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unique technologies

 

biomarker identification

pathway analysis

modeling & 
simulation

data integrationknowledge 
extraction

Protoypes

An imperative, domain specific 
language to stochastically 
simulate biological systems

SCUDO is a tool for clustering 
gene expression profiles for 
diagnostic purposes using a 
new type of rank-based 
signatures

BioNetMotion provides 
dynamic and network-based 
visualization of time course 
omic data

Rejection-based Stochastic 
Simulation Algorithm

Simulation-based, qualitatitve 
and quantitative prediction of 
protein complexes

Gener is a tool for performing 
reductions on DNA-strands 
based on a 
strand-displacement algebra

BlenX-based tools to represent 
and simulate biological entities 
and their interactions

Graph constructs, visualizes 
and modifies graphs as well as 
calculates measures and 
layouts

Estimates both structural and 
nuisance model parameters 
from time-series data of 
reagents abundance

Language Interface for 
individual-based modeling of 
ecosystem dynamics

Redi simulates biochemical 
systems at the mesoscopic 
scale of interaction

Waldo is a reaction-based tool 
for easily modeling and 
simulating biological systems
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Precision literature mining

information retrieval

information extraction

scientific literature 

unstructured text

[NLP methods]

structured facts

knowledge bases, 
models, etc.
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Precision literature mining

à  US NLM bibliographic databases 
o  PubMed 
o  MEDLINE 
o  OA Comm, PubMed Central (PMC) 
o  Author Manuscript Collection (PMC) 

à  US Patents > 2002 (~3.7M) 
à  EU Patents (in progress) 
à  Clinical Trials (~250K) 
à  Human-curated MeSH headings 

Selected literature sources 

Post 1966 

background

Figure 2.1: PubMed cumulative citation
numbers over 10-year time spans.

Figure 2.2: Relations between PubMed,
MEDLINE and PMC available citations.

provided, allowing PubMed searches to have an indication of the free electronic full-text
availability. However, some PMC contents (e.g., book reviews) are not cited in PubMed.

In conclusion, PubMed citations and abstracts derive from MEDLINE indexed journals,Indexing: data
collection and

storage for
fast informa-
tion retrieval.

from manuscripts and journals deposited in PMC and from the NCBI Bookshelf. All these
citations may include links to full-text content in PMC and also in the NLM Bookshelf and
publisher web sites. Mutual relations between PubMed, MEDLINE and PMC are graphically
explained in Figure 2.2.

2 .1 .1 Manually curated biomedical terminology

Similarly to other specific domains, the biomedical literature possesses its own scientific
terminology. However, concepts within this field are often written using different language
formats depending on whether they come from scientific literature, medical records or public
health guidelines [18]. For instance, the clinical subdomain is largely descriptive, and is
dominated by adjectives and nouns due to its intrinsic nature (i.e., procedures, treatments,
findings) [9]. Moreover, biological terms, such as genes, own a large number of synonyms,
mainly due to the different assigned nomenclature deriving from the way they were discovered.

Since the terminology variability is very high, text mining systems, in order to be effective,
need an unambiguous realm of terms previously identified by experts in the field. This human
knowledge aided process led, in the last few decades, to controlled terminologies in the form
of standard nomenclatures, ontologies, thesauri and taxonomies. The usefulness ofThesaurus:

term synonyms

Taxonomy:
relation be-

tween terms

these collections of terms led to efforts such as the NLM’s mapping of MEDLINE abstracts to
the MeSH (Medical Subjects Headings) controlled vocabulary thesaurus [17].

The MeSH terminology consists of hierarchically structured terms naming descriptors

that ease the searching at different degrees of specificity. It is mainly used for indexing

MeSH de-
scriptor: top-
ical headings

and cataloging biomedical information of MEDLINE in PubMed, concisely describing the
meaningful concepts discussed in each article. In addition to about 28,000 descriptors, other
supported MeSH entries are qualifiers (i.e., subheadings) and supplementary records (i.e.,
chemicals, diseases and drug protocols assigned to descriptors of interest). As a result,
PubMed articles can be searched by concepts, drastically reducing non relevant results given
by trivial keyword-based searches.

4

Pre-1966 

PMC 
à  Genes, for ~1K Mammalians – NCBI (~11.1M) 
à  Proteins – UniProt (~310K) 
à  Chemicals – PubChem (~320M in progress) 
à  MeSH Terms – NLM (~270K) 
à  Diseases – OMIM+CTD (~90K) 
à  Symptoms – Ontology (~1K) 
à  Microorganisms taxa (~1.6M) 

Selected knowledge base sources 
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strengths

flexibility

Module detection

Genome-wide approachSeeded approach

Module detection

GO terms (Biological Processes)

Functional annotation analysis

Pathway enrichment

Network building using highly
connected neighbors 
of biomolecules 
of interest

Addition of biomolecules of interest 
to the network

multilayered network

customized pipelines



unique technologies

 

biomarker identification

pathway analysis

modeling & 
simulation

data integrationknowledge 
extraction

Protoypes

An imperative, domain specific 
language to stochastically 
simulate biological systems

SCUDO is a tool for clustering 
gene expression profiles for 
diagnostic purposes using a 
new type of rank-based 
signatures

BioNetMotion provides 
dynamic and network-based 
visualization of time course 
omic data

Rejection-based Stochastic 
Simulation Algorithm

Simulation-based, qualitatitve 
and quantitative prediction of 
protein complexes

Gener is a tool for performing 
reductions on DNA-strands 
based on a 
strand-displacement algebra

BlenX-based tools to represent 
and simulate biological entities 
and their interactions

Graph constructs, visualizes 
and modifies graphs as well as 
calculates measures and 
layouts

Estimates both structural and 
nuisance model parameters 
from time-series data of 
reagents abundance

Language Interface for 
individual-based modeling of 
ecosystem dynamics

Redi simulates biochemical 
systems at the mesoscopic 
scale of interaction

Waldo is a reaction-based tool 
for easily modeling and 
simulating biological systems

L SCUDO BioNetMotion

RSSA SICOMPRE GENER

BETAWB GRAPH KINFER

LIME REDI WALDO
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2012 



other examples

Visual cortex 

Posterior Cingulate Cortex 

Superior Frontal Gyrus 

Hippocampus 

Medial temporal Gyrus 

Enthorinal cortex 

Microarrays from laser  
microdissected neurons 

AD different brain regions

GSE39314 
miRNA from urine of PCa and BPH patients 
Signature size 12+12, top 20% edges 

prostate cancer

GSE37772 
mRNA from lymphoblast cell lines derived from  
386 individuals of 196 Simons Simplex Families 
 
Signature size: 25+25, top 20% edges 

autism

CONTROL 

ACETAMINOPHEN (100mg/Kg) 

6h 

24h 

3d 

7d 

ACETAMINOPHEN (1250mg/Kg) 

High Dose  
6 Hours 

High Dose  
24 Hours 

High Dose  
3 Days 

Low Dose  
6 Hours 

Control 

mRNA from liver in rats 

GSE32891 (FDA, Jefferson, AR) 
mRNA from L 
signature size: 50+50, top 20% edges 

toxicology



Different Labs, different 
cell type (Color) 

strengths

n-ary classification

time-dependent markers

no need of a priori hypotheses

process-based classification — no need to limit the length

batch insensitive

GSE 32041 cytokines in 
Parkinsonian syndromes

data type 
insensitive

easy to visualize



unique technologies

 

biomarker identification

pathway analysis

modeling & 
simulation

data integrationknowledge 
extraction

Protoypes

An imperative, domain specific 
language to stochastically 
simulate biological systems

SCUDO is a tool for clustering 
gene expression profiles for 
diagnostic purposes using a 
new type of rank-based 
signatures

BioNetMotion provides 
dynamic and network-based 
visualization of time course 
omic data

Rejection-based Stochastic 
Simulation Algorithm

Simulation-based, qualitatitve 
and quantitative prediction of 
protein complexes

Gener is a tool for performing 
reductions on DNA-strands 
based on a 
strand-displacement algebra

BlenX-based tools to represent 
and simulate biological entities 
and their interactions

Graph constructs, visualizes 
and modifies graphs as well as 
calculates measures and 
layouts

Estimates both structural and 
nuisance model parameters 
from time-series data of 
reagents abundance

Language Interface for 
individual-based modeling of 
ecosystem dynamics

Redi simulates biochemical 
systems at the mesoscopic 
scale of interaction

Waldo is a reaction-based tool 
for easily modeling and 
simulating biological systems

L SCUDO BioNetMotion

RSSA SICOMPRE GENER

BETAWB GRAPH KINFER

LIME REDI WALDO



algorithm
probes with p < 0.05 R Limma

R WGCNA

R WGCNA

DAVID

NASFinder

NASFinder

NASFinder

NASFinder

building correlation network  

module identification

functional annotation
clustering of each list

identification of the closest 
receptors to each DEGs module

for each receptor identify the paths to 
genes in the DEGs module up to distance 9

for each tree and path in the tree identify best 
pathway according to similarity score / NAS

aggregation of similar pathways

list of DEGs

correlation network

list of lists of co-expressed genes

list of DEGs modules

list of receptors

list of trees rooted in receptors 
and with DEGs as leaves

list of pathways for each DEG module

• Aggregated list of pathways
• p-value
• network activity score (NAS)

transcriptomics

• PPI network
• tissue
• molecule role (receptors)

normalized fold changes

transcriptomics

functional annotation

PPI network, tissue specificity, 
protein annotation

DEGs module topology

Previous
knowledge 

Pre-knowledge 

Experimental
evidence

Exp evidence

canonical pathways (KEGG, 
BioCarta, PID,Reactome)

DEGs module topology
fold changes

Pre-knowledge 

Exp evidence

Pre-knowledge 

Exp evidence

A)

B)

protein

protein in DEG module

receptor

receptor selected to be root

 



visualization

up
regulated

dow n
regulated

LEPR

HDAC3

TGFB1I1

FAT1

GNAI2

FIGF

CSF3R

AR

LEP

JAK1

CSNK1A1

NR3C1

IL11RA

RAC3

IL10RB

PIM1

PLAGL1

CASP3

CCND1

TNFRSF1B

STAT4

EIF4A1

CAV1

MYC

PRKAG2

GPAM

IL1B

CEBPA
SP1

HMGA1IREB2

EIF4G1

GADD45G

TYK2

IL5RA

LIFR

VEGFB

NFYA

XYLT1

CHP

CTNNB1

PRKAG1

SMAD6

CDKN2A

BMI1
STAT5A

BCL6

HSD17B4

SVIL

ITPR1

IL6

PRKAA1

RUNX1

PRDX3 IFNAR1

PDCD10

PDE1A

CSDE1

CEBPD

IFNGR1

PDGFRB

STAT1

PTEN

CDK6IER3

MMP1

RPL11

CXCL11

FTH1

SOCS1

PIAS1

CCL5

ACOX1

STAT2

ALDH9A1

SHMT1

CBLB

IL4R

PYGB

GLS

PYGL

GCOM1

SUMO2

FOXO1

SOCS2

NR1H3

STAT3

SFRP1

TK1

MAP2K5

MYCT1

POU2F2

PDE9A

TBX21

BAX

EDN1

JUNB

NCOA1

MXD4
JAK2

PIK3R1

TWIST1

CKS1B

CCND2

RCC1

FOS

RNF128

CPT1C

CDC25B

GLT25D1

NFKBIA
IL22RA2

PIAS4

MMP2 IL7R

NME1

MAP2K3

STAT5B

CALM3

Molecules -  color codes for up- and down-regulation;
size increases logarithmically with the inverse of
significance p-value.

Molecules belonging to the canonical pathway.

Receptor.
Thick lines denote the active network determined 
by NASFinder.

Solid lines connect nodes belonging to the canonical pathway.

Dashed lines denote interactions outside the canonical pathway
determined by building the 1-neighbor network from the active
network identified by NASFinder.

active network

 



< 0.1 
0.1 to 0.19 
0.2 to 0.29 
> 0.3 

48 vs 6

Pathogenic E Coli (6/20) 

Adipocyte signalling (7/8) 

Biosynthesis of UFA (8/8)  

Glycolysis & Gluconeogenesis (6/8) 

PPAR Signalling (20/26)  

IL2-PI3K (6/8)  

IL4 2 (12/17) 

RXR_VDR (11/12) 
DNA Repair (14/19) 

IL27 (5/8)  HIF1 (12/14) 
EGF (7/9)  

Insulin (6/10)  

IL7 (4/6)  

IL2RB (10/12)   

Peroxisome (16/19) 

EIF4 (6/8) 

PDGF (9/11) 

IL5 (5/7)  

Integrin A6B1_A6B4 (9/16)  

Integrin 3 (4/9)  

Integrin 4 (4/7) 

PI3_PLCTRK (5/10)    

Fatty Acid Metabolism (10/12)  
 

Proponate biosynthesis(13/13) 
Valine, leucine & Isoleucine Degradation (11/12) 

MYC Repress  (18/21) 

Mitotic_G1_S (7/19)  

Lysophospholipid  (8/13) 

TGFB Signalling (10/12) 

96 vs 48

< 0.1 
0.1 to 0.19 
0.2 to 0.29 
> 0.3 

TCA & Respiratory (13/13)  
Citrate_TCA (6/6) 

PPARA (9/11)  
Peroxisome (11/11) 

Propanate  Metabolism (6/6)  

mRNA Splicing (11/11)  
Transport of mature mRNA (5/5)  

Focal Adhesion  (7/23)  
ECM Receptor (4/14)   

Integrin 3 (0/6)  
Integrin 1 (2/11) 

Insulin Signalling (13/19) 
Type 2 diabetes (2/7) 

Leptin  (5/6) 
Adipocyte signalling (8/11) 

Glucose Metabolism (12/12) 

Fatty Acid Metabolism (6/8) 

< 0.1 
0.1 to 0.19 
0.2 to 0.29 
> 0.3 

CARDIACEGF(0/4) 

Citrate & TCA Cycle(10/10) 
Fatty acid beta-oxidation(7/7) 

Glucose metabolism(12/13) 

Integrin 3(3/9)  
Integrin 1 (9/16) 

Integrin A9B1 (2/4)  

Peroxisome(10/10) 
PPAR Signalling(16/21) 

Leptin(1/3) 

Fatty acid triacylglycerol & ketone(32/35)  

FOXM1(3/9)  

IL5 (2/5) 

IGF1_IGFBPS (0/4)  

WNT (0/6) 

Insulin Pathway (1/6) 

PI3KC1(3/7) 

IL2_STAT (4/9) 

IL12 (0/2) 

IL4 (0/2)  

Pyruvate(3/4) 

Valine, leucine & Isoleucine Degradation(16/16)  

192 v 96 

< 0.1 
0.1 to 0.19 
0.2 to 0.29 
> 0.3 

IL2 (2/3)   

Insulin Pathway (4/5) 

NGF (4/5) 
PGGF (4/5) 

CARDIACEGF (3/4) 

Glucose transporters (2/2)  

IL3 (1/2)   

IGF1 (5/5) 

Integrin 4 (3/4) 
Integrin A6B1_A6B4 (1/2)  

FRA (2/5) 

384 v 192 

cellular localizationpathway activity level
0
.2

3
5
 - R

E
A

C
T
O

M
E
 FA

C
ILITA

T
IV

E
 N

A
 IN

D
E
P
E
N

D
E
N

T
 G

LU
C

O
S
E
 T

R
A

N
S
P
O

R
T
E
R

S

0
.0

7
1
 -

 P
ID

 T
O

LL
 E

N
D

O
G

E
N

O
U

S
 P

A
T
H

W
A
Y

0.119 - B
IO

C
A
RTA

 C
A
R
D

IA
C
EG

F PATH
W

AY

0.082 - BIOCARTA INSULIN PATHWAY

0.106 - BIOCARTA IGF1 PATHWAY

0.103 - B
IOCARTA

 NGF PA
THWAY

0.165 - PID INTEGRIN4 PATHW
AY

0.
13

1 
- P

ID
 F

RA
 P

AT
H
W

AY

HMOX1

SLC2A5

SLC2A8

EDNRB

LAM
A5

LAM
B3

LAMC2

PLAUR

RASA1

PLCG1

MMP2

ITGB4

IGF1R
TLR

4

TLR
1

S
A

A
1

SO
S1

IN
SR

LY
9
6

B
G

N

NGF

JU
N

FO
S

.

.

.

.

.

.

.

.

gene-pathway relationship

visualization
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strengths 

best performance
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bridge biomarkers with modeling and simulation

< 0.1 
0.1 to 0.19 
0.2 to 0.29 
> 0.3 

48 vs 6

Pathogenic E Coli (6/20) 

Adipocyte signalling (7/8) 

Biosynthesis of UFA (8/8)  

Glycolysis & Gluconeogenesis (6/8) 

PPAR Signalling (20/26)  

IL2-PI3K (6/8)  

IL4 2 (12/17) 
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DNA Repair (14/19) 
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EGF (7/9)  
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Integrin 4 (4/7) 
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Fatty Acid Metabolism (10/12)  
 

Proponate biosynthesis(13/13) 
Valine, leucine & Isoleucine Degradation (11/12) 

MYC Repress  (18/21) 

Mitotic_G1_S (7/19)  

Lysophospholipid  (8/13) 

TGFB Signalling (10/12) 

96 vs 48
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0.1 to 0.19 
0.2 to 0.29 
> 0.3 

TCA & Respiratory (13/13)  
Citrate_TCA (6/6) 

PPARA (9/11)  
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Transport of mature mRNA (5/5)  

Focal Adhesion  (7/23)  
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Type 2 diabetes (2/7) 
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Adipocyte signalling (8/11) 
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0.2 to 0.29 
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Citrate & TCA Cycle(10/10) 
Fatty acid beta-oxidation(7/7) 

Glucose metabolism(12/13) 

Integrin 3(3/9)  
Integrin 1 (9/16) 

Integrin A9B1 (2/4)  

Peroxisome(10/10) 
PPAR Signalling(16/21) 

Leptin(1/3) 

Fatty acid triacylglycerol & ketone(32/35)  

FOXM1(3/9)  

IL5 (2/5) 

IGF1_IGFBPS (0/4)  

WNT (0/6) 

Insulin Pathway (1/6) 

PI3KC1(3/7) 

IL2_STAT (4/9) 

IL12 (0/2) 

IL4 (0/2)  

Pyruvate(3/4) 

Valine, leucine & Isoleucine Degradation(16/16)  

192 v 96 
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Integrin A6B1_A6B4 (1/2)  
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LEPR

HDAC3

TGFB1I1

FAT1

GNAI2

FIGF

CSF3R

AR

LEP

JAK1

CSNK1A1

NR3C1

IL11RA

RAC3

IL10RB

PIM1

PLAGL1

CASP3

CCND1

TNFRSF1B

STAT4

EIF4A1

CAV1

MYC

PRKAG2

GPAM

IL1B

CEBPA
SP1

HMGA1IREB2

EIF4G1

GADD45G

TYK2

IL5RA

LIFR

VEGFB

NFYA

XYLT1

CHP

CTNNB1

PRKAG1

SMAD6

CDKN2A

BMI1
STAT5A

BCL6

HSD17B4

SVIL

ITPR1

IL6

PRKAA1

RUNX1

PRDX3 IFNAR1

PDCD10

PDE1A

CSDE1

CEBPD

IFNGR1

PDGFRB

STAT1

PTEN

CDK6IER3

MMP1

RPL11

CXCL11

FTH1

SOCS1

PIAS1

CCL5

ACOX1

STAT2

ALDH9A1

SHMT1

CBLB

IL4R

PYGB

GLS

PYGL

GCOM1

SUMO2

FOXO1

SOCS2

NR1H3

STAT3

SFRP1

TK1

MAP2K5

MYCT1

POU2F2

PDE9A

TBX21

BAX

EDN1

JUNB

NCOA1

MXD4
JAK2

PIK3R1

TWIST1

CKS1B

CCND2

RCC1

FOS

RNF128

CPT1C

CDC25B

GLT25D1

NFKBIA
IL22RA2

PIAS4

MMP2 IL7R

NME1

MAP2K3

STAT5B

CALM3

Molecules -  color codes for up- and down-regulation;
size increases logarithmically with the inverse of
significance p-value.

Molecules belonging to the canonical pathway.

Receptor.
Thick lines denote the active network determined 
by NASFinder.

Solid lines connect nodes belonging to the canonical pathway.

Dashed lines denote interactions outside the canonical pathway
determined by building the 1-neighbor network from the active
network identified by NASFinder.

advanced visualization

flexible / customizable

multiple data-types

prioritize pathways



unique technologies

 

biomarker identification

pathway analysis

modeling & 
simulation

data integrationknowledge 
extraction

Protoypes

An imperative, domain specific 
language to stochastically 
simulate biological systems

SCUDO is a tool for clustering 
gene expression profiles for 
diagnostic purposes using a 
new type of rank-based 
signatures

BioNetMotion provides 
dynamic and network-based 
visualization of time course 
omic data

Rejection-based Stochastic 
Simulation Algorithm

Simulation-based, qualitatitve 
and quantitative prediction of 
protein complexes

Gener is a tool for performing 
reductions on DNA-strands 
based on a 
strand-displacement algebra

BlenX-based tools to represent 
and simulate biological entities 
and their interactions

Graph constructs, visualizes 
and modifies graphs as well as 
calculates measures and 
layouts

Estimates both structural and 
nuisance model parameters 
from time-series data of 
reagents abundance

Language Interface for 
individual-based modeling of 
ecosystem dynamics

Redi simulates biochemical 
systems at the mesoscopic 
scale of interaction

Waldo is a reaction-based tool 
for easily modeling and 
simulating biological systems

L SCUDO BioNetMotion

RSSA SICOMPRE GENER

BETAWB GRAPH KINFER

LIME REDI WALDO



Case 
Studies 

Stochastic 
pi-calculus 

1995 

Beta 
binders 
2004 

BlenX 
2008 

Implementation 

C. Priami. The Stochastic pi-calculus. 
The Computer Journal, 38(6):
578-589, 1995. 
 
C. Priami, A. Regev, E. Shapiro, W. 
Silvermann. Application of a 
stochastic name-passing calculus to 
representation and simulation of 
molecular processes. Information 
Processing Letters, 80:25-31, 2001. 
 
C. Priami. Language-based 
performance prediction of distributed 
and mobile systems. Information 
and Computation, 175:119-145, 
2002. 

C. Priami and P. Quaglia. Beta binders for 
biological interactions. Proceedings of CMSB04, 
LNBI 3082, 21-34, 2005. 
 
C. Priami, P. Quaglia. Operational patterns in 
Beta-binders. Transactions on Computational 
Systems Biology, I:LNBI 3380, 50-65, 2005. 

L. Dematté, C. Priami, A. Romanel. The BlenX Language: a tutorial. In Formal 
Methods for Computational Systems Biology, (M. Bernardo, P. Degano, G. 
Zavattaro, Eds.), LNCS 5016, 313-365, Springer, 2008. 
 
L. Dematté, C. Priami, A. Romanel. The Beta Workbench: a computational 
tool to study the dynamics of biological systems. Briefings in Bioinformatics, 
9(5): 437-449, 2008. 
 
L. Dematté, R. Larcher, A. Palmisano, C. Priami, A. Romanel. Programming 
Biology in BlenX. In Systems Biology for Signaling Networks 1:777-821, S. Choi, 
Ed., Springer, 2010. 

L 
2012 

C. Priami, P. Quaglia, R. Zunino. An 
imperative language of self-modifying 
graphs for biological systems. 
Proceedings of ACM SAC'12, 1903-1909, 
ACM, 2012. 

D. Nikolic, C. Priami, R. Zunino. A Rule-
based and Imperative Language for 
Biochemical Modeling and Simulation. 
Proceedings of SEFM'12, LNCS, 
Springer, 2012. 

modeling languages
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making simulation accessible

CREDITS: “Insert a coin, avoid Klingons” Atari philosophy 
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Sph Cer SM
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SMasenCDase
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GM3

GluCer

GluCer

Cer

Golgi
Apparatus

LacCerS

GM3S

FAPP2 CPase

Cer1P Cer SM

SMS1

SMaseCerk

SapC

PC DAG

GDase
Gtase

CPE GalCer
GLASMSr

Connecting DNS
and sphingomyelinase

CERT

Gi/o
Gq

G12-13

PKC
Ca2+

PLC

PI3k

RAS

ERK

PKB/Akt

RAC

Migration,vascular 
tone, endothelial barrier 

 function, neural cell 
communication

Survival

Proliferation

S1PR2
S1PR3

S1PR4

S1PR5

AC

cAMP

S1P signaling

RhO

Cdc42

S1PR1

JNK

TNFα

TNFR

NF-kB

Inflammation

Insulin
Action

IRS1

PI3k

Akt/PKB

PP2A

PKCς

IR
Insulin

Cer

Cer

IKK

CAPK

RAF1

MEK1

ERK1/ERK2

Cer signaling

Cer PP1

SR proteins
Caspase-9

BCL-X

Cer signaling

GM3

GM3

GM3 signaling

CatepsinD

Cav1

dhGluCer

dhCer

SapC
GDase

Gtase
Des1 CERT

dhCer dhSM

SMS1

SMase

PC DAG

Imperial College PressImperial College Press
P1004 hc

www.icpress.co.uk

ISBN 978-1-78326-687-6

corrado pr iami     mel issa j .  morine

analys is  of 
b io logical  systems

Modeling is fast becoming fundamental to understanding the processes 
that define biological systems. High-throughput technologies are producing 
increasing quantities of data that require an ever-expanding toolset for their 
effective analysis and interpretation. Analysis of high-throughput data in the 
context of a molecular interaction network is particularly informative as it has 
the potential to reveal the most relevant network modules with respect to a 
phenotype or biological process of interest. 

Analysis of Biological Systems collects classical material on analysis, modeling 
and simulation, thereby acting as a unique point of reference. The joint 
application of statistical techniques to extract knowledge from big data and 
map it into mechanistic models is a current challenge of the field, and the reader 
will learn how to build and use models even if they have no computing or math 
background. An in-depth analysis of the currently available technologies, and 
a comparison between them, is also included. Unlike other reference books, 
this in-depth analysis is extended even to the field of language-based modeling. 
The overall result is an indispensable, self-contained and systematic approach 
to a rapidly expanding field of science.

analysis of biological system
s

priami
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b io logical  systems
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the potential to reveal the most relevant network modules with respect to a 
phenotype or biological process of interest. 

Analysis of Biological Systems collects classical material on analysis, modeling 
and simulation, thereby acting as a unique point of reference. The joint 
application of statistical techniques to extract knowledge from big data and 
map it into mechanistic models is a current challenge of the field, and the reader 
will learn how to build and use models even if they have no computing or math 
background. An in-depth analysis of the currently available technologies, and 
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strengths

fastest stochastic and 
hybrid simulation algorithms

smallest graphical 
modeling language
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