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From protein sequences...

to protein networks

Query Sequence
GACTGCATTAC

Two goals:

1) Screen out false positives
and non-functional
Interactions

2) Place into pathway models
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Cross-comparison of networks:
(1) Conserved regions in the presence vs. absence of stimulus
(2) Conserved regions across different species
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Plasmodium: a network apart?

[a] Endocytosis
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Finding physical pathways to explain genetic interactions

Genetic Interactions:

® Classical method used to
map pathways in model
species
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Interpretation of genetic interactions (Guarente T.1.G. 1990)

Parallel Effects Sequential Effects
(Redundant or Additive) (Additive)
o o)
/ \ GOAL: ldentify
downstream
A physical |
\ / pathways
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Single A or B mutations typically Single A or B mutations typically
abolish their biochemical activities reduce their biochemical activities



Integration of genetic and physical interactions
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GENETIC NETWORK X
Type Source Num.

Synthetic lethal SGA 2,015

Synthetic lethal MIPS 724 “
> n .

NETWORK

&

PHYSIC

Type/Direction Source  Num.
Protein®protein  DIP 15,116
Protein=>DNA TLeeetal. 5,809 ©

Reaction®reaction KEGG

NETWORK MODEL
IDENTIFICATION

Between-pathway

physical

160 between-
pathway models

101 within-
pathway models

Num interactions:
1,102 genetic
933 physical

Kelley and Ideker Nature Biotechnology (2005)
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Global organization of genetic linkages
between physical pathways (A-Z)

Bridging
genetic
interactions

Overlapping
pathways

DNA catabolism . amino-terminal blocking dynactin complex . glycoprotein metabolism . prefoldin complex

budding .cell cortex . regulation of biological process retromer complex chromosome . motor activity




WWW.cytoscape.org

Shannon et al. Genome Research (2003)

Funding: NIGMS and Unilever

OPEN SOURCE Java-based platform for
modeling large molecular interaction
networks

CORE (layout & data integration)

* Layout of large interaction networks
(including protein-protein, protein-DNA,
genetic, and biochemical)

* Links to functional attributes (user definec
GO, KEGG) and lower-level modeling
environments (SBML/SBW)

* Generalized attribute-to-visual mapping

PLUG-INS (computation, extensions)

* Pathway/network analyses implemented
through an extensible Plugln architecture

K Janis 1 ogmi

& & 8 B

-

File Edit Select View

l.l]llll‘l| Visualization Plugins
O Circular

® Hierarchicial

1 Organic

O Embedded

O Random

" Layout whole graph

Layout current selection

Align Selected Nodes v

Rotate Selected Nodes z

Reduce Equivalent Modes

Shrink Graph

Expand Graph

PR

Carl-L

MCM

@ OOO6 66

:
@ (@ K Annotation
34 i

gal6R.sam2 =
gal7FR.sam2?
wiRG.sig

wiR.sig
9al10RG.sig

gall0f.sam2 '
galBORG.sig |
galBORsam2 +

MNode Fill Color

@ Expression O Significance () None
i Color
Eelow Min Color
10 Min Color
0.0 | Midcalor |
1.0 | Max Color

Abave Max Color |

Mode Border Color
) Expression . Significance @ None

Threshold Color

0.0 | Min Calor L]
o0 | Mid Color B
oo | Maxcolor [l

Above Max Color |.

| Apply | Dismiss |

Avaliable Current Annotations
P _.- § O annotation’ GO, Biological 9 ]GO Cellular Component fevel 4) =
. o D 1 :\. ascus
(hH D) bud -
0: M ez
AR M ce
- 0Oe
| expression I'W\I'IE'WZ myWiew D 8
' Customize GO Eiological Process devel 6) | speces | Os
cannnlcaIName Name GO Biological Process (evel 6) Expression Do
VL1570 protein kinase inhibitor -0.803} O
YCR108W lel oyrlin-dependent protein kinase, r -0.5
(YPR119W CLB2 oyelin-dependent protein kKinase, r. D 12 N g
[TMRO43W MCM1  RMA polymerase i transcription fac_.. 23 annot <0, Molecular F
[YFLO26W STEZ2 G-protein coupled receptor -] annotation: GO, Cefular Component,
{YILO1S W BART aspartic-iyoe endopepticase -
[THL145W MFA2 !
(YKROS7 W PCK1 carboxy-hyase | phosphognolpyrus. 1
[YDROZ5W RPSL1A  structural constituent of ribosome -0.39 " S i
[YLR?= = G5v2 transferase, transferming hexosy gr... 0.4 T S
i G5l transferase, transferring hexosy gr. [X3 = Annotation to All Nodes
15 c GLE2 ansferase_transferrina hexnsd or nzzal®
Save Tahle Dismiss i Dismiss
==

JOINT PROJECT with the Inst. for Systems Biology (Hood), Inst. Pasteur (Schwikowski), Sloan-
Kettering (Sander), U. Toronto (Bader), UCSF (Conklin) and Agilent (Adler/Kuchinsky)



B778-8783 |

Transcriptional response of Saccharomyces cerevisiae
to DNA-damaging agents does not identify the
genes that protect against these agents

Geoff W. Birrell*, James A. Brown*, H. Irene Wu*, Guri Giaever?, Angela M. Chu', Ronald W. Davis’,

and J. Martin Brown**

Departments of *Radiation Oncolegy and "Biochemistry, Stanford University School of Medicine, Stanford, T4 94305

Contributed by Ronald W. Davis, May 8, 2002

wmny CAN this apparent paradox be
explained by a physical model of |
5= the DNA damage response? e

type parental strain to the same DM.I'-'.. damaglng agents. We found
no relationship between the genes necessary for survival to the
DMA-damaging agents and those genes whose transcription is
increased after exposure. These data show that few, if any, of the
genes involved in repairing the DNA lesions produced in this study,
including double-strand breaks, pyrimidine dimers, single-strand
breaks, base damage, and DNA cross-links, are induced in response
to toxic doses of the agents that produce these lesions. This finding
suggests that the enzymes necessary for the repair of these lesions
are at sufficient levels within the cell. The data also suggest that
the nature of the lesions produced by DNA-damaging agents
cannot easily be deduced from gene expression profiling.

PNAS | June 25,2002 | wvol.99 | noo13

LITIS JJ'fl_ll-.?lllL:.'ﬁlD

Deletion of the genes has been accomplished by an interna-
tional consortium, the Saccharomyces Genome Deletion Project,
that has replaced all of the =6.200 known open reading frames
(ORFs) of yeast by using a PCR-mediated gene deletion strategy
(200, In addition to a selectable marker, two molecular bar codes
or *“tags,” unique 20-base oligonucleotide sequences, are in the
replacement cassette. These tags, after PCR amplification, can
be detected by hybridization to the corresponding complemen-
tary sequence in a high-density oligonucleotide array, thus
unh]mcr the relative abundances of mch tag, and hence the
abundances of each deletion strain, to be determined (20). We
have recently shown that this system can detect essentially all of

whwnw. pnas.org/ogi/doi/ 10,1073/ pnas. 132275199



ChlIP-chip measurement of protein—=DNA interactions
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y Cresslink protain to DNA
in vivo with formaldehyde
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Reverse-crosslinks,
Blunt ONA and ligate

to unidirectional linkers

LM-PCR

Hybridize to array

From Figure 1 of Simon et al. Ce// 2001



A systems approach to mapping DNA
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Validation of physical network by
systematic gene knockout analysis

Knockout _ Physical
effects interactions
X

O O
—> Knockout causes up-regulation —} TF-promoter binding
Knockout causes down-regulation == == = Protein-protein binding

Yeang, Mak et al. Genome Biology 2005



Validation of binding with knockout data yields a large regulatory network
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The recent completion of the deletion of all of the nonessential
genes in budding yeast has provided a powerful new way of
determining those genes that affect the sensitivity of this organism
to cytotoxic agents. We have used this system to test the hypoth-
esis that genes whose transcription is increased after DNA damage
are important for the survival to that damage. We used a pool of
4,627 diploid strains each with homozygous deletion of a nones-
sential gene to identify those genes that are important for the
survival of yeast to four DNA-damaging agents: ionizing radiation,
UV radiation, and exposure to cisplatin or to hydrogen peroxide. In
addition we measured the transcriptional response of the wild-
ty pe parental strain to the same DNA-damaging agents. We found
no relationship between the genes necessary for survival to the
DMA-damaging agents and those genes whose transcription is
increased after exposure. These data show that few, if any, of the
genes involved in repairing the DNA lesions produced in this study,
including double-strand breaks, pyrimidine dimers, single-strand
breaks, base damage, and DNA cross-links, are induced in response
to toxic doses of the agents that produce these lesions. This finding
suggests that the enzymes necessary for the repair of these lesions
are at sufficient levels within the cell. The data also suggest that
the nature of the lesions produced by DNA-damaging agents
cannot easily be deduced from gene expression profiling.

PNAS | June 25,2002 | wvol.99 | noo13

conferring resistance to that agent, and hence provide informa-
tion on its mechanism. Recent publications have, in fact, sug-
gested that several of the genes induced by DNA-damaging
agents are involved in the repair of DNA damage and hence in
the protection of the cell against such treatments (17-19).
However, the assumption that genes whose expression increases
in response to a particular cytotoxic agent are those that protect
against the damage caused by the agent has not been formally
tested. Here we use a pool of strains of budding yeast, S.
cerevisiae, wWith deletion of all nonessential genes to directly test
this hypothesis.

Deletion of the genes has been accomplished by an interna-
tional consortium, the Saccharomyces Genome Deletion Project,
that has replaced all of the =6,200 known open reading frames
(ORFs) of yeast by using a PCR-mediated gene deletion strategy
(200, In addition to a selectable marker, two molecular bar codes
or ““tags,” unique 20-base oligonucleotide sequences, are in the
replacement cassette. These tags, after PCR amplification, can
be detected by hybridization to the corresponding complemen-
tary sequence in a high-density oligonucleotide array, thus
enabling the relative abundances of each tag, and hence the
abundances of each deletion strain, to be determined (20). We
have recently shown that this system can detect essentially all of

whwnw. pnas.org/ogi/doi/ 10,1073/ pnas. 132275199



Sensitivity of the TF knockout phenotype
correlates with its number of regulated targets
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The vision:
_First build the scaffold, then add the detalls

Phase |

Model generation

Ideker and Lauffenburger Trends in Biotech. (2003)
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