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COMMENTARY

Quantitative and single nucleotide RNAm6A detection
technology boosts clinical research based on tissue and cell
free RNAmodification
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We recently reported m6A Selective Allyl Chemical
labelling and sequencing (m6A-SAC-seq) to map whole-
transcriptome RNA m6A at single-nucleotide resolution
with stoichiometric information. This method does not
rely on antibodies and can track the m6A dynamics with
limited RNA samples. The m6A-SAC-Seq technology is
currently the only method that can be widely used in var-
ious biological contexts and has good prospects in both
basic biological research and clinical applications.
Based on the central dogma, genetic information is

stored in DNA and mRNA is considered as message trans-
mitter. The discovery of mRNA epigenetic modifications
has expanded the function of mRNA. Post-transcriptional
modifications at the RNA level can regulate gene expres-
sion through cis- or trans-mechanisms, which are crucial
for cell function and cell fate determination. To date, more
than 150 chemical modifications have been found on RNA,
including m6A, m1A, pseudo-uridine and m5C.1,2 These
modifications regulate gene expression at a critical level of
the ‘epitranscriptome’.
m6A is the most abundant internal mRNA and the most

extensively studiedmodification to date. Previous research
work showed that m6A tends to occur in the (G/A) (m6A)
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C canonical motif. m6A affects the metabolic process of
mRNA such as splicing, nuclear export, degradation and
translation to regulate gene expression and plays impor-
tant roles in developmental, physiological and pathological
processes.1
The earliest whole-transcriptome maps of m6A modifi-

cations were published in 2012 (m6A-Seq or MeRIP-Seq),
using m6A antibodies to enrich m6A-containing RNA
fragments, resulting in profiling maps with the resolu-
tion of 100–200 nt.3,4 The current mainstream sequencing
method for RNA m6A is antibody-based MeRIP. However,
MeRIP has several shortcomings, including low resolu-
tion, inability to quantify, limitations in comparing m6A
differences under different circumstances, and the need
for a large amount of input RNA for library construc-
tion. m6A sequencing methods developed in recent years
(such as Mazter-seq,5 m6A-REF-seq,6 m6A-label-seq7 etc.)
although greatly expand the dimension of m6A function
research, have only partially solved the above-mentioned
limitations.
Recently, we published an article entitled ‘m6A RNA

modifications are measured at single-base resolution
across the mammalian transcriptome’ in the journal
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F IGURE 1 m6A-SAC-seq flow chart. m6A-SAC-seq utilises
MjDim1 and allylic-SAM as a co-factor to label m6A to allyl6m6A,
followed by cyclization upon I2 treatment. N1, N6-cyclised-m6A
induce misincorporation during reverse transcription.

Nature Biotechnology.8 The new method m6A-SAC-Seq
(Selective Allyl Chemical labelling and sequencing) devel-
oped in this study starts to overcome this bottleneck.
By directly labelling m6A, m6A-SAC-seq could recover
m6A sites in Gm6AC canonical motifs, and detect m6A
stoichiometry at single-nucleotide resolution.

F IGURE 2 Calibration of the m6A stoichiometries with m6A-SAC-seq. Calibration curve for each GGACU motif is generated by linear
regression. Mutation rates of m6A in the calibration probes in different sequence contexts provide normalization standards to determine RNA
m6A modification stoichiometries.

The strategy of m6A-SAC-seq is as follows (Figure 1): It
utilizes the Methanocaldococcus jannaschii homolog
MjDim1 from the Dim1/KsgA family of dimethyl
transferases, which transfers the methyl group from
S-adenosyl-L-methionine (SAM) to adenosines, forming
m6A and then N6, N6-dimethyl-adenosine (m6

2A) in
consecutive methylation reactions. MjDim1 shows highly
processive kinetics of converting m6A into m6

2A. Employ-
ing the chemically modified allylic-SAM as the co-factor,
MjDim1 could labelm6Awith an allyl chemical group, con-
verting m6A into allyl-modified m6A (N6-allyl, N6-methyl
adenosine or a6m6A). Subsequent I2 treatment converts
a6m6A into homologs of N1, N6-ethanoadenine.9 TheHIV-
1 RT generates misincorporation at the cyclised a6m6A
sites. m6A distribution in the transcriptome can be pro-
filed based on the mutation site. Mutation rates of m6A in
the calibration probes in different sequence contexts pro-
vide normalization standards to determine modification
stoichiometries of individual m6A sites in sample RNA
(Figure 2).
Usingm6A-SAC-seq,we identified approximately 10 000

loci withm6A stoichiometric information in each of HeLa,
HEK293 and HepG2 cell lines, and the these m6A loci on
transcripts were enriched at stop codons, CDS and 3′ UTR,
consistent with previous reports. By combining the analy-
sis of RNA degradation (decay) sequencing data, we also
found that m6A stoichiometry and RNA half-life showed
significant negative correlation. Transcriptswithhighm6A
stoichiometry tend to have short half-life (lifetime). Our
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findings further clarify the function of m6A modification
in the regulation of mRNA turnover.
In addition, we also successfully mapped the dynamics

ofm6A stoichiometry during human umbilical cord blood-
derived hematopoietic stem cells (HSPC) differentiation
into monocytes using m6A-SAC-seq technology. During
differentiation, m6A sites in different regions of themRNA
showed a large amount of redistribution and dynamic
changes among the different regions of the mRNA dur-
ing differentiation. This study demonstrates the potential
of m6A-SAC-Seq technology to obtain transcriptome-wide
changes of m6A content, which could be informative to
trace them6A stoichiometric changes between normal and
diseased tissue samples in clinical area.
Of note, although m6A-SAC-Seq technology requires

30 ng of mRNA or rRNA depleted total RNA in this study,
we have subsequently optimized the method. The current
experimental procedures only require 2 ng of mRNA or
fragmented RNA extracted from FFPE sample. The m6A-
SAC-Seq technology utilizes enzymatic labelling strategy
to directly label m6A modification instead of harsh chem-
ical treatment. Unlike MAZF strategy, it does not require
reverse subtraction of unmodified ‘A’, hence greatly reduc-
ing background noise and improving the accuracy. The
m6A-SAC-Seq technology has the technical advantage of
low input RNA sample and is promising to be optimised to
detect m6A at the single-cell level.
The m6A-SAC-Seq technology has great potential to

become a ‘gold standard’ that conquers the technologi-
cal bottleneck of quantitative m6A sequencing and boosts
clinical research based on tissue and cell free RNAmodifi-
cation.
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