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MEDTEC SHOOL 
Molecular and Computational Biology and Medical Genetics 

(MCBMG) 
 
Year: 2nd 
Period: 2nd semester 
Credits: 9 

 

Course faculty 
      Rosanna Asselta (Coordinator) – Medical Genetics 

      Linda Pattini – Bioinformatics and Computational Science 

      Letizia Straniero – Molecular Biology 

 
Objectives 
The course will merge molecular biology and medical genetics with computational science and 

bioinformatics to give an up-to-date vision of molecular genetics mechanisms involved in 

human diseases, with a particular focus on genetic disorders. Besides the theoretical part, large 

space will be given to practical sessions in which the students will learn how to use genomics 

data present on the web and how to analyze real DNA and RNA sequencing data. 

 

The “Molecular biology” module will be focused on understanding structure, function, and 

turnover of macromolecules, the structure and regulation of genes and genomes, the mutability 

of the genome and the mechanisms of DNA repair. The impact of recombinant DNA 

technologies on basic and applied biomedical research will also be illustrated. 

 

The “Medical genetics” module will illustrate the types and extent of genetic variation seen in 

the human genome, and how this variation affects disease susceptibility. The module will 

particularly emphasize how molecular and population genetics have impacted on our 

understanding of the mechanisms of human disease, providing us with novel diagnostic and 

therapeutic strategies. 

 

The “Bioinformatics and Computational science” module will focus on fundamentals of 

computational methods used to analyze functional genomics data. It will illustrate techniques 

for comparison of biological sequences by considering specific algorithms, complexity issues and 

available resources. The module will also introduce computational strategies and challenges in 
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Prerequisites 
To be allowed to take the MCBMG exam students must have passed the exam of “Cell Biology, 

Embryology and Histology”. 
 

Contents 

 

1.



 

 



 

 4 

● Describe the genetic landscape of cancers 

● Describe the most common inherited cancer syndromes and their molecular 

mechanisms 

● Learn the basic steps that are taken during a genetic counselling for cancer 

predisposition 

 
4. Recombinant DNA & DNA/RNA sequencing 

 

Essentials of DNA recombinant technology (Prof. Straniero) 

What is rDNA? Tools of rDNA technology, making a recombinant DNA molecule, DNA 

probes and hybridization, main applications of rDNA. 

Learning objectives: 

● Understand the principles of rDNA technology 

● Understand the concept of genomic and cDNA library 

● Be able to describe a cloning experiment 

● Know what a molecular probe is and what is a hybridization experiment 

 

Polymerase Chain Reaction (PCR) & DNA sequencing (Prof. Straniero) 

The discovery of PCR, the principles of a PCR reaction, what can you do with PCR? 

Sanger sequencing, Next generation sequencing. 

Learning objectives: 

● Discuss why DNA is amplified during a PCR reaction 

● Illustrate the main applications of PCR 

● Describe the theory of Sanger sequencing 

● Compare Sanger sequencing and next generation sequencing (NGS) 

● Describe the concepts of clonal amplification and parallel sequencing  

● List the main technologies for NGS 

● Discuss the concept of sequencing depth 
 

Sequence alignment (Prof. Pattini) 

Importance of biological sequence comparison, definition of similarity and homology. 

Local or global pairwise alignment of two biomolecular sequences, sequence similarity 

search, exact and heuristic approaches 

Learning objectives: 

● Learn how sequence comparison is performed  

● Use of available software tools to perform sequence alignment and result 

interpretation 

 

Introduction to R environment for processing data, visualizing information and 

extracting knowledge (Prof. Pattini) 

Learning objectives: 
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● Ability to manipulate and visualize data 

● Ability to use specific libraries relevant to the topics of the course 

 

Exploring genetic variation (Prof. Pattini) 

Applications of Next-generation sequencing (NGS) in biomedicine. NGS of whole genomes 

and exomes as a powerful tool in biomedical research and clinical diagnostics. Genome 

informatics for DNA variant characterization. 

Learning objectives: 

● Compute and visualize genetic variation 
● Learn basic computational methods for annotation of genetic variants 

 
5. Regulation of gene expression 

 

Introduction to the multilayer regulation of gene expression (Prof. Straniero) 

How cells modulate gene expression. Levels of gene expression regulation: from 

chemical modification of DNA to post-transcriptional and post-translational regulation. 

The principles of DNA-protein interaction. 

Learning objectives: 

● Discuss the principles of transcriptional regulation in prokaryotes and eukaryotes 

● Describe the main protein modules interacting with DNA 

 

The transcriptional regulation (Prof. Straniero) 

The transcriptional regulation of gene expression in eukaryotes. Enhancers, silencers and 

insulators. The epigenetic regulation of gene expression. 

Learning objectives: 

● Understand the concept of in-cis and in-trans regulation 

● Discuss the interaction between modulation by transcription factor and 

chromatin status 

● Explain how epigenetic information influences gene expression 

 

Post-transcriptional regulation (Prof. Straniero) 

Transcription attenuation. Alternative splicing, differential polyadenylation, RNA 

editing. Control of mRNA localization and stability. RNA interference. 

Learning objectives: 

● Explain the mechanism of attenuation in Bacteria 

● Understand the importance of alternative splicing regulation 

● Describe examples of post-transcriptional regulation 

● Understand the role on nonsense-mediated mRNA decay  

● Describe mechanisms regulating mRNA stability 

 





 

 7 

● Explain the importance of RNA-mediated gene expression regulation 

● Describe the main classes of noncoding RNAs (small and long) 

● Illustrate the mechanism of RNA interference 

● Describe microRNA biogenesis and mechanism of action 

● Illustrate the features of long noncoding RNAs 

● Recognize the complexity of mechanisms of action of long noncoding RNAs 

 

Meet the expert: Splicing and disease 

 Dr. Emanuele Buratti, ICGEB, Trieste, Italy. 

 

6. Genes and genomes 
 

Human genome organization (Prof. Straniero) 

Nuclear and mitochondrial genomes. The C-value paradox. Classes of repetitive DNA 

elements. Gene families. Organization of repetitive elements in the human genome. 

Segmental duplications. 

Learning objectives: 

● Discuss the differe
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● Learn how a ceRNA network works, and how they can be related to genetic 

disorders 
 

 
Teaching Methods 
Lectures will mainly in presence, with the exceptions of few “meet-the-expert” seminars. 

Practical classes are also scheduled. 

● Questions are always welcome during and after the lectures. 

● We strongly encourage you to take notes during lessons, to share materials, and, when 

possible, to study together, helping each other. 

● Slides of the lectures will be uploaded in the LMS platform, where additional material 

(video, papers, animations) will be posted by lecturers. 
 

Assessment 
Students’ evaluation will be assessed through a written examination with multiple choice 

questions. The exam will include 33 questions, proportionally distributed among the different 
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decided in the light of specific and well documented reasons, submitted to a commission 

of the Teaching Committee. 


