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Background

Theproject is being conducted undemaulti-year NIST
Advanced Technologf?rogram (ATP) grant involving a
partnership between 10 Informatics and Icoria (now
Cogenics, Division of Clinical Data, Inc.).

Main Objectives

A Combined analysis of data from different sources

A Integration to balance differences in size and content

A Interrogation within and across experiments, tissues and
studies

A Linking to external knowledge

A Understanding within the framework of biological networks



Challenges

AA combination of metabolic and gene expression data can provide a
more complete mechanistic understanding than eitigpe of data
alone
A Howeve8 - AOAAT I EA AT A CAT A A@bPOA
from same toxic insult, but represent very different biological
processes

AChanges in individual components can be grouped into coherent
response modules by looking for similar dose and time relationships
A Howeve8 0 EAOI AAT AUT ATl EA Al OOAIT AC
functionally linked within the biochemical network

AGenes and metabolites may occur at lower doses and earlier times
than those that produce pathological changes
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Methodology

Thesis:Biomarker activity for toxicity models are most usefully investigatec
first according to their correlations across diverse experimental data meth

ASelect robust correlations between independent analytical
results
A Correlation is the initial step to establishing cause
and effect

AAssociate significant elements of those networks with
reference data sources

ACreate correlation networks from coherent response

modules to bridge analytical research towards better
understanding of biological systems
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Experimental Model

F Panel of chemical hepatotoxicants, single oral
dose (placebo, low, mid, high) in groups of 4
rats, sacrificed at 6, 24 and 48 hrs.

F Metabolomic analysis of liver, serum and urine
(1603 metabolic components); microarray
analysis of liver and whole blood (31096
transcript probes).

Compendium
Study

F High doses t.i.d. for four days, with and
without 24h withdrawal

F Metabolic analysis of plasma, liver and brain;
microarray analysis of liver and brain

Alcohol Study
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Use (a3e8S

This case study describes how mul ti
data is integrated and transformed to provide graph visualization that
describe and link potential biomarkers according to their coherent

correlative responses to perturbationi e. g. as fAcoherent
mo d u |- & 8 systems biology environment.

First, biomarker activity for toxicity models is investigated according
to their pharmacodynamic correlations across diverse experimental
data types.

Once robust correlations are found, associating significant elements
of these networks with reference data sources - e.g. with canonical
pathway or reaction databases 1 allows the researcher to better
understand how experimental perturbations are effecting the
organism.
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Analysis

Find compounds and genes with significant perturbation-(4S and
GEP analysis)

PCA of transcriptional and metabolite data independently, enabili
unbiased sample grouping by dose and time

Map results into a semantic framework to visualize, explore ang
analyze data relationships

Map pathway enzymes from public sources to experimental dat
within a common ontology

Reduce network complexity: apply criteria for connection depth,
numeric scaling and weighting

Perform graphical and SPARQL queries, thesplet the resulting
sub-networks
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PCA off Tramsecippicral andiMdtabblitécDataa

31,096 transcript probes 1,603 metabolomic components

Independent and unbiased sample grouping by dose & ti
= <

Dose 0 25 75 250 Time 6h 24h 48h
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Report Izuj |
Query Started:  2007-06-06, 18:59:35
Data Source(s): opool

969 Results for Search Term(s): ((Foldchange grester than ) AMD (Project Tissue contsins liver'))

PEAK_GROUP | DOSE | TIME! | TREATMEWT DOSED | TIMED | TREATMEMTO | FOLDCHAMGE | PYALUE ADJUSTED_PYALUE | ID COMPOUND_NAME SOURCE PEAK_GROUP_TYPE
brb_liver p_B3T.31 292 |25 3] bromobenzene 1] [ contral 447119,35655 0347640655 0000348263 na na na possible single parent
brb_liver p_837.31 292 |25 & bromobenzens a -] contral 447119,35655 0347646655 0000343283 na na na possible single parent
1-z_dichlorobenzene_liver  p_B64.15_316 15 45 1-z-dichlorobenzene | 0 45 contral 263524, 25074 | 0270635069 0000321774 na na na possible single parent
1-2_dichlorabenzene_liver  p_t64.18_316 15 48 1-2-dichlorobenzene | 0 4 contral 263524,25074 | 0270635069 0000321774 na na na possible single parent
1-2_dichlorobenzene_liver  p_864,18_318 15 45 1-Z-dichlorobenzens | 0 45 contral 263524,25074 | 0270635089 0000321774 na na na possible single parent
1-z_dichlorobenzene_liver  p_B64.15_316 15 24 1-z-dichlorobenzene | 0 24 contral 37297252567 | (ZSETZIES1Z 0001151557 na na na possible single parent
1-2_dichlorobenzene_liver  p_g64.186_316 15 24 1-Z-dichlorobenzene | 0 24 control 37297252567 | (ZSETESES1Z 0001151557 na na na possible single parent
1-2_dichlorobenzene_liver  p_664.18 318 | 15 24 1-2-dichlorobenzene | 0 24 control 37297252567 2587232512 0001151557 na na na passible single parent
‘monocrotaline_liver p_326.16_372 300 & monocrokaline a ] contral 369.5572433 000000000297 0000327569 na na na possible single parent
‘monocrotaline_liver p_326.16_372 300 & monocrotaline 1] ] control 369.5572433 000000000297 D000327569 na na na possible single parent
brb_liver p_723.2_94 75 48 bromobenzene 1] 48 control 31933998225 25795559589 0000382795 na na na passible single parent
brb_liver p_723.2_94 75 45 bromobenzens a 45 contral 319,33998225 | 2579555959 0000362795 na na na possible single parent
n_nitrosomorpholine_liver — n_137.04_139 300 | 48 M-nitrosomorpholine | 0 45 control 283.41267791 0000014313265 0000370001 CO0785 | Urocanic acid KEGG parent
n_nitrosomarpholine_liver  n_137.04_139 300 48 M-nitrosomorpholine 0 4 contral 20341267791 0000014313265 0000370001 00785 | Urocanic acid KEGG parent
n_nitrosomarpholine_liver  p_139.05_139 300 | 48 M-nitrosomorpholine | 0 45 contral 281,43525631 0000039514772 000039973 C00785 | Urocanic acid KEGG parent
n_nitrosomorpholine_liver  p_139.05_139 300 |48 M-nitrosomorpholine | 0 45 control 28143575631 0000039514772 000039973 (00785 | Urocanic acid KEGG parent
1-2_dichlorobenzene_liver  n_355_379 1500 24 1-2-dichlorobenzene | 0 24 contral 215.83695532 0000042298539 0000314303 na na na possible single parent
1-2_dichlorobenzene_liver  n_355_379 1500 24 1-Z-dichlorobenzens | 0 29 contral 215.83695532 0000042293539 0000314303 na na na possible single parent
1-z_dichlorobenzene_liver  n_355_379 1500 24 1-z-dichlorobenzene | 0 24 contral 215.83695532 0000042295530 0000314305 na na na possible single parent
monocrotaline_liver p_G619.3 134 |50 24 monocrataling 1] 24 contral 179,7265935 336515364 000343715 na na na possible single parent
‘monocrotaline_liver p_819.3 134 |50 24 monocrokaling a 24 contral 179.7285935 336515364 000343715 na na na possible single parent
1-z_dichlorobenzene_liver  n_355_379 1500 & 1-z-dichlorobenzene | 0 [ contral 163.68360181  .0000000072564073 | 0000300542 na na na possible single parent
1-2_dichlorobenzene_liver  n_355_379 1500 6 1-2-dichlorobenzene | 0 [ contral 163.668369181  .0000000072864073 | .0000300842 na na na possible single parent
1-2_dichlorobenzene_liver  n_355_379 1500 & 1-2-dichlorobenzene | 0 [ control 163.88350181  .0000000072864073 | 0000300542 na na na passible single parent
1-z_dichlorobenzene_liver  n_111.0Z_166 1500 |45 1-z-dichlorobenzene | 0 45 contral 162 5202686 0024295326 0000592495 CO0106 | Uraci KEGG possible single parent
1-2_dichlorobenzene_liver  n_111.0Z_166 1500 | 48 1-Z-dichlorobenzene | 0 4 control 162 5202688 024295326 0000552498 CO0106  Uracl KEGG possible single parent
1-2_dichlorobenzene_liver  n_111.02_166 1500 48 1-2-dichlorobenzene | 0 48 control 1625202686 0024203326 0000552495 CO0106  Uracl KEGG passible single parent
1-Z_dichlorobenzene_liver  n_450.03_49% 1500 | 24 1-Z-dichlorobenzene | 0 24 contral 151.1110693 0000093410452 0000316244 na na na possible single parent
1-7_dichlorcbenzene_liver  n_450.03_495 1500 | 24 1-Z-dichlorobenzene | 0 24 control 151.1110693 0000095410452 0000316244 na na na possible single parent
1-2_dichlorabenzene_liver  n_450.03 495 1500 | 24 1-2-dichlorobenzene | 0 24 contral 1511110693 0000053410452 0000316244 na na na possible single parent
n_nitrosomarpholine_liver  p_819.3_139 10 48 M-nitrosomorpholine | 0 45 contral 15079764662 3413123492 0000831355 na na na possible single parent
n_nitrosomorpholine_liver  p_§19.5_139 i0 45 M-nitrosomorpholine | 0 45 control 150. 79764662 | 3415125492 0000831355 na na na possible single parent
1-2_dichlorobenzene_liver  n_286.12 121 1500 | 48 1-2-dichlorobenzene | 0 4 contral 145.69545394 0001091663 0000375304 na na na possible single parent
1-2_dichlorobenzene_liver  n_288.12_121 1500 |48 1-Z-dichlorobenzens | 0 45 contral 145,69545394 0001091663 0000373304 na na na possible single parent
1-z_dichlorobenzene_liver  n_2&8.12_121 1500 |48 1-Z-dichlorobenzene | 0 45 control 145.69545394 0001091663 0000378304 na na na possible single parent
brb_liver p_723.2_94 25 48 bromobenzene 1] 4 contral 139, 74977978 | 2350207058 0000339278 na na na possible single parent
brb_liver p_723.2_94 25 45 bromobenzens a 45 contral 139.74977978 2350207058 0000339278 na na na possible single parent
‘monocrotaline_liver p_619.3_134 10 45 monocrokaline 1] 45 contral 133.3393628 IHETEESES O000&77525 na na na possible single parent
monocrotaline_liver p_B19.3_134 i0 48 monocrataling 1] 4 contral 133.3393620 D4ETEZESEE 0000877525 na na na possible single parent
1-2_dichlorobenzene_liver  n_450,03_498 1500 (& 1-Z-dichlorobenzens | 0 -] contral 125,35637156 | .000000011263034 0000301204 na na na possible single parent
1-z_dichlorobenzene_liver | n_d450.0%_495
1-2_dichlorobenzene_liver  n_450.03_495
monocrotaline_liver p_819.3 134
‘monocrotaline_liver p_619.3_134
n_nitrosomorpholine_liver  p_139.05_139
n_nitrosomorpholine_liver  p_139,05_139
n_nitrosomarpholine_liver  n_137.04_139 | 50 43 M-nittosomorpholine | 0 43 control 105.375303 0000732336 0000322994 Q00785 | Urocanic acid KEGG parent
n_nitrosomorpholine_liver  n_137.04_139 50 45 M-nitrosomorpholine | 0 45 control 105375308 0000752336 0000322994 CO0785 | Urocanic acid KEGG parent
1-2_dichlorabenzene_liver  p_290.13_123 1500 | 48 1-2-dichlorobenzene | 0 45 contral 99,842395075 | 0001551553 00003858718 na na na possible single parent
1-2_dichlorobenzene_liver  p_290,13_123 1500 |48 1-Z-dichlorobenzens | 0 45 contral 99,842395078 0001551553 0000383718 na na na possible single parent
1-7_dichlorcbenzene_liver  p_290.13_123 1500 |48 1-Z-dichlorobenzene | 0 45 control 99.842395078 | .0001551555 00003687 18 na na na possible single parent
1-2_dichlorobenzene_liver  n_452.03_500 1500 | 24 1-2-dichlorobenzene | 0 24 contral 07.529503440 | 0000165627 0000320975 na na na possible single parent
1-2_dichlorobenzene_liver  n_452,03_500 1500 | 24 1-Z-dichlorobenzens | 0 29 contral 87.529803446 0000165627 0000320975 na na na possible single parent
1-z_dichlorobenzene_liver  n_452.03 500 1500 | 24 1-z-dichlorobenzene | 0 24 contral 87.529503446 | .00001ES62T 0000320975 na na na possible single parent
monocrotaline_liver p_326.16_372 |50 3] monocrataling 1] [ contral 86.03435535 0000000924 0000327869 na na na possible single parent
‘monocrotaline_liver p_326.16_372 |50 & monocrokaling a -] contral 86,03435536 0000000924 0000327569 na na na possible single parent
ﬁ dichlntrhenzens liver 45703 500 1500 _A 1-z-dirhlnrnhenzene 0 A rontrnl A1.05RAN43N9  ONONANNR 1 157454 ONNNE0SRT na na na ninssihle sinale: namai’B
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