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Abstract MicroRNAs and transposable elements (TEs) share numerous characteristics: size, sta-

ble secondary structure, maturation into shorter sequence and regulation of binding target genes.
TE-derived miRNAs are microRNAs that are generated from transposable elements. TE-derived
miRNAs and TEs have a similar distribution of their occurrences that is distinct from ’classical’
miRNAs: a TE-derived miRNA have many occurrences spread in many chromosomes, and a ’classical’ miRNA has generally one occurrence of few ones appearing in a cluster.
We developed an automatic method called miRNAcheck to distinguish a TE-derived miRNA from a
’classical’ miRNA. Given a miRNA candidate, miRNAcheck calculates in a first step the number of
occurrences of the candidate in the genome. The ten occurrences the most similar to the candidate
sequence are then extended and a consensus sequence is created. Finally, the consensus sequence
is compared to TE sequences in RepBase, a database of TEs.
From the 1048 human miRNAs of miRBase, we selected the miRNAs that have at least 5 similar
occurrences in the genome. We get only 67 candidates. Among them, 59 are identified by miRNAcheck as TE-derived miRNAs.
miRNAcheck is available at the Web site: http://EvryRNA.ibisc.univ-evry.fr/
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Introduction

Recent studies show the whole genomes of higher eukaryotes are transcribed [14] while the genes represent
only few percentages of these genomes. The non-genic regions are mainly composed by non-coding RNAs
(ncRNAs) and transposable elements (TEs) that represent a substantial fraction of many eukaryotic genomes.
For example, about 50% of the human genome is derived from transposable element sequences [10].
Transposable elements are present in nearly all genomes that have been studied to date and in some cases
represent most of the genome [17]. They move or are copied from one genomic location to another [4]. TEs are
characterized and classified on the basis of terminal or sub-terminal remarkable structures or of their proteincoding capacity. TEs are conventionally divided into two classes [30]: Class I and Class II. Class I is represented
by the retrotransposons LINEs, SINEs, LTRs, and ERVs, both requiring reverse transcription from an RNA intermediate. Class II includes “cut-and-paste“ DNA transposons, which are characterized by terminal inverted
repeats (TIRs) and are mobilized by a transposase [4]. Many families of both classes do not show any coding capacity and are called non-autonomous transposable elements. They have cumulated so many mutations,
insertions or deletions so they are generally solely defined by their extremities [29,5]. In Class I, Short INterspersed Elements (SINEs) are short sequences (100 to 500 nt) and present a stable secondary structure similar
to the fusion of tRNA structure and hairpin structure [15,28]. In Class II, Miniature Inverted-repeat Transposable Elements (MITEs) are non-autonomous transposable elements characterized by a small size (80-500 bp),
a stable secondary structure, generally hairpin structure, and an insertion into A + T-rich regions [3]. MITEs
could generate small interfering RNAs (22-24 bp) by a pathway similar to that required for TE-derived siRNA
biogenesis and by DICER-like proteins [18].
siRNAs are non-coding RNAs generated from a biological response to double-stranded RNAs (dsRNAs)
called RNA interferences (RNAi) [8,25]. Long dsRNA molecules (for example TE) initiate RNAi by being

converted to smaller 21-23 nt siRNAs by the Dicer enzyme. Therefore, hairpin RNAs have been commonly
used to induce RNAi [8].
MicroRNAs (miRNAs) are non-coding RNAs with only 21-25 nt in sequence length that are present in all
sequenced higher eukaryotes [1,9]. They are involved as negative regulators of gene expression at the posttranscriptional level by binding to specific mRNA targets whose translations are inhibited or down-regulated
[9,21]. According to the current understanding of miRNA biogenesis, miRNA genes are transcribed and then
are cleaved into a 60-80 bp long precursor of miRNA sequences (pre-miRNAs) by the Drosha/Pasha complex.
Pre-miRNAs, structured as hairpins, are transported into the cytoplasm by Exportin5 and cleaved by Dicer into
mature miRNAs [1]. In the RISC complex, a miRNA binds with a specific mRNA transcript and leads to the
cleavage or the degradation of the mRNA.
TEs and miRNAs share numerous characteristics (Fig. 1), especially the similarity of their biogenesis and
the regulation of their targets [23,11]. Moreover, some recent bioinformatic studies show that some miRNAs
share their sequences or an important part of their sequences with TEs [11,23,27]. These miRNAs, annotated
in miRBase [7], are called TE-derived miRNAs and present a high number of occurrences in the genome [11].
Both classes of TEs could be involved in TE-derived miRNAs [24].

Figure 1. Bioinformatic characteristics of (pre-)miRNAs and transposable elements. The size and the secondary structure
of pre-miRNAs and TEs are similar. Mature miRNAs down regulate the target binding genes [1] and the siRNAs generated
from TE targets the TE-genes [18].

In this article, we present an automatic method for identifying TE-derived miRNAs, called miRNAcheck.
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2.1

Our approach
How to identify TE-derived miRNAs

The main criteria that identifies TE-derived miRNA candidates from other miRNAs is the number and the
distribution of the candidate occurrences. miRNAs do not have a transposition mechanism like TEs, and are not
widespread in all chromosomes, not even widespread in one chromosome [2,19]. A mechanism that can copy
miRNAs is an error of chromosome replication that can give a cluster of miRNAs [26]. This difference in the
copy mechanism changes the localization of occurrences and allows to distinguish the TEs from the satellites
(tandem repeats) [4].
The study of a miRNA occurrences distribution depends on:

1. The number of occurrences in the whole genome. Excepted TE-derived miRNAs, a miRNA has few occurrences in the whole genome [2,19]. Therefore, we can consider that a miRNA candidate that occurs several
times in the genome has a strong probability to be a TE-derived miRNA.
2. The number of distinct chromosomes where appear the occurrences. The tandem repeat mechanism does
not allow a sequence to jump to another chromosome [4]. Then, very few miRNAs are found in two chromosomes. The presence on a second chromosome could be explained by the chromosomic rearrangement
during the evolution. Therefore, we can consider that a miRNA candidate present in several chromosomes
have a strong probability to be a TE-derived miRNA.
3. The distance between the occurrences. Some recent studies show that some similar miRNAs are clustered
in a small distance [26] and that the tandem repeat mechanism creates copies close to the original sequence
[4]. For example, there is a cluster of 49 miRNAs in human chromosome 19 spread on only 150 kb. Sewer
et al approximated the maximal distance of a miRNA cluster to 20kb [26]. Therefore, we can consider that
if two or more similar occurrences are distant of more than 20 kb, there is a strong probability that the
candidate is a TE-derived miRNA.
2.2

Description of our method

In order to identify TE-derived miRNAs, we developed an automatic method called miRNAcheck which
works as follows.
Given a miRNA candidate, the first step of our method consists to study the distribution of the candidate
occurrences, using BLAT [16] of UCSC Genome Browser [6]. We calculate the number of occurrences, named
”hits”, of the candidate in the genome, and more particularly the number of ”similar hits”. Similar hits are
hits whose similarity with the candidate is greater than 80% and whose size is between 80% and 120% of
the candidate size. This definition is similar to the identification definition of transposable elements [24]. We
calculate also the number of chromosomes where occur the different similar hits.
After the study of the occurrences distribution, the second step of our method looks for a possible similarity
with transposable elements. However, the size of pre-miRNA candidates (60-80 bp) could be too short for an
identification by Censor [13]. To extend the candidate sequence, our method extracts the ten best similar hits (or
all similar hits if they are less than ten). Thanks to UCSC genome browser [6], we get the surrounding sequence
around each hit: 100 nt left to the hit and 100 nt right to the hit. These sequences are then aligned with ClustalW
[20] and a consensus sequence is created. The nucleotide consensus at position i corresponds to the nucleotide
present at least 7 times in the alignment at same position; otherwise there is the character N. We assume that
ten hits are sufficient to create a consensus sequence since the hits have a similarity with the candidate greater
than 80%.
Finally, we compare the consensus sequence to a TE database: RepBase [12]. The candidate is a TE-derived
miRNA if the consensus is similar to a TE in RepBase.
2.3

miRNAcheck tool

Our method was implemented in JAVA. The obtained tool, called miRNACheck, is available on the Web
site: http://EvryRNA.ibisc.univ-evry.fr.
The interface of miRNAcheck (Fig. 2) works as follows: the user enters the sequence of a miRNA candidate
in STADEN format, enters a miRNA name and chooses the genome where the sequence belongs. miRNAcheck
sends a request to BLAT of UCSC Genome Browser and gets the hits of the sequence in the genome (2 in
Fig. 2). The line above the hits table resume the BLAT result (the number of hits returned by BLAT, the number
of chromosomes where appear the hits, and the number of similar hits, i.e. hits that have a size between 80%
and 120% of the miRNA size and that have a similarity greater than 80% with the candidate sequence). The
user can check the hits obtained from BLAT with a link to the results obtained by BLAT. miRNAcheck selects
then the 10 most similar hits (or all if there are less than 10 similar hits) and extends the hits in the genome
sequence. The extended hits sequences are then aligned by ClustalW and a consensus sequence is generated

(3 in Fig. 2). Finally, the consensus is sent to the RepBase database [12] in order to identify a TE candidate
associated to the consensus sequence. The alignment between the consensus and the most similar TE is then
shown (4 in Fig. 2). A pop-up resumes the results and specifies if the candidate is a TE-derived miRNA.

Figure 2. JAVA interface of miRNAcheck. It shows here the results obtained for the human miRNA has-mir-1273e.
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Results and discussion

For our tests, we considered the 1048 human miRNAs present in MiRBase version 16. The first step was
to calculate the number of hits of each of the miRNAs. Only 67 miRNAs have more than 5 similar hits in the
genome. These miRNAs are listed in Fig. 3. Thanks to miRNAcheck, we found that among these 67 miRNAs,
59 are TE-derived miRNAs (Fig. 3).
As shown in Fig. 3, 9 miRNAs (that have more than 5 similar hits) do not correspond to a RepBase TE. 3 of
them (HSA-MIR-3179-1, HSA-MIR-3179-2 and HSA-MIR-3179-3) occur in one chromosome only. However,
the hits of these miRNAs are not close to each other (there is a hit that is at more than 2 million nt from an
other). These 9 miRNAs require therefore more study in order to know if they are TE-derived or not.

Figure 3. Human miRNAs that have at least 5 similar hits in the genome. Most of them are identified as TE-derived
miRNAs. miRNAs that have ”???” in ’TE name’ column are not similar to known TEs listed in Repbase. The columns
’Hits’ and ’Chrom’ correspond respectively to the number of similar hits and to the number of chromosomes where appear
these hits. There are 24 genomic chromosomes and 9 haplotype chromosomes in UCSC Genome Browser [16].

Fig. 3 shows also that miRNAs having a same name prefix (e.g. HSA-MIR-548A-1, HSA-MIR-548A-2,
HSA-MIR-548B, etc.) correspond to a same TE, which is not surprising since these miRNAs have similar
sequences.
One important remark is that very few miRNAs have several similar hits; only 77 among 1048 have more
than 5 similar hits. This observation confirms the fact that a miRNA is normally unique or with very few and
close similar hits.
King Jordan et al. have previously discussed the origin of miRNAs and the possibility that they come from
the evolution of MITEs [11,23]. Their hypothesis is supported by the similarity between their secondary structures and by the similarity between their targeting mechanism. Moreover, Smalheiser et al. shown that some
mammal miRNAs have a small fragment of L2 transposable element in their sequence [27]. If the hypothesis
of miRNA TE-derived origin seems possible, some studies stipulate that miRNAs derive from genomic loci
distinct from any other recognized elements [1,22] and Yan et al. think for instance that mir4441 and mir4446
are misannoted as miRNAs but are siRNAs [31].

Our automatic method confirmed the previously result obtained manually by Jordan et al. which shown that
6 human miRNAs ’hsa-mir-548’ are TE-derived [11]. Thanks to our tool miRNAcheck, we identified 62 new
TE-derived human miRNAs.
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Conclusion

In this paper, we present an automatic method called miRNAcheck for identifying TE-derived miRNAs.
TE-derived miRNAs are miRNAs that are derived from transposable elements (TEs).
Our method is based on the hypothesis that a miRNA that have several occurrences widespread in the
genome has a high probability to be TE-derived. The first step of miRNAcheck is to calculate the number of
occurrences of the miRNA candidate, the number of chromosomes where appear the different occurrences and
the distance between the occurrences. The second step is then to calculate a consensus sequence to the ten
occurrence sequences the more similar to the miRNA sequence. Finally, the last step consists to check if the
consensus sequence corresponds to a TE in RepBase database.
We tested our method on human miRNAs of miRBase. There are a total of 1048 human miRNAs and
only 77 have more than 5 occurrences (with high similarity). Almost all these 77 miRNAs are identified by
miRNAcheck as TE-derived, i.e. corresponding to TEs in RepBase.
Thanks to miRNAcheck, one could check very quickly if a miRNA candidate is a TE-derived miRNA. It
requires between 30 seconds to 1 minute to treat a miRNA sequence (depending on the number of occurrences
in UCSC and on the access to RepBase).
miRNAcheck is available at the Web site: http://EvryRNA.ibisc.univ-evry.fr/
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