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Abstract 

 

siRNA is a single stranded RNA molecule, usually 21 nucleotides in length. It is the key 

component in RNA interference (RNAi), which is a recently discovered and very 

effective method for studying functional genomics as well as a potential therapeutic to 

block certain disease pathways. The process is based on the fact that siRNAs introduced 

into a cell will find and degrade (with the help of other cellular cofactors) mRNAs with 

complimentary sequences thereby preventing translation and consequently protein 

synthesis. It is believed that sequence similarity between the siRNA and its target gene is 

the most important factor affecting its specificity. In this study the largest commercially 

available siRNA library designed for the whole human genome was analyzed (in silico) 

for off-target effects caused by sequence mismatch. Over 70% of the siRNAs were found 

to have a potential for off-target effects. The library was also analyzed to find 

‘unintentional but useful’ off-target effects that may shutdown several genes from the 

same disease pathways. Over 300 such cases were found where a single siRNA will 

potentially interfere with multiple genes from the same gene family.  

 

Also a set of guidelines to design an algorithm that will search for siRNAs that can 

effectively silence multiple genes at once was gathered. In theory this is possible due to 

the prevalence in most gene families of near-identical protein functional domains. 
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Introduction 

 

RNAi (RNA Interference) is a naturally occurring gene silencing mechanism in cells. It is 

thought that this process evolved to defend the cells from transposable DNA elements 

and viruses [6]. It was discovered that this same mechanism can be used to facilitate 

systematic analysis of gene function – a project in progress at TGen.   

 

RNAi is mediated by siRNA (short interfering RNA), which is usually 21 to 23 

nucleotides in length and is usually formed by double stranded RNA (dsRNA) cut into 

small pieces or synthesized experimentally [6]. 

 

dsRNA is the initiator of the gene silencing mechanism. It is cleaved by an enzyme called 

Dicer into smaller fragments to form siRNAs. These siRNA sequences, together with 

other proteins, form the RNA Induced Silencing Complex usually referred to as RISC. 

RISC identifies mRNA targets that have the same sequence as the minus strand of the 

siRNA. RISC then binds to these mRNAs and cleaves them to stop the mRNA from 

being utilized in translation [7].  

 

At first this process was thought to be very specific. However it is now known that 

siRNAs can target mRNAs without exact sequence match [6]. This means that an siRNA 

designed to knock-down a specific gene may have adverse affects and create unwanted 
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phenotypes.  This off-target effect of the RNAi mechanism is of great importance for the 

study of functional genomics or development of therapeutic drugs based on RNAi.  

 

Currently it is not known exactly know how incomplete base pairing between siRNA and 

the target mRNA influences gene knockdown. There have been studies in which off-

target effects have proved to be considerable, ranging from 5 to 80% [6] when using the 

coding sequence of the target gene as dsRNA ranging from 100 nucleotides to 400 

nucleotides, arbitrarily cut into 17 to 28 nt long siRNAs. In fact sequence identity of only 

11 contiguous nucleotides has been shown to cause off-target phenotypes [2]. However in 

more recent work done by Brummelkamp et al. [1], and Miller et al. [4] it was shown that 

even a single mismatch in the siRNA sequence can stop allele-specific gene silencing.  

 

A considerable amount of effort has been given investigating how to design better 

siRNAs. Currently there are two main guidelines the science community follows, based 

on work of two different scientists. One of them is developed by Reynolds et al. [7], and 

the other by Ui-Tei et al.[10]; both of which are explained in more detail in the Methods 

and Discussion sections. These papers focus on explaining how to design more efficient 

siRNAs, but not on how the off-target effects play a role in RNAi. 

 

Even though there have been numerous studies [7,10] on how to design extremely target 

specific siRNAs; there has been very little or no investigation of how to hit multiple 

genes with a single siRNA. In particular, no work has been done to see if certain off-

target effects can be used to knockdown similar genes that belong to the same pathway. 
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This approach – which basically tries to exploit the off-target effects – brings up several 

follow-up questions such as: How can one manipulate the existing siRNA design 

algorithms to optimize for hitting multiple genes, and what is the most important factor 

that determines specificity?  

 

With a view to an eventual answer to these basic questions, an extensive siRNA library 

designed by a commercial company for off-target effects is analyzed. A goal is to see if 

any “useful” but “unintentional” off-targets effects that may be hitting a certain pathway 

can be found. Additionally, intentional off-target effects that are known to be useful, are 

created and studied.  

 

The paper is organized such that both Methods and Discussion sections contain two parts: 

First, the analysis of the already existing commercial siRNA library is shown. Second, 

the guidelines for the construction of an algorithm that would design siRNAs that can 

knock-down multiple genes belonging to the same pathway are presented. 
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Methods and Results 

 

Before going into technical details of the analysis methods a brief summary is presented: 

First a commercially available siRNA library that covered the whole human 

transcriptome was attained. All the siRNA sequences in this library were converted into a 

FASTA file so they could be aligned using BLAST. For each BLAST output, the results 

were filtered so as to only contain human mRNA sequences. At this point each siRNA 

had a list of mRNAs (referred to as genes throughout the report) which contained the 

intentional target as well as possible off-target hits. Every such list was checked against 

the HUGO Gene Nomenclature Committee (HNGC) database to see if they belonged in 

the same family. 

initial siRNA library 
in Excel format 

FASTA file 
FASTA file 

FASTA file 
FASTA file 

BLAST results 
BLAST results 

BLAST results 
BLAST results 

BLAST 

HGNC

ref_seq 

final list of siRNAs pre-filtered siRNAs 

makeFasta.pl runBlast.sh 

countHits.sh

findFamilies.pl 
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In the second part of the project, literature relating to siRNA design was examined in 

order to learn what part of siRNA is important for specificity. The same set of rules was 

used to come up with guidelines to design siRNAs that can silence a predetermined set of 

genes. 

 

 

 

 8



Statistical Analysis of the Whole Human Genome siRNA Library 

 

There are certain commercial life sciences companies that are involved in sample 

preparation and molecular diagnostics products. TGen has purchased the whole human 

genome siRNA library from such a company. This data file contains the gene symbol, 

such as “RIMS1”, reference sequence code such as “NM_014989”, and four different 

siRNA sequences each of which may look like “TCCAAGTATAACATACATAAA”. 

The whole dataset contains just more than 10,000 such rows each for a different gene 

product. A sample few rows of this table can be found in Appendix B. 

 

The complete siRNA library is this company’s commercial product, and their methods 

for putting together this database is proprietary knowledge. They do not share which 

algorithms were used for designing these siRNA sequences, or how each one of these 21 

nucleotide sequences was validated.  

 

Analysis of this library is the starting point for studying off-target effects of siRNAs. It is 

known that sequence similarity is a big factor for siRNA specificity. Therefore it is 

suitable to BLAST each and every siRNA against the whole reference sequence database 

from PubMed (namely refseq_rna). Since using the web-interface is extremely slow at a 

large scale (more than 40,000 requests) it is more appropriate to download and install the 

NCBI toolbox locally. Refseq_rna database which is just over 2GBs was downloaded in 

the same manner. After the NCBI toolbox was installed and a local copy of the whole 
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refseq database was downloaded, command prompt access to tools such as ‘blastall’ 

became available reducing the time to BLAST each sequence to a few seconds.  

 

A program to convert every row of the siRNA library to a FASTA file that BLAST 

would accept was written. Also another program to automate running of BLAST and save 

all the outputs into files was created. The following command was used while running 

BLAST: 

 

blastall -p blastn -d $dbPath/refseq_rna -i $dataPath/v0$i/$file -o $resultsPath/v0$i/$file.out -m 2 

 

Additionally, another program to analyze this generated output was written. This program 

parsed the BLAST output, processed every hit. It recorded and counted the ones that were 

from the Homo sapiens genome. It also formatted the results so that it could easily be 

accessed by MS Excel. The code for all these programs can be found in Appendix A. 

 

To get an idea of the scale of the off-target effects one can simply graph the number of 

BLAST hits for each gene which produces the following chart: 
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sample set of genes vs number of BLAST hits
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Figure 1 For sake of visibility the number of genes in this chart is greatly reduced since showing ten 
thousand genes would not be practical. 
 

In this chart, each gene is represented by four columns, since the library contained four 

different siRNA versions for each gene. An interesting pattern (or lack there of) here is 

that there is no correlation between each siRNA version and the number of hypothesized 

off-target hits. It is also important to note that some siRNA sequences result in more than 

ten hits in the human genome where as some of them are very specific, resulting in only 

one hit. 

 

As suggested by others [6], the extent of off-target effect is immense if sequence 

similarity is taken as a measure. More than 70% of all the siRNAs have two or more, 

more than 50% have three or more, about 18% have five or more, and finally more than 
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3% have ten or more BLAST hits from the human mRNA database. The results of this in 

silico analysis were found to be similar to that reported by Qiu [6]. 
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Figure 2 More than 70% of all siRNAs returned multiple BLAST hits, an indicator of off-target 
effects. 
 

Obviously if the BLAST search is limited to a certain E value, and the results with gaps 

was omitted in addition to further filtering, the number of hits will be significantly 

reduced. However it has been shown that even sequence similarity of as few as 11 

nucleotides [2] is known to cause gene silencing. Therefore the percentage values 

reported here should not be a huge over estimate.  

 

After this stage in the analysis the data set was reduced to about 7,000 rows from the 

initial 10,000 since only genes with multiple BLAST hits were of interest. 
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Identifying BLAST hits that belong to the same gene family 

The HGNC (HUGO Gene Nomenclature Committee) database was used for identifying 

genes that belonged to the same family. HGNC seemed to be the best among very few 

options that provided the data in a customizable and downloadable format. This made it 

suitable for processing with other programs. HGNC constructs the sets of gene families 

either by sequence similarity, information from publications, specialist advisors for that 

family, or from other databases. Therefore these gene families may be structural or 

functional. These gene families and information on how they were compiled together can 

be accessed at http://www.gene.ucl.ac.uk/nomenclature/genefamily.html.  

 

A difficulty using HGNC database is that most of the genes are not associated with a 

known gene family. In fact out of 26,000 thousand genes (or other known regions) only 

about 5,000 of them have an entry for a gene family. This lack of information is bound to 

create some false negatives in the analysis.  

 

To cross reference these set of genes (that were suspected to be suppressed by the same 

siRNA) to the HGNC database the RefSeq ID’s were used. If the RefSeq ID belonged to 

a gene family this family name was recorded and the same procedure was repeated for 

each gene in this small set of genes that may be affected by an off-target effect. The Perl 

program used for this analysis in presented in Appendix A. If a RefSeq ID was not 

associated with a gene family ‘xxx’ was recorded as the name to make it easier for the 

software to recognize. In the end a list that may look as follows was obtained: 
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symbol hits initial refseq           

ZNF326 3 NM_181781 NM_182976.1 NM_182975.1 NM_181781.2 ### ZNF xxx ZNF    

ASL 5 NM_000048 NM_0010249 NM_00102494 NM_00048. NM_00102 ### xxx xxx xxx xxx xxx 

MYL1 3 NM_079420 NM_079420.2 NM_079422.2 NM_002473.3 ### MYOSIN xxx MYOSIN    

KRT17 5 NM_000422 XR_019109.1 XR_015626.1 NM_000422.1 NM_000035.2 ### xxx xxx KRT xxx CENT 

SLC11A1 3 NM_000578 NM_000578.3 NM_018903.2 NM_0311863.1 ### xxx xxx PCDH    

CFHL4 2 NM_006684 NM_012360.1 NR_002169.1 ### OR OR      

 

To help clarify, here is the information that can be extracted by reading the top row: The 

siRNA designed to knock-down the ZNF326 gene resulted in the three human mRNA 

hits when analyzed by BLAST. These are NM_182976.1, NM_182975.1, and 

NM_181781.2. The first hit is obviously the gene itself as can be seen from the initial 

refseq column. The other two hits are subject to possible off-target effects. The ‘###’ 

characters are just a separator for processing purposes. The remainder of the columns in 

this first row contain the gene family name associated with these three hits. As can be 

seen, two of the genes happen to be in the ZNF gene family (zinc-finger family of 

transcription factors), and one of them (xxx) is not associated with any family. 

 

At this point in the analysis a criterion must be formed to pinpoint siRNAs that can 

effectively shutdown a family of genes. Therefore siRNAs that returned BLAST hits that 

belong to the same gene families were separated. To further narrow down this list, genes 

that resulted in multiple BLAST hits where more than 50% of these came from one 

family were kept. For example the ZNF326 row that presented above would qualify since 

two out of three hits (66%) are from the same family. Also the genes that resulted in more 

than four genes from the same family, no matter how many hits BLAST returned, were 

collected. 
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After filtering out the rows that returned no off-target hits or common family names for 

less than 50% of hits, the final list of genes was reduced to 100 rows. However it should 

be kept mind that the siRNA library of interest had four different siRNAs for each gene. 

Therefore in the end – after removing duplicates –exactly 310 siRNAs remained that 

could be defined as “likely to have off-target effects on a specific family of genes”. It is 

very likely that this list would have been a lot longer if the HGNC database had 

associated each gene with a family. A sample portion of this list can be found in 

Appendix C.  

 

This list may contain gene families belonging to certain disease pathway and help design 

better therapeutics. It can also be used to avoid using siRNAs that may have off-target 

effects on a tumor suppressing family of genes. These are just a couple of examples how 

this information may be utilized. An understanding of how to craft the specificity of 

siRNAs will greatly improve their effectiveness as potential therapies for human disease. 

 

Another approach to finding siRNAs that silence multiple genes at once is specifically 

designing them, as opposed to looking for unintentional targets.  
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Guidelines for designing siRNAs to silence multiple genes 

The existing guidelines for siRNA design in the literature are limited. One of them is the 

paper by Reynolds [7] that identifies an eight-component method. Some of the criteria are 

low percentage of G/C content, presence of A/U at positions 15-19, lack of internal 

repeats, the absence of G or C at position 19 and a few other similar points.  

 

Another widely accepted set of guidelines was published by Ui-Tei [10]. These 

guidelines are also similar in structure: A/U at the 5’ end of the antisense strand, at least 

five A/U residues in the 5’ terminal one-third of the antisense strand, and the absence of 

any GC stretch of the more than 9 base-pairs long. 

 

Most common features in both guidelines are that the ends of the siRNA sequences are of 

great importance but the central regions do not have any strict limitations except having a 

low GC content. In fact this central region, if it can show a sequence similarity of about 

11-12 nucleotides, is bound to cause off-target effects as defined by Pei [5]. When all 

these criteria are combined the following figure becomes evident: 
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Figure 3 A 21mer dsRNA. One of these strands will enter RISC. 
 
As it can be seen from the figure a region of about 13 nucleotides long (positions 2 – 14) 

that are not under strict requirements is available. In fact if siRNAs that were 23 base-

pairs long were used this “flexible” region would be 15 nucleotides long as seen below: 

 

Figure 4 A 23mer dsRNA. 
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Even though these guidelines will have to be followed to some extent, it must be 

remembered that these are related to efficiency of an siRNA rather than its specificity. 

Sacrifice of maximum efficiency in order to optimize specificity (or lack of specificity in 

this case) may be necessary. 

 

There are no readily published guidelines for siRNA specificity, however there are a 

couple of studies that primarily focus on what regions of siRNA determine specificity. It 

is suggested that target binding specificity is defined by a region – called the “seed” 

region – that is 6-7 nucleotides in length and at the 5’ end of the anti-sense strand [3, 9].  

 

Figure 5 Illustration of seed region. 
 
This “seed” region was first defined by Schwarz [9]. A single mismatch of a nucleotide in 

this region prevented the design of siRNAs that can discriminate between a wild-type and 

mutant-type alleles. Moreover, the last two nucleotides of an siRNA do not contribute to 

binding specificity.  

 

The effects of mismatch in this seed region were also investigated by Qiu [6] where it 

was shown computationally that base-pair difference in positions 2 through 9 reduced 

off-target chances by a great margin.  
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Figure 6 A graph [1] representing the position of a mismatch along the siRNA and off-target error it 
causes. 
 

Another pointer from Qui’s paper that may be of help to build an algorithm to design 

siRNAs with multiple targets is that shorter siRNAs have a greater chance for off-target 

effects. This seems intuitive, since the longer the siRNA is, the less likely it will have a 

near-perfect complementarity with unintended targets.  

 

One final paper [5] that will be taken into consideration distinguishes off-target effects 

into two classes:  a) Those who share near perfect match in the seed region – as 

demonstrated by others [3, 6, 9] – b) Those who share contiguous and centrally located 

sequences for more than half the length of siRNA. This suggests that the central region 

plays a role even though it is not as important as the seed region. 
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After having considered previous work in siRNA design and specificity, enough 

information is now present to form a set of guidelines for an algorithm. The most 

important rule is to have sequence similarity. (i) The set of genes that are of interest for 

silencing must contain at least 11 base-pairs of near-perfect match. It has been shown that 

[6] the location of this stretch is insignificant so it does not matter how these mRNAs 

align. (ii) The 6-7 matching base-pairs of this aligned region should correspond to the 

seed region of the siRNA. This is where RISC recognizes its target, therefore it is critical 

that this region be identical. (iii) If the aligned region can be extended, include as much 

as possible in the opposite direction from the seed region. The longer the siRNA, the 

more likely it will bond to its target and the less likely it will have off-targets. Effective 

siRNAs can be as long as 23 nucleotides. (iv) As possible, apply the guidelines for 

siRNA efficiency as outlined by Reynolds and Ui-Tei. 

 

Before the above guidelines can be used to construct an algorithm a few other parameters 

must be considered. One of these is the use of a multiple alignment program. Whichever 

program is utilized, a decision must be made whether gaps are allowed. The region and 

the number of maximum base-pairs become of interest if this is the case. 

 

Another issue will arise when the siRNA efficiency guidelines are being applied as 

mentioned in (iv). These algorithms were written so that given one target mRNA 

sequence, they seek for the best region that fits the criteria. In contrast, the algorithm 

proposed here will find a region common to all target mRNAs and will try to apply 

efficiency guidelines around this region.  
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Discussion 

Use of BLAST parameters 

One of the biggest assumptions in this analysis is the fact that similarity of an siRNA 

sequence to other mRNA sequences will cause off-target effects and therefore may 

knock-down these unintentional mRNA targets. It is widely accepted that this is true, 

however no solid evidence exists that shows to what extent the sequence similarity is 

important.  

 

Both Ui-Tei [10] and Reynolds [7] have worked on optimizing the correct position of 

each nucleotide in a short sequence, proving the importance of nucleotide position. Their 

works resulted in widely accepted guidelines that mostly focus on which nucleotides 

should appear on each ends of the siRNA and the density of G/C base pairs along certain 

regions. However both these papers only focus on designing efficient siRNAs usually 

described by more than 80% silencing for the targeted gene.  

 

Another simplification in this analysis was the ‘naïve’ use of BLAST. The results of 

BLAST were chosen not to be filtered in any way. The most obvious filter that could 

have been used is the E value.  However the default parameter for the E value which is 

set at 10 was not changed. Even a perfect match of 21 nucleotides between the siRNA 

and the mRNA sequence only resulted in a relatively high E value of 0.002 and an exact 

sequence match of 15 base pair stretches resulted in E values close to 5. 
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Another advanced search feature in BLAST to filter the results can be done by 

manipulating the cost for opening a gap and extending a gap. However the default 

options for these parameters were not changed as well for it is still unknown how 

stretches of base-pair complementarity play a role in siRNA specificity. In fact, Sachse 

[8] observed in his studies that stretches of base-pair similarity have not exhibited 

recognizable thresholds in length, composition, or any other readily recognizable 

patterns. 

 

Therefore even though top BLAST hits with low E values do not necessarily mean 

silencing of unintended targets, high E values also do not let us eliminate these hits as 

immune to off-target effects. Especially since it has been shown that siRNA can be 

effective even when as short as 17 base-pairs long and a sequence similarity of 11 

nucleotides can result in RNA interference.  

 

In addition it is also notable that BLAST is designed to optimize speed and only initiates 

a hit with 11 consecutive base-pair matches are found. Considering a 23mer siRNA, a hit 

will not be reported if there is perfect match on all 23 nucleotides except positions say 7 

and 16 since two sequences will not share 11 consecutive nucleotides. Therefore it would 

be safe to say all the above numbers are an underestimate for the extent of off-target 

effects.  
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Use of HGNC to identify genes from same families 

As mentioned in the Methods section there were not many options that presented gene 

families in a format that made it easy to process. HGNC (HUGO Gene Nomenclature 

Committee) was chosen, which is an entity maintained by Department of Biology and 

University College of London. It would be out of the scope of this project to try to 

validate how and if their gene families are assumed correct. However HGNC reports that 

they are always in touch with specialists in the area, and for each gene family they have 

listed these advisors on this page: http://www.gene.ucl.ac.uk/nomenclature/advisors.html. 

The negative side of using HGNC database is that only 1/5 of the all the genes are 

associated with a family. The rest of them do not have an entry. 

 

Another possibility to investigate if two genes are related would be to use the GO (Gene 

Ontology) Browser (http://www.geneontology.org) However one would need to make 

more assumptions about what distance in the tree – also the depth would have to be 

considered – two items have to be apart to qualify them as in the same family. Evaluating 

this for more than two genes would amount to even more complications. For these 

reasons GO Browser was not utilized in this analysis.  
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About siRNA design guidelines for multiple targets 

One of the first questions that come to mind while trying to design siRNAs for multiple 

targets is to find the necessary identical domains among the genes that are to be knocked 

down. If this identical or near-identical domain does not exist for these set of genes, then 

designing an siRNA would be impossible. In pure statistical terms the chances of finding 

a 21 base-pair long identical domain in only three genes each 1000 base-pairs long would 

be close to 10^30. However it should be kept in mind that exact sequence match is only 

required in the seed region and gaps and mismatches are allowed to some extent for the 

rest of the siRNA. But even more importantly, it is known that a family of genes will 

contain protein domains that are conserved within the members of the family increasing 

the likelihood of finding sequence similarity. One can also take advantage of the fact that 

siRNAs as short as 17 nucleotides have proven to be effective if finding stretches of 

identical sequences becomes an issue.  

 

If the designed siRNA is more likely to bind to only one of the targets than the others, 

then only partial silencing of the less-preferred genes can be expected.  Another similar 

concern that comes to mind is that all intended targets must exist in the cytosol at the 

same time when siRNA is delivered. However these issues are slightly out of the scope of 

this project. 
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Future Work 
This analysis can be expanded in several different ways. One improvement would be to 

filter the BLAST output in Part I of the analysis in accordance with guidelines defined by 

Reynolds et al. [7], and Ui-Tei et al.[10]. By implementing such a filter a portion of 

BLAST hits could be eliminated because of their low efficiency as siRNAs. In addition 

the quality of this study could be improved by using a more comprehensive gene family 

database. 

 

Also the guidelines for the algorithm defined here can be integrated into software to 

streamline the process of designing siRNAs that can target multiple genes. However in 

vitro confirmation of some the results would also be beneficial. 

 

siRNA design is still in its early years. As more effective and efficient methods are 

developed in this field, the guidelines for designing siRNAs that can hit multiple genes 

will be more apparent. 
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Appendices 

Appendix A 

makeFasta.pl is a simple Perl program that converts the siRNA library given in tabular 
format into a separate FASTA files. 
#!/usr/bin/perl 
use strict; 
use File::Find; 
print "This program will create fasta files from the siRNA library\n"; 
 
my($siRNAList)="siRNAlibrary.txt"; 
my($dataPath)="/users06/akurdogl/rnai/data/"; 
 
#attempt to open file 
open(THISFILE, $siRNAList) || die;  
 
#read all lines from this file 
while(<THISFILE>) 
{ 
 my($thisLine)=$_; 
 writeFasta($thisLine); 
} 
 
sub writeFasta 
{ 
 my($inputLine) = $_[0]; 
 #split line into words using tab as a delimiter 
 my(@words) = split /\t/, $inputLine; 
 
 #open file to write 
 open V1, ">$dataPath/v01/@words[3].fasta.v1" or die("Cannot open file"); 
 open V2, ">$dataPath/v02/@words[3].fasta.v2" or die("Cannot open file"); 
 open V3, ">$dataPath/v03/@words[3].fasta.v3" or die("Cannot open file"); 
 open V4, ">$dataPath/v04/@words[3].fasta.v4" or die("Cannot open file"); 
 
 print V1 ">ref|@words[3]|symbol|@words[4]|@words[5]\n"; 
 print V1 "@words[15]\n"; 
 close(V1); 
 print V2 ">ref|@words[3]|symbol|@words[4]|@words[5]\n"; 
 print V2 "@words[17]\n"; 
 close(V2); 
 print V3 ">ref|@words[3]|symbol|@words[4]|@words[5]\n"; 
 print V3 "@words[19]\n"; 
 close(V3); 
 print V4 ">ref|@words[3]|symbol|@words[4]|@words[5]\n"; 
 print V4 "@words[21]\n"; 
 close(V4); 
} 
#close the file 
close(THISFILE); 
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runBlast.sh is a simple Bash script that will run BLAST on all the FASTA files. 
#!/bin/bash 
echo "This program will run blastall on the fasta files" 
 
#define some paths 
dataPath="/users06/akurdogl/rnai/data" 
resultsPath="/users06/akurdogl/rnai/results" 
dbPath="/users06/akurdogl/refseq/" 
 
#removing non NM_ files 
cd $dataPath 
find . -not -name "NM*" -type f -exec rm {} \;  
 
#loop to go through all 4 directories 
for (( i=1 ; i <= 4 ; i++ )) 
do 
 echo "version0$i" 
 for file in $( ls $dataPath/v0$i/ ) 
 do 
  echo "blasting $file..." 
  blastall -p blastn -d $dbPath/refseq_rna -i $dataPath/v0$i/$file -
o $resultsPath/v0$i/$file.out -m 2 
  echo "........ $file done!" 
 done 
done 
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countHits.sh is Bash script that analyzes the BLAST output and filters out any results but 
hits for Homo Sapiens. 
#!/bin/bash 
echo "This program will count the number of Homo sopiens hits for each sequence" 
 
#define some paths 
dataPath="/users06/akurdogl/rnai/data" 
resultsPath="/users06/akurdogl/rnai/results" 
dbPath="/users06/akurdogl/refseq/" 
 
#loop to go through all 4 directories 
for (( i=1 ; i <= 4 ; i++ )) 
do 
 #remove previous version0x.out files 
 rm -f $resultsPath/v0$i/version0$i.out 
 
 echo "version0$i" 
 for file in $( ls $resultsPath/v0$i/ ) 
 do 
  nmName=$( echo $file | cut -d'.' -f1 ) 
  geneSymbol=$( grep '>' $dataPath/v0$i/$nmName.fasta.v$i | cut -
d'|' -f 4) 
  hitString=$nmName"," 
  hitCount=0 
  for eachResult in $( grep 'Homo sapiens' $resultsPath/v0$i/$file | 
cut -d'|' -f 2 ) 
  do 
   ((hitCount++))  
   hitString=$hitString$eachResult"," 
  done 
  echo "$geneSymbol,$hitCount,$hitString" >> 
$resultsPath/v0$i/version0$i.out 
 
 done 
done 
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findFamilies.pl is a Perl program that checks if a set of mRNAs are in the same 
family. 
#!/usr/bin/perl 
use strict; 
use File::Find; 
print "This program finds if the genes are in the same family\n"; 
 
my($resultsPath)="/users06/akurdogl/rnai/results/"; 
 
for (my($i)=1; $i<=4 ; $i++) 
{ 
 #attempt to open the source file 
 open THISFILE, "$resultsPath/v0$i/version0$i.out" || die;  
 
 #attempt to open the new results file 
 open NEWFILE, ">$resultsPath/v0$i/commonFamilies0$i.out" or die("Can not 
open new results file"); 
 
 #read all lines from this file 
 while(<THISFILE>) 
 { 
  my($thisLine)=$_; 
  $thisLine =~ s/\n//g; 
  findFamilyName($thisLine); 
 } 
 #close the source file 
 close(THISFILE); 
 #close the new results file 
 close(NEWFILE); 
} 
#counts the common family names 
sub countFamilies 
{ 
 my($inputLine) = $_[0]; 
 my($hitCount) = $_[1]; 
 my($return)= "NO"; 
   
 #parse the line with commas 
 my(@words) = split /,/, $inputLine; 
 my($word); 
 for (my($i)=0; $i<$hitCount; $i++) 
 { 
  my($same)=0;  
  for (my($j)=0; $j<$hitCount; $j++) 
  { 
   if ( (@words[$i] eq @words[$j]) && (@words[$i] ne "xxx") ) 
   { 
    $same++; 
   }   
  } 
  my($measure) = $same/$hitCount; 
   
  if ( ($measure > 0.50) || ($same >= 4) ) 
  { 
   $return="YES"; 
  } 
 } 
 ($return); 
  
} 
#for each of the hit it searches HGNC database for a family name 
#prints the name if it exists, prints xxx if not. 
sub findFamilyName 
{ 
 #open the file only once put it in array 
 open (HGNCFILE , "gdlw.pl") || die; 
 my(@hgncContent) = <HGNCFILE>; 
 close(HGNCFILE); 
 
 my($inputLine) = $_[0];  
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 #parse the line with commas 
 my(@words) = split /,/, $inputLine; 
 
 #first token is the gene symbol, second is the hit count 
 my($geneSymbol) = @words[0]; 
 my($hitsCount) = @words[1]; 
 
 #parse using a dot to remove version number from refseq id 
 my(@initialRefSeq) = split /\./, @words[2]; 
 my($theRefSeq) = @initialRefSeq[0]; 
 
 #first four things are not actual hits 
 my($loopEnd) = $hitsCount + 3; 
 
 if ( $hitsCount > 1 ) 
 { 
  print "$geneSymbol\n"; 
  my($familyString) = ""; 
  #this loop searches for each refseq id in the hgncContent 
  for (my($i)=3; $i<$loopEnd; $i++) 
  { 
   #parse using a dot to remove version number from refseq id 
   my(@refSeqs) = split /\./, @words[$i]; 
   my($thisRefSeq) = @refSeqs[0]; 
 
   #line match comes from the hgncContent, not my results file 
   my($lineMatch) = grep /$thisRefSeq/, @hgncContent; 
   my(@lineWords) = split /\t/, $lineMatch; 
 
   #11th column in the HGNC file is the family name 
   my($familyName) = @lineWords[10]; 
   $familyName =~ s/,/|/g; 
   $familyName =~ s/ //g; 
 
   #if there's no family associated with a certain refseq just 
call it xxx 
   if ( !$familyName ) 
   { 
    $familyName = "xxx"; 
   } 
   $familyString = "$familyString$familyName,"; 
  } 
  my($tooCommon) = countFamilies($familyString, $hitsCount); 
  $familyString = "$geneSymbol,$hitsCount,$theRefSeq,$familyString"; 
  print NEWFILE "$tooCommon, # $inputLine # $familyString \n"; 
 } 
} 
 

Appendix B 

A representative section of the human siRNA library: 
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Appendix C 

A sample section of siRNA’s bound to cause off-target effects in a family of genes. 
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