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How does ionizing radiation influence a cell?
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Reductionism vs. holism
Reductionism:

 A complex system can be

understood by studying its

constituent components.

 Example: Watson and Crick

deciphered the structure of

DNA and made conclusions

about its role in the

transmission of hereditary

information.

Holism:

 It postulates that the properties of a

higher-level system cannot be fully

explained by examining only its

individual components.

 The whole organism is more than just

the sum of the parts that make it up.

 Example: a cell disassembled into

chemical constituents is no longer a

cell.

 However, the analysis of the whole

thing without decomposing it into

simpler components can be

challenging.



How to identify an elephant?



What is systems biology?

Systems biology studies a

living organism as an

interacting network of

genes, proteins, and

biochemical processes.

Using computer technology,

systems biology organizes

and integrates information

from different functional

levels in order to create

plausible models of living

systems.

Oltvai and Barabási, Science, 2002





Bioinformatics

Bioinformatics is an interdisciplinary field of

research, including the development of methods and

software for the analysis of biological “big” data.



Bioinformatics. Databases.



Genomics

Genomics is an 

interdisciplinary field of 

biology focusing on the 

structure, function, 

evolution, mapping, and 

editing of genomes. 



Genetics vs. genomics
Genetics:

 Genetics studies heredity.

 A gene is a specific DNA 

sequence on a chromosome.

 Genetics examines the 

function and structure of a 

single gene.

Genomics:

 Genomics studies the entire set of 

genes of an organism.

 Therefore, a genome includes the 

entire set of genes of a particular 

organism.

 Genomics explores all genes of the 

organism and their interactions.



Genomics

Bertin et al., 2008

1953, DNA double helix structure discovery; 1961, first step in the cracking of the genetic code; 1975, chain-termination 

nucleic acid sequencing method developed by Sanger; 1985, international consortium set up to sequence the human genome 

(HGP); 1986, increased sequencing capacities by the use of fluorescent dyes; 1995, first microbial genomes published by J. 

C. Venter and colleagues; 1997, development and commercialization of capillary sequencers; 2005, development and 

commercialization of GS20 pyrosequencer.



DNA sequencing – Polymerase chain reaction



DNA sequencing – Next Generation Sequencing



DNA sequencing – Third-Generation Sequencing



Genomics is divided into two basic areas: structural genomics,

characterizing the physical nature of whole genomes; and

functional genomics, characterizing the transcriptome (the entire

range of transcripts produced by a given organism) and the

proteome (the entire array of encoded proteins).



Structural genomics
Structural genomics studies the content and organization of genomic

information: examines genes with a known structure to understand their

function, and also studies the spatial (3D) structure of protein molecules

encoded in the genome.



Functional genomics
Functional genomics studies how the information recorded in the

genome is realized: from the gene to the trait.



Transcriptomics
Transcriptomics studies the transcriptome — the complete set of RNA transcripts that

are produced by the genome, under specific circumstances or in a specific cell —

using high-throughput methods, such as microarray analysis and RNA sequencing.





What can the 

transcriptome tell?

Molecular function

Biological process

Cellular compartment

Jung et al., 2016. Unraveling Fungal Radiation 

Resistance Regulatory Networks through the 

Genome-Wide Transcriptome and Genetic Analyses 

of Cryptococcus neoformans



“Most importantly, we discovered a number of novel C. neoformans genes, the expression of

which was modulated by gamma radiation exposure, and their deletion rendered cells

susceptible to gamma radiation exposure, as well as DNA damage insults. Among these

genes, we found that a unique transcription factor containing the basic leucine zipper domain,

named Bdr1, served as a regulator of the gamma radiation resistance of C. neoformans by

controlling expression of DNA repair genes, and its expression was regulated by the

evolutionarily conserved DNA damage response protein kinase Rad53. Taken together, the

current transcriptome and functional analyses contribute to the understanding of the unique

molecular mechanism of the radiation-resistant fungus C. neoformans.” Jung et al., 2016.



Duarte, Volkova. Geras’kin, 2019. The response profile to chronic radiation exposure based 

on the transcriptome analysis of Scots pine from Chernobyl affected zone



Xiong et al., 2019. Transcriptome sequencing reveals hotspot mutation regions and dwarfing 

mechanisms in wheat mutants induced by γ-ray irradiation and EMS. 



Xiong et al., 2019. Transcriptome sequencing reveals hotspot mutation regions and dwarfing 

mechanisms in wheat mutants induced by γ-ray irradiation and EMS. 



Jain, Das, 2017. Global transcriptome profile reveals abundance of DNA damage response 

and repair genes in individuals from high level natural radiation areas of Kerala coast



Proteomics
Proteomics is the large-scale study of proteomes. A proteome is a set of

proteins produced in an organism, system, or biological context.



A two-dimensional 
electrophoregram with 
visualized thousands of 
proteins can be 
considered the first 
proteome ‒ it was the 
first type of analysis in 
which the entire set of 
proteins from a 
biological sample was 
determined (or their 
significant proportion).



Ghodasara et al., 2017





Proteomics

Hu et al., 2008. Integrated Bioinformatics for Radiation-Induced Pathway

Analysis from Proteomics and Microarray Data



Dubois et al., 2019. Differential modification of the C. elegans proteome in response 

to acute and chronic gamma radiation: Link with reproduction decline



Desiderio et al., 2019. Effects of Simulated Space Radiations on the Tomato Root

Proteome



Desiderio et al., 2019. Effects of Simulated Space Radiations on the Tomato Root

Proteome



Desiderio et al., 2019. Effects of Simulated Space Radiations on the Tomato Root

Proteome



Metabolomics
Metabolomics studies the totality of all metabolites in a cell, tissue, organ

or the whole organism at a given time and their interaction with other

functional levels.



The word "metabolome" describes a set of small
metabolite molecules that can be found in a cell, tissue or the
whole body. Metabolites include molecules with a molecular
weight less than 1 kDa (as small peptides, some hormones,
antibiotics, lipids, and other secondary metabolites).

The metabolic approach is a powerful tool in the
diagnosis and prognosis of diseases, since metabolites and their
concentrations, unlike other “omics”, directly reflect the
biochemical processes that occur in cells and tissues. Thus, the
metabolome is a molecular phenotype.



Metabolomics

http://www.imsb.ethz.ch



Metabolomics

Xiao et al., 2016. 1H NMR Metabolomics Study of Spleen from C57BL/6 Mice Exposed 

to Gamma Radiation 



Golla et al., 2017. Metabolomic Analysis of Mice Exposed to Gamma Radiation Reveals a 

Systemic Understanding of Total-Body Exposure



Volkova et al., 2020. Metabolic

Profiling of γ-Irradiated Barley

Plants Identifies Reallocation of

Nitrogen Metabolism and

Metabolic Stress Response



The advantage of omic technologies over traditional

approaches is their ability to simultaneously analyze a

large number of molecules and get a holistic picture of

the biological process or developmental stage,

integrating data obtained from different omic levels.



Resources for self-education:

A Brief Guide to Genomics
https://www.genome.gov/about-genomics/fact-sheets/A-
Brief-Guide-to-Genomics

Online courses for independent study in bioinformatics 
and omic-technologies
https://edu.t-bio.info/

Proteomics Academy
https://www.proteomics-academy.org/online-education

Metabolomics Workbench
https://www.metabolomicsworkbench.org/training/online.
php

https://www.genome.gov/about-genomics/fact-sheets/A-Brief-Guide-to-Genomics
https://edu.t-bio.info/
https://www.proteomics-academy.org/online-education
https://www.metabolomicsworkbench.org/training/online.php

