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1. Introduction

The number of microRNAs appears to be ever-growing, as more intensive
sequencing of small RNAs reveals a large population of sequences that are
expressed at low abundance, or in a tissue- or stage-specific manner.
Computational studies have also predicted the existence of thousands of
candidate microRNA precursor hairpin structures throughout mammalian
genomes (reviewed in Bentwich, 2005). The number of predicted potential
targets per microRNA is also steadily increasing, with the recognition that binding
of a 7-mer seed at the 5’-end of a microRNA may be sufficient to regulate a

target mRNA functionally (Doench and Sharp, 2004; Farh et al., 2005; Stark et al.,
2005; Lim et al., 2005; Sood et al., 2006). But how are microRNAs and their

targets coordinated — if at all?

2. A Random Model

One recent paper proposes that microRNAs arise whenever a RNA hairpin
structure happens to be transcribed, that happens to be competent for
processing by Drosha and Dicer (Svoboda and Cara, 2006). Most of these
microRNAs will have no function at all, at least not initially: They will bind to a
relatively large number of putative target regions at random (a 7-mer sequence
will bind randomly every 4’ = 16, 384 bases on average), and those target

regions that happen to be associated with a useful phenotypic response will tend



to be retained over evolutionary time whereas those mRNAs that show
deleterious responses will become relatively depleted in target sequences
(Svoboda and Cara, 2006). Such a random model predicts that no coordination
exists initially between microRNAs and their targets, but that coordinated sets of

microRNAs and targets emerge over time via natural selection.

3. Cases in which microRNAs and their Targets have an Intrinsic Relationship

On the other hand, at least 4 situations have been described in which microRNA
precursors do have a close intrinsic relationship with their target sequences: a)
In plants, several microRNA precursors arise from inverted duplicated repeat
sequences, so that the microRNA naturally targets the same mRNA from whence
it was derived (Allen et al., 2004). b) Several mammalian microRNAs are
encoded on the opposite strand from their target mMRNA, so that they comprise a
perfect antisense match to the target (Smalheiser, 2003; Royo et al., 2006). c)
Several human microRNAs have been proposed to arise from within processed
pseudogenes, one of which arises from the antisense strand of a beta-5 tubulin
gene and hence would be expected to target the normal cognate beta-5 tubulin
MRNA (Devor, 2006). d) A set of 4 human microRNA precursors were described
that derived entirely from MIR/LINE2 genomic repeats (Smalheiser and Torvik,
2005). In these cases, two different segments of MIR repeats had become
apposed in opposite orientations along a chromosome, forming a hairpin

structure that was transcribed and processed as microRNAs (fig. 1). These



microRNAs would be expected to target MIR/LINEZ2 repeats inserted into the 3'-

UTR regions of mMRNAs in the proper (opposite) orientation.

It is worth emphasizing that genomic repeats are well-represented among the
sequences that are predicted to be good microRNA precursor hairpin candidates
(Sewer et al., 2005). Indeed, repeat sequences are routinely observed during
small RNA cloning projects, but most, if not all, have been interpreted as
rasiRNAs arising from dsRNA (Aravin et al., 2003; Chen et al., 2005). Any
microRNAs derived from genomic repeats that form precursor hairpins would
have been excluded from miRBase or other databases because they do not map
unambiguously to one or a few distinct sites within the genome. Thus, it is
possible that the contribution of genomic repeats to microRNA gene evolution
has been underestimated. It is also conceivable that some “conventional”
microRNA precursors have evolved originally from this pool of potential
microRNA precursor hairpins formed by genomic repeats, but that progressive
changes occurring over evolution have obscured their origins. As well,
transposable elements can contribute promoter sequences that can affect
transcription of nearby genes (e.g., Nigumann et al., 2002; Jordan et al., 2003),
possibly including microRNA precursors (Smalheiser, 2003). Thus, genomic
repeats may influence the probability of a microRNA precursor hairpin being
transcribed, even if the repeat sequences are not themselves incorporated within

the microRNA precursor.



4. Cases in which microRNAs hit genomic repeats or regulatory elements within

3-UTRs

Another way that microRNAs may interact with multiple mRNA targets in a
coordinated fashion is by interacting with specific sequences within 3’-UTRs such
as those that regulate mRNA transport, stability and polyadenylation. a) For
example, a recent report proposes that miR-15 binds to AU-rich (ARE) elements
and thereby mediates functional inhibition of translation (Jing et al., 2005).
Messenger RNAs bearing ARE elements comprise one of several distinct
functional classes that are regulated by sets of RNA-binding proteins (Barreau et
al., 2006), hence they are functionally as well as structurally related to each other.
Recently, AU-rich elements within 3'-UTRs have been proposed to be originally
derived from insertions of Alu elements (An et al., 2004). b) As well, we have
recently predicted that Alu elements in 3'-UTRs are likely microRNA targets for a
set of 28 human microRNAs that share the 5’-seed sequence AAGUGC
(Smalheiser and Torvik, manuscript submitted for publication). There is
experimental evidence that mMRNAs expressing Alu elements in their 3'-UTRs
tend to be involved in cellular growth and differentiation, and are regulated as a
class via translational control (Krichevsky et al., 1999; Vidal et al., 1993; Stuart et
al., 2000; Vila et al., 2003; Spence et al., 2006); thus, microRNA targeting could
potentially provide a mechanism for the translational control. c) Our previous
analysis suggesting that certain human microRNAs may target MIR/LINE2

repeats within 3'-UTRs (Smalheiser and Torvik, 2005) constitutes another



example in which human microRNAs appear to target genomic repeats. From
the standpoint of evolution, microRNAs that happen to hit upon genomic repeats
or widely scattered elements should be particularly prominent (strongly favored
or quickly lost) because they will hit an entire group of mMRNAs that may already

share certain functions or are already regulated in a coordinated manner.

5. Discussion

The ultimate origin of microRNA genes remains obscure in most cases. One
study has shown that microRNA genes are not located randomly through the
genome, but that about half are located at fragile chromosomal sites (Calin et al.,
2004). Another study indicates that microRNA genes and (some of) their mMRNA
gene targets in C. elegans tend to be encoded near each other on the same
chromosome (Inaoka et al., 2006). However, the meaning of these clues, in
terms of microRNA gene biogenesis, is difficult to decipher at this point. Our
studies have provided evidence that transposable elements have contributed
both to microRNA precursor gene sequences and to their target sequences
within 3'-UTRs. It is too early to assess whether this represents a minor
phenomenon, or is indicative of a major role for these elements in shaping
microRNA evolution and in coordinating microRNAs with their targets. We hope

that this brief chapter will stimulate further research on this issue.
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Figure 1. Genomic structure of human LINE-2 derived microRNA precursors.

Information was downloaded and edited from the UCSC Genome Browser. Each
of the precursors resides within a mRNA intron, and each flanks the junction of
two L2 repeats in opposite orientation (darker shading indicates less divergence
from the L2 consensus).

(Reprinted from Smalheiser and Torvik, 2005 with permission.)
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