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ABSTRACT

The role of bio-informatics and computational biology in life sciences has been growing ever since the
emergence of complex and large datasets for understanding the biological processes and expression of
traits. Even though, algorithmic approaches are available, individual modules have to be executed for each
intermediate result to predict the microRibosomal Nucleic Acid (miRNA). Hence, an attempt was made to
develop an integrated model for predicting the miRNA in which all the structures will be generated
automatically, once we submit the genomic sequences with varied datasets as an input. A novel algorithm
was developed for prediction of miRNA in plants using shell scripting for fast processing of huge amount of
data. As a part of the pipeline, software modules for generating RNA secondary structure, RNA structure in
Extensible Markup Language(XML) format and RNA structure in pictorial view were developed using shell
scripting by imposing various constraints, namely(1) miRNA should be a part of hairpin, (2) miRNA length
is approximately 21nt,(3) it should start from 41st position and (4) the length of hairpin of good miRNA is
>50 nt. Built-in modules, namely ‘samtools’ and ‘mfold’ were used in the scripting for generating RNA
secondary structure in graphical form and in XML format. These modules were executed with the representative
tobacco genome survey sequence and able to retrieve the above structures which are considered an input for
predicting miRNA, and an output file was generated to display good miRNA sequences from the given
structure. This algorithm can be used for predicting miRNA from the genomic sequences from the upcoming
tobacco and other plantgenome projects.
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1. INTRODUCTION

MicroRNAs (miRNAs) are a new class of non-coding endogenous RNA molecules,which play crucial roles
as regulators of gene expressions in eukaryotes. The first endogenous ~22nt RNAs identified were lin-4
RNA and let-7 RNA, both of which involved in controlling the timing of larval development in the nematode
Caenorhabditiselegans™¥. Processed from primary transcripts that are transcribed from miRNA genes,
mature miRNAs are usually 19-25 nucleotides long. Mature miRNAs are thought to down regulate the
translation of messenger RNAs after recognising and binding to partially complementary sites in the 3’
untranslated regions of the messenger RNA.

miRNAs usually participate in a set of important life process, including growth processes, haematopoiesis,
organ formation, apoptosis and cell proliferation. They are also closely related to many kinds of human
diseases, including cancer!®!. Therefore, their study is important for the understanding of various cell functions
in eukaryotic species. miRNAs have been discovered by various experimental methods, such as, northern
blot!*3), clone library!® and separation of microRNAs!". These methods are highly biased towards abundantly
expressed miRNAs and only abundant miRNA genes can be detected®. It is imperative that not all miRNAs
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are well expressed in many tissues, cell types and development stages that have been tested®. However, the
miRNA identification by experiments is time consuming and cost expensive. The algorithms used for gene
prediction are less efficient to predict miRNAs because of the low similarity existed among the miRNA
sequences. A number of computational algorithms were developed to predict miRNA with respect to those of
other species miRNA precursors!'”. The miRNAs can be detected using characteristics such as the secondary
structure and free folding energy of their precursors, conservation a part of miRNA sequences or similarity
with other miRNAs. These characters have been exploited widely in the development of miRNA finding
algorithms!''2, Precursor miRNA (pre-miRNA) of 60—70nt have stem-loop hairpin structures, which are an
important characteristic feature used in the computational identification of miRNAs. Recently, the ab initio
method based on machine learning was developed and applied to distinguish real pre-miRNAs from candidate
hairpin sequences. Through learning from known miRNAs and pre-miRNAs, the features of primary sequence
and secondary structure are extracted. These features are used to construct classifiers, such as support
vector machine (SVM)!'2. MiPred!!*! is the extension of Triplet-SVM, which uses two additional features
such as minimum of free energy and the randomisation test (P value), totalling 34 features. Xuan et al.['¥
proposed a novel feature selection method based on genetic algorithm, according to the characteristics of
human pre-miRNAs, which improved the accuracy nearly 12% compared with MiPred.

All these methods relied mainly on evolutionary conservation to eliminate a large number of false-positive
predictions. However, a substantial number of lineage- or species-specific miRNA genes do exist which
escape the prediction of conservation-based approach!!>!. If the miRNA precursors of one species have been
not known, the methods are impossible to predict putative miRNA precursors in other similar species. The
importance of miRNAs in the post-transcriptional regulation, the lack of sufficient number of known miRNAs
and poorly annotated genomes collectively necessitated for the novel effective computational approaches for
miRNA prediction. In this work, we developed a novel algorithm to identify miRNA from plant genome
sequences.

In this paper, we developed a novel algorithm for prediction of miRNA in plant genomeusing shell scripting for
fast processing of huge amount of data.

2. BACKGROUND

The discovery of miRNAs represents one of the most significant advances in biological and medical sciences
in the last decade. Hundreds of miRNAs have been identified in plants, viruses, animals and humans, and
these tiny, non-coding RNA transcripts have been found to play crucial roles in important biological processes
involved in human health and disease. The term miRNA was first introduced in a set of three articles in
Science (26 October 2001). Although the first published description of miRNA appeared in 1993!Y, only in the
last few years has the breadth and diversity of this class of small regulatory RNAs been appreciated. A great
deal of effort has gone into understanding how, when and where miRNAs are produced and their functions in
cells, tissues and organisms. Each miRNA is thought to regulate multiple genes. Ashundreds of miRNA genes
are predicted to be present in higher eukaryotes, the potential regulatory circuitry afforded by miRNA is
enormous. Several research groups have provided evidence that miRNAs may act as key regulators of
processes as diverse in early development!?), cell proliferation and cell death!'®), apoptosis and fat metabolism(!'”
and cell differentiation!®). Recent studies of miRNA expression implicated that miRNAs play an important
role in brain development!'®), chronic lymphocytic leukaemial*”, colonic adenocarcinoma, Burkitt’s lymphoma
and viral infections*!! suggesting possible links between miRNAs and viral disease, neurodevelopment and
cancer. There is speculation that in higher eukaryotes, the role of miRNAs in regulating gene expression
could be as important as that of transcription factors.
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3. MATERIALS AND METHODS

The algorithm was developed for prediction of new miRNA from plant genome based on the conditions,
namely (1) miRNA should be a part of hairpin, (2) miRNA length is approximately 21nt, (3) it should start
from 41 stposition and (4) the length of hairpin of good miRNA is >50nt. The software was developed using
shell scripting under Linux environment.

For analysing the homologous miRNAs in plants, downloaded Genome Survey Sequences (GSS) sequences
of tobacco and analysis were conducted with 100 representative sequences. The length of the hairpin motif
varies and also a miRNA can originate from the 5p or 3p end of the hairpin motif. To account for the variation
in the length and position of the mature miRNA within the hairpin sequence, we used flanking sequences of
different lengths for each match to the mature sequence. From the starting position of the mature match to
the genome sequence, the following coordinates are used to obtain the flanking sequences (-10, +60; -20,
+80;-20, +120;-40, +90). The secondary structure folding for these sequences is obtained using ‘mfold’. Each
of the resulting candidate secondary structures with the least free energy are evaluated for

(a) the mature sequence resides on either one of the 5p or 3p arms,
(b) the mature sequence does not continue into the hairpin loop and

(c) the structure does not contain additional internal bulge loops that form another secondary structure within
the hairpin structure.

From the candidates, thus obtained from running the four different flanking sequences, the sequence with the
least free energy is presented. The mature sequence can originate either from both 5p and 3p ends, and for
each candidate both feasible options were obtained.

The sequence of steps implemented is as follows:

1. Generate the sequence for each chromosome of data file.

2. Generate the RNA structure for each sequence. The output for each sequence creates a folder containing
various files. Three files which are important among them are (1) a file with ‘.det’ extension is created
which contains the RNA secondary structure with details that includes the fine features such as helix
loop, hairpin loop, multi loop, interior loop and others. (2) A file with extension ‘.rnma’ is created which
specifies the structure of RNA in XML format and (3) the file ‘.out’ is created which contains the
structure of RNA in graphical view.

3. Two files ‘.det’ and ‘.rnma’ are compared with various conditions like (1) miRNA should be a part of
hairpin, (2) miRNA length is approximately 21nt, (3) it should start from 41st position and(4) the length of
hairpin of good miRNA is >50nt.

4. RESULTS AND DISCUSSION

To analyse the new datasets for prediction of miRNA, the following sequence of steps isto be followed. The
code was developed using Java, Shell Script and Perl in Linux environment. The results were generated by
taking one input example ‘Chr5-26236044°.

In step 1, the shell programme takes the input as given chromosome that is Chr5-26236044 and generates a
range by subtracting -20 as left coordinate and adds +120 as right coordinate.
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4.1 Step 1

sh ranges.sh

(This programme defines a range for each chromosome. Left coord: -20; Right coord: +120)
Output example:Chr5:26236024-26236184

Output filename: datasetl

The output in step 1 that is ‘dataset]’ which consists of "Chr5:26236024-26236184’ as input for step2 and this
shell generates a genome sequence named ‘mirnainputl’.

4.2 Step 2

sh seql

(This programme generates a sequence for each chromosome)

Input filename: dataset1

Output filename: mirnainputl

Output example:

>Chr5:26236024-26236184
CGCCGTCGCCACCGCCGCCGCCTGCCGCGTAGTCGTACTTGAAACCGAGCGCTGGCGGCC
CCGACGGCTCCAGCGGCAGCAGCGCTGCCCCGGGCCCGACTCCTGGGCCGGGATCGCGCC
CGCGCTCCTCACGCTTCAGGCCCCCGCCGCCCTCGGCGCAC

The generated genome sequence is considered an input for step3. In this step, different structures for the

given sequence will be generated where the miRNA was found, namely structure 1, structure 2, structure 6,
structure 7, structure 8, structure 9, structure 10 and structure 12.

4.3 Step 3

sh main.sh

(This shell includes two programmes: final8 and RNA java)

(This programme predicts the good miRNAs. Input filename: mirnainputl/(give the filename in main.sh)
In ‘final8’ programme, give the range as ‘20’output filename: MIRNA1.out
Chr5:26236024-26236184

-72.30

41:62

-71.90

41:62

120:141

-71.90

-71.30

-71.10

-71.00
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41:62
70:91
105:126
72:93
-70.60
41:62
92:113
-69.60
20:41
47:68
82:103
123:144
92:113
-69.60
41:62
-69.00:
41:62
70:91
110:131
72:93
78:99
81:102
-69.00:
-68.90:
41:62
73:94
-68.90:

Structure 1

Folding bases 1 to 161 of Chr5:26236024-26236184
Initial dG=-72.3

10 20 30
-C| CCACC -CT-CAG T
GCCGTCG GCCGCCGC GCCG AT TCG A
CGGCAGC CGGCGGCG CGGCCA AGTC
VA CC— T —A-A T
60 50 40
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70 80
~-TCCAGC A
GGCAGC\
CCGTCG G

\ C

90 100

G AC
—CC GGCCCG \
GG CCGGGT T
\G CC
110

120
ATC .-C CTC
GCGCC GCG
CGCGG CGC C
CA- \- ACT
160 130

140
TTCA CCC
GGC \
CCG C
CTC- CCG
150

In this step, 13 secondary RNA structures were generated. Out of them, secondary structure of miRNA was

found in the structure 8 only. Hence, structures 1 and 8 were given.
Structure 2

Folding bases 1 to 161 of Chr5:26236024-26236184
Initial dG=-71.9

10 20 30
-C CCACC -CT-CAG T
GCCGTCG GCCGCC GC GCCG AT TCG A
CGGCAGC CGGCGGCG CGGCCA AGTC
\ - CC— T —A-AT
60 50 40
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70 80
~TCCAGC A
GGCAGC\
CCGTCG G
C
90 100 110
-CC| C CTCCT— - - AT
GGGCC GA GG GC CGGG C
CCCGG CT CC CG GCCC G
\—* A TCGCACT T C GC
140 130 120

\

150
c— C

CGCCG C

GCGGC C
CAC T
160

Structure 6

Folding bases 1 to 161 of Chr5:26236024-26236184
Initial dG=-71.0

10 20 30
-C CCACC -CT-CAG T
GCCGTCG GCCGCCGC GCCG AT TCG A
CGGCAGC CGGCGGCG CGGCCA AGTC
\ - CC— T —A-A-T
60 50 40

70 80 90 100
-TI— GCC — — G AC

CC AGCG AGAGCGC TGC CCCGG CCCG \
GG TCGC TC TCGCG GCG GGGCC GGGT T
\-~ACT AC C CCC CTA - CC

140 130 120 110

150
ccce  C
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CGCCG C

GCGGC C
CAC- T
160

Structure 3....eeeenniiiiiiinnnnnnn Structure 6
Structure 7

Folding bases 1 to 161 of Chr5:26236024-26236184
Initial dG=-70.6
10 20 30
-C CCACC -CT-CAG T
GCCGTCG GCCGCC GC GC CGGT TCGA
CGGCAGC CGGCGGCG CGGCCA AGTC
\ - CC— T—A-AT
60 50 40
70 80
~-TCCAGC A
GGCAGC\
CCGTCG G

\ C

90 100 110

-CC C CTCCTG| C— T G
GGGCCGA GGC GGGA cGCcC
CCCGG CT TCG TCCT GCGC

\— A ~CAC C C
140 130 120

150
c— C
CGCCG C
GCGGC C
CAC T
160

Structure 8

Folding bases 1 to 161 of Chr5:26236024-26236184
Initial dG=-69.6
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10 20 30 40
-CC CACC CCCT G TTA A
GC GTCGC GCCGCG GCCGCTAGCG CTTGA
CG CGGCG CGGC GC CGGCG GTC GC GAGCA

\-A ACCT ACC- - -— C
80 70 60 50
90 100 110

A- |CCCC C- ACT- -C— TG
GCGCTG GGGC CG CCTGG GC GGGA CcaCC
CGCGGC CCCG GC GGACTCG TCCcraCacC
CA *T— CC CcCCC T CAC C C
160 150 140 130 120

Structure 10

Folding bases 1 to 161 of Chr5:26236024-26236184
Initial dG=-69.0

10 20 30
-C CCACC -CT-CAG T
GCCGTCG GCCGCCGC GCCG AT TCG A
CGGCAGC CGGCGGCG CGGCCA AGTC
\ - CC— T —A-A-T
60 50 40

70 80 90 100
-T — GC C TGCCCC|C C G
CC AGCG AGAGCGC GGGC CGATCCTG\
GG TCGC TCTCGCG  CCCG GCTAGGGC G
\-ACT ACC ——~*C - C
140 130 120 110

150
ccce  C

CGCCG C

GCGGC C
CAC- T
160
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4.4 Step4

This programme discovers the good miRNA structures from the above predicted structures where the miRNA
was found.

Input:MIRNA.out (i.e. structures found in step 3)
Perl CheckMirs.pl()
Output file: Good Structure.txt
Chr5:26236024-26236184
5p Structure 8
Folding bases 1 to 161 of Chr5:26236024-26236184
Initial dG=-69.6
10 20 30 40
-CC CACC CcCCT G TTA A
GC GTCGC GCCG CG GCCGCTAGCG CTTGA
CG CGGCG CGGC GC CGGCG GTC GC GAGCA

\-A ACCT ACC- - -— C
80 70 60 50
90 100 110

A- |CCCC C-ACT- -C— T G
GCGCTG GGGC CG CCTGG GC GGGA CGCcC
CGCGGC CCCG GC GGACTCG TCCTGCGC
CA "~T— CCCCCC TCAC C C
160 150 140 130 120
End Record 0

Good Structure Count: 1
5. CONCLUSION

In the present study, we developed an algorithm for prediction of miRNA in plants using shell scripting under
Linux environment. Based on this, an automation software was developed which generates RNA secondary
structure, RNA structure in XML format and RNA structure in pictorial view and finally predicts the good
miRNA structure. This algorithm takes less execution time and memory when compared with earlier algorithms.
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