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Abstract

N6-methyladenosine-sequencing (m®A-seq) is a critical tool to obtain an unbiased genome-wide
picture of mBA sites of modification at high resolution. It allows the study of the impact of various
perturbations on m®A modification distribution and the study of m®A functions. Herein, we
describe the m®A-seq protocol, which entails RNA immunoprecipitation (RIP) performed on
fragmented poly(A) RNA utilizing anti-mBA antibodies. The captured/enriched m8A positive RNA
fragments are subsequently sequenced by RNA-seq in parallel with background control non-
immunoprecipitated input RNA fragments. Analyses reveals peaks of m6A enrichment containing
sites of modifications analogous to chromatin modification immunoprecipitation experiments.
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1. Introduction

The emergence of observations that N6-methyl-adenosine (m®A) is a wide-spread reversible
RNA chemical modification with proteins acting as “writers”, “readers” and “erasers” of
m®A has led to a new field coined “epitranscriptomics’. Although m8A modifications have
been recognized from yeast to humans since the 1970s, many aspects of m6A modification,
including function(s), are only beginning to be understood [1]. For example, the m6A
biogenesis machinery appears to be critical for developmental cell fate decisions from yeast
to humans [2]. The development of m®A “location analyses” called m8A-seq has been a
critical step in the field. In this protocol, RNA immunoprecipitation (RIP) is performed on
fragmented poly(A) RNA utilizing anti-m8A antibodies followed by RNA-seq of the
captured/enriched mbA positive RNA fragments with non-immunoprecipitated RNA

fragments serving as input or background control. Utilizing m8A-seq, studies have revealed
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127, date, the produced antibodies that recognize the mBA modification also appear to bind another structurally related modification
N6,2’-O-dimethyladenosine called mBAm. This mBAm modification can be distinguished from m@A modifications as it is always in
the 5"UTR and if present always on the first nucleotide of a transcript if it starts with adenosine. Utilizing single site resolution CLIP
based m6A-seq, it was estimated that approximately 4-8% of sites identified by mGA-seq may actually be m6Am (Z4). As transcripts
often have heterogeneous start sites, the peak intensity of potential m6Am sites identified by mGA-seq are often less then peak
intensities of mBA found in long internal exons or in the 3"end of genes.
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that m8A modification(s) sites occur on thousands of mMRNAs and hundreds of non-coding
RNAs in mouse and human cells [3,4]. Topologically along the transcriptome, méA
modifications exhibit enrichment near 3" end of both coding (often near stop codon or
3’UTR) and non-coding RNAs as well as long internal exons. Subsets of m8A sites on
RNASs appear to exhibit tissue and stimuli specificity, suggesting a regulated and dynamic
mOA epitranscriptome [5]. Indeed, it has been shown for example that under conditions of
stress such as ultraviolet radiation and heat shock that m8A sites accumulate in the 5"UTR
of genes to promote 5” cap independent translation [6]. The “writing” of m6A RNA
modification is accomplished via an m8A methyltransferase complex, including two known
catalytic mammalian components encoded by METTL3 and METTL14 [7]. Additional
critical components required for m8A methyltranferase complex activity include WTAP and
VIRILIZER although their exact functions and mechanism of action are unclear [8,9]. m6A
modification(s) are reversible, based on the discovery that the protein encoded by fat mass
and obesity gene, FTO, and a related protein ALKBHS5, operate as m6A demethylases or
“erasers” [10,11]. At the molecular level, m®A has been implicated in many aspects of RNA
metabolism through the binding of so called YTH domain “reader” proteins including
splicing, translational efficiency, cap-independent translation, RNA export and RNA
structure [12].

m®A modifications location analyses by mBA-seq is a critical assay to probe the functions of
m®A in normal physiology and in pathophysiological conditions. The basic schema of mSA-
seq is shown in Figure 1 and allows for 50 nt resolution of sites of madifications. In short,
poly(A) RNA is fragmented and subjected to anti-m8A RNA immunoprecipitation (RIP)
utilizing a commercially available anti-mSA antibodies. The m8A positive enriched
fragments are subsequently sequenced and compared to the distribution of input/non-
immunoprecipitated fragmented RNA as a background control. Peaks of m8A enrichment
over background/input are then computationally identified utilizing either custom computer
scripts or programs such as HOMER [13]. An example of the results of the m6A-seq
utilizing sequence alignments to the UCSC genome browser is shown in Figure 2.

2. Materials

Prepare all solutions using ultrapure autoclaved distilled water and analytical grade reagents
that are RNase and DNase free. Use RNase/DNase free consumables and glassware. All
pipetting is performed using sterile RNase/DNase free low retention filtered tips. Prior to be
used, every stock solution, buffer solution, antibody batch, Dynabeads and chemicals are
independently tested on total RNA extract. The RNA is then run on a BioAnalyzer to control
for potential degradation due to RNase contamination.

2.1 Buffers
1 Fragmentation buffer: 10 mM ZnCl,, 10 mM Tris-HCI pH7.0

2. Stop Buffer: 0.5M EDTA

3. mOA Binding Buffer: 50 mM Tris-HCI pH7.4, 150 mM NaCl,, 1% NP-40, 2 mM
EDTA; Add RNAse inhibitor at the manufacturer recommended concentration
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4. Low Salt Buffer: 0.2X SSPE, 0.001 M EDTA, 0.05% Tween-20. Add RNAse
inhibitor at the manufacturer recommended concentration

5. High Salt Buffer: 0.2X SSPE, 0.001 M EDTA, 0.05% Tween-20, 137.5 mM
NaCl; Add RNAse inhibitor at the manufacturer recommended concentration

6. TET: 10 mM Tris-HCI pH8.0, 1 mM EDTA pH8.0, 0.05% Tween-20; Add
RNAse inhibitor at the manufacturer recommended concentration

7. Elution Buffer: 0.02 M DTT, 0.150 M NaCl, 0.05 M Tris-HCI pH7.5, 0.001M
EDTA, 0.10% SDS; Add RNAse inhibitor at the manufacturer recommended
concentration

2.2 M8A RIP-seq

Antibody: Anti-mSA (see Note 1)

Dynabeads Antibody Coupling Kit: (see Note 2)
Acid-phenol:chloroform pH 4.5 (with IAA, 125:24:1)
Chloroform

Absolute Ethanol (200 proof)

SUPERase-in RNAse inhibitor (Ambion)

Ultra Pure Glycogen: 20 mg/mL

Magnets: (see Note 3)

© ® N o g A~ w D P

mMRNA Purification Kit: Ambion Dynabeads mRNA Purification Kit polyA
isolation kit

Kapa library quantification kit: (see Note 4)

=
©

3. Methods
3.1. MBA RIP

Carry out all procedures at room temperature unless otherwise specified. All procedures
should be done in a clean RNAse free environment.

1 Each biological replicate for m6A-seq starts by using 400 pg of total RNA
yielding approximately 10 pg of double poly(A) selected RNA (see Note 5).

IThis protocol has been tested using Anti-M6A (N6-methyladenosine) antibody from Synaptic Systems (Cat. No 202 003).

This protocol was tested using Dynabeads Antibody Coupling Kit following exactly the manufacturer protocol. The anti-m6A
antibody was coupled to the Dynabeads at ratio of 5 ug of anti-m6A antibody per 1 mg of Dynabeads, as suggested by the
manufacturer (coupling range of 5-10 g of antiboby per mg of Dynabeads). Based on the number of samples in the experiment, the
amount of Dynabeads and antibody to be coupled has to be adjusted accordingly following the manufacturer recommendations.

\We often use either 16 or 96 well formatted magnets:

- 16x 1.5 mL tubes rack: Invitrogen, DYNAL Invitrogen based separations
- 96 Wells plate: Ambion, Magnetic Stand-96.

4We used KAPABIOSYSTEMS Cat.NO KK4824
5To isolate 10 ug of double poly(A) RNA, we often start with approximately 400 ug of total RNA.
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2. Resuspend each sample obtained from step 1 (10 pg of poly(A) RNA) in 50 pL
of UltraPure H,0.

3. Add 250 uL of fragmentation buffer to the 50 pL of isolated 2x poly(A) RNA to
a final volume of 300 pL.

3.2. Fragmentation Step of the RIP

1 Proceed to the fragmentation of the 300 puL Poly(A) RNA solution at 94°C for
exactly 5 minutes using a thermocycler. (see Notes 6 and 7)

2. Stop the fragmentation reaction by adding 50 pL of Stop Buffer to a final volume
of 350 uL and immediately put on ice.

3.3. RNA binding to m8A-Dynabeads

1 Add 150 pl of pre-equilibrated m8A-Dynabeads (see Notes 2 and 8) to the 350 pl
of fragmented RNA from step 2 of section 3.2 to a final volume of 500 pl.

2. Allow the fragmented RNA to bind to the m®A-Dynabeads at room temperature
while rotating (tail-over-head) at 7 rotations per minute for 1 hour.

3. Place the tubes containing the samples on a magnet allowing the bead complexes
to cluster until the solution becomes clear (see Note 3).

4. Discard the 500 pL liquid phase or supernatant as this fraction represents the
mBA negative fragments not captured by the anti-m®A antibody.

3.4 Washing of m6A-Dynabeads

The mBA positive fragments which are retained on the surface of the m6A-coupled
Dynabeads are then subjected to a series of wash steps.

1 Resuspend m8A-Dynabeads-RNA complexes in 500 uL of mSA Binding Buffer,
incubate for 3 minutes at room temperature and remove clear supernatant after
placing the beads in the magnet.

2. Repeat step 1 with 500 pL of Low Salt Buffer.

3. Repeat step 1 with 500 pL of High Salt Buffer. Do not exceed 3-minute
incubation time for this step to prevent release of the RNA from the beads.

4, Repeat step 1 twice with 500 uL of TET buffer.

3.5. Elution of m6A-positive RNA

1. Add 125 pL of 42°C pre-heated Elution Buffer to the m8A-Dynabead complexes
from section 3.4, step 4 and incubate at 42°C for 5 minutes.

6The conditions of fragmentation detailed in this protocol allow for approximately 50 bp fragments on multiple types of poly(A) RNA
examined.

Individual users might need to optimize the fragmentation conditions based on their samples.
8Preparation of equilibrated coupled m6A-Dynabeads. 50 pL of coupled mGA-Dynabeads are utilized per sample. The 50 pL méA-
Dynabeads are equilibrated by re-suspending them in 500 pL of méA Binding Buffer for 5 minutes at room temperature and then
placed on the magnet. The supernatant is discarded and this step is repeated a second time. The 50 L of equilibrated m6A-Dynabeads
is then re-suspended in 150uL of Binding Buffer and used in Step 1 of section 3.3.
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At the end of the 5 minutes, vortex the beads gently and place them on the
magnet.

Collect the liquid phase and transfer to a fresh tube, kept on ice, as it represents
the eluate fraction containing the m6A “enriched RNA”.

Add an additional 125 pL of pre-heated Elution Buffer to the beads and process
as described in step 1-3 above for 3 additional times, for a total of 4 elutions.

Collect the liquid phase obtained at each elution step and pool with the previous
ones. Keep sample on ice while working on the next elution. After the fourth
round of elution, the final total eluate volume of the m®A positive RNA fraction
is 500 pL.

3.6. Extraction and Cleanup Step of the RIP

1

Extract the 500 pl of mBA positive RNA collected in previous step by adding 500
pL of acid phenol-chloroform.

Centrifuged at 4°C at 10,0009 for 7.5 minutes.

Carefully collected the upper phase making sure not to touch the inter-phase and
transfer to a fresh 1.5 ml tube.

Add 500 pL of previously tested RNAse free chloroform to the fresh tube, vortex
briefly and centrifuged at 4°C at 10,0009 for 7.5 minutes.

Transfer the upper phase to a fresh 1.5 mL tube and proceed to RNA
precipitation (see Note ) overnight at —20°C

Centrifuged the sample at 4°C for 20 minutes at 16,000g.

Wash the pellet twice in 70% ethanol by centrifuging for 10 minutes at 4°C at
16,000g.

Dry the pellet at room temperature for 10 minutes prior to re-suspend it in the
desired volume (typically 5-6 pl) of Ultra-Pure H,0. (see Note 10)

3.7. Library Construction

We have generally utilized 100 ng of RNA (100 ng of input and 100 ng of post m8A-1P
positive fraction) for library construction utilizing the Illumina TrueSeq Stranded mMRNA
Sample Preparation Guide.

1

Add 13 pL of Fragment, Prime, Finish Mix to the 5 pl m8A positive fragmented
RNA obtained in step 13 (to final volume of 18 pL).

9NaCl/ethanol precipitation is carried out overnight at —20°C in the presence of 1uL Ultra Pure Glycogen. To this end, 1/10 volume of
3M NaCl and 2.5x volumes of absolute ethanol are added to the sample.

Following pellet resuspension you can choose to use 1uL of your resuspended RNA to check the quantity and size of your méA
immunoprecipated RNA by Nanodrop photometer and bioanalyzer respectively, or proceed to library construction directly.
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2. Skip the fragmentation step in the lllumina protocol given the RNA has already
been fragmented, and proceed immediately to the synthesis of the First Strand
cDNA.

3. Follow the Illumina protocol to the end.

4, Verify the fragment sizes of each individual library on an Agilent BioAnalyzer
2100 or equivalent using High Sensitivity DNA chip.

5. Quantify the library by gPCR on using the Kapa library quantification kit
according to the manufacturer’s instructions (see Note 4).

6. Submit the libraries for high-throughput sequencing (Note 11-13)
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Work flow and schematic diagram of m8A-seq protocol
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Fig 2.
mOA-seq example data tracks. UCSC genome browser tracks of m®A-seq position analyses
for two genes of our previously published H1-ESC data (red for m6A-RIP and gray for

input)
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