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‘Satellite DNA transcripts have diverse biological roles
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It has been known for several decades that a
large fraction (450%) of most eukaryotic

genomes corresponds to repetitive DNA
sequences, mainly represented by dispersed
transposable elements (TEs) and tandemly
repeated satellite DNAs (satDNAs). Both
classes have been traditionally included into
the non-coding fraction of the genome,
because they were considered unlikely to
encode any protein product useful for the
cell. They have been often referred to as
‘selfish DNA’, ‘parasitic DNA’ or ‘junk
DNA’, terms usually applied to DNA
sequences that spread in the genome by the
multiplication of copies that conferred
neither advantage nor disadvantage to the
fitness of organisms (Orgel and Crick, 1980).
Their abundance and ubiquitous presence in
eukaryotes was traditionally explained by
their ability to amplify (intragenomic selec-
tion) and as a result of genomic tolerance for
such extra and useless genetic material. There
is growing evidence showing that TEs may
have important functional roles in a genome,
participating in gene regulation, chromatin
modulation or as functional components of
important chromosome structures such as
telomeres and centromeres (Kidwell and
Lisch, 2001). Nevertheless, our knowledge
about the function of satDNAs is far less
extensive and understood when compared
with TEs.
SatDNAs consist of large and homo-

geneous arrays of tandem repeats located in
the heterochromatic regions of the chromo-
somes. Sometimes, members of the same
satDNA family can be found dispersed
throughout euchromatic regions, but in the

form of small arrays (approximately
five tandem repeats; Kuhn et al., 2012).
SatDNAs do not code proteins and have been
traditionally viewed as ‘monotonous and
useless material, able to accumulate until they
become a too heavy load for a genome’ (Plohl
et al., 2012). Moreover, the abundance and
high similarity of repeats have long been a
challenge for algorithms used in the assembly
of whole-genome shotgun sequences. Putting
it all together, satDNAs are considered as a
poorly understood and neglected genomic
component (Plohl et al., 2012). In fact,
satDNAs have been barely mentioned in most
papers reporting whole-sequenced genomes,
despite their obvious high representativeness
in the genome of many organisms (430%)
and transcriptional activity (Pezer et al.,
2011). Although transcription alone does
not directly imply function (Graur et al.,
2013), the biological status of such transcripts
remained unclear until very recently.
Herein, I would like to highlight recent and

important discoveries concerning the biologi-
cal utility of transcripts derived from the most
abundant and most studied satDNA of Dro-
sophila melanogaster, named by different
authors as 1.688 (this number reflects its
g ml− 1 value in a cesium chloride density
gradient), 359 bp satellite or satDNA III.
Repeats of this satellite family have been
previously shown to be located in the cen-
tromeric and pericentromeric heterochroma-
tin of the X chromosome, and in the
pericentromeric heterochromatin of chromo-
somes 2 and 3. Moreover, several short arrays
made of approximately five tandem repeats
have been found widespread at several
euchromatic regions, mainly on the X chro-
mosome and to a lesser extent on chromo-
somes 2 and 3. Several 1.688 arrays
underwent different homogenization for

chromosome-specific or array-specific repeat
variants (that is, satDNA subfamilies), as a
result of intragenomic concerted evolution.
Consequently, 1.688 arrays contribute to
provide individual structural identities to
chromosomes (see Kuhn et al., 2012;
Gallach, 2014; and references therein).
Usakin et al. (2007) were the first to show

that the repeats from the 1.688 satDNA
family are transcribed in embryos and adult
flies. They found that 1.688 double-stranded
RNAs derived from subfamilies located on
chromosomes 2 and 3 are processed into
siRNAs (small interfering RNAs) that in turn
participate in the heterochromatin formation
of both chromosomes. The authors further
noted that these siRNAs do not act on the X
chromosome, where a different 1.688 sub-
family is present. The utility of 1.688 tran-
scripts from chromosome X, where the bulk
of 1.688 repeats are found, remained
obscured. Two exciting works published in
November 2014 shed new light on the func-
tion of the X-linked satDNA transcripts and,
to a wider extent, on the diversity of func-
tional roles that satRNAs may play (Menon
et al., 2014; Rošić et al., 2014).
Rošić et al. (2014) showed that 1.688

heterochromatic repeats residing on the X
chromosome produce long sense and anti-
sense polyadenylated RNAs comprising
approximately four repeats. Depletion of
these transcripts in cell culture by RNA
knockdown leads to chromosome segregation
defects, including the presence of lagging
chromosomes in anaphase. Interestingly, the
fact that chromosomes 2 and 3 showed
similar mitotic defects suggests that satRNAs
from the X chromosome have also the ability
to act in trans. The authors observed the same
phenotype in early embryos carrying the
Zygotic hybrid rescue (Zhr1) mutation,
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characterized by a X–Y translocation where
most of the 1.688 heterochromatic block
from chromosome X has been deleted
(Sawamura et al., 1993). RNA-immuno-
precipitation experiments revealed that 1.688
satRNAs specifically binds to CENP-C, a
centromeric protein that together with
CENP-A has a key role in kinetochore
assembly and function during cell division.
SatRNA knockdown led to a significant
reduction of CENP-C in the centromeric
regions during mitosis. The authors con-
cluded that an interaction between CENP-C
and satRNA is required for proper localiza-
tion of CENP-C (and consequently CENP-A)
to centromeres. Disruption of this interaction
may compromise the correct assembly of a
functional centromere that in turn leads to
genome instability (that is, segregation
defects). However, it is important to mention
that Zhr1 flies may be surprisingly viable and
fertile, despite the mitotic defects observed
during the embryonic stage. The authors
suggested that, in addition to satRNAs, other
mechanisms are likely involved for proper
chromosome segregation.
Interactions between satRNAs and centro-

meric proteins have also been reported in
maize and humans. Similarly, inhibition of
these satRNAs led to chromosomal segregation
defects (Topp et al., 2004; Chan et al., 2012).
The fact that satDNA transcripts contribute for
centromeric function in flies, humans and
plants suggests that they have an evolutionary
conserved role, as rightly suggested by Rošić
et al. (2014). I expect that more examples
showing such association will become available
in a wide range of species in the near future.
In a different approach, Menon et al.

(2014) showed that ‘1.688’ satDNA tran-
scripts have a third biological role in D.
melanogaster. In Drosophila, genes on the
male X chromosome are doubly expressed,
a situation that leads to the balance of gene
products between males (XY) and females
(XX), a mechanism known as dosage com-
pensation. In this mechanism, the male
specific lethal (MSL) complex binds to spe-
cific sites on the male X chromosome and
promotes an approximately twofold increase
in gene expression. Previous work revealed
the participation of siRNAs in this process,
but their parental sequences remained
unknown. Now, the authors showed that
siRNAs produced from a subset of X-linked
euchromatic 1.688 arrays contribute for the

localization of the MSL complex to the X
chromosome. However, instead of interacting
directly with MSL, it was suggested these
siRNAs act in cis creating an X-specific
chromatin environment that in turn allows
association with MSL.
The data above show that satDNA tran-

scripts may be involved in at least three
important biological functions as follows: (i)
centromere function; (ii) chromatin silencing/
heterochromatin formation and (iii) chroma-
tin modulation and global up regulation of
X-linked genes. Considering functional role
on one hand, and the fast rate of satDNA
turnover in the other (for example, Zhang
et al., 2014; Gallach, 2014), it is possible that
incompatibilities between satRNAs from one
species and chromatin remodeling proteins or
chromosome-specific targets (as those
involved in centromere function or dosage
compensation) from the other may cause
genomic instabilities in hybrids, thus contri-
buting for the speciation process (Henikoff
et al., 2001; Ferree and Barbash, 2009; Barbash
2010; Brown and O'Neill, 2010).
More than one satDNA family is usually

present in the genome. In D. melanogaster, for
example, 16 satDNAs have been described. It
is likely that not all satDNAs in a species are
functional. Some of them may indeed be
considered junk. But the observation that at
least a subset of satDNA families are involved
in important biological roles makes the study
of these highly abundant and fast-evolving
components of the eukaryote genome highly
relevant for structural, functional and evolu-
tionary genomics. It is also worth mentioning
that in the past few years, new and efficient
bioinformatic tools are becoming available for
the identification of satDNAs from sequenced
genomes (Novák et al., 2014), whereas long-
template sequencing and new computational
approaches (Altemose et al., 2014) have been
fostering the assembly of satDNA repeats.
With all these new findings and tools, geno-
mic studies, including those related to whole-
sequenced genomes, will certainly benefit by a
‘satDNA recall’.
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