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Bioinformatics

n The impact of genomics
n Systems Approaches to Molecular Medicine
n New Technologies in Molecular Medicine
n Tracking Cells, Tissues and Procedures
n Structuring Knowledge
n Animal Models and Comparative Approaches
n Pharmacogenomics
n In vivo Imaging



IMPACT OF GENOMICS ON 
HUMAN DISEASES



For Warren Wegele, an 
alteration in one of his genes 
caused the treatment that he 
received for congestive heart 
failure to be ineffective.

"I've never really gotten ill, 
and I've always recovered 
from everything instantly," 
said Mr. Wegele, who 
eventually had a heart 
transplant. 





The Ile164 receptor displays a small decrease in binding affinity for catecholamines and certain β-AR 
antagonists, a substantial decrease in basal and epinephrine-stimulated adenylyl cyclase activities due to 
defective coupling of the receptor to the stimulatory G protein Gs, and impaired agonist-promoted 
sequestration.  

The Ile164 2-Adrenergic Receptor Polymorphism Adversely Affects the Outcome of Congestive Heart 

Failure  J. Clin. Invest. 1998 102: 1534-1539. Stephen B. Liggett, et al.



Human genetic identity

n Genomic sequence 99.9% identical

n 3,200,000 nucleotides different

n Single base differences in genomes between any two 
individuals: ca. 3 million

n Amino acid differences in proteomes between any two 
individuals: ca. 100,000



Variation types

n Macro:
n Chromosome numbers
n Segmental duplications, rearrangements, and deletions

n Medium:
n Sequence Repeats
n Transposable Elements
n Short Deletions, Sequence and Tandem Repeats

(including microsatellites)

n Micro:
n Single Nucleotide Polymorphisms (SNPs)
n Single Nucleotide Insertions and Deletions (Indels)



Human Genome and SNPs

n Now that the human genome is (mostly) sequenced, attention 
turning to the evaluation of variation

n Alterations in DNA involving a single base pair are called 
single nucleotide polymorphisms, or SNPs

n Map of ~1.4 million SNPs (Feb 2001)

n It is estimated that ~60,000 SNPs occur within exons; 85% 
of exons within 5 kb of nearest SNP



Number of SNP’s

n When chromosomes from two random people 
are compared, they differ at about one in 
1000 DNA sites

n Thus, when two random haploid genomes are 
compared , there are about 3 million 
differences

n There are probably between 10 and 30 
million SNP’s in humans, about one every 100 
to 300 bases

n Of these SNP’s, perhaps 4 million are 
common SNP’s, with both alleles of each SNP 
having a frequency above 20 percent

n “2.4 million SNP’s have been discovered in 
the human genome” (National Human 
Genome Research Institute, July, 2001)



Single Nucleotide Polymorphism (SNP)

A SNP is a position in a genome at which two or more different 
bases occur in the population, each with a frequency >1%.

GATTTAGATCGCGATAGAG
GATTTAGATCTCGATAGAG

n The most abundant type of polymorphism



We describe a map of 1.42 million single 
nucleotide polymorphisms (SNPs) distributed 
throughout the human genome, providing an 
average density on available sequence of one SNP 
every 1.9 kilobases.  This high-density SNP map 
provides a public resource for defining haplotype
variation across the genome, and should help to 
identify biomedically important genes for 
diagnosis and therapy.

The International SNP Working Group (Lander et al)





MONOGENEIC DISEASES



n The goal of much genetic research is to 
find genes that contribute to disease

n Finding these genes should allow an 
understanding of the disease process, 
so that methods for preventing and 
treating the disease can be developed

n For “single-gene disorders”, current 
methods are usually sufficient





How SNP’s Are Used to Find Genes 
Contributing to Disease

n To find the regions with the genes that 
contribute to a disease, the frequency of 
many SNP alleles are compared in individuals 
with and without the disease

n When a particular region has SNP alleles that 
are more frequent in individuals with the 
disease than in individuals without the 
disease, those SNP’s and their alleles are 
associated with the disease

n The associations between a SNP and a 
disease indicate that there may be genes in 
that region that contribute to the disease



Types of SNPs
n Genic, coding SNPs

n non-synonymous
n Maintaining vs. altering protein 

structure/function
n synonymous

n Maintaining vs. altering splicing
n Genic, non-coding SNPs

n Regulatory SNPs
n Maintaining vs. altering gene expression

n Intronic SNPs
n Maintaining vs. altering gene 

expression/splicing
n Linked SNPs

n usually intergenic



Examples of SNPs that cause disease

Primary hypomagnesemia
n patients unable to maintain sufficient levels of Mg2+ in their 

serum
n Affected gene: Na/K ATPase g subunit (123G->A = Gly->Arg in 

transmembrane region) – mutation prevents targeting of the 
protein to cell membrane

Mitochondrial SNPs

n >50 known disease-causing SNPs in mtDNA
n Most often affect tissues with high energy consumption 

BRCA1 (breast cancer-associated antigen 1)

n Silent mutation in codong exon affects splicing (A. Krainer, CSHL)
n Exons contain exonic spplicing enhancers and exonic splicing 

silencers – mutations lead to exon skipping and aberrant 
inclusion, respectively



Examples of SNPs that cause 
altered non-disease phenotypes

Glucose-6-phosphate dehydrogenase and favism
n First enzyme in the oxidative branch of pentose phosphate 

pathway, which reduces NADP+ to NADPH
n Different mutations result in partially or completely inactive 

enzyme
n People (10%) with inactive enzyme experience lysis of red blood 

cells when consuming fava beans (contains H2O2 – NADPH is 
needed to detoxify it)

CytP450 mutations and drug responsiveness
n Cytochrome P450 – activates many pre-drugs into active 

therapeutic compounds
n Different people can be divided into typical, poor, and ultra-rapid

metabolizers
n two genes in human:

n 2D6 – required by more than 40 pre-drugs to for activation; 12 known 
SNPs altering the gene’s activity

n 2C19 – activates mephentyoin (epilepsy); 2-3% Caucasians and 23% 
Asians are poor metabolizers



Biochemical principles of various genotyping reactions



Assays for SNP genotyping



Example - pyrosequencing

n Four enzymes
n DNA polymerase
n ATP sulfurylase - converts 

pyrophosphate to ATP
n Luciferase – “convert ATP to 

light”
n Apyrase - degrades excess 

nucleotides

n Nucleotides added 
sequentially



Example – molecular affinity + mass 
spectrometry



Example – molecular affinity + mass 
spectrometry



Genome browsers have SNP tracks



CGAP has a gateway to SNP data 
and a tool for SNP finding in submitted sequences



SNP Consortium has a SNP portal...http://snp.cshl.org/



The HapMap project http://www.hapmap.org/



IDENTIFYING GENES INVOLVED IN DISEASES
The Mitochondrial Connection

Guda C, Fahy E, Subramaniam S. (2004) Bioinformatics, 20:1785-1794

Guda C, Guda P, Fahy E, Subramaniam S. (2004) Nucleic Acids Res, 32:W372-W374

Guda P, Guda C, Subramaniam S. 2004





FASTA sequences

Pre-calculated
predictions

Query input

Accession numbers

MITOPRED

ID/sequence
mapping

Yes

No

Results 
printed to
the screen

Results
emailed

MITOPRED: webserver for genome-scale prediction of 
mitochondrial proteins



mitochondria proteome

n Genome size: 16,571 bp
n 657 distinct proteins
n 498 (81%) functionally classified 

into 15 cellular processes.
n 153 unique enzymatic activities

Taylor S. et al, Nature (21), 2003



1. Energy metabolism

2. Nucleotide metabolism

3. Amino acid 
metabolism

4. Carbohydrate 
metabolism

5. Lipid metabolism

6. Metabolism of 
Vitamins and co-
factors 

Major metabolic cores• About 42 KEGG metabolic 
pathways are associated 
with at least one known 
mitochondrial protein

• Of these, 8 are fully 
mitochondrial that have 
been well characterized.

• About 35 pathways span 
across multiple sub-cellular 
locations including 
mitochondria

• The 35 pathways fall 
under 6 metabolic cores 

Identification of mitochondria-associated pathways



LYSINE DEGRADATION
L-lysine

Saccharopine

2-oxoadipate

2-aminoadipate 6-semialdehyde

2-aminoadipate

S-glutaryl-dihydrolipoamide

Glutaryl CoA

Crotonyl CoA

3-hydroxybutyryl CoA

Acetoacetyl CoA

1.2.1.31

2.6.1.39

1.2.4.2

2.3.1.61

1.3.99.7

4.2.1.17

1.1.1.35

1.5.1.7 & 1.5.1.9
(Bifunctional protein in human)

TCA cycle

1

2

3

4

5

1. Hyperlysinemia

2. Maple syrup urine disease type 2

3. Glutaric aciduria

4. Trifunctional protein deficiency type 2

5. Hydroxyl-CoA dehydrogenase deficiency

Known human diseases

L-aminoadipate-semialdehyde dehydrogenase

2-aminoadipate transaminase

Dihydrolipoictranssuccinylase

Glutaryl-CoA dehydrogenase

Enoyl-CoA hydratase

3-hydroxyacyl-CoA dehydrogenase



THREONINE DEGRADATION

Threonine

2-oxopropanal

2-amino-3-butyrate Aminoacetone

Pyruvate

1.1.1.103

1.4.3.4

1.2.1.3

TCA cycle

1

2

1. Brunner syndrome

2. Sjoegren- larsson syndrome

Known human diseases

Monoamine oxidase

Aldehyde dehydrogenase 



METHONINE DEGRADATION

Methionine

S-adenosyl methionine

S-adenosyl homocysteine

homocysteine

cystothionine

homoserine

A-ketobutyrate

Propionyl CoA

D-methyl malonyl CoA

S-methyl malonyl CoATCA cycle

Succinyl CoA

2.1.1.37

3.3.1.1

2.5.1.6

5.4.99.2

5.1.99.1

6.4.1.3

1.2.4.4

4.4.1.1

4.4.1.8

4.4.1.1

3

2

1

1. Maple syrup urine disease

2. Propionicacidemia &mDNA 
depletion syndrome

3. Methyl malonoicaciduria

Known human diseases

3-methyl-2-oxobutanoate dehydrogenase 

Propionyl-CoA carboxylase

Methylmalonyl-CoA racemase

Methylmalonyl-CoA mutase



C-21 STEROID HORMONE METABOLISM

Cholesterol

5-pregnene-3,20-dione

11-deoxycorticosterone

Progesterone

18-hydroxycorticosterone

Corticosterone

17 a-hydroxypregnenolone

Aldosterone 

17 a-hydroxyprogesterone

17 a-hydroxy-5-pregnene-3,20-dione

Pregnenolone

Cortisol

Cortisol 

11-deoxycortisol

StAR

1.1.1.145

1.14.15.6

5.3.3.1

1.14.99.10

1.14.15.4

1.14.15.5

1.14.15.4

1.14.99.9

1.14.15.4

1.14.99.10

5.3.3.1

1.1.1.145

3

2

2

1

Aldosterone 

Zona glomerulosa
Zona fasciculata

1. Congenital lipoid adrenal

hyperplasia

2. Glucocorticoid remediable 
aldosteronism

3. Corticosterone methyloxidase 
deficiency

Known human diseases

Cholesterol monooxygenase 

Steroid 11-beta-monooxygenase

Corticosterone 18-monooxygenase

Steroid 11-beta-monooxygenase



I

IV III

II

Well  containing 
immobilized  Motif  III

Motif Oligonucleotides Corresponding to the 
Homologs of a Gene Immobilized on a Microarray

(Assuming 4 sequence motifs in this gene)

cDNA sample from 
test organism

cDNA
corresponding to 
gene is isolated



Motif 1 Motif 2 Motif 3

Organism

E.coli

B.subtilis

M.genitalium

H.pylori

A.fulgidus

T.maritima

Motif 2 Sequences Weight

AGGTCCAGGCTAAGTCCGTAGACTGATCGTTAGCTT 0.17

TGCCTACGGCTAAGTCGGTTCATCCGTCGTTAGCTT 1

CCGTCCAGGCTAAGTCCGTAGACTGATCAACCGCTT 0.92

AGGTCCAGGCTAAGTCCGTAGAACCTTCGTTAGCTT 0.22

AGGTCCAGGGCCGATCCGTAGACTGATCGTTAGCTT 0.82

AGGTCCAGGCTAAGTCCGTATGGTACTCGTTAGGAC 0.91

Weight
E.coli 0.17
B.subtilis 1

M.genitalium 0.92
H.pylori 0.22
A.fulgidus 0.82
T.maritima 0.91

Weighted consensus: AGGTCCAGGCTAAGTCCGTAGACTGATCGTTAGCTT

Construction of a Motif Oligonucleotide

A hypothetical illustration



Well containing 
immobilized Motif 
V of Gene 3

Immobilized motif 
oligonucleotides
corresponding to gene 4 and 
its homologs

Gene 1

Gene 4Gene 3

Gene 2

I

I II

I

III

IV

III

V
IV

III

II II

I
V

I
II

III

I
V

V

V

V
I

Experimental Setting
Using the Electronic 
Semiconductor Microchip from 
NanogenTM

(www.nanogen.com/tech.htm)
to detect the expression of a 
pathway in an organism



UDP-Galactose + Glucose 1-phosphate

UDP-Glucose

α-D-Galactose-1-phosphate + ADP + H+ + UDP-Glucose

D-Galactose + ATP

Galactose Metabolism

Galactokinase (2.7.1.6)

UDP-glucose 4-epimerase 
(5.1.3.3)

Galactose-1P uridylyl-transferase
(2.7.7.10)

Vibrio Cholerae

Ramaratnam & Subramaniam. Microb Comp Genomics. 2000;5(3):153-61





PATHWAYS AND PHENOTYPES

n CELLULAR NETWORKS AND THE DISEASE 
CONNECTION





DISEASE MODELS

The Systems Biology Perspective

Albert Hsiao, Jerrold Olefsky, Shankar Subramaniam





Insulin Resistance:Insulin Resistance:
Causes and Associated ConditionsCauses and Associated Conditions

Obesity / 
inactivity

Aging Medications

Insulin Resistance

Genetics

Type 2 
Diabetes

Hypertension Dyslipidemia

Rare 
Disorders

Atherosclerosis

PCOS



Novel VarianceNovel Variance--Modeling Modeling 
Approach for Gene Expression AnalysisApproach for Gene Expression Analysis

nn Identify the gene expression responses that provide the Identify the gene expression responses that provide the 
insulininsulin--sensitizing effect sensitizing effect 

nn Fat, liver, skeletal muscle expression analysisFat, liver, skeletal muscle expression analysis
nn TZD treatmentTZD treatment

nn Insulin treatmentInsulin treatment

nn Normal and diseased tissueNormal and diseased tissue

Hsiao, Worrell, Olefsky & Subramaniam, Hsiao, Worrell, Olefsky & Subramaniam, BioinformaticsBioinformatics 20042004



PPRE and Direct Targets of PPARPPRE and Direct Targets of PPAR--γγ

nn Many known PPRE experimentally Many known PPRE experimentally 
validatedvalidated
nn EMSAEMSA
nn Transient transfection with reporter Transient transfection with reporter 

plasmidplasmid
nn Most known PPRE are mediators of Most known PPRE are mediators of 

metabolic statemetabolic state
nn Fatty acid metabolismFatty acid metabolism
nn Cholesterol metabolismCholesterol metabolism
nn Fatty acid, cholesterol transport in Fatty acid, cholesterol transport in 

bloodblood



TZD on 3T3TZD on 3T3--L1 Gene ExpressionL1 Gene Expression

nn Rosiglitazone upregulates Rosiglitazone upregulates 
transcription of almost every transcription of almost every 
enzyme involved in fatty acid enzyme involved in fatty acid 
oxidationoxidation

nn Increased fatty acid oxidation Increased fatty acid oxidation 
may improve lipid profile, as may improve lipid profile, as 
mechanism of improving mechanism of improving 
insulininsulin--resistanceresistance

nn Results suggest that Results suggest that 
transcriptional control is transcriptional control is 
important for maintaining important for maintaining 
cellular metabolic statecellular metabolic state



DISEASE MODELS
- Infectious Diseases
The Systems Biology Perspective

Christopher Benner, Christopher Glass and 
Shankar Subramaniam



The E. coli or Salmonella Cell Envelope

PhospholipidsPhospholipids

Lipid ALipid A

LipoproteinsLipoproteins

UndecaprenylUndecaprenyl
phosphatephosphate--sugarssugars

Courtesy: Chris Raetz



Induction of inflammatory and Induction of inflammatory and 
immune response genesimmune response genes

Cytokines (ILCytokines (IL--11ββ, , TNFTNFαα), ), 
Tissue factor, B7, etc.Tissue factor, B7, etc.

MAP3KMAP3K

(Proteolysis)(Proteolysis)

Macrophage or endothelialMacrophage or endothelial
cell membranecell membrane

Direct ActivationDirect Activation

Courtesy: Chris Raetz



Macrophage Cell Types

n RAW – Macrophage cell line
n TM - Thioglycolate elicited 

macrophages
n BM – Bone Marrow derived 

macrophages
n ES – Embryonic Stem Cells (not 

macrophage)



Transcriptome and Network Analysis

Christopher Benner, Christopher Glass and Shankar
Subramaniam

Data from LIPIDMAPS and AfCS Laboratories



Response to LPS

TM

RAW BM

234
10226

20 42

54

63

Myd88 Dependent Targets

Myd88 Independent Targets

NF-kappaB Family

Log2 Fold Change

Overlap of 
Genes Induced 
by LPS



Lipid Genes

Lipid Genes RAW TM BM
Induced in LPS 15 16 15
reduced in LPS 13 33 10
Absent 128 124 150
Total lipid genes 512

GO enrichment for Absent Genes

Gene Fold Change (log2)

Snk 2.2
Pld2 1.0
Ass1 3.0
Gyk 1.4
Ugt1a6 1.2
Hsd3b5 1.7
Cyp2a12 1.1
Gla 2.0
Mthfd2 1.2
Hsd11b2 2.3
Ptgs2 2.4
Pik3ca 1.9
Ggta1 1.0
Agpat4 1.3
Prkr 2.3
Eif2ak3 -1.0
Acadm -1.1
Mlycd -1.0
Acad8 -1.2
Adss -1.2
Lpin1 -1.3
Ptdss2 -1.1
Cte1 -2.0
Ptgds2 -1.6
Slc37a2 -1.3
Alox5ap -1.3
Glul -2.1
Acyp1 -1.0

RAW – LPS response



Defense 
Response

IRF3 
Dependent 

Genes

DNA 
Meta-
bolism

Rela 
Targets

Myd88 
Dependent 
Genes

E2F1 
Targets

SHH / Gli 
Targets

Positive 
Regulation of 
Phagocytosis

Immune Cell 
Chemotaxis

Non 
Canonical 
Wnt 
Targets

Lytic 
Vacuole

Cell Cycle 
Arrest

Expression of Column is 
higher relative to Row

No change in expression 
between Column and Row

Expression of Column is 
lower relative to Row

Pathway Comparison



Analysis of Signaling Pathways





RAW

TM



Expression Time Response in the Signaling 
network

1h

2h

4h

8h

16h

48h



NEW TECHNOLOGIES



Cell
State1 State2 State iInput Response

State: genes, proteins, metabolites, ions……

The Parts List Problem!

CELLULAR RESPONSE TO STIMULUS

•proteins
•peptides
•amino acids 
•nucleotides
•retinoids

Gene Expression



Automated sequencing machines at the Center for Genome Research in the Whitehead Institute



For the future…

n Mouse Promoter Microarray 
n Monitor Protein-DNA interations
n Perform ChIP on Chip against 

40,000 probes



Modern Mass Spectrometry



Quantum Dots probe cell systems

Neither the catalog of the 30,000 or so 
genes of the human genome, nor that 
of the proteins that these genes encode, 
will be sufficient to gain a workable 
understanding of cell biology. The true 
complexity in intracellular signaling 
will only be fully grasped through 
direct observation of the interactions 
between key biomolecules. "Which 
proteins interact with which, and at 
what time in the cycle? We need 
intracellular imaging tools, both high-
resolution and high sensitivity, to 
measure this. A confocal image of fibroblasts using 

green quantum dots staining tubulin. 
Nuclei are stained red with ethidium
bromide.



Immunofluorescent labeling of cancer marker Her2 and other cellular targets with semiconductor quantum dots
Xingyong Wu et al.
Nature Biotechnology 21, 41 - 46 (2003)

Figure 1: Detection of cancer marker Her2 with QD-IgG.
(A, C) Fixed breast cancer SK-BR-3 cells were incubated with monoclonal 
anti-Her2 antibody and goat anti-mouse IgG conjugated to QDs. Her2 was 
clearly labeled with (A) QD 535–IgG and (C) QD 630–IgG (B, D). When cells 
were incubated with normal mouse IgG and QD-IgG, there were no 
detectable or very weak nonspecific signals on the cell surface. The nuclei 
were counterstained with Hoechst 33342 (blue). Filter sets ex 480   20 
nm/em 535   10 nm and ex 560   27.5 nm/em 635   10 nm were used for 
QD 535 and QD 630, respectively. Scale bar, 10 m.



Box 1.

cell

receptors

ligands

A

B

Axon terminal surface of a neuron.  Each protein 
is an acetylcholine receptor.  From Stryer (1995) 
Biochemistry.

How many ligand 
molecules might a typical 
cell be exposed to at a 
given instant in time?

What is the maximum 
number of receptors in a 
cell membrane (see B 
below)?

How many transcription 
factors are needed to 
control 30,000 genes?

nucleus

Pappin, 
Subramaniam, 
Hunter & 
Palsson (2005)



Polymorphic drug-metabolizing enzymes



AfCS Data Flow

2002



A snippet of AfCS Experimental Flow



Cell Preps***

& Cell lines

TREATMENT***
(Time/ [Ligand]) Extracted sample assay:

RNA
Protein: 2D/M.S./Western
Lipid
cAMP 
------------------------
Direct cell assay data ***: 
Ca++
Microscopy
FACS

Sample-based Assays***: 
2D, M.S. & Westerns, 
Microarray, etc.

Experimental 
Data filesUniversal assay 

Normalization
References *** 

Mouse

Transfection
Protocol/Reagents

Stat server/
Data Analysis

File management:
SRB
HPSS

Plasmids

Reference controls for 
response normalization

Oracle Database

QC*

Legend
QC*
Purity, viability, 
synchrony, reliability, 
confidence etc.. Assays 
are all TBD

Protocols ***
Required to track sample 
processing.

QC*

QC*

QC*

Spleen
/Heart

AfCS Data Portal

Ligand***/Reagents/
Environmental conditions

AfCS Data Flow



Inputs Cell Prep ID and yields unique treatment 
and sample IDs.  This application also requires a 
protocol that is tied to the assay for which the 
sample is created, e.g. Western, Microarray etc.  
It captures the treatment details including 
incubation conditions, cell density, ligand and its 
concentration and time of exposure.

This GUI also functions as a query tool.  By 
entering an ID into the ‘Experiment ID’ and 
clicking on ‘barcode’, it re-loads the data 
previously submitted for that ID.

Treatment GUI

2002



Treatment GUI

2002



TREATMENTEXP

PROTOCOLID
TREATMENTEXPID
CELLPREPID
DESIGNER
SUBMISSIONDATE
LAB
CO2
TEMPERATURE
MEDIUM
CULTURE
COMMENTS
USERDATE
DISH
MATRIX
PLATING_DENSITY
TARGET
PURPOSE

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
NUMBER
DATE
VARCHAR2(10)
VARCHAR2(10)
NUMBER
VARCHAR2(100)
VARCHAR2(100)
VARCHAR2(1000)
DATE
VARCHAR2(12)
VARCHAR2(24)
NUMBER
NUMBER(3)
VARCHAR2(50)

<fk2>
<pk>
<fk3>
<fk1>

REAGENT

USERID
CONCENTRATIONUNIT
CONCENTRATION
REAGENTNAME
REAGENTID
LOTNO
COMMENTS
STDCONCENTRATION
SUBMISSIONDATE
CHEMICALID
PRICE
PRICE_UNIT
STORAGECONDITION
PROTOCOLID

NUMBER
VARCHAR2(20)
NUMBER
VARCHAR2(100)
VARCHAR2(12)
VARCHAR2(30)
VARCHAR2(200)
VARCHAR2(10)
DATE
VARCHAR2(12)
NUMBER
VARCHAR2(10)
VARCHAR2(50)
VARCHAR2(12)

<fk3>

<pk>

<fk2>

<fk1>

CELLPREP

CELLPREPID
USERID
LAB
TECH
PREPDATE
PROTOCOLID
PREPNUMBER
MOUSEID1
MOUSE1AGE
MICE1USED
TOTALMICEUSED
STARTTIME
STOPTIME
DURATION
DURATIONINMINUTES
RBC_LYSISBUFVOL
RBC_LYSISBUFREFID
PRESORT_VOL
PRESORT_GRIDSCOUNTED
PRESORT_GRIDAREAFACTOR
PRESORT_CELLSCOUNTED
PRESORT_DILUTIONFACTOR

VARCHAR2(12)
NUMBER
VARCHAR2(1)
VARCHAR2(80)
DATE
VARCHAR2(12)
VARCHAR2(3)
VARCHAR2(20)
NUMBER
NUMBER
NUMBER
DATE
DATE
VARCHAR2(15)
NUMBER
FLOAT
VARCHAR2(20)
FLOAT
NUMBER
NUMBER
NUMBER
FLOAT

<pk>
<fk>

GENERICSAMPLE

SAMPLEID
USERID
TREATMENTID
PREINCUBATIONTIME
TREATMENTEXPID
TYPE
STEPNUM
STATUS

VARCHAR2(13)
NUMBER
NUMBER
NUMBER
VARCHAR2(12)
NUMBER
NUMBER
VARCHAR2(1)

<pk>
<fk1>

<fk2>

TREATMENTDETAIL

DETAILID
TIMESTOP
TIMESTART
INCUBATIONTIME
CONCENTRATION
CONCENTRATIONUNIT
EXPOTIME
REAGENTID
CONDITION
OTHERTREATMENT

NUMBER
NUMBER
NUMBER
VARCHAR2(50)
NUMBER
VARCHAR2(50)
NUMBER
VARCHAR2(20)
VARCHAR2(100)
VARCHAR2(30)

<pk>

TREATMENT

STEPNUM
DETAILID
DETAILTYPE
TREATMENTID

NUMBER
NUMBER
VARCHAR2(30)
NUMBER

<pk>
<fk>

<pk>

Treatment Tables

2002



Barcode GUI

2002



Reagent GUI Barcode

Ligand GUI Barcode

Solution GUI Barcode

Protocol GUI Printed protocol 
with barcode

Protocols: Interaction of the GUIs

2002



Protocol GUI

2002



Software Architecture

LIMS is based on a client server paradigm comprising of a

• Database server and 

• Client (Application)

Applications are developed using java technology, 
therefore making it easily portable into multiple software 
platforms.

Data is stored in Oracle 9.2 database – a relative database 
Management system.



AfCS Laboratory Information Management System (LIMS)

Data Input GUIs

Oracle
Database

Sample Preparation

Sample Processing

Sample HandlingBarcode

Test tube/
Sample vial 

IP Barcode printer

Barcode 
Scanner

Sample tracking

Data Integrity/ Storage



Barcode Database Schema
Data from the aforementioned  applications are stored in database tables 

designed according to data entities.
The basic flow of the schema is as follows: 
Harvested or passaged cells are treated under various conditions; then the cells 

are either assayed directly or extracted components such as RNA, protein 
and cAMP are prepared for the experiments (i.e. Calcium, cAMP Elisa, 
Western blot, Microarray etc).

The database schema can be divided into these five sections: 
1) Reagent/Ligand/Solution Tables
2) Treatment Tables
3) Microarray Tables
4) Page/Western blot Tables
5) Protocol Tables
6) Transduction/Microscopy Tables



Installation Requirements:

Software:500 MB RAM
Hardware: PC/Linux/Solaris box
Accessory software: Java Runtime Environment(1.2 and 
later) with java webstart
A barcode printer & a barcode scanner



Zebra:
Zebra Z4M barcode printer - 300DPI - 4MB Total - 2MB Usable
Zebranet Print Server II, External, Parallel

Symbol:
Cyclone Scanner USB & Synapse Adapter

A barcode printer & a barcode scanner



n “Automated Data” for each protein is provided to both the 
public and the authors, and can be referenced by the author 
when entering their own data

n The types of automated data available will:
n Summaries of and links to external database records that 

correspond to, or are related to, the author’s protein
n (e.g., Genbank, SwissProt and PDB records)

Molecule Pages – Automated Data



n An Ontology
n A Data Structure
n A Database
n Query Interfaces
n Applications Interfaces
n Data Content

What is needed?



Schema
Physical
Data 
Model 
for 

Molecule 
Pages

REF
REF_ID
J_ABBREV
ENTRY_ID
T I T L E
REF_CREATOR
REF_TYPE
AFCS_KEYWORD
SUBJECT
ABSTRACT
CONTRIBUTOR
START_PAGE
END_PAGE
V O L
ISSUE
PUBLICATION_DATE
REF_FORMAT
LANGUAGE
IDENTIFIER

VARCHAR2(12)
VARCHAR2(25)
VARCHAR2(12)
VARCHAR2(95)
VARCHAR2(95)
VARCHAR2(25)
VARCHAR2(55)
VARCHAR2(95)
VARCHAR2(3000)
VARCHAR2(55)
NUMBER(5)
NUMBER(5)
NUMBER(10)
NUMBER(10)
VARCHAR2(25)
VARCHAR2(5)
VARCHAR2(25)
VARCHAR2(55)

<pk>
<fk1>
<fk2>

PROTEIN

PV_ID
SPECIES
MUTANT_TYPE
PROT_ID
AFCS_PID
PROTEIN_NAME
PROT_SYNONYM
VERSION
STATUS_FLAG
SUBMIT_DATE
APPROVED_DATE
APPROVED_BY
DISULFIDE_NUMBER
NOTE
GENBANK_ACCESSION
ISOELECTRIC_POINT
PROT_SEQ
PROT_MW
IN_COMPLEX

VARCHAR2(12)
VARCHAR2(25)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(25)
VARCHAR2(75)
VARCHAR2(300)
VARCHAR2(10)
VARCHAR2(5)
DATE
DATE
VARCHAR2(55)
NUMBER(10)
VARCHAR2(300)
VARCHAR2(12)
NUMBER(10)
CLOB
NUMBER(10)
VARCHAR2(5)

<pk>
<fk1>
<fk2>

MOLECULAR_FUNC

MOL_FUNC_ID
UPPER_MOL_FUNC_ID
MOL_FUNC
MOL_FUNC_EVIDENCE
MOL_FUNC_GO_ID

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(95)
VARCHAR2(5)
VARCHAR2(12)

<pk>
<fk>

CELL

CELL_ID
CELL
CELL_TYPE

VARCHAR2(12)
VARCHAR2(95)
VARCHAR2(55)

<pk>

TISSUE

TISSUE
TISSUE_TYPE

VARCHAR2(55)
VARCHAR2(55)

<pk>

SPECIES

SPECIES VARCHAR2(25) <pk>

EXPRESSION

EXPRESSION_ID
PV_ID
MRNA_ID
EXPRESSION_TYPE
ENTRY_ID
EXPRS_OTHER 
NOTE
EXPRS_TISSUE
EXPRS_CELL
EXPRS_SPECIES

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(300)
VARCHAR2(300)
VARCHAR2(55)
VARCHAR2(55)
VARCHAR2(25)

<pk>
<fk1>
<fk2>
<fk3>
<fk4>

DISTRIBUTION

DISTRIBUTION_ID
COMPONENTID
SPECIES
MUTANT_EFFECT
DETERMINING_SEQUENCE
NOTE

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(25)
VARCHAR2(10)
VARCHAR2(300)
VARCHAR2(300)

<pk>
<fk1>
<fk2>
<fk3>

MANIPULATION

MANIPULATIONID
MANIPULATION_METHOD
ENTRY_ID
CHANGE_SCALE
FUNC_CONSEQUENCE
NOTE

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(25)
VARCHAR2(95)
VARCHAR2(300)

<pk>
<fk1>
<fk2>

DET_METHOD

DET_METHODID
ENTRY_ID
DET_METHOD

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(95)

<pk>
<fk>

COVALENT_MODIFICATION

CVL_MODIFICATION_ID
CVL_MODIFICATION_TYPE
ENTRY_ID
CVL_MODIFICATION_NAME
NOTE

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(55)
VARCHAR2(300)

<pk>
<fk1>
<fk2>

ANTIBODY
AFCS_RID
ANTIBODY_ID
ENTRY_ID
REA_NOTE
ANTIBODY_SOURCE
ANTIBODY_SPECIES
MONOCLONAL_POLYCLONAL
ANTIBODY_TYPE
IMMUNOGEN_TYPE
SEQ_RESID_PROT_IMMUNOGEN
SEQ_PEPTIDE_IMMUNOGEN
UTILITY_TYPE
NOTE
LIGHT_CHAIN_MW
HEAVY_CHAIN_MW
TOTAL_MW

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(300)
VARCHAR2(95)
VARCHAR2(25)
VARCHAR2(10)
VARCHAR2(25)
VARCHAR2(25)
NUMBER(10)
VARCHAR2(95)
VARCHAR2(55)
VARCHAR2(300)
NUMBER(10)
NUMBER(10)
NUMBER(10)

<pk,fk2>
<pk>
<fk1>

REAGENT

AFCS_RID
SPECIES
ENTRY_ID
ASSAY
REAGENT_TYPE
NOTE

VARCHAR2(12)
VARCHAR2(25)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(300)

<pk>
<fk1>
<fk2>
<fk3>
<fk4>

CONCENTRATION

CONCENTRATION_ID
CELL_ID
COMPONENTID
MUTANT_EFFECT
ORGANELLE_TYPE
CONCENTRATION
UNIT
NOTE
METHOD

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(10)
VARCHAR2(12)
NUMBER(10)
VARCHAR2(10)
VARCHAR2(300)
VARCHAR2(95)

<pk>
<fk1>
<fk2>
<fk3>
<fk4>

PROT_MUTATION
PROT_MUT_ ID
PV_ID
GENEID
CPD_MUTATION_ID
PROT_TAG
PROT_MUTATION_TYPE
FUNC_CONSEQUENCE
NOTE
TYPE_CPD_OMUTATION
MUT_SPECIES

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(25)
VARCHAR2(12)
VARCHAR2(95)
VARCHAR2(300)
VARCHAR2(25)
VARCHAR2(25)

<pk>
<fk1>
<fk2>
<fk3>
<fk4>
<fk5>

AUTHOR

AU_ID
PASSWD
FAMILY_NAME
GIVEN_NAME
INITIAL
HONORIFIC_SUFFIX
HONORIFIC_PREFIX
JOB_TITLE
RELEVANT_URI
ADDRESS
CITY
STATE
COUNTRY
POSTALCODE
PHONE
FAX
EMAIL

VARCHAR2(10)
VARCHAR2(10)
VARCHAR2(40)
VARCHAR2(40)
VARCHAR2(5)
VARCHAR2(5)
VARCHAR2(5)
VARCHAR2(25)
VARCHAR2(95)
VARCHAR2(80)
VARCHAR2(20)
VARCHAR2(25)
VARCHAR2(25)
NUMBER(10)
NUMBER(10)
NUMBER(10)
VARCHAR2(25)

<pk>

TRANSGENIC

TRANSGENICID
PROT_MUT_ ID
TRANSGENIC_NAME
HOMOZYGOUS
STRUCTURAL_TRANSGENE
PROMOTER
EXPRESSION_SOURCE
PHENOTYPE_CONSEQUENCE
PHENOTYPE_COMMENT
PHENOTYPE_LINKFUNCTION
LINK_JACKSON

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(55)
VARCHAR2(10)
VARCHAR2(55)
VARCHAR2(300)
VARCHAR2(25)
VARCHAR2(55)
VARCHAR2(300)
VARCHAR2(55)
VARCHAR2(120)

<pk>
<fk>

INTERACTION_RESULT

INTERACTIONID
MUTANT_EFFECT
INTERACTION_TYPE
INTERACTION_PROPERTY
FUNC_CONSEQUENCE

VARCHAR2(12)
VARCHAR2(10)
VARCHAR2(12)
VARCHAR2(55)
VARCHAR2(95)

<pk>
<fk1>
<fk2>

MRNA

MRNA_ID
GENEID
PV_ID
MRNA_NAME
MRNA_LENGTH
MRNA_SEQ
MRNA_MGD
EMBL_ID
RIKEN_ID
MRNA_GI

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(25)
NUMBER(10)
CLOB
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)

<pk>
<fk1>
<fk2>

PRODUCT
PRODUCTID
PRODUCT_NAME
PRODUCT_TYPE

VARCHAR2(12)
VARCHAR2(25)
VARCHAR2(10)

<pk>

GENE

GENEID
SEQ_NAME
CHROMOSOME
GENE_GI
DNA_MGD
FULL_DNA_GI
LOCUS_ID

VARCHAR2(12)
VARCHAR2(95)
VARCHAR2(300)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)

<pk>

Physical Data Model

Model: MP8c
Package: 
Diagram: Mol Page DB_ MODEL_ v8a_ 2001

Author : joshuali Date : 10/4/01 
Version : 

REF_SUBJECT_LOOKUP

REF_SUBJECT
SHORT_DESCRIPTION
LONG_DESCRIPTION

VARCHAR2(12)
VARCHAR2(40)
VARCHAR2(150)

<pk>

REF_SUBJ
REF_SUBJ ID
REF_ID
PV_ID
DET_METHODID
PROT_MUT_ ID
INDUCING_MUTATIONID
EXPRESSION_ID
AFCS_RID
ANTIBODY_ID
MANIPULATIONID
MRNA_ID
REG_REGION_ID
GENEID
REF_SUBJECT
CVL_MODIFICATION_ID
CPD_MUTATION_ID
KNOCK_ID
TRANSGENICID
CONCENTRATION_ID
DISTRIBUTION_ID
INTERACTIONID
ENZ_INTERACTIONID
CHA_INTERACTIONID
REC_INTERACTIONID

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)

<pk>
<fk1>
<fk5>
<fk6>
<fk7>
<fk8>
<fk9>
<fk10>
<fk10>
<fk11>
<fk12>
<fk13>
<fk14>
<fk15>
<fk16>
<fk17>
<fk18>
<fk19>
<fk21>
<fk22>
<fk20>
<fk3>
<fk2>
<fk4>

CELLULAR_COMPONENT

COMPONENTID
UPPER_COMPONENTID
CELL_COMPONENT
CELL_COMP_EVIDENCE
CELL_COMP_GO_ID
COMPONENT_SYNONYM

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(55)
VARCHAR2(5)
VARCHAR2(12)
VARCHAR2(55)

<pk>
<fk>

REGULATORY_REGION

REG_REGION_ID
REG_REGION_TYPE
REG_REGION_SEQ
REG_REGION_LOCATION

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(300)
VARCHAR2(55)

<pk>
<fk>

MOTIF

MOTIF_ID
WILD_MOTIF
MUTANT_EFFECT
PRINTSID
MOTIF_TITLE
MOTIF_NO
MOTIF_NAME
MOTIF_SEQ
MOTIF_LENGTH
MOTIF_POSITION
MATCH_PCT
PF_SCORE
P_VALUE

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(10)
VARCHAR2(12)
VARCHAR2(95)
NUMBER(10)
VARCHAR2(55)
VARCHAR2(300)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)

<pk>
<fk1>
<fk2>

RNA_EXON

RNA_EXONID
MRNA_ID
GENE_EXONID
EXON_START
EXON _END

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
NUMBER(10)
NUMBER(10)

<pk>
<fk1>
<fk2>

INTRON
INTRON_ID
GENEID
INTRON _START
INTRON _END

VARCHAR2(12)
VARCHAR2(12)
NUMBER(10)
NUMBER(10)

<pk>
<fk>

PROSTHETIC_GROUP

PROSTHETIC_ID
BINDING_SITES
PROSTHETIC_GROUP

VARCHAR2(12)
VARCHAR2(300)
VARCHAR2(55)

<pk>

POINT

POINT_ID
PROT_MUT_ ID
OLD_AANAME
NEW_AANAME
POINT_POSITION

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(10)
VARCHAR2(10)
NUMBER(10)

<pk>
<fk>

INSERTION

INSERTION_ID
PROT_MUT_ ID
INSERTION_POSITION
INSERTED_SEQUENCE

VARCHAR2(12)
VARCHAR2(12)
NUMBER(10)
VARCHAR2(990)

<pk>
<fk>

DELETION

DELETION_ID
PROT_MUT_ ID
POSITION_START
POSITION_END

VARCHAR2(12)
VARCHAR2(12)
NUMBER(10)
NUMBER(10)

<pk>
<fk>

FUSION

FUSION_ID
PROT_MUT_ ID
TAG_POSITION_TYPE
ADDED_SEQ

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(3000)

<pk>
<fk1>
<fk2>

RECEPTOR_PARAM
INTERACTIONID
BIND_SITES_NO
KD
IC50
EC50
HILL_COEFFICIENT
CONDITION_INFO
NOTE

VARCHAR2(12)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
VARCHAR2(300)
VARCHAR2(300)

<pk,fk>

ENZYME_PARAM
INTERACTIONID
KINETIC_PATTERN
KM
APPARENT_KM
HILL_COEFFICIENT
BIND_SITES_NO
SUBSTRATE_CONCENTRATION
C_MAX_RATE_VMAX
C_MAX_RATE_KCAT
ENZYME_CONDITION
CONDITION_INFO
NOTE

VARCHAR2(12)
VARCHAR2(25)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
VARCHAR2(95)
VARCHAR2(300)
VARCHAR2(300)

<pk,fk>

CHANNEL_PARAM

INTERACTIONID
IONIC_SELECTIVITY
GAMMA_SUBCONDUCT
I_V_CURVE
TAU_OPEN
TAU_CLOSE
ACTIVATION_GATING
INACTIVATION_GATING
LONIC_BLOCK
REG_ANY_PARAMETER
PARAMETER_NAME
PARAMETER_TYPE
REG_PARAM_CONSEQ
FUNC_CONSEQUENCE

VARCHAR2(12)
VARCHAR2(55)
NUMBER(10)
blob
NUMBER(10)
NUMBER(10)
VARCHAR2(55)
NUMBER(10)
VARCHAR2(10)
VARCHAR2(10)
VARCHAR2(55)
VARCHAR2(10)
VARCHAR2(95)
VARCHAR2(95)

<pk,fk>

SUBSTRATE

AFCS_RID
AFCS_SID
ENTRY_ID
SMALL_MOL_TYPE
NOTE
SUBSTRATE
CHEM_FORMULAR
STRUCTURE
CHARGE
MW

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(300)
VARCHAR2(95)
VARCHAR2(300)
b l o b
NUMBER(10)
NUMBER(10)

<pk,fk3>
<pk>
<fk1>
<fk2>

PROT_CLEAVAGE
PROT_CLV_ID
MUTANT_EFFECT

NUMBER(10)
VARCHAR2(10)

<pk>
<fk>

KNOCK

KNOCK_ID
PROT_MUT_ ID
PV_ID
PHENOTYPE_STATUS
KNOCK_NAME
HOMOZYGOUS
KNOCK_EVENT
KOCONSTRUCT
IS_CODE_SEQ
NONCODING_MUTATION
PHENOTYPE_FUNCTION
PHENOTYPE_LINKFUNC
NOTE
LINK_JACKSON

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(25)
VARCHAR2(55)
VARCHAR2(10)
VARCHAR2(10)
VARCHAR2(300)
VARCHAR2(10)
VARCHAR2(300)
VARCHAR2(25)
VARCHAR2(55)
VARCHAR2(300)
VARCHAR2(120)

<pk>
<fk1>
<fk2>
<fk3>

COMPOUND_ORG_MUTATION

CPD_MUTATION_ID
GENEID
CPD_MUTATION_TYPE
CPD_MUTATION_NAME
PHENOTYPE
NOTE
LINK_JACKSON

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(25)
VARCHAR2(300)
VARCHAR2(300)
VARCHAR2(120)

<pk>
<fk1>
<fk2>

INDIRECT_MUTATION

INDUCING_MUTATIONID
CPD_MUTATION_ID
KNOCK_ID
TRANSGENICID
ORGANISM_MUTATION_TYPE
LINK_JACKSON
NOTE

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(120)
VARCHAR2(300)

<pk>
<fk1>
<fk2>
<fk3>
<fk4>

CONC_REGULATION
CONC_REG_ID
CONCENTRATION_ID
STIM_PROT
FOLD_CHANGE_REG
EFFECT_REG
MECHANISM_REG

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
NUMBER(10)
VARCHAR2(95)
VARCHAR2(300)

<pk>
<fk1>
<fk2>

TRANSPORTER_PARAM

INTERACTIONID
TRANSPORTER_PARAM
STOICHEMETRY
K M
COMMON_DIRECTION
SYMPORT_ANTIPORT
ELECTROGENIC
ATPASE
PUMP_DIRECTION
KM _ ATP

VARCHAR2(12)
VARCHAR2(25)
NUMBER(10)
NUMBER(10)
VARCHAR2(10)
VARCHAR2(10)
NUMBER(10)
VARCHAR2(10)
VARCHAR2(10)
NUMBER(10)

<pk,fk>

BIND

BINDID
AFCS_RID
AFCS_SID
PROT_CLV_ID
CVL_MODIFICATION_ID
RESIDUE_NAME
MAIN_PROT_ID
CELL_ID
MODIFICATION_TYPE
BIND_MOL_TYPE
ALTERNATIVE_BIND
FUNC_STATE
BIND_NAME
COMPOUND_BIND_FLAG
MODIFICATION_LAYER
CONSTITUTIVE_FLAG
STOICHIOMETRY
MODIFIED_FUNCTION

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
NUMBER(10)
VARCHAR2(12)
VARCHAR2(25)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(55)
VARCHAR2(95)
VARCHAR2(10)
NUMBER(10)
VARCHAR2(5)
NUMBER(10)
VARCHAR2(55)

<pk>
<fk1>
<fk1>
<fk2>
<fk3>
<fk4>
<fk5>
<fk6>
<fk7>
<fk8>
<fk9>

AARESIDUE_LOOKUP
RESIDUE_NAME
LONG_DESCRIPTION
SHORT_DESCRIPTION

VARCHAR2(25)
VARCHAR2(150)
VARCHAR2(40)

<pk> ADAPTER_PARAM
INTERACTIONID
BINDING_PARAM

VARCHAR2(12)
VARCHAR2(25)

<pk,fk>

PROT_TAG

PROT_TAG
PROT_TAG_TYPE
TAG_POSITION_TYPE
TAG_SEQ

VARCHAR2(25)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(300)

<pk>
<fk1>
<fk2>

STATE

STATEID
WILD_STATE
MUTANT_EFFECT
PROT_TYPE
MW
STATE_NAME
STATE_SYNONYM
CONSTITUTIVE_FLAG
MUTANT_EFFECT_LAYER

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(10)
VARCHAR2(12)
NUMBER(10)
VARCHAR2(25)
VARCHAR2(55)
VARCHAR2(5)
NUMBER(10)

<pk>
<fk1>
<fk2>
<fk3>

UNIQUE_STATUS

PV_ID
STATEID
STATUS_ID
INTERACTIONID
BIO_PROCESS_ID
CONCENTRATION_ID
MOL_FUNC_ID

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)

<pk,fk4>
<pk,fk5>
<pk>
<fk1>
<fk6>
<fk2>
<fk3>

SUBSTITUTION

SUBSTITUTIONID
PROT_MUT_ ID
POSITION_START
DELETED_SEQUENCE
ADDED_SEQ

VARCHAR2(12)
VARCHAR2(12)
NUMBER(10)
VARCHAR2(300)
VARCHAR2(3000)

<pk>
<fk>

GENE_REGULATION
INTERACTIONID
REG_REGION_ID
REG_SUBJECT_TYPE

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)

<pk,fk3>
<fk1>
<fk2>

INTERACT_PROT
INTERACT_PROT_ID
BINDID
PV_ID
STATEID

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)

<pk>
<fk1>
<fk2>

BLAST

BLAST_TYPE
BLAST_ID
PV_ID
BLAST_SUBJECT_ID
P_MATCH_COUNT
E_VALUE
SCORE
IDENTITY_PCT
POSITIVE_PCT
QUERY_COVERAGE_PCT
SUBJECT_COVERAGE_PCT
FRAME
HSP
MATCH_LENGTH
IDENTITY
POSITIVE
GAP
QUERY_START
QUERY_END
QUERY_LENGTH
SUBJECT_START
SUBJECT_LENGTH

VARCHAR2(25)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)
NUMBER(10)

<pk>
<fk>

SNP

SNP_ID
GENEID
SNP
SNP_POSITION
DISEASE

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(5)
NUMBER(10)
VARCHAR2(55)

<pk>
<fk>

PARTIAL_DNA

PARTIAL_DNA_GI
GENEID

VARCHAR2(12)
VARCHAR2(12)

<pk>
<fk>

OTHERID

OTHERID
MRNA_ID
ID_TYPE
DB_NAME
ID_VALUE

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(25)
VARCHAR2(12)

<pk>
<fk>

JOURNAL

J_ABBREV
JOURNAL
PUBLISHER

VARCHAR2(25)
VARCHAR2(95)
VARCHAR2(95)

<pk>

PATHWAY_STEP

STEP_ID
STATEID
PATHWAYID
UPPER_STEP_ID

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)

<pk>
<fk1>
<fk2>
<fk3>

PATHWAY

PATHWAYID
PATHWAY_NAME

VARCHAR2(12)
VARCHAR2(55)

<pk>

SITE

SITE_ID
INTERACT_PROT_ID
BINDID
PROT_SITE

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
NUMBER(10)

<pk>
<fk1>
<fk2>

REG_SITE

REG_SITE_ID
INTERACTIONID
S T A R T
END

VARCHAR2(12)
VARCHAR2(12)
NUMBER(10)
NUMBER(10)

<pk>
<fk>

GENE_EXON
GENE_EXONID
GENEID
EXON_START
EXON _END

VARCHAR2(12)
VARCHAR2(12)
NUMBER(10)
NUMBER(10)

<pk>
<fk>

MATCH_LOCATION

MATCH_LOC_ID
MATCHID
MATCH_START
MATCH_STATUS
MATCH_END
MATCH_EVIDENCE

VARCHAR2(12)
VARCHAR2(12)
NUMBER(10)
VARCHAR2(10)
NUMBER(10)
VARCHAR2(25)

<pk>
<fk>

DOMAIN_CLASS

CLASS_ID
INTERPRO_ID
CLASS_TYPE
CATEGORY

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(10)
VARCHAR2(55)

<pk>
<fk>

DISPLAY

DISPLAY_ID
MATCHID
PV_ID
DISPLAY

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
blob

<pk>
<fk1>
<fk2>

DOMAIN

MATCHID
INTERPRO_ID
DOMAIN_DB
DB_ID
DOMAIN_NAME
PROT_COUNT

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(25)
VARCHAR2(12)
VARCHAR2(95)
NUMBER(10)

<pk>
<fk1>
<fk2>

INTERPRODB

INTERPRO_NAME
SHORT_NAME
INTERPROT_COUNT
INTERPRO_ID
INTERPRO_QUERY_TYPE

VARCHAR2(55)
VARCHAR2(10)
NUMBER(10)
VARCHAR2(12)
VARCHAR2(12)

<pk>

MATCH_SEQ

MOTIF_ID
SPTREMBL_ID
SPTREMBL_NAME
MOTIF_SEQ
MOTIF_POSITION

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(300)
VARCHAR2(300)
NUMBER(10)

<pk,fk>
<pk>

Package1_Interaction1

Domail Motif PackageGenomic PackageBiostructure Package Misc Package

STRUCTURE

STRUCTURE_ID
PV_ID
PDB_ID
STRUCTURE_IMAG
STRUCTURE_INFO

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
blob
VARCHAR2(990)

<pk>
<fk>

DISULFIDE_XLINK

XLINK_ID
PV_ID
POSTION2
POSTION1

VARCHAR2(12)
VARCHAR2(12)
NUMBER(10)
NUMBER(10)

<pk>
<fk>

MODIFICATION_TYPE_LOOKUP
MODIFICATION_TYPE
LONG_DESCRIPTION
SHORT_DESCRIPTION

VARCHAR2(12)
VARCHAR2(150)
VARCHAR2(40)

<pk>

MUTANT_EFFECT_LOOKUP

MUTANT_EFFECT
LONG_DESCRIPTION
SHORT_DESCRIPTION

VARCHAR2(10)
VARCHAR2(150)
VARCHAR2(40)

<pk>

COVALENCE_FORM_LOOKUP
CVL_MODIFICATION_TYPE
SHORT_DESCRIPTION
LONG_DESCRIPTION

VARCHAR2(12)
VARCHAR2(40)
VARCHAR2(150)

<pk>

DOMAIN_DATABASE_LOOKUP

DOMAIN_DB
LONG_DESCRIPTION

VARCHAR2(25)
VARCHAR2(150)

<pk>

INTERACTION_TYPE_LOOKUP

INTERACTION_TYPE
LONG_DESCRIPTION
SHORT_DESCRIPTION

VARCHAR2(12)
VARCHAR2(150)
VARCHAR2(40)

<pk>

PHENOTYPE_STATUS_LOOKUP

PHENOTYPE_STATUS
LONG_DESCRIPTION
SHORT_DESCRIPTION

VARCHAR2(25)
VARCHAR2(150)
VARCHAR2(40)

<pk>

EXPRESSION_TYPE_LOOKUP

EXPRESSION_TYPE
LONG_DESCRIPTION
SHORT_DESCRIPTION

VARCHAR2(12)
VARCHAR2(150)
VARCHAR2(40)

<pk>

MANIPULATION_METHOD_LOOKUP

MANIPULATION_METHOD
LONG_DESCRIPTION
SHORT_DESCRIPTION

VARCHAR2(12)
VARCHAR2(150)
VARCHAR2(40)

<pk>

COMPOUND_ORG_MUT_LOOKUP

CPD_MUTATION_TYPE
SHORT_DESCRIPTION
LONG_DESCRIPTION

VARCHAR2(12)
VARCHAR2(40)
VARCHAR2(150)

<pk>

PROT_MUTANT_LOOKUP

MUTANT_TYPE
LONG_DESCRIPTION
SHORT_DESCRIPTION

VARCHAR2(12)
VARCHAR2(150)
VARCHAR2(40)

<pk>

PROTEIN_MUTATION_LOOKUP

P_MUTATION_TYPE
LONG_DESCRIPTION
SHORT_DESCRIPTION

VARCHAR2(12)
VARCHAR2(150)
VARCHAR2(40)

<pk>

PROT_TAG_LOOKUP

PROT_TAG_TYPE
LONG_DESCRIPTION
SHORT_DESCRIPTION

VARCHAR2(12)
VARCHAR2(150)
VARCHAR2(40)

<pk>

PROT_TERMINAL_LOOKUP
TAG_POSITION_TYPE
LONG_DESCRIPTION
SHORT_DESCRIPTION

VARCHAR2(12)
VARCHAR2(150)
VARCHAR2(40)

<pk>

CONC_ORGANELLE_LOOKUP

ORGANELLE_TYPE
LONG_DESCRIPTION
SHORT_DESCRIPTION

VARCHAR2(12)
VARCHAR2(150)
VARCHAR2(40)

<pk>

DATA_ENTRY

ENTRY_ID
AU_ID
ENTRY_SUBJECT
SUBMIT_DATE
SUBMIT_BY
APPROVED_DATE
APPROVED_BY
VERSION
VERSION_NOTE
STATUS_FLAG

VARCHAR2(12)
VARCHAR2(10)
VARCHAR2(12)
DATE
VARCHAR2(55)
DATE
VARCHAR2(55)
VARCHAR2(10)
VARCHAR2(95)
VARCHAR2(5)

<pk>
<fk1>
<fk2>

DATA_ENTRY_SUBJ_LOOKUP
ENTRY_SUBJECT
LONG_DESCRIPTION
SHORT_DESCRIPTION

VARCHAR2(12)
VARCHAR2(150)
VARCHAR2(40)

<pk>

REGION_FORM_LOOKUP

REG_REGION_TYPE
SHORT_DESCRIPTION
LONG_DESCRIPTION

VARCHAR2(12)
VARCHAR2(40)
VARCHAR2(150)

<pk>

REGULATION_FORM_LOOKUP

REG_SUBJECT_TYPE
SHORT_DESCRIPTION
LONG_DESCRIPTION

VARCHAR2(12)
VARCHAR2(40)
VARCHAR2(150)

<pk>

PROTEIN_TYPE_LOOKUP

PROT_TYPE
SHORT_DESCRIPTION
LONG_DESCRIPTION

VARCHAR2(12)
VARCHAR2(40)
VARCHAR2(150)

<pk>

BIND_MOL_LOOKUP

BIND_MOL_TYPE
LONG_DESCRIPTION
SHORT_DESCRIPTION

VARCHAR2(12)
VARCHAR2(150)
VARCHAR2(40)

<pk>

SMALL_MOLECULE_LOOKUP

SMALL_MOL_TYPE
SHORT_DESCRIPTION
LONG_DESCRIPTION

VARCHAR2(12)
VARCHAR2(40)
VARCHAR2(150)

<pk>

REAGENT_TYPE_LOOKUP

REAGENT_TYPE
SHORT_DESCRIPTION
LONG_DESCRIPTION

VARCHAR2(12)
VARCHAR2(40)
VARCHAR2(150)

<pk>

ASSAY_TEST_LOOKUP
ASSAY
SHORT_DESCRIPTION
LONG_DESCRIPTION

VARCHAR2(12)
VARCHAR2(40)
VARCHAR2(150)

<pk>

ORGANISM_MUT_LOOKUP

ORGANISM_MUTATION_TYPE
LONG_DESCRIPTION
SHORT_DESCRIPTION

VARCHAR2(12)
VARCHAR2(150)
VARCHAR2(40)

<pk>

TISSUE_CELL
TISSUE
CELL_ID

VARCHAR2(55)
VARCHAR2(12)

<pk,fk1>
<pk,fk2>

SPECIES_TISSUE

SPECIES
TISSUE

VARCHAR2(25)
VARCHAR2(55)

<pk,fk1>
<pk,fk2>

PROT_AUTHOR
PV_ID
AU_ID

VARCHAR2(12)
VARCHAR2(10)

<pk,fk1>
<pk,fk2>

PROT_ANTIBODY
PV_ID
AFCS_RID
ANTIBODY_ID

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)

<pk,fk1>
<pk,fk2>
<pk,fk2>

CELL_SUBCELL

CELL_ID
COMPONENTID

VARCHAR2(12)
VARCHAR2(12)

<pk,fk1>
<pk,fk2>

DET_METHOD_GENE

DET_METHODID
GENEID

VARCHAR2(12)
VARCHAR2(12)

<pk,fk1>
<pk,fk2>

DET_METHOD_MRNA

DET_METHODID
MRNA_ID

VARCHAR2(12)
VARCHAR2(12)

<pk,fk1>
<pk,fk2>

DET_METHOD_PROTEIN

DET_METHODID
PV_ID

VARCHAR2(12)
VARCHAR2(12)

<pk,fk1>
<pk,fk2>

GENE_REG_REGION

GENEID
REG_REGION_ID

VARCHAR2(12)
VARCHAR2(12)

<pk,fk1>
<pk,fk2>

MRNA_REG_REGION

MRNA_ID
REG_REGION_ID

VARCHAR2(12)
VARCHAR2(12)

<pk,fk1>
<pk,fk2>

PROT_MOTIF
PV_ ID
MOTIF_ID

VARCHAR2(12)
VARCHAR2(12)

<pk,fk1>
<pk,fk2>

PROSTHTIC_PROT

PROSTHETIC_ID
PV_ID

VARCHAR2(12)
VARCHAR2(12)

<pk,fk1>
<pk,fk2>

PROT_CMUTATION

PV_ID
CPD_MUTATION_ID

VARCHAR2(12)
VARCHAR2(12)

<pk,fk1>
<pk,fk2>OMUTATION_PROT

INDUCING_MUTATIONID
PV_ID

VARCHAR2(12)
VARCHAR2(12)

<pk,fk1>
<pk,fk2>

COMPONENT_FUNCSTATE

COMPONENTID
BINDID

VARCHAR2(12)
VARCHAR2(12)

<pk,fk1>
<pk,fk2>

BIND_STATE
BINDID
STATEID

VARCHAR2(12)
VARCHAR2(12)

<pk,fk1>
<pk,fk2>

STATE_PRODUCT

STATEID
PRODUCTID

VARCHAR2(12)
VARCHAR2(12)

<pk,fk1>
<pk,fk2>

PROT_CONC
PV_ID
CONCENTRATION_ID

VARCHAR2(12)
VARCHAR2(12)

<pk,fk1>
<pk,fk2>

PROT_DISTRIBUTION
PV_ID
STATEID
STATUS_ID
DISTRIBUTION_ID

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)

<pk,fk1>
<pk,fk1>
<pk,fk1>
<pk,fk2>

PROT_OTHERID

PV_ID
OTHERID

VARCHAR2(12)
VARCHAR2(12)

<pk,fk1>
<pk,fk2>

METHOD_STATE

DET_METHODID
STATEID

VARCHAR2(12)
VARCHAR2(12)

<pk,fk1>
<pk,fk2>

PROT_DOMAIN

PV_ID
MATCHID

VARCHAR2(12)
VARCHAR2(12)

<pk,fk1>
<pk,fk2>BIO_PROCESS

BIO_PROCESS_ID
UPPER_BIO_PROCESS
PATHWAYID
BIOLOGICAL_PROCESS
BIO_PROCESS_EVIDENCE
BIO_PROCESS_GO_ID
BIO_PROCESS_TYPE

VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(12)
VARCHAR2(95)
VARCHAR2(5)
VARCHAR2(12)
VARCHAR2(55)

<pk>
<fk1>
<fk2>
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PROT_MANIPULATION

PV_ID
MANIPULATIONID

VARCHAR2(12)
VARCHAR2(12)

<pk,fk1>
<pk,fk2>



MOL_PAGE_ENTRY

MP_ENTRY_ID
VERSION
NOTE
CREATED_ON
UPDATED_ON
AUTHOR_ACK
STATUS_CHANGE_DATE
AUTHOR_START_DATE
DATE_PUBLISHED
ASSIGNED_PROT_NAME
PROT_CATEGORY

State

Function

Concentration

Antibody

Genbank_Swissprot

Assay

Citation_Section

Seq_Mutation

Org_Mutation

Domain_MotifLocuslink Blast_Ortholog

Review

automated data sections:

Transition

Registration Mini Mol Pages

Molecule Definition

Sequence

Molecule
Page

Sections



Molecule Pages



RG RG*T RGD RG

GA G*AT GAD GA

G G*T GD G

RGA RG*AT RGAD RGA

GTP GDP

GTP

GTP

GTP

GDP

GDP

GDP
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T3 P3 D3

T4 P4 D4
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A2 A3
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R2 R3

R5 R6

Molecule Pages



Receptor Ion Channel Transporter Enzyme Adaptor Transcription
Factor

State
Procedure

Molecule (Protein)
AFCS PID
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Protein
Complex

Digital
Signature
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MP – Protein List











Reconstructing Networks

Legacy Data AfCS Data

Protein Interactions Microarray Data

Biochemical Pathways Yeast Two-Hybrid Data

RNAi Data

Protein Data

Perturbation Data

Microscopy Data

Published Literature

Reconstructing Networks



from Downward, 
Nature, August 
(2001)

Signal Transduction in a Cell



n B cell samples prepared by Cell Lab (Dallas).
n Cultured for different time periods (.5, 1, 2, and 4 hr) in the presence 

or absence of ligands before harvesting for total RNA isolation.
n Treated and untreated time-course samples hybridized against a 

spleen reference.
n After removing the common spleen denominator, comparison to 0 time 

point data reflects the changes in mRNA levels due to ligand treatment 
and/or time in culture.

n One of the largest mammalian array sets (33 ligands).
n All of the experiments were done in triplicate. Including 

in controls >450 arrays (Caltech)

Ligand Screen Transcript Analysis



The mitogenic response from the ligands AIG, 
40L, I04, LPS, CPG dominate at the center of 
the plot. This is too dense for a clear view (see 
histogram to the left).

IFβ, GRH, CGS, PAF, TGF, M3A, 2MA also 
showed a significant gene response.

Graph association  map (4hr)

Differentially expressed genes for ligands vs UNTREATED @ 4hr
 
[  SAM ; False Discovery Rate  (  )  ]
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Similarity measures between genes under different conditions with respect 
to expression levels for…

… groups of genes    ⇒ clustering methods

… pairs of genes       ⇒ correlation methods    

Linear correlation
Σ (x – xmean) (y – ymean)
[Σ (x – xmean)2 Σ (y- ymean)2 ]½

Partial correlation

=  r2 
xy

=  r xy.z

r xy - r xz r yz

[(1- r2
xz

) (1- r2
yz

)]½

“marginal” global correlation 
(for ligand j ) r2 

all xy - r2 
all xy except ligand j



Two-way hierarchical cluster: 

mean ratio (vs control) of phosphoprotein levels and ligand

Several ligands that elicit an 
ERK response (chemokines + 
AIG, CD40L) clustered 
together. 



ERK-MAPK p38 JNK-SAPK

STAT1 P53

ETS.v5

N.MYC1 NFATC1ETS.v6

MEF2C Gadd45aH3F3A

CHOP Gadd45bCREB1

Max Gadd45gC.FOS

Bcl2l11 Egr1H3F3B

Bcl2l2 CHOPSocs3

MaxCREB3
JUN

JUNSTAT1
Egr1 C.FOSN.MYC1

Bcl2l11
Bcl2l2

Diagrams are from …

“Mitogen-Activated Protein Kinase Pathways 
Mediated by ERK, JNK, and p38 Protein 
Kinases”

G. L. Johnson and R. Lapadat Science 2002 
December 6; 298: 1911-1912. (in Review)

SRF

Three main pathways of MAPK and 
their respective target genes and 
transcription factors.



Level plots “Marginal” correlation of genes in MAPK 
pathways



 

“marginal” global 
correlation (for ligand j )

difference in correlation =  
r2 

all xy  - r2 
all xy except ligand j

Red indicates positive influence on the 
gene upon removing ligand j  

Green indicates negative influence on 
the gene upon removing ligand j

Highly 
responsive 
genes 
from 
MAPK-
ERK 
pathway

B cells respond to AIG through the 
MAPK-ERK pathway.



We see the correlation results of removing ligands CD40L (40L) and interleukin 4 (I04) separately from 
the pool of 33 ligands. The colors red and green refer to decreases/increases in the subsequent 
correlation similarity matrix respectively. The absolute differential effects are almost uniform across 
CD40L (with a slightly smaller marginal difference from the ERK related genes h3f3b, ets-v6,c-fos), in 
contrast to interleukin 4 which shows darker shades, with the color black showing no differences, except 
for a few p38 (chop, jun) and JNK-SAPK (gadd45q) related genes.

lesser effect in 
ERK pathway 
than AIG

cytokine stress-
related genes



B cells do not show any response to NGF but respond to LPS. Note: LPS has more 
response genes in p38 & JNK-SAPK than ERK. 

No marginal changes in the pairwise gene correlations 
in the MAPK pathways from the addition or 
subtraction of this ligand NGF.



Positive pairwise correlation 
was more positive by the 

additional ligand

Negative pairwise correlation 
was less negative by the 

additional ligand

Positive pairwise correlation 
was more negative by the 

additional ligand

Negative pairwise correlation 
was less positive by the 

additional ligand

Marginal Correlations Connection Maps for MAPK Pathways

40L

Legend
target genes 
only

transcription 
factors

This shows the marginal changes [eg edge threshold  ∆=0.1] in the 
significant pairwise correlation [95% confidence interval for the 
Fisher transformed distribution] between genes after the addition of 
the four timepoints of a particular ligand [40L] to the low, 
intermediate-response ligands (n =112, 28 ligands).



Positive pairwise correlation 
was more positive by the 

additional ligand

Negative pairwise correlation 
was less negative by the 

additional ligand

Positive pairwise correlation 
was more negative by the 

additional ligand

Negative pairwise correlation 
was less positive by the 

additional ligand

Marginal Correlations Connection Maps for MAPK Pathways

Legend

AIG

target genes 
only

transcription 
factors

This shows the marginal changes [eg edge threshold  ∆=0.1] in the 
significant pairwise correlation [95% confidence interval for the 
Fisher transformed distribution] between genes after the addition of 
the four timepoints of a particular ligand [AIG] to the low, 
intermediate-response ligands (n =112, 28 ligands).



Positive pairwise correlation 
was more positive by the 

additional ligand

Negative pairwise correlation 
was less negative by the 

additional ligand

Positive pairwise correlation 
was more negative by the 

additional ligand

Negative pairwise correlation 
was less positive by the 

additional ligand

Marginal Correlations Connection Maps for MAPK Pathways

Legend

LPS

target genes 
only

transcription 
factors

This shows the marginal changes [eg edge threshold  ∆=0.1] in the 
significant pairwise correlation [95% confidence interval for the 
Fisher transformed distribution] between genes after the addition of 
the four timepoints of a particular ligand [LPS] to the low, 
intermediate-response ligands (n =112, 28 ligands).



Cell Cycle

Kohn Map





Kohn’s Mammalian Cell Cycle Map
(with AfCS genes)

Mad3 Ndr3 Oazin Mga Mina Ndr1 Cdh2 Rbbp9 Ccnd2 Rb1 Mad Rb12900002K07Rik2900002K07RikMina Cdh11 Nmyc12310005B10RikCdh13 Rbbp4 Mad4 Ap2a2 Rbbp7
Mad3 1.000
Ndr3 0.039 1.000
Oazin -0.303 0.080 1.000
Mga -0.315 -0.025 0.293 1.000
Mina -0.606 -0.004 0.376 0.209 1.000
Ndr1 -0.177 0.129 0.261 0.002 0.303 1.000
Cdh2 0.552 0.095 0.017 -0.306 -0.254 -0.022 1.000
Rbbp9 0.197 0.020 0.017 -0.230 -0.056 0.119 0.243 1.000
Ccnd2 0.061 0.192 0.178 -0.136 0.152 0.167 0.093 -0.025 1.000
Rb1 -0.423 0.021 0.171 0.010 0.322 0.012 -0.116 0.115 0.021 1.000
Mad -0.151 0.337 0.261 0.023 0.214 0.254 0.033 0.077 0.138 0.194 1.000
Rb1 0.077 0.186 0.031 -0.094 -0.073 0.126 0.085 0.040 0.120 0.046 0.478 1.000
2900002K07Rik -0.086 0.001 -0.045 -0.240 -0.129 0.051 -0.198 0.196 -0.232 0.068 -0.075 0.072 1.000
2900002K07Rik -0.122 -0.022 -0.143 -0.165 -0.060 -0.021 -0.247 0.197 -0.393 0.099 -0.104 0.003 0.847 1.000
Mina -0.201 0.264 0.240 -0.056 0.175 0.180 0.064 0.117 0.095 0.250 0.586 0.139 0.003 -0.033 1.000
Cdh11 -0.460 -0.042 0.254 0.707 0.339 0.138 -0.243 -0.271 -0.088 0.011 0.050 -0.052 -0.204 -0.123 -0.043 1.000
Nmyc1 -0.015 -0.016 -0.069 0.090 -0.079 -0.085 -0.172 -0.179 0.149 0.179 -0.126 0.138 0.062 0.073 -0.043 0.091 1.000
2310005B10Rik -0.247 0.062 0.165 0.194 0.139 0.085 -0.241 -0.067 0.393 0.185 0.032 -0.004 -0.012 -0.057 0.062 0.125 0.335 1.000
Cdh13 0.237 0.073 0.032 -0.052 -0.336 -0.010 0.258 0.308 0.038 -0.002 0.133 0.142 0.203 0.099 -0.001 -0.093 -0.113 -0.144 1.000
Rbbp4 -0.105 0.062 0.014 -0.110 0.143 0.091 -0.057 -0.239 0.237 0.014 0.088 0.073 -0.129 -0.117 0.133 -0.130 0.096 0.096 -0.243 1.000
Mad4 0.065 0.028 0.013 0.400 -0.265 0.102 -0.226 -0.002 0.094 -0.255 -0.148 -0.045 0.003 -0.041 -0.235 0.347 0.111 0.240 0.243 -0.175 1.000
Ap2a2 -0.078 -0.194 -0.143 0.383 -0.058 -0.119 -0.058 -0.333 -0.609 -0.195 -0.121 -0.093 -0.069 0.053 -0.049 0.399 -0.111 -0.377 -0.039 -0.078 -0.039 1.000
Rbbp7 -0.385 0.008 0.255 -0.011 0.314 0.034 -0.209 -0.004 0.211 0.467 0.103 0.025 0.152 0.100 0.144 -0.132 0.211 0.500 -0.090 0.244 -0.157 -0.336 1.000
Rbl1 0.392 0.077 -0.138 -0.608 -0.132 -0.010 0.562 0.409 0.154 0.089 0.114 0.177 0.180 0.166 0.150 -0.514 -0.092 -0.188 0.194 -0.003 -0.322 -0.346 0.061
Pcdh18 0.540 -0.039 -0.345 -0.026 -0.493 -0.227 0.271 -0.198 -0.358 -0.477 -0.202 -0.103 -0.187 -0.117 -0.169 0.001 -0.131 -0.420 -0.017 -0.112 0.069 0.507 -0.613
Rbl1 0.241 0.062 -0.096 -0.646 -0.085 -0.038 0.272 0.464 0.279 0.223 0.023 0.070 0.283 0.238 0.118 -0.660 -0.007 -0.010 0.158 0.016 -0.302 -0.667 0.247
Rbbp9 0.724 0.052 -0.137 -0.406 -0.394 -0.087 0.601 0.524 0.057 -0.182 -0.084 0.024 0.047 0.055 -0.084 -0.520 -0.043 -0.156 0.299 -0.118 -0.025 -0.299 -0.144
Mycbp -0.072 -0.116 -0.009 0.214 -0.040 -0.146 0.126 -0.184 -0.598 0.034 0.108 -0.069 -0.292 -0.138 0.106 0.180 -0.287 -0.347 -0.045 -0.077 -0.140 0.588 -0.209
1700018O18Rik -0.032 0.100 0.256 -0.024 0.291 0.181 0.028 0.158 0.777 0.069 0.136 0.081 -0.143 -0.283 0.095 -0.069 0.147 0.496 -0.079 0.253 0.094 -0.603 0.308
Ccnd2 0.132 -0.230 0.016 0.058 -0.137 -0.048 -0.027 0.029 -0.154 -0.179 -0.157 0.062 0.037 0.090 -0.437 0.129 0.027 -0.151 0.056 -0.120 0.137 0.084 -0.205
Oaz1 0.002 0.060 -0.073 -0.163 -0.213 -0.057 -0.080 0.068 -0.016 0.044 -0.083 -0.016 0.191 0.145 -0.070 -0.184 0.126 0.003 0.013 0.070 0.010 -0.173 0.050
Ahcy -0.128 -0.003 0.022 -0.110 0.068 -0.020 -0.157 -0.218 0.238 0.184 0.013 0.141 -0.106 -0.125 0.022 -0.091 0.215 0.205 -0.193 0.233 -0.112 -0.186 0.224
Cdh23 -0.151 0.204 0.352 0.054 0.239 0.384 0.031 0.098 0.243 0.076 0.632 0.327 -0.065 -0.124 0.554 0.082 -0.133 0.125 0.029 0.088 0.012 -0.177 0.128
Tcfap2b -0.359 -0.017 0.285 0.013 0.544 0.239 0.151 0.352 -0.047 0.366 0.157 -0.152 -0.071 0.025 0.155 0.206 -0.277 0.044 0.057 -0.170 -0.137 -0.132 0.130
Cdh11 -0.065 -0.005 -0.033 0.371 -0.031 -0.165 -0.167 -0.346 -0.014 -0.086 -0.071 0.021 -0.178 -0.159 -0.217 0.296 0.201 0.144 -0.070 -0.080 0.321 0.161 0.008
Cdh11 -0.583 -0.009 0.252 0.569 0.457 0.180 -0.322 -0.363 -0.037 0.053 0.092 -0.057 -0.176 -0.088 0.012 0.843 -0.004 0.156 -0.195 0.011 0.200 0.380 0.002
Cdh23 0.548 0.007 -0.359 -0.310 -0.279 -0.283 0.312 0.069 -0.017 -0.308 -0.192 0.023 -0.055 -0.073 -0.221 -0.399 -0.192 -0.221 -0.024 -0.052 -0.115 0.026 -0.357
5730443C07UnK -0.301 0.045 0.277 0.085 0.321 0.049 -0.140 0.176 0.045 0.350 0.083 -0.047 0.048 0.101 0.103 -0.070 -0.016 0.167 -0.008 0.049 -0.034 -0.245 0.339
Ap2a2 -0.294 -0.164 -0.092 0.134 0.077 -0.029 -0.077 -0.063 -0.209 -0.012 -0.042 -0.033 0.038 0.020 -0.104 0.311 -0.134 -0.100 0.096 0.056 0.051 0.299 0.034
Pcdhb14 -0.056 -0.149 -0.295 -0.048 -0.294 -0.232 -0.362 -0.254 -0.126 -0.141 -0.210 -0.177 0.205 0.169 -0.157 -0.029 0.031 0.161 -0.061 -0.012 0.152 0.196 0.027
Cdh11 -0.498 -0.084 0.205 0.586 0.350 0.096 -0.261 -0.508 -0.032 0.003 0.018 -0.092 -0.345 -0.307 -0.046 0.747 -0.022 0.224 -0.304 0.127 0.122 0.417 -0.011
Mga -0.235 0.024 0.244 0.153 -0.021 0.002 -0.260 -0.300 0.038 -0.028 0.007 0.029 -0.044 -0.138 -0.046 0.167 0.058 0.189 -0.107 0.142 0.017 0.007 0.162
Tcfap2a -0.087 0.054 0.286 -0.118 0.548 0.184 0.232 0.108 0.266 0.090 0.152 -0.086 -0.315 -0.277 0.128 -0.039 -0.202 0.120 -0.294 0.166 -0.308 -0.285 0.120
Mina 0.122 0.131 0.219 -0.187 0.137 0.068 0.270 0.394 0.500 0.121 0.153 0.073 -0.079 -0.178 0.118 -0.355 -0.022 0.388 0.066 0.098 -0.078 -0.687 0.362
Max 0.507 -0.031 -0.214 -0.485 -0.258 -0.156 0.474 0.301 0.189 -0.073 -0.055 0.077 0.032 -0.004 -0.010 -0.423 0.040 -0.217 0.203 -0.085 -0.219 -0.290 -0.126
Mycbp -0.062 -0.057 -0.028 0.304 -0.146 -0.122 -0.049 -0.062 -0.653 -0.039 0.014 -0.173 -0.155 -0.002 -0.007 0.265 -0.245 -0.262 0.013 -0.237 0.160 0.500 -0.240
Cdh13 -0.150 -0.098 0.040 0.163 0.004 -0.135 -0.200 -0.094 -0.018 0.055 -0.008 0.013 -0.068 -0.022 -0.179 0.200 0.073 0.055 -0.066 -0.094 0.094 0.007 0.025
Oaz3 0.196 0.086 0.014 -0.389 0.192 -0.008 0.520 0.243 0.185 0.036 0.116 -0.038 -0.123 -0.151 0.126 -0.329 -0.308 -0.174 0.157 0.024 -0.330 -0.223 0.014
Oaz1 -0.132 0.025 -0.055 -0.237 -0.216 -0.012 -0.381 -0.035 -0.070 0.025 -0.174 -0.083 0.320 0.278 -0.075 -0.228 0.074 0.037 -0.087 -0.044 0.061 -0.239 0.069
Oaz1 -0.158 -0.038 -0.077 -0.317 -0.090 -0.025 -0.347 0.034 -0.124 0.055 -0.159 -0.081 0.319 0.307 -0.088 -0.233 0.020 -0.052 -0.131 -0.115 -0.075 -0.253 0.049
Ap2a1 0.257 0.093 0.031 -0.323 -0.081 0.178 0.123 0.333 0.181 0.035 0.054 0.118 0.019 0.004 0.120 -0.439 0.003 -0.013 0.208 -0.037 -0.003 -0.353 0.065
Cdh3 0.328 0.107 0.060 -0.323 -0.080 0.030 0.374 0.365 0.126 -0.113 0.007 -0.075 -0.029 -0.077 0.151 -0.384 -0.297 -0.058 0.061 0.005 -0.109 -0.281 -0.053
4631427C17Rik -0.032 0.148 0.298 -0.135 0.349 0.162 0.297 0.250 0.275 0.128 0.270 0.203 -0.118 -0.205 0.152 -0.188 -0.203 0.070 -0.093 0.214 -0.290 -0.410 0.194
Tcfap2a 0.560 0.161 -0.081 -0.532 -0.124 -0.031 0.612 0.469 0.092 -0.074 0.028 -0.070 -0.018 0.000 0.089 -0.530 -0.233 -0.180 0.109 -0.052 -0.244 -0.305 -0.116
Pcdh8 -0.136 0.111 0.411 -0.026 0.172 0.109 0.023 0.256 0.127 0.227 0.195 0.049 -0.006 -0.062 0.154 -0.104 -0.107 0.099 0.063 0.004 -0.097 -0.292 0.282
2310005B10Rik 0.143 0.103 0.229 0.074 0.088 0.142 0.163 0.120 0.575 -0.182 0.043 0.043 -0.237 -0.376 -0.054 -0.048 -0.002 0.428 -0.048 0.127 0.179 -0.514 0.106
2900002K07Rik 0.125 -0.137 -0.146 -0.139 -0.288 -0.205 -0.135 -0.088 -0.189 -0.160 -0.253 -0.002 0.362 0.446 -0.112 -0.146 0.277 -0.072 -0.010 -0.008 -0.009 0.095 -0.048
Ndr2 0.123 0.137 0.000 -0.107 -0.138 0.141 0.123 0.221 0.084 -0.167 0.148 0.192 0.059 -0.045 0.178 -0.089 -0.105 -0.105 0.186 -0.068 0.181 -0.173 -0.156
2310005B10Rik -0.161 0.068 0.208 0.074 0.273 0.152 -0.103 0.003 0.344 0.062 0.107 -0.012 -0.016 -0.057 0.064 -0.022 0.095 0.499 -0.136 0.255 0.060 -0.289 0.325
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Genetic regulatory module generated by 
partial correlations critical value = 10-6



Connection matrix 
cytosol only

Signaling pathways of primary B cell (mouse)


