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m6A modulates haematopoietic stem and progenitor
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in mRNAs (96.5%) that are involved in transcription, cell cycle,
and organism development (Extended Data Fig. 1e). Around 8.4%
methylated mRNAs are found to contain at least four peaks (Extended
Data Fig. 1f), higher than that reported in mice (5.5%)21. Consistent
with previous mammalian studies21,22, m6A peaks in zebrafish are
significantly enriched in RGACH motif (R =  G/A; H =  A/C/U) (Fig. 1a),
and are abundant in coding sequences (CDSs), 3′ untranslated regions
(UTRs), and near stop codons (Fig. 1b, c).
To investigate the biological relevance of m6A modification in
embryogenesis, we used a mettl3 morpholino (MO)20, which caused a
decrease in METTL3 protein levels (Extended Data Fig. 2a), and m6A
levels were significantly decreased in mettl3 morphants (Extended
Data Fig. 2b). Compared to the control embryos, there are fewer m6A
peaks across the entire gene bodies in mettl3 morphants (Fig. 1c). 4,593
genes with significantly-decreased m6A levels in mettl3 morphants
were identified as potential METTL3 targets (Fig. 1d), and e mbryonic
development terms were significantly enriched in these targets
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N 6-methyladenosine (m 6A) has been identified as the most
abundant modification on eukaryote messenger RNA (mRNA)1.
Although the rapid development of high-throughput sequencing
technologies has enabled insight into the biological functions
of m6A modification2–13, the function of m6A during vertebrate
embryogenesis remains poorly understood. Here we show that
m6A determines cell fate during the endothelial-to-haematopoietic
transition (EHT) to specify the earliest haematopoietic stem/
progenitor cells (HSPCs) during zebrafish embryogenesis. m6Aspecific methylated RNA immunoprecipitation combined with
high-throughput sequencing (MeRIP–seq) and m6A individualnucleotide-resolution cross-linking and immunoprecipitation
with sequencing (miCLIP–seq) analyses reveal conserved features
on zebrafish m6A methylome and preferential distribution of m6A
peaks near the stop codon with a consensus RRACH motif. In
mettl3-deficient embryos, levels of m6A are significantly decreased
and emergence of HSPCs is blocked. Mechanistically, we identify
that the delayed YTHDF2-mediated mRNA decay of the arterial
endothelial genes notch1a and rhoca contributes to this deleterious
effect. The continuous activation of Notch signalling in arterial
endothelial cells of mettl3-deficient embryos blocks EHT, thereby
repressing the generation of the earliest HSPCs. Furthermore,
knockdown of Mettl3 in mice confers a similar phenotype.
Collectively, our findings demonstrate the critical function of m6A
modification in the fate determination of HSPCs during vertebrate
embryogenesis.
In vertebrates, HSPCs are derived from haemogenic endothelium,
a subset of endothelial cells in the ventral wall of dorsal aorta, through
endothelial-to-haematopoietic transition14–16 during embryogenesis.
Previous studies have suggested the role of m6A modification in cell
fate determination and lineage transition in embryonic stem cells17–19.
However, the exact physiological function of m6A modification
in v ertebrate definitive haematopoiesis remains unknown. Given
the early lethality of mice with knockout of m6A methyltransferase
catalytic subunit Mettl319, here we investigate the m6A methylome
during embryogenesis using zebrafish. Our previous studies demonstrate maternal and persistent expression of mettl3 across different
developmental stages20, indicating the presence of m6A modification during embryogenesis. Using ultra-high-performance liquid
chromatography-triple quadrupole mass spectrometry, coupled with
multiple-reaction monitoring (UHPLC-MRM-MS/MS) analysis, we
detected high m6A mRNA methylation in embryos, from 5 to 28 hours
post fertilization (hpf) (Extended Data Fig. 1a).
Using MeRIP–seq21, we profiled mRNA m6A methylation in zebrafish
embryos at 28 hpf, when the earliest HSPCs begin to emerge. High
overlapping m6A peaks were detected in two independent replicates
(Extended Data Fig. 1b). Although detected in 336 non-coding RNAs
(ncRNAs; 3.5%) (Extended Data Fig. 1c, d), m6A mostly occurred
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Figure 1 | m A methylome in zebrafish embryos. a, Sequence motif
identified within m6A peaks by HOMER database. b, Pie chart depicting
the fraction of m6A peaks in five transcript segments. c, Metagene profiles
of m6A peak distribution along a normalized transcript composed of three
rescaled non-overlapping segments: 5′UTR, CDS, and 3′UTR in control
and mettl3 morphants. d, Scatter plots showing the m6A enrichment in
mRNAs of control and mettl3 morphants. m6A-containing mRNAs with
significantly increased and decreased peak enrichment are highlighted in
red and green, respectively (chi-square test, P <  0.05). e, Gene ontology
enrichment map of METTL3 target genes.
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markers runx1 and cmyb was markedly decreased (Fig. 2a, Extended
Data Fig. 2g, h). HSPC differentiation towards erythroid, myeloid, and
lymphoid cells was also impaired in mettl3 morphants (Fig. 2a). Using
Tg(kdrl:mCherry;runx1:en-GFP) embryos23, a highly specific HSPC
transgenic line, we found that the number of haemogenic endothelium
and emerging HSPCs in mettl3 morphants was significantly decreased,
finally leading to the reduced population of T lymphocytes in the
thymus at 4 days post fertilization (dpf) (Fig. 2b, c). Furthermore, timelapse lineage tracing of EHT showed that, compared to control with
the fate transition occurring, endothelial cells in mettl3 morphants
maintained their endothelial identity and failed to transit into HSPCs
(Fig. 2d, Supplementary Video 1). Moreover, the expression of arterial endothelial markers deltaC, tbx20, hey2, and ephrinB2a was notably increased in mettl3 morphants (Fig. 2e, Extended Data Fig. 2i).
The HSPC phenotype was not attributable to abnormal apoptosis and
proliferation in the aorta-gonad-mesonephros (AGM) (Extended Data
Fig. 2j–m). To further demonstrate the role of METTL3-mediated
m6A modification in HSPC development, we generated a null-allele
mettl3-knockout mutant (Extended Data Fig. 3a–e). The homozygous
mettl3 mutants died 10 dpf owing to severe haematopoietic defects
(data not shown). The defects in HSPC generation were also recapitulated in this mettl3 mutant (Extended Data Fig. 4a–d). Furthermore, the
HSPC defects could be rescued by mettl3 overexpression in endothelial cells, but not in fast-twitch muscle cells (Extended Data Fig. 4e).
Altogether, our data indicate that the m6A modification in endothelial
cells specifically regulates HSPC generation.
To investigate the molecular mechanisms of m6A function in HSPC
development, RNA-seq was performed using endothelial cells from
control and mettl3 morphants at 28 hpf (Extended Data Fig. 5a).
2,393 and 1,386 genes were upregulated and downregulated in mettl3
morphants, respectively (Extended Data Fig. 5b). Intriguingly, genes
with upregulated expression showed significant enrichment in
signalling transduction such as the Notch and vascular endothelial
growth factor (VEGF) pathways, and vascular development (Extended
Data Fig. 5c).
We further analysed the expression levels of 4,593 METTL3 targets
in mettl3 morphants. 1,142 targets were shown to be differentially
expressed genes, including 462 significantly downregulated and 680
upregulated genes (Fig. 3a). Interestingly, the upregulated gene group is
specifically enriched in haemato-vascular development (Fig. 3b). Given
the continuously maintained expression of endothelial genes in mettl3
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Figure 2 | HSPC generation is impaired in mettl3 morphants.
a, Expression of HSPC markers runx1 and cmyb, and differentiation
markers gata1 (erythroid), pu1 (myeloid), and rag1 (lymphoid), in control
and mettl3 morphants by whole mount in situ hybridization (WISH).
b, c, Confocal imaging showing the number of haemogenic endothelium
and emerging HSPCs in the AGM (arrowheads), and lymphocytes in the
thymus (circles), in control and mettl3 morphants (b) with quantification (c).
d, Snapshot of EHT (arrowheads) in control and mettl3 morphants.
e, Expression of arterial genes deltaC, tbx20, hey2, and ephrinB2a in
control and mettl3 morphants at 24 hpf. Error bars, mean ± s.d., n =  15
embryos (c) and n = 3 technical replicates (e), *P <  0.05, **P <  0.01,
***P <  0.001, Student’s t-test. Scale bars, 100 μm in a, b (left) and c; 25 μm
in b (right).

(Fig. 1e), suggesting a role of METTL3-mediated m6A modification in development. However, the germ layer formation was unaffected in mettl3 morphants (Extended Data Fig. 2c). Consistent with
the restricted expression of mettl3 in the haemato-vascular system
(Extended Data Fig. 2d), mettl3 is enriched in sorted endothelial cells
and haemogenic endothelium (Extended Data Fig. 2e), indicating a
potential role of METTL3 in haematopoiesis.
In mettl3 morphants, primitive haematopoiesis was relatively unaffected (Extended Data Fig. 2f), whereas the expression of the HSPC
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Figure 3 | m6A inhibits notch1a expression
to control HSPC specification. a, Heatmap
showing differentially expressed METTL3 targets
in endothelial cells (kdrl+runx1− cells) between
control and mettl3 morphants. b, Gene ontology
of the upregulated or downregulated METTL3
targets. c, Integrative Genomics Viewer (IGV)
tracks displaying MeRIP–seq (upper panels)
and RNA-seq (lower panels) read distribution in
notch1a mRNA of control and mettl3 morphants.
The green dots at the bottom of the tracks depict
the positions of m6A peaks. d, m6A enrichment
in notch1a mRNA in mettl3 morphants at 28 hpf
by m6A-RIP-qPCR. e, Expression of notch1a in
endothelial cells of mettl3 morphants at 28 hpf
by qPCR. f, Protein level of Notch1 and NICD
in mettl3 morphants at 32 hpf. g, h, Confocal
imaging showing the number of fli1a+tp1+ cells
in the AGM (arrowheads) with quantification (h).
i, Expression of runx1 in mettl3 morphants with
DBZ treatment or notch1a MO co-injection.
Error bars, mean ± s.d., n = 3 technical replicates
(d, e, i) and n = 15 embryos (h), **P <  0.01,
***P <  0.001, Student’s t-test. Scale bars, 100 μm.

runx1

2 7 4 | N A T U RE | V O L 5 4 9 | 1 4 s e p t e m b e r 2 0 1 7

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

Letter RESEARCH
in mettl3 morphants (Extended Data Fig. 5k, l), with restoration
of the d
 iminished expression of HSPC markers runx1 and cmyb
(Fig. 3i, Extended Data Fig. 5l). Altogether, our data demonstrate that
METTL3-mediated m6A modification regulates HSPC generation
through inhibiting endothelial Notch signalling.
We next used YTHDF2, a well-known m6A ‘reader’ that mediates
mRNA decay5, to investigate mechanisms underlying the notch1a
expression repression by m6A modification. Compared to controls,
we detected lower expression of HSPC markers runx1 and cmyb, as
well as fewer haemogenic endothelium cells and emerging HSPCs in
ythdf2 morphants (Extended Data Fig. 6a–d), similar to the phenotype
observed in mettl3 morphants. Mutation of m6A recognition sites26 in
zebrafish YTHDF2 (W445A, W499A, and W504A) (Extended Data
Fig. 6e) led to complete loss of m6A binding (Fig. 4a). Furthermore,
overexpression of wild-type but not mutated ythdf2 rescued the HSPC
phenotype in ythdf2 morphants (Fig. 4b, c, Extended Data Fig. 6f),
supporting that the function of YTHDF2 in HSPC development is
dependent on its recognition of m6A modification.
RNA-immunoprecipitation sequencing (RIP-seq) for YTHDF2
was then performed to search YTHDF2-bound mRNAs. 72.3%
mRNAs identified contain m6A peaks (Extended Data Fig. 6g) and
2,911 mRNAs were also targeted by METTL3. To define whether the
regulatory role of m6A in gene expression is YTHDF2-dependent,
we analysed the differentially expressed genes in mettl3 and ythdf2
morphants (Extended Data Figs 5a, 6h). Among 2,911 common targets
of METTL3 and YTHDF2, 655 showed differential expression. In
particular, upregulated genes, such as notch1a, were apparently enriched
in vascular development and signal transduction (Extended Data Fig. 6i,
Fig. 4d). YTHDF2 recognized m6A peaks in notch1a (Fig. 4e), supporting YTHDF2-mediated regulation of m6A in notch1a transcription.

morphants (Fig. 2e; Extended Data Fig. 2i), a panel of METTL3 target
genes with expression reported in endothelial cells was selected for
validation of the sequencing results (Extended Data Fig. 5d). On the
basis of the sharply reduced enrichment of m6A peaks and significant
upregulation in notch1a mRNA (Fig. 3c, Extended Data Fig. 5d), we
chose notch1a for further analysis as a candidate m6A target in the
regulation of HSPC development.
Activation of Notch1 signalling during EHT can repress HSPC
programming through maintaining endothelial identity23–25. We
speculate that m6A may function as a rheostat to repress the endothelial
gene expression during EHT through regulation of Notch signalling.
Consistent with the mettl3 expression pattern, the enrichment of m6A
in notch1a mRNA was significantly increased in sorted endothelial
cells and haemogenic endothelium from 26 hpf to 28 hpf (Extended
Data Fig. 5f, g). Compared to control, the m6A enrichment in notch1a
was nearly abolished in mettl3 morphants (Fig. 3d, Extended Data
Fig. 5e). The expression of notch1a in endothelial cells and the protein
levels of both Notch1 and the Notch1 intracellular domain (NICD)
were significantly increased in mettl3 morphants (Fig. 3e, f). Moreover,
increased Notch1 activity was detected in endothelial cells of mettl3
morphants using Tg(tp1:mCherry;fli1a:EGFP), which can specifically
mark Notch activity within endothelial cells (Fig. 3g, h). The inhibitory
effect of m6A in regulating notch1a expression was also confirmed in
mettl3 mutants and mettl3 overexpression embryos (Extended Data
Fig. 5h–j).
To determine whether the increased notch1a expression accounts
for the HSPC phenotype in mettl3 morphants, we performed rescue
experiments using the Notch inhibitor DBZ or notch1a MO i njection.
Both treatments rescued the increased activity of Notch signalling
as well as the increased expression of arterial marker ephrinB2a
b

m6A (20 nM)

Flag–YTHDF2 WT Flag–YTHDF2 mutant
Protein 0 1 2.5 5 10 0 1 2.5 5 10 nM
YTHDF2 RNA

c

kdrl:mCherry;runx1:en-GFP

kdrl+runx1+ cell number
in the floor of DA

a

Control
ythdf2 MO
ythdf2 MO+mRNA

e

Small-GTPase-mediated signal transduction
Angiogenesis
Regulation of actin filament polymerization
Vasculogenesis
Notch signalling pathway
5.0

Peptidyl-lysine dimethylation
Regulation of signalling
Hindbrain morphogenesis
Regulation of transcription
Covalent chromatin modification

g
l

ro

t
on

C

NICD
Actin

f2

d
th

h
O

M

2.5
–log10(P value)

y

Control
ythdf2 MO

Figure 4 | YTHDF2-mediated mRNA decay contributes to the m6A
repression of Notch pathway. a, EMSA analysis showing the binding
capability of wild-type and mutated YTHDF2 to m6A. b, c, Number of
haemogenic endothelium and emerging HSPCs (arrowheads in c) in
ythdf2 morphants with overexpression of wild-type or mutated ythdf2
mRNA and quantification (c). d, Representative gene ontology biological
process categories enriched in co-upregulated or co-downregulated
METTL3 and YTHDF2 common targets. e, IGV tracks displaying
YTHDF2-RIP-seq (upper panels) and RNA-seq (lower panels) read
distribution in notch1a mRNA of control and ythdf2 morphants. The green
dots depict the positions of m6A peaks and the grey shading indicates the

5
0
l
NA
NA
MO
ntro
Co thdf2 + mR nt mR
y
MO muta
2
f
+
d
yth 2 MO
df
yth

f

qPCR in
endothelial cells

0
20
0
200

0
200
Control rep2
0
200
ythdf2 MO rep1
0
200
ythdf2 MO rep2
0

3.0

i

25
20

j

**

15
10
5
0

Control ythdf2 MO

1.5

notch1a

1.0

**
*

0.5
0.0

0

4

Control
ythdf2 MO

**

2.0
1.0
0.0

notch1a

5.0

tp1:mCherry;fli1a:EGFP

10

2 kb

20

Relative mRNA level

0.0

Control rep1

RNA-seq

2.5
–log10(P value)

YTHDF2 rep2

fli1a+tp1+ cell
number in AGM

0.0

YTHDF2 rep1

***

***

15

Relative mRNA level

d

RIP-seq

Free
oligonucleotides ythdf2 MO+mutant mRNA

NS

20

notch1a

Control
mettl3 MO
ythdf2 MO

**
*
8

(hpt)

YTHDF2 binding regions. f, Expression of notch1a in endothelial cells of
ythdf2 morphants at 28 hpf. g, Protein level of NICD in ythdf2 morphants
at 32 hpf. h, Number of fli1a+tp1+ cells in the AGM (arrowheads) in
ythdf2 morphants with quantification (i). j, qPCR analysis of embryos
treated with actinomycin D for 4 and 8 h showing delayed notch1a mRNA
degradation in mettl3 morphants (64.8% decrease) and ythdf2 morphants
(51.6% decrease), compared to control (22.8% decrease). Error bars,
mean ± s.d., n = 10 embryos (c, i) and n = 3 technical replicates (f, j),
**P <  0.01, ***P < 0.001, NS, non-significant, Student’s t-test. Scale bars,
100 μm.
1 4 s e p t e m b e r 2 0 1 7 | V O L 5 4 9 | N A T U RE | 2 7 5

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

RESEARCH Letter
Similar to mettl3-deficient embryos, notch1a expression and Notch
activity were increased in endothelial cells of ythdf2 morphants
(Fig. 4f–i), suggesting that YTHDF2 recognition of m6A-modified
notch1a mRNA inhibits notch1a expression. To test whether YTHDF2
regulates notch1a expression through mRNA decay, we measured the
notch1a RNA level in embryos after treatment with the transcription
inhibitor actinomycin D. Compared to controls, the remaining n
 otch1a
mRNA levels were significantly higher in mettl3 or ythdf2 morphants,
owing to delayed mRNA decay in the absence of functional m6A
modification in mettl3 morphants or insufficient recognition of m6A
modification in ythdf2 morphants (Fig. 4j).
To demonstrate that YTHDF2-mediated notch1a mRNA decay is
due to the methylation of specific sites, we performed single-nucleotide
resolution m6A profiling (miCLIP–seq)27. m6A sites were identified
successfully using miCLIP–seq, as supported by the typical m6A
distribution feature (Extended Data Fig. 7a, b). The m6A modification
site near the stop codon of notch1a mRNA (Extended Data Fig. 7c)
was perturbed for functional analysis (Extended Data Fig. 7d).
A notch1a-EGFP reporter containing wild-type but not mutated m6A
modification site responded to the overexpression of mettl3 and ythdf2
(Extended Data Fig. 7e, f), indicating the critical function of m6A modification in notch1a mRNA decay. Additionally, overexpression of mettl3
and ythdf2 mRNAs rescued runx1 expression in embryos injected
from 24 hpf with wild-type notch1a, but not in those injected with
mutated notch1a (Extended Data Fig. 7g). Collectively, m6A-modified
notch1a mRNA is degraded through YTHDF2-mediated mRNA decay
to facilitate the HSPC production. In addition to notch1a, rhoca (also
known as rhoae) was identified as another direct target of m6A modification to mediate the regulation of HSPC development (Supplementary
information; Extended Data Figs 8, 9).
To investigate whether m6A regulation of HSPC development is
conserved in mice, we examined the expression of Mettl3, Mettl14,
Wtap, and Ythdf2 and found that they were expressed in endothelial
cells, haemogenic endothelium, and HSPCs sorted from embryonic
day 10.5 (E10.5) AGM (Extended Data Fig. 10a). METTL3 protein was
detected in endothelial cells and haematopoietic clusters in E10.5 AGM
(Extended Data Fig. 10b). We next knocked down endogenous Mettl3
expression in the dissected AGM using Mettl3 short interfering RNA
(siMettl3) (Extended Data Fig. 10c) and observed impaired colony
formation (Extended Data Fig. 10d), revealing a function of m6A in
mouse definitive haematopoiesis. Moreover, the expression of Notch1
and its downstream targets EphrinB2, Hes1, and Hey1 was increased
in Mettl3-knockdown AGM (Extended Data Fig. 10e), indicating
the regulation of Notch1 signalling by m6A modification in mice.
m6A-RIP-qPCR assays further demonstrated the presence of Notch1
m6A methylation in the AGM (Extended Data Fig. 10f). Collectively,
these findings indicate a conserved function and mechanism of m6A
regulation in definitive haematopoiesis in mammals.
In summary, this work is the first to uncover the function of m6A
modification in HSPC specification in vertebrates (Extended Data
Fig. 10g), indicating a unifying mechanism that m6A functions as a
modulator or balancer in pluripotent or multipotent stem cells for cell
fate determination.
Online Content Methods, along with any additional Extended Data display items and
Source Data, are available in the online version of the paper; references unique to
these sections appear only in the online paper.
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Methods

Data reporting. No statistical methods were used to predetermine sample size.
The experiments were not randomized and the investigators were not blinded to
allocation during experiments and outcome assessment.
Zebrafish strains and chemical treatment. Adult zebrafish including Tubingen,
Tg(cmyb:EGFP), Tg(kdrl:mCherry)16, Tg(runx1:en-GFP)23, Tg(fli1a:EGFP)28,
Tg(tp1:mCherry)52, and mettl3 heterozygous mutants were raised in system water
at 28.5 °C. mettl3 mutant in the Tubingen background with a 17 bp insertion in
the third exon was generated using the CRISPR–Cas9 system, and the primer
sequences for genotyping are listed in Supplementary Data 5. Embryos were treated
with 4 μM Notch inhibitor deshydroxy LY-411575 (DBZ; Sigma, SML0649,) from
26 hpf to the stages for detection. This study was approved by the Ethical Review
Committee of Institute of Zoology, Chinese Academy of Sciences, China.
Morpholinos, mRNA synthesis and vector construction. The antisense
morpholinos of genes including mettl3, ythdf2, and rhoca were designed and
purchased from GeneTools. notch1a MO was a gift from D. Liu (Peking University).
The sequences and injection doses of morpholinos are listed in Supplementary
Data 5. mRNAs were synthesized as previously described29. For overexpression
experiments of mettl3 specifically in the endothelial or fast muscle cells, the fulllength CDS of zebrafish mettl3 was cloned into a pDONR221 vector by BP reaction
(Gateway BP Clonase II Enzyme mix; Invitrogen, 11789020) and then sub-cloned
into pDestTol2pA2 with a fli1a or fmylz promoter and an EGFP reporter by LR reaction (LR Clonase II Plus enzyme; Invitrogen, 12538200). For overexpression experiments of full-length mismatched ythdf2 mRNA in ythdf2 morphants, the sequences
were designed with mismatched binding to the ythdf2 MO. For overexpression
experiments of the notch1a-EGFP and rhoca-EGFP reporters, the intracellular
domain region of notch1a or full-length rhoca with wild-type or mutated (A to C)
m6A modification sites was sub-cloned into a pCS2+ vector. For overexpression
experiments of notch1a and rhoca at specific stages, the NICD region of notch1a
or full-length rhoca with wild-type or mutated (A to C) m6A modification sites
was sub-cloned into a pDestTol2pA2 vector with an hsp70 promoter and an EGFP
reporter by Gateway systems.
Whole-mount in situ hybridization. Whole-mount in situ hybridization was
carried out using ZF-A4 in situ hybridization machine (Zfand, China) with probes
for genes including runx1, cmyb, rag1, gata1, pu1, ephrinB2a, deltaC, dll4, tbx20,
and mettl3. Double fluorescence in situ hybridization was performed as previously
described30 with probes including DIG-labelled mettl3 and fluorescence-labelled
egfp.
Western blotting. Western blotting was performed as previously reported31 using
the following antibodies: anti-ERK antibody (Cell Signaling Technology, 9102),
anti-pERK antibody (Cell Signaling Technology, 9101), anti-β-actin antibody (Cell
Signaling Technology, 4967), anti-Notch1 antibody (Abcam, ab65297), anti-NICD
antibody (Abcam, ab83232), anti-METTL3 antibody (Abcam, ab98009), and antiRunx1 antibody (Ana Spec, 55593). Quantification of each band was carried out
by using Quantity One software (Bio-Rad).
Immunofluorescence. Immunofluorescence analysis of METTL3 expression
in the AGM of mouse embryos was performed as previously reported32. Wildtype C57BL/6 mouse embryos at E10.5 were fixed with 4% paraformaldehyde in
phosphate-buffered saline (PBS) for 8 h at 4 °C and embedded into the paraffin.
5% BSA with 0.3% Triton X-100 was used to block the unspecific binding of the
antibodies. The slides were then incubated with anti-Runx1 antibody (Abcam,
ab92336) and anti-METTL3 antibody (Abnova, H00056339-B01P) diluted in 1%
BSA overnight at 4 °C. After washing in PBS-Tween 20 (PBST) for three times,
the slides were incubated with anti-rabbit-IgG-fluorescein (Life Technologies,
A11037) and anti-mouse-IgG-fluorescein (Life Technologies, A11001) for 2 h at
room temperature. The sections were counterstained with DAPI and images were
acquired by Nikon confocal A1 (Nikon).
siRNAs and RNA interference. Control and Mettl3 siRNAs were designed and
synthesized by Genepharma Corporation and are listed in Supplementary Data
5. E10.5 mouse AGM cells were digested with collagenase and then transfected
with siRNAs using LipoPlus (SAGECREATION, Q03003) according to the
manufacturer’s instructions.
Colony-forming unit culture assay. For colony-forming unit culture (CFU-C)
assay, E10.5 AGM was transfected with control siRNA or Mettl3 siRNA, cultured
in M3434 medium (Stem Cell Technologies, 03434), and then plated into ultra-low
attachment 24-well plate (Costar). After cultured in 5% CO2 at 37 °C for 7–10 days,
the number of each colony type was counted according to the colony morphology.
This experiment was repeated in quadruplicate.
mRNA purification and MeRIP–seq. Total RNAs from the trunk region of
zebrafish embryos at 28 hpf were extracted with TRNzol (TIANGEN, DP405).
Intact mRNAs were highly purified from total RNAs using Dynabeads mRNA
purification kit (Ambion, 61006). For m6A level detection, the purified mRNAs
were analysed through UHPLC-MS/MS as previously described3.

For m6A immunoprecipitation, the procedure was modified from the previously
reported methods33. In brief, purified mRNAs from control and mettl3 morphants
were digested by DNase I and then fragmented into around 100-nt fragments
by incubation at 94 °C for 1 min in fragmentation buffer (10 mM ZnCl2, 10 mM
Tris-HCl, pH 7.0). The reaction was then stopped with 0.05 M EDTA (Ambion,
AM8740), followed by standard ethanol precipitation and collection. Anti-m6A
polyclonal antibody (12 μg antibody for 6 μg mRNAs; Synaptic Systems, 202003)
was incubated with 50 μl Protein A beads (Sigma, P9424) in IPP buffer (150 mM
NaCl, 0.1% NP-40, 10 mM Tris-HCl, pH 7.4) for 1 h at room temperature. Then
the mRNAs (6 μg) were incubated with the prepared antibody-beads mixture for
4 h at 4 °C. After washing, bound RNAs were extracted by TRNzol. The library
construction and sequencing were performed as previously described33.
For m6A-RIP-qPCR, the mRNAs were fragmented into 300-nt fragments after
incubation at 94 °C for 30 s in fragmentation buffer and immunoprecipitated
by anti-m6A antibody according to the procedure shown above. The mRNAs
pulled down by anti-m6A antibody were then reversely transcribed and amplified
following the previously reported protocol34. The enrichment of m6A was
quantified using qPCR as reported33. The sequences of qPCR primers are listed
in Supplementary Data 5.
Cell sorting and RNA sequencing. Zebrafish endothelial cells, haemogenic
endothelium, and haematopoietic stem/progenitor cells (HSPCs) from the
trunk region of 28 hpf Tg(kdrl:mCherry;runx1:en-GFP) embryos were sorted
as p
 reviously reported23. For RNA-sequencing, RNAs from endothelial cells of
control and mettl3 morphants were extracted using QIAGEN RNeasy Micro kit
and then reversely transcribed and amplified as previously described34. cDNAs
were sequenced using Illumina HiSeq 2500.
To sort mouse endothelial cells (CD31+CD45−Ter119−), haemogenic endothelium (CD31+cKit+), and HSPCs (CD34+cKit+), the AGM regions were dissected
from wild-type mouse embryos at E10.5 (35–40 somite pairs) and dissociated with
collagenase. Then, the cells were stained using antibodies specific to CD31–PE
(eBioscience, 561073), CD34–PE (eBioscience, 551387), cKit–APC (eBioscience,
17-1171-81), Lineage–FITC (BioLegend, 133302), CD45–APC (eBioscience,
17-0451-82), and Ter119–PE–CY7 (eBioscience, 25-5921-81) at 4 °C for 30 min.
After staining, cells were sorted using the MoFlo XDP (Beckman Coulter).
Electrophoretic mobility shift assay. Wild-type and mutant Flag-taggedYTHDF2 (zebrafish) proteins were overexpressed and purified from 293T cells3.
The 293T cells were purchased from Cell Resource Center of Chinese Academy of
Medical Sciences. Authentication was performed by short tandem repeat profiling
analysis and there was no mycoplasma contamination. The purified proteins were
diluted serially at concentrations of 10 nM, 25 nM, 50 nM, 100 nM, respectively,
in binding buffer (50 mM Tris-HCl pH 7.5, 100 mM NaCl, 0.4 mM EDTA,
0.1% NP-40, 40 U ml−1 RNasin, 1 mM DTT, 50% glycerol, and 5 ng μl−1 BSA).
1 μl synthesized 3′-biotin-labelled RNA probe with A or m6A (20 nM final concentration) and 1 μl purified protein (1 nM, 2.5 nM, 5 nM, 10 nM final concentration,
respectively) were mixed and incubated at room temperature for 30 min. Then, 1 μl
glutaraldehyde (0.2% final concentration) was added into the mixture and incubated at room temperature for 15 min. The entire 11 μl RNA–protein mixture was
mixed with 5 μl 5′Hi-Density TBE sample buffer and separated on 6% TBE gel at
room temperature for 60 min at 80 V. The gel was transferred to positively charged
nylon transfer membrane (GE Healthcare) and detected by chemiluminescent
nucleic acid detection module (Thermo) following manufacturer’s instructions.
The RNA-binding ratio at each protein concentration was determined by
(RNA–protein) / ((free RNA) +  (RNA–protein)).
YTHDF2 RIP-seq. The trunk regions of 28 hpf embryos injected with ythdf2Flag mRNA were lysed in NETN lysis buffer (150 mM NaCl, 0.5% NP-40, 50 mM
Tris-HCl, pH 7.4). The YTHDF2 RIP was carried out with a modified procedure3.
In brief, lysate were incubated with Flag M2 gel for 4 h at 4 °C. After washing,
RNAs were fragmented into around 250 nt by 1:500,000 diluted MNase in 1 ×  MN
reaction buffer at 37 °C for 8 min. The reaction was terminated with EGTA. The
3′and 5′ends of the RNAs were then dephosphorylated by incubation with
0.5 U μl−1 calf intestinal alkaline phosphatase (CIAP, New England Biolabs,
M0290L) for 10 min at 37 °C, and the 5′end of the RNAs was re-phosphorylated
by 1 U μl−1 T4 PNK enzyme for 15 min at 37 °C. Proteins were digested by
4 μg μl−1 proteinase K (Roche, 03115828001) in 200 μl PK buffer (100 mM Tris-HCl
pH 7.4, 50 mM NaCl, 10 mM EDTA) for 20 min at 37 °C, followed by incubation
with 200 μl PK-urea buffer (100 mM Tris-HCl pH 7.4, 50 mM NaCl, 10 mM EDTA,
7 M urea) for 20 min at 37 °C. After washing, RNAs were precipitated and collected
as above and then used for small RNA library construction and deep sequencing.
Sequencing data analysis. General pre-processing of reads: the MeRIP–seq for
control and mettl3 morphant embryos, the RNA-seq for the endothelial cells
from control, mettl3 or ythdf2 morphant embryos, and the YTHDF2 RIP-seq
were p
 erformed using Illumine HiSeq 3000 with paired end read length of 101 bp.
Adaptor sequences were trimmed off for all raw reads using the Cutadapt

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

RESEARCH Letter
s oftware (version 1.2.1)35. Reads that were less than 35 nt in length or contained
an ambiguous nucleotide were discarded by Trimmomatic (version 0.30)36. The
remaining reads were aligned to the zebrafish genome (version zv9) using TopHat
(version 2.0.9)37. Only uniquely mapped reads with mapping quality score ≥20
were kept for the subsequent analysis for each sample.
For MeRIP–seq, the m6A-enriched peaks in each m6A immunoprecipitation
sample were identified by MACS2 peak-calling software (version 2.0.10)38 with
the corresponding input sample serving as control. MACS2 was run with default
options except for ‘–nomodel,–keepdup all’ to turn off fragment size estimation
and to keep all uniquely-mapping reads, respectively. A stringent cutoff threshold
for P value of 1 ×  10−5 was used to obtain high-confidence peaks. Each peak was
annotated based on Ensembl (release 79) gene annotation information by applying
BEDTools’ intersectBed (version 2.16.2)39.
For RNA-seq, the number of reads mapped to each Ensembl gene (release 79)
was counted using the HTSeq python package40, with the ‘union’ overlap resolution
mode and unstranded count feature by setting ‘--mode=union’ and ‘--stranded=
no’, respectively. The expression of transcripts was quantified as reads per kilobase
of exon model per million mapped reads (RPKM).
For YTHDF2 RIP-seq, the target binding regions of YTHDF2 were identified using MACS2 software (version 2.0.10)38 with default options except for
‘–nomodel’. A stringent cutoff threshold for P value of 1 ×  10−3 was used to obtain
high-confidence binding regions of YTHDF2. The target genes were annotated
based on Ensembl (release 79) gene annotation information by applying BEDTools’
intersectBed (version 2.16.2)39.
Motif identification within m6A peaks. The motifs enriched in m6A peaks were
analysed by HOMER (v4.7)41. Motif length was restricted to 6 nucleotides. All
peaks mapped to mRNAs were used as the target sequences and background
sequences were constructed by randomly shuffling peaks upon total mRNAs on
genome using BEDTools’ shuffleBed (version 2.16.2)39.
Statistical analysis of differentially-expressed genes. Differentially expressed
genes between control and mettl3 and ythdf2 morphants were determined using
the R-package DEGseq with the method MARS (MA-plot-based method with
random sampling model), fold-change cutoff =  2, P value cutoff =  1 ×  10−6, FDR
cutoff = 0.01, and RPKM ≥ 0.1 for each sample. To identify differentially expressed
genes regulated by both METTL3 and YTHDF2, the same parameters were set as
above except for the fold change cutoff =  1.5.
Gene ontology analysis. Gene ontology (GO) analysis of genes with m6A modification or with differential expression was performed using DAVID (http://david.
abcc. ncifcrf.gov/). GO terms with P < 0.05 were determined to be statistically
significant. Enrichment maps (Fig. 1e and Fig. 3b) were constructed using
Cytoscape 3.2.0 installed with the Enrichment Map plugin. Within the enrichment
maps, each node represents an enriched GO pathway and the node size is proportional to the total number of genes in each pathway. Edge thickness represents the
number of overlapping genes between nodes. GO pathways of similar functions
are sorted into one cluster, marked with circles and labels. The number of genes
in each cluster is labelled.
m6A-miCLIP–seq. Single-base resolution high-throughput sequencing of the
zebrafish methylome was carried out using previously reported methods27,42 with
some modifications. Briefly, mRNAs from the trunk region of zebrafish embryos at
28 hpf were purified using Dynabeads mRNA Purification Kit (Life Technologies,
61006) and fragmented to a size around of 100 nt using the fragmentation reagent
(Life Technologies, AM8740). 10 μg of purified mRNAs were mixed with 25 μg
of anti-m6A antibody (Abcam, ab151230) in 450 μl immunoprecipitation buffer
(50 mM Tris, pH 7.4, 100 mM NaCl, 0.05% NP-40) and incubated by rotating
at 4 °C for 2 h. The solution was then transferred to a clear flat-bottom 96-well
plate (Corning) on ice and irradiated three times with 0.15 J cm−2 at 254 nm in
a CL-1000 Ultraviolet Crosslinker (UVP). The mixture was then immunoprecipitated by incubation with Dynabeads Protein A (Life Technologies, 1001D) at
4 °C for 2 h. After extensive washing and on-bead end-repair and linker ligation,
the bound RNA fragments were eluted from the beads by proteinase K digestion
twice at 55 °C for 20 min and 10 min, respectively. RNAs were isolated from the
eluate by phenol–chloroform extraction and ethanol precipitation. Purified
RNAs were reversely transcribed with Superscript III reverse transcriptase (Life
Technologies, 18080093) according to the manufacturer’s protocol as described
previously43,44. First-strand cDNA was size-selected on a 6% TBE-Urea gel (Life
Technologies, EC6865BOX), and circularization and re-linearization of cDNA were
performed with CircLigase II (Epicentre, CL9021K) and BamHI (NEB, R0136),
respectively. Libraries were PCR amplified with Accuprime Supermix 1 enzyme
(Life Technologies, 12342010) for 20 cycles and size-selected on an 8% TBE gel
(Life Technologies, EC6215BOX). Sequencing was carried out on Illumina HiSeq
3000 platform according to the manufacturer’s instructions.
Analysis of miCLIP sequencing data. Read pre-processing was performed essentially as previously reported45. Adaptor sequences were trimmed by fastx_clipper

from fastx_toolkit (http://hannonlab.cshl.edu/fastx_toolkit). Low-quality bases
were filtered by fastq_filter.pl, a custom perl script from CLIP Tool Kit (CTK)46,
and reads shorter than 24 nt were discarded. Based on the same criteria of
previously-reported approach45 to process paired-end data, the forward reads were
demultiplexed based on 5′barcodes for individual replicates by fastq2collapse to
remove PCR-amplified reads, whereas the reverse reads were reversely complemented and processed in the same way as the forward counterparts. Finally, the
random barcodes of the remaining reads were stripped by stripBarcode.pl and
moved to read headers for downstream processing by the CIMS pipeline.
The remaining reads were mapped to the zebrafish genome (version Zv9) with
BWA (v0.7.10)47, allowing ≤ 0.06 error rate (substitutions, insertions, or deletions)
per read (bwa aln -n 0.06 -q 20) as shown in the online CTK Documentation
(https://zhanglab.c2b2.columbia.edu/index.php/CTK_Documentation). To
identify the m6A locus, the mode of mutation calling was performed as previously
reported with minor modifications27. For each mutation position, the coverages
of unique tag (k) and mutations (m) were determined by CIMS.pl program48. The
positions within k ≥  15 and m / k ≤ 50% were retained and only mutation positions within the RRACH motif were identified as m6A for downstream analysis
to exclude the potential m6Am modification27. The logo plot for bases adjacent to
m6A was generated with WebLogo49.
mRNA stability analysis. Control, mettl3, and ythdf2 morphant embryos were
treated with 10 μg ml−1 actinomycin D (Sigma, A1410) or DMSO from 24 hpf for
4 h and 8 h, respectively. The total RNAs were then extracted from the trunk region
of zebrafish embryos for reverse transcription and qPCR. At different time points,
the relative expression of each gene was calculated by normalizing the gene expression in actinomycin-D-treated embryos against that in DMSO-treated embryos.
Statistical analysis. All statistical analyses of qPCR, confocal imaging, and colony
formation experiments were performed at least three independent biological or
experimental replicates. Student’s two-tailed unpaired t-test was used for statistical
comparisons and data are shown as mean ±  s.d. P values were used for significance.
Data availability. The MeRIP–seq, RNA-seq, RIP–seq, and miCLIP–seq data have
been deposited in the Gene Expression Omnibus database under accession n
 umber
GSE89655, and also the Genome Sequence Archive50 in BIG Data Center51, Beijing
Institute of Genomics (BIG), Chinese Academy of Sciences, under accession
number PRJCA000469. All the other data generated or analysed during this study
are included in the article and Supplementary Information.
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Extended Data Figure 1 | Quantification and characterization of
m6A mRNA methylation during zebrafish embryonic development.
a, UHPLC-MRM-MS/MS quantification of m6A level at different stages
during zebrafish development. b, Venn diagram showing the overlap
of m6A peaks detected from two independent MeRIP–seq experiments

using control embryos. c, Percentage of mRNAs and non-coding RNAs
containing m6A peaks. d, Bar plots showing the number of representative
non-coding RNAs containing m6A peaks. e, Gene ontology biological
processes enriched in m6A-containing mRNAs. f, Percentage of
m6A-methylated mRNAs with different numbers of m6A peaks.
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Extended Data Figure 2 | Germ layer formation and primitive
haematopoiesis are unaltered in mettl3 morphants. a, Protein levels of
METTL3 were decreased in mettl3 morphants. b, UHPLC-MRM-MS/MS
analysis showing a significant decrease of m6A levels in mRNAs of mettl3
morphants. c, WISH analysis showing that expression of ectoderm
marker gsc, mesoderm marker eve1, and endoderm marker sox17 was not
affected in mettl3 morphants. d, Double fluorescence in situ hybridization
analysis showing the specific expression of mettl3 in endothelial cells. The
white arrowheads indicate the co-expression of mettl3 and endothelial
cell marker fli1a. e, qPCR analysis showing that mettl3 was highly
expressed in endothelial cells and haemogenic endothelium. Endothelial
cells, haemogenic endothelium, and HSPCs were sorted from 28 hpf
Tg(kdrl:mCherry;runx1:en-GFP) embryos. f, WISH analysis showing
the normal expression of primitive erythroid marker gata1 and myeloid

marker pu1 in mettl3 morphants at 24 hpf. g, qPCR analysis showing that
the expression of runx1 and cmyb was significantly decreased in mettl3
morphants at 32 hpf. h, Protein level of Runx1 was reduced in mettl3
morphants at 32 hpf. i, WISH analysis showing that the expression of
arterial genes deltaC, tbx20, hey2, and ephrinB2a was increased in mettl3
morphants. j, k, TUNEL assay and l, m, BrdU assay showing that the
number of apoptotic cells and proliferating cells in AGM was not notably
changed in mettl3 morphant Tg(fli1a:EGFP) embryos at 28 hpf.
k, m, Quantification of the apoptotic or proliferative cells with GFP+
signals in AGM region. White dashed squares indicate the AGM. Error
bars, mean ± s.d., n = 3 technical replicates (b, e, g) and n =  5 embryos
(k, m), *P <  0.05, **P <  0.01, ***P < 0.001, NS, not significant, Student’s
t-test. Scale bars, 100 μm.
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Extended Data Figure 3 | Generation and validation of mettl3
mutants. a, The left panel showing the target site in the third exon
of mettl3 designed for the CRISPR–Cas9 mutants. The right panel
revealing the 17 bp insertion in the mettl3 target site. b, Graphic
representation of the truncated protein sequence with the MT-A70
domain missing. c, d, WISH (c) and qPCR (d) analyses showing that
the expression of mettl3 was absent in the homozygous mettl3 mutants.
e, Protein level of METTL3 was not detectable in the homozygous mutants.
Error bars, mean ± s.d., n = 3 technical replicates (d), ***P <  0.001, n.d.,
not detectable, Student’s t-test. Scale bars, 100 μm.
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Extended Data Figure 4 | HSPC generation is impaired in mettl3
mutants. a, WISH analysis showing that the expression of HSPC markers
runx1 and cmyb, and the differentiated markers gata1 (erythroid),
pu1 (myeloid), and rag1 (lymphoid) was decreased in mettl3 mutants.
b, Confocal imaging showing that the numbers of haemogenic
endothelium and emerging HSPCs in the AGM (white arrowheads),
and T lymphocytes in the thymus (dashed circles) were significantly
reduced in mettl3 mutants from a Tg(kdrl:mCherry;runx1:en-GFP)
background. c, Quantification of haemogenic endothelium and emerging

HSPCs in the AGM. d, PCR analysis showing that expression of runx1
and cmyb was significantly decreased in mettl3 mutants. e, WISH analysis
showing that decreased expression of runx1 in mettl3 mutants was
partially rescued by overexpression of mettl3 in endothelial cells driven
by a fli1a-promoter (left panels), but not by overexpression of mettl3
in muscle cells driven by fmylz-promoter (right panels). Error bars,
mean ± s.d., n = 10 embryos (c) and n = 3 technical replicates (d),
***P <  0.001, Student’s t-test. Scale bars, 100 μm (a, left panels in b, e).
Scale bars, 25 μm (right panels in b).
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Extended Data Figure 5 | m6A directly targets notch1a to repress its
expression. a, A strong correlation of gene expression between the two
mettl3 morphant replicates. Scatter plots comparing the fold changes (log2)
in normalized gene expression from replicates of mettl3 knockdown. The
Pearson correlation coefficient (R) and number of differentially-expressed
genes (N) are shown in the bottom right corner. b, Heat map depicting the
normalized gene expression of differentially-expressed genes in control
and mettl3 morphants. c, Gene ontology biological processes enriched in
genes upregulated and downregulated in mettl3 morphants, respectively.
d, qPCR analysis showing the expression change of selected mettl3 target
genes. e, The electrophoresis analysis after m6A-RIP showing that the m6A
enrichment in notch1a mRNA was absent in mettl3 morphants. Amplicons
obtained from input and flow-through samples were used as positive and
negative controls, respectively. f, g, The m6A-RIP-qPCR analysis showing

that the m6A enrichment in notch1a mRNA was high in endothelial cells
and haemogenic endothelium at 28 hpf (f) and increased from 24 hpf to
28 hpf (g). h, i, qPCR analysis showing that the expression of notch1a
was significantly increased in mettl3 mutants (h) and decreased in mettl3
overexpressed embryos (i). j, Protein levels of Notch1 were decreased
in mettl3 overexpressed embryos. k, The increased NICD expression in
mettl3 morphants was restored by the treatment with Notch inhibitor
DBZ. l, WISH analysis showing that the decreased expression of HSPC
markers runx1 and cmyb, and increased expression of arterial endothelial
cell marker ephrinB2a in mettl3 morphants was restored by DBZ treatment
or notch1a MO co-injection. Error bars, mean ± s.d., n =  3 technical
replicates, *P <  0.05, **P <  0.01, ***P <  0.001, Student’s t-test. Scale bars,
100 μm.
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Extended Data Figure 6 | YTHDF2 functions as an m6A reader to
mediate m6A regulation of HSPC development. a, WISH analysis
showing that the expression of HSPC markers runx1 and cmyb, and
the differentiated markers gata1 (erythroid), pu1 (myeloid), and
rag1 (lymphoid) was decreased in ythdf2 morphants. Scale bars,
100 μm. b, The number of haemogenic endothelium and emerging
HSPCs in the AGM (white arrowheads) was significantly reduced in
Tg(kdrl:mCherry;runx1:en-GFP) embryos injected with ythdf2 MO.
c, Quantification of haemogenic endothelium cells and emerging
HSPCs in the AGM is shown in the lower panel. Error bars, mean ± s.d.,
n =  10 embryos, ***P <  0.001, Student’s t-test. Scale bars, 100 μm.
d, Protein level of Runx1 was decreased in ythdf2 morphants. e, The upper
panel displaying the conserved region of YTHDF2 in humans, mice,

and zebrafish. The lower panel showing the mutation sites of the m6A
recognition site in zebrafish ythdf2. f, runx1 expression and the number
of haemogenic endothelium cells and emerging HSPCs (arrowheads in c)
in ythdf2 morphants with overexpression of wild-type or mutated ythdf2
mRNA. g, Venn diagram showing overlap of YTHDF2 binding targets
and m6A-methylated mRNAs. h, A strong correlation of gene expression
between two ythdf2 morphant replicates. Scatter plots comparing the
fold changes (log2) in normalized gene expression from replicates of
ythdf2 morphants. The Pearson correlation coefficient (R) and number
of differentially-expressed genes (N) are shown in the bottom right
corner. i, Scatter plots showing the fold changes (log2) in normalized gene
expression of METTL3 and YTHDF2 common target genes.
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Extended Data Figure 7 | Characterization of specific m6A modification
site in notch1a mRNA. a, Pie chart displaying the distribution of miCLIPcalled m6A sites in five transcript segments: TSS, 5′UTR, CDS, stop
codon, and 3′UTR regions of mRNAs. b, Metagene profiles of miCLIPcalled m6A site distribution along a normalized transcript composed of
three rescaled non-overlapping segments: 5′UTR, CDS, and 3′UTR in
control embryos. The inner panel showing the sequence motif of miCLIPcalled m6A sites. c, Integrative Genomics Viewer (IGV) tracks displaying
the distribution of a specific miCLIP-called m6A site in notch1a mRNA.
The yellow shading indicates the single m6A site. d, Schematic depiction of
mutation of the m6A site in notch1a mRNA. e, f, Fluorescence microscopy

and qPCR analyses showing that overexpression of mettl3 and ythdf2
suppressed the expression of the notch1a-egfp reporter with wild-type
m6A modification site, but not the expression of the notch1a-egfp reporter
with mutation site. Error bars, mean ± s.d., n =  10 embryos,
***P < 0.001, n.s., not significant, Student’s t-test. Scale bars, 500 μm.
g, WISH analysis showing that the expression of runx1 in HSPCs was
decreased by overexpression of notch1a with wild-type or mutated
m6A modification site from 24 hpf, but only the phenotype caused
by overexpression of rhoca with a wild-type site was rescued by
overexpression of mettl3 and ythdf2. Scale bars, 100 μm.
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Extended Data Figure 8 | m6A directly targets rhoca to repress its
expression. a, IGV tracks displaying MeRIP–seq (upper panels) and
RNA-seq (lower panels) read distribution in rhoca mRNA of control and
mettl3 morphants. The green dots at the bottom of the tracks depicting
the positions of m6A peaks. b, The m6A-RIP-qPCR analysis showing that
the m6A enrichment in rhoca mRNA was significantly decreased in mettl3
morphants. c, qPCR analysis showing that the expression of rhoca was
significantly increased in endothelial cells of mettl3 morphants. d, e, qPCR
analysis showing that the expression of rhoca was significantly increased in
mettl3 mutants (d) and decreased in mettl3-overexpressed embryos (e).
f, Protein level of phosphorylated ERK was increased in rhocaoverexpressed embryos. The right panel showing the quantification of
pERK level. g, The hyperphosphorylation of ERK was restored by
co-injection with rhoca MO. The right panel showing the quantification
of pERK level. h, qPCR analysis showing that the decreased expression of

runx1 was restored by co-injection with rhoca MO or U0126 treatment.
i, WISH analysis showing that the decreased expression of HSC markers
runx1 and cmyb, and the increased expression of arterial endothelial cell
marker ephrinB2a in mettl3 morphants were restored by co-injection with
rhoca MO or U0126 treatment. Scale bars, 100 μm. j, IGV tracks displaying
YTHDF2-RIP-seq (upper panels) and RNA-seq (lower panels) read
distribution in control and ythdf2 morphants within rhoca mRNA. The
green dots at the bottom of the tracks depicting the positions of m6A peaks
and the grey shading indicating the YTHDF2 binding regions. k, qPCR
analysis showing the delayed rhoca mRNA degradation in both mettl3
morphants (with a 34.5% decrease) and ythdf2 morphants (with a 37.5%
decrease) compared with control (with a 26.1% decrease) after treatment
with actinomycin D for 4 h and 8 h, respectively. Error bars, mean ± s.d.,
n = 3 technical replicates, *P <  0.05, **P <  0.01, ***P < 0.001 by Student’s
t-test.
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Extended Data Figure 9 | Characterization of specific m6A modification
site in rhoca mRNA. a, IGV tracks displaying the distribution of
specific miCLIP-called m6A site in rhoca mRNA. The yellow shading
indicating the single m6A site. b, Schematic depiction of the mutation
of m6A site in rhoca mRNA. c, d, Fluorescence microscopy and qPCR
analyses showing that overexpression of mettl3 and ythdf2 suppressed
the expression of rhoca-egfp reporter with wild-type m6A modification

site, but not the expression of rhoca-egfp reporter with mutation site.
Error bars, mean ± s.d., n = 3 technical replicates, *P < 0.05, n.s., not
significant, Student’s t-test. Scale bars, 500 μm. e, WISH analysis showing
that the expression of runx1 was decreased by overexpression of rhoca
with wild-type or mutated m6A modification site from 24 hpf, but only
the phenotype caused by overexpression of rhoca with wild-type site was
rescued by overexpression of mettl3 and ythdf2. Scale bars, 100 μm.
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Extended Data Figure 10 | Conserved function of m6A
regulation in mouse haematopoietic development. a, qPCR
analysis showing the expression of Mettl3, Mettl14, Wtap, and
Ythdf2 in mouse CD31+CD45−Ter119− endothelial cells, CD31+cKit+
haemogenic endothelium and CD34+cKit+ HSPCs, respectively.
b, Immunofluorescence staining showing the expression pattern of
METTL3 in the E10.5 AGM. Scale bars, 100 μm. c, qPCR analysis showing
that the expression of Mettl3 was significantly decreased by the siMettl3
transfection. d, CFU-C assay of E10.5 AGM showing that the number of

CFU-mix, CFU-granulocyte-macrophage (CFU-GM), and CFU-erythroid
(CFU-E) was decreased upon knockdown of Mettl3. e, qPCR analysis
showing that the expression of Notch1, ephrinB2, Hes1, and Hey1 was
increased after knockdown of Mettl3. f, The m6A-RIP-qPCR analysis
showing the m6A enrichment in Notch1 mRNA in the E10.5 AGM.
g, Schematic representation of the role of m6A methylation in HSPC fate
determination during EHT via METTL3-notch1a. Error bars, mean ± s.d.,
n = 3 technical replicates (a, c, e, f), n = 4 embryos (d), *P <  0.05,
**P <  0.01, ***P < 0.001, n.s., not significant, Student’s t-test.
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Experimental design

1. Sample size
Describe how sample size was determined.

No statistical methods were used to predetermine sample size.

2. Data exclusions
Describe any data exclusions.

nature research | life sciences reporting summary

Corresponding author(s): Feng Liu

No data were excluded from the analyses.

3. Replication
Describe whether the experimental findings were
reliably reproduced.

All attempts at replication were successful.

4. Randomization
Describe how samples/organisms/participants were
allocated into experimental groups.

The experiments were not randomized.

5. Blinding
Describe whether the investigators were blinded to
group allocation during data collection and/or analysis.

The investigators were not blinded to allocation during experiments and outcome
assessment.

Note: all studies involving animals and/or human research participants must disclose whether blinding and randomization were used.

6. Statistical parameters
For all figures and tables that use statistical methods, confirm that the following items are present in relevant figure legends (or in the
Methods section if additional space is needed).
n/a Confirmed
The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement (animals, litters, cultures, etc.)
A description of how samples were collected, noting whether measurements were taken from distinct samples or whether the same
sample was measured repeatedly
A statement indicating how many times each experiment was replicated
The statistical test(s) used and whether they are one- or two-sided (note: only common tests should be described solely by name; more
complex techniques should be described in the Methods section)
A description of any assumptions or corrections, such as an adjustment for multiple comparisons
The test results (e.g. P values) given as exact values whenever possible and with confidence intervals noted
A clear description of statistics including central tendency (e.g. median, mean) and variation (e.g. standard deviation, interquartile range)
Clearly defined error bars
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See the web collection on statistics for biologists for further resources and guidance.

Policy information about availability of computer code

7. Software
Describe the software used to analyze the data in this

For western blotting, quantification of each band was carried out by using Quantity
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study.

For manuscripts utilizing custom algorithms or software that are central to the paper but not yet described in the published literature, software must be made
available to editors and reviewers upon request. We strongly encourage code deposition in a community repository (e.g. GitHub). Nature Methods guidance for
providing algorithms and software for publication provides further information on this topic.
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Materials and reagents

Policy information about availability of materials

8. Materials availability
Indicate whether there are restrictions on availability of
unique materials or if these materials are only available
for distribution by a for-profit company.
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One software (Bio-Rad);
For MeRIP-seq and YTHDF2 RIP-seq, the m6A-enriched peaks in each m6Aimmunoprecipitation sample were identified by MACS2 peak-calling software
(version 2.0.10);
Each peak was annotated based on Ensembl (release 79) gene annotation
information by applying BEDTools’ intersectBed (version 2.16.2);
The motifs enriched in m6A peaks were analyzed by HOMER (v4.7);
Background sequences in the Seq data were constructed by randomly shuffling
peaks upon total mRNAs on genome using BEDTools’ shuffleBed (version 2.16.2);
Enrichment maps (Fig. 1e and Fig. 3b) were constructed using Cytoscape 3.2.0
installed with the Enrichment Map plugin;
The logo plot for bases adjacent to m6A was generated with WebLogo.

All unique materials used are readily available from the authors.

9. Antibodies
Describe the antibodies used and how they were validated Antibodies used in western blotting:
for use in the system under study (i.e. assay and species). anti-ERK, Cell Signaling Technology, Cat#9102;
anti-pERK, Cell Signaling Technology, Cat#9101;
anti-β-Actin, Cell Signaling Technology, Cat#4967;
anti-Notch1, Abcam, Cat#ab65297;
anti-NICD, Abcam, Cat#ab83232;
anti-Runx1 (For zebrafish), Ana Spec, Cat#55593;
anti-METTL3 (For zebrafish), Abcam, Cat#ab98009;
Antibodies used in autofluorescence:
anti-METTL3 (For mouse), Abnova, Cat#H00056339-B01P;
anti-Runx1 (For mouse), Abcam, Cat#ab92336;
anti-rabbit-Ig-fluorescein, Life Technologies, Cat#A11037;
anti-mouse-Ig-fluorescein, Life Technologies, Cat#A11001;
anti-Runx1 (For zebrafish), Ana Spec, Cat#55593;
Antibodies used in MeRIP:
anti-m6A, Synaptic Systems, Cat#202003;
Antibodies used in miCLIP:
anti-m6A, Abcam, Cat#ab151230;
Antibodies used in FACS:
CD31-PE, eBioscience, Cat#561073;
CD34-PE, eBioscience, Cat#551387;
cKit-APC, eBioscience, Cat#17-1171-81;
Lineage-FITC, BioLegend, Cat#133302;
CD45-APC, eBioscience, Cat#17-0451-82;
Ter119-PE-CY7, eBioscience, Cat#25-5921-81.
All validation statements can be found on the manufacturer's website.

10. Eukaryotic cell lines
The 293T cells used in EMSA experiments were purchased from Cell Resource
Center of Chinese Academy of Medical Sciences.

b. Describe the method of cell line authentication used.

By Short Tandem Repeat (STR) profiling analysis.

c. Report whether the cell lines were tested for
mycoplasma contamination.

Yes. Mycoplasma contamination was routinely checked.

d. If any of the cell lines used are listed in the database
of commonly misidentified cell lines maintained by
ICLAC, provide a scientific rationale for their use.

N/A
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a. State the source of each eukaryotic cell line used.
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Animals and human research participants

Policy information about studies involving animals; when reporting animal research, follow the ARRIVE guidelines

11. Description of research animals
Provide details on animals and/or animal-derived
materials used in the study.

Zebrafish strains used in this study are Tubingen, Tg(cmyb:EGFP), Tg(kdrl:mCherry),
Tg(runx1:en-GFP), Tg(fli1a:EGFP).
Mouse strain used in this study is C57BL/6.

Policy information about studies involving human research participants

12. Description of human research participants
Describe the covariate-relevant population
characteristics of the human research participants.

This study did not involve human research participants.
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