
 

PLATFROM BASIC AND APPLIED OMICS TECHNOLOGIES 

 

Research topics 

 

Institute of Biology and Immunology of Reproduction 

Bulgarian Academy of Sciences 

 

 Genomic and transcriptome analysis for functional assessment of 

global alterations in cell signaling  

One of the most advanced and emerging trends in the field of analysis of changes in cell 

signaling and the identification of changes in cell behavior is the study of their global 

transcriptome. The application of 3rd generation sequencing methods allows the evaluation 

of very long sequences by switching transcriptional isoforms. Another advantage of long 

sequencing is the ability to identify various de novo fusion phenomena associated with 

oncogenesis. The technology allows analysis of DNA modifications directly without 

preliminary bisulfide conversion. 

 



 

Figure 1. Diagram of selection of prostate cancer cells with enriched cantilever properties, mRNA isolation, library preparation, 
and sequencing using the MinION sequencer of Oxford Nanopore. Graphs show direct sequencing of long-length mRNA 
targets, normalization of data, mapping to the genome reference genes whose mRNAs are enriched, and results of analysis 
of changes in signaling pathways in cells that are only enriched in the stem, or are artificially inflated or with  recovered micro-
RNA-141. Logo of the Laboratory at IBIR (top left), photo of the sequencer and mechanism of action of the nanopore (top-
right, ref. Nanoporetech). 

The research team of the Laboratory of Reproductive OMICs Technologies of IBIR (Prof. S. 

Hajrabedian, DSc, Prof. K. Todorova, DSc) is a pioneer in the country in the implementation 

of a third-generation sequencing technology based on nanopores, successfully tested in 2016 

by NASA at the International Space Station as the first space sequencing technology. The IBIR 

team implemented the technology for sequencing the complete transcriptome (all the 

information RNAs with which the cell encodes its proteins) of Sertoli cells - involved in the 

maturation and maturation of germ cells and in cells isolated from prostate carcinoma 

metastasis. In prostate cancer research, the researchers track those groups of cells that have the 

highest degree of loss of ability to participate in prostate tissue formation by acquiring 

properties of stem, undifferentiated cells. There is a disordered regulation of the non-coding 

micro-RNA-141, which is suppressed, as it also regulates cellular "self-sacrifice" (autophagy). 

Global changes in the expression of genes in cells in these more malignant versions of prostatic 

carcinoma cells and the role of this micro-RNA for their intracellular signals through 

nanoporous sequencing are tracked and the data show suppression of signals in the cell 

associated with congenital immune signaling (NOD family), transcriptional pro-inflammatory 

factors, neutroporin tumor suppressor, etc., and enhancement of signals associated with cell 

growth activation and multiplication by growth factors and hormones. The introduction of the 

nanoparticle sequencing is one of the reasons why Professor Hayrabedian was nominated in 
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2018 for the Pythagoras Prize for an established scientist in the Medicine field. The data are 

received on the basis of the financial support of the Bulgarian Academy of Sciences program 

for support of young scientists (projects DFNP 17-141, DFNP 17-142). 

 

Activities and scientific expertise: 

1. Isolation of mRNA and conversion to cDNA, sequence libraries, real-time sequencing 

of the transcript, basecalling, bioinformatic sequence processing - alignment and 

mapping, differential expression at the gene /transcript/ isoform level, 

2. Optimization of methods for enrichment of cellular subpopulations with specific 

properties 

3. DNA isolation, sequence libraries, real-time sequencing of the transcript, basecalling, 

bioinformatic sequence processing - alignment and mapping, analysis of changes in 

DNA methylation (global DNA methylation) 

4. Bioinformatic analyzes to assess the correlation between gene expression, 

transcription isoforms, functional studies, and post-transcriptional modifications. 

Analysis of changes in signaling pathways. 

Technical capacity:  

- DNA/RNA Quality Assesment, quantitative Research, quality of sequencing libraries 

- Real-time sequencing  

 

 

Team: 

Prof. Soren Hayrabedian; Prof. Krassimira Todorova; Prof. Ilka Tsvetkova; PhD student Albena 

Apostolova; PhD student Leila Askova; PhD student Radostina Tsvetankova; 
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 Bioinformatic analyzes of proteomics, transcriptomics, and 

immunological epitopes predictions for oncology and reproductive 

medicine. Generation of detection systems for fusion and other non-

natural molecular configurations. Application of imaging methods and 

data mining to retrieve new biological phenomena of interaction 

A rapidly developing area is the analysis of proteomic and transcriptional data and the 

extraction of data for activation of cell signaling pathways. These analyzes lead to the 



identification of target molecules or whole signaling pathways, and require subsequent 

validation of the mechanisms leading to these changes. 

 

Figure 2. Sequences of the genes encoding TMPRSS2 and EGR show specific mutant and normal-type sites, with locations of 
increased mutagenicity for recognition with semi-clonal antibodies. An in-silico model of various mutant variants was 
developed to determine the spatial location of the immunogenic sites. The change in the amount of protein encoded by the 
mutant gene, a TMPRSS2 and EGR gene fusion product, was measured. MiR-204 significantly reduces its levels by 
hypermethylation of its promoter. Mutant protein levels correlate with the levels of the mRNA encoding it, it is compensatory 
in larger amounts in patients without correctly folded protein. The analysis of proteomic alterations shows that miR-204 
replicates a number of target androgen receptor genes (Summary Collage of Figures from HORM CANC (2017) 8: 28-48 DOI 
10.1007 / s12672-016-0279-9). 

Activities and scientific expertise: 

1. Analysis of gene-regulatory networks from experimental data from proteomics or 

transcriptomics and their relationship with reference annotations to other databases 

of co-expressed genes, mutations leading to diseases, 

2. Analysis of the structure of fusion proteins in silico to evaluate target sites for 

detection using antibodies 

3. Analysis of primary and secondary structure of polypeptide chains to identify potential 

epitopes for antibody detection in fusion gene products 

4. Development of methods for the detection of fusion genes by means of a combination 

of antibodies and amplification of the signal by amplification of conjugated 

oligonucleotides (TMPRSS2:ERG patent application filed) 

5. Metabolic Analysis of gene promoter methylation status 

6. Functional analysis of innate immune response receptors 

7. Analysis of functional status of inflamosomes in cells related to the reproductive 

system 

 

Technical capacity:  



- Analysis of gene-regulatory networks 

- Analysis of the structure of fusion proteins in silico 

- Development of methods for detecting fusion genes 

- Protein study of fusion gene products (TMPRSS2:ERG patent application is currently being 

filed) 

- Analysis of the methylation status of promoters 
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 In silico analysis of molecular interactions – peptide ligand – receptor 

protein 

Another very advanced and rapidly developing field is the in silico analysis of interactions 

between different peptide ligands and their receptors, the determination of functional 

mutants and the application of biophysical methods for validation of models. 



 

Figure 3. Molecular dynamics and ligand - receptor binding assays show that replacing Isoleucine with Methionine at the 82 
position in the receptor molecule alters its tertiary structure, the volume of the "cavity" to which the peptidoglycan ligand 
PAM2CSK and the energy of connection, reducing the probability of connecting and conducting a signal. The "cutoff" of the 
binding is represented as a green interface, and the volumes of both the natural and the mutant receptor are represented in 
blue and red in the figure with a molecular pathway to minimize receptor energy. Frontiers in Immunology (IF 5.695): 
http://journal.frontiersin.org/article/10.3389/fimmu.2016.00191/ 

 

 

Figure 4. Mechanism of action of PIFtm showing blocking the possibility of production of reactive oxygen species and a 
structural model showing the spatial blocking of the enzyme inhibitor protein disulfide isomerase responsible for protection 
from oxidative stress and for proper coiling of the newly synthesizing proteins ( Oncotarget, 2017, Vol. 8, (No. 20), pp: 32419-
32432)а  

http://journal.frontiersin.org/article/10.3389/fimmu.2016.00191/


 

Activities and scientific expertise: 

1. In silico models of ligands, receptors and their interactions. 

2. Analysis of interaction between ligands and receptors through different docking 

techniques 

3. In silico mutagenesis to determine significant amino acid residues in peptide ligands 

4. Molecular dynamic models for determining changes in receptors resulting from 

mutations and / or interactions with different ligands 

5. Performing differential scanning fluorimetry to evaluate the degree of interaction at 

various ligand-receptor complexes 

 

Technical capacity:  

- Analysis of peptide ligand characteristics and mechanism of action 

- Screening libraries from ligands to different target receptors 

- Functional ion channel analyzes 
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Prof. Soren Hayrabedian; Prof. Krassimira Todorova; 
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