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Presentation Outline

e Animal Systems Biology Analysis and Modeling Center
- Rationale and mission

In Silico System Biology Analysis and Modeling Overview

- Computational pipeline in an integrated analysis and modeling
platform

Case study: comparative pathogenicity analysis and modeling

- Chickens inoculated with Campylobacter jejuni (C. jejuni)

» Broiler chickens: Resistant (Line A) and susceptible (Line B)

- C. jejuni colonization in ceca

» Wild type and mutant strains

Important Contact Information
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The ASBAMC at UC Davis

A joint university and industrial program

» Rationale
- Exponential growth of “omic” data past and future
» Microarray. next generation sequencing, metabolomics, and proteomics
« Significant challenges to animal molecular biologists/researchers
- Systems biology approach is essential for capitalization on “omic” data
» Breakthroughs in animal infection, nutrition, reproduction, physiology, etc.
- ASBAMC to provide systems biology computational services
» Make available to broader base of animal researchers
» Designed to aid organization that lack computational resources

e Mission

- To make systems biology computational analyses and expertise accessible to the agricultural
research community in a manner that expedites the realization of breakthroughs in functional
genomics and proteomics discovery

 No cost to selected biological projects
- 8 to 10 high impact biological projects per year selected by a scientific steering committee
» Seralogix is industry affiliate
- Providing computational pipeline leveraging tools developed by NIAID and NHGRI sponsorships

e Funding by USDA National Institute of Food and Agriculture

- Three year program

“Seralogix 3SR




Service Center Concept

\/
ASBAMC Portal Data Submission | Results Access ‘

v \’

Site Information & “Omic” Data Web Analysis, Modeling
Submission Manager Servers & Visualization Manager

! {

Omic Data Submission Analysis & Modeling

Database

Staging Servers Results Staging

Focus of this \l, 1‘
presentation — [ Systems Biology Computational Pipeline

* Data Importation * Client Reporting Mgmt

* Experimental Data Mgmt  * Knowledge Curation

* Annotation Update * Results Preparation

* Data Preprocessing * Client Training

* Analysis and Modeling * Client Support

ASBAMC Computational Capabilities
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®  Experiment <Computation Iterations .

The Systems Biology Cycle A

e Supports multi-conditional e System Modeling
perturbation experiments - Network learning
« “omic” data integration « Pattern discovery
e Incorporates prior biological « Storage of results
knowledge « Web-based report
 Comparative analysis - Results and visualization
- Pathways, gene ontologies, genes - User driven interrogation of results
Mechanistic Analysis & Modeling Systems Biology Modeling
R I =t NP N o
Irtegration P FroEeEEing) Activation Scoring STl Interrogation Structure Learning
T T T

Mext tMcroarrs
Generation and .:.ﬂ-..grll'r Friar Biclogical Results and ﬂﬂ!lyEE? RE_EIJI[E
Sequencing } \"amic" data Krowdedge hodeling Visualization
D=atabase Repositary
Web-based

Reporting and
Visualization

Multi- perturhatmn } i _ _
( Experiments W Ikmarﬂtl'urﬂ Refinement/Updating

Clients data via ASBAMC Portal Client accessible via ASBAMC Portal

USDA 1JC DA\
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¥ Web Reports by Rich Internet Appllcatlon,,Presents °s

Integrated Results and Visualization:_ =

Classical Statistical Analy5|s

e
_—ualills

Multi-conditional Comparative Analysis

Proteomics
g, ::m... f— ,.','.‘-’c’;‘p"i“:i'.‘" [ p——
— R

Visualization &
Reporting System

Dynamic Visualization

Pathway
Analy5|s

Chromosome Mapping
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Dynamic Bayesian Network Modeling

Exploits the power of Dynamic Bayesian Networks (DBN)

- models in terms of probabilistic ~ models heterogeneous data

relationships ) oz ]
- Models dynamic processes (change over - deals with missing/hidden data
time) - fusing with prior knowledge

- Continuous variables (no discretization)

- inference (predictions and what-ifs)
- learning (machine learning using perturbed

data) - pattern recognition
- biologically understandable networks (unlike Model
neural nets) Interrogation and
- _ Dynamic Bayesian Network Simulation
Bayesian T~ (what-if)
Network ' B
Toll-like Receptor Pathway

Prior Knowledge Causal Static Network Model Dynamic Network Model t=n

Example Model Structure from Known Biological Knowledge

“Seralogix 3SR
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DBN Gene Group Activation®(DBGGA)

« DBGGA develop by Seralogix for multi-perturbation, time-course
experimental studies

- Comprehensive biological system analysis
» thousands of biological processes (Gene Ontology)
e hundreds of pathways and subnets

- ldentification of mechanistic genes/proteins
« In context of genetic relationships
» Sensitive to subtle changes and trends

« Systems Biology model

- Structure learning
» perturbed data and a priori gene-gene/protein-protein relations

- Captures biosignatures (patterns)
- Supports Interrogation and simulation

“ Seralogix A
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Case Study: Comparative Pathogenicity:

« Broiler chickens: Resistant (Line A) and susceptible (Line B)

o Campylobacter jejuni (C. jejuni) colonization in the ceca
- wildtype (WT) and mutant (MT) strains

e Microarray gene expression data (44k Agilent chicken arrays)
- 4 infected and non-infected (NI) biological replicates for each line
- 4 time points post inoculation (1hr, 4hr, 24hr, 36hr)
- Dye swap experimental design

o Comparative pathogenicity experimental design

- Line A: WT vs NI

- Line A: MT vs NI

- Line A: MT vs WT

- Line B: WT vs NI

- Line B: MT vs NI

- Line B: MT vs WT

- Line A and B: A-NI vs B-NI

“Seralogix 3SR
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Analysis and Modeling Conducted.

e For each comparative condition

- Classical statistical analysis (z-score with variance Bayesian estimator
and Fold)

- DBGGA on 141 signaling and metabolic pathways
- DBGGA on 3291 gene ontology groups (GO)
- Individual gene scores from DBGGA models on pathways and GO groups
- Chromosome position mapping of gene scores (observed)
- Systems biology model learned from data and prior biological knowledge
- Comprehensive web report
« Pathogenicity comparative analyses
- Pathways
- Gene ontology
- Systems model

“ Seralogix



® Line AMT vs WT Analysis and ModeLJng

Walk-through

Summary
Gene Regulation up
down
Pathways Activated”
Suppressed

Biological Processes Activated
Suppressed

Cellular Component Activated
Suppressed

Molecular Function Activated
Suppressed

1 hr 4 hrs
763 537
291 83
44 18
1 0
850 248
7 9
147 27
1 2
216 57
3 0

“Activated: majority of gene scores are up regulated
"Suppressed: majority of gene scores are down regulated

“ Seralogix
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DBGGA Pathway Scores Lineé A MT.vs WT

Bayesian Z-Score Coding

<-4.00 0.0 >4.00
Tight junction --
Subset of Pathways In Focal adnesion |
. Calcium signaling pathwa» B
These Categories Gap junction —
] . Regulation of actin cytoskelet.. |l
e Cell Communication Jak-STAT signaling pathway |l
. . . Phosphatidylinositol signaling.. e
« Signaling Molecules & Interaction tGr-beta signaling pathway Look for
. . ECM-receptor interaction .
e Signal Transduction MAPK signaling pathway == Strong Perturbation
VEGF signaling pathway H
« Cell Growth and Death Noteh simaling oathue =- Differences
e Membrane Transport ErbB signaling pathway I
Wnt signaling pathway --
e Cell Mot][]ty Adherens junction =
Cell cycle -
e Immune System Protein export L
Hedgehog signaling pathwa
e« Development mTOR signaling pathwa =
Cell adhesion molecules (CAMS--
Apoptosis ]

Toll-like receptor signaling p.. ] ]
Cytokine-cytokine receptor int.-

Neuroactive ligand-receptor in.

B cell receptor signaling path. | M Activated
RIG-I-like receptor signaling .
T cell receptor signaling path. - [ Suppressed
Dorso-ventral axis formation

DBGGA Scores are transformation of  ps3 signaling pathway No Change

Natural killer cell mediated c. --
e © % "Time P.l (hrs)

log likelihood to a Bayesian z-score
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®  Natural Killer Cell Mediated Cytotox:c:tyJ)BGGA Gehe

Scores and Visualization Model A
Gene Scores Model Network
PIK3R2 . i
VAv3 1 | MT as experiment
MAP2K1 i =1hr P.I. WT as control
CHP [ | “EB L
RAF1 [ | 1 . ..
oPPICA 1 Bl T:L Mechanistic Genes
NFATC1 ] B | -
MAPK1 [ B2 npoee _
NFATS -= i T = @& KRAS
IFMARZ 1 1 cerol
MAP2K2 m o am 8 (-] i e
CASP3 - - § - § i3
IFNE 1 TN'lO Kul
SHC1 [ | 3
PPP3R1 ] ] ) E ) 1@2
PIK3R1 HY PREL TNESHL0 ITGAL
LCP2 [ | ] | g ﬂ
RAC2 [ [ | ._E@j B
HRAS I I g -J =
BRAF | | [ o S AP
romeos_z4nis [N O =
ZAP70 [ ] on Th@lﬂ
PIK3RS [ | RQErER i.
NFATCZ [ | [ ] IFBR1 /
GRB2 | O
TNFSF10 [ ] | | IW
PRKCB [ | [ ] ! "
PIK3CB | ]
PAK1 [ | ]
BLCG2 B . L.
L icas [ —— . Down regulated gene node =~ wmsssmmm Negative Correlated Arc Mechanistic Genes

romeos sa10 [N

14 24 3 @ Up regulated gene node e POsitive Correlated Arc
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CEHDITION:
[ ] [ d -

Gene Relationships: Model Interrogation

Table of Correlated Arc Gene-Gene Relationships (partial list)

Normalized
Network|Symbol Correlation| Symbol
Arc # Start Description Start Gene Weight End Description End Gene Function
o SOS2 |Son of sevenless homolog 2 (Drosophila) 1.895 HRAS V-Ha-ras Harvey rat sarcoma viral oncogene homolog activation
o SOS2 |Son of sevenless homolog 2 (Drosophila) 0.804 KRAS V-Ki-ras2 Kirsten rat sarcoma viral oncogene homo.  activation
9 HRAS |V-Ha-ras Harvey rat sarcoma viral oncogene homolog 0.731 RAF1 V-raf-1 murine leukemia viral oncogene homolog 1 activation
9 NRAS |Neuroblastoma RAS viral (v-ras) oncogene homolog 0.573 RAF1 V-raf-1 murine leukemia viral oncogene homolog 1 activation
e RAF1 |V-raf-1 murine leukemia viral oncogene homolog 1 0.501 MAP2K2 |Mitogen-activated protein kinase kinase 2 activation
o SOS2 |Son of sevenless homolog 2 (Drosophila) 0.489 NRAS Neuroblastoma RAS viral (v-ras) oncogene homolog  activation
o MAP2K1 | Mitogen-activated protein kinase kinase 1 0.322 MAPK1 Mitogen-activated protein kinase 1 activation
e GRB2 |Growth factor receptor-bound protein 2 -0.245 S0S2 Son of sevenless homolog 2 (Drosophila) activation
e KRAS |V-Ki-ras2 Kirsten rat sarcoma viral oncogene homo. -0.262 BRAF V-raf murine sarcoma viral oncogene homolog B1 activation
e NRAS |Neuroblastoma RAS viral (v-ras) oncogene homolog -0.446 BRAF V-raf murine sarcoma viral oncogene homolog B1 activation
e GRB2 |Growth factor receptor-bound protein 2 -0.476 LOC431192 |Similar to alternate SOS1 activation
e HRAS |V-Ha-ras Harvey rat sarcoma viral oncogene homolog -0.765 BRAF V-raf murine sarcoma viral oncogene homolog B1 activation

tokine receptor. tion
AT signaling pathway
8 <4 L &

—Network

Zoom in on
subnetwork
Of Natural Killer p
Cell Mediated
Cytotoxicity
Pathway

@ .
RCJM.Sa.LCEum signaling pathway
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LLGL2
GNAI2
AKT3
EPB41L2
CSNK2A1
MYL9
PTEN
LOC396371
ZAK
LOC428177
MYH10
MYH7
JAM2
MRAS
PRKCH
CTNNB1
CLDN11
PARD3
PPP2R2D
CASK
CLDN5
CTTN
CLDN23
CLDN10
NRAS
CLDN2
MAGI3
KRAS
TIP1
RCIMB04_4h19
CDC42
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CORDITION:

28 PRKCD->RHOA

Network Arcs

Normalized

Correlation
Symbol_Start Weight Symbol_End
IRCJMBO4 1h13 3,51 MYL9
PRKCD 2.883 RHOA
RCJIMB04_1h13 2.3 MYH11
PRKCD 1.914 RCIMBO04_4h19
RCJMB04_1h13 1.571 MRCL3
PPP2R2D 1.4 RCIMBO04_16p24
RCJMBO04_4h19 1.246 MYH9
PRKCD 1.239 JAM2
PPP2CA 1.196 RCIMBO04_16p24
RCIMBO04_4h19 1.184 MYH11
TIP1 1.121 LOC396371
PRKCD 1.085 RCIMB04_1h13
CLDN5 1.058 CLDN11
RCIMBO04_23c5 0.998 MAGI3
RCIMBO04_4h19 0.975 TIP2
TJP1 0.935 CTNNB1
TJP1 0.933 CTTN
CLDN10 0.859 CLDN2
PPP2CB 0.814 JAM?2
CLDN15 -0.766 CLDN23
CDC42 -0.94 PARD6B
CLDN15 -0.971 RCIMBO04_2c8
PARD6A -0.998 RCIMBO04_16p24
RCIMBO04_1h13 -1.085 TIP2
RCIMBO04_23c5 -1.181 MAGI2
PTEN -1.52 AKT3
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Gene Ontology (GO) DBGGA Analysis. (Line AMEvs WT)

CEHDITION:

Selection of top scoring (perturbed GO groups)

Biological Process

Cellular Component

Molecular Function

©
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microtubule-based flagellurr i receptor signaling protein tyr.. -
negative regulation of G-prote.. I Tex Chrormacm . CATCTUTIT CaTIEr deuvity |
negative regulation of proteol.. sarcomere - phosphatidylinositol-4,5-bisph.. -
embryonic digit morphogenesi: 1 contractile fiber part O ATPase binding [ ]
ncRNA processing 1 viral capsid - receptor regulator activity L
hemopoietic progenitor cell di.. [l I presynaptic membrane metallocarboxypeptidase activi.. 1l
cell-matrix fadhe.sion == T-tubule = protein kinase inhibitor activ. = N
coiar o o romes. condersed chromosome g wpomposi ongng
CAMP biosynthetic process - |ntr|n5|c to endoplasmic retic.. L vascular endot _e ial growth fa.. =
response to estrogen stimulus 0 a'?'ca' part ?f cgll L] structu.ral»constltuent of MUSC..
nucleotide-excision repair -- mitochondrial ribosome - transcrlptlon FEPI’ES‘SOI' activi.. -
regulation of muscle contracti.. = postsynaptic membrane - d._’:lmaged DNA blndln.g. -
morphogenesis of an epitheliurr Il 0 nuclear part [ ] kinase 'regulator activity -
detection of mechanical stimul.. [l anchored to membrane I transcription regulator activi.. o
norepinephrine transport - sarcolemma -- amine transmembrane transporte. -
embryonic forelimb morphogenes. . N I external side of plasma membra. s s single-stranded DNA binding l
positive regulation of synapti.. M cell surface [ amino acid bindinc =
epidermis development ] sarcoplasmic reticulum - receptor binding --
forebrain development ] gap junction = enzyme inhibitor activity .
meiosis I ] small ribosomal subuni m cytoskeletal protein binding =
carbohydrate biosynthetic proc.. - connexon complex - GTPase activity -
muscle organ development N cell cortex -- eukaryotic cell surface bindin. -
anterior/paosterior axis specif. . | nuclear chromosome part O sulfotransferase activity [ ]
eye photoreceptor cell develop.. m nuclear inner membrane transferase activity, transfer.. -
negative regulation of cell-su.. 0 . = I ion channel activit ]

. COPI coated vesicle membrane Y
ncRNA metabolic process - . - endoribonuclease activity, pro -
regulation of intracellular tr.. 1 myosin complex - linid bindin ' N -
central nervous system neuron .. ML condensed nuclear chromosome |y pIC ;J.gd. 1
protein-chromophore linkage L] NuA4 histone acetyltransferase.. [ syntaxin bindinc o O
embryonic hindlimb morphogenes. Il striated muscle thin filamen = 3'-5" DNA helicase activity
otic vesicle formation ] microtubule organizing center . m éme A
negative regulation of DNA rec.. - 1 4 24 36
t1ime 4 24 36 time

USDA
LOLA
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Gene DBGGA score Heatmaps of"Selected GO groups

Receptor signaling protein activity

NGFB nerve growth factor (beta..

negative regulation of G-protein coupled BAGA ECL2-sssociated athanogen.. S N

: : H TIAM2 T-cell lymphoma invasion. | ] [ ]
receptor prOteln SIgnallng pathway BAG1 Bcl2-associated athanogen.. [
RGS2 regulator of G-protein si.. I STAM signal transducing adapto.. e
ADRB2 adrenergic, beta-2-, rec.. - STAT3 signal transducer and ac.
GRK4 G protein-coupled recepto.. [l 00 RAF1 v-raf-1 murine leukemia v ]

SNCA synuclein, alpha (non A4 .. [ I mg;ﬂg r:gtii?’;'ahﬁgvz:deﬂ:::” |
RGS6 regulator of G-protein si.. pAngomy -

) SMAD1 SMAD family member 1 [ ]
PLEK pleckstrin BLNK B-cell linker o
ADRBK1 adrenergic, beta, recep.. TBL3 transducin (beta)-like = [ ]
RGS12 regulator of G-protein s.. DCLK1 [ ]
ADRBK2 adrenergic, beta, recep.. IL1RL1 interleukin 1 receptor-. [ ]
DRD3 dopamine receptor DZ GAB2 growth factor recepto_r bo.. ]
GRMS alut t ¢ tab.. SOCS2 suppressor of cytokine s.. [ |
glutamate receptor, metab. TRAT1 -
ADA adenosine deaminase SHC1 SHC (Src homology 2 domai. il Il
RPGRIP1L RPGRIP1-like FLRT2 ’ ] |
1 4 24 36 CD44 CD44 molecule (Indian bl.. ]
time RGS14 regulator of G-protein s.. []
ADCYAP1 adenylate cyclase acti.. [ |
IL4R interleukin 4 receptol [ ]
. FRS2 ]
microtubule-based flagellum TRALP TRAF interacting protein
TIAM1 T-cell lymphoma invasion..
IFT88 intraflagellar transport.. N ] IL6ST interleukin 6 signal tra..
. RGS12 regulator of G-protein s..
TCTES3 t-complex-associated tes.. o
A A LIFR leukemia inhibitory facto.
SPAG17 sperm associated antige.. - DOKS docking protein 5
HIF1A hypoxia-inducible facto. CSPG4 chondroitin sulfate prot..
FSIP1 fibrous sheath-interacti. /= SMADS SMAD family member 5
SPAG4 sperm associated antigen. SH2D3C SH2 domain containing 3..
SPAG16 sperm associated antige.. COBL cordon-bleu
TSGA10 ARF1 ADP-rlbosyI_atlorl_factor -
. PIK3AP1 phosphoinositide-3-kin..
GASS8 growth arrest-specific 8 ACVR1 activin A receptor, type..
IFT172 intraflagellar transpor.. GNAZ guanine nucleotide bindin..
CABYR calcium binding tyrosine. - I FLRT3 fibronectin leucine rich..
1 4 24 36 CD3E CD3e molecule, epsilon (C..
Hime BRAF v-raf murine sarcoma vira.. = --
1 4 24 36
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Comparative Pathogenicity.Analysis Example z

« Comparative pathogenicity study

- Line A: WT vs NI

- Line A: MT vs NI

- Line A: MT vs WT

- Line B: WT vs NI

- Line B: MT vs NI

- Line B: MT vs WT

- Line A and B: A-NI vs B-NI

e Pathogenicity comparative analyses

- Pathways
- Gene ontology

- Systems model
» Candidate points of pathogen interaction

“Seralogix 3SR



Classical Z-score Summary Comparative: Profiles

Resistant —

~——

Susceptible-

“Seralogix 3SR

Condition

Line A MT vs CNT

Line A WT vs CNT

Line A MT vs WT

Line B MT vs CNT

Line B WT vs CNT

Line B MT vs WT

| Z-score threshold| > 2.24

regulation
up

down

up
down

up
down

up
down

up
down

up
down

75
40

763
291

3559
897

22

473
79

time P.1. (hrs) Lesser
t=4 t=24 t=36 Perturbed
10 942 204 Response
75 81 65 Later
88 380 338 /
34 0 83
537 60 7
83 6 0 More
Perturbed
541 334 235 Response
0 165 49 And earlier
837 334 825 /
3 7 502
94 30 96
2 25 0
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Line A Signaling Pathway Comparative Mddeling

Bayesian Z-Score Coding

0.0 >3.00

Tight junction
Natural killer cell mediated c..
Protein export
Apoptosis
VEGF signaling pathway
Phosphatidylinositol signaling.
Cell cycle
B cell receptor signaling path.
mTOR signaling pathway
Adherens junction
Whnt signaling pathway
Focal adhesion
MAPK signaling pathway
Gap junction
Calcium signaling pathwa»
Regulation of actin cytoskelet..
Toll-like receptor signaling p.. N
T cell receptor signaling path.
Notch signaling pathwa
RIG-I-like receptor signaling .
ErbB signaling pathway
. Hedgehog signaling pathway
Unique Jak-STAT signaling pathway

|
_ ]
Differences?| P53 signaling pathway ]
.

1

TGF-beta signaling pathway

(=3
[y

4 24 24 24 36 36 36
MvsW MT WT MvsW MT WT MvsW

N

MTVCNT Minimal Perturbation WTVCNT Strong Activation

USDA At 4hrs P.I.
USDA

=
3
=
<
w0
=
=
3

MTvCNT More or stronger Z MT
Down regulated genes in PW

* Seralogix
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CORDITION:

Line A contrast to Line B Signaling Pathways

Line A(MT, WT, MvsW)

Bayesian Z-Score Coding

| Tight junction

Natural killer cell mediated c..
Protein export

Apoptosis

VEGF signaling pathway
Phosphatidylinositol signaling
Cell cycle

B cell receptor signaling path.
mTOR signaling pathway
Adherens junction

Whnt signaling pathway

Focal adhesion

MAPK signaling pathway

Gap junction

Calcium signaling pathwa:

Regulation of actin cytoskelet].

Toll-like receptor signaling p..
T cell receptor signaling path.
Notch signaling pathwa:
RIG-I-like receptor signaling .
ErbB signaling pathway
Hedgehog signaling pathway
Jak-STAT signaling pathway
p53 signaling pathway
TGF-beta signaling pathway

USDA

.
— : 0.0 >3.00 -
B ] | |
| I
Il
. .
B | I
- . | ]
- . =
- -
Il . =
M . =
. |
B | =
L B | -
| &=
i =
[ .
= |
| .
= |
| __
[
= =
= [
1 1 4 24 24 24 36 36 36

MT WT MvsW MT WT Mys!

MT WT MvsW MT WT MvsW

“ Seralogix
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Line B (MT, WT, MvsW)

Phosphatidylinositol signaling.

mTOR signaling pathway

B cell receptor signaling path.

Protein export

TGF-beta signaling pathway
Dorso-ventral axis formation
Apoptosis

MAPK signaling pathway
Hedgehog signaling pathway
Adherens junction

VEGF signaling pathway
Focal adhesion

Wnt signaling pathwa:

Regulation of actin cytoskelet.!

Toll-like receptor signaling p..
Gap junction

Natural killer cell mediated c.

Notch signaling pathwa:
Cell cycle

Bayesian Z-Score Coding

<-3.00 0.0

>3.00

©
=]

&~ Early Response?

T cell receptor signaling path.
9' Tight junction

|

Jak-STAT signaling pathway
p53 signaling pathway

ErbB signaling pathway
Calcium signaling pathwa
RIG-I-like receptor signaling .

1 1 1
MT  WT MvsW

Delayed Response?

4 4 4 24 24 24
MT WT MvsW MT WT Mvsw

7
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Line A and B Natural Killer.Cell Pathway

Bayesian Z-Score Codin
A A A B B B -
MT WTMWM W MW <-3.00 0.0 >3.00
KRAS = [ = -

VAV3
BRAF
ITGB2
BID

I
|
.
[_PPP3CA I
=
=
.

FAS
PPP3R1
IFNA
NFATC3
TNFSF10
CHP
PAK1
IFNB i

| PIK3R5
RAC3
PRKCB

1
LOC429096
PIK3CD [
RCIMB04_19 '
I MAPK1 i [ -. I i; I
IFNG -
PLCG2 L — B [ [ | ] 1
FYN = | . -
ZAP70 [ [ - - m
1 1 1 1 1 1 4 4 4 4 4 4 24 24 24 24 24 24 36 36 36 36 36 36
A:M A:W A:MWB:M B:W B:MW A:M AW A:MWB:M B:W B:MW A:M AW A:MWB:M B:W B:MW A:M AW A:MWB:M B:W B:MW

“ Seralogix A
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Line A Metabolic Pathway Comparative, Modeling

Bayesian Z-Score Coding

<-3.00 .0 >3.00

Steroid biosynthesis

Nitrogen metabolism
Chondroitin sulfate biosynthes.
Glycosaminoglycan degradatior
Oxidative phosphorylation
Arachidonic acid metabolism
Taurine and hypotaurine metabo.
Selenoamino acid metabolism
Galactose metabolism
Terpenoid backbone biosynthesi..
Purine metabolism

Starch and sucrose metabolism
Heparan sulfate biosynthesis
Glycosylphosphatidylinositol(G..
Primary bile acid biosynthesis
One carbon pool by folate
Pyrimidine metabolism

Retinol metabolism
Glycosphingolipid biosynthesis..
Ether lipid metabolism

Biotin metabolism

Pentose and glucuronate interc..
Linoleic acid metabolism
Glycerophospholipid metabolisn
Glutathione metabolism

U n |q ue Folate biosynthesis

D-Glutamine and D-glutamate me.

Differences?| citrate cycle (TCA cycle)

Cyanoamino acid metabolism

-

1 1 4 24 24 24 36 36 36
MT WT MvsW MT WT MvsW MT WT MvsW MT WT MvsW
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Top scoring Biological Processes

c
3
™
>

cellular response to lipopolys. [l | calcium-independent cell-cell . .
molting cycle . [ | artery morphogenesis N = ]|
regulation of epidermis develo.. [l [ ] | ] polyol biosynthetic process [ | ]
response to pain ] | [ ] glycine metabolic process [ |
response to hexose stimulus YN . ] | negative regulation of calcium.. ] e
asymmetric cell division [ ] respiratory burst M . [ ]
SMAD protein signal transducti.. [l [ | [ | ] ] | positive regulation of glucose.. [ | [ |
catecholamine biosynthetic pro.. [l N || | | inorganic anion transport m - HE
mammary gland morphogenesi: [l [ | [ | | cell projection morphogenesis [ ]
regionalization [ I | [ | | | axon ensheathment |
hair follicle development P | | [ ] regulation of glycogen metabol.. [ ] [ ]
response to starvation P | [ ] | | bile acid metabolic process [ | | | | [ | ]
dorsal/ventral axis specificat. [ Pl | [ ] ] respiratory system development —_ [ ]
nephron epithelium development [IEE BRI 0 DNA damage response, signal tr. N | [ ]
somitogenesis Il B [ | | ] late endosome to vacuole trans. [ ] [ ]
bone morphogenesis IHEE [ ] somatic recombination of immun [ ] | |
purine ribonucleotide biosynth.. [l [ ] [ ] regulation of glycogen biosynt.. [ ] [ ]
substrate-bound cell migratior [l [ | [ ] regulation of gliogenesis [ | | ]
neurotransmitter transport [ P ] [ | ] positive regulation of intrace.. [ ] [ ]
forebrain regionalization [ ] [ | [ ] [ protein monoubiquitinatior [ | [ |
oxygen and reactive oxygen spe.. [0 T negative regulation of B cell .. ] | | ]
epithelial to mesenchymal tran.. [l B ] ] [ | regulation of bone mineralizat.. [ | [ | ]
positive regulation of osteobl.. [l [ | [ [ ] [ | neuron projection regeneration [ | [ ] [ ]
response to acid - [ ] [ ] lung alveolus development | | | ]
mesoderm morphogenesis [ ] [ | [ | [ | | somatic stem cell maintenanc | N | ] ]
positive regulation of mesench.. [l ] ] myeloid cell apoptosis | ]
ribonucleoside metabolic proce.. [l I [ ] | ] positive regulation of amine t.. [ ] | N | [ ]
neurotransmitter uptake [ ] [ N | | | fibrinolysis [ | | ] | | ]
ATP synthesis coupled electron. [l [ ] B activin receptor signaling pat. [ | [ ]
epithelial tube morphogenesis Tl 0 [ | flagellum assembly [ ] | |
positive regulation of insulin.. [ ] [ ] N | [ inner cell mass cell prolifera. | [ ] [ ]
hindbrain development [ ] [ ] [ | ] [ 1T negative regulation of transcr.. [ ] [ ]
purine ribonucleoside monophos.. [l I [ [ ] negative regulation of cytokin.. [ ] [ | ]
positive regulation of ion tra.. [ ] [ | [ ] | N | proteoglycan metabolic process [ | | N |
peptidyl-lysine modification - [ | superoxide metabolic process Il | | ]
limb morphogenesis [ ] [ ] || | positive regulation of DNA rep.. ] ]
negative regulation of cytokin.. --- [ ] | | | regulation of cellular carbohy.. [ ] [ |
regulation of MAPKKK cascade - - -- mesenchymal cell differentiati.. N B - - -
regulation of RNA splicing [ ] [ | | establishment of spindle local. [ ] [ ]
T cell apoptosis N - e [ ] epidermal cell differentiatior [ ] | N | [ | ]
anterior/posterior pattern for.. [l [ ] [ [ | [ ] regulation of Wnt receptor sig.. [ ] [ ]
vascular endothelial growth fa.. [l [l [ | [ dopamine metabolic process || [ |
interleukin-6 biosynthetic pro. |l I 0 [ | ] [ proteoglycan biosynthetic proc.. [ ] B .
neutral amino acid transport [ | ] [ | 1 [ | | regulation of smooth muscle co. [ | [ ] [ ]
SMAD protein nuclear transloca.. [l e | regulation of cell fate commit.. [ | [ | | |
regulation of epithelial to me.. [ ] [ W [ ] [ response to tumor necrosis fac. [ ] [ ]
calcium-independent cell-cell .. [l || | ] ] ] | ] vesicle organization [ | [ ]
transmembrane receptor protein. [l ] ] cilium assembly B [ ]
1 1 1 4 4 a4 24 24 24 36 36 36 1 1 1 4 4 4 24 24 24 36 36 36
MT WT MyW  MT WT MuW  MT WT MW  MT  WT MW MT WT MvsW MT WT MvsW MT WT MvsW MT WT Mvsw
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Comparing MT-SM with WT-SM and using info from MTvsWT-SM

Mechanistic Genes
from MTvAsWT-SM

Normalized |Normalized| Start Gene | End Gene Normalized | Normalized | Start Gene End Gene
Gene Arc Pair Weight MT | Weight WT | Mechanistic |Mechanistic Gene Arc Pair Weight MT | Weight WT | Mechanistic | Mechanistic

RCIMB04_1h13->MRCL3 0.359 -0.146 PLCG2->PLA2G4A 0.284 -0.021
PPP3R1->NFATC3 0.341 -0.008 RCJMBO04_5a10->RCIMB04_4h19 -0.361 0.065
CUL1->SMAD2 0.318 -0.14 Vv ILLR1->MYD88 -0.371 -0.074
NFKB1->BIRC2 0.306 -0.026 CLDN15->CLDN11 -0.473 -0.078
PLCG2->PLA2G4A 0.284 -0.021 v PLCZ1->PLCD1 -0.513 -0.162
CLDN23->RCJMBO04_2c8 0.271 -0.089 INHBA->ACVR2B -0.517 -0.265
CLDN15->CLDN5S 0.213 -0.1 v ITGFBR1->PPP2CA -0.528 -0.162
PRKCD->IGSF5 0.188 -0.071 v SMAD7->SMURF1 -0.589 -0.117
KDR->PIK3R2 0.132 -0.024 v RBX1->SMAD3 -0.606 -0.279
PLCZ1->INPP5B -0.124 0.006 v RCIMBO04_23c5->MAGI2 -0.615 -0.288
TJP1->CTNNA3 -0.158 0.054 RCIJMBO04_5a10->SPHK1 -0.654 -0.12
SMAD9->ID1 -0.239 0.007 SKP1->SMAD2 -0.695 0.06
RCIMB04_5a10->RCIMB04_4h19 -0.361 0.065 v ITGFBR1->RHOA -0.696 -0.229
SKP1->SMAD2 -0.695 0.06 v ITGFBR1->PPP2CB -0.699 -0.215
PRKCD->RHOA 1.98 1.071 SKP1->SMAD3 -0.704 -0.259
RCIMB04_1h13->MYL9 1.357 0.585 PLCG2->PLA2G4E -0.706 -0.297
BMPR1B->SMAD9 1.335 1.026 PARD6A->RCIMB04_16p24 -0.737 -0.432
INHBA->TGFB2 1.324 1.022 RCIMB04_5a10->RC/IMB04_1h13 -0.741 -0.48
RCIMB04_18h18->TRADD 1.271 0.738 v PLCG2->RCIMB04_5a10 -0.78 -0.1
RCIMBO04_20j15->PI4KA 1.202 0.921 V' PRKCB->RHOA -0.794 -0.312
BIRC2->CASP7 1.095 0.131 PLCG2->PLA2G1B -0.816 -0.026
PIK3CB->RCJMBO04_20j15 0.999 0.67 ITPKA->RCIMBO04_24e7 -0.862 -0.397
PLCG2->PLA2G2A 0.755 0.358 PRKCB->SPHK1 -0.876 -0.609
TRADD->CASP8 0.642 0.344 SMAD6->SMAD9 -0.911 -0.6
SRC->PIK3CB 0.507 0.175 RCJMBO04_18h18->TRAF2 -1.106 -0.64
BIRC2->CASP3 0.423 0.071 EPB41L2->CASK -1.112 -0.506
ILIR1->TRADD 0.388 0.115 RCJMB04_5a10->RHOA -1.268 -0.224
PPP3R1->NFATC3 0.341 -0.008 SMAD9->ID4 -1.354 -0.823
NFKB1->BIRC2 0.306 -0.026 Vv SMADG6->SMURF1 -1.398 -0.855
PPP2CB->RCIMB04_16p24 0.305 0.019




Concluding Remarks

ASBAMC can produce this and even more results

Analyzing such results manually is not practical
- NEED Integrated pipeline, Data management, processing,
analysis, models, visualization
Deciphering/interpreting the results takes time
- Learning curve
- Requires good techniques of visualization and ease of navigation
- ASBAMC will provide training and support

ASBAMC will soon be ready to accept biological project
application
- Please leave card or email Dr. Zhou or Dr. Drake to receive

application instructions when they are available (contact info on
next slide)
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Other info and contacts

DEMO of software: Wed. Jan 18 at 10:20am, California Rm.
Poster P0894: 10:00 - 11:30am Monday

- Computational Systems Biology Approach to Comparative
Pathogenicity Transcriptome Analysis and Modeling

Poster P0997: 3:00 - 4:30pm Monday

- Computational Approach for Learning an In vivo Interactome Model
for Bovine Salmonellosis Pathogenesis

ASBAMC portal will be online soon! www.asbamc.org
- Applications process, descriptions, announcements, etc.

Questions? Please feel free to contact us:

Ken Drake Huaijun Zhou
drake@seralogix.com hzhou@ucdavis.edu
512-828-7955 ext 1 530-752-1034

“Seralogix 3SR
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e Extra slides on interactome model not used in
presentation show
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2 Interactome Model Learned from Prior Knowledge and -o _

Gene Perturbation Expression Data from Pqtthem and Host

= Bayesian computational technique employs prior knowledge and gene
expression data to establish probability of interaction

= protein domain interactions
= Sequence similarity to known interactions
= Gene ontology association similarity

= Creates an interactome model comprised of >600 host genes

= 9 host pathways
=  MAPK, ErbB, mTOR, Wnt, VEGF, Toll-like, GhRH
= 6 pathogen pathways + 1 GO group

= Protien export, Type Il and IV secretion, Flagellar assembly, two component
system, Bacterial chemotaxis, Pathogensis GO

“Seralogix 3SR
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Interactome Model Learned from Prior Knowledée and

Gene Perturbation Expression Data (Salmonella and-Bovifie Host)

Interaction structure learning from pathogen and host gene expressions

Pathogen to Host Interactions (Orange Arcs)

“ Seralogix

Pathogen
Gene/Protein

sptP_stm_prot

sptP_stm_prot

2 =ptP_stm_prot

sptP_stm_prot
sptP_stm_prot
sptP_stm_prot
sptP_stm_prot

sptP_stm_prot
4

=ptP_stm_prot
sptP_stm_prot
sptP_stm_prot

L sptP_stm_prot

sptP_stm_prot
hilA_stm
hil&_stm
hilA_stm
csré4_stm
MPL_stm
MPL_stm

o pEtA_stm

Bayesian Network S
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tructure after Learning

glnl_stm
prgk_stm_prot
prek_stm_prot
prek_stm_prot
prek_stm_prot
fimZ_stm
hil4_ztm
hilA_stm
sptP_stm_prot
sptP_stm_prot
sptP_stm_prot
zraP_stm
CHER_stm
sipC_stm

Top Pathogen-Host Protein Interaction Predictions

Pathogen Gene/Protein
Description

protein tyrosine phosphate
protein tyrozsine phosphate
protein tyrosine phosphate
protein tyrosine phosphate
protein tyrosine phosphate
protein tyrosine phosphate
protein tyrosine phosphate
protein tyrosine phosphate
protein tyrosine phosphate
protein tyrosine phosphate
protein tyrozsine phosphate
protein tyrosine phosphate
protein tyrosine phosphate
invaszion genes transcriptio
invazion genes transcriptio
invaszion genes transcriptio
carbon storage regulator
myeloproliferative leukemi;
myeloproliferative leukemi;
Pho=sphoglycerate transport
sensory kinase [phosphatas
cell invasion protein; lipopr
cell inwasion protein; lipopr
cell invasion protein; lipopr
cell invasion protein; lipopr
fimbrial protein Z, putativet
invazion genes transcriptio
invaszion genes transcriptio
protein tyrosine phosphate
protein tyrosine phosphate
protein tyrosine phosphate
zinc-resistance associated |
glutamate methyltransfera:
cell invasion protein

Correlation
Score

0.307
-0.306
0.201

0.239

0.3438
40.257

0.266
40,233
£.214

0.264
0.277

0.376

0.2
£.24
0,293
0.427
40,258

0.211
40,142
43214
£.285
-0.207
0.193
0.187
4.134
0.356
-1.354
0.256
0.308
0.222
0,265
0.204
0.162
0.251

Haost
Gene/Protein

55H1

DUSPT
MAPZKZ
RP5GKB2_prot
MAPKT_prot
PAK1_prot
PREACE
PRECA
MAPAK4 prot
MAPK3_prot
STAT1_prot
STATE

RAC3

RAC2

GNAL3
PPP3CE_prot
TGFBRZ
THBS3
CEF2RA
MAP3IKE_prot
ACTM4_prot
HEPALA prot
TRAF2
CREBBP
WASF1
ARPC1A_prot
H5SPAS
SMURFZ_prot
CEFZRA
IL2RG
IL13RA1_prot
WASL

INHBB
CDENZB

Host GenefProtein Description

slingshot homolog 1 [Drosophila)
duzl zpecificity phozphataze 7
mitogen-activated protein kinase ki
ribosomal protein 56 kina=e, 70kDa,
mitogen-activated protein kinase 7
p21/Cdca2/Racl-activated kinase 1
protein kinase, cAMP-dependent, cz
protein kinase C, alpha
mitogen-activated protein kinase ki
mitogen-activated protein kinaze 3
signal tranzducer and activator of tr
signal transducer and activator of tr
raz-related C3 botulinum toxin subs
ras-related C3 botulinum toxin subs
guanine nucleotide binding protein
protein phosphatase 3 [formerly 2B|
transforming growth factor, beta rec
thrembospondin 3

colony stimulating factor 2 receptor
mitogen-activated protein kinase ki
actinin, alpha 4

heat shock 70kDa protein 14

TMF receptor-associated factor 2
CREB binding protein [Rubinstein-Ta
WWAS protein family, member 1

actin related protein 2/3 complex, 5
heat shock 70kDa protein 5 (glucose
SMAD zpecific E3 ubiguitin protein li
colony stimulating factor 2 receptor
interleukin 2 receptor, gamma [seve
interleukin 13 receptor, 2lpha 1
Wiskott-Aldrich syndrome-like
inhibin, beta B

cyclin-dependent kinase inhibitor 21
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CEHDITION:

Pathogen-Host Predicted Protein-Protein Interactions _

(Sample of highly correlated and anti-correlated interactions)

Pathogen Gene |Pathogen Gene Description NDrI'I'.IH|I1EE| Host Gene Host Gene Description Prediction Source
Correlation Wght.

BMEIL829_bme |25 kDa outer-membrane immunogenic protein 0.588 BAD BCL2-antagonist of cell death Sequence Similarity
BMEIL829_bme |25 kDa outer-membrane immunogenic protein 0.559 MNFKBIA nuclear factor of kappa light polypeptide gene 4Sequence Similarity
BMEI1249 bme |25 kDa outer-membrane immunogenic protein 0.515 MAPZK2 mitogen-activated protein kinase kinase 2 Sequence Similarity
BMEIL249_bme |25 kDa outer-membrane immunogenic protein 0.446 TRAF2 TNF receptor-associated factor 2 Sequence Similarity
BMEILB72_bme |cell surface protein 0.367 JUN jun oncogene Sequence Similarity
scpl_bme scph 0.343 CRK v-crk sarcoma virus CT10 oncogene homolog (av Sequence Similarity
hfg_bme host factor-1 protein 0.319 IKBKE inhibitor of kappa light polypeptide gene enhanSequence Similarity
BMEI1249 bme |25 kDa outer-membrane immunogenic protein 0.315 MAPKS mitogen-activated protein kinase 9 Sequence Similarity
BMEIL249_bme |25 kDa outer-membrane immunogenic protein 0.304 MAP2KT mitogen-activated protein kinase kinase 7 Sequence Similarity
flhB_bme flagellar biosynthesis protein FIhB 0.294 PIK3C3 phosphoinositide-3-kinase, class 3 Sequence Similarity
BMEIL249 bme |25 kDa outer-membrane immunogenic protein 0.281 MAP2K3 mitogen-activated protein kinase kinase 3 Sequence Similarity
hfg_bme host factor-1 protein 0.265 CRKL v-crk sarcoma virus CT10 oncogene homolog (av Sequence Similarity
eno_bme phosphopyruvate hydratase (EC:4.2.1.11) 0.243 MYDES myeloid differentiation primary response gene|Sequence Similarity
BMEIO717_bme |22 kDa outer membrane protein precursor 0.226 MAP2K2 mitogen-activated protein kinase kinase 2 Sequence Similarity
glnL_bme two-component system, NtrC family, nitrogen 0.224 RACL ras-related C3 botulinum toxin substrate 1 (rho |Sequence Similarity
VirB5_bme K03200 type IV secretion system 0.224 MAP2KG mitogen-activated protein kinase kinase 6 Sequence Similarity
scpA_bme scph 0.202 PTK2 PTK2 protein tyrosine kinase 2 Sequence Similarity
glnL _bme two-component system, NtrC family, nitrogen 0.2 MAPZKB mitogen-activated protein kinase kinase 6 Sequence Similarity
dectM_bme C4-dicarboxylate transporter, DctM subunit -0.237 PPP2CA protein phosphatase 2 (formerly 24}, catalytic s|Sequence Similarity
for_bme frir -0.239 MNR4A1 nuclear receptor subfamily 4, group A, member|Sequence Similarity
scpf_bme scph -0.241 L¥96 lymphocyte antigen 96 Sequence Similarity
glnl_bme two-component system, MNtrC family, nitrogen -0.244 HSPALA heat shock 70kDa protein 1A Sequence Similarity
YidC_bme preprotein translocase subunit YidC -0.271 MAPAK3 mitogen-activated protein kinase kinase kinase|Sequence Similarity
BMEIL829_bme |25 kDa outer-membrane immunogenic protein -0.325 SMADZ2 SMAD family member 2 Sequence Similarity
BMEIL872_bme  |cell surface protein -0.339 PRKCG protein kinase C, gamma Sequence Similarity
trpD_bme bifunctional anthranilate synthase/anthranilat -0.373 Cab39 calcium binding protein 39 Domain Prediction
hfg_bme host factor-1 protein -0.481 RHOA ras homolog gene family, member A Sequence Similarity
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Interactome Model Employed for Pathogen Gene KO Simulations

(B. Melitensis in Bovine-Host) = - 2
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Integrated platform Implements-the

Computational Pipeline (simplifiecoverview)

Data Bayesian Computational Methods
(learning, scoring, comparing steps)
Data Pre- bttt
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Microarray Visualization '| Ontology N Gene | i
| Group Scoring BioSystem BioSignature |!
Data Sets : ) |
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