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Introduction – Non coding sequences increase with complexity



Introduction – Non coding RNA (ncRNA) forms



The discovery of RNAi was preceded first by observations of transcriptional inhibition by 
antisense RNA expressed in transgenic plants.

Reports of unexpected outcomes in experiments performed by plant scientists in the 
United States and the Netherlands in the early 1990s.

Caused the loss of pigment .

Further investigation of the phenomenon in plants indicated that the downregulation was 
due to post-transcriptional inhibition of gene expression via an increased rate of mRNA 

degradation. 

This phenomenon was called co-suppression of gene expression, because suppressed
expression of both endogenous gene and transgene but the molecular mechanism 

remained unknown

Co-suppression of  gene expression

Attempted to overexpress chalone synthase (anthrocyanin pigment gene) in 
petunia. (trying to darken flower color)

LOSS OF FUNCTION - theory



RNA interference (RNAi)

Previously known as co-
suppression or post 
transcriptional gene silencing 
(PTGS),  now  is known as RNA 
interference (RNAi) as a process 
within living cells that moderates 
the activity of their genes. 

LOSS OF FUNCTION - theory



Fire et al. Nature 1998 

• dsRNA from mature mRNA elicits
RNAi

• dsRNA from introns does not
• RNAi results in decreased mRNA
levels

• RNAi is heritable (for a few
generations) 

• RNAi only requires a few
molecules of dsRNA per cell

• RNAi is applicable to many
different transcripts

RNA interference (RNAi)
LOSS OF FUNCTION - theory



In 2006, Andrew Fire and Craig C. Mello shared the Nobel Prize 
in Physiology or Medicine for their work on RNAi in the nematode worm C. elegans.

RNAi in C.elegans

– Silencing of a green fluorescent protein (GFP) reporter in C. elegans occurs when
animals feed on bacteria expressing GFP dsRNA (a)  but not in animals that are defective for RNAi (b). 

The lack of GFP-positive embryos in a 
(bracketed region) demonstrates the 
systemic spread

RNA interference (RNAi)
LOSS OF FUNCTION - theory

Andrew Fire Craig Mello



Sources of  dsRNA
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Two types of RNA molecules involved:
- small interfering RNA (siRNA) 
- microRNA (miRNA) 

They bind to other specific mRNAs and modulate their activity. 

RNA interference has played an important role in defending cells against parasitic nucleotide sequences –
viruses and transposons – but also in directing development as well as gene expression in general.

In 2001 first report of RNAi in  MAMMALS

siRNA and miRNA
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siRNA and miRNA

1.
2.
3.
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DICER: Producer of  Small (21-23 bp) RNA fragments
LOSS OF FUNCTION - theory



DICER partners and RISC
LOSS OF FUNCTION - theory



ARGONAUTE: Central component of  RISC
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RNAi is controlled by RISC and is initiated by short dsRNA molecules in a cell's 
cytoplasm, where they interact with the catalytic RISC component argonaute.

dsRNAs is cleaved by the Dicer enzyme into short fragments of ~20 nucleotides 
that are called siRNAs.

Each siRNA is unwound into two single-stranded (ss) ssRNAs (passenger strand and 
the guide strand). 

The passenger strand is degraded (red), and the guide strand (blue) is 
incorporated into the RNA-induced silencing complex (RISC).

The most well-studied outcome is post-transcriptional gene silencing, which occurs 
when the guide strand base pairs with a complementary sequence in a messenger 
RNA molecule (green) and induces cleavage by Argonaute, the catalytic 
component of the RISC complex. 

siRNA: Exogenous dsRNA molecules
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miRNAs are genomically encoded non-coding RNAs that regulate gene 
expression, particularly during development.

Mature miRNAs are structurally similar to siRNAs produced from exogenous 
dsRNA but must undergo post-transcriptional modification. 

miRNA’s are expressed from longer RNA-coding gene as a primary transcript 
(pri-miRNA) which is processed within the cell nucleus to a 70 bp stem-loop 
structure (pre-miRNA) by the microprocessor complex (RNase III Drosha and 
dsRNA binding protein DGCR8). 

The dsRNA molecule is bound and cleaved by Dicer to produce the mature 
miRNA molecule that can be integrated into the RISC complex; thus, miRNA and 
siRNA share the same cellular machinery downstream of their initial 
processing.

miRNAs typically inhibit the translation of many different mRNAs with 
similar sequences. In contrast, siRNAs typically inhibit only a single, 

specific target.

miRNA: Endogenous RNA silencing
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LOSS OF FUNCTION - theory

dsRNA in the nucleus: silencing by formation of  heterochromatin
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RNAi models
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In some organisms, siRNA signal is amplified and spread



Biological functions - Immunity
LOSS OF FUNCTION - theory

In both juvenile and adult Drosophila, RNA interference is important in antiviral innate immunity 
and is active against pathogens such as Drosophila X virus.

A similar role in immunity may operate in C. elegans, as argonaute proteins are upregulated in 
response to viruses.

The role of RNA interference in mammalian innate immunity is poorly understood, and relatively 
little data is available. 

However, the existence of viruses that encode genes able to suppress the RNAi response in 
mammalian cells may be evidence in favour of an RNAi-dependent mammalian immune 
response.



Biological functions – Gene regulation
LOSS OF FUNCTION - theory

Endogenously expressed miRNAs, including both intronic and 
intergenic miRNAs, are most important in translational repression 

and in timing of morphogenesis and the maintenance of 

undifferentiated or incompletely differentiated cell types such as 

stem cells.

The role of endogenously expressed miRNA in downregulating 
gene expression was first described in C. elegans in 1993.

In plants, the majority of genes regulated by miRNAs are transcription factors.

In many organisms, including humans, miRNAs have also been linked to the formation of 

tumors and dysregulation of the cell cycle. Here, miRNAs can function as both oncogenes 
and tumor suppressors.

RNA sequences (siRNA and miRNA) that are complementary to parts of a 

promoter can increase gene transcription, a phenomenon dubbed RNA activation.



Medical application– Gene regulation
LOSS OF FUNCTION - theory

It is difficult to introduce long dsRNA strands into mammalian cells due 
to the interferon response, the use of siRNA mimics has been more 
successful.

First applications to reach clinical trials were: the treatment of macular 
degeneration and respiratory syncytial virus,

RNAi has also been shown to be effective in the reversal of induced liver 
failure in mouse models.

Other proposed clinical uses center on antiviral therapies:
- HSV type 2 
- knockdown of host HIV receptors 
- silencing of HIV, HAV,HBV and flu genes
- inhibition of measles viral replication.

Viruses like HIV-1 are particularly difficult targets for RNAi-attack because they are escape-prone, which requires combinatorial 
RNAi strategies to prevent viral escape. 



RNAi
dalla teoria alla pratica di laboratorio
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LOSS OF FUNCTION - lab
Come disegnare un siRNA in lab



LOSS OF FUNCTION - lab
Come disegnare un siRNA in lab
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Durata del silenziamento transiente
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Trasfezione con il siRNA: ottimizzazione delle condizioni
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Trasfezione con il siRNA: ottimizzazione delle condizioni
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Trasfezione con il siRNA: ottimizzazione delle condizioni
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Dal transiente alla trasfezione con vettori
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Dal transiente alla trasfezione con vettori
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Dal transiente alla trasfezione con vettori
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Espressione stabile di shRNA
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Espressione siRNA in vivo
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Trasfezione con siRNA: le APPLICAZIONI
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siRNA library design
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Screening con siRNA
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Limitazioni dei siRNA
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siRNA vs. oligonucleotidi antisense (a ssDNA)
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CRISPR/Cas technology
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Introduction to CRISPR/Cas - Genetic Engineering



LOSS OF FUNCTION - theory

The way towars genetic Engineering
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Genetic editing uses DNA repair pathways
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Genome Editing using Site Specific Nucleases



Precise alterations to the genome

Single base pair changes Knock-out

Zinc Finger CRISPR TALENs

Insertion

LOSS OF FUNCTION - theory

Genome Editing



LOSS OF FUNCTION - theory

CRISPR-Cas – Adaptive immune system in bacteria

A: CRISPR (clustered regularly interspaced short palindromic repeats) is a 
family of DNA sequences found within the genomes of prokaryotic organisms
such as bacteria and archaea. These sequences are derived from DNA fragments
from viruses that have previously infected the prokaryote and are used to detect
and destroy DNA from similar viruses during subsequent infections. Hence these
sequences play a key role in the antiviral defense system of prokaryotes.

+

B. Cas9 (or "CRISPR-associated 9") is an enzyme that uses CRISPR sequences as a 
guide to recognize and cleave specific strands of DNA that are complementary to 
the CRISPR sequence.

Cas9 enzymes together with CRISPR sequences form the basis of a technology known
as CRISPR/Cas9 that can be used to edit genes within organisms

https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Genome
https://en.wikipedia.org/wiki/Prokaryote
https://en.wikipedia.org/wiki/Archaea
https://en.wikipedia.org/wiki/Cas9
https://en.wikipedia.org/wiki/Enzyme


LOSS OF FUNCTION - theory

CRISPR-Cas – A. CRISPR locus

The three major components of a CRISPR locus are shown: 1. cas genes, 2. leader and 3. repeat-spacer array. For the repeat-spacer
array, repeats are shown as grey boxesc (typically range in size from 28 to 37 base pairs (bps), though there can be as few as 23 bp
and as many as 55 bp), and spacers are colored bars

Simplified diagram of a CRISPR locus

https://en.wikipedia.org/wiki/Base_pairs
https://commons.wikimedia.org/w/index.php?title=CRISPR&action=edit&redlink=1
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CRISPR-Cas – A. CRISPR locus

Simplified diagram of a CRISPR locus

https://commons.wikimedia.org/w/index.php?title=CRISPR&action=edit&redlink=1


LOSS OF FUNCTION - theory

CRISPR-Cas – A. CRISPR locus

Simplified diagram of a CRISPR locus

Leader Sequence

This sequence is an A-T reach sequence

https://commons.wikimedia.org/w/index.php?title=CRISPR&action=edit&redlink=1
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CRISPR-Cas – A. CRISPR locus

Simplified diagram of a CRISPR locus

REPEAT Spacer ARRAY

Shorts palindromic repeats (i.e. this is the same DNA sequence 

repeated in different places, gray boxes).  These are part of the 

bacterial genome and typically range in size from 28 to 37 base pairs

Diagram of CRISPR locus
in bacterial genome

These bits/spacers are derived from bacteriophage genome (range 21 to 72 bp) and each one 

is different and these provide the guidance system for the adaptive immune system

There are usually fewer
than 50 units of the repeat-

spacer sequence in a 

CRISPR array.

https://commons.wikimedia.org/w/index.php?title=CRISPR&action=edit&redlink=1
https://en.wikipedia.org/wiki/Base_pairs
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CRISPR-Cas – A. CRISPR locus

Simplified diagram of a CRISPR locus

CAS genes

There are several other important regions of the bacterial DNA that are also always associated with the CRISPR locus and
these provide the means for the palindromic repeat and the bacteriophage DNA sequences to actually destroy the
bacteriophage.

These are called CRISPR Associated Sequences i.e. Cas genes

https://commons.wikimedia.org/w/index.php?title=CRISPR&action=edit&redlink=1
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CRISPR-Cas – A. CRISPR locus

Simplified diagram of a CRISPR locus

CAS genes

There are several other important regions of the bacterial DNA that are also always associated with the CRISPR locus and
these provide the means for the palindromic repeat and the bacteriophage DNA sequences to actually destroy the
bacteriophage.

These are called CRISPR Associated Sequences i.e. Cas genes

https://commons.wikimedia.org/w/index.php?title=CRISPR&action=edit&redlink=1
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How does this genetic material in CRISPR locus then manage to kill bacteria ?

Simplified diagram of a CRISPR locus

CAS genes The system can be slighty different in different types of bacteria but the best studies one 
is Streptococcus pyogenes so we will focus on that one

For the sake of simplicity lets focus on the 3 Cas genes (now colored arrows) most important for genetic engineering;

For now lets not worry about the other genes in the Cas locus

Codes for a protein that is a nuclease that cuts DNA but only if it is given  a very specific set of signals to 
do so (otherwise it would potentially damage the bacteria’s own DNA).  The most common one used in 
genetic engineering approaches is called Cas9. ; additional Cas1 and Cas2 are responsible for spacer 
geration
Codes for a very specific piece of RNA (crRNA or guide RNA) that will help in the process of ensuring the 
whole process only cuts bacteriophage DNA

Codes for a trans-activating CRISPR RNA (tracrRNA) that will help in the process of ensuring the whole 
process only cuts bacteriophage DNA

https://commons.wikimedia.org/w/index.php?title=CRISPR&action=edit&redlink=1

