONOCIMIENTO BIOLOGICO A PARTIR DE LOS DATOS

Eisen et al., PNAS 1998

Find group of genes sharing similar expression
patterns.

Clustering algorithms remain the most popular
computational approach to analyze microarray
data 1n this line. These methods organize
complex expression datasets into tractable
clusters of genes sharing similar expression
patterns.

Then, we obtain a list of genes that share a
similar expression pattern... but, why these genes
have a similar expression pattern?
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BIOLOGICAL KNOWLEDGE FROM GENE
EXPRESSION DATA

List of genes

Functional
relationships
Upstream sequence
motifs

Literature searches
Gene Ontology ...

|

Biological knowledge

Eisen et al., PNAS 1998
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Interpretacion de datos de
expresion genica:

Anotaciones
y analisis de co.ocurrencia
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Integrating Geo-Annotations

Data: Geographical information of a particular region
Metadata: Different types of annotations can be over lied on a model
* Points of interest

e Pictures
* FEtc.
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GO Tools in microarrays:

http://www.geneontology.org/GO.tools.microarray.shtml
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Drawbacks of these methods....

= But all of these tools analyze an annotation independently of each other
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Drawbacks of these methods....

= But all of these tools analyze an annotation independently of each other

GMRG_Term
G0:0030490
G0:0007047
G0:0006530
G0:0006995
G0:0006360
G0:0006096
G0:0006094
G0:0006412
G0:0001403
G0:0042273
G0:0006413
G0:0045944
G0:0006656
G0:0006333
G0:0006365
G0:0046688
G0:0006113
G0:0000004
G0:0000154
G0:0006350
G0:0006950
G0:0006882
G0:0000750
G0:0006646
G0:0006801

Pop_frac

0.01270417 5/472
0.02631579 5/472
0.00362976 4/472
0.00362976 4/472
0.00453721 3/472
0.00544465 3/472
0.00453721 3/472
0.07441016 27/472
0.00544465 2/472
0.00362976 2/472
0.01088929 2/472
0.01270417 2/472
0.00181488 2/472
0.00635209 2/472
0.00725953 2/472
0.00272232 2/472
0.00181488 2/472
0.04900181 2/472
0.00362976 2/472
0.00635209 2/472
0.01270417 2/472
0.00362976 2/472
0.00362976 2/472
0.00181488 1/472
0.00090744 1/472

Study_frac

Raw_es
0.7900583
0.9992625
0.0334098
0.0334098
0.3671812
0.5143593
0.3671812
0.9783186
0.8088722
0.5732932
0.9881775
0.9956187
0.1832289
0.8761587
0.9209652
0.3931093
0.1832289

1
0.5732932
0.8761587
0.9956187
0.5732932
0.5732932

NA

NA

e-score

NA
NA

G QG U O G G G G G O G G G

Description

processing of 20S pre-rRNA

cell wall organization and biogenesis
asparagine catabolism

cellular response to nitrogen starvation

Contributing_genes
YGR103W
YHLO28W
YLR158C
YLR158C

transcription from RNA polymerase | promoter YOR340C

glycolysis
gluconeogenesis
protein biosynthesis

invasive growth (sensu Saccharomyces)
ribosomal large subunit biogenesis

translational initiation

YJLO52W
YJLO52W
YHR141C
YBRO83W
YGR103W
YELO34W

positive regulation of transcription from RNA p YBR083W

phosphatidylcholine biosynthesis
chromatin assembly or disassembly
35S primary transcript processing
response to copper ion

fermentation

biological_process unknown

rRNA modification
transcription
response to stress
zinc ion homeostasis

YJR073C
YBLO03C
YOR310C
YHRO053C
YOLO086C
YOLO19W
YOR310C
YKR034W
YCR021C
YOL002C

signal transduction during conjugation with ce YKL178C

phosphatidylethanolamine biosynthesis
superoxide metabolism

YGROO7W
YJR104C

YOR310C
YKLO96W
YLR155C
YLR155C
YNL113W
YJRO09C
YJRO09C
YGL189C
YBLO16W
YPR016C
YER025W
YLR256W
YGR157W
YDR224C
YLR197W
YHRO055C
YMR303C
YDR346C
YLR197W
YOR344C
YGR234W
YJR104C
YBLO16W

YDL148C
YLR300W
YLR160C
YLR160C
YNL248C
YGR254W
YGR254W
YHRO10W
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Drawbacks of these methods....

= But all of these tools analyze an annotation independently of each other

GMRG_Term Pop_frac Study_frac Raw_es e-score Description Contributing_genes

G0:0030490  0.01270417 5/472 0.7900583 1 processing of 20S pre-rRNA YGR103W YOR310C  YDL148C

G0:0007047  0.02631579 5/472 0.9992625 1 cell wall organization and biogenesis YHL028W YKLO96W YLR300W

G0:0006530  0.00362976 4/472 0.0334098 1 asparagine catabolism YLR158C YLR155C YLR160C

G0:0006995 0 00362976 4/472 0.0334098 1 cellular response to nitrogen starvation YLR158C YLR155C YLR160C

N GnGhnGG UFJOoTZ 1T O7 ’\.3,\-'1812 1 uaﬁouipuul HOTTTTNT U:yllll‘;labc : pIUIIIUtCI \I CR34OC IIVL1 13“1"\[’ II"‘III "43C,
GRS odesm P agﬁ?&es 3/4$§de frac ¢ 5 f3auees e-5¢Qfcolysis Bestriptio YJLO52W YJROOSC  YG uting_genes
GEu08793 (966232%2@477&472 0.3678699291416 1 gluconeodeRNA binding YJLO52W YJRO0O9C  YGK&RAS9C  YGLO31C
GEDa0088ad  M0IAQOBIB3ST A2 2 0.97801B6777443 1 protein bidsipihastirected RNA polymerasgHRivitg YGL189C YHR@BRA40( YNL113W
QEROV0406Y  ©O063EBIrHAT2 72 0.8089733340983 1 invasive grosdp faetsin Ssechetivityces) YBR0O83W YBLO16W YLR158Q YLR155C
GRO0037E5  ©0R0IIEF 472 0078 PR072999 :;Zﬁz?a?ghﬁ%%@'%?&%n%ﬁt of ribosoffie 9%/ My YHR141¢  YGL189C
ﬁ%&%ﬁ 3?8@29%%72 0 ggsg éioms 1 positie regue"ﬁ%i AR RS, veroso Yirosow  YGRIS9G  YDR174W
G 45 die ) 512 0.1839486619873 4 Lhosphatiby @ '61 sUNHRURN factor activitag7ac YGR157W YELO34W  YER025W
GEL0658Y  A0d82TAB2 4244 72 0.8769539310929 4 Chromatlrﬂa§9&ﬁ§|§/m idingbly YBL003C YDR224C YHRO053( YHR055C
GEDaN08IEH) MO0C28IEEH42/272 0.9200632887221 1 35S primantresrscriptiondestiog activity YOR310C YLR197W YKR034W YOR344C
GER00168%Y  DI0TRBRFIAT2 0.3930099988142 1 responsefoATPREséoacCtivity YHR053C YHR055C YOR092W  YMR173W
GRo00R0Ey  ©WAILRRE AT 0.19%2R8s00801 T ermentaionicohol dehydrogenase activity-090C, IMR303C YOL086G ~ YMR303C
& (Eggg fu g)gggg%ﬁsgf 72 573059209652 :’F';’,'jjfﬁa;{ﬁsrjoc{?& it KR bolymerase 11 trafiSeAbAN factor aciulyor YBRO83W  YLR256W
GBWedsey & AP 2472 0. 876%’@3322891 1 transcripti glyceraldehyde-3-phosphate gsagenase (phosphnydating) ¢ YJLOS2W YJR009C
GE008630  AA21TF/ BB 2A T2 0.99508139997588 1 responsetoldNAinding YCR021C YGR234W YBL003Q YDR224C
GEROD06SSSE MO098ADB3B412/472 0.5732932 1 1 zinc ion hbrmeokgasidar_function unknown YOL002C YJR104C YCR021( YPR149W
EERO00A0EE  ©I0RBR 4T T2 0.5R932 NAT1 signal transgygliomesireirraissainthwise acriglty78C YBLO16W YOL058]
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Drawbacks of these methods....

= But all of these tools analyze an annotation independently of each other

GMRG_Term Pop_frac Study_frac Raw_es e-score Description Contributing_genes
G0:0030490  0.01270417 5/472 0.7900583 1 processing of 20S pre-rRNA YGR103W YOR310C  YDL148C
G0:0007047  0.02631579 5/472 0.9992625 1 cell wall organization and biogenesis YHL028W YKLO96W YLR300W
G0:0006530  0.00362976 4/472 0.0334098 1 asparagine catabolism YLR158C YLR155C YLR160C
GO:0006995  0.00362976 4/472 0.0334098 1 cellular response to nltrogen starvation YLR158C YLR155C YLR160C
AnGhnl‘A A% 53721 3/‘4-"‘ 0.3,\-'1812 Llarlbbll U ITUTTTTNT UI IIIUIGOUI IUIIIUI.CI IUI'\\J"‘U\J \I IK‘IIL‘I’IG‘VAV’ II"‘III ﬂ“‘fsC
GRS odesm P@Bagﬁﬁﬁtes 3a3dy_frac o sf3amees es‘f‘{{@colysﬁs Bestription Y YJLO52W YJROOSC  YG {puting_genes
CEL08088  AJd3522323474 72 0.3678699291416 1 gluconeodeRNA binding YJLO52W YJRO0O9C  YGK&RAS9C  YGLO31C
GEDa0088ad  M0IAQOBIB3ST A2 2 0.97801B6777443 1 protein bidsipihastirected RNA polymerasgHRivitg YGL189C YHR@BRA40( YNL113W
EERE00A66Y  ©O0O3GBITB Y272 0. 80867(23340983 1 invasive W%@pm@nmmyces YBRO83W YBLO16W YLR158( YLR155C
(Q?(%’éﬁ ©W807YEs5 471472 0573 9091 fibosomaylagys g s .. of .;WW... LAY TEROTEC YHRAALG—YCL189C
0.994 %rgn Popafﬁmloqm F]%% YELeasmre Beswiption  (ontribuling_genes
® g)gq 72 0.99% DeRsifGEqdateyy Qe nscrj%tBn rom R0O83W Y eleey R().34 Al
& D98 472 4 8 VAR “p fiation factor ac 073C 1 YA A} YERGIEAV
cxﬁb%@é@a? D0082TRRID 24 T2 indingbly L003C 15500 YRRGARY  VrR00SC
GSDA0BIEH)  DODOSESEHS /272 pdestiogactivit Y R310C 1 iqehgndrion YRRGAAN) 19C
004688y  ©0020Y5E2HT272 Bactivity ~ 0-9999956AR053C 1 enroggesmic rYORM60(y VIR AW
EER0a0>  ©WAEBRYTAT2 Ufmﬂmmc@ﬂﬁ%ehydmgenage%%% QL086C 1 W@Qﬂembwﬁd SV VXHRRLC
ettt ?2)4 g) %5?%72 BRI bolym 6299 FPBEALYAN factor 4 Eiismic W 0SB  YYHRESAW
GEEY 1172 b Q%Q&f iE2hyde-3-pHHSRHE gsagenase (ph @tmg Ooh ) Y688008C
(@Q%%é’(? @&276471&5@42&472 Qhwﬁding 0.99362148ro21c 1 wmzwndrlal YEIRD3Y YARZ24C
GEROD06SSSE MO098ADB3B412/472 0.5182@20016021 OMZM%Wr_function OrXROWE 7 YRL002C 1 Witegrat to mer YERO2BY YFR1498C
GERA00A055 BB MA4TR 72 0.5N86890057 30NADSBPE BN sdv@pmes iR raisosnO e egBifly /8C 1 YRId1ées (GRS  YGR103W
RA9988E> %8@66@‘%}‘373411!3?/%,72 EA NAO: omsgmNAoRﬂﬁ in ﬁ@]&'ﬂﬁﬁé’%ﬁﬁ%mj 100‘17W 1 ribosome  YER05a¢ YER025W
Ges BO-6609 0 endentproteipgdparpreguiatoractivity cettwat-(senst YRRASEW YLR300W
G0:0005732 0.01270417 5/472 0.79005834 1 small nucleola YOR310C YDL148C
GO0:0005811 0.00362976 2/472 0.57329323 1 lipid particle  YJLO52W YJR009C
GO0:0000788 0.00272232 2/472 0.39310929 1 nuclear nuclec YBLO03C YDR224C
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Gene Annotation Co-ocurrence discovery

10000 (V) genes analyzed

&
n genes are significantly
over-expressed
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Gene Annotation Co-ocurrence discovery

10000 (V) genes analyzed

&
n genes are significantly
over-expressed

YJR004C
YOL109W
YJR152W
YFLO14W

YIL121W
YGL089C
YBRO054W
YLR158C
YLR155C
YLR160C
YBR067C
'YDRO33W
YNR044W
YLR157C
YLR142W
YKR033C
YCRO021C

YPL095C
YMRO58W

YHR214C-B

YKL178C

lunes 25 de julio de 2011



Gene Annotation Co-ocurrence discovery

10000 (V) genes analyzed

&
n genes are significantly
over-expressed

YJR004C
YOL109W
YJR152W
YFLO14W

YIL121W
YGL089C
YBRO054W
YLR158C
YLR155C
YLR160C
YBR067C
'YDRO33W
YNR044W
YLR157C
YLR142W
YKR033C
YCRO021C
YPL095C
YMRO58W
YHR214C-B
YKL178C

lunes 25 de julio de 2011




Gene Annotation Co-ocurrence discovery

10000 (V) genes analyzed

&
n genes are significantly
over-expressed

YJR004C
YOL109W
YJR152W
YFLO14W

YIL121W
YGL089C
YBRO054W
YLR158C
YLR155C
YLR160C
YBR067C
'YDRO33W
YNR044W
YLR157C
YLR142W
YKR033C
YCRO021C

YPL095C
YMRO58W

YHR214C-B

YKL178C

lunes 25 de julio de 2011

the Gene Ontology




Gene Annotation Co-ocurrence discovery

10000 (V) genes analyzed

&
n genes are significantly
over-expressed

the Gene Ontology

Find combinations of terms that
appear in at least x genes

YJR004C
YOL109W
YJR152W
YFLO14W
YIL121W
YGL089C
YBRO054W
YLR158C

YLR155C
YLR160C
YBR067C
'YDRO33W
YNR044W
YLR157C
YLR142W
YKR033C
YCRO021C
YPL095C
YMRO58W
YHR214C-B
YKL178C

lunes 25 de julio de 2011



Gene Annotation Co-ocurrence discovery

10000 (V) genes analyzed

&
n genes are significantly
over-expressed

the Gene Ontology

Find combinations of terms that
appear in at least x genes

YJR004C
YOL109W
YJR152W

x genes with a term/s combination in n
Fip M genes with a term/s combination in NV

YGL089C
YBRO054W
YLR158C
YLR155C
YLR160C
YBR067C
'YDRO33W
YNR044W
YLR157C
YLR142W
YKR033C
YCRO021C
YPL095C
YMRO58W
YHR214C-B
YKL178C

lunes 25 de julio de 2011



Gene Annotation Co-ocurrence discovery
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Gene Annotation Co-ocurrence discovery
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Pedro Carmona-Saez, Monica Chagoyen, Francisco Tirado, Jose M Carazo and Alberto Pascual-Montano.
GENECODIS: A web-based tool for finding significant concurrent annotations in gene lists. Genome Biology. 2007 Jan

4;8(1):R3 Highly accessed
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GENECODIS: http://genecodis.dacya.ucm.es/
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Gene Annotation Co-occurrence Discovery
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Paste list of reference genes (optional)
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GENECODIS - Mozilla S
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GENECODIS

Gene Annotation Co-occurrence Discovery
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GENECODIS RESULTS:
Organism: Saccharomyces Cerevisine

Annotations: GO_Celhdar_Component KEGG_Pathways
Results flevQuudH o
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Genecodis statistics (50.000 accesses since Jan
2007!1111)
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Interpretacion de datos de
expresion genica:

.. . Anotaciones _
y analisis de reglas asociativas
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DESCUBRIMIENTO DE REGLAS DE ASOCIACION

Detecta conjunto de atributos que co-ocurren frecuentememte, asi como
Reglas entre ellos

\ Se ha usado mucho en supermercados para descubrir
@ = elementos que se vendian juntos. “Market Basket

D avi

ﬁ Analysis”

TID Items

T1 Bread, Cheese, Apples,Coke .

T2 Bread, Apples, Bananas, Peaches Transactions -> Basket
T3 Bread, Milk, Apples, Bananas Items-> Products

T4 Milk, Bananas, Peaches

T5 Apples, Bananas, Sugar, Peaches
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EJEMPLOS DE REGLAS DE ASOCIACION

TID Items
LHS RHS T1 Bread, Cheese, Apples,Coke
Antecedente Consecuente T2 Bread, Apples, Bananas, Peaches
— — T3 Bread, Milk, Apples, Bananas
Apples P Bananas, Peaches T4 Milk, Bananas, Peaches
T5 Apples, Bananas, Sugar, Peaches

Soporte es el porcentaje de registros que contienen una cierta combinacién de

elementos. Por ejemplo, el 40% de los clientes compra manzanas y melocotones
al mismo tiempo.

P(apples U bananas U peaches)
P(apples)

conf = =0.5

La “confianza” es una medida de la bondad de la regla. Esto es, si el cliente ha
comprado un producto, ;cual es la probabilidad de que compre otro?
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DATOS DE MICRO ARRAYS

Characteristics Characteristics Characteristics

Gen Function Pathway Cluster Exp1 Exp2 Exp3
Gen 1 Cellcycle ATM Signaling Pathway Cluster 1 -047 1.63 0.58
Gen 2 Aa Metabolism Biosynthesis of Lysine Cluster 4 1.01 0.79 0.89
Gen 3 Cell cycle G1/S Chekpoint Cluster 1 -0.31 -1.53 -1.29
Gen 4 Apoptosis FAS signaling pathway Cluster 2 047 -0.98 -0.19
Gen 5 Signal transduction ATM Signaling Pathway Cluster 1 0.05 0.82 1.82

El método puede extraer:

* Reglas entre genes ( [+]Genl1->[+]Gen2, [+]Gen3,[-] Gen4)
» Reglas entre atributos de los genes y condiciones experimentales
*(Cell Cycle-> [-]Expl, [+]Exp2)

* Reglas entre condiciones experimentales ([+]Exp1-> [+]Exp2, [+]Exp3)
» Reglas entre atributos de los genes (Cell cycle->Cluster 1)
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ARD AND GENE EXPRESSION DATA ANALYSIS
A NOVEL APPROACH

gene |function

genel |cell_cycle

gene2 |[cell_cycle

gene3 |cell_cycle

gene4 |[cell_cycle

gene5 |cell_cycle, apoptosis
gene6 |cell_cycle, apoptosis
gene7 |cell_cycle, apoptosis
gene8 |[cell_cycle, apoptosis
gene9 |cell_cycle, apoptosis
gene10 |apoptosis

genel11 |apoptosis

gene12 |apoptosis

gene13 |apoptosis

genel14 |apoptosis

gene15 |apoptosis

gene16 |apoptosis

genel17 |apoptosis

gene13 apoptosis
gene16 apoptosis
genel17 apoptosis
gene15 apoptosis
gene12 apoptosis
gene14 apoptosis
gene11 apoptosis
geneZ cell_cycle
gene3 cell_cycle
genel cell_cycle
gene4 cell_cycle
gene9 cell_cycle, apoptosis
gene7 cell_cycle, apoptosis
gene6 cell_cycle, apoptosis
gene8 cell_cycle, apoptosis
gene5 cell_cycle, apoptosis
gene10 apoptosis

Conf. supp. Ante. Cons.

100 29.412001 apoptosis,cell_cycle [+]Exp1,[+]Exp2,[+]Exp3,[+]Exp4,[+]EXxp6,[+]Exp7,[+]Exp8
100 52.941002 cell_cycle [+]Exp1,[+]Exp2,[+]EXxp3,[+]Exp4

100 76.471001 apoptosis [+]EXpP6,[+]EXP7,[+]EXP8
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ASSOCIATION RULES DISCOVERY SOFTWARE

Engene™

Gene-Expression Data Processing and
Exploratory Data Analysis

http://www.engene.cnb.uam.es

(Garcia De La Nava, ef al., Bioinformatics 2003)

$ CNB

5 CENTRO NACIONAL DE BIOTECNOLOGIA

Integromics

Information Technologies for Life Sciences

NO
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http://www.integromics.com/target_welcome.html
http://www.integromics.com/target_welcome.html

Interpretation of gene
expression using PubMed:

El caso de "NMF"”
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The “maths” Beauty: Text Mining of

Discovering semantic features in the literature: a
foundation for building functional associations

Chagoyen M, Carmona-Saez P, Shatkay H, Carazo JM, Pascual-Montano A.
Discovering semantic features in the literature: a foundation for building functional associations

BMC Bioinformatics. 2006 Jan 26;7(1):41
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Document processing

Vector space
representation

Attachm Chromatin DNA Wall

AGA1 1 0 0 08

RLF2 0 0.9 0.5 0

Stemming
Filtering

Gene — Document set

CACI/RLF2 encodes the largest subunit
of chromatin assembly factor I (CAF-T),
eeeeeeeeeeeeeeeeeeeeeeee
synthesized histones onto recently
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AGA1
RLF2

i PublfQed |

Gene — Document set

GAl
RLF2

CAC1/RLF2 encodes the largest subunit
of chromatin assembly factor I (CAF-I),
a complex that assembles newly
synthesized histones onto recently
replicated DNA in vitro,

Gene — Semantic profile

~52.4

AGALl

" % |

Clustering

Monica Chagoyen, Pedro Carmona-Saez, Hagit Shatkay, José Maria Carazo and Alberto
Pascual-Montano. Discovering semantic features in the literature: a foundation for building
functional associations. BMC Bioinformatics 2006, 7:41

Gene — Term set

RLF2 chromatin, dna, ...
AGA1 wall, attachment, ...
. : r
Preprocessing idf; =log -
J
Attachm Chromatin DNA Wall
AGA1 1 0 0 0.8
RLF2 0 0.9 0.5 0

Genes highly represented by factor 20

RLF2 SWi4 PHO84
HHO1 SWI5 RAP1

HTZ1 ARG1 SPT21

HHF2 PHO8 ASF1

CAC2 PHO5 HMLALPHA1
SPT16 PHO11 Suc2

ADA2 CIN2

HTA1 Lo, Factor_20 (W) (top 20 terms)

:E’I’l :\/I?:X 0,100166 histone
HHF1 STE6 0,0542096 chromatin
HTA2 HO 0,0379695 nucleosome

HTB2 PDR] 0,0301911 transcript
0,02196 methylation
0,020179 structure
0,0194543 core
0,0184889 acetyl
0,0171646 dna
0,0152601 assembly

Chrométir; Structure and metabolism

0,0147704 activity
0,0142274 yeast
0,0132467 lysine
0,0131051 saga
0,0127426 tail
0,011993 silencing
0,0119741 required
0,011405 h2a
0,0111925 remodeling
0,01098 h2b
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Mbonica Chagoyen, Pedro Carmona-Séaez, Hagit Shatkay, Jos¢ Maria Carazo and Alberto
Pascual-Montano. Discovering semantic features in the literature: a foundation for building
functional associations. BMC Bioinformatics 2006, 7:41
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2006 Mar;28(3):

403-15.

Nonsmooth nonnegative matrix factorization (nsNMF).
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http://www.ncbi.nlm.nih.gov/pubmed?term=%2522Lehmann%2520D%2522%255BAuthor%255D
http://www.ncbi.nlm.nih.gov/pubmed?term=%2522Pascual-Marqui%2520RD%2522%255BAuthor%255D
http://www.ncbi.nlm.nih.gov/pubmed?term=%2522Pascual-Marqui%2520RD%2522%255BAuthor%255D
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http://www.ncbi.nlm.nih.gov/pubmed?term=%2522Pascual-Marqui%2520RD%2522%255BAuthor%255D

Advantages

 Low-dimensionality

» Latent semantics p>3

* Non-orthogonality ‘ —
* Interpretability b"%fo%, 00//9’%,

Gene representation:

V = WH

term-frequency vector feature vector

. F

W == semantic features ™=»  biological topics
H ™% semantic profiles ™  gene topical profile

Chagoyen M, Carmona-Saez P, Shatkay H, Carazo JM, Pascual-Montano A.
Discovering semantic features in the literature: a foundation for building functional associations
BMC Bioinformatics. 2006 Jan 26;7(1):4]1 QIoTEEIe)
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© biNWF - An online web-based tool for Non negative Matrix Factorization in biolegy. - Mozills Firefex
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Mejia-Roa, E., Carmona-Saez, P., Nogales, R., Vicente, C., Vazquez, M., Yang, XY., Garcia, C., Tirado, F., Pascual-Montano, A.. bioNMF: A web-
based tool for Non-negative Matrix Factorization in biology. Nucleic Acid Research. 2008. doi.: 10.1093/nar/gkn335

Dore

1 £

lunes 25 de julio de 2011



bioNMF: statistics (~ 7000 downloads)

lunes 25 de julio de 2011




The bioNMF core: NMF

 Multiple possible implementations
— C/ATLAS libraries (~ BLAS)

- GPGPU
— C and MPI

E. Mejia,l. Gomez , M. Prieto, A. Pascual, F. Tirado “Programacion bajo un modelo basado en
flujos. La factorizacion NMF como caso de estudio”. Procs. XVII Jornadas de Paralelismo, pag.
461-466, Septiembre 2006
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«  Synthetic data matrix.

NMF in GPU

«  Number of factors k = 64.
2000 fixed loops (no test of convergence).
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El Gran Reto: Pasar de la
Informacion al Conocimiento

» Mecanismos de gestion inteligente de grandes
volumenes de datos producida en grandes
proyectos colaborativos: LIMS

» Mecanismos para integrar fuentes de datos de
datos heterogeneas: Mediadores

» Mecanismos para hacer aflorar “patrones
ocultos” en los datos: KDD (Knowledge
Discovery and Data Mining)
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El Gran Reto: Pasar de la
Informacion al Conocimiento

» Hemos aprendido a “leer” el alfabeto del
DNA.......... Ahora debemos de entender qué
significa!!!

* Es unlargo trabajo, pero sabemos en que
direcciones proseguir y estamos trabajando!.
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The Biocomputing Unit B0

*Methods in EM and X-ray Tomo

*Dr. Sjors Scheres

*Dr. Roberto Marabini (UAM)

* Ignacio Arganda and Ana Iriarte (UAM)
*Dr. Carlos Oscar Sanchez
*Dr. Roberto Valerio

* National Institute of Bioinformatics

* Dra. Natalia Jiménez-Lozano
¢ Joan Segura

+Jose Ramén Macias
¢ Juanjo Vega

» Structural biology of helicases

*Dr. Martin Alcorlo
* Roberto Melero and Marta Rajkiewicz
*Dra. Sami Kereiche

» Structural biology of the centrosome

¢ Dra. Rocio Gonzalez
¢ Dr. Johan Busselez
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* Support:
* Blanca Benitez
¢ Jesus Cuenca

* Gene Expression Data Analysis-UCM

(collaboration with Dr. Alberto Pascual)

e Dr. Federico Abascal
e Mariana Lara

* Main external collaborators
eProf. Gabor Herman (NYU)
eProf. Ellen Fanning (Vanderbilt)
eProf. Xiojiang Cheng (USC)
eProf. Juan Carlos Alonso (CNB)
oProf. J. Frank (Columbia)
eDr.Sergio Marco (Curie)
eDr. Michel Bornens (Curie)
eDr.Mikel Valle (Biogune)
eDra. Carmen San Martin (CNB)

* Integromics Inc.

* Philadelphia, Madrid, Granada, Russe and Beijing

®
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Structural Flexibility, Variability and Function, how
can we study them?: The 26S case
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Jose-Maria Carazo, Carlos Sanchez Sorzano, Roberto Marabini
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Life based on molecular machines

DNA replication Protein synthesis Dynein motion
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Life based on molecular machines
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The 26S “Cartoon presentation”
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An electron microscope

Filament

(1T

. Condenser Lens
R — |——— Condenser Aperture
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s j——— Objective Aperture

e
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Viewing

Chamber Viewing Screen
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Image formation in 3D-EM

* Under the Weak Phase Object approximation, the Electron
Microscopy images are X-ray Transforms of the Coulomb potential
of the biological macromolecules

(The inelastic scatering is
negligeable versus the elastic
scatering, and this latter one can be

modelled a¢ ﬁr’;e@ll Ilgrocess)
xeR"

we §"!
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Analogy: Data adquisition for CT
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Reconstruction as a
J [ . =10 linear set of 10N
oy et of equations

f(l‘)zz,ijj(l‘)

l,]
i, j %
=1
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f(r)= Y x,b,(r)
.

l,]

1,0

Reconstruction as a
linear set of equations
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f(r)= Y x,b,(r)
.

l,]

1,0

Reconstruction as a
linear set of equations
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f(r)= Y x,b,(r)
.

l,]

1,0

Reconstruction as a
linear set of equations
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J(r) zzijj(l‘)

J l

1,0

_ i
Y = Zli,jxj

Reconstruction as a
linear set of equations
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The 268 "Cartoon presentation’
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* The “20S co

The “26S Case’
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Molecular machines
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Abrahams et al., 1994 " Dutch windmill
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An analogy to “conformational changes”
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Statistical model _

2 k=3

Each image is a projection [
of one of K underlying 3D
objects k

40
»
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StatIStIC§| gnode;( ,

k=3

A l

Each image 1s a proj ectioﬁ \L
of one of K underlying 3D
objects k

with addition of
white Gaussian noise
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Statlsncgl gnode;( ,

k=3

A l

Each image is a projectioﬁ
of one of K underlying 3D
objects k

with addition of
white Gaussian noise

Unknowns: the 3D objects
k, orientations
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Log-likelihood function

* Adjust model to maximize the log-likelihood of observing
the entire dataset:

N
L(model)= 2 In P(image, | model)
i=1
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Log-likelihood function

* Adjust model to maximize the log-likelihood of observing
the entire dataset:

N
L(model)= 2 In P(image, | model)
i=1

N K
2 ZP(lmage | k, orient., model )P(k, orient. | model)

i=1 k=1 orient
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Log-likelihood function

* Adjust model to maximize the log-likelihood of observing
the entire dataset:
N
L(model)= 2 In P(image, | model)

i=l1

N K
= 2 In z 2 P(image, | k,orient., model )P(k, orient.| model )
i=l

k=1 orient

The model comprises: e estimates for the underlying objects
* estimate for the amount of noise (G)
» statistical distributions of k & orient.
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Log-likelihood function

* Adjust model to maximize the log-likelihood of observing
the entire dataset:

N
L(model)= 2 In P(image, | model)

i=l1

N K
= 2 In 2 2 P(image, | k,orient., model )P(k, orient.| model )
i=l

k=1 orient

The model comprises: e estimates for the underlying objects
* estimate for the amount of noise (G)
» statistical distributions of k & orient.

Expectation Maximization
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- Statlst|cal model

/T — 2
/ \ P(X;|A;) exp(( A))

\ -202
/=
/O \

data: X

White noise =
independence between pixels!

model: A

P(data image/model 1image) ~

I1P(X|A) ;
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And now, some “maths’: we need to find a

(very good) solution to deal with “structurally
heterogeneous mi‘xt‘ur_eﬂs_’f’. V

® Adobe Acrobat Professional - [nmeth992. pdf]
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position in each image. The computa-
tional effort, using some 4,000 CPU hours

m o werew R Corres swctrénce 9 vuscor - Crearm
-l - e 121% - @
Disentangling

conformational states

of macromolecules in
3D-EM through likelihood
optimization

Sjors 11 W Scheres!, Haixiao Gao®, Mikel Valle'-%,
Gabor T Herman?, Paul P B l"mvrnlunl'.
Joachim Frank? & Jose-Maria Carazo!

Although three-dimensional electron microscopy (3D-EM)
permits structural characterization of macromolecular
assemblies in distinct functional states, the inability to clasify
projections from structurally heterogeneous samples has
severely Umited its application. We present a masim um
likelihood-based classification method that does not depend
on prior knowledge about the structural variability, and

S x 2.2 s

ona computer cluster, 1s perhaps the most
audacious application of the expectation-
maximization algorithm ever performed.
.+ Italso showcases an extremely powerful
'+ new tool for structural biology.

~ f ot 11 . ‘ 1 1

Nature Methods, 2007, Structure,
2007, 2009; Acta Crys. 2009; JSB
2009,

- Structure, JSB, 2010
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ML3D: Some applications...

| Ribo Ribo + EFG
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ML3D: Some applications...

LTA with varying degree of bending




ML3D: Some applications...

CCT + Hsc70
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ML3D: Some applications...

LTA AT-Cter LTA EP-Cter
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ML3D: Some applications...

“Normal” “Hybrid”
ribosome ribosome
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ML3D: Some applications...

26S proteasome
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Scipion
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Scipion

an 1mage processing framework
for 3D Electron Microscopy
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INSTRUCT: An Integrated
Structural Biology Infrastructure
for Europe
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INSTRUCT: An Integrated
Structural Biology Infrastructure
for Europe
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INSTRUCT: An Integrated
Structural Biology Infrastructure
for Europe
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o BusinessPlan FINAL, pdf - Adobe Reader
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Image Processing Center
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INSTRUCT _rew_
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a web-based application,
running on any web
browser
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SCIPION

Web Services

Worker Host
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- %
: i Worker Host
SCIPION

all Project-related
information stored in
a centralized Data
Base
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an XML-formatted
Task definition is
created

Task

SCIPION

Worker Host

N S
S =7

Web Services DB server
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SCIPION

the Task order is
processed by a
launcher script ...

Web Services

Worker Host

e S
S=7

DB server
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SCIPION

... one execution
script
is activated for each
sub-Task

Web Services

2

Worker Host

Ly
\VJ

DB server
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Worker Host

results are regularly
stored in XML-format

SCIPION

Web Services DB server
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SCIPION
regularly checks
for
Task completion

SCIPION

Web Services

Worker Host
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~ -

%

Worker Host
SCIPION Task results
upon completion,
Task results are Ny
collected ... U
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~ -

%

Worker Host

... and Project
status Is updated

SCIPION in the DB
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CTF Estimation
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Workfiom Edmor O

SOPMON 201011082200

Import Micrograph

Micrograph Stack
Id: 119632

CTF Estimation

CTF Stack
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CTF Correction
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buenas000005.spi Step 3: Refine Model
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buenas_out.sel Step 4: Analyze Results

| Browse Files/History I

Step 1: Select Particles
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Advantages of using

Cr IDINNAI

Repeatability
e with a new set of parameter values, as a first step towards...

Automation
e reducing the manual intervention in tedious and repetitive duties, so releasing more
resources to other tasks.
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Integromics in the nutshell:

And relationship with other projects

©
r" Integrom]CSM | EXECUTIVE PRESENTATION

r ——

© Integromics, 2007. All Rights Reserved
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Madrid, Spain

*Where are we on the world?
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Madrid, Spain
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Madrid, Spain

*Where are we on the world?
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Vlctor Canivell, PhD (President)

e Doctor en Clenmas Fisicas, Universidad de Barcelona
e MBA por ESADE
 Hewlett Packard, Vice President, Europe

e Silicon Graphics, Vice President, Europe

e 3Com, Vice President, Europe
e SSA Global
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up (Aspective, ahora Vodafone en Londres, Safelayer y
Wisekey ELA en nuestro pais)

e Actualmente es miembro del Consejo de dos empresas
de biotecnologia (Integromics y ERA Biotech), con una
marcada vocacioén internacional
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The R&D department of Integromics is actively publishing in the most
prestigious international scientific journals

*  Published in 2010

Cell

naturel

Comprehensive polyadenylation site maps in yeast and human

reveal pervasive alternative polyadenglatlon.

CB)z,?/lqllak E,MKapranov P, Foissac S, Kim SW, Fishilevich E, Monaghan AP, John
, Milos PM.

Cell. 2010 Dec 10;143(6):1018-29.

New class of gene-termini-associated human RNAs suggests a
novel RNA copP/in mechanism.

Kapranov P, Ozsolak

Antonarakis SE, Monaghan AP, John B, Milos PM.
Nature. 2010 Jul 29;466(7306):642-6.

Laboratory information management systems in the “Omics” era.
Gonzalez Couto E.

LifeSciencesLab. 2010 Mar-Apr; 38-40.

Data Management, Analysis, Standardization and Reproducibility
in a ProteoRed Multicentric Quantitative Proteimics Study with
OmicsHub Proteomics Software Tool. Yankilevich, P., J Biomol
Tech. 2010 September; 21(3 Suppl): S35

OmicsHub Proteomics Software Tool, Yankilevich, P., , J Biomol
Tech. 2010 September; 21(3 Suppl): S21

(Integromics authors highlighted underlined and in BOLD)

, Kim SW, Foissac S, Lipson D, Hart C, Roels S, Borel C,

e International Ranking

Combined Impact Factor
I 1 5197 Nature I

2 498.78 Science

19.84 New England Journal of Medicine

15.34 Cell I

14.88 PNAS

8.49
7.78
7.56
10 6.53

JAMA

The Lancet

3
4
5
6 10.62 Journal of Biological Chemistry
7
2
9

NAT GENET

Nature Medicine
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Integromics’ Integromics in the media

Spanish 2006:

— 1st Prize as “Highest Potential Company”

Europe 2007
— 1st Prize “Most Innovative Bioinfo Company”

.

X

FROST & SULLIVAN

Product Innovation of theYear Award
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 Spanish 2010:

— Mejor empresa en |+D+i (Accesit)
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Current Customers of Integromics

a THE UNIVERSITY
yazp OF QUEENSLAND

AMGEN

! NOVARTIS

i)CLI'NIC

Corporacio Saritaria

'BOSTON
LUNIVF.RSITY

@H ARITE The Norwegian Microarray

Consortium

‘e: National Institutes of Health

%Z@ Bristol-Myers Squibb W\ ,
sanofi aventis % EMORY
o/p Schering-Plough é JALSTWDJ H
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