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Omics Type

Key Technologies / Methods

Typical Output

Applications / Notes

Genomics

Short-read WGS (lllumina),
Long-read (PacBio,
Nanopore)

DNA sequence, SNPs,
structural variants

Genome assembly,
comparative genomics,
mutation detection

Transcriptomics

RNA-seq (bulk, single-cell),
Microarrays

Gene expression levels, splice
variants

Development, evolution,
disease profiling

Proteomics

LC-MS/MS, MALDI-TOF,
Antibody arrays

Protein identity, abundance,
PTMs

Pathway analysis, biomarker
discovery

Metabolomics

LC-MS, GC-MS, NMR

Metabolite levels, flux

Functional phenotype,
metabolic pathways

Epigenomics

ChlP-seq, ATAC-seq,
Bisulfite sequencing

DNA methylation, histone
modifications, chromatin
accessibility

Gene regulation,
development, disease




The Adult Genotype Tissue Expression (GTEX) Project

Lung (515)@
Breast mammary tissue (396) @
Pancreas (305) @
Liver (208)@
Adrenal gland (233)@ ——
Kidney cortex (73)@

Kidney medulla (4) @ ¥
Visceral omentum (469)@ — L
Smallintestine terminal ileum (174) @ —~—~
Fallopian tube (8)© ———
Ovary (167)0 ——|_~

Uterus (129)@ ——

Not sun-exposed skin (suprapubic) (517) @
Endocervix (10)@

Ectocervix (9) ©

Vagina (141)@

Sun-exposed skin (lower leg) (605)® ——— )
Cultured fibroblasts (483)0 ———

Subcutaneous adipose (581) @
Skeletal muscle (706) @

___—— © Minor salivary gland (144)
_——— @ Thyroid (574)
_—— @ Aorta (387)
/, — @ Atrial appendage (372)
@ Coronary artery (213)
+—— @ Left ventricle (386)
"~ @ Esophagus mucosa (497)
~——— @ Esophagus muscularis (465)
- @ Gastroesophageal junction (330)
@ Spleen (227)
© Stomach (324)

\ . “—— @ Transverse colon (368)
\ © Sigmoid colon (318)
- @ Bladder (21)

\\ © Prostate (221)
N N

RN @ Testis (322)
N
. N—— @ Whole blood (670)
Q\ \—— @ EBV-transformed lymphocytes (147)

NS

[/ \\\ - @ Tibial artery (584)
N\ © Tibial nerve (532)

(GTeX Consortium, Science 2020)

54 non-diseased tissues in 1,000
deceased individuals

Determination of genetic variation for
each individual (SNPs, indels,
structural variants)

— Whole Genome Sequencing

Measure of gene expression within
each tissue
— RNA-sequencing



Level of gene expression measured in each tissue
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| Genotype (genetic makeup)

= |dentification of eQTLs (expression Quantitative Trait Loci)

https://www.genome.gov/Funded-Programs-Projects/Genotype-Tissue-Expression-Project



https://www.genome.gov/Funded-Programs-Projects/Genotype-Tissue-Expression-Project

The Human Proteoform Project

Human gene Base sequences Site-specific features Proteoforms
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(Smith & The Consortium for Top-Down Proteomics, Science Advances 2021)



The Human Proteoform Project

Disease progression
Tau Hyper-
euro- hos| %or lation
yegeﬁeration gsgh ! ! P ki > 9%% —
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Cardiovascular Phosphorylation
health =

Infectious
disease

Glycerophosphorylation
= i

Cancer

(Smith & The Consortium for Top-Down Proteomics, Science Advances 2021)

Alzheimer’s
disease

Cardiac
injury

Cerebrospinal
meningitis

Tumor-specific
proteoforms

Antibody-based
drugs and
diagnostics



Metabolomics Pathways Involved In Human Aging

Oxidative
stress

V¥ Acylcarnitines
V¥ Glutathione

¥ Ophthalmic acid
=\ A Sphingomyelins

@f Diet

A Caffeine
V¥ Paraxanthine:caffeine ratio
A Phenylacetylglutamine

Amino
acids

¥ Tryptophan
A Tyrosine

Lipids

¥ HDL

A LDL

A Triglycerides
A Cholesterol

Inflammation

A Complement protein peptides
A Ornithine
A Kynurenic acid

Steroid
hormones

¥ DHEA-S and androgens : .
¥ Progestins Excretion
¥ Pregnenolones ¢
® Various metabolite changes

associated with menopause

A Urea
A Plasma creatine
V¥ Urine creatine

(Panyard, Yu & Snyder, Science Advances, 2022)



From omics to biological networks

1 " |

A Protein-protein interaction network ! . B Gene co-expression network 1
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Important concepts in network biology



Different types of biological networks

Undirected Directed
@ +
o : //
E
oy |\ .
. b4
C, A

Weighted

©
llo

02 at
£ e
o

12



Weighted

Directed

Undirected

\@*Q >

0-0-0

72
12
12
12

12

13

32
24

o o

o o

o o

o o

N N
- -

AlO0O 8 12 12 12 16 12

B|8 0 0 0 0 4

C
D

Ef12 0 0 0 0 O O

F|16 4 0 0 0 0 12

GQOOOOIZ-O/

0
0

/A B C D E F G)Outdegree (A B C D E F G) Degree

o-H00oo
e R-N-N-E=--)
coo-wO0O0O
O rmivriOO0 OO
-
- =-=-=)
0000000\
<O VU0 WwWwwoO
®
o
%5211131
Q 0
O
%OOOOOIOJ.m
~
L et OO0 OO .MM
WHOOOOOoOOo m
O-HOO0OO0OOO Vu
(&)
VOO OOOO n
O
m-HOoO0O0OO=O
AOlllllO&nm
<ODUVUO0OwWwuwY A



Network topological properties

In an undirected graph, the degree of a node is the number of edges connected to it.

In a directed graph:

e In-degree = number of incoming edges

e Out-degree = number of outgoing edges

= Important for understanding whether a network is
homogeneous (most nodes have similar degree) or
heterogeneous (few nodes have very high degree).
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Network topological properties

The shortest path between two nodes in a graph is defined as the path that has the minimum total
distance among all possible paths connecting those two nodes.

e [f the graph is unweighted, the shortest path
is simply the path with the fewest edges.

e [f the graph is weighted, the shortest path is the one
for which the sum of the weights of the edges along
the path is minimized. &
o

13 ” 11 . ” . .§‘/
= Reflects how “small” or “efficient” the network is
in terms of connectivity.
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Network topological properties

A hub is a node with a significantly higher number
of connections (degree) than most other nodes in the network.

e Hubs are highly connected nodes that often play a critical role
in the structure and function of the network.

e In biological networks, hubs can represent

essential proteins whose disruption may strongly affect the system.

= In scale-free networks, hubs emerge naturally, following a
power-law degree distribution, where a few nodes have very
high connectivity, and most nodes have few connections.
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Exercice

1. Représentez ce graphe sous la forme d'une matrice d'adjacence A de taille 10 x 10.

+ Rappel: 4;; = 1sile géne G; est connecté a G, et 0 sinon.

« Comme le graphe est non dirigé, la matrice doit étre symétrique.

» Les diagonales sont nulles car aucun géne n'est connecté a lui-méme.

Gl

G9

G10
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Inference of biological networks from
database



String

Purpose: Curates known and predicted protein—protein

interactions.

Data Sources: Experimental data, computational prediction,

co-expression, text mining.

Confidence Scores: Each interaction has a score
indicating reliability.

https://string-db.orag/

Browse interactions in tabular form:

“nodel
ATM
ATM
ATM
ATM
ATM
ATM
ATM
ATM
ATM
CREBBP
CREBBP
CREBBP
CREBBP

node2 node1 accession

CREBBP  ENSP00000278616
DAXX ENSP00000278616
EP300 ENSP00000278616
HSP90AA1 ENSP00000278616
MDM2 ENSP00000278616
RPA1 ENSP00000278616
SFN ENSP00000278616
SIRT1 ENSP00000278616
TP53 ENSP00000278616
ATM ENSP00000262367
DAXX ENSP00000262367
EP300 ENSP00000262367

HSP90AA1 ENSP00000262367

node? accession

ENSP00000262367
ENSP00000266000
ENSP00000263253
ENSP00000335153
ENSP00000258149
ENSP00000254719
ENSP00000340989
ENSP00000212015
ENSP00000269305
ENSP00000278616
ENSP00000266000
ENSP00000263253
ENSP00000335153

nodel annotation

Serine-protein kinase ATM; Seri..

Serine-protein kinase ATM; Seri...

Serine-protein kinase ATM; Seri.
Serine-protein kinase ATM; Seri
Serine-protein kinase ATM; Seri..
Serine-protein kinase ATM; Seri..

Serine-protein kinase ATM; Seri...

Serine-protein kinase ATM; Seri.
Serine-protein kinase ATM; Seri.

CREB-binding protein; Acetylate...
CREB-binding protein; Acetylate...

CREB-binding protein; Acetylate.
CREB-binding protein; Acetylate.

node2 annotation

CREB-binding protein; Acelylate...

Death domain-associated prote.

Histone acetyltransferase p300;.
Heat shock protein HSP 90-alph...
E3 ubiquitin-protein ligase Mdm...
Replication protein A 70 kDa DN...
14-3-3 protein sigma; Adapter p...

NAD-dependent protein deacety.
Cellular tumor antigen p53; Act
Serine-protein kinase ATM,; Seri..

Death domain-associated prote...
Histone acetyltransferase p300....
Heat shock protein HSP 90-alph..

score
0.497
0.813
0.904
0.785
0.995
0.928
0.604
0.856
0.999
0.497
0.842
0.999
0.415

TP53BP2
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https://string-db.org/

BioGRID

Purpose: Curates physical and genetic interactions in
multiple organisms.

Data Sources: Published experimental studies (manual
curation from literature).

e Node and edge colour indicates the interaction type
and node size is proportional to its connectivity.

e In this example, green nodes represent chemicals and
blue nodes represent proteins.

e Yellow edges represent protein interactions, green
edges represent genetic interactions, blue edges
represent chemical interactions and purple edges
represent both protein and genetic interactions.

https://thebiogrid.org/

(Chatr-aryamontri et al, Nucleic Acid Research, 2017)
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https://thebiogrid.org/

KEGG

Purpose: Integrates genes, proteins, and metabolites into pathways and functional networks.

Data Types: Metabolic pathways, signaling pathways, disease pathways, and drug information.

https://www.keqd.ip/
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Network inference from
a transcriptomic dataset



Experimental design
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RNA-seq data analysis: typical steps

STEP: TOOLS: FILE:

li trol
Quality con FastQC FASTQ
Pre- Trimmo- || A
processing matic FASTQ

= geneA gene B
- o~ ~ - o~ L]
EE BT oz 2
s | & | & |§|5§ | §
(&) (&) (&) [77] 7] 7]
Gene A 6 5 7 17 10 1
Gene B 1 1 10 3 4 2
Gene C 200 150 355 (50 1 3

Gene D

Quality control | RSeQC

Quantitation | HTSeq 1 R ot .
file (TSV)

Combine Define NGS Read count

count files to | experiment table (TSV)

table

Quality control | PCA,

clustering

Differential | DESeq2, Gene lists

expression | edgeR (TSV)

analysis T
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Weighted Gene Co-Expression Network Analysis

Initial inputs e .
1. calculating correlation matrix 3. calculating dissimilarity matrix and
] hierarchical clustering

genes information Gene A Gene B Gene C Gene D Gene E

GeneA 0 098 1 031 | 031 \
GeneB 098 0 0988 022 022 \ y \\
GeneC 1 | 098 0 | 031 | 031 \

GeneD 0.31 0.22 0.31 0 0.99
GeneE 0.31 0.22 0.31 0.99 0

genes

—- s9|dwes —
uolneuwloul
so|dwes

raw gene expression data

2. CaICUIating adjacency matrix 4. |dent|fy|ng gene modules

lcor(t(matrix))lﬁ' B = hlgh power Pink module Blue module
Gene A Gene B Gene C Gene D Gene E A

GeneAl 0 0% 1 | 0 | 0
GeneB| 090 | 0 | 030 0 0 B c
GeneC 1 0% 0 0 | 0
GeneD 0 0 0 0 0.98
GeneE 0 0 0 0.98 0

28
(Langfelder & Horvath, BMC Bioinformatics, 2008)



29



Construct a gene co-expression network .
Rationale: make use of interaction patterns among genes -
Tools: correlation as a measure of co-expression

Identify modules
Rationale: module (pathway) based analysis
Tools: hierarchical clustering, Dynamic Tree Cut

A
Sl

Gene Information: ontology, functional enrichement

Relate modules to external information Jaleom 2 I ;
Array Information: clinical data, SNPs, proteomics I[[._l,,l,w ; 1
Rationale: find biologically interesting modules

Study module relationships
Rationale: biological data reduction, systems-level view

Tools: Eigengene Networks

1

Find the key drivers in interesting modules
Rationale: experimental validation, biomarkers
Tools: intramodular connectivity, causality testing
(Langfelder & Horvath, BMC Bioinformatics, 2008)

Mt b Mttt

Guvm whgii b s (iradabes, 5wt S 19C
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Gene
G1
G2
G3
G4
G5
G6
G7
G8
G9
G10
G11

G12

G1

0.8
0.7
0.2
0.1
0.1
0.0
0.0
0.0
0.0
0.0
0.0

G2

0.8

0.75
0.2
0.1
0.1
0.0
0.0
0.0
0.0
0.0
0.0

G3

0.7

0.75

0.1
0.1
0.2
0.0
0.0
0.0
0.0
0.0
0.0

G4

0.2

0.2

0.1

0.8
0.75
0.0
0.0
0.0
0.0
0.0
0.0

G5

0.1

0.1

0.1

0.8

0.7
0.0
0.0
0.0
0.0
0.0
0.0

G6

0.1

0.1

0.2

0.75
0.7

0.0
0.0
0.0
0.0
0.0
0.0

G7

0.0

0.0

0.0

0.0

0.0
0.0

0.85
0.8
0.0
0.0
0.0

G8

0.0

0.0

0.0

0.0

0.0

0.0

0.85

0.75
0.0
0.0
0.0

G9

0.0

0.0

0.0

0.0

0.0

0.0

0.8

0.75

0.0
0.0
0.0

G10

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
0.0

0.85
0.8

G111
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.85

0.75

G12
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.8

0.75



Conclusion

e Omics revolution: From genomics to metabolomics, technologies now allow us to measure biology
at scale.

e Integration across omics: Genotype — Transcriptome — Proteome — Metabolome —
Epigenome.

e From data to systems: Systems biology links these layers to understand biology as a whole.

e Networks as a unifying language: Genes, proteins, and metabolites can be studied as interacting
networks, revealing emergent properties.

e Applications: Evolution, development, disease progression, personalized medicine.
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