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Much work over the last three decades has established that chemical modifications of DNA
and histones are intimately linked with various facets of DNA metabolism, most notably
transcription. In addition to chromatin components, RNA has long been known to be
chemically modified [1]. The N6-methyladenosine (m6A) RNA modification has recently
emerged as a widely prevalent RNA mark [2]. First discovered in the 1970s, m6A is found in
many eukaryotes, as well as in some viruses, and characterizes many RNA species,
including mRNAs, tRNAs, rRNAs, snRNAs, and IncRNAs [1, 2]. Although broadly
distributed, assigning a functional role to m6A has remained elusive. To this end, a recent
study by Deepak Patil, Samie Jaffrey and colleagues has intriguingly found that the
mammalian RNA with the most mapped m6A nucleotides is the X-inactive specific
transcript (Xist) InNcRNA [3]. Xist RNA is essential for X-chromosome inactivation, which
equalizes X-linked gene expression between male and female mammals by silencing most
genes on one of the two X-chromosomes in females [4].

m6A enrichment within Xist RNA offered the authors an opportunity to dissect the
functional importance of m6A. Xist RNA ‘coats’ the X-chromosome from which it is
expressed and enables silencing of genes on that X-chromosome [5, 6]. In recent years,
advances in technology have revealed the diverse mechanisms by which Xist RNA silences
transcription of X-linked genes. Xist RNA recruits silencing protein complexes, modifies the
3D structure of the X-chromosome, and repositions the X-chromosome to the nuclear
periphery [7]. Although undoubtedly illuminating, these studies left open the question of
precisely how Xist RNA executes its many functions.

To elucidate m6A function, Patil et al. expanded upon the discovery, from the labs of Mitch
Guttman and Jeannie Lee, that Xist RNA binds the RNA-Binding Motif protein 15
(RBM15). The Guttman and Lee labs separately pioneered affinity purification protocols to
capture proteins that bind RNAs and identified RBM15 as a high-confidence Xist-interacting
protein [8, 9]. RBM15 is a member of the SPEN family of proteins that recognize RNA
molecules based on the structure of the RNA [10]. Patil et al. found that knock-down of
RBM15 and its homolog RBM15B reduced the silencing of genes on the Xist RNA-
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decorated X-chromosome. The authors identified the exact binding sites within Xist RNA
through the iCLIP (individual-nucleotide resolution UV crosslinking and
immunoprecipitation) technique. Intriguingly, RBM15/15B iCLIP clusters circumscribed the
mMBA sites in Xist RNA.

Patil et al. next attempted to connect RBM15 to m6A catalysis by interrogating other
proteins associated with the m6A RNA modification. They honed in on WTAP (Wilm’s
Tumor Associated Protein), which binds the A-repeat region within the 5”end of Xist
RNA[11]. This region is known to be enriched for the m6A modification [12]. In addition to
Xist RNA, WTAP was previously found to interact with RBM15/15B and, importantly, with
METTL3, an m6A catalyst [13-16]. Indeed, the authors showed that WTAP can recruit
METTLS to catalyze m6A within Xist RNA. siRNA-based knock-down of WTAP or
METTL3 reduced m6A deposition in Xist RNA as well as X-linked gene silencing by Xist
RNA.

These results in turn raised the question of how the m6A modification can facilitate gene
silencing. The m6A moiety was previously found to be ‘read’ by the YTH family of proteins
[17]. Amongst the YTH family, the DC1 protein became of interest due to its localization
predominantly in the nucleus. Patil and colleagues therefore tested DC1 binding within Xist
RNA and found that it was enriched on m6A-marked residues. siRNA knock-down of DC1
showed that it is necessary for X-linked gene silencing upon Xist RNA coating. To
determine if DC1 recruitment is sufficient for X-linked gene silencing, the authors tethered
DC1 to Xist RNA through the viral BoxB-AN RNA-protein binding system [18]. This
experiment rescued Xist RNA-induced gene silencing, even upon siRNA reduction of
METTLS3. In these experiments, measuring the degree of m6A reduction upon METTL3
knock-down would have further bolstered the role of METTL3-catalyzed m6A in X-
inactivation.

Although sufficient to mediate the m6A-independent Xist RNA gene silencing, DC1 does
not have intrinsic silencing function. The authors postulated that DC1 must act via
secondary effectors. DC1 is known to bind with SHARP, LBR, HNRNPU, and HNRNPK
proteins and to interact with components of the Polycomb repressive complexes 1 and 2 — all
of which either directly or indirectly associate with Xist RNA and effect gene silencing [8, 9,
12, 19]. Additional work will be required to connect DC1 directly to these factors.

In sum, the study by Patil et al. demonstrates the functional importance of the m6A through
investigations of the modification in Xist RNA. In Xist RNA, m6A likely acts as a scaffold
for the assembly of silencing protein complexes. These findings will undoubtedly spur the
discovery of similar and additional roles for m6A in other RNA species.
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Figure 1.

Role of m6A RNA methylation in X-chromosome inactivation.
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