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A load of small RNAs in the sperm — how many bits of
hereditary information?
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Transcriptionally silent sperm
contains a variety of RNA frag-
ments of both coding and non-coding
transcripts. A recent article by Peng
and colleagues reveals several new
families of small RNAs enriched in
sperm, which are derived from the
same locus as tRNAs. The finding of
these short fragments of tRNA in the
sperm raises once again the question
of the possible function(s) of such a
miniaturized form of information
carried by the spermatozoon.

Germ cells prepare the transmission
of information to the next generation.
The logic of Mendelian heredity ac-
counts for a large fraction of it, but over
the past few years several independent
investigations lead us to also consider
other forms of heredity. One of the pos-
sibilities is a non-Mendelian form of
transmission of epigenetic information—
regulatory mechanisms that expression
of genes is either silenced or activated in
amanner stable enough to be maintained
throughout cellular divisions (‘epige-
netic memory’) and even transferred to
the following generations (‘epigenetic
heredity’). What drives such alternative
epigenetic phenomena, what targets
genetic loci in a sequence-specific
manner, and for paternal heredity, what
regulatory components are comprised in
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the minimal cellular structure of sperm?
Various candidates are considered, such
as modulations of DNA methylation and
covalent modifications of nucleosomal
histones in chromatin. However, RNA
molecules are now also considered as
key vectors of epigenetic variations with
recent development of experimental
assays in organisms ranging from the
worm to the fly and the mouse. RNAs
would obviously be the best candidates
to act by sequence recognition as guides
of complexes that would include protein
and other components of silencing/acti-
vating systems. Hence, the development
of research programs to investigate
RNA molecules in the most detailed
manner, i.e., by deep sequencing the
RNA content of the germ cell, with a
specific interest in sperm, a transcrip-
tionally silent cell with a limited amount
of RNA to sequence, could hold the keys
to biological effects.

Mature mammalian sperm is pro-
duced after complex steps of differen-
tiation of the cytoplasm (formation of
the chromatoid body) and the nucleus
(compacted chromatin structure). Only
10-20 fg of RNA are maintained in a
mature sperm cell, with a profile dis-
tinct from somatic cells because of the
absence of the major components of the
ribosome. Although part of the sperm
RNA is made of fragments of coding
transcripts, several exploratory analy-
ses identified a variety of non-coding
RNAs (ncRNAs). Krawetz and his

colleagues [1] reported that spermato-
zoa contain an abundant population of
ncRNA — about 24 000 estimated in an
individual sperm. This small RNA frac-
tion includes multiple known classes
of ncRNAs: repeat-associated small
RNAs, miRNAs, siRNAs, and piRNAs.
Approximately 20% of the miRNAs are
introduced into the oocyte during fertil-
ization [2]. It was shown that miR34c
is a sperm-borne microRNA [3]. Two
examples of siRNAs were found in
sperm, IGF2 receptor antisense and
antisense sequence for the Dickkopf-2
gene [4]. piRNAs, initially discovered
in differentiating germ cells, are also
found in sperm. Recently, Kawano et
al. [5] reported another class of small
RNAs in low copy number derived from
a piRNA locus. By high-throughput
sequencing of small-RNAs (<40 bp) in
the sperm, Peng and colleagues [6] now
show a marked enrichment of tRNA
fragments of 30-34 nt in length in the
sperm, which make up to 67% of total
sperm small RNA reads. They pointed
out that these RNAs are matched to
the 5" halves of tRNAs, hence they are
designated as mature sperm-enriched
tRNA-derived small RNAs or mse-tsR-
NA, which are generated from mature
tRNAs through cleavage at specific site
within the anti-codon loops of a major-
ity of glu- and gly-tRNAs. Intriguingly,
these mse-tsRNAs are highly enriched
in mature sperm head and oocytes, but
their numbers drop dramatically after



fertilization.

The search is now open to define pos-
sible functions of these mse-tsRNAs in
fertilization, in zygotes or in embryonic
development, which may eventually un-
dergo variations constitutive of a mode
of inheritance. tRNAs are abundant
and functionally important noncod-
ing RNAs with highly conserved and
extensive posttranscriptional process-
ing. Maturation of tRNA generates
several byproduct species, including
tRNA fragments derived from tRNA
3'-trailer processed by tRNase Z or
tRNA 5'-leader by RNase P. A parallel
has been drawn with a different set of
RNAIi machinery enzymes [7]. A func-
tional difference independent of protein
synthesis is suggested with a novel
role in modulation of gene expression.
Upon environmental changes like stress
conditions, starvation, heat shock or
oxidative stress, such tRNA fragments
dramatically increase in frequency. It
was shown that these cleaved 5 half-
tRNAs can suppress protein synthesis
independent of elF2a in the transfected
cell [8]. In the same study, suppression
of protein synthesis was associated with
displacement of e[F4G/A from mRNAs
by tRNA fragments. Moreover, these
fragments can induce formation of
stress granules and cytoplasmic foci
with untranslated mRNPs [9]. Elbar-
bary and coworkers [10] have studied
gene expression modulated by human
5'-half-tRNA coupled with tRNase Z"
or tRNase Z1 activity. 5'-half-tRNA
acts as a small guide RNA (sgRNA)
for tRNase Z", and efficiently leads to
the suppression of gene expression of a
specific mMRNA containing complemen-
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tary binding sequence of sgRNA. They
suggest that tRNase Z" guided by tRNA
halves can play a role in p53 signaling
pathway and apoptosis.

The discovery of an enrichment of
5'-half tRNA fragments in sperm now
raises the question of the biological
meaning of what we read. What is the
function of these small RNAs if any?
The next step, more challenging, is
to find a biological test to support the
sequencing data. One more and more
obvious possibility is that epigenetic
modifications are induced by such RNA
molecules, which, is now being tested
experimentally in multiple organisms,
from worms and Drosophila to mam-
mals [11-15]. The findings of Peng and
colleagues add hope to a growing field
to understand how the maintenance
of such large amounts of fragmented
tRNAs in sperm functionally contrib-
utes to the non-Mendelian transmission
of heritable traits.
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