
Small RNA Analysis Tool v0.3 
 

Data analysis tool for human small RNA profiling based on 
SOLiD™ System Small RNA Expression Kit  

 
 

I.  Overview 
 

SOLiD™ system Transcriptome Sequencing differs from traditional hybridization-
based microarray analysis techniques in that the frequencies of particular sequences 
detected by sequencing reflect the measure of expression rather than quantified intensities 
of hybridization of labeled target molecules to specific probes on a microarray...   
 
The tool described here is intended to be used for data analysis of RNA samples 
processed using the SOLiD™ system small RNA Expression Kit (Applied Biosystems, 
P/N 4397682), and sequenced on the SOLiD™ System.  In brief, total RNA undergoes a 
sequence of specific sample preparation steps. The resulting libraries are sequenced on 
the SOLiD™ system instrument, images are generated containing intensities and color 
calls for each step in the sequential ligation-based sequencing process.  The SOLID™ 
system primary analysis tools record intensities for each color call and generate fasta-
formatted color space sequences files and have a  .csfasta extension. 
    
The small RNA Analysis Tool v0.3 is designed to provide analysis downstream of the 
instrument software, providing a matching tool adapted to small RNA libraries generated 
using the SOLiD™ Small RNA Expression Kit. 
 
It is recommended that all analyses be done off the SOLiD instrument on a cluster that 
meets the hardware and software specifications listed below. The package requires PBS 
or LSF job management system to run. 
 
 
Please note, in the RNA_pipeline_v0.31.tar file there is a file 
‘example_miRNA_1.csfasta’ located in the data subdirectory.  This file contains 50,000 
color space sequences from a sample miRNA experiment.  This data set should be used 
first to test the functionality of the pipeline with your system following the directions 
below.  You should only go on to test your own data after successfully running this test 
data set. 
 
 
II. Installation 
 



Copy the tar file to a directory (/foo/bar) where the software is to be installed. (This 
directory has to be accessible from all the nodes in the compute cluster or grid). Then 
type the command: 
 
     cd /foo/bar 
     tar -xf RNA_pipeline_v0.31.tar 
 
The package will be expanded into /foo/bar/RNA_pipeline_v0.31 directory. 
The package is ready for use. 
 

 
 
 
RNA_pipeline_v0.31 directory contains several subdirectories: 
  bin         -  perl scripts required for analysis 

lib         -  perl libraries  (.pm) 
gffv2.03    -  library converting ma files into gff files 
etc         -  library of schemas used for matching  
reference   -  repository of sequence/information references 

 
III. Requirements 
 
1. Software requirement: 

  a) PBS or LSF job management system (if you do not have any of this see Usage 
section) 
  b) Operation system: 64-bit Linux 
  c) Python: version 2.3.4 and above. It works on 2.5.1 but fails on 2.2.3. 
  d) Perl: version 5.8.5 and above. It works on 5.8.6 but fails on 5.8.0. 
  e) The Linux/Unix compress utility 

 
2. Hardware requirement: 

  a) CPU: both intel and AMD chips are fine. 
  b) RAM:  4GB/CPU. The mapping portion of the pipeline requires about 2.7GB 
RAM per job when running against human chromosome 1 (247Mbp). If you have 
2GB/CPU, you will have to restrict the jobs to 2 CPUs/job or 3GB RAM/job. 
c) Temporary file space on local drives: 50GB/job. By default, the mapping tool 

and a few other scripts use current working directory (cwd). 



  d) Shared network drive space: Around 100GB per full slide data (around 
120Million reads). The final result is around 80GB depending on what files the 
users prefer to save.  

 
3. Files 

a) The human genome needs to be saved locally (one chromosome/file). User 
needs to generate a .txt file containing the path locations of chromosome files (an 
example of such file is saved in   
/foo/bar/RNA_pipeline_v0.31/reference/hg18.cmap). The format of this file is  
 
chr_ID(must be digit)<TAB>chr_name<TAB>path to FASTA reference(must exist). 
 
b) The reads file (extension .csfasta) generated by the SOLiD instrument. This file 
is generated in primary analysis and is usually located on instrument cluster in 
/data/results/instrument_name/experiment_name/sample_name/results/primary.an
alisysID/reads/ . The file needs to be transferred to a location where it can be 
accessed by RNA_pipeline software. You can do this by logging into the 
instrument, locate reads file and type: 

 
      rsync –avz reads.csfasta user_name@cluster_ip:/new_location/  

 
 
IV. Usage 
 
Before running the analysis some environment variables need to be defined (each time 
you use the package). 
For csh/tcsh 
setenv CORONAROOT /foo/bar/RNA_ pipeline_v0.31 
setenv PERL5LIB /foo/bar/RNA_ pipeline_v0.31/lib/perl 
setenv PYTHONPATH /foo/bar/RNA_pipeline_v0.31/lib/python. 
 
For sh/ksh/bash: 
export CORONAROOT /foo/bar/RNA_ pipeline_v0.31 
export PERL5LIB /foo/bar/RNA_ pipeline_v0.31/lib/perl 
export PYTHONPATH /foo/bar/RNA_pipeline_v0.31/lib/python. 
 
 
STEP 1: Generate the shell scripts representing all jobs that need to run in order for 
analysis to complete. 
 
 
Usage:  
 
/foo/bar/RNA_pipeline_v0.31/bin/RNA_matching_analysis_pipeline_save_script.pl 
 

-cs        instrument (unmatched) .csfasta file 
 -t        read length (25, 35, 50) 



 -r        library type: miRNA or transcriptome 
 -cmap     path to the file containing human genome location (user generated; see 
Requirements.3.b) 
 -corona   full path to RNA_pipeline package directory 
(/foo/bar/RNA_pipeline_v0.31) 
 -o        output directory 
 

The output directory will be accessed by the package for read/write so you need to set 
privacy rights to 755 (chmod –R 755 ./output_directory ). 
 
Example : 
 
perl   /foo/bar/RNA_pipeline_v0.31/bin/RNA_matching_analysis_pipeline_save_script.pl 
-cs /foo/bar/RNA_pipeline_v0.31/data/example_miRNA_1.csfasta -t 35 -r miRNA -cmap  
/foo/bar/RNA_pipeline_v0.31/reference/hg18.cmap -corona  
/foo/bar/RNA_pipeline_v0.31 -o ./output_directory 
 

 
 
Full path must be specified for .csfasta file (-cs), cmap file (-cmap) package directory (-
corona) and output directory (-o). pwd command gives you the full path of current 
directory. This step produces one subdirectory ./output_directory/scripts/ containing all 
(sh) jobs that need to be run. 
 

 
 
Additionally a list of all jobs is saved in ./output_directory/ JOB_LIST.txt together with a 
subdirectory for each reference that is used in the matching step. 
 



 
 
The JOB_LIST.txt file is the source for the next step. 
 

 
 
STEP 2: If you have PBS or LSF job managing systems,  reads are matched using the 
list of jobs created in the first step.  
 
Usage: 
 
/foo/bar/RNA_pipeline_v0.31/bin/submit_scripts_to_PBS.pl [-h] -j job_list_file [options] 
 

 -h         : Print usage 
 -j file    : Job list file,format script_number<tab>script_name<tab>depended_jobs 
 -q queue   : PBS jobs running queue name, default secondary 
 -t queue   : Tracking quene name, default tracking 
 -b num     : The first job to run, default 1 
 -e num     : The last job to run, default the last job on the job list 
 -p num     : Jobs per node, if not specified in script, default will be 1 

 
Parameters b and e allow running only part of the analysis (useful if you need to stop 
analysis for various reasons and start it at a latter timer).  
 
If your cluster uses PBS job management system than you will need to type 
 
perl  /foo/bar/RNA_pipeline_v0.31/bin/submit_scripts_to_PBS.pl -
j ./output_directory/JOB_LIST.txt 
 



If your cluster uses LSF job management system than you will need to type 
 
perl  /foo/bar/RNA_pipeline_v0.31/bin/submit_scripts_to_LSF.pl -
j ./output_directory/JOB_LIST.txt 
 

 
 
STEP 2: If you do not have PBS or LSF, you can run the analysis manually as follows. 
The JOB_LIST.txt file contains the all jobs that need to run in order for analysis to 
complete (in the required order). You will need to copy each line from this file 
representing a call to a shell script (the first line for example 
is ./output_directory/scripts/output_ALIGN_chrByproducts_1.sh) and paste it to 
commend line. You will need to wait for jobs to complete in order to launch following 
jobs as indicated in JOB_LIST.txt file. 
 
V. Output files description 
 
The results of this package are saved in 5 different subdirectories depending on reference 
used (see section VIII for details).  
 
 

 
.  
 
There are 6 main types of files that are generated and are listed below: 
 



 
 
.csfasta if the fasta format file used for matching. It contains the reads not matched to 
previous references. 

 
 
 
.bc – a table (optional) containing all matched reads (uniquely or not) in the format: 
Bead_ID<tab>Strand<tab>Read<tab>Reference<tab>Location<tab>NumberMM<tab>B
aseChanges<tab>Placement<tab>NumberOfHits<tab>MatchLength<tab>AdaptorDetecti
on<tab>AdaptorStartPoint<tab>AdaptorNumberMM<tab>AdaptorBaseChanges<tab>All
MatchLocations_NumberMM 
 



 
 
.counts – a table with columns representing 
precursor_genomic_start(chr_coordinate)<tab>Tag_start<tab>Tag_end<tab>Top_strand_
counts<tab>Reverse_strand_counts<tab>ReferenceSequence<tab>Name. 
 

 
 
.gff – a table containing only the reads matching in a unique place, with columns 
representing 
Bead_ID,tab>seqname<tab>source<tab>feature<tab>start<tab>end<tab>score<tab>stran
d<tab>frame<tab>[attributes] 
 



 
 
 
.ma – a fasta format file containing all matched reads (uniquely or not) in the format: 
>bead_ID,genomic_coordinate.number of mm 
sequence (color) with P2 adaptor removed 
 

 
 
.stats – file containing a summary of matching results 
 



 
 
The .ma file contains (all) genomic coordinates of reads that map to the reference 
irrespective of the number of locations and color read sequences. The .gff file contains 
base read sequences but only for uniquely mapped reads.    
 
 
VII. Run time: 
 
 a) Matching against known references takes 10-20 minutes for Sanger reference and 50-
60 minutes for RefSeq reference. 
 b) Human genome matching requires about a day to finish if given enough CPUs. 
The exact run time may vary. The longer the reads, and/or the more mismatch allowed, 
the more time it is required to run the matching job. 
      
 
VIII. Algorithm discussion 
 
There are three major points to consider when performing the matching procedures.  
1.  Small RNA fragments may be smaller that the reads length (miRNA sizes are range 
from 18 to 28 bp while the reads length on the SOLiD system are currently 35 bp.. This 
results in sequences containing small RNA fragment sequence plus P2 adaptor sequence 
(+ P2 sequence).  
2.  The adaptor sequence CGCCTTGGCCGTACAGCAG converted to color 
C330201030313112312 has the particular property that the first eight colors have 50% 
concordance when matched against itself with 2 bases shift as shown in the example 
below. 
3302010303 
    33020103 
This makes the P2 adaptor identification difficult (especially for the case of reads 
containing long small RNA fragments). 

3.  The current matching tools provided on the SOLiD instrument are designed for 
reads of equal length making adaptor removal a less likely option. 



 
To address these points, this RNA analysis tool contains 4 major subsequent steps: 

1. filtering 
2. matching against miRBase sequences 
3. matching against RefSeq sequences 
4. human genome matching.  

 
 
The analysis workflow is shown in the following diagram: 
 

Small RNA Analysis Tool Workflow 
 
Process   Pipeline Generated Output Files 
 

 
 
 
1. Filtering  

 
All reads are mapped against a reference containing by-product sequences (P2 adaptor, 
P1 and P2 primers; reference provided). The matching is based on 15 colors of the reads, 
the first one and last 19 being masked, allowing 0 or 1 mismatch. The output of this step 
is saved in byproduct directory. Reads not matching the previous reference are mapped 
against a reference containing rRNA, tRNA, repeated regions of the human genome 
(reference provided and stored in /RNA_pipeline_v0.3/reference/). Matching is based on 
first 20 colors of the reads, allowing 0 or 1 mismatches. The output of this step is saved in 
filtered directory. Reads not matching these references are parsed to the next step.  
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2. Matching against miRBase sequences 
 
A reference based on miRBase sequences is generated for this step, by concatenating 
each miRNA precursor sequence (Sanger build 11) (reference provided and stored in 
/RNA_pipeline_v0.3/reference/).  
Reads are first matched based on the first 18 colors (last positions are masked), allowing 
0 or 1 mismatch. If the library type parameter (-r) is set to “miRNA” than the matching 
locations are used as seeds for the next extension step (see Extension section). The results 
are stored in miRNA_Sanger_11 directory. Reads not matching this reference are parsed 
to the next step. 
 

3. RefSeq matching 
 
A reference based on RefSeq sequences (NCBI build 36) is generated for this step, by 
concatenating each RefSeq sequence (32662) (reference provided and stored in 
/RNA_pipeline_v0.3/reference/HUMAN_refseq_1188843346_concat_v3_validated.fasta
).  
Reads are first matched based on the first 25 colors (last positions are masked), allowing 
up to 3 mismatches. If the library type parameter (-r) is set to “transcriptome” than the 
matching locations are used as seeds for the next extension step (see Extension section). 
The results are stored in RefSeq_36 directory. Reads not matching this reference are 
parsed to the human genome matching step. 

 
4. Human genome matching 

 
Finally reads not matching the previous references are mapped against human genome 
reference. We use again a “seeding” step, in which reads are matched against human 
genome reference (NCBI build 36 with one fasta file for each chromosome; reference 
NOT provided) based on the first 20 colors (last positions are masked), allowing 0 or 1 
mismatch. The matching results are used as seeds for an “extension” step.  
 
The matching process starts with the standard output files (extension.csfasta) fasta format 
files containing bead location information and tag’s (color) sequence. 
 
>1379_8_1167_F3 
T30010310300130311122123302010003131 
 
The first letter represents the last base of forward primer and the entire analysis is 
performed at color level, the conversion to base sequences being applied to the end 
results. 
 
 
Extension:  
 
For each seed we estimate adaptor starting position as follows: if the adaptor starts at 
position n then the read (35 colors long) is compared with the “hypothetical” sequence 



composed of n colors from the reference (with same start point as the seed) followed by 
the first 35 – n colors from the adaptor. The actual read is compared (full 35 bases long) 
to the “hypothetical” one and the number of mismatches is recorded. The location n0 
giving the smallest number of mismatches is considered adaptor start point, while the 
number of mismatches from full length of the read is associated with the starting seed. 
Seeds of the same read producing the same smallest number of mismatches are reported 
as hit locations of the read. The .bc files contain a column with explicit fragment length 
(read with trimmed adaptor). .ma and .gff files contain the color/base reads with adaptor 
trimmed.  
 

 
 


