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The Nature of Biological
Information

 Hierarchical levels of information

» At every level
—Redundancy
— Multiplicity
— Variability
« A MOLECULAR parts-list approach



The molecular parts list
making sense of the Sequence ...

chromosome of 1.5 » 10% nuclestide pairs, containing about 3000 genes
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The molecular “parts-list”:
Transcriptosome Snapshots: Expression Profiling
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| NEe Mmoiecuiar parts-iist .
The proteome

Translation
Degradation

Localization
Modification

(binding, cleavage,
covalent modification)

0.5-1X106 variants




Multiple Faces of the Proteome:
Protein-protein Interaction
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_ ) Metabolomics

Volatile organics important for wine flavor

Grapes: 466
Wine: 644

Difference: 178 3384

itis vinifera



More than 200 genomes have been sequenced

http://www.ncbi.nlm.nih.gov/

But we are still searching for the holy grail!!!
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A NEW
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Proteins perferm all of life's most essential functions. To carry aut their
specific roles, they often work together in the cell as protein machines.
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The more you know
the harder is

 take decisive action ?7?

A man of action
cannot afford this risk

Either go back to a
reductionist approach

OR....

apply tools enabling to
handle complexity
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Challenge 1- Connect the aata we produce to
what we already know
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A protein-protein interaction pa’rhv\_/ay map automatically

constructed from a user query of effective human cyclin inhibitor".



Integration of whole genome gene
expression data with biological function

REPORTS
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enomics
data

Methods that use
genomic information
to infer correlations
between genes and
clusters of genes

Methods that
integrate functional
genomics result in
metabolic or cellular
pathways

Methods that use
functional genomics
results, existing
biological
information, and
clustering to
reconstruct a novel
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Identification of similar
core clusters of genes

that are most strongly

affected by coordinate

regulation

Hierarchical
Cluster

Non
Hierarchical

Methods that
automatically display
functional genomics
results on metabolic
or cellular charts

Methods that test for
statistical
significance of
enrichment of genes
belonging to pathway
or network

v

Integration of the
results from pathway-
based analyses with
those of clustering
algorithms to provide
information on genes
of unknown function

Cluster
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What is a pathway?

Depends on who you ask

Systaematic identification of protein complexes in
Saccharomyces cerevisiae by mass spectrometry
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« Pathways are a way to describe biological networks.

* One of the main differences of a network and a pathway is that a pathwa
include a directionality, lines become arrows, with a given direction.



Open Goals and questions

1-How can we infer the actual regulatory networks
from heterogeneous sources of data?

2-What are the limits of the existing probabilistic
models in assessing pathway alteration”?

3- How the genes and the pathways should be
annotated in the different organisms?

4- How can we properly reconstruct novel pathways
based on specific information in genomics?

5 Which are the best graphical models to visualize
pathways?



Conceptualizing Biology: Ontologies,
Databases and Visualization

* Ontologies: How to formalize our knowledge?
« Databases: How to store pahway information
Statistics: How to determine significance?
Visualization: How to display it?




Pathway Standards
Ontologies, Databases and Visualization

Ontologies: How to formalize our knowledge in order
to have the most direct correlation between a gene
and a function in a pathway? Biopax!!!l Systems

Biology Markup Language SBML.

Databases: How to store and access data”? How to
annotate biological function data? Reactome!!!!

Statistics: Fisher exact test??7??

\EGG Maps or Biocarta.



For now we are working on the annotation.

Pathway
Databases

Metabolic
Protein Interaction
Signal Transduction
Gene Regulatory

WIT
BioCyc
Reactome
aMAZE
KEGG
BIND

DIP

HPRD
MINT
IntAct

PSI| format
CSNDB
TRANSPATH
TRANSFAC
PubGene
GeneWays

APAF-1

DK4

CYCLIN D1/PCNA

Universal Pathway database



Visualizing expression on Pathways

Cytoscape/pathway miner are useful tools for the integration of genomic
data onto gene networks.

MetaCyC and EcoCyC display expression data of some experiments on
their maps.

Genemapp, UCSF, map genomics data on metabolic or cellular charts.
Proposing a new MAPP format, MAPPs.

Gene-Go, integrates expression data with data from different sources on
pathways.

Kegg also allows to map data on metabolic MAPS.

Gene-Merge, (Castillo Davis and Hartl 2003) provides statistical rank score:
for over-representation of particular functions or categories.

Gostat is another recent program using GO terms.



Gene Ontology
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Analyze expression profiles with
Pathway Processor

Uses only 96 well established pathways in
a well established model microrganism, yeasi

l‘:'

Scores biochemical pathways according to th
probability that as many or more genes in ¢
pathway would be significantly altered in a

cavalieri/pp.html given experiment by chance alone.

Paul Grosu
CGR Computational's _
e es  Use P-values to select pathways to examine

Sty . more closely using Expression Mappel

Pathway Analyzer




The: Fischer- Exacl- Tesl: measures: the- probability- that- a- pathway- 1s- significantl
tered, given-a-threshold-value.¥

The-general-formula-used-1s:9

9

(number of successes )x (number of failures )

Probability = |

(number of anything happening )

Here: we: used: the: hypergeometric: part: of the: Colt: software: program.- We-used: two-th

llowing two-formulas: 9|

1
ORFs passing cutoft in genome }{ ORFs in genome - k
Pl = Probability of k ORFs k ORFs in pathway - k
- passing cutoff in pathway ORFs in genome
ORFs in pathway
1

ORFs in pathway

Fischer Exact Test for pathway = Z - PO
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Microarray
Data

Data File Checkar

data.txt

Pathway Analyzer

Pathway Processor

Expression Mapper
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ELECTRON TRANSPORT AND OXIDATIVE PHOSPHORYLATION
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NCS is a chromoprotein composed of a 11kDa protein (Apo-NCS) complexed with
a highly reactive cromophore with antitumoral activity

It is used in bladder cancer, breast, liver.
The reducing environment breaks the complex activating the NCS

NCS causes sinle and double strand break.



Genome wide analysis of the response to a protein-
small molecule DNA-damaging agent

* Neocarzinostatin, NCS is a protein-small molecule
complex that exhibits potent antiproliferative activity in
mammalian cells but has little effect on the growth of the
unicellular eukaryotic organism, Saccharomyces
cerevisiae. The basis of this resistance is not known.

* The determination of the mechanism of action of any
small molecule in vivo is challenging under normal
circumstances, but is especially complicated when the
molecule is highly reactive, such as NCS.
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Gene Expression
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PHR1 POL2 YDROB1W NTG1 SNM1  NTG2 SIR2 RADS51 RADS2 RADS0 RNR4 RNR3 HSP12

1,288 genes exhibited 2 fold modified mRNA transcript levels in time course
of S. cerevisiae treated with (50 pg/ml) NCS at 1-, 2-, 3-, and 4-h time points

180 (24%) of the 780 genes overexpressed contain the stress-responsive
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L.V 1 dilU NAWJ VWCIC
verexpressed 2.4- and 2.6-fold

e RNR4
—RNR3
M | =——RNR2
sesmesee DDR 2
—— RADS5 1
—— RAD50
s SNM 1
POL2
RAD52

IR2 3,4p complex is proposed to
ndergo Rad9p and Mec1p
ependent relocation from

—NTG2

lenced chromatin to sites of DNA —sIR2
amage, where it interacts with the i 1' 2 : o |t
Ku heterodimeric complex. A DNA-damage reﬁggi(F) ——NTG1
SP12, was overexpressed >2- s

—=NCE103

)Id after 1 h.

DR2 and DDR48, DNA damage
ress response genes were not
verexpressed until 3 h.

—GTT1
—YNLOG5W

——=NCE102

fold induction

| AP3
1 A —YOR378V

Glutathione S-transferase . | | | ——YCF1
GTT1, was + 4.1-fold at 4 h. 0 1 2 3 4 | —YOR273¢

. . time (h) . .
B detoxification and nonclassical protein expot

DR proteins YOR273C, YOR378W, and YNL0O65W showed a time-dependent increa:
expression levels over the course of the treatment.
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Signed Fisher Exact Test

— .y 3@ -
= G e T d= OSO S Mg, C::-’?QD
S, S iy B # = o S
& ﬁ’DHQJ HQ}‘) af‘}@ 5@, Q,Q
P, G'”_D'RG; T &
S e TG e Ty T <o
e " m Or To, e T, oo
~ T g T On iy, e i O3
J’D@H‘Q/-} )D‘GZFEQ/‘Q?@&%E r?@*-..r;::bjc}
& = ) o, = = =
- : Foe &g (W
e T b = s I
& 00A = S, To Sa. TA
&Qé’c;&y@&@ Of’ﬁg Rl Ps = gy Sy
YL TR : PR -
Q/&% 66}‘94"@ Q’Q?c;q@m Sto, %o, E%Qﬂsc}b“g
=Y o D ey Seb P
— s (=T oRRE =N T =P
ry L=]
- Dy é‘Q,é C?‘z*@ g Sy
’Pcbnb_)m%g’j’.& /?-')Q
Cu, SR i - &
& e Pz,
e G‘&f& ﬁ&%xr):f}?#@ﬁ = Oﬂq
e e o
) o Ty o, e S
- o, S N5 =in
o) }99 . T
s SoSPe = 2o
"_)@R -»—':}O _ ‘S":-:O
o
2
=y
‘9?’@& 2"'7_!5{:,Ec
= ]
- A‘Dh
k3 ¢ i
o5 fo .
O s, Oy o SL,
- iy
s “e
S =) &
P g ]
[a] e Rt
<,
Q’Q?Q JD.?GO

1h- Activation of nucleotides metabolism (DNA Repair) repressed at 4 h. |
3h- Activation of methionine e selenoaminoacid metabolism (detoxification).

4h- Inactivation of Glicolysis and activation of respiratory metabolism.



Sighed Fisher Exact Test

0.2

0.1

0.0

4h- Activation of TCA cycle and mitochondrial metabolism.
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['ests for enrichment of functional categories and for transcription factors binding sites
reconstructs regulatory networks.

Enrichment for Tf's involved in respiratory metabolism and stress response.
Hap1-Hap4



‘ranscription factors bind...
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A VAVAVAVA

RRRCWWGYYY(N),_;;RRRCWWGEYY

And act together with co-activators/adaptors/co-repressors:
ADA3, ASPP, p53-BP1; p53-BP2, p33ING1, WRN, BRCA1, TFIID,
TFITIH, SIR2, CBP/p300, MDM2, MDMX
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NCS treatement in aerobically and
anaerobically growing cells

freated with 50 and 100 pg/ml NCS

Anaerobic------ Aerobic

JU /0 OT LNEe genes vdrying
In expression contains
Hap1-Hap4-Rox1
signatures in their
promoters
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regd snfz Goahi1 HAFT ani2 TYEZ2 invalwed in the coordinate res
"regd amil ads FAMI LPA1 Global transcription activator that
HAF1 ROx1 REO1 The EOX1 gene encodes 3 heme-induced n
HAaFd 0HA URE1 MNADFP-specific glutamate dehydrogenase M
regd CATE DIL1 MESPE  Zinc-cluster protein involred in activatin
HAFP1 AUS1 ABCCATP-binding cassette) protein invalved in Upt:
HAF1 vBE301W L2224 ¢ hamolog (-0.27)

HAF1 wORO02Wy (005

HAaF1 QCRZ COR2 UCRZ 40 kla ubigquinol cytochrome-c reduc
HAaP4 QCR2 CORZ UCRZ 40 kDa ubiquinol cytochrome-c reduc
"HAPS petd AAC2 anc? apl  the major mitochandrial ADPLATE
HAaPd COx4  =ubunit W of cytochrome ¢ oxidase Mull mutant is
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HAF1 CvT1 CTC1  Cytochrome o1 (0577
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"HAaPd COXGE =subunit 'l of cytochrome ¢ oxidase Mull mutanti
"HAPS RPMZ  inwolved in processing of mitochandrial precursar
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"HAPS cwb2  Expression is repressed by glucose and anaerobic
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HAPd MEF1'" May be transcriptional regulater of genes invalved
HaF1 eRAZ1M -0.02)
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YLRIAECEC 0XE @Cytochrome-¢ oxidaze chain WII; Mull mutant iz wiable, deficient ir
WELAET C@c 0Xdi@subunit IV of eytochrome ¢ oxidaze; Mull mutant isviable and unab|
TrERASIC EqeR @y 2 kla subunit 9 of the ubiquinal cytochrome ¢ oxidoreductaze cor
YILAGEM@ICRE@Ubiquingl eytochrome-c reductase subunit 8 (11 kDa proteind; Null n
"rMR2EECC 0T @eubunit Wil of cytochrome ¢ oxidaze; Mull mutant is viable, lacks o
P ROZ0MEAT P20 P rotein azsociated with mitochondrial ATP Synthase; eszential for
"YLROZECE@C 0.2 @eszential during assembly for full cytochrome ¢ oxidase activity; =
rHRO0AM- A CR 10025 ka subunit of the ubiqunal-cytochrome ¢ oxidoraductaze ¢
rLRSZACEUCRT @ubiquinol-cytochrome ¢ axidoreductase subunit 7 (14 kLral; Hull me
TEELASIMNEC 03 @modul ates cytochrome ¢ oxidase activity; subunit Wla of eytochr
IR0 Eeye 1 @iso-1-eytochrome o; Cytochrome ¢ deficiency CrJROSEM0

FOLAS IR NHA @A TP aze inhibitor; Moll mutant is wiable; exhibits maked ATP hydraly
rDRZASCEAT PO @invalved in the assembly and function of the mitochondrial ATP sy
rRLOTECEA T PHEEncodes subunit 4 of FO sector of AT synthase and is analogous i
D LOOSEAT PAGEATP synthaze delta subunit; cellz are entirely cytoplasmic petite
YLRZ9EC @A TP 1@ TR synthase subunit h; unable to grow on ghyceral mediom; no d:
TAMLTZ0CE@MNE I @NADH dehydrogenase (ubiquinone) (L1200
YELOASWIEACH @b annose-containing ghycoprotein which binds concanavalin A; ace
YILA02MEMEF 2 i@mitochondrial elongation factar G-like protein CYJLAOZW0
rBELOE0C @petd@the major mitochondrial ADPSATE translocator; highly homaologous t
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Pathway processor enables to interpret gene expression og
drug treatment in the context of cell biology

Repair one of the early responses to NCS treatement.

« Switch from anaerobic to aerobic metabolism might
represent a long term adaptive response to NCS.
Respiration causes a change in pH and a passage from a
reductive to an oxidative environment and as a consequence
a small number of free thiolic groups and is likely to prevent
the nucleophilic activation of NCS.

« Active transport of NCS outside the cell.



The future of the Pathway processor
Project

« Up-load the gene lists from a library of
pathways, including human, mouse and rat.

 Map gene expression data on your favorite
maps annotating the pathways with a
universal standard.

« Calculate connectivity between Pathways

How frequently the genes in a given pathway
are represented in other pathways is an
estimate of the degree of connection between
the different pathways.

Flux balance of metabolites can be used to
estimate interdependence of pathways???



Statistics

What is the statistics most useful for multiple
hypothesis testing if the pathways are clearly
interconnected.

Is it correct to analyze pathways that are not
properly annotated or defined???

Is it correct to analyze entities that are partially or
totally overlapping???

Pathway databases should contain information on
pathway architecture, hierarchy.



WE NEED GOOD STATISTICS BECAUSE

Magical induction won’t turn the data flood into knowledge
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w2  Saccharomyces Genome Database

. Subimit
(Quick Search: Site Map | Help | Full Search | Home
C oty Info cubimit Data BLAST Ptitmets Patlatch Ceneffeq Resoutces Vittual Libeaty Contact 36D
- Search Optiﬂns SODM iz g soientific database of the molecular biology and genetics of the yeast Saccharamyces
earch 30D web pages, Global Gene Hunter, cerevisiae, which 15 comtmonly known as baker's of budding veast.

eatch Literatute, atd more.

- Help Resources

etting Sterted Sitetap, FAQ, ndore New and Noteworthy
B
- Analysis & Tools
LAST, Gene/deg Besources, Maps,
il tote.
¢ New Expression Connection at SGD

’ Hﬂmﬂlﬁgy & Cﬂmpﬂl‘ isons SGD has st released a new version of Expression Connection. The new version allows more flexible
DE Homalogs, Protein Matifs, Homalogs, searches of microarray expression data, presents tabulated results i succinct form, and displays new kinds
nd mote. of information mcluding the Pearson Cotrelation between quened genes and a line graph of the expression

) ) of all quenied genes. In addition, a new "Stats” page provides a global wew of the data m each dataset by
- Function & Expr ession indicating the number of genes whose expression 13 increased, decreased, and etc. To help users determine
rotein Info, Function Junction, cotnmonalities atmong gene clusters i Expression Cotmection results, GO Tertn Mapper and GO Term

Aptession Connection, and mote. Finder tools are avalable from every results page. (Posted Apnl 03, 2003)
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6,217 proteins of
Saccharomyces
cerevisiae

(L:’nk functionally-related proteins by.')
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Experimental Relateq Related . Rosetta Correlated
Data Metabolic Phylogenetic Stone mRNA
_ . Function Profiles Method Expression
L'Eﬁé’uﬁ]tféns Link proteins Link proteins that Link proteins Link proteins
. whose homologues evolved ina whose homologues whose mRNA
lnterqct by are known from  correlated fashion  are fused into a levels are
experim ent experiment to in the 20 single gene in correlated
(500 links) operate organisms with  another organism across 97
sequentially in fully-sequenced (45,502 links)  assays of yeast
metabolic genomes mRNA levels
pathways {20,749 links) (26,013 links)

using links with characterized proteins

Yeast:\a great deal fl’a/ialo/gical functin
)

(Predfcr function of uncharacterized proteins







The importance of the models

As in Biology nothing makes sense unless interpreted trough
evolution, in genomics nathing makes sense unless analyzed in
a comparative fashion.

Model systems i
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'Phase-contrast (A) and
luorescence (B) microscope
mages (magnification
<1,000) showing budding
reast after incubation with
NCS-FI (NCS bearing a 350-
im fluorescence label) The
luorescence image shows
Iniform intracellular
listribution of the labeled
Irug, providing evidence that
he NCS protein component is
nternalized in yeast.
-luorescence imaging was
onducted with excitation
etween 340 and 380 nm by
Ising @ 400-nm emission
Iter.




