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Abstract

Thediscovery of short interfering RNA hasadmitted thedevelopment of faciler egulated methodsfor disruption of geneexpression.
However, thismethod continuesto grow in popularity, designing effective SsIRNA can bedemanding. So we have developed sSiRNA
Scanner, asiRNA selection program that automatically selects Small I nterfering RNA from the given RNA sequences. SRNA Scanner
usesafuzzy logic-based system to calculate SRNA qualities. Thisprogram isfully built in Practical Extract Report L anguage (PERL
5.8.8.6 Build 820) and accessiblein acommand lineinterface. SRNA Scanner'shigh performance, minimal user interaction, and its

fast algorithm, makethisprogram useful for selecting Small Interfering RNA for geneexpression studies.

Availability: The program can be downloaded at http://brsaran.googlepages.com/sirnascreener.exe

Keywor ds: Fuzzy logic; SsRNA; Design tool
Introduction

RNAi wasinitially observed in petunias, when Napoli et
al. (1990) discovered that introducing a pigment-producing
gene suppresses expression of both theintroduced gene and
the homol ogous endogenous gene, aphenomenon they called
"cosuppression”. RNA interference (RNAI) is the process
of mMRNA degradation that is induced by double-stranded
RNA in a sequence-specific manner (Fire et al., 1998;
Hannon, 2002). In al RNA silencing pathways, double-
stranded RNA (dsRNA) isprocessed to asmall RNA which
is assembled with RISC into a silencing complex that spe-
cificaly represses expression or function of atarget gene
or genomic region by cleaving the corresponding mRNA
(McManus et a., 2002). However, introduction of long
dsRNA into mammalian systemsismore problematic. This
isdueto thefact that in most mammalian cellsdsRNA, that
ismore than 40 nt, (Frank Buchhol z, unpublished data) in-
duces anonspecific interferon response, leading to the gen-
eral shutdown of transcription and/or cell death (Williams,
1999; Stark et al., 1998). In mammalian system the
most standard protocolsfor RNAI therefore use chemically
synthesized siRNAs of 19-22 base pair length for gene si-
lencing. Yet this approach is limited by the fact that differ-
ent sequences within a gene have dramatically varied in-
hibitory abilities(Holen et d., 2002). In essence, alarge num-
ber of different synthetic SRNAs have to be screened for
their efficacy at knocking down the gene of interest, which
isalaborious and costly task.

Several SIRNA designtool existsAmbion siRNA Target
Finder (http://www.ambion.com/ techlib/misc/

siRNA_finder.html), Jack Lin's SRNA Sequence Finder
(http:// www.sinc.sunysb.edu/Stu/shilin/rnai.html),
SIDESIGN Center (http://www.dharmacon.com/sidesign),
SiIRNA Target Finder (https.//www.genscript.com/ssl-bin/
app/rnai), Imgenex sirna Designer (http://imgenex.com/
sirna_tool.php), EMBOSS sirna (http://bioweb.pasteur.fr/
segandl/interfaces/ sirnahtml), IDT RNAIi Design (SciTools)
(http://www.idtdna.com/Scitool s/Applications/ RNAI/
RNAi.aspx), BLOCK-iT RNAi Designer (https://
rnaidesigner.invitrogen. com/rnaiexpress), siSearch (http://
sonnhammer.cgb.ki.se/si Search/siSearch 1.7 .html), SMAX
(http://www.mwg- biotech.com/html/s_synthetic_acids/
s_sirna_design.shtml), BIOPREDsI (http://
www.biopredsi.org/), Promega siRNA Target Designer
(http:// www.promega.com/siRNADesigner/program/),
QIAGEN siRNA Design Tool (http://www1.giagen.com/
Products/GeneSilencing/CustomSiRna/SiRnaDesigner.
Aspx), SDS/MPI (http://i.cs.hku.hk/~sirna/software/
sirna.php), WI siRNA Selection Program (http://
jura.wi.mit.edu/bioc/ss RNAext/ ), which use a set of com-
mon criteria (e.g. GC%, Tm) for selecting the SRNA can-
didate in a specific target region selected by the user or in
predefined region. Here, we describe a new tool for the
designing small interference RNA based on various effi-
cient criteria from the literature and these criteria are cal-
culated for every ssRNA candidate over the entire target
sequence without masking. Using efficient fuzzy logic sys-
tem, we assigned a quality grade to each of the candidate.
To makethe application aswidely available as possible, the
tool isprogrammed in PERL, which is multiplatform com-
patible.
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Materialsand M ethods

siIRNA Scanner for the design of functional SRNA'sin-
cludes the rules based on the work recently published by
different authors (Holen et al., 2002; Reynolds et a., 2004,
Wuming et al., 2006), which have proven to be more
efficient than the consensus rules accepted to date. The
novelty of this tool isthat it is the only tool till date that
appliesFuzzy logicto sdlect theefficient candidatefor SRNA
interference.

Physical Parametersfor Fuzzy Construction
Direct Sequence features (Eight Features)

For each position in the sense strand of 19-mer SIRNA
sequence, 8 features were defined based on whether or not
the nucleotide at the position is an adenine (A), acytosine
(C), aguanine(G), or auracil (U), respectively (Holenetal.,
2002). Eight features are listed below:

Feature 1 2" nucleotide - A
Feature 2 4 nucleotide = C
Feature 3 6™ nucleotide * C
Feature 4 | 77 nycleotide = U
Feature 5 | 9 nucleotide = | C
Feature 6 | 17" nucleotide = | A
Feature 7 | 18“nucleotide = | C
Feature 8 | 19“nucleotide = | (AV)

Percentage of GC Content

The GC content of the siRNA duplex isan obvious can-
didatefor aparameter that might correlate with SRNA func-
tionality. Too high GC content may slow down duplex un-
winding by the putative helicase entatively associated with
the RISC complex (Reynoldset al., 2004) and might also be
associated with aprohibitive secondary structure of thetar-
get mMRNA. Too low GC content, on the other hand, may
reduce the efficiency of target mRNA recognition and hy-
bridization. The strongest correlation was observed for the
GCrange 31.6-57.9% (Reynoldset al ., 2004) and thisrange
is considered as optimum in our fuzzy based rule.

Thermodynamics

Three quality grades were defined based on whether or
not the melting temperature (T, ) fallsinto following ranges
0°C —<20°C, >20°C—<60°C, and >60°C.

No Occurrences of Four or More ldentical
Nucleotides in a Row

This feature implies that a SRNA sequence have no
internal repeated sequence of length >= 4.

No Occurrences of G/C Stretches of Length 7 or
L onger

Thisfeatureimpliesthat asiRNA sequence have no GC
stretch of length > 7 or longer.

At least 3(A/U)'s in the Seven Nucleotide at the 3
end

Based on the number of A/U in the seven nucleotide at
the 3'-end, the feature is categorized into Least, At least,
High. Least fallsunder <3 A/U, At least >= 3 A/U<5, and
High>=6.

Computational M ethods
Fuzzy Logic

For the purpose of assigning relative weightsto the pa-
rameters Simulink’s Fuzzy logic Tool box (MATLAB®) was
used. Thistool takes alist of relevant parameters as input
and their ranges are partitioned into categories according to
specifications by the user. For example, the GC% content
was categorized into Low, Optimum, High and Very High.
These categories may be overlapping and we used specific
membership functions to describe partial assignment of a
value to a category. Table 1 lists a set of the rules used in
thisapplication. Thefuzzy logic system designsamathemati-
cal model that maps the input parametersto output param-
eters in accordance with the user’s qualitative description.
It isthus, not necessary for a user to design amathematical
description by himself. Instead, thisdescription isgenerated
by thefuzzy logic system based on only averbal description
of the relevant rules.

Data Storage

siIRNA Scanner does not reject any siRNA candidate
before having calculated all relevant parameters for each
possible 19mer. For efficient handling of the huge amount
of data generated during a sSIRNA candidate search we
store al relevant information in a tree. This structure can
be built up in atime proportional to the number of positions
in the sequence using the on-line-construction algorithm of
Ukkonen (Ukkonen, 1995).

Programming Language

SIRNA Scanner V1.0isentirely coded in PERL (Practi-
cal Extract Report Language) Version 5.8.8 Build 820. Three
different modules namely, Al::Fuzzylnference and
Math::Fortran was downl oaded from the CPAN archiveand
used inthisapplication.
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S.No Fuzzy Rules

"TM=0optimum & GCPercent=optimum & GCStretch=short & |dentical Bases=short &
Atleast3AU=atleast & EightFunction=maximum’' =>'RNAi=best’,

2 "TM=optimum & GCPercent=optimum & GCStretch=short & IdenticalBases=short &
Atleast3AU=more & EightFunction=maximum' =>'RNAi=best’,

3 "TM=optimum & GCPercent=optimum & GCStretch=short & IdenticalBases=short & Atleast3AU=high
& EightFunction=maximum' =>'RNAi=best',

4 "TM=optimum & GCPercent=optimum & GCStretch=medium & |denticalBases=short &
Atleast3AU=high & EightFunction=maximum’' =>'RNAi=average,

"TM=optimum & GCPercent=optimum & GCStretch=medium & |denticalBases=short &
Atleast3AU=atleast & EightFunction=maximum' =>'RNAi=average

"TM=optimum & GCPercent=optimum & GCStretch=medium & Identical Bases=short &
Atleast3AU=more & EightFunction=maximum' =>'RNAi=average,

"TM=optimum & GCPercent=optimum & GCStretch=long & IdenticalBases=short & Atleast3AU=high
& EightFunction=maximum' =>'RNAi=worst',

"TM=optimum & GCPercent=optimum & GCStretch=short & IdenticaBases=medium &
Atleast3AU=atleast & EightFunction=maximum' =>'RNAi=worst’,

"TM=optimum & GCPercent=optimum & GCStretch=short & |dentical Bases=medium &
Atleast3AU=more & EightFunction=maximum'’ =>'RNAi=worst',

"TM=optimum & GCPercent=optimum & GCStretch=short & Identical Bases=medium &
Atleast3AU=high & EightFunction=maximum' =>'RNAi=worst',

"TM=optimum & GCPercent=optimum & GCStretch=short & |denticalBases=long & Atleast3AU=high
& EightFunction=maximum' =>'RNAi=worst’,

"TM=optimum & GCPercent=optimum & GCStretch=short & |denticalBases=long & Atleast3AU=more
& EightFunction=maximum' =>'RNAi=worst,

"TM=optimum & GCPercent=optimum & GCStretch=short & IdenticalBases=long &
Atleast3AU=atleast & EightFunction=maximum' =>'RNAi=worst',

"TM=optimum & GCPercent=optimum & GCStretch=short & Identical Bases=short &
Atleast3AU=atleast & EightFunction=minimum’ =>'RNAi=worst',

"TM=optimum & GCPercent=optimum & GCStretch=short & Identical Bases=short &

15 Atleast3AU=atleast & EightFunction=average' => 'RNAi=best',

"TM=optimum & GCPercent=optimum & GCStretch=medium & Identical Bases=short &
16 | Atleast3AU=atleast & EightFunction=average' => 'RNAi=average,

"TM=optimum & GCPercent=optimum & GCStretch=medium & Identical Bases=short &
17 Atleast3AU=atleast & EightFunction=average' => 'RNAi=average,

"TM=optimum & GCPercent=optimum & GCStretch=long & IdenticalBases=medium &

18 Atleast3AU=atleast & EightFunction=average' => 'RNAi=worst',

"TM=optimum & GCPercent=optimum & GCStretch=long & |dentical Bases=long &

19  |Atleast3AU=atleast & EightFunction=average' => 'RNAi=worst,

"TM=optimum & GCPercent=optimum & GCStretch=medium & IdenticalBases=long &
20 Atleast3AU=atleast & EightFunction=average' => 'RNAi=worst',

"TM=optimum& GCPercent=optimum & GCStretch=medium & |denticalBases=medium &
21 Atleast3AU=atleast & EightFunction=average' => 'RNAi=worst',

"TM=optimum & GCPercent=optimum & GCStretch=short & IdenticaBases=medium &
ez Atleast3AU=atleast & EightFunction=average' => 'RNAi=worst’,

"TM=optimum & GCPercent=optimum & GCStretch=short & IdenticalBases=short &

10

14

& Atleast3AU=more & EightFunction=average' => 'RNAi=average,
"TM=optimum & GCPercent=optimum & GCStretch=short & IdenticalBases=short & Atleast3AU=high
24 . . _ . 1 —_ 1
& EightFunction=average' => 'RNAi=average,
o5 TM=low & GCPercent=optimum & GCStretch=short & IdenticalBases=short & Atleast3AU=atleast
& EightFunction=maximum' =>'RNAi=worst’,
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"TM=high & GCPercent=optimum & GCStretch=short & ldenticalBases=short & Atleast3A U=atleast
& EightFunction=maximum' =>'RNAi=worst',

27 "TM=optimum & GCPercent=low & GCStretch=short & IdenticalBases=short & Atleast3AU=atleast
& EightFunction=maximum’' =>'RNAi=worst',

"TM=optimum & GCPercent=high & GCStretch=short & IdenticalBases=short & Atleast3AU=atleast
& EightFunction=maximum’' =>'RNAi=worst’,

"TM=optimum & GCPercent=optimum & GCStretch=short & Identical Bases=short &

26

® Atleast3AU=least & EightFunction=maximum'=>'RNAi=average,
"TM=optimum & GCPercent=optimum & GCStretch=short & IdenticalBases=short &
Atleast3AU=least & EightFunction=maximum' =>'RNAi=average’,

31 "TM=optimum & GCPercent=optimum & GCStretch=short & IdenticalBases=short &
Atleast3AU=least & EightFunction=minimum’ =>'RNAi=worst,

2 "TM=optimum & GCPercent=optimum & GCStretch=short & Identical Bases=medium &

Atleast3AU=least & EightFunction=maximum’' =>'RNAi=worst’,

Table 1 : Verbal rulesfor SRNA Scanner V1.0.

Results and Discussion

Theprocedurefor SRNA selection has been implemented
in PERL as a stand-alone tool. The use of this program is
simple and one needs to input the template nucleotide se-
guencefilealoneasinput. Thefileformat isplain text. Ini-
tidly the program splits all possible candidates for the cal-
culation, then in the second phase it calculates the fuzzy
rules, assignsweight based on the membership function and

(Table 1) each candidate as either Best or Average or Poor.
Once the SSIRNA Scanner completes the task, it query the
user for five different options for the filtering the result. It
includes (a) Best SRNAsAIlone (b) Average SRNAsAlone
(c) Best & Average SIRNAsAlone (d) Poor SSRNAsAlone
(e) All Possible SRNAs (Figurel). Theresult produced from
the tool is a hypertext file with user defined name and the

finally defuzzify and categorize based on the rule framed

@ D:\Documents and Settings\elbalo.HOME-FGDMO9
figa R

SiRHA Screener U1 .68
pHHREHHE TR R

result are presented as table (Figure 2).
ol x|

Programmed by Saravanan.lU C{hrzaranPrediffmail.com?
Department of Bioinformatics. Bharathiar Universitwy,
Coimbatore — 641846, Tamilnadu, India.

Enter Complete Sequence File Path:oseqg.txt
Procezzing Parameters...
Fuzzy Calculation...

Select Option for Outpput

1. Best SiHEMA= Alone

2. Average SiRMA= Alone

3. Best & Awverage SiEMAs Alone
4. Poor S5iRMA= Alone

S . All Po=z=zible SiEMA=

Mote: Any other choice selection leads to default option 5

Select Option <1-525_

Figure 1 : Screen Shot of SRNA Scanner V1.0
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SiRNA Screener V1.0

Programmed by Saravanan.V
(brsaran@re diffmail.com)
Department of Bioinformatics
Bharathiar University, Coimbatore -641046
Tamilnadu, India.

‘S.No Position SiRNAs C';zggoy
1 | 1-19 [GGCGCGUUAGAACAUUGCU | Poor
2 | 2-20 |GCGCGUUAGAACAUUGCUC | Poor
B | 3-21 |CGCGUUAGAACAUUGCUCA | Poor
4 4-22 |GCGUUAGAACAUUGCUCAA Average
5 5-23 [CGUUAGAACAUUGCUCAAC Average
6 6-24 |GUUAGAACAUUGCUCAACA Best

7 7-25 |UUAGAACAUUGCUCAACAU Poor
3 8-26 | UAGAACAUUGCUCAACAUC Average
9 9-27 |AGAACAUUGCUCAACAUCC Poor
10 10-28 |GAACAUUGCUCAACAUCCG Average
11 | 11-29 |AACAUUGCUCAACAUCCGA | Best
12 [12-30 |ACAUUGCUCAACAUCCGAU | Best

Figure 2: Screen Shot of result generated from SRNA Scanner V1.0.

A test set of 79 genes, which already contains the re-
ported active SIRNA'sfrom literature, have been tested with
the SIRNA Scanner to analyze its success rate. Each gene
sequences are collected from the NCBI website and fed
into our tool for the prediction of possible efficient SRNA
candidate. Out of 79 genes, for 69 gene set our tool pre-
dicted the published siRNA candidate as “Best”, which is
around 87.34% of the total input, for 6 gene set our tool
reported the published SIRNA candidate as“ Average”, which
isaround 7.25% of thetotal input; summing up SiIRNA Scan-

ner predicted the published siRNA as the possible candi-
date with the efficiency of 94.93%, that is 75 out of 79
siRNA candidate (Table 2), which is published as efficient
genesilencer. Rest of the4 candidateis predicted as* Poor”
by our tool. Evaluation of test set shows an efficiency rate
of 94.93% for siRNA candidate prediction. siRNA
Scanner’s high performance, minimal user interaction, and
its fast algorithm, make this program useful for selecting
Small Interfering RNA for gene expression studies.
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SIRNA

S.No | Published Gene Target SRNA \S/clrgener Gene Reference
Result

1. AATGAAGATCAAGATCATTGC Best DIP13-beta

2. AAGAGATCGCCGCGCTGGTCA Average |Dishevelled

3. AAAGACUCCUUAGGACCGCUU Best hDv-2

4, AATTGGTGCACTTTTACGTGA Average |Eg5

5. AAGAATGAAGCTGATAGGACC Best emerin

6. AAGGTCCACAGATTATTAGAT Best eve

7. CTAGAGGAACAGAGAAGATCACA Best Fortilin

8. AAGAAGAGGCCCAGAAAAGCT Best GalTll

9. AAGCAGAGUUCAAAAGCCCUU Average |GaTll

10. AAAGCAGAGUUCAAAAGCCCU Best GAHA1

11. AAGACAGAGCCAAGUGGACUC Best HPV E6

12. AAUUGGUAAACGAUCAAGGAG Best HPV E7

13. AAGGGAAAGAAGGAGGUUUCA Average |HtrA2

14. AAGAAGCUUAAAACCUGGGAG Best HtrA2

15. AACUGGGGAAGAAGGGCAACC Best HtrA2

16. AAGGGGCACAGGCATGCCAAA Best keratin 18

17. AAACAGCTGTTGTTGAGCGAA Best hKIS

18. GCACAGTAAATACCCACTATT Best mKIS

19. AAGGGGTTCCTAGTACTGCAA Best lamin A

20. AAACTCTTACTGCTCTCCAGT Best lamin A

21. AAGGUCAGUAAUACAACGGUG Poor lamin A/C

22. AACCACCGCCCUCCGUGCA Best lamin B1

23. CTCGTACAGCCTTGGGAGACA Best lamin B2

24. ATGTTAAGACTAAGCATGTAC Best LAP2

25. AAGGCCAAGGAGGCGCTGGAA Best MeCP2

26. AAGUGCAGCAACACACCUGAC Best MAP2

27. AAGCAGCACCUCUCcucccuuU Average | MAP2

28. AACAAGATCACCTTCTCCGAG Best MAP2

29. AACTTTGAGAACATGAGCAAC Best MCL1

30. AACTGGATCGTAAGAAGGCAG Best Nicastrin [Nct]

31. AACCGTGCTCCTGGGGCTGGG Best NuMA

32. AACUCCUUGAACGGCAGCCGC Best Nupl53

33. AAGGUAACAUUGAUGACUCGC Best Orc6

34. AAGCACGCGACGCUGGCGCGC Poor Orcb6

35. AAGGCGGACGACGACUCCUUC Best hPk1

36. AAGACCTGTAACCCTGTATCA Poor PKR

37. AAGAGGUAUAUGACUUUGCUU Best hRad9

38. AAAGGAGGAUGAAAUAGAUGG Average |Radl?

39. AAAACGGCUCAGGAUUCGUGG Best h/m Shc

40. AAGGGGAGTTTGTTGTTGCCA Best p66 ShcA

41. AAGCTTTCCCGATGTTCAGCA Poor Sphingosine kinase 1 [hSK1]

42. AAGATGGCGAGGACTTTAATC Best SRC-1

43. AAGCAGTTCTTGCCGCCAGGA Poor 3-tubulin

44, AAGCAGTTCCTGCCTCGGGGA Best Tissue Factor [hT

45. GAAGCAGCUUCAGGAUGAGAU Best Tissue Factor [hTF]

46. AAGGACCUGGAGGUCUGCUG Best 3-TrCP, human

47. AACTGGACTTCCAGAAGAACA Best TSG101

48, AACGCGCTTGGTAGAGGTGGA Best VASP

49, AAGAGGAGGAGGAAGCCGAGT Best vimentin

50. AAAGACAAGTTGAAGAGTGAG Best vimentin

51. AAGCAUGAGCCCGUGCAGCCA Best vimentin

52. AAGAGGAUGGAUUGCCCGGCC Best vimentin
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53 |AAUCCUUCGUCUUUCCUCUCG Average | vinculin, mouse
54 |AACCCGUCCGUACUGGUGUUA Best Zyxin, Mouse
55 |AAGGGCAAGTTTCCCGTGCAG Best DIP13-beta
5% |AAGGCGTGGCAGGAGAAGTTC Best Dishevelled
57/ |AAGGCAGACTCTACCAAATGT Best hDv-2

58 |AAUGGUAGCCACAUCCGGUGU Best Eg5

t9  |AAGATTGGACAGCAGGUCGAC Bet emerin

60 |AAGGGCGGCTTTGCCAAGTGC Best ave

61 |AAGATCAAGITTTGCCAATG Poor Fortilin

62 |AAGUCUUUCCUGUCUGUCUUU Best GaTll

63 |AACAGACUGGGUUGACCCAUC Best GaTll

64 |TCCTACTTGGITCGGTACATGGG Best GASAL

65 |CGGAATGAGTCTCTGTCATCGTC Best HPV E6
66 |AAGAGCUGCAAGGCCUUGCCC Best HPV E7
67 | CCUCAGGGCAGAGAACCAUCUTT Best HirA2

68 |GACAGAGCCAAGUGGACUCAC Best HirA2

69 |AAGCGCUUCAGGCACUACAAA Best HirA2

70 |AAGAAGCAGACGUACUUGGCA Best keratin 18
71 |GUGGAAUUUGUGGAACAUCTT Best hKIS

72 |AACCUCCAGUCUUCUCUCGUC Best mKIS

73 |AAAGAGGAAATCATTGAAGCC Best lamin A
74 |AACTACATCGACAAGGTGCGC Best lamin A
75 |AATACCAAGACCTGCTCAATG Best lamin AIC
76 |AAGAATGGTACAAATCCAAGT Best lamin B1
77 |AAATGGAAGAGAACTTTGCCG Best lamin B2
78 |AAGCGGATTAGAACCAATCTC Best LAP2

79 |AAAGCCTACCACCCACAGTGC Average | MeCP2

Table2 : Fuzzy Categorized result for the published SRNA by SIRNA Scanner V1.0

Three main objectives have been addressed in this work
that makes siRNA Scanner a tool with efficient feature
compared with other similar programs: speedy calculation;
efficient prediction based on fuzzy logic; and considers all
possible candidate without discarding any 19mers. In con-
trast to other siRNA design software, siRNA Scanner evalu-
ates each possible siRNA candidate. The amount of com-
putational effort here is comparatively best than other siRNA
design program. siRNA Scanner is fast in calculating opti-
mal siRNA’s. It checks for all possible candidates from the
given template sequence. Calculation time depends linearly
on the length of sequence used for checking. On average, a
siRNA calculation considering all possible candidates on a
target sequence of length 5000 bases pairs takes ~ 21 sec-
onds on an IBM Machine with Pentium 4 Processor. siRNA
Scanner’s high performance makes it feasible to efficiently
search siRNA on large templates sequence.
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