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RNA interference (RNAI) is one of the finest technologies to be developed in the functional
genomics to determine the role of genes. The phenomenon of RNAi was first reported by
Napoli and Jorgenson in 1990. It was then used by Fire and Mello in 1997 for functional
genomics studies involving the nematode Caenorhabditis elegans which reveals that dSRNA
to be injected containing both sense and antisense RNA could specifically target the
endogenous RNA before translation resulting in genetic interference (Fire et al, 1998). In
1999, certainly the antisense RNA leading to degradation of the co-suppressed RNA was
discovered which may be due to reduction of nucleotide pairs to 25 nucleotides (Hamilton
and Baulcombe, 1999). The link between RNAi and small interfering RNA (siRNA) is
further proved in Drosophila melanogaster. This leads to the prediction that the short sized
RNA activates a ribosomal complex called RNA Induced Silencing Complex (RISC) which
binds with the target RNA in RNAi (Hammond et a/, 2000).

RNA interference is a process of Post translation gene silencing carried out by double
stranded RNA (dsRNA) similar to the gene undergoing silencing. The duplex of 19-21 bases
nucleotide with 2nt overhangs, also called siRNA is specifically involved in initiation of gene
silencing which is generated by ribosome III cleavage of longer dsRNAs (Zamore et al,
2000). siRNA basically induces post transcriptional deletion of gene products and silencing

of the gene expression (Fire et a/, 1998) by involving two steps-
a) generation of RNA induced silencing complex (RISC) and
b) recognition/ binding to target mRNA (Dykxhoorn et al, 2003).

Different genes require different siRNAs to suppress their expression. In fact, a siRNA is
composed of DNA sequence that is formed by the small sequence of mRNA of the target
gene (Tijsterman and Plasterk, 2002). The length of mRNA sequence is very large which
leads to huge number of siRNAs. These huge numbers of siRNA are further tested to get an
effective siRNA as every small sequence of mRNA is not an effective siRNA which is time

consuming as well as laborious processes (Castanotto and Rossi, 2009).
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Mechanism of RNA interference

RNAI is a process which involves the mechanism in which when a dsRNA is introduced, the
cell activates the two step reaction. In the first step, the ribonuclease (RNase) Il enzyme also
called Dicer acts upon double stranded RNA(dsRNA) and processed it into small interfering
RNA (siRNA) which subsequently leads to direct cleavage of homologous mRNA by RISC
complex.(Hannon, 2002) .

Similarly, the siRNA that can silence gene activity are called micro-RNAs (miRNAs). Like
siRNA, these single stranded RNA complexes are also the result of Dicer activity but it will

only silence the gene containing hair-pin loop like structures. (Carrington and Ambros, 2003)

Screening for Dicers complexes in both animals and plants are then considered in for RNA
interfering mechanism to take place. In animals, a pair of Dicer complex is involved named
Decr-1 and Dcr-2 whereas in humans and C. elegans, single Dicer complex is involved named
Dcr-2 (Lee et al, 2004). The majority of siRNAs are produced by Dcr-2 and microRNAs by
Decr-1 essential for miRNA induced silencing. RNase activity signals Dcr-2 to bind siRNA
with Dcr-2 associated protein complex called R2D2 which helps in the binding of siRNA
with RISC complex (Liu ef al, 2003). The two intermediate complexes including an initiating
complex having Dicer associated with siRNA results into a large hollow complex containing
dicers and R2D2 and functional RISC complex which converts double stranded (ds) siRNA
into single stranded (ss) siRNA complex. The substrate specificity of Dicers leads to the
formation of two different RISC complexes: Dcr-2 assembles siRISC onto siRNA and Der-1
assembles miRISC from miRNA. Since, miRNAs acts the same as siRNA when perfectly
matched mRNA is present which leads to replacement of miRNA and thus imposing a

blockage for translation as siRNA is functionally similar to miRNA (Doench et al, 2003).
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Figurel: Mechanism of RNA Silencing (Lee et a/, 2004).
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Rules for designing of an Efficient siRNA molecule

There are various guidelines/rules provided for efficient siRNA analysis, mainly by Ui-Tei,
Amarzguioui and Reynolds. These rules include threshold score, GC content, Gibbs free

energy, thermodynamics of free energy etc (Taxman et a/, 2006). The rules are as follow:-

Ui-Tei Rules: - The efficiencies of siRNAs are exposed to be highly dependent on their
sequences. The Ui-Tei rule is the empirical rule for the analysis of efficient siRNA. This
criteria stress on 5’ terminal nucleotides for determining siRNA efficiency. The efficient

siRNA must satisfy the conditions simultaneously (Ui-Tei et al, 2004).

1) A or U at position 1 from 5’ terminus of siRNA guide strand.
2) Gor C at position 19

3) AU richness (AU>4) in positions 1-7

4) No long GC stretch >10.

Amarzguioui Rules: - This rule set up some of the conditions that the 21 nucleotide pair

must have to follow to be an efficient siRNA (Amarzguioui and Prydz, 2004). These

conditions include:

1) Strong binding of 5’ sense strand
2) No U at position 1

3) Presence of A at position 6

4) Weak binding of 3’ sense strand
5) No G at position 19

Reynolds Rules: - In 2004, Reynold and coworkers formulated some rules that help in the

designing & selection of efficient siRNA molecules. The rule is based on the scoring; if the
molecule meets certain criteria then positive score is assigned and negative score is assigned
only if G or C is present at 19" position and G at 13™ position. The score of 6 or greater than

6 is considered to be optimal for the generation of efficient siRNA molecule.
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[STEP 1]
Selection of functional siRNA sequence
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[STEP 2]
Selection of siRNA sequence for minimized seed-dependent off-target effects
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[STEP 3]
Elimination of near-perfect matched off-target genes
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Figure 2: Representation of rules applied during siRNA design (Ui-Tei ef al, 2004)

Other Set of Rules:- Other rules for selection and designing of siRNA includes

Tuschl Rules: - It is an early but still used attempt to design working siRNA duplexes leads

to the following empirical rules. These rules include

1) Target sequence should contain 50% of GC content.

2) The target sequence complementary to mRNA must start from 50-100 nucleotide

downstream

3) 23 nucleotide long target sequence with AA at position 19.

Hohjoh Rules: - These rules represent newly designed siRNA duplexes as Fork siRNA

duplexes that can increase the RNAI activity.

1) The fork siRNA must mismatches at the 3’ sense-strand.
2) G or C at position 1
3) A orU at position 8 and 19

Hsieh Rules: - The condition for siRNA to be efficient includes
1) No C at position 6
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2) Cor G at position 11
3) A atposition 13

4) G at position 16

5) U at position 19

6) No G at position 19

Khvorova Rules: - This rule is based on the thermodynamic properties of sequences which
are based on duplex unwinding and strand retention by RISC. (Gupta et al/, 2010). These rules

arc

1) low stability at 3” end is less that 8.5 kcal/mol
2) low stability at 6-11 base pairs in strand greater than -7 kcal/mol

Takasaki rules (Elbashir et al, 2001): The rules include

1) No A/U at position 1

2) G at position 1 and 7

3) A atposition 6 and 8

4) No U at position 7

5) No G at position 8 9 and 19
6) U at position 9 and 15

Stockholm rules (Chalk et al, 2004):
1) Total hairpin energy < 1
2) Antisense 5’ end binding energy <9
3) Sense 5’ end binding energy in range 5-9 exclusive
4) GC content between 36% and 53%
5) Middle (7-12) binding energy < 13
6) 5’ sense strand -5’ antisense strand Binding Energy Difference < 0

7) Energy Difference within -1 and 0
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