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Né-methyladenosine (m°A) modification of mRNAs affects many biological
processes. However, the function of m°A in plant photosynthesis remains
unknown. Here, we demonstrate that m°A modification is crucial for photo-
synthesis during photodamage caused by high light stress in plants. The m°A
modification levels of numerous photosynthesis-related transcripts are chan-
ged after high light stress. We determine that the Arabidopsis m°A writer
VIRILIZER (VIR) positively regulates photosynthesis, as its genetic inactivation
drastically lowers photosynthetic activity and photosystem protein abun-
dance under high light conditions. The m°A levels of numerous
photosynthesis-related transcripts decrease in vir mutants, extensively redu-
cing their transcript and translation levels, as revealed by multi-omics analyses.
We demonstrate that VIR associates with the transcripts of genes encoding
proteins with functions related to photoprotection (such as HHL1, MPHI, and
STNS) and their regulatory proteins (such as regulators of transcript stability
and translation), promoting their m°A modification and maintaining their
stability and translation efficiency. This study thus reveals an important
mechanism for m°A-dependent maintenance of photosynthetic efficiency in
plants under high light stress conditions.

Plants use light energy for photosynthesis, convert inorganic matter  harvest light, transfer electrons, and convert light into chemical
(CO;, and water) into organic matter, and release oxygen, forming the  energy'. PSIl and PSI harvest light energy and convert it to electron
basis for life on Earth. The photosynthetic apparatus on the chlor- energy, which is essential for photosynthesis’. However, excess light
oplast thylakoid membrane includes photosystem II (PSIl), cyto- can damage photosystems, especially PSII. Since PSII drives the oxi-
chrome bgf, photosystem I (PSI), and ATP synthase, which cooperateto  dation of water and the reduction of plastoquinone and is the sensitive
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photochemical reaction center, PSIl is particularly susceptible to
photodamage or photoinhibition under high light conditions, result-
ing in lower photosynthetic efficiency and impairing growth and
development*,

To maintain photosynthetic activity under high light conditions,
plants have evolved sophisticated photoprotective mechanisms,
including leaf and chloroplast movements*?, screening against dama-
ging radiation®, state transitions, adjusting the PSII/PSI ratio and the size
of the light-harvesting antennae’”, scavenging of reactive oxygen
species'®, energy-dependent non-photochemical quenching (NPQ)",
cyclic electron flow around PSI, and photorespiration. PSII repair is
especially important for efficient photosynthetic activity under photo-
damaging conditions”. The regulation of gene expression is an impor-
tant aspect of plant responses and acclimation to light stress'*". The
abundance of photosynthesis proteins is altered to respond to light
stress'®™, Notably, the expression of numerous genes encoding pro-
teins with functions related to photoprotection (photoprotection-rela-
ted genes) is activated to protect the photosystem apparatus from high
light conditions®. In particular, regulating the expression of factors
related to PSII photoprotection is also critical for maintaining photo-
synthetic efficiency and protecting PSII under high light conditions?.

Né-methyladenosine (m°A), the most prevalent internal post-
transcriptional modification in the messenger RNAs (mRNAs) of most
eukaryotes, is widely distributed in mammals, plants, viruses, yeast
(Saccharomyces cerevisiae), flies, and bacteria®*. This modification
plays broad roles in regulating RNA metabolism, including the splicing,
nuclear export, stability, localization, and translation of mRNAs*%’,
mCA is dynamically written, erased, and read via a complex network of
mCA writer, eraser, and reader proteins”*?*°, In plants, m°A methy-
lation is catalyzed by a methyltransferase complex (writer) containing
mRNA ADENOSINE METHYLASE (MTA), METHYLTRANSFERASE B
(MTB), FKBP12 INTERACTING PROTEIN37 (FIP37), VIRILIZER (VIR), and
HAKAIPP*, The m°A modification is reversible and can be removed by
the m°A demethylases (erasers) ALKBH9B and ALKBH10B*?°. The
mCeA-modified RNAs are recognized by reader proteins such as EVO-
LUTIONARILY CONSERVED C-TERMINAL REGION2 (ECT2), ECT3,
ECT4, and CLEAVAGE AND POLYADENYLATION SPECIFICITY FAC-
TOR30 (CPSF30)*"*°, which help implement the biological functions
of the m®A modification.

The m°A modification plays a critical role in plant embryonic
development. Arabidopsis (Arabidopsis thaliana) mutants lacking
MTA, MTB, FIP37, or VIR function are all embryo-lethal®*. Partial loss
of function of the m°A writer also leads to many additional plant
phenotypes, such as reduced apical dominance, reduced root growth,
aberrant gravitropic responses, trichomes with more branches, and
the overproliferation of shoot meristems®*°. m°A erasers and readers
also modulate various biological processes, as their mutants exhibit
distinct phenotypes. The Arabidopsis alkbh10b mutant shows delayed
flowering and repressed vegetative growth®. The genetic inactivation
of ALKBH9B led to a lower incidence of viral infections®. ECT proteins,
including ECT2 to ECT4, control developmental timing and morpho-
genesis in Arabidopsis®***2. Therefore, the m°A modification regulates
a variety of biological processes in plants. Interestingly, previous stu-
dies suggested that m°A modifications may involve chloroplast/pho-
tosynthetic genes***>. However, the role of the m*A modification in
photosynthesis remains largely unclear.

In the current study, we analyzed changes in m°A modification of
transcripts in response to high light stress and established that m°A
modification levels of numerous photosynthesis-related transcripts
are altered after high light stress. We demonstrated that VIR, amember
of the m°A writer complex, plays a vital role in maintenance of pho-
tosynthetic efficiency under high light conditions. The partial loss of
VIR function caused dramatically reduced photosynthetic efficiency
and defects in m°A modification of numerous photosynthesis-related
transcripts under high light conditions. Moreover, we reveal the

mechanism by which VIR regulates the m°A modification of
photoprotection-related transcripts, thereby regulating the expres-
sion of these genes in multiple post-transcriptional processes.

Results

High light induces significant changes in m°A modification of
transcripts for chloroplast/photosynthetic genes

To test whether the m°A modification is linked with high light stress, we
first compared the total m°A levels of mRNA in Arabidopsis Col-O
seedlings before and after a 4-h and 12-h high-light (HL) treatment by
dot blot analysis using m°A antibody. We observed that total m°®A levels
are upregulated in Col-O after HL treatment (Fig. 1a). Quantitative
measurement of m°A levels by liquid chromatography-tandem mass
spectrometry (LC-MS/MS) revealed that total m°A levels of mRNA from
Arabidopsis seedlings after the 4-h and 12-h HL treatment increase by
15% and 21% compared to that before HL treatment (Fig. 1b), supporting
the idea that HL induces an increase of overall m°A levels of mRNA.

Next, we performed m°A RNA immunoprecipitation and sequen-
cing (m°A-seq)** on poly(A) RNA from Arabidopsis Col-O seedlings
before (Col-0_ Oh HL) and after (Col-0 4h HL) a 4-h HL treatment. We
identified m°A peaks by comparing the read counts between
mPA-immunoprecipitation (IP) and input data in the continuous region
of each transcript using the R package exomePeak with default para-
meters and a P-value < 0.05. We detected 18,809-20,451 m°A peaks for
each biological replicate and selected peaks present in both replicates
as “confident peaks” for subsequent analysis (Fig. 1c). We thus identi-
fied 14,249 confident m°A peaks representing the transcripts of 12,481
genes in Col-0_0h, and 14,150 m°A peaks representing the transcripts
of 12,448 genes in Col-0_4h (Fig. 1c, Supplementary Data 1 and 2). The
two biological replicates of each set of samples had high Pearson’s
correlation coefficients (Supplementary Fig. 1a). We validated the
meA-seq results via independent m°A-immunoprecipitation (IP)-qPCR
of m°A-containing transcripts and negative control transcripts repor-
ted in a previous study®*. m®A-containing transcripts were significantly
enriched in the IP samples, while we detected almost no enrichment
for the negative control transcripts (Supplementary Fig. 1b, c). These
results suggested that our m°A-seq data are accurate and robust. In
addition, many m°A peaks contained the m°A consensus motif RRACH
(R=A/G, H=A/C/U) or the plant-specific m°A motif URUAY (R=G > A,
Y =U>A) (Supplementary Fig. 1d). We used the R package exomePeak
to identify differentially methylated m°A peaks (with a false discovery
rate [FDR] < 0.05 and fold-change > 2) in Col-0 seedlings before and
after HL treatment. Compared to Col-0_Oh, we identified 312 sig-
nificantly downregulated m°A peaks covering 304 genes and 99 sig-
nificantly upregulated m°A peaks covering 94 genes in Col-0_4h
(Fig. 1d, Supplementary Data 3). The m°A modification levels of several
chloroplast/photosynthesis-related genes changed significantly in
response to HL treatment (Fig. le, Supplementary Table 3). For
example, the m*A modification levels of nucleus-encoded plastid RNA
polymerase RpoTmp* transcripts increased after a 4-h HL treatment,
whereas the m°A modification levels of PHYTOCHROME KINASE SUB-
STRATEI (PKSI)*® transcripts decreased under the same conditions
(Fig. 1f). These results suggest that the m°A modification levels of
chloroplast/photosynthetic genes are regulated by HL.

We further analyzed the gene expression pattern of m°A reg-
ulators in response to HL stress. Accordingly, we measured the gene
expression pattern of m°A regulator genes after different times under
HL treatment, from O to 12 h. Notably, the mRNA levels of genes
encoding m°A writers (MTA, MTB, FIP37, VIR, and HAKAl) and m°A
readers (ECT2, ECT3, and ECT4) were substantially induced by HL, and
the m°A eraser gene (ALKBHIOB) was moderately upregulated after
this treatment (Fig. 1g, h). To rule out possible effects from different
treatment durations, we also compared the expression levels of m°A
regulator genes in seedlings grown under different HL treatment for
different times and corresponding normal growth light conditions:
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The expression of m°A regulator genes, especially that of m°A writer
genes, was drastically induced after HL treatment compared to normal
growth light conditions (Supplementary Fig. 2), suggesting that HL-
induced gene expression is not due to diurnal or circadian effects.
These results are consistent with the observed upregulation of the
overall m°A level in wild-type Arabidopsis seedlings (Fig. 1a, b). Addi-
tionally, the expression levels of genes encoding m°A regulators were

ECT4 ALKBH10B

ECT2 ECT3

highest in 1-week-old seedlings and gradually decreased over time
(Fig. 1i, j).

The vir-1 mutants are hypersensitive to high light stress

To explore the role of m®A modification in plant photoprotection and
photosynthesis, we systematically screened 1-week-old Arabidopsis
mPA regulator mutants using a chlorophyll fluorescence video imaging
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Fig. 1| Effects of high light on the m°A modification in plants. a Dot blot analysis
of m°A levels in mRNA purified from Col-0 seedlings before and after 4 h or 12 h of
high light (HL) treatment. b m°A percentage relative to adenosine (m°A/A %)
determined by LC-MS/MS in mRNA purified from Col-O seedlings before and after
4 h or 12 h of HL treatment. Values are means + standard error (SE) (n = 4 biological
replicates). *P < 0.05; **P < 0.01, by two-sided Student’s ¢ test. ¢ Overlapping m°A
peaks identified in biological replicates (R1-R2) of control Col-0 seedlings (Col-0_0
h HL) or exposed to high light (HL) for 4 h (Col-0_4 h HL). d Volcano plot of the
significant differences in m°A peaks between Col-0_0 h HL and Col-0 4 h HL
seedlings across two biological replicates. e Changes in m°A modification levels of
chloroplast/photosynthesis-related genes after 4-h HL treatment. Corresponding

gene IDs are listed in Supplementary Table 3. f Integrative Genomics Viewer win-
dows displaying examples of high light-mediated changes in m°A modification.
Blue, input reads; red, IP reads. The gene models are shown below, with thick boxes
and lines representing exons and introns, respectively. g, h qRT-PCR analysis of the
expression patterns of m°A writer (g) and reader and eraser (h) genes under HL
treatment and subsequent recovery under normal growth light conditions for 12 h.
UBQIO was used as an internal control. Values are means + SE (n =3 biological
replicates). i, j QRT-PCR analysis of the expression patterns of m°®A writer (i) and
reader and eraser (j) genes in plants at different growth stages. UBQI0 was used as
an internal control. Values are means + SE (n = 3 biological replicates).

system (Supplementary Fig. 3 and Fig. 2a), as the genes encoding m°A
regulators were expressed at their highest levels at this stage (Fig. 1i, j).
We determined that vir-1 mutants are most hypersensitive to HL stress.
The vir-1 mutant used here contained a G-to-A conversion mutation in
the first nucleotide of intron 5 of the VIR gene (At3g05680), resulting in
a failure of most VIR transcripts to be spliced correctly, resulting in a
partial loss-of-function allele (Supplementary Fig. 4a), in agreement
with previously reported results**. Compared to Col-0, the vir-1 mutant
(Supplementary Fig. 4a) had a lower maximum photochemical
efficiency of PSII (F,/F,,) after a 4-h HL treatment (1,000 pmol photons
m2s™) (Fig. 2a). The F,/F., values of Col-0 and the vir-I mutants were
identical when grown under normal growth light conditions (120 pmol
photons m s™), although vir-1 mutant seedlings accumulated less
biomass than Col-0 (Fig. 2b). Moreover, the F,/F,, values of the vir-1
mutant returned to normal levels following a 2-day recovery under
normal growth light conditions (Fig. 2a, c). This aberrant F,/F;, phe-
notype after HL exposure was fully rescued by a complementation
construct with the VIR gene (Fig. 2a, c). These results indicated that the
partial loss of VIR function disrupts PSII capacity under HL conditions,
suggesting that VIR is important for maintaining PSII capacity after HL
exposure. In addition, the parameters qP and qL were lower in the vir-1
mutant relative to the wild type under normal growth light conditions,
pointing to their low photosynthetic activity/low utilization efficiency
of light (Supplementary Table 1).

Although the vir-1 mutant and wild-type plants were the same age,
most mutant plants were less developed, and some vir-I mutant plants
varied in size. To determine whether the photosensitive phenotype of
vir-1is caused by delayed development, we selected mutant and wild-
type seedlings from the same batch at a similar developmental stage
(similar sized plants) to compare their photosynthetic activity after 4 h
of HL treatment. We discovered that F,/F,, is also significantly lower in
the vir-1 mutant compared to Col-0 after a 4-h HL exposure (Supple-
mentary Fig. 5), suggesting that the photosensitive phenotype of vir-1
is not caused by delayed development. To confirm this result, we
constructed f-estradiol-inducible RNA interference (RNAi) lines (VIR-
RNAi-1 and VIR-RNAi-2), sprayed 4-day-old RNAi seedlings with f-
estradiol for 3 days and then subjected them to a 4-h HL treatment. The
B-estradiol-induced VIR RNAi lines phenocopied the vir-I mutants
under the 4-h HL condition (Supplementary Fig. 6), which further
supported the notion that the observed differences between vir-1 and
the wild type are not due to a developmental delay.

To further characterize the photosynthetic activity of PSII in the
vir-1 mutant, we analyzed the light intensity dependence of the fol-
lowing chlorophyll fluorescence parameters: the light-response curves
of PSII quantum yield (®PSII), electron transport rate (ETR), and non-
regulated non-photochemical quenching yield [Y(NO)] before (O h)
and after 4 h of HL treatment. Both ®PSII and ETR parameters were
much lower in the vir-1 mutant than in Col-0 and the complemented
mutant line after 4 h of HL (Fig. 2d), consistent with the F,/F,, results
(Fig. 2a, c). After extending the HL treatment to 24 h, the difference
between Col-0/ or the complemented mutant line and the vir-I mutant
was much greater than that observed after 4h of HL treatment
(Fig. 2d). In addition, the sharp decrease in photosynthetic activity in

vir-1 after a 24-h HL exposure did not result in a significant difference in
cell death relative to Col-O (Supplementary Fig. 4c). ®PSIl and ETR in
the vir-1 mutant treated with HL for 4 h almost reached wild-type levels
after the plants were returned to normal growth light conditions for 2
d. Y(NO), which reflects passive energy dissipation, was much higher in
the vir-1 mutant than the wild-type controls before and (especially)
after HL treatment (Fig. 2d), suggesting that the ability of the vir-1
mutant to mount an effective protection against HL is suboptimal.
Energy-dependent non-photochemical quenching (NPQ) is an impor-
tant photoprotective strategy that converts excess absorbed light
energy into thermal energy"*’. Both before and after HL, NPQ rose
rapidly in Col-0, in contrast to a more gradual increase in the vir-1
mutant, although the mutant eventually reached values comparable to
those of Col-0 (Fig. 2e). This phenotype might be another important
characteristic of the defective photoprotective ability of the vir-1
mutant: When HL occurs suddenly, vir-I cannot dissipate the excess
energy as quickly as Col-O can.

Photosystem complex accumulation is disrupted in the vir-1
mutant after high light treatment

The above results indicated that the photosynthetic activity of PSII is
reduced in vir-I plants after HL treatment, suggesting that VIR is
involved in photoprotection against HL stress. To investigate the
effects of VIR on the structure and function of the thylakoid photo-
synthetic apparatus, we analyzed the abundance of various photo-
synthetic complexes in Col-O and vir-1 seedlings. Specifically, we
analyzed proteins from thylakoid membranes that had been solubi-
lized in 2% n-dodecyl-B-D-maltoside (DM) and separated by blue native
PAGE (BN-PAGE) followed by immunoblotting with specific antibodies.
Immunoblotting with anti-D1, anti-D2, anti-CP43, and anti-CP47 anti-
sera revealed that thylakoid membranes from vir-1 seedlings contain
fewer PSII complexes than those from Col-0 seedlings after HL treat-
ment (Fig. 3a, b). In addition, under both normal and HL conditions,
the levels of PSI and Cyt bsf complexes were lower in vir-1 than in Col-0O,
while the levels of ATPase complexes were similar between the two
genotypes (Supplementary Fig. 4d, e). These results suggested that
lower functional VIR levels affect the accumulation of PSIl complexes
upon HL treatment.

To explore whether the lower abundance of photosystem com-
plexes was related to changes in the levels of related subunits, we
performed immunoblot analysis using antibodies against the subunits
of the thylakoid membrane photosynthetic protein complexes. After
HL treatment, we observed marked reductions in the levels of the PSII
core subunits D1, D2, CP43, and CP47 in the vir-I mutant, reaching
about 57%, 79%, 58%, and 42% of Col-0 levels, respectively (Fig. 3¢, d).
The cytochrome f levels were much lower in the mutant under both
normal growth light and HL conditions relative to Col-O (Fig. 3¢, d). By
contrast, the levels of PsbO (another PSII protein), the light-harvesting
complex I (LHCII) chlorophyll a/b binding proteins LHCA1 and LHCBI,
and ATP synthase subunit B accumulated to comparable levels in vir-1
and Col-0 plants under both light conditions (Fig. 3c, d). These results
suggested that the functional deficiency of VIR perturbs the accumu-
lation of PSII core subunits in Arabidopsis after HL treatment.
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Fig. 2 | Characterization of photosynthetic activity in Col-0 and vir-1 seedlings.
a Left panel, image of 7-day-old Col-0, vir-1, and VIR-complemented seedlings
under normal growth light. Center panels, fluorescence images used to measure F,,/
F,, of seedlings grown under different light conditions. False-color images repre-
senting F,/Fp, after O or 4-h high light (HL) treatment and 2-day recovery after 4-h
HL treatment in Col-0, vir-1, and complemented seedlings are shown. The false
color ranges from black (0) to purple (1), as indicated in the scale at the bottom.
b Fresh weight (FW) of 7-day-old Col-0, vir-1, and complemented seedlings. Values
are means + SE (n =3 biological replicates). *P < 0.05; **P < 0.01, by two-sided Stu-
dent’s t test. ¢, Changes in F,/F,, values for 7-day-old Col-0, vir-1, and com-
plemented seedlings under HL treatment. Values are means + SE (n =3 biological
replicates). *P < 0.05; **P < 0.01, by two-sided Student’s ¢ test. d Light-response
curves of PSII quantum yield (®PSII), electron-transport rate (ETR), and non-
regulated non-photochemical quenching yield [Y(NO)] in Col-0, vir-1, and

complemented seedlings after a 0-, 4-, or 24-h HL treatment and 2-day recovery
after a 4-h HL treatment. Measurements were performed under the following light
intensities: 0, 24, 83, 130, 192, 264, 348, 444, 671, and 908 pmol photons m2 s,
PPFD, Photosynthetic photon flux density. Values are means + SE (n = 3 biological
replicates). Asterisks indicate a significant difference between Col-0 and vir-I using
the two-sided Student’s ¢ test. *P < 0.05; **P < 0.01. No significant differences were
detected between Col-0 and complemented seedlings. e Time courses for the
induction and relaxation of NPQ before and after 4-h HL. Actinic light (500 pmol
photons m™ s™) was switched on at time zero, and seedlings were left in the dark
after 12 min. Values are means + SE (n = 3 biological replicates). Asterisks indicate a
significant difference between Col-0 and vir-1 using the two-sided Student’s ¢ test.
*P < 0.05; *P < 0.01. No significant differences were detected between Col-0 and
complemented seedlings.

To investigate the effects of VIR on PSII protein stability, we
blocked the biosynthesis of chloroplast-encoded proteins in vir-1 and
Col-0 seedlings using chloramphenicol and measured PSII protein
abundance by immunoblot analysis. In the absence of chlor-
amphenicol, the levels of PSII proteins D1, D2, CP43, and CP47
declined gradually in both Col-0 and vir-1 seedlings; the extent of the
decrease was higher in vir-1 seedlings (especially D1) after a 4-h HL
treatment. In the presence of chloramphenicol, the levels of PSII core
subunits D1, D2, CP43, and CP47 declined rapidly in both Col-O and
vir-1 seedlings with similar degradation rates (Supplementary Fig. 7).

These results suggested that the low levels of PSII subunits in vir-1
seedlings upon HL exposure are not due to the rapid degradation of
these proteins.

The mRNA m°A modification of photoprotection-related genes
is defective in the vir-1 mutant

To test the global effects of VIR-mediated m°A modification and
investigate how loss of VIR function results in the HL hypersensitivity
phenotype of the vir-I mutant, we generated transcriptome-wide m°A
profiles of Col-0 and vir-1 seedlings before and after HL treatment by
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Fig. 3 | Analysis of PSII complexes and subunits in Col-0 and vir-1 seedlings.
aBN-PAGE and immunoblot analysis of thylakoid photosynthetic complexes. Equal
amounts of thylakoid membrane (10 pg chlorophylls) from Col-O and vir-I seed-
lings under O-h (GL) and 24-h (HL) high light treatment were solubilized with 2% n-
dodecyl-B-D-maltoside (DM) and separated by BN-PAGE. The BN-PAGE gel was
stained with Coomassie brilliant blue (CBB). The macromolecular protein com-
plexes of thylakoid membranes (indicated on the left) were identified according to
Jin*®. For BN-PAGE immunoblot analysis, an equal amount of chlorophyll (1.5 pg)
was loaded in each lane, and anti-D1, anti-D2, anti-CP43, and anti-CP47 antisera
were used to probe the PSIl complex. I: PSII-LHCII supercomplex; I1: PSII dimer, PSI
monomer; III: PSI monomer, CFL; IV: Cyt b¢f, PSIl core monomer; V: CP43-less PSII
core monomer; VI: LHCII trimer. All experiments involved three independent
biological replicates, which produced similar results. b Proteins immunodetected

GL

k3
H

GL HL

from (a) were quantified with Phoretix 1D software (Phoretix International, UK).
Values (mean + SE, n =3 independent biological replicates) are given relative to
protein levels of Col-0 before HL treatment. *P < 0.05; **P < 0.01, by two-sided
Student’s ¢ test. ¢, Analysis of thylakoid membrane protein accumulation in Col-0
and vir-I mutants. Thylakoid membrane proteins from Col-0 and vir-1 seedlings
were separated by 12% SDS-urea-PAGE and probed with antisera against specific
thylakoid membrane proteins. Samples were loaded on an equal chlorophyll basis.
Cyt bef, cytochrome bgf complex; LHC, light-harvesting complex; ATPase, ATP
synthase complex. Similar results were obtained from three independent biologi-
cal replicates. d Proteins immunodetected from (c) were quantified with Phoretix
1D software (Phoretix International, UK). Values (means + SE; n =3 independent
biological replicates) are given relative to protein levels of Col-O before high light
treatment. *P < 0.05; *P < 0.01, by two-sided Student’s ¢ test.

m°A-seq. The Pearson’s correlation coefficients were high between the
biological replicates for each set of samples (Supplementary Fig. 8a).
We detected 20,136-21,061 m°A peaks in each biological replicate
for vir-1 seedlings (Supplementary Fig. 8b and Supplementary
Data 4 and 5). We evaluated the distribution of m°A peaks in Col-0 and
vir-1seedlings. The m°A peaks of Col-0 were greatly enriched near the
stop codon (52.0-52.2%), start codon (10.7-12.9%), and 3’ untranslated
region (UTR, 4.3%-5.4%), which was also consi