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Abstract

RNA undergoes extensive biochemical modification following transcription. In addition to RNA
splicing, transcripts are processed by a suite of enzymes that alter the chemical structure of
different nucleobases. Broadly termed as “RNA editing,” these modifications impart significant
functional changes to translation, localization, and stability of individual transcripts within the
cell. These changes are dynamic and required for a number of critical cellular processes, and
dysregulation of these pathways is responsible for several disease states. Accurately detecting,
measuring, and mapping different RNA modifications across the transcriptome is vital to
understanding their broader functions as well as leveraging these events as diagnostic biomarkers.
Here, we review recent advances in profiling several types of RNA modifications, with particular
emphasis on adenosine-to-inosine (A-to-1) and AB-methyladenosine (mA) RNA editing. We
especially highlight approaches that utilize proteins to detect or enrich modified RNA transcripts
prior to sequencing, and we summarize recent insights yielded from these techniques.
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Introduction

RNA is a key information-carrying biomolecule that controls cellular function in all living
organisms. In addition to capping, polyadenylation, and splicing steps that yield mature
mRNA,! individual nucleobases within transcripts can also be modified by a number

of enzymes. These processes are now described as “RNA editing” or “epitranscriptomic
modifications” (Fig. 1),27 and they affect nearly all types of RNA and encompasses a
significant and increasing number of known modifications. Figure 1b displays a select group
of these modified bases, and while there are many (>100) additional modifications known
and more continue to be discovered, these highlighted alterations are the most prevalent

in the human transcriptome and significantly influence RNA coding and function.2-
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Adenosines in particular are frequently edited in humans, and different modifications are
installed by several enzyme classes. Adenosine-to-inosine (A-to-1) conversions are catalyzed
by adenosine deaminases acting on RNA (ADARS) (Fig. 1b), which in turn alter the

base pairing properties of the nucleobase. Similar to epigenetic modifications in DNA,
methylation of certain nucleotides in RNA is emerging as a widespread cellular event for
tuning RNA function and regulating gene expression.® In particular, AB-methyladenosine
(m®A, Fig. 1b) has been identified as the most frequent RNA editing event in humans,’®
and appears to both enhance protein translationl® and promote phase-separation of different
transcripts into cytosolic granules.11-12 Additional methylation of mA at the 2° OH position
(m8Am) is also prevalent, and is enriched at the 5’ termini of MRNAs.” Uridines can

also be converted into pseudouridine (¥), and while originally discovered as a common
modification in both transfer RNA (tRNA) and ribosomal rRNA (rRNA),13 these edits

have now been detected in thousands of human mRNAs.14-15 Similarly, cytidines can

be converted to A#-acetylcytidine (ac*C),16-17 5-hydroxylmethylcytidine (hm>C),18 and
5-methylcytidine (m>C),1° with each of these modifications playing key roles in translational
quality control and RNA stability. The discovery of these modifications represents an
exciting new frontier in RNA biology, and determining their precise cellular functions will
likely yield significant insight into basic cellular physiology. However, elucidating these
roles has presented a significant challenge for the field and required creative strategies to
detect and map these events. Toward this end, many groups have utilized natural protein
machinery which displays exquisite molecular recognition properties. In this review, we
discuss several key protein-based technologies for characterizing RNA editing events. While
uridine and cytidine modification are biologically important, detection and enrichment of
these modifications is typically achieved using chemical strategies, and these methods are
described in greater detail in other reviews.3-* Because of their prevalence and utilization

of protein-based platforms for detection and enrichment, in this review we focus primarily
on the two major adenosine modifications in RNA. In particular, we describe inosine (1)

and AB-methyladenosine (m8A), and highlight recent technological developments for their
recognition as well as new biological insights gained from these methods.

Adenosine-to-Inosine (A-to-1) RNA Editing

Inosine in RNA is formed through a deamination mechanism (Fig. 2a), and ADAR1 and
ADAR?2 are the primary enzymes responsible for catalyzing A-to- editing in humans.20-21
Although a third enzyme, ADAR3, has also been identified and is highly expressed in the
brain, this isoform lacks catalytic editing activity and may play indirect roles in regulating
A-to-I editing levels.22-23 To date, a significant number of A-to-I sites have been catalogued
in the human transcriptome (>16 million),24-25 and several apparent functional roles have
emerged. Because inosine base pairs with cytosine and thus results in a functional A—G
transition (Fig. 2b), these alterations can directly modify codon sequences within mRNAs
and subsequently impart amino acid substitutions in proteins. mMRNA editing is especially
prevalent in the brain,26-2% where several ion channel receptor mRNAs undergo precise
A-to-1 modification, which creates structural changes in the resulting proteins to adjust ion
permeability and membrane potential .30-31 Although these sites impart significant functional
change and there is great interest in leveraging A-to-1 mRNA editing for therapeutic
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protein recoding, 32736 the vast majority of editing actually occurs in repetitive, non-coding
RNA sequences.24-25 ADAR enzymes have strong affinity for long RNA duplexes,2° and
widespread Alu elements throughout the transcriptome form long inverted repeats which are
extensively edited.37-38 Unmodified dsRNA within the cytosol is also typically indicative
of viral infection and is quickly recognized by a suite of sensor proteins that activate the
innate immune system.39 Alu editing accounts for millions of A-to-I sites, 2425 and their
ubiquitous presence is now thought to help mark host RNA as “self” and regulate these
inflammatory pathways.20-21. 40-42 Together, A-to-1 RNA editing plays crucial roles in
cellular development, metabolism, and overall physiology, and dysregulation of this process
is associated with neurological disorders, immune disease, and several cancer types.29: 43-45

Because of this importance, there is great interest in developing technologies to robustly
map A-to-1 sites and determine their biological significance. Although biochemical
characterization of ADAR enzymes has provided insight into editing mechanisms, it
remains unclear why some A’s are edited over others or how editing rates at individual

sites are regulated. Moreover, several fundamental questions remain as to how editing is
differentially regulated between different cell types and at varying stages of development. A
powerful workflow to overcome these knowledge gaps was recently developed by Song and
coworkers to map ADAR binding sites in RNA with both high resolution and throughput.#
Their method, termed irCLASH (infrared crosslinking, ligation, and sequencing of hybrids),
identifies ADAR binding sites by crosslinking the enzymes to RNA and then isolating and
sequencing these regions (Fig. 2¢). Interestingly, this revealed that ADARs bind ~50 bp
footprints in tandem pairs on long RNA duplexes, corroborating earlier notions that ADAR
dimerization is critical for activity.*’~48 Because irCLASH can isolate specific ADAR
isoforms, this method also elucidated key binding differences for both ADAR1 and ADAR2,
revealing unique signatures for both protein-recoding (predominantly ADAR?2) and Alu-type
(ADAR1) editing sites. This study was also notable for mapping ADAR3 binding sites,
which have been notoriously difficult to characterize because the enzyme does not introduce
detectable editing sites in RNA. Interestingly, irCLASH datasets demonstrated that ADAR3
binding sites significantly overlapped with ADAR?2 regions, suggesting it may compete with
ADAR? for these editing substrates to negatively regulate overall editing levels.*6

A fortunate advantage in studying A-to-1 editing is that the introduced base pairing change
is easily detected by high-throughput RNA-sequencing (RNA-seq) at single nucleotide
resolution (Fig. 2b). However, despite tens of millions of potential editing sites, these
events are quite rare in the context of total cellular RNA (~0.01 - <0.0001% of all
nucleotides),24-25 and it has been technically challenging to comprehensively map these
events using RNA-seq. Our lab as well as other groups have explored inosine chemical
labeling as a means to avoid this limitation altogether,49-52 and while acrylonitrile or
acrylamide derivatives are feasible for labeling simple RNA substrates, these reagents also
display off-target labeling with other nucleobases and are generally intractable for use
with complex RNA samples. While antibodies have proven to be effective reagents for
recognition of a variety of modified RNA nucleotides, to date there are no inosine-specific
antibodies available. Thus, our lab and others have looked to Nature for a solution to

this molecular recognition challenge, harnessing the exquisite ability of Endonuclease V
(EndoV) to recognize and bind inosine-containing RNAs.53-56 EndoV is present in almost
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all organisms and appears to have originally evolved in prokaryotes to cleave and repair
inosine lesions in DNA arising from spontaneous oxidative damage.>’ However, these
prokaryotic EndoV isoforms still recognize inosine in both DNA and RNA, and this
property was recently utilized for detecting A-to-1 editing in transfer RNAs (tRNAs).%8

In particular, the A34 position in the anticodon loop of tRNAs in prokaryotes (tRNAAYAcG)
and eukaryotes (tRNAArgACG, tRNAAIaAGQ tRNAPrOAGG, tRNAThrAGLj, tRNAvaIAAc,
tRNASE 5 o, tRNALUA £, and tRNAEA 5) is converted to inosine, in turn facilitating
wobble base pairing and correct translation.58 While reverse transcription and Sanger
sequencing are feasible for detecting this modification, these assays are especially difficult
with tRNAs, as they are small, highly structured, and extensively modified. Using a
prokaryotic EndoV homolog from 7hermotoga maritima, Torres and coworkers overcame
these limitations and developed the splinted ligation-based inosine detection (SL-1D) assay,
which represented a major advance for directly measuring A-to-I editing status in the
tRNA repertoire. This report validated SL-1D in several classes of tRNA, demonstrated
assay robustness and selectivity in total RNA from different species, and further resolved
prior ambiguity by confirming that tRNAAI2A indeed undergoes A-to-1 editing in higher
mammals and is critical for cellular function.

Although EndoV appears to naturally utilize Mg?* for RNA cleavage,>3-54 supplementing
the enzyme with CaZ* facilitates inosine recognition and binding, but does not support
cleavage (Fig. 2d).5° Because of the relative scarcity of A-to-I edited transcripts in

cellular RNA, we recently leveraged this property to enrich inosine-containing RNASs prior
to sequencing.®® Using EndoV from E. coli (eEndoV), we first tested binding activity
towards short RNA strands in the presence of Ca2*, and demonstrated that the enzyme

has low nanomolar affinity for inosine in RNA.%® Because the recombinant eEndoV is
commercially available as a fusion to a maltose-binding protein (MBP) affinity tag, we
were then able to capture and isolate edited transcripts using magnetic beads functionalized
with anti-MBP antibody (Fig. 2f). We termed our method EndoVIPER (Endonuclease V
immunoprecipitation enrichment) and demonstrated its ability to selectively enrich A-to-I
edited transcripts from cellular RNA, roughly doubling the amount of newly identified
editing sites compared to standard RNA-seq. Given these promising results, ongoing work
in our group aims to explore other EndoV isoforms for enrichment, as well as deploying

the enzyme in other immunodetection assays for measuring A-to-I prevalence and specific
signatures. Despite its utility as a detection platform, the biological functions of EndoV

in humans remain mysterious. Several groups independently demonstrated that human
EndoV is an inosine-specific ribonuclease and cleaves A-to-1 edited RNASs 7 vitro,53-54

but recapitulating this activity /7 vivo has yielded confounding results in that enzyme levels
do not correlate with overall inosine abundance in RNA.0 It is likely that EndoV activity is
regulated or suppressed in some way, and RNA structure may play a key role in determining
which transcripts are degraded by EndoV. Although it is easy to modulate EndoV activity /in
vitro by changing Ca2* and Mg2* concentrations in different buffers, it is also interesting to
speculate whether ion switching is occurring in the cytosol to control EndoV activity. In any
case, EndoV has emerged as a powerful molecular recognition platform for characterizing
A-to-1 editing, and determining its natural biological functions in humans is an area of high
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interest in the RNA editing field, as it is likely to yield critical information for understanding
epitranscriptomics and its relationship to RNA metabolism.

It is increasingly clear that A-to-1 editing is a crucial RNA modification. While the vast
majority of these sites occur in repetitive regions, a small number of protein-recoding events
produce significant biological consequences.24-25 Despite their importance, limitations of
existing methods continue to make the detection these rare sites problematic. It is our
opinion that many of these events remain undiscovered, and that the use of techniques that
improve the efficiency and sensitivity of A-to-1 site identification, including EndoVIPER®®
or microfluidics-based multiplex PCR sequencing,5! will likely improve our ability to
identify new candidate sites. Surprisingly, there have also been very few studies focusing
specifically on A-to-I editing in small non-coding RNAs, including microRNAs and small
interfering RNAs, which have been demonstrated to both undergo editing as well as
influence overall cellular behavior.21: 62 We similarly predict that high-resolution protein-
based detection platforms will also identify crucial editing sites in these transcript classes.
Although not as impactful on an individual basis, repetitive Alu editing sites across

the transcriptome also collectively contribute to overall tissue development and immune
system regulation.20-21, 40-42 \while potential functional roles have been hypothesized for
the distinct global editing patterns observed between different cell and tissue types, the
biological significance of these differences remain somewhat mysterious. ADAR expression
is also poorly correlated with overall inosine content in cellular RNA,2° and there is

great interest in identifying mechanisms that regulate both ADAR activity and overall
editing levels. Sampling a large number of biological contexts will likely reveal additional
editing patterns and hint at context-specific functions and regulatory mechanisms, but the
present requirement for lengthy and high-cost RNA-seq limits our ability to efficiently
ex-plore these settings. Similarly, transcriptome-level A-to-1 signatures are also emerging
as a key biomarker for several diseases, 2% 43-45 put there are few methods available that
can cheaply and rapidly detect these changes. Protein-based platforms that do not rely on
sequencing are well poised for addressing both of these major pursuits, enabling facile
characterization of global editing changes as well as rapid diagnostic detection of disease-
relevant epitranscriptomic signatures.

Né-methyladenosine (m6A)

The most widespread and abundant RNA modification in humans is AB-methyladenosine
(m®A),7 10 which is introduced by a large protein complex that includes methyltransferases
METTL3 and METTL14 (Fig. 3a). m6A is typically installed within “DRACH” consensus
sequence motifs (D=G/A/U, R=G/A, H=A/U/C), and is highly enriched at stop codons and
3’ untranslated regions in mRNAs.? Accumulating evidence suggests that m8A enhances
stability and translation of edited transcripts, which is facilitated by a suite of “reader”
proteins that contain a YT521-B homology (YTH) domain.19: 63 mbA also appears to

play a critical role in the cellular stress response, and YTH readers preferentially bind

and sequester methylated RNAs into liquid-like, “membrane-less” granules to protect
transcripts from environmental insults as well as silence their activity.12 64 In contrast to
A-to-1 editing, mBA is also reversible by demethylase enzymes FTO and ALKBHS5 (Fig.
3a),65-66 suggesting this modification enables fine-tuning of MRNA activity within the cell.
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Unsurprisingly, mBA is quickly emerging as a critical and dynamic modification for a variety
of cellular processes, including metabolism,3: 87 stem cell differentiation,®® and immune
responses.®9

In contrast to A-to-I editing, the m6A modification does not introduce a base pairing change
or a detectable sequencing signature, and has thus proven highly difficult to identify in RNA.
Isolation of monoclonal antibodies specific for m®A provided a crucial enabling technology
for mapping modification sites in RNA. Termed “meRIP-seq” (m8A-specific methylated
RNA immunoprecipitation sequencing), this method first randomly hydrolyzes mRNA into
~100-200 nt fragments, which are then enriched using anti-m8A antibody-functionalized
beads. By comparing input (non-enriched) and meRIP-seq samples, m6A positions can be
approximated by identifying coverage peaks in sequencing tracks (Fig. 3b). While meRIP-
seq enabled the first large-scale studies of m6A prevalence in the human transcriptome and
identified >10,000 putative editing sites across thousands of transcripts,8-9 this technique

is also significantly limited in both accuracy and resolution, and can only estimate m6A
locations within a 100-200 nt window. To overcome this, Linder and colleagues developed
iCLIP-seq, wherein they UV-crosslinked and digested the bound antibody to introduce a
covalent adduct on the RNA molecule and produce a C-to-T mutational signature one
nucleotide downstream of each m®A site (Fig. 3c).”0 This provided greater accuracy and
single-nucleotide resolution detection of m8A sites, in turn facilitating better identification of
the m8A consensus sequences.

Although these immunodetection techniques have been widely adopted for mapping méA
locations, there is growing controversy surrounding the accuracy and reproducibility of
these assays. In particular, evidence suggests that these antibodies recognize multiple types
of RNA methylation (such as m8Am),” and there is considerable performance variability
between antibodies acquired from different vendors.”* Concerningly, a large-scale meta-
analysis also found that few published meRIP-seq assays were performed using more than
one replicate measurement, and datasets between different labs often exhibited poor overlap,
even when using the same cell lines and RNA material.”2

To avoid these problems, several antibody-independent assays for mapping m8A sites
have been developed. In particular, several groups have designed reverse transcription-
based assays to detect RNA methylation at single nucleotide resolution. In these assays,
natural or engineered polymerases are used to synthesize complementary DNA from a
transcript of interest, producing detectable mutations at methylated sites. These techniques
have been used to great benefit for detecting m8A as well as m1A in RNA,73-75

producing high-resolution editing maps and unprecedented scale. However, these enzymes
can also exhibit low or unpredictable mutation frequencies, often necessitating extensive
optimization or directed evolution strategies for practical implementation. Alternatively, the
Rentmeister group has pioneered a distinct chemoenzymatic detection approach, wherein
mOA sites can be functionalized with a click chemistry-compatible alkyne handle (Fig.
3d). Because methyltransferases rely on S-adenosyl-L-methionine (SAM) as a donor

for m8A formation, the group demonstrated that an alkyne-functionalized, seleno-SAM
derivative enabled selective installation of these handles at putative m8A sites.”® This
approach is elegant in that the introduced alkyne handle enables enrichment of edited
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transcripts using an azide-modified biotin, and this large moiety effectively terminates
reverse transcription at these sites, enabling precise detection of m6A positions with single
nucleotide resolution. Excitingly, these SAM derivatives are well tolerated by cells and

can be derivatized to induce chemoenzymatic installation of azides, alkyl chains, and
photoprotecting groups,’6~77 enabling exquisite detection and control over m8A-modified
transcripts /n cellulo. Inspired by this approach, Mikutis and coworkers demonstrated that
these alkyne-tagged mBAs could also be targeted with an azide-functionalized chemical
“degrader,” enabling m8A-modified RNAs to be detected at high-throughput by monitoring
transcript depletion (Fig. 3e).”8 This method proved especially valuable for low abundance
targets that do not always enrich well in traditional workflows, and enabled the discovery
that intronic polyadenylation sites are a key methylation event important for mRNA splicing.
Another bio-inspired technology developed by the Meyer group, termed deamination
adjacent to RNA modification targets sequencing (DART-seq), takes advantage of natural
proteins in two clever ways - 1) a YTH domain that specifically recognizes m®A in RNA is
fused to 2) an APOBEC1 cytidine deaminase enzyme that, similarly to ADAR, introduces a
detectable mutation signature downstream to a candidate mSA site (Fig. 3f).”® While simple,
this platform avoids many of the pitfalls associated with antibody-based assays, including
compatibility with very low amounts of input RNA (<10 ng) and the ability to detect
dynamic mBA changes over time. Importantly, because it does not require fragmentation,
this approach can also be used with long-read sequencing to detect m8A distributions in
single mMRNA molecules.

All of the previously discussed approaches, both for A-to-1 and méA detection, typically
utilize second-generation Illumina sequencing technologies for downstream analysis. While
these platforms are highly accurate and offer single nucleotide resolution, they also rely

on reverse transcription and PCR amplification prior to sequencing and thus functionally
erase modifications such as m8A that do not introduce base pairing changes. As highlighted
earlier, this has spurred the development of approaches to induce these signatures, and while
innovative, they are also inherently indirect and subject to errors, preventing facile and
comprehensive epitranscriptomic profiling. An interesting alternative to these shortcomings
is nanopore sequencing, which can directly detect nucleic acid sequences and modifications
by threading the strand through a protein nanopore and measuring small electrochemical
current changes generated from differential ion blockage by each passing nucleobase.80
Recognizing the power of this technology, work led by Novoa utilized a machine-learning
approach to develop a computational algorithm that can recognize the minute differences
between A and m8A and precisely detect the location of the modified nucleotide in a native
RNA molecule (Fig. 3f).81 Unfortunately, nanopore sequencing is still limited in fidelity,
and this platform typically requires a combination of computational filtering and highly
repetitive sequencing of the same strand in order to produce accurate reads. Despite current
performance limitations, it is our opinion that these technical challenges will be overcome
in the near future, and we predict that nanopore sequencing has potential to become the
predominant method-of-choice for directly detecting and characterizing RNA modifications.

Curr Opin Struct Biol. Author manuscript; available in PMC 2022 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Knutson and Heemstra Page 8

Conclusions

RNA maodification represents a critical layer of control for regulating transcriptional activity
and tuning overall cellular function. A large number of modifications (>100) have now been
discovered in RNA, the majority of which are completely unmapped and have no obvious
biological functions. Central to addressing these knowledge gaps are the development of
robust technologies to detect the location and prevalence of these modifications throughout
the transcriptome and measure changes in their abundance in different biological settings.
Moreover, the ability to elucidate changes in modification patters in various disease

states could lead to the development of powerful new diagnostic tools. Two of the

most abundant and impactful RNA modifications, A-to-1 and AB-methyladenosine RNA
editing, have become much more well understood through the development and use of
enzyme- and antibody-based assays for high-throughput analysis and detection. In particular,
these platforms utilize bio-inspired approaches to leverage the high-performance molecular
recognition properties of natural enzymes and reader proteins, and together have enabled
substantial increases in our understanding of these epitranscriptomic marks. However,
significant effort is still needed to refine and improve these assays as well as deploy

them toward other RNA modifications. Additionally, utilizing these platforms in a variety
of biological settings is anticipated to contribute to a better understand human cellular
physiology and its relationship with disease mechanisms.
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Figure 1. RNA editing introduces chemical and structural alterations to different nucleobases.
a) General schematic of RNA editing as a post-transcriptional processing step. b) Selected

chemical structures of several known modified ribonucleosides, with key molecular changes
highlighted in color. Reproduced with permission.®

Curr Opin Struct Biol. Author manuscript; available in PMC 2022 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Knutson and Heemstra Page 14

a NH, 0 b H H

N N N-H OuiH-N

- ¢ ] J ADAR . ¢ ) (/N B A ADAR N 7 m

N N N N Nevoon H-N —_— ‘Z/ N=HuoN
P o N N N

o 111{1 N’J %N}F 1‘-41 N/J >]/ r}.f
H,0 o o
OH OH b OH OH
adenosine inosine adenosine : uracil inosine : cytidine
4 f
¢ irCLASH d EndoV e SLD EndoVIPER-seq
assay
ENGIONGIENTNG
tRNA with @ P
inosine mag beads
ADAR eEndoV-MBP
binding fusion
: ; Mg?*
# inosine © -
1‘ e ~ol
) y '~“' < 1
4 v_ 15 ¥ 2| EndoV

wdy RCIR MO™ | oavage cellular RNA

RNase digestion,

l l UV crosslinking,

PPy NI

ADA’;:"“’"C RNA with inosine ~
pulldown -~ TN
g3 ~I— A e
i
Mg?* ' . fragmentation,
EndoV pulldown,
RNA-seq 1 l isolation of edited
\ transcripts
& -] —
Y aw W O N ! '\/l N — ol N
o
identify ADAR substrates cleavage binding gel-based high-throughput

and binding sites

detection of editing

mapping of editing sites

Figure 2. Adenosine-to-Inosine RNA editing and current protein-based analytical platforms.
a) A-to-1 RNA editing is catalyzed by ADARS via a deamination reaction. b) Resulting

inosines base pair with cytidine rather than uracil. ¢) irCLASH enables large-scale

identification of RNA binding sites for different ADAR enzymes. RNA-protein complexes
are crosslinked and unbound RNA is digested. Immunoprecipitation (IP) of ADAR-RNA
complexes enables sequencing of bound RNA regions. d) Endonuclease V (EndoV) is an
inosine-specific ribonuclease. The crystal structure of EndoV (green) from 7. maritima
(PDB 2W35) is shown complexed with both MgZ* (blue) and a sSDNA (purple) containing
inosine (red). EndoV activity can be modulated by supplementing the enzyme with either
Mg?2* for cleavage or Ca2* for RNA binding. Figure reproduced with permission.>3 d)
EndoV’s natural cleavage ability with Mg2* can be used to detect inosine in tRNAs using
splinted ligation-based inosine detection (SL-ID). f) EndoV can also be supplemented
with Ca2* and used to bind A-to-I edited transcripts, which was developed into
EndoVIPER-seq (EndoV immunoprecipitation enrichment sequencing). Figure reproduced
with permission.53
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Figure 3. Current protein-based platforms for detecting and profiling N6-methyladenosine (mGA)

in RNA.
a) mOA is a reversible

modification in RNA, installed by methyltransferases METTL3 and

METTL14 and removed by demethylases FTO and ALKBHS. b) One of the most common

methods for detecting
100-200 nt fragments

mBA relies on meRIP-seq, in which cellular RNA is sheared into
and immunoprecipitated with an m®A-specific antibody. Compiled

reads from both input and meRIP-enriched RNA can be used to identify and approximate
m®A locations. c) To achieve single-nucleotide resolution, the iCLIP workflow uses a UV-
crosslinking and digestion step to produce a detectable mutation downstream of m°A sites.

d) METTL3 and MET
an alkyne handle to cli

TL14 utilize S-adenosyl-L-methionine, which can be derivatized with
ck-functionalize m®A sites and enable both enrichment and detection.

e) meClick-seq leverages alkyne-functionalized m®A to attach a chemical degrader, allowing
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for monitoring of depletion to identify edited transcripts. f) DART-seq utilizes a YTH-
APOBEC fusion protein to add C-to-U(T) edits near m6A sites and facilitate detection.

g) RNA modifications, including mBA, can be directly detected in Nanopore sequencing
by measuring small electrochemical changes arising from differential channel blockage by
nucleobases.
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