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Transcription brings the complex(ity) to the centromere
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Mitosis is a dramatic event in the life of a cell. Chromosomes
condense, organelles vesiculate, and the microtubule cytoskele-
ton rearranges into a bipolar spindle that segregates a complete
set of chromosomes to each daughter cell. These changes in cel-
lular physiology lead to the global disruption of many inter-
phase processes such as protein trafficking and gene
expression. However, many interphase factors are repurposed
during mitosis, and play critical roles in the execution of cell
division.

There is a growing body of work showing that transcription
of repetitive centromeric DNA sequences by RNA Polymerase
II contributes to assembly of the kinetochore, a centromere-
localized complex that attaches chromosomes to the spindle.
Centromeric transcription is important for the localization of
the histone H3 variant CENP-A as well as the inner kineto-
chore protein CENP-C.1 However, very little is known about
the RNA biogenesis pathway at centromeres, and it is unclear
exactly how centromeric transcription contributes to chromo-
some segregation.

In the simplest case, centromeric transcription could lead to
the synthesis of noncoding RNAs of a defined sequence that
are themselves important for centromere and kinetochore
assembly. Consistent with this idea, we recently showed using
the Xenopus egg extract system that centromeric RNAs are
processed during mitosis, and that recruitment of the splicing
machinery to these transcripts is important for kinetochore
assembly.2 However, we also found that neither inhibition of
transcription elongation (over short time courses) nor complete
destruction of cytoplasmic RNAs during mitosis using RNase A
(A.W.G and R.H. unpublished) led to impaired kinetochore
assembly. In total, our findings suggest, paradoxically, that
recruitment of the RNA processing machinery to the centro-
mere, but not the persistence or even complete synthesis of
mature centromeric RNAs, is important for kinetochore assem-
bly. We believe that these seemingly contradictory findings can
be reconciled if we amend the assumption that centromeric
transcription is important because it produces a specific RNA
product. Below we outline an alternative model explaining how
promiscuous RNA binding by CENP-C and the recruitment of
the RNA processing machinery to nascent centromeric

transcripts could both contribute to chromosome segregation
(Fig. 1).

Previous work showed that both CENP-A and CENP-C
exist in RNA-containing complexes, which are important for
their localization (e.g.3,4). However, there is only limited evi-
dence that these complexes form exclusively with centromeric
RNAs. In fact, RNAs derived from retrotransposons within a
human neocentromere were required for its maintenance.3

This suggests that other RNAs originating from abundant
DNA elements can substitute for centromeric transcripts and
drive centromere assembly and perhaps points to transcript
proximity as being more important than transcript identity
when it comes to centromere specification. Similarly, work in
maize showed that CENP-C does not display a significant bind-
ing preference for centromeric RNAs.5 It seems likely that
CENP-C is a promiscuous RNA binding protein that recog-
nizes a short/abundant sequence or structural motif, since Dro-
sophila CENP-C appears to have some sequence specificity.4 It
will be interesting to see whether CENP-C orthologs possess
similar RNA binding characteristics given the diversity of cen-
tromere sequences and divergence of CENP-C across
eukaryotes.

While a specific RNA does not appear to be important,
CENP-C RNA binding does contribute to inner kinetochore
assembly in many systems.1 Therefore, we propose that tran-
sient, promiscuous RNA binding by CENP-C helps stabilize
the inner kinetochore at the centromere during mitosis,
which promotes kinetochore assembly and ultimately chro-
mosome segregation. This mechanism could help reinforce
the centromere as the site for kinetochore assembly given
that CENP-A is also distributed throughout non-centro-
meric chromatin.6 In addition to CENP-C stabilization, cen-
tromeric transcription recruits the RNA processing
machinery to the centromere during mitosis. The large num-
ber of enzymatic activities associated with the splicing
machinery could play regulatory roles in kinetochore assem-
bly, function, or maintenance. For example, Prp4, a kinase
involved in splicing, localizes to the kinetochore during
mitosis where it is required for spindle assembly checkpoint
signaling.7
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Centromeric transcription adds yet another layer of com-
plexity to centromere and kinetochore assembly. Uncovering
the functional aspects of this process will require a quantitative
understanding of the RNA-binding characteristics of centro-
mere and kinetochore factors, including knowledge of the
sequence and/or structural determinants of RNA-binding, and
a more complete picture of the noncanonical kinetochore com-
ponents recruited by mitotic transcription.
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Figure 1. Model for the role(s) of centromeric transcription in kinetochore assembly. Nascent RNA Polymerase II (Pol II) transcripts stabilize CENP-C at the centromere,
which promotes kinetochore assembly leading to spindle microtubule attachment. Active Pol II also recruits splicing factors that process nascent centromeric RNAs and
could catalyze functionally important post-translational modifications (PTM) of kinetochore proteins.
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