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MicroRNAs (miRNAs) are small, non-coding RNA molecules that bind to the mRNA of the target genes and reg-
ulate the expression of the gene at the post-transcriptional level. Zebrafish is an economically important freshwa-
ter fish species globally considered as a good predictive model for studying human diseases and development.
The present study focused on uncovering known aswell as novel miRNAs, target prediction of the novel miRNAs
and the differential expression of the knownmiRNA using the small RNA sequencing data of the brain and pineal
gland (dark and light treatments) obtained fromNCBI SRA. A total of 165, 151 and 145 known zebrafish miRNAs
were found in the brain, pineal gland (dark treatment) and pineal gland (light treatment), respectively. Chromo-
somes 4 and 5 of zebrafish reference assembly GRCz10 were found to contain maximum number of miR genes.
The miR-181a and miR-182 were found to be highly expressed in terms of number of reads in the brain and pi-
neal gland, respectively. Other ncRNAs, such as tRNA, rRNA and snoRNA, were curated against Rfam. Using
GRCz10 as reference, the subsequent bioinformatic analyses identified 25, 19 and 9 novel miRNAs from the
brain, pineal gland (dark treatment) and pineal gland (light treatment), respectively. Targets of the novelmiRNAs
were identified, based on sequence complementarity between miRNAs and mRNA, by searching for antisense
hits in the 3′-UTR of reference RNA sequences of the zebrafish. The discovery of novel miRNAs and their targets
in the zebrafish genome can be a valuable scientific resource for further functional studies not only in zebrafish
but also in other economically important fishes.

© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

The discovery of the first miRNAs in Caenorhabditis elegans in 1993
paved the way for unearthing of thousands of the mature miRNAs in a
wide variety of organisms, including animals, plants and even viruses
[1–3]. In recent years, intensive studies have been carried out on identi-
fication of novel miRNAs and their targets, with the addition of newly
discovered miRNAs to miRBase and subsequently resulting in its new
version release. The current miRBase release 21 has miR information
on 9 fish species. MiRNAs are a distinct class of endogenous RNA mole-
cules, which do not code for any protein and are about 22 nucleotides in
length [4]. MicroRNAs (miRNAs) are small, non-coding RNA molecules
that function as master regulators of the genome. They bind to the
mRNA of the target genes; thus, regulating the gene expression at the
post-transcriptional level. Many miR-related discoveries have come
from zebrafish investigations [5–10]. After the release of Zv9 (zebrafish
genome draft), the zebrafish genome project joined the Genome

Reference Consortium (GRC) for further improvement and ongoing
maintenance. The GRC has now released a new reference assembly,
GRCz10. Correlating the miR functions from a model organism to that
of human health largely depends on recognizing true orthologs of
humanmiRs. Thus, for the benefit of the entiremiR community, a better
understanding of the miRNome is essential [11].

Each miRNA appears to regulate the expression of tens to hundreds
of genes to efficiently coordinate multiple cellular pathways. Precursor-
miRNAs are usually 60–80 nucleotides in length with a hairpin second-
ary structure while mature miRNAs are mostly 18–26 nucleotides [12].
Many miRNAs are conserved across vertebrates [13]. Mutation in
miRNA genes or the improper miRNA and target gene interaction
may become a cause of various genetic diseases. With the advent of
high-throughput sequencing technologies, non-conserved or weakly
expressed miRNAs, along with species-specific miRNAs can be identi-
fied from a wide range of organisms [14–18]. Recent studies have fo-
cused on bioinformatic analysis of the NGS data obtained from small
RNA sequencing, where algorithms predict miRNA precursor molecules
based on the presence of hairpins and other associated parameters and
how they are processed into mature miRNAs. This sort of analysis can
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lead to the discovery of both novel and evolutionary conservedmiRNAs.
Kloosterman et al. [19] reported 66 newmiRNAs and 11 star sequences
corresponding to 116 potentialmiRNAhairpins in the zebrafish genome
by deep sequencing of two small RNA cDNA libraries. Bizuayehu et al.
[20] worked on the Atlantic Halibut and the results indicate a wide con-
servation of miRNA precursors and involvement of miRNA in multiple
regulatory pathways. Despite enormous research on zebrafish, the an-
notation of miR-producing genes remains limited.

Zebrafish is a fish species of freshwater ecosystem and considered
popular organism for studying the gene functions of the vertebrate, es-
pecially human development and genetic diseases. It is a favoredmodel
organism due to their specific features such as virtually transparent em-
bryos, small size, ability to keep them together in large numbers, ease of
breeding and easy to maintain/manipulate/observe in the lab experi-
ments. The critical role of miRNAs in gene expression is highly evident
from the recent studies in zebrafish. The miRNAs play key roles in
zebrafish organ formation and their expression at different time points.

In the present work, we used Illumina HiSeq2000 small RNA
sequencing data from the brain and pineal gland (dark and light treat-
ments) of zebrafish from NCBI SRA database. The total number of
reads in the data obtained fromNCBI SRAwas ~6 million, ~10.4 million
and ~14.8 million for the pineal light, pineal dark and brain, respective-
ly. An integrative bioinformatic strategy was applied to detect and
analyze the whole miRNA transcriptome of zebrafish. The present
study led to the discovery of novel miRNAs in the brain and pineal
gland of zebrafish, which will contribute for a better understanding of
the role miRNAs play in regulating diverse biological processes.

2. Materials and methods

2.1. Raw data retrieval and pre-processing

The small RNA sequencing data from three mature miRNA libraries
(pineal light, pineal dark and brain) of zebrafish were downloaded
from NCBI SRA (SRX363296, SRX363297 and SRX363298) and were sub-
sequently used for analysis in the present study. The downloaded data
was in SRA format, which was subsequently converted to fastq format
using sratoolkit (version 2.3.4-2) [30], fastq-dump option. The obtained
data was generated on HiSeq2000 using standard Illumina sequencing
workflow with the multiplexing option. A custom Perl script was writ-
ten to remove low quality bases, adaptor sequences, count the number

of occurrences of each read, and eliminate reads outside the targeted
size range (≥16 and ≤30).

2.2. Identification of conserved miRNAs and other ncRNAs in zebrafish and
other fishes

The filtered reads were further aligned onto the latest released ver-
sion of zebrafish genome GRCz10, using bowtie [31] with two mis-
matches and zero gaps. Only the aligned reads were used for the
downstream analysis. MiRBase [32–33] release 21was used for annota-
tion of knownmiRNA. A custombased Perl scriptwaswritten in order to
extract only the fish miRNA from the miRBase, along with the prepara-
tion of unique fish miRNA database, and its annotation files. Aligned
reads were annotated against the unique fish miRNA database, RefSeq
database, as well as noncoding RNA sequences of zebrafish from Rfam
(version 11) [34]. A custom Perl script was written in order to extract
the best read hit, which depicts the fish miRNA, and to segregate the
miRNA hits into known zebrafish miRNA and other fish miRNA.

2.3. Differential expression of known miRNAs

The individual read counts of the 3 data sets were fed into a custom
based Perl script to prepare the final read count table, which was taken
as input for DeSeq [35]. The results were further segregated into up-
regulated, down-regulated and neutral miRs based on the log2 fold
change value. For the log2 fold changegreater than1, less than−1andbe-
tween1 and−1, themiRswere designated as up, down andneutralmiRs.
A heatmap of few highly regulated miRNAs was drawn using R script.

2.4. Identification of novel miRNA candidates

The reads with no hits in the unique fish miRNA database and Rfam
were further used for the prediction of putative newmiRs usingMireap
(version 0.2). All novel pre-miRNAs were identified based on the pres-
ence of a classic hairpin structure [36]. These filtered small RNA reads
were aligned with the zebrafish genome using bowtie with strict param-
eters (number of mismatch;— v= 0). Mireapwas used for the detection
of novel miRs based on alignment, secondary structure, free energy and
locationon the precursor arm. The parameters used forMireapprediction
included: i) minimal miRNA length = 18; ii) maximal miRNA length =
26; iii) minimal miRNA reference length = 20; iv) maximal miRNA

Fig. 1. Read length distribution. The figure represents the read length distribution of the 3 data sets after length filtering.

Table 1
Statistics of the 3 data sets before and after length filtering.

Parameter Brain Pineal gland (light treatment) Pineal gland (dark treatment)

Total number of sequences 14,781,569 5,933,638 10,385,264
Total number of distinct sequences 259,897 265,007 463,789
Total number of sequences after length filtering 14,347,869 5,724,361 10,008,434
Total number of distinct sequences after length filtering 200,520 204,696 351,638
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