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The RNA modification N®-methyladenosine (m°®A) has critical roles in many biological
processes’”. However, the function of m°A in the early phase of mammalian
development remains poorly understood. Here we show that the m®A reader YT521-B
homology-domain-containing protein 1 (YTHDCI) is required for the maintenance of
mouse embryonic stem (ES) cells in an m°A-dependent manner, and that its deletion
initiates cellular reprogramming to a 2C-like state. Mechanistically, YTHDC1 binds to
the transcripts of retrotransposons (such as intracisternal A particles, ERVK and
LINE1) in mouse ES cells and its depletion results in the reactivation of these silenced

retrotransposons, accompanied by a global decrease in SETDB1-mediated
trimethylation at lysine 9 of histone H3 (H3K9me3). We further demonstrate that
YTHDC1 and its target m®*A RNAs act upstream of SETDB1 to repress retrotransposons
and Dux, the master inducer of the two-cell stage (2C)-like program. This study
reveals an essential role for m*A RNA and YTHDC1 in chromatin modification and
retrotransposon repression.

mPAis the mostabundant modificationin messenger RNAs (mRNAs) and
non-coding RNAs (ncRNAs) and is recognized by readers (m°A-binding
proteins) to regulate biological processes'. Five YT521-B homology
(YTH) domain family proteins and several additional proteins have been
identified to selectively bind to RNAs and impact their metabolismin
an m°®A-dependent manner?*, Specifically, biochemical investigations
revealed structural insights into YTH-domain mediated direct m°A
recognition®®. Notably, the nuclear reader YTHDC1 exhibits a special
and critical function, asits depletion leads to early embryonic lethality
in mice, similarly to Mett(3 deficiency”®. By contrast, mice deficient
in other YTH readers®*? or known YTHDCl-interacting genes such
as Zcchc8 do not exhibit early embryonic lethality™'. These results
suggest that YTHDCl is responsible for unidentified m°A-dependent
mechanisms besides post-transcriptional regulation during embryonic
development. However, how YTHDCl1regulates chromatin events and
consequently contributes to embryonic developmental transition
remains unclear.

YTHDC1 maintains mouse ES cell identity

Toinvestigate the unique role of YTHDC1, we constructed YthdcI con-
ditional knockout (cKO) mouse ES cells by inserting loxP sequences
around Ythdcl exons 7-9, spanning the m°A-binding site of the YTH
domain (Fig. 1a). After 4 days of treatment by 4-hydroxytamoxifen

(40HT), CreERT-expressing cKO cells were validated for YthdcI knock-
out (KO) by PCR-based genotyping and western blotting (Fig. 1b,
Extended Data Fig. 1a). Notably, YthdcI-KO cells showed severe
defectsin proliferation and increasing apoptosis after being passaged
(Extended Data Fig. 1b-d), demonstrating that Ythdcl is required for
mouse ES cellmaintenance. Then, we performed transcriptomic analy-
sis of the YthdcI-KO mouse ES cells and identified more than 3,000
significantly altered genes and transposable elements (TEs) (Fig. 1c).
Ofnote, 2C-like cell markers™ 7, the Zscan4 family, Dux and MERVL were
among the genes upregulated upon Ythdci KO (Fig. 1c). Consistently,
by comparing the RNA-sequencing (RNA-seq) data with pre-defined
2C and early embryonic developmental gene sets, we observed enrich-
ment of 2C genes upon YthdcI KO (Fig. 1d, Extended Data Fig. 1e, f),
suggesting that Ythdcl depletion induces 2C-like state transition at
the transcriptional level. Analysis by quantitative PCR (QPCR) with
reverse transcription (RT-qPCR) further validated the activation of
2C-specificgenesand TEs (Fig. 1e, Extended Data Fig.1g). Additionally,
Ythdc1KO leadstothe suppression of a pluripotency marker, NANOG,
featuring 2C-like state transition™ (Extended Data Fig. 1h). To further
verify the 2C-like state induction, we generated two Rosa26-targeted
MERVL-tdTomato® knock-in Ythdcl-cKO mouse ES cell lines; around
30% of these cells were labelled with tdTomato upon 4OHT treat-
ment (Fig. 1f, g, Extended Data Fig. 1i). YTHDCI1 is known to specifi-
cally recognize m°A-modified RNAs through the YTH domain®®. We
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Fig.1|YTHDC1depletioninduces2C-like state transition. a, Schematic showing
the Ythdcl cKOstrategy using the Cre-loxP systeminmouse ES cells. KOs initiated
upon4OHT addition.b, Westernblot analysis showing expression of YTHDClin
WT and Ythdc1-cKO mouse ES cells after 4OHT treatment. Immunoblotting was
repeated at least three times with similar results. ¢, Top, schematic depicting the
timeline of DMSO or 4OHT treatment for RNA-seq analysis. Bottom, MA plot
showing changes in expression of genes and TEs (by subfamily) upon Ythdc1KO.
Horizontalred and bluelines definelog, fold change (FC) >1and <-1, respectively.
d, Genesetenrichment analysis (GSEA) illustrates the upregulation of 2C genes
upon lossof Ythdcl (+40OHT).e, RT-qPCR datademonstrate the upregulation of 2C
genesand TEs following Ythdc1-KO. Dataare mean +s.d. of threeindependent

constructed three known YTH m°A-binding-site mutants®”’ of YTHDC1
(K362A/S363A/N364A, W378A and W429A) (Fig. 1h). We overexpressed
wild-type (WT) or YTH m°A-binding mutants of Ythdc1 and found that
only WT Ythdcl rescues the activation of the 2C-like program (Fig. 1i,
Extended DataFig. 1j), indicating that the 2C-like transitionis initiated
inan m°A-dependent manner.

To examine whether the 2C-like state transition contributes to the
reduced viability of Ythdc1-KO, we stained these 2C-reporter cells
with EAU and DAPI. Both naturally occurring and YthdcI-KO-induced
2C-like cells exhibited significantly reduced EdU staining and the disap-
pearance of the chromatin-condensed mitotic phase (Extended Data
Fig. 1k-m), indicating that the 2C-like state impairs cell proliferation.
However, only about 30% of Ythdc1-KO cells were positive for the 2C
reporter (Fig. 1g), but the 2C-negative Ythdci-KO cells also showed a
decreased EdU ratio (Extended Data Fig. 11). In addition, overexpres-
sion of WT Ythdcl, but not the YTH-domain-mutant forms, rescued the
proliferation deficiency of YthdcI-KO mouse ES cells (Extended Data
Fig.1n, 0). These datasuggest that the vital role of YTHDClin mouse ES
cell maintenance is dependent on m°A binding, through both 2C-like
transition-dependent and -independent pathways.

We then performed a chimera assay to examine the developmental
potential of Ythdci-KO-induced 2C-like cells. Ythdci-KO cells are able
toincorporateinto trophectodermwith expression of the trophecto-
derm marker CDX2 (Fig. 1j, Extended Data Fig. 2a-c), demonstrating
the acquisition of expanded developmental potential. However, we did
notdetectsurviving YthdcI-KO cellsin E6.5 injected embryos (data not
shown). Given that Ythdcl depletion leads to either early embryonic
lethality” or mouse ES cell proliferation defects, we proposed that the

E4.5 embryo

experiments. Pvalues determined by two-sided Student’s t-test. f, Phase-contrast
andfluorescenceimagesdisplay the expression of MERVL-tdTomato reporter
upon Ythdcl KO.Images are representative of atleast two independent
experiments. Scale bars, 250 um.g, A column graph quantifies the percentages of
MERVL-tdTomato" cellsupon Ythdc1 KO (n=2independent experiments).

h, Schematic showing the location of m°A-binding-site mutationsin the YTH
domainof YTHDCI. aa,aminoacids. i, RT-qPCR detection of 2Cgenesand TEsin
therescueassays.Dataaremean+s.d.of threeindependent experiments.j, E4.5
blastocysts developing frommorulainjected with Ythdcl cKO mouse ES cells
treated withDMSO or 4OHT were stained for mCherry and CDX2. Images are
representative of atleast twoindependent experiments. Scar bars,20 pm.

Ythdc1-KO-induced 2C-like cells are not as functionally competent as
those that emerge naturally from WT mouse ES cells. We also used
reversible short interfering RNA (siRNA) to knock down (KD) Ythdci
(Extended DataFig. 2d, e), and showed that YthdcI-KD cells confer
bothembryonicand extraembryonic (EXEm) chimeric competencyin
E6.5embryos (Extended Data Fig. 2f, g). Together, these observations
demonstrate that Y¢hdclI relies on its m°A-binding activity to maintain
ES cell identity and restrict the transition back to the 2C-like state.

YTHDC1-SETDBI1 represses retrotransposons

To identify target RNAs of YTHDC1, we knocked in a Halo tag at the N
terminus of the endogenous YthdcI gene to enhance the specificity of
YTHDC1RNA immunoprecipitation sequencing (RIP-seq). We identi-
fied approximately 20,000 peaks (Fig. 2a, Extended Data Fig. 3a). We
also performed m°A RIP-seq, which enabled us to compare the results
with four previously published datasets®***? in relation to known m°A
features such as mRNA distribution and consensus motifs (Extended
Data Fig. 3b-d). Specifically, we observed m°A peaks deposited on
non-coding RNAs and TE-derived RNAs such as LIMd_T (Extended Data
Fig.3e, f). The YTHDCI1 RIP-seq peaks were enriched for the DRACH
motif and Neatl, a known YTHDCI1 and m°A target locus? (Extended
DataFig.3g, h). Compared withtheinputlysate, YTHDCI1RIP-seq peaks
were preferentially located at TE loci (Extended Data Fig. 3i). Among
fiveindependent m®ARIP-seq datasets, 45 TE families were consistently
marked with convincing m°A signal (Extended Data Fig. 3j). Indeed,
YTHDC1bound to the majority of these m°A-marked TE families (36 out
of 45; Extended Data Fig. 3k). Retrotransposons, representing the vast
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Fig.2| YTHDC1 mediates Setdb1 H3K9me3-dependentretrotransposon
repression. a, Schematic showing the strategy of Halo-tag knockinto the
Ythdcl genomiclocusinmouseES cells. b, Top, Venn diagram showing
overlappingtranscripts between YTHDCI1-bound RNAs from RIP-seq data (n=2)
and differentially-expressed RNAs from YthdcI-cKO RNA-seq. Bottom, pie
charts showing upregulated and downregulated common transcripts from
genesand TEs.RIP, RNAimmunoprecipitation. ¢, Read count tag density pileups
of YTHDC1-m®ARIP (n=2) profile for indicated TEs. RPKM, reads per kilobase of
transcript, per million mappedreads. d, Heat map showing the enrichment of
chromatin marks and DNA methylationin the up-and downregulated gene and
TE clusters. The fold enrichment was calculated by the ratio of the observed
over expected counts of the modified transcriptsamong randomly selected
genomicgenesand TEs for each epigenetic mark. A threshold of eightfold was
applied todefine an enriched chromatin mark (indicated by an asterisk). e, Heat

majority of TE-derived sequences, encompass endogenous retroviral
elements and LINEL. These two families are activated specifically at
the2Cstage, but must berepressed for the transitioninto blastocysts
and later stages of embryonic development®?*%, Indeed, we show that
among the YTHDCI-targeted transcripts with differential expression
upon YthdcI-KO, all 62 differentially expressed TE-family-derived tran-
scripts are upregulated, including m®A modified IAPA_MM:-int from
intracisternal A-type particle (IAP) and LIMd_T from LINEI1 (Fig. 2b, c,
Extended Data Fig. 31). The genomic locations of these upregulated
transcripts showed significant enrichment of H3K9me3 (Fig. 2d),
suggesting that YTHDCl represses retrotransposons via H3K9me3.
These YTHDC1-mediated biological processes resemble the function
of SETDB1, a H3K9me3 methyltransferase that hinders TE expression
and 2C-like transition's*,

Genome-wide H3K9me3 chromatin immunoprecipitation followed
by sequencing (ChIP-seq) analysis further supports the function of
YTHDClinregulation of H3K9me3. Specifically, Ythdcl depletion reduces
SETDBI1-mediated H3K9me3 but has no effect on SetdbI-independent
H3K9me3 (Fig. 2e, f, Extended Data Fig. 3m). As previously reported,
most Setdb1-dependent H3K9me3 marks are deposited on TE regions'®,
Of note, the YTHDC1-dependent H3K9me3-marked TE targets largely
overlapped with those regulated by SETDBI (Fig. 2g, h, Extended Data
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mapsillustrating the density of H3K9me3 ChIP-seqreads in Setdbl and
YthdcI-cKO mouseES cells. The H3K9me3 ChIP-seq peaks were divided into
SetdbI-dependentand SetdbI-independent peaks onthe basis of the difference
inSetdbI-KO versus control. f, Read-count tag density pileups of H3K9me3
profiles on SetdbI-dependent and -independent peaksine.g, Venn diagram
showing the overlap between Setdbi-and YthdcI-dependent TEs modified by
H3K9me3. One-tailed Fisher’s exact test. h,Read-count tag density pileups of
H3K9me3 profile (from two replicates) onindicated TEs upon loss of Ythdcl or
Setdbl.i,Heat map showingthe expression of indicated TEs upon loss of Ythdc1
or Setdbl.j, Co-immunoprecipitation assays demonstrating that YTHDC1
interacts with SETDBL. IB,immunoblot; IP,immunoprecipitation. The
experiment was repeated at least three times with similar results. HA,
haemagglutinintag. k, Read-count tag density pileups of SETDB1 binding for
indicated TEsupon Ythdcl depletion.

Fig.3n). Moreover, depletion of either Ythdcl or SetdbI enhanced the
global expression of these Setdb1 and Ythdcl co-dependent H3K9me3
modified TEs (Fig. 2i). As YTHDC1 is known to regulate RNA decay™,
4sUDRB-seq further delineated that Ythdc1 KO enhanced nascent RNA
transcription of the targeted TEs and genes (Extended Data Fig. 30).
Ythdcl depletion did notinfluence protein levels of SETDB1 (Extended
Data Fig. 3p), and co-immunoprecipitation revealed physical interac-
tionsbetween YTHDC1and SETDB1 (Fig. 2j), suggesting that m°A-targeted
YTHDClrecruits SETDB1to methylate H3K9 at designated TEs. For exam-
ple, YthdcI KO attenuates SETDB1 occupation on IAPEz-int, a SETDB1-
YTHDC1-dependent H3K9me3-marked TE (Fig. 2k, Extended DataFig.3q).
Together, thisbiochemical, epigenomic and functional evidence strongly
supports the co-regulation of TE silencing by YTHDC1 and SETDB1 via
H3K9me3.

YTHDCI1 targets chromatin viam°A TERNA

Asthe deposition of H3K9me3 onretrotransposons requires chromatin
targeting, we furtherinvestigated how YTHDCl associates with chromatin
and mediates SETDB1-dependent H3K9me3. We performed YTHDC1
ChlIP-seq and identified 18,525 YTHDCI-binding peaks, of which 12,933
were also marked by H3K9me3 (Fig. 3a, Extended DataFig. 4a, b). These
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YTHDC1-H3K9me3 co-bound peaks mainly localize to TE regions, such
aslIAPEz-intand LIMd_T, whereas the YTHDC1-binding peaks not bound
to H3K9me3 are mostly at the promoter (Fig. 3b—e). MERVL, a TE family
known asa2C-like marker, bears neither H3K9me3 nor YTHDC1-binding
peaks at its chromatin loci, suggesting that it is regulated indirectly by
YTHDC1and H3K9me3 (Fig. 3¢, Extended Data Fig. 4c). Notably, expres-
sion of YTHDC1-H3K9me3-bound TEs was significantly elevated upon
YthdcIKO comparedwiththeir YTHDC1-H3K9me3-independent counter-
parts (Extended DataFig. 4d). Moreover, TE-binding densities of YTHDC1
and H3K9me3 are highly correlated with each other and with the enhance-
ment of TE expression levels upon Ythdcl KO (Extended Data Fig. 4€).
These analyses provide evidence supporting the effect of YTHDC1binding
on H3K9me3-rich chromatin and the subsequent suppression of TEs.
To determine whether YTHDC1 is recruited onto chromatin by
m°A-marked TE-derived RNAs, we interrogated the chromatin occu-
pancy of m°A-modified TE RNAs using chromatinisolation by RNA puri-
fication (ChIRP-seq). IAP and LINE1 RNAs predominantly target the
chromatinregions of their respective subfamilies (Fig. 3f, Extended Data
Fig. 4f), whose pattern was consistently observed by global RNA inter-
actions with DNA by deep sequencing (GRID-seq) with mouse ES cells®
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i, Selected genomic views of ChIRP and ChIP-seq datafor theindicated TEs and
genes.j, Expression of Duxupondepletion of Setdb1, MettI3 or Ythdcl and
rescue, measured by qPCR using primer sets Dux #1-4. Dataare mean +s.d. of
threeindependent experiments. k, ChIRP-qPCR enrichmentin WT mouse ES
cellsattheindicated DNA lociusing biotinylated probes against MalatI, LINE1
and IAPEz-int RNA or LacZ control (n=2independent experiments).l, Bar chart
showing the expression of Dux upon Dux KO in Ythdcl cKO mouse ES cell. Data
aremeants.d.fromn=3independent experiments. m, Percentages of
MERVL-tdTomato-positive cellsupon DuxKO in YthdcI-cKO mouse ES cells
treated withDMSO or 4OHT. Dataare mean +s.d. fromn=3independent
experiments. n, Heat map showing expression changes of the indicated genes
and TEsupon Dux depletionin Ythdc1-cKO mouse ES cells treated with DMSO or
40HT.

(Extended DataFig. 4g), fulfilling the prerequisite of YTHDC1-mediated
chromatin targeting on TE regions via their corresponding RNAs.
Since the m°A-binding-defective YTHDC1 mutants do not rescue
the YthdcI KO-induced 2C-like transition (Fig. 1h, i), we further exam-
ined the m®A-dependence of YTHDCI1-regulated downstream biologi-
cal consequences by knocking out exons 5to 7 of Mett[3 in mouse ES
cells (Extended Data Fig. 5a). Integrating m®A RIP-seq data from two
Mett(3-KO mouse ES cell lines (Extended Data Fig. 5b, ¢) and additional
published datasets®'*?°, we found that Mett{3 KO abolishes RNA m°A
modificationon 25 of the 45 m®A-marked TE families in all four datasets
(Extended DataFig. 5d, e), includingIAPA_MM-int, LIMd_A, LIMd_Gfand
LIMd_T (Extended DataFig. 5e-g). Mett[3KO also enhanced the expres-
sionof SETDB1-dependent H3K9me3-modified TEs, largely overlapping
with those that are upregulated upon Ythdci KO (Fig. 3g, Extended
Data Fig. 5h). Consistently, H3K9me3 ChlIP-seq further revealed that
global SETDB1-mediated H3K9me3 was impaired upon Mett[3 KO
(Fig. 3h, Extended Data Fig. 5i), especially on the YTHDC1-dependent
H3K9me3-marked TEs (Fig. 3i, Extended Data Fig. 5j-1). For exam-
ple, both MettI3 KO and Ythdcl KO dampened H3K9me3 levels of the
RNA-targeting and YTHDCI-targeting TEs IAP and LINEI1 (Figs. 2h, 3i,
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Extended Data Fig. 5I). ChIRP-seq analysis reveals that the chromatin
association of IAPRNA is dependent on YTHDCland METTL3, whereas
that of LINE1 RNA is independent of YTHDC1 and METTL3 (Extended
Data Fig. 5m, n), suggesting that these two TE-derived RNAs bind to
chromatin through distinct mechanisms. These results highlight that
m°A modification of TERNAs is required for YTHDC1-mediated chro-
matin modulation via H3K9me3 and functional regulation through
retrotransposon repression.

Consistently, Mett[3 KO also induces 2C-like genes (Extended
DataFig. 6a), indicating that the 2C-like transition is initiated in an
m°A-dependent manner. Of note, LINE1 RNA has been shown to regu-
late mouse ES cell self-renewal and restrain the 2C-like transitionina
Dux-dependent manner®, Duxwas upregulatedin Ythdcl-KO, Setdb1-KO
and Mett[3-KO mouse ES cells, demonstrating that YTHDCland m°A are
vital for Duxregulation (Fig. 3j). ChIRP and GRID-seq further revealed
that LINE1RNA occupied the Duxlocus (Fig. 3k, Extended DataFig. 6b),
reinforcing the evidence that m°A-modified TE RNA scaffolds YTHDC1
to modulate Dux and potentially, 2C-like cell fate. To explore the role
of Dux in YTHDCl-regulated 2C-like transition, we knocked-out the
Duxlocus in the YthdcI-cKO cells*®(Extended Data Fig. 6¢), in which
Dux was not induced upon Ythdc1-KO (Fig. 31). Dux depletion was suf-
ficienttoblock theinduction of the 2C-like program upon Ythdci-KO,
asindicated by MERVL reporter and Zscan4 genes (Fig.3m, n, Extended
DataFig. 6d), elucidating the predominantrole of Duxina2C-like transi-
tion upon loss of Ythdcl1. Despite the blockage of the 2C-like program
(Zscan4 and MERVL), Dux-KO cells retained the ability to reactivate
many retrotransposons upon Ythdcl depletion (Fig. 3n, Extended Data
Fig. 6d) in tandem with dampened H3K9me3, resembling Dux-WT
cells upon Ythdci KO (Fig. 2h, Extended Data Fig. 6e). In addition, we
compared the transcriptomes of Ythdc1-KO and Mett(3-KO cells; GO
terms related to cell cycle were specifically enriched among down-
regulated genesin Ythdc1-KO cells, but notin Mett[3-KO cells (Extended
DataFig. 6f-h). Consistently, early studies have reported difficulties in
generating Ythdc1-KO mouse ES cells™*?, even though Mett[3-KO mouse
ES cell lines have been generated several times independently'*1%%,
These results emphasize that YTHDC1-mediated repression of these
retrotransposons is independent of Dux and Dux-regulated cell-fate
decisions.

Discussion

Insum, we report here that YTHDCl is required to maintain mouse ES
cellidentity and retrotransposon repression by recognizing a subset of
m°A-marked TE-derived transcripts and then recruiting SETDBL. Spe-
cifically, SETDB1-mediated H3K9me3 is dependent on YTHDC1and m°A
RNAtorepress 2C-like transition and retrotransposons. These results
reveal a previously undefined key role of RNA m°A modification and
thereader YTHDClinchromatinremodelling and early development.

It has been demonstrated that the inhibition of a series of chro-
matin modifiers, such as the H3K9me3 regulators SETDB1 and KAP1,
induces 2C-like transition in mouse ES cells, highlighting their epi-
genetic restricting roles in 2C-like state and cell-fate decisions'®*%.
However, how these regulators are recruited to specific chromatin
regions remains unknown. Small RNAs are known to mediate chromatin
silencing in fission yeast, plants, Caenorhabditis elegans, Drosophila
melanogaster and ciliates?®, but it remains unclear whether this occurs
inmammalian cells. Our study provides evidence that in mouse cells,
smallRNAs derived from TEs participate in chromatin silencing through
m°A RNA modification and the reader YTHDCL. These results provide
insights on the role of nuclear small RNAs and RNA modifications in
chromatin remodelling. This YTHDCI1- and m®A-dependent chroma-
tin remodelling shares a similar mechanism with heterochromatin
formationat meiotic chromatinloci mediated by the YTH-containing
protein Mmil in fission yeast?. Nonetheless, Mmil targets meiotic
mRNAs by recognizing their determinant of selective removal (DSR)
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motif throughits YTH domain, but in an mA-independent manner®,
suggesting both evolutionarily conserved and divergent mechanisms
of chromatin regulation.
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Methods

No statistical methods were used to predetermine sample size. The
experiments were not randomized. The investigators were not blinded
to allocation during experiments and outcome assessment.

Mouse strains

CD-1mice were used asembryo donors and the pseudopregnant recipi-
ents for blastocyst injection. Animal experiments were performed in
accordance with the Guide of the Care and Use of Laboratory Animals
by the National Research Council and approved by (GIBH) Institutional
Animal Care and Use Committee.

Celllines and cell culture conditions

Male mouse ES cells were derived from 3.5 days post coitum dpcinner
cell mass (ICM) from 129 mice (stock no. 217, Beijing Vital River Labo-
ratory Animal Technology). Genetically engineered mouse ES cells,
including Ythdci-cKO, Halo-Ythdc1 knockin (KI), MERVL-tdTomato
reporter, Dux KO and Mettl3 KO were constructed and cultured
in feeder-free conditions, using serum/LIF medium containing
high-glucose Dulbecco’s modified Eagle’s medium (DMEM, HyClone,
SH30022.01),15% fetal bovine serum (FBS, Front Biomedical, OPT500),
1x GlutaMAX, 1x nonessential amino acids (NEAA, Gibco, 11140076),
1x penicillin-streptomycin (Hyclone, SV30010), 1x sodium pyruvate
(Gibco, 11360070), 1 mM 2-mercaptoethanol (Gibco, 21985023) and
1,000 U mI LIF. HEK 293T (ATCC, CRL-1126) cells were maintained
in high-glucose DMEM supplemented with 10% FBS (Natocor, SFBE),
1x GlutaMAX (Gibco, 35050079) and 1x NEAA. All cell lines were cultured
at37 °Cin a humidified atmosphere containing 5% CO,. Mycoplasma
detection tests were conducted routinely to ensure mycoplasma-free
conditions throughout the study.

Generation of gene-editing cell lines

We applied CRISPR-Cas9 system to construct the gene-editing celllines
inmale 129 mouse ES cells. The specific guide RNA (gRNA) sequences
targeting genome were designed and inserted into the pX330 plas-
mid (Addgene, 42230). For generation of Ythdci-cKO mouse ES cells,
a Ythdcl targeting vector was assembled by inserting two loxP sites at
introns 6 and 9, as well as a FRT-flanked PGK-Puro cassette after intron
9 and before the second loxP site, and the PGK-CreERT-Puro cassettes
were introduced into the other allele, replacing exons 7-9 of Ythdcl
by homologous recombination. For construction of Halo-YthdcI-KI
mouse ES cells, The targeting vector contains the Halo tag (a gift
fromY. Yu, Institute of Biophysics, Chinese Academy of Sciences),
following three tandem copies of TEV cleavage sites, and two copies
of Strepllsequences tightly after the translationinitiation codon, ATG.
In addition, the FRT-flanked PGK-Puro cassette was inserted into the
firstintron. For generation of Rosa26 locus knock-in 2C-tdTomato
reporter cell line on Ythdcl-cKO mouse ES cells, the Rosa26-targeting
MERVL-LTR-tdTomato reporter (agift from Y. Huang, Chinese Academy
of Medical Sciences) was used. For generation of Dux KO in Ythdcl-cKO
mouse ES cells, the Dux KO-targeting construct was constructed as
previously described®, and the Dux cluster was deleted by replacing
resistance genesin Ythdcl-cKO mouse ES cell line with MERVL-tdTomato
reporter. For generation of Mett/3-KO mouse ES cells, 129 mouse ES cells
were targeted for disruption of the endogenous Mett[3locus using the
CRISPR-Cas9 system and homologous recombination. Exons 5,6 and 7
of mouse Mettl3were deleted on the basis that they contain the DPPW
active motif. Next, thegRNAs and the linearized targeting vector were
electroporated into the mouse ES cells using the Mouse Embryonic
Stem Cell Nucleofector Kit (Lonza, VPH-1001). After screening (1pg ml™
puromycin, 400 pg ml™ G418 or 200 pg ml hygromycin) for 3-5 days,
colonies were picked and validated by genotyping PCR or western
blot. Furthermore, the PGK-Puro in YthdcI-cKO mouse ES cells and
Halo-Ythdci-KImouse ES cells was excised by transient transfection with

pCAG-Flp plasmid using Lipofectamine 3000 Transfection Reagent
(Invitrogen, L3000015), and Ythdc1-KO was initiated with1pM 4OHT
(Sigma, H7904) treatment for 4 days.

Plasmid construction, cell transfection and lentivirus
production

Mouse Ythdcl, Ythdc1l-mut, Ythdc1-W378A, Ythdc1-W429A and Setdbl
were clonedinto the pRlenti-3x Flag vector. Ythdcl and Setdbl were also
clonedintothe pRlenti-HA vector. For transient expression, cells were
transfected by Lipofectamine 3000 Transfection Reagent (Invitrogen,
L3000015) according to the manufacturer’sinstructions. For lentivirus
generation, HEK 293T cells were plated at density of 1.5 x 10° cells per
wellin a 6-well plate and cultured overnight. When the confluency was
around 80%, pRlenti vector containing target genes was co-transfected
with the packaging plasmids psPAX2 and pMD.2G using the stand-
ard calcium phosphate method. Cells were then incubated overnight
and the medium was changed after 12 h. The viral supernatants were
collected 48 h and 72 h post-transfection. After filtration through a
0.45-mm filter (Millipore), the supernatants were stored at 4 °C and
used within24 h.

Immunoblotting

Cellsweredigestedwith0.25%trypsin (Gibco,25200114),lysedintheRIPA
buffer supplemented with EDTA-free protease inhibitor cocktail (Roche,
4693132001) on ice for 15 min, and then boiled at 100 °C for 10 min.
After centrifugation (14,000g for 10 min at 4 °C), the supernatants were
fractionated by SDS-polyacrylamide gel electrophoresis and blotted
onto PVDF membranes (Millipore, IPVHO0010). The membranes were
incubated with primary antibodies at room temperature for 2 h or
4 °C overnight after first blocking with skimmed milk. After washing
with PBST, the membranes were incubated with secondary antibodies
conjugated to HRP at room temperature for 1 h. ECL solution (Mil-
lipore) was added and signals were detected using a MiniChemi 610
Chemiluminescence Imaging System (Beijing Sage Creation). Protein
quantification was performed using the Enhanced BCA Protein Assay
Kit (Beyotime, PO010) according to the manufacturer’s instructions.
The raw uncropped images are available in Supplementary Fig. 1.

Cell viability assay

WT and YthdcI-cKOES cells were pre-treated with DMSO or I pM40OHT
for 4 days, digested with 0.25% trypsin, and plated onto 96-well plates
(5,000 cells per well) with100 pl serum/LIF medium containing DMSO
or1pM40OHT . After24 h,48 h,72hor 96 h, cell viability was detected
using the Cell Counting Kit-8 (CCKS8, Beyotime, C0039) according
to the manufacturer’s instructions. In brief, 10 pl CCK8 solution was
addedtoeachwellandincubated for1h,and theabsorbance at450 nm
was determined using a spectrophotometer. Wells with no cells were
used as control.

Apoptosis detection

Apoptosis detection was performed using the PE-Annexin V Apoptosis
Detection Kit I (BD Biosciences, 559763) according to the manufac-
turer’s instructions. In brief, YthdcI-cKO mouse ES cells were plated
onto 6-well dishes and treated with 1 uM 40HT or DMSO for 4 days
before collection before passage or 24 h after passage. The cells were
washed twice with cold PBS and resuspended in 1x annexin V bind-
ing buffer at a concentration of 1x 10° cells per ml. Five microlitres of
PE-Annexin V was added into 100 pl cell suspension (1 x 10° cells) and
incubated for 15 min at room temperature in the dark. Subsequently,
400 pl1x annexin V binding buffer to each sample and analysed by
flow cytometry within1h.

EdU assay
Cell proliferation assay was performed using the BeyoClickTM EdU Cell
ProliferationKit with AlexaFluor 647 (Beyotime, CO081). The cells were
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treated with 1 pM 40OHT or DMSO for 3.5 days and seeded in 96-well
plates atadensity of 3 x10° cells per well for 24 h. Then, the cells were
incubated with10 uM EdU for 10 min at 37 °C. After being fixed with 4%
paraformaldehyde for 15 min, the cells were treated with 0.3% Triton
X-100 for 15 min and rinsed three times with 3% BSA. Thereafter, the
cellswere exposed to 50 pl of click reaction cocktail for 30 minatroom
temperature, rinsed three times with 3% BSA and then incubated with
DAPI to stain nuclei. Images were captured using Olympus IXplore
SpinSR microscope. All the experiments were performedin duplicate.

Ythdcl-cKO rescue experiment

WT and Ythdcl cKOES cells were plated onto 6-well dishes at a density
of 2 x10° cells per well. Serum/LIF medium supplemented with 1 pM
40HT, 4 pg ml™ polybrene, and WT or mutant Ythdcl viral supernatants
were simultaneously added into the corresponding wells. After 24 h of
infection, fresh serum/LIF medium supplemented with 1uM 4OHT was
replaced. Four days later, cells were digested with 0.25% trypsin and
replated into12-well plates with1x 10° cells per well. The remaining cells
were collected for western blot analysis and RT-qPCR analysis. After
treatment with 1 pM 4OHT for another 4 days, images were obtained
by phase-contrast microscopy and cell numbers were counted after
trypsin digestion.

RNA extraction and RT-qPCR analysis

Toextract the total RNAs, cells were collected and lysed with1ml TRIzol
reagent (MRC, TR118-200), followed by addition of 200 pl chloroform.
After centrifugation (14,000g for 10 min at4 °C), the total RNAsin the
supernatant were precipitated withisopropanol. cDNAs were reverse
transcribed with oligo-dT primers (TaKaRa, 3806) and ReverTra Ace
(Toyobo, TRT-101). RT-qPCR was performed on the CFX96 system
(Bio-Rad) using ChamQ Universal SYBR qPCR master mix (Vazyme,
Q711-02). Gene expression levels were normalized to those of Gapdh.
Primers used in this study are shown in Supplementary Table.

Fluorescence-activated cell sorting

YthdcI-cKO MERVL::tdTomato reporter mouse ES cells were seeded
onto 6-well plates and cultivated in serum/LIF medium supplemented
with DMSO or 1 UM 4OHT. After 4 days of treatment, cells were digested
with 0.25% trypsin and resuspended in PBS with 1% FBS. The cell sus-
pension was filtered with a strainer and analysed using a LSRFortessa
flow cytometer (BD Biosciences). The tdTomato intensity was detected
in the PE channel. Data were analysed using FlowJo v.10 software.
For sorting, the cells were resuspension with flow cytometry buffer
(PBS with 2% FBS) and sorted with Arial (BD Biosciences) to separate
tdTomato-positive and -negative mouse ES cells.

Chimericblastocyst assay

Chimericembryo assay was performed by the Turbo Mice Core of Cell
Lineage and Atlas Technology Facilities. The zona pellucida of the 8-cell
stage embryos were removed by a short exposure to acidic Tyrode’s
solution (Sigma, T1788). Two denuded embryos were placed into each
of the concaved microwells created by an aggregation needle. Ten to
fifteen ES cells with a CAG-mCherry transgene were transferred into
each concaved microwell and cocultured with the denuded embryos.
Before and after the aggregation procedure, all embryos were cul-
tured in potassium simplex optimized medium (KSOM) medium*, To
obtain E4.5 chimeric embryos for observing contribution of ES cells
and immunostaining, the aggregated embryos were cultured at 37 °C
in 5% CO, for 48 h. To obtain E6.5 embryos, embryos were transferred
into the uterine horns of 2.5 dpc pseudopregnant CD1 mice and col-
lected 4 days later.

Immunofluorescence staining
Cells growing on a glass-bottom dish (801002, NEST) were fixed in
4% paraformaldehyde for 30 min, washed with PBS three times and

permeabilized with 0.2% TritonX-100 and 1% BSA for 30 min at room
temperature. The cells were thenincubated with anti-NANOG antibody
(A300-397A, Bethyl) for 2 h. Following PBS washes, secondary antibody
was applied for1hand subsequently, DAPIwas applied for 2 min. Finally,
coverslips were mounted on slides for observation.
Whole-mountimmunofluorescence staining of E4.5 or E6.5 embryos
was performed as previously described™®. Inbrief, embryos were fixed in
4% paraformaldehyde at room temperature for 30 min, washed 3 times
in PBS-T (PBS +0.1% Triton X-100), and permeabilized for 1hin PBS 0.5%
Triton X-100. E4.5 embryos were blocked in PBS-T with 3% BSA at room
temperature for 1 h and E6.5 embryos were blocked in PBS-T with 1%
BSA (Sigma) and 3% normal donkey serum (Jackson ImmunoResearch
Laboratories) overnight at 4 °C. Primary and secondary antibodies
weredilutedintheblocking solution. E4.5and E6.5 embryos were incu-
bated with primary antibodies at 4 °C overnight or 48 h, respectively.
The following primary antibodies were used: mouse anti-CDX2 (1:100;
BioGenex, MU392A-UC), anti-mCherry (1:400; LSBio, LS-C204207),
anti-ELF5 (1:200; Santa-Cruz, sc-166653). After three washes in PBS-T,
the embryos were incubated with secondary antibodies. Finally, the
embryos were washed 4 times in PBS-T and stained in 10 pg mI™ DAPI
for1hand mountedin PBS inaglass-bottom dish for observation. The
Dragonfly 200 spinning disk confocal microscope (Andor Technology)
was operated with a 60x oil lens with 405, 488 and 568 nm lasers and
with the Turbo Mice Core of Cell Lineage and Atlas Facility. The raw
high-resolution images are available in Supplementary Fig. 2.

Co-immunoprecipitation

HEK 293T cells were plated onto a 6-cm dish and co-transfected with
Flag-and HA-tag plasmids encoding YTHDC1 and SETDBI. Transfected
cells were collected after 48 h and homogenized in 1 ml lysis buffer
(50 mM Tris-HCI, pH 7.5, 150 mM NacCl, 2 mM EDTA, 1% NP-40 and
5pgml?of RNase A (Thermo Scientific, ENO531)) supplemented with
EDTA-free protease inhibitor cocktail (Roche, 4693132001) for 10 min
onice. Cells were further lysed by sonication with low energy and the
supernatant was collected after 14,000g centrifugation for 10 min
at 4 °C. After taking 80 pl as the input, 400 pl was used for immuno-
precipitation. The immunoprecipitation sample was incubated with
2 pganti-Flagantibody (Sigma, F1804). Two micrograms of mouse IgG
(Abcam, ab18413) were applied as a negative control. Next, 50 pl of
protein Aand protein G Dynabeads mixture (GE Healthcare) was added
to the samples and incubated overnight at 4 °C with gentle rotation.
Beads were repeatedly washed 5times using 1 mllysis buffer for 5Sminat
4 °C.The proteincomplex was eluted by boiling at 100 °C for10 minin
100 plof 1x loading buffer and analysed by immunoblotting. Antibodies
used in this study are listed in Supplementary Table.

RNA-seq and data analysis

Total RNAs were extracted as described above. The Total RNA-seq
(H/M/R) Library Prep Kit for Illumina (VAHTS, NR603) was used for
RNAlibrary preparation. Inbrief, 1 pg total RNAs were hybridized with
the rRNA probe (H/M/R) and digested by RNase H to remove riboso-
mal RNAs. After DNase I digestion, the ribosomal-depleted RNAs were
fragmented at 94 °C for 8 min. Then, the first-strand and second-strand
cDNAs were synthesized successively using the provided reagents.
The cDNA was purified by VAHTS DNA Clean Beads (VAHTS, NR411),
followed by end repair, dA-tailing, adaptor ligation and second-strand
cDNA digestion. After two rounds of purification, the cDNAs were
PCR-amplified and purified using VAHTS DNA Clean Beads.

The RNA-seq data processing was performed as described*. To ana-
lyse the gene expression, reads were aligned to the reference transcrip-
tome using RSEM* and bowtie2*® (-bowtie2 -bowtie2-sensitivity-level
very_sensitive -no-bam-output -estimate -rspd) and the index built by
RSEM with the mouse genome, mm10, and Enemble gene annotation
track v.74. For TE-expression analysis, the reads were mapped to the
mouse genome mm10 using the STAR aligner® and the counts for each



gene or TE family were calculated using the TEtranscripts®. DESeq2*
was used for data normalization and differential expression analysis.
Differentially expressed genes and TEs were defined by a Benjamini-
Hochberg-corrected Pvalue <0.05 and an absolute fold change >2 (for
genes) or an absolute fold-change >1.5 (for TEs).

ChlIP-seq

SETDBI1 and YTHDC1 ChIP was performed as described previously
with minimal change?. In brief, chromatin samples were incubated
with specific antibodies in ChIP lysis buffer (20 mM Tris-HCI pH8.1,
150 mM NaCl,2mMEDTA, 1% TritonX-100 and 0.05% SDS) overnight at
4 °C.Theelutionandreverse cross-linking processes were carried out
in elution buffer (50 mM Tris-HCI pH8.0 and 1% SDS) at 65 °C for 5 h.
After 1h of RNase A (1U pl™) treatment at 37 °C and Proteinase K
(1Upl™) digestion at 55 °C, DNA samples were then purified usinga PCR
extraction kit (QIAGEN 28006). H3K9me3 ChIP-seq was performed as
described*. Inbrief,1x 10 cells were collected and resuspended in 500
p buffer1(0.32 M sucrose, 15 mM Tris-HCI pH 7.5, 60 mM KCl, 15 mM
NaCl,5mMMgCl,,0.5mMDTT,0.1mMEGTA, 0.1mM PMSF and 1:1,000
EDTA-free protease inhibitor cocktail (Roche, 4693132001)) supple-
mented with 0.1% IGEPAL CA-630 (Sigma, 18896) onice for 10 min. The
lysate was carefully layered on top of 1 mlbuffer 3 (1.2 M sucrose, 15 mM
Tris-HCIpH7.5,60 mMKCI,15mMNaCl,5mMMgCl,,0.5mMDTT,0.1mM
EGTA, 0.1 mM PMSF, 1:1,000 protease inhibitor cocktail). After cen-
trifugation (10,000g for 20 min at 4 °C), nuclei were resuspended in
500 plbuffer A (0.34 Msucrose, 60 mM KCl, 15 mMHEPES pH7.4,15 mM
NaCl, 4 mM MgCl,,1mM DTT, 0.1 mM PMSF, 1:1,000 protease inhibi-
tor cocktail) supplemented with 3 mM CaCl,and 2 U pl™ MNase (NEB,
MO0247S) and digested for 15 minat37 °C. Then, 5 mM EGTAwas added
tostop thereaction. After centrifugationat13,500g for 10 minat 4 °C,
chromatin was resuspended in 10 mM EDTA (pH 8.0) supplemented
with 1 mM PMSF and 1:1,000 protease inhibitor cocktail, followed by
rotation at 4 °C for 2-4 h. The mixture was adjusted to 500 mM NaCl
androtated for additional 45 min. After centrifugation, the supernatant
containing chromatin was diluted to 100 ng/ul with buffer B (20 mM
Tris-HCI pH8.0, 5 mM EDTA, 500 mM NaCl, 0.2% Tween 20) and the
fragmentation of chromatin was detected by agarose electrophoresis.
Atotalof 2.5 pug fragmented chromatin was kept as the input. Forimmu-
noprecipitation, the reaction mixture, including 20 pg fragmented
chromatin, 2 pg anti-H3K9me3 antibody (Abcam, ab8898), and 50 pl
protein A/G dynabeads (GE Healthcare) wasincubated overnight with
gentlerotationat4 °C. Thebeads were washed three times with buffer
B, and once with buffer Bwithout Tween 20 at 4 °Cfor 5min. The DNA
was eluted with 300 pl elution buffer (20 mM Tris-HCI pH8.0,20 mM
EDTA, 0.5% SDS), digested with proteinase K enzyme (NEB, P8107S), and
purified using a MinElute kit (Qiagen, 28006). The ChIP DNA library was
constructed with a KAPA HTP/LTP Library Preparation Kit according
to the manufacturer’s instructions.

RNA immunoprecipitation

The YTHDCI1 RIP assay was performed based on GoldCLIP* with
modifications. Cells expressing Halo-GFP or Halo-YTHDC1 were col-
lected, lysed, and pulled-down using Halo-tagged beads (Promega,
G7282) as previously described*, except that no nuclease digestion
or RNA fragmentation conducted throughout the experiment. The
binding efficiency of Halo-tagged protein to the beads was evaluated
by western blot. After the denaturing wash, the RNAs were released
from the proteins by proteinase K enzyme (NEB, P8107S) digestion.
For RIP-RT-qPCR, the equivalent input and immunoprecipitated RNAs
were reverse-transcribed by SuperScript Il Reverse Transcriptase (Inv-
itrogen, 18080044) using random hexamers, followed by qPCR to
quantify the transcripts. The enrichment score of atranscript was the
ratio of the quantifiedimmunoprecipitated fraction toits total input,
using GFP as astandard for normalization. For RIP-seq, RNAs from the
input and immunoprecipitated samples were used to generate libraries

using QIAseq miRNA Library Kit (Qiagen, 331502), according to the
manufacturer’s instructions.

For m°A RIP-seq, PolyA-tailed mRNA was purified using the Dyna-
beads mRNA purification kit (Thermo Fisher). To perform methyl-
ated RNA immunoprecipitation (MeRIP), purified mRNA was first
fragmented to -200 nucleotides (nt) in length using RNA Fragmen-
tation Reagent (Thermo Fisher). External spike-in oligonucleotides
were also added to the RNA pool for quality control. Then, immuno-
precipitation was conducted following the protocol from EpiMark
Né-Methyladenosine Enrichment kit (NEB, E1610S). Pull-down RNA
fragments were eluted with 130 pl elution buffer (150 mM NaCl, 10 mM
pH 7.4 Tris-HCl, 0.1% Igepal CA-630, 6.7 mM m°A in nuclease-free H,0)
at37 °Cand collected by ethanol precipitation. The immunoprecipita-
tion products andinput sample frombefore immunoprecipitation were
used to construct NGS libraries using NEBNext Ultra Il Directional RNA
Library Prep (New England Biolabs, 625 E7760S).

Chromatinisolation by RNA purification

ChIRP was performed as previously described with some modifica-
tions®*2, Inbrief, a set of biotinylated antisense oligonucleotides with
59-nt-long probes tiled along the L1 consensus sequence or Malat1
RNA, and 20-nt probes tiled along the IAP consensus sequence or LacZ.
Probes were labelled on the basis of their positions along the RNA, and
separated theminto ‘even’and ‘odd’ pools, to create two independent
probe sets for ChIRP experiments. Ythdc1-cKO ES cells were treated
with DMSO or1uM4OHT for 4 days; cells were then collected by 0.25%
trypsin digestion and cross-linked with2 mM DSP (Thermo Scientific,
22586) in PBS at room temperature for 30 min with gentle end-to-end
rotation. The cells were further fixed in suspension for 10 minin 3.7%
formaldehyde, and quenched with 250 mM glycine for 5 min at room
temperature. Cells were then washed with ice-cold PBS for three times
and snap frozeninliquid nitrogen. 1x 10’ cells were resuspended with
500 pl DNasel digestion solution (20 mM Tris-HCI, pH7.5, 5 mM MgCl,,
0.5 mM CacCl,, 0.5% Triton X-100) with 1/20 volume of ribonucleoside
vanadyl complex (RVC, NEB, S1402S), 5 ul protease inhibitor cocktail
(Roche, 4693132001), 51100 mM PMSF and 12 U mI™ Dnase (Invitro-
gen, AM2222); thereaction was rotated for 10 min at 37 °C and stopped
with 20 mM EDTA. After centrifugation, chromatin was resuspended
in nuclear lysis buffer (50 mM Tris-HCI, pH7.5,10 mM EDTA, 1% SDS,
protease and RNase inhibitors) and sonicated with Bioruptor Pico
(Scycles,30son,30s off, Diagenode). The supernatant was collected
for ChIRP experiments after centrifuged at 14,000g for 10 minat 4 °C
and a sample was saved for use as the ‘input’ sample. For the Rnase
treatment control, samples were treated with 10 pg ml™ Rnase A/T1
Mix (Thermo Scientific, ENO551) at 37 °C for 20 min. For hybridization,
samples wereincubated with ChIRP probes (1l of 100 uM probes per1
mloflysate), supplemented with one-fourth volume of 5 x hybridization
buffer (50 mM Tris-HCI, pH7.5,10 mM EDTA, 1.5 M NaCl, 50% forma-
mide). After rotation at 39 °C for 3 h, 50 pl prebalanced streptavidin
M280 beads were thenadded into the hybridization and incubated for
an additional 3 h. The beads were washed 5 times with 0.2x SSC wash
buffer with 1% SDS at 42 °C. For elution, the beads were washed once
with SDS elution buffer (50 mM Tris-HCI, 5mM MgCl,, 75 mM Nacl, 1%
SDS) at 39 °C for 20 min, and once with elution buffer (50 mM Tris-HCI,
5mMMgCl,, 7SmMNaCl, 0.1% Triton X-100) at 39 °C for 5 min. DNA was
eluted fromthe beads by RNase H treatment in two sequential incuba-
tions with Rnase H (NEB, M0297L) at 37 °C for 20 min, and with SDS
elution buffer at room temperature for 2 min, combining all eluents.
Cross-linking was reversed by treatment with 0.1 pug pl™ protease K (NEB,
P8107S),150 mM NaCland 10 mM EDTA at 65 °C overnight and the DNA
was purified using the MinElute PCR Purification Kit (Qiagen, 28006).
ChIRP enrichments were analysed by qPCR of the purified DNA. The
libraries were constructed by aKAPAHTP/LTP Library Preparation Kit
(KAPA,KK8234) according to the manufacturer’sinstructions. Probes
used in this study are available in the Supplementary Table.
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4sUDRB-seq

Metabolic labelling nascent RNA with 4sU and nascent RNA purifica-
tion was performed as described®. In brief, Ythdc1-cKO ES cells were
pre-treated with DMSO or 1 puM 4OHT for 4 days, thenincubated with
100 pM DRB (Sigma, D1916) for 3 h to block RNA Pol Il transcription.
Cells were washed 3 times with PBS to remove DRB and recover tran-
scription, and newly transcribed RNA was labelled with 1 mM 4sU
(Sigma, T4509) for 0, 4 and 8 min. Transcription was stopped by add-
ing TRizol (Invitrogen) into the cells and total RNA was extracted using
the miRNeasy mini kit (Qiagen, 217004) with the RNase-free DNase
set (Qiagen, 79254). One-hundred micrograms total RNA was used
for biotinylation and purification of 4sU-labelled nascent RNA. The
4sU-labelled RNA was incubated with biotin HPDP-DMF stock (50 mg of
EZ-Link HPDP-biotin (Thermo Scientific, 21341) dissolved in 50 ml DMF
(Sigma, D4551)) in biotinylation buffer (10 mM Tris pH 7.4,1mM EDTA)
for 2honatube rotator at room temperature. Unbound HPDP-biotin
was removed by equal volume chloroform extraction twice, and RNA
was precipitated at 14,000 rpm for 30 minat4 °Cwith1:10 volume of 5M
NaCland anequal volume of isopropanol. The RNA pellet was washed
twice with 75% ethanol and resuspended in100 pl nuclease-free water.
Biotinylated RNA was enriched by 100 pl streptavidin T1 (Invitrogen,
65601) at room temperature for 20 min. Beads were washed 5 times
with 1 ml washing buffer (100 mM Tris pH 7.4,10 mM EDTA, 1M NacCl,
0.1% Tween 20). Nascent RNA was eluted with 100 pl of 100 mM dithi-
otheitol (DTT, Thermo Scientific, A39255) twice and was purified with
the RNeasy MinElute clean-up kit (Qiagen, 74204 ) according to the
manufacturer’sinstructions.

ChIP-seq data analysis

ChlIP-seq reads were aligned to the mouse mm10 genome using bow-
tie2*¢ with the options ‘-p 20 -very-sensitive —end-to-end —-no-unal
-no-mixed -X2000’. The multimapped reads were kept for TE analysis,
butonly the best alignment was reported for those reads; if more than
oneequivalentbestalignment was found, then one randomalignment
was reported. Reads mapping to mitochondrial DNA or unassigned
sequences were discarded. For unique alignments, duplicate reads
and low-mapping-quality reads were filtered using SAMtools (v.1.9).
ChlIP-seq enriched peaks were called by MACS2 (v.2.1.2)*, and the
common peaks were merged using bedtools and used for subsequent
analysis. The enriched peaks were annotated using the annotatePeaks.
plscript from the Homer package®. For visualization, BAM files of
biological replicates were merged using SAMtools (v.1.9)*¢. BigWig
files were generated using deeptools* with the RPKM normalization
method. Figuresillustrating these continuous tag counts over selected
genomic intervals were created in the IGV browser*®. The H3K9me3
ChlIP-seq data of Setdb1-KO mouse ES cells was obtained from the
BioProject accession PRINA544540.

The ChIP-seqsignal for TEs was processed as previously described™.
The coordinates and annotations of TEs were downloaded from the
RepeatMasker (http://www.repeatmasker.org). As many ChlP-seq sig-
nals were not evenly distributed across TEs—for example, YTDHC1-
H3K9me3 binding prefers 5" untranslated region (UTR) of intact L1
s—we divided the TEs into evenly spaced 500-bp bins, the coverage
signal on each bin was extracted using deeptools*, and the bin with
the maximum signal was used as the observed immunoprecipitate
value, and then divided by normalized read counts of amatched input
sample and expressed as log, fold enrichment (Fig. 3¢). Inaddition, the
following quality controls were performed: read distributionacross the
repetitive sequence was inspected using IGV genome browser for each
repeat family to confirm coverage of the whole repetitive sequence. To
avoid over-or under-estimating fold enrichments due to low coverage
of sequencing reads, random genomic regions of the same number
as the TE type and the same size as the TE were taken, the coverage
signal was measured, and the maximal bin was taken as the randomly

expected background value. TEs with observed IP values smaller than
therandomly expected background value were excluded from analysis.

RIP-seq data analysis

Rawreadswere trimmed with TrimGalore (v.0.6.4) (https://github.com/
FelixKrueger/TrimGalore), then aligned to the mouse genome (mm10)
and transcriptome (GENCODE version M21) using HISAT2 (v.2.2.0)*.
The multimapped reads were kept for TE analysis, but only the best
alignment was reported for those reads, if more than one equivalent
bestalignment was found, then one random alignment was reported.
Reads mapping to mitochondrial DNA or unassigned sequences were
discarded. For unique alignments, duplicate reads low mapping qual-
ity reads were filtered by SAMtools*. The BAM file were converted to
Bigwig format, and the read coverage was normalized to the library
size for input and eluate (m6A-YTDHC1 RIP) respectively by RPKM
normalization using deeptools*. The average normalized read densi-
ties of merged replicates are shown in the figures.

To search for enriched peaks in the RIP samples compared to the
input controls, we adopted the strategy described’. We scanned the
genome using al00-ntsliding window with a 50-nt overlap. The mean
coverage for each window was calculated for the RIP and input control
samples respectively. For each window as assigned, the enrichment
fold change of RIP sample over input control sample for the enriched
window was defined as at least fourfold over the input control, and the
overlapping enriched windows were merged as peaks. To determine
high-confidence peaks, common peaksin all the biological replicates
were merged and used for downstream analysis.

Quality control was performed by measuring the RPKM at all
high-confidence peaks, and then combining biological replicates where
the Pearson correlation was >0.8. Outlier samples that did not correlate
closely (Pearson correlation was <0.6) with other RIP-seq datasamples of
thesametypefromotherindependentstudies were deleted inthe down-
stream analysis. To study the peak distribution across transcripts, we
assigned each high-confidence peak to the ‘metagene’ transcripts, the 5
UTR, conding sequence and 3’'UTR region from Ensemble (v.74) for each
gene, and the peak density across allmRNA geneswas calculated (Extended
DataFig.2b). The RIP peak annotation and motif finding were performed
by annotatePeaks.pl and findMotifsGenome.pl scripts from Homer. For
Metti3knockout m°A RIP-seq analysis, the reads were normalized by m6A
spike-in, with the number of reads mapped to the genome divided by num-
ber of reads mapped to m°A modified spike-in RNA (Gaussia Luciferase)
represented whole m°A level. For RIP-seq TE analysis basically similar to
the ChIP-seq data, the enrichment score was calculate using RIP/INPUT,
and only the signal consistent in all biological replicates were kept.

ChIRP-seq data analysis

Raw reads were aligned to mouse genome (mm10) using bowtie2 with
the parameters “~very-sensitive —end-to-end -no-unal —-phred33 -
no-mixed -X 2000 -gbar 200”. The multimapped reads were kept for
TE analysis, but only the best alignment is reported for those reads, if
more than one equivalent best alignment was found, then onerandom
alignment was reported. BigWig files were generated using deeptools
with the RPKM normalization method. Positive peaks were identified
with DFilter™ program with parameters “-ks=100 -Ipval=5". In order
to eliminate false-positive hits, only the overlapped signal from both
“even” and “odd” probes were considered. And then the Bam files of
“even” and “odd” probes were merged using SAMtools (v.1.9) for visu-
alization. Other TE analysis is the same to ChIP-seq data analysis.

4sUDRB-seq data analysis

Raw reads were aligned to mouse genome (mm10) using bowtie2 with
the default parameters (only set -N1)*. For each experiment we gener-
ated agenome-wide profile of the counts per disjointed 100-bp adjacent
bins. For gene or TE quantification, the sum of all bins within genes
(exonandintron) or TEs was used. The counts of each experiment was
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normalized to rRNA counts. All gene annotations were taken from
Ensemble and TE annotations were from Repeatmarsker.

GRID-seq data analysis

The raw reads were downloaded from accession GSE82312%, and the
RNA and DNA reads were separately aligned to mouse genome (mm10)
using bowtie2** with default parameters. The multimapped reads were
kept for TE analysis, but only the best alignment is reported for those
reads, if more than one equivalent best alignment was found, then
one random alignment was reported. Then the DNA reads and their
RNA read mates were mated by custom script, the unmated reads
were filtered out for the downstream analysis. To identify IAP/LINE1
RNA-chromatininteraction from GRID-seq, we first summarized the
coverage of DNA reads mated with each RNA in 1-Kb binned genome,
and then normalized by the total number of mapped reads and the
length of chromosome where the bin was located. Only the RNA-DNA
interactions detected in both two biological replicates were kept, and
the biological replicates were merged for visualization in the figures.

Statistical analysis

The experiments in this study were performed with at least three bio-
logical replicates unless specified. Data are presented asthe mean+s.d.
or meanzs.e.m. calculated by GraphPad Prism 6.0 software. Two-tailed
unpaired Student’s ¢t-test, Mann-Whitney Utest and Fisher’s exact test
were performedin the Graphpad Prism 6.0 and R Bioconductor, respec-
tively. Statistical analysis was performed as described in the figure
legends and P-values <0.05 were considered statistically significant.
Allstatistical tests, resulting Pvalues and numbers of observations are
indicated in the figure panels or legends.

Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this paper.

Data availability

Thedatasupportingthe conclusionsofthisArticle,including H3K9me3-
YTHDC1 ChIP-seq, m°A-YTHDCI1 RIP-seq, ChIRP-seq, 4sUDRB-seq and
RNA-seq data are available at GEO under accession GSE146467. The
mPARIP-seq data were from GSE52662'%, GSE61998%, GSE145315% and
GSFE133599™, The H3K9me3 ChIP-seq data of Setdb1-KO mouse ES cells
was obtained from the BioProject accession PRINA544540', The raw
uncropped data for gels are appended in Supplementary Fig. 1, and
high-resolution images for whole-mount fluorescence imaging are
available at Supplementary Fig. 2. qPCR primers, ChIRP probes and
antibodies used in this study are listed in the supplementary tables.
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Extended DataFig.1|See next page for caption.



Extended DataFig.1| YTHDCldepletion upregulates 2C-like genes and
impairs proliferation of mouseES cells. a, PCR-based genotyping assay
validates the generation of the Ythdc1-KO cellline. Genotyping assay was
repeated atleast twice with similar results. b, Upper: schematic diagram
depicts the timeline of DMSO or 4OHT treatment. Lower: growth curves of
mouseES cells after Ythdc1-KO. Dataaremean =s.d. (n=6 independent wells
pooled fromtwo independent experiments). ¢, Phase-contrastimages of WT
and Ythdcl cKO mouse ES cells showing the viability of cell colonies. Micrographs
wasrepeated atleast three times with similar results. Scale bar,200 pm.

d, Theratio of annexinV positive cells after loss of YthdcI (n=2independent
experiments). e, Expression changes of the YthdcI-KO upregulated genes
acrossindicated embryonic developmental stages (left), or between MERVL'/
MERVL cellsinWT mouse ES cells (right). Pfrom one-sided Mann-Whitney U
test. Boxplots denote the medians and the interquartile ranges (IQR). The
whiskers of aboxplot arethelowest datumstill within1.5IQR of the lower
quartileand the highest datumsstill within 1.51QR of the upper quartile. Data
werefromn >2independent experiments.f, Scatter plot for the differentiate
expressed genesin Ythdcl cKO and MERVL/MERVL"'WT mouse ES cells.

g, RNA-seq datashowing the expression changes of indicated genes and
MERVL-int. h, NANOG immunostainingin the YthdcI-cKO mouse ES cells.
Micrographs wasrepeated at least twice with similar results. Scale bar, 50 pm.
i, Flow cytometry analysis showing the percentage of MERVL::tdTomato
(x-axis) positive cells after loss of Ythdcl. j, Westernblot validation of YTHDC1
anditsmutantsintherescued assays. Immunoblotting was repeated at least
twice withsimilarresults. k, Fluorescence images display the cells by staining
with EdU and DAPI. Micrographs were repeated at least twice with similar
results. Scale bar, 50 pm. 1, The percentage of Edu+/DAPI cellsin MERVL" and
MERVL cells upon YthdcI-KO.Number of counted cells are labelled on the top
ofthebar (n=2independent experiments). m, The percentage of phases/DAPI
inWT and Ythdcl-KO cells. Numbers of counted cells are labelled on the top of
thebar (n=2independent experiments).n, Phase-contrastimages present the
rescue effects of WT or mutant Ythdcl overexpression (OE) upon YthdcI-KO.
Micrographs wererepeated at least three times with similar results. Scale bar,
200 pm. o, Cell viability of mouse ES cellsinn. Dataare mean ts.d. of three
independent experiments. Pvalues from two-sided Student’s t-test.
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Extended DataFig.2| Ythdcl-KO cellsincorporateinto trophectoderm.
a,Fluorescenceimages of blastocysts that have been injected with the indicated
mouse ES cells at the 8-cell state. Micrographs were repeated at least twice with
similar results. b, A column graph showing the percentages of chimeric
embryoswithinjected ES cellsincorporated into ICM or trophectoderm.
Two-sided Fisher’s exact test. ¢, Same as Fig. 1j, the E4.5 blastocysts developing
frommorulainjected with YthdcI-KO ES cells were stained for mCherry and
CDX2.DAPIstains the nucleus. Micrographs were repeated at least twice with
similar results. Scar bar,20 um. d, RT-qPCR detects the expression of Ythdcl
uponsiRNA treatment, with siNC as the negative control (n=2independent
experiments). e, Acolumngraph quantifies the percentages of MERVL-tdTomato

positive cells upon Ythdcl knockout or knockdown. The data are presented as
themean ts.d.; measurements fromn=3independent experiments. Pvalues
determined by two-sided Student’s t-test. f, Whole-mount fluorescence
imaging of representative 6.5 dpc ES cell chimericembryos upon siYthdcI or
siNC. Fluorescence microscope (left) and confocal microscopy images (right)
of siNC/siYthdcl ES cells (mCherry®) in the ELF5-expressing ExXEin the 6.5dpc
chimeras (ELF5 marks diploid trophoblast)*>**, DAPI stains the nucleus. Arrows
pointtomCherry*cellsin the EXE. Micrographs were repeated at least twice
with similar results. g, Acolumn graph quantifies the percentage of 6.5dpcES
cell chimericembryos uponsiYthdcl or siNC. Pvalue was from two-sided
Fisher’s exacttest.
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Extended DataFig. 3 |See next page for caption.
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Extended DataFig.3| YTHDC1proteinbinds to TERNAs. a, Westernblot
detectionofthe enrichment efficiency of Halo-tagged proteins in the RIP
experiments. Immunoblotting was repeated at least twice with similar
results. b, Normalized distribution of m°A peaks across 5’ UTR, coding
sequence (CDS), and 3’'UTR of mRNAs for peaks common from two biological
replicates. ¢, Consensus sequence motif identified after analysis of common
mCA peaks from two replicates. d, Pair-wise Pearson correlation for the m°A
signal between different m°A RIP-seq datasets. e, Selected genomic views of
mPARIP-seqdatafortheindicated genes and TEs. f, Distribution of m°A signal
densityacrossintact LIMd_T elements. g, YTHDC1RIP-seq motif was measured
with one-tailed Fisher’s exact test. h, Genomic views of m°*A and YTHDC1RIP-
seqdatafor Neatl.i, The genomic distribution of YTHDC1RIP-seq peaks and
input control. j, The m°A-marked TEs from 5independent studies. k, The
overlap between m®A-marked and YTHDC1-bound TERNAs. 1, Selected
genomicviews of m°Aand YTHDC1RIP-seqdata for theindicated TEs with all

mapped reads (All reads) or only unique mapped reads (Unique reads).

m, H3K9me3-level changes for the SetdbI-dependent and -independent
H3K9me3 regions after loss of SetdbI (upper, n=1experiment) or Ythdcl (lower,
n=2independent experiments). Boxplots denote the mediansand the
interquartile ranges (IQR). The whiskers of aboxplot are the lowest datum still
within1.51QR of the lower quartile and the highest datum still within1.51QR of
the upper quartile. Datawere fromn >2independent experiments. Pfrom two-
sided Student’s t-test.n, Same as panel m, but for different TEs. o, Analysis of
newly transcribed IAPEz-int, LIMd_Gfand Zscan4b RNA at the indicated time
points after DRB removal (n=2independent experiments). p, Western blot
analysis of the expression of YTHDC1, METTL3 and SETDBL1in Ythdcl cKO
mouse EScellstreated with 4OHT. Immunoblotting was repeated at least twice
with similarresults. q, Boxplot shows the SETDB1binding strength on IAPEz-int
elementsafterloss of Ythdcl, n=1experiment. Pvalue was from two-sided
Student’s t-test.
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Extended DataFig.4 | YTHDC1binds to H3K9me3-marked TEs chromatin. determined by one-sided Mann-Whitney Utest. Datawere fromn=2

a, Heat mapsillustrating the density of YTHDC1 ChiIP-seq reads upon Ythdcl independent experiments e, Left, RNA-seqshowing the change inexpression
depletion. b, Read count tag density pileups of YTHDC1 ChIP-seq upon Ythdcl of TEsupon Ythdcl depletion. TEs were ranked from upregulated to

depletion. ¢, Selected genomic views of YTHDC1and H3K9me3 ChIP-seq data downregulated. Right,amoving-window average plot of the density of
fortheindicated TEs/genes with allmapped reads (All reads) or only unique H3K9me3 and YTHDC1binding.f, Pie charts showing the genomic distribution

mappedreads (Uniquereads).d, Aboxplot showing the expression of TEs with ofthe peaksidentified by IAPand LINE1ChIRP-seq. g, Read count tag density
orwithout H3K9me3/YTHDC1 upon Ythdcl depletion. Statistics were pileups of GRID-seq signal enriched onindicated TEs.
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Extended DataFig. 5|See next page for caption.



Extended DataFig. 5| Mettl3-dependent m°A modification on H3K9me3-
marked TEs. a, Top, aschematic diagram showing the strategy of Mett/3KO.
Bottom, westernblot validates the generation of the Mett/3-KO cellline.
Immunoblotting was repeated at least three times with similar results.

b, Metagene profiles of m®Asignal along transcripts in tworeplicates for WT
and MettI3KO mouse ES cells. ¢, Scatter plots showing the m°Alevel of m°A
peakregionsin WT and Mett/3KO mouse ES cells. Hypermethylated peaks
(green) and hypomethylated peaks (red) with m°A upon Mett/3 KO are shown.
d, The overlap of m®A decreased TEs after Mett!3-KO from 4 independent
studies. e, The m°A changes for TEs upon Mett/3 depletion from 4 independent
studies. f, The m°A signal changes upon loss of Mett(3in different studies for
indicated TEs. Boxplots denote the medians and the interquartile ranges (IQR).
The whiskers of aboxplotare the lowest datumsstill within1.51QR of the lower
quartileand the highest datum still within1.51QR of the upper quartile. Pvalues

were from two-sided Student’s -test. Datawere fromn >2independent
experiments. g, Read count tag density pileups of m°A RIP-seq reads for
indicated TEs upon Mett/3depletion from twoindependent studies. h, The
overlap of Ythdcl and Mett!3-dependent H3K9me3 marked TEs. Pvalue is from
one-tailed Fisher’s exact test. i, H3K9me3 level changes for Setdb1-dependent
and-independent regions from Fig. 2e after Mett/3-KO (n=2). Pvalues are from
two-sided Student’s t-test. Boxplots denote the medians and the interquartile
ranges (IQR). The whiskers of aboxplot are the lowest datum still within1.51QR
ofthelower quartile and the highest datum still within1.51QR of the upper
quartile.j, Tag density pileups of H3K9me3 ChIP-seq reads forindicated TEs
uponMettl3depletion. k, Same as paneli, but for different TEs. I, Same as
Fig.3i,butonly the unique mapped reads were kept. m, Tag density pileups of
IAP (left) and LINE1 (right) ChIRP for indicated TEs upon Ythdc1-KO.n, Same as
panelm, but for Mett(3-KO.
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Extended DataFig. 6 | Dux-KO does notimpair YTHDCI-H3K9me3-mediated
TErepression. a, Heat map showing the expression of indicated genes upon
Mettl3depletion.b, Genome browser plot showing the GRID-seq signal in Dux
loci.c, Top, aschematic diagram showing the strategy of Dux knockout.
Bottom, PCR-based genotyping assay validates the generation of the Dux-KO
cellline at the genome. Genotyping assay was repeated at least twice with
similar results. d, RT-qPCR showing the expression of select genes/TEs upon

Duxdepletionin Ythdcl cKO mouseES cells treated with DMSO or 4OHT. Data
aremeants.d.of threeindependent experiments. e, Read count tag density
pileups of H3K9me3 ChiP-seq (from two replicates) reads for indicated TEs in
Dux KO cells upon YthdcI depletion. f, Volcano plot showing the differential
expressed genes after loss of Ythdcl (left) or Mettel3 (right). g, GO analysis of
the genes from panel f. h, Heat map showing the expression change of
indicated genes after loss of Ythdcl or Mett!3.
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D A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

D A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

E] For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

D For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

D For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

HEK O X KOO

D Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection RSEM(v1.2.22), bowtie2(v2.2.5), STAR(2.5.2a), DESeq2 (1.22.1), EDASeq(2.16.0), deeptools(2.5.4), HISAT2 (v2.2.0), TrimGalore (v0.6.4),
MACS2 (v2.1.2), samtools (v1.9).

Data analysis Follow the software documentations, no special changes

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors/reviewers.
We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- Alist of figures that have associated raw data
- A description of any restrictions on data availability

The authors declare that the data and codes supporting the results of this study are available within the article and its supplementary information files or from the
corresponding author upon reasonable request.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Sample size was determined based on previously published studies and ensure reproducibility. All experiments in this study were performed
at least 2 and typically 3 independently unless otherwise specified.

Data exclusions  No data exclusions.
Replication All attempts at replication were successful.

Randomization  This study was based on molecular and cellular biology techniques, which did not involve live organisms and no randomization techniques
were required.

Blinding The results were obtained using objective quantitative methods, so the researchers were not blinded to sample allocation during experiments
and outcome assessment.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
n/a | Involved in the study n/a | Involved in the study
[]|[*] Antibodies []|[x] chip-seq
[]|[*] Eukaryotic cell lines []|[*] Flow cytometry
[x]|[] Palaeontology [x]{[_] MRI-based neurcimaging
[]|[*] Animals and other organisms
[Z] D Human research participants
[ ] clinical data
Antibodies
Antibodies used Primary antibodies
Anti-Flag Sigma F1804, Anti-YTHDC1 CST 87459S, Anti-METTL3 Proteintech 15073-I-AP, Anti-SETDB1 GeneTex GTX115305, Anti-
GAPDH Bioworld AP2063, Anti-Halo Promega G9211, Anti-HA CST 3724S, Anti-NANOG Bethy A300-397A, Anti-Flag CST 14793S,
Anti-H3K9me3 Abcam Ab8898, Anti-YTHDC1 CST 77422, Anti-m6A NEB E1610S, Anti-ELF5 Santa-Cruz sc-166653, Anti-mCherry
LS-C204207 LSBio. Anti-CDX2 BioGenex MU392A-UC, Anti-SETDB1 Proteintech, 11231-1-AP, Anti-Mouse 1gG Abcam ab18413,
Anti-Rabbit 1IgG Abcam ab37415.
Secondary antibodies
Donkey anti Goat IgG 568 invitrogen A-11057, Donkey anti Mouse IgG 488 invitrogen A32766, Goat anti Rabbit IgG HRP Aksomics
KC-RB-035, Goat anti Mouse IgG HRP Aksomics KC-MM-035.
Validation All antibodies used in this study are commercially available and have been validated by manufacturer. Antibody validations and

validation criteria are available on the following websites:
Anti-Flag https://www.sigmaaldrich.com/catalog/product/sigma/f1804?lang=zh&region=CN

Anti-YTHDC1 https://www.cellsignal.cn/products/primary-antibodies/ythdc1-pS61-antibody/87459?site-search-
type=Products&N=4294956287&Ntt=87459s&fromPage=plp&_requestid=2667843

Anti-METTL3 http://www.ptgcn.com/products/METTL3-Antibody-15073-1-AP.htm
Anti-SETDB1 https://www.genetex.cn/Product/Detail/SETDB1-antibody-N1-N-term/GTX115305
Anti-GAPDH https://www.bioworlde.com/GAPDH-polyclonal-antibody(AP0063).html

Anti-Halo https://www.promega.com.cn/Products/Protein-Detection/Primary and Secondary Antibodies/Anti-HaloTag-
Monoclonal-Antibody/?catNum=G9211

Anti-HA https://www.cellsignal.cn/products/primary-antibodies/ha-tag-c29f4-rabbit-mab/37247?site-search-
type=Products&N=4294956287&Ntt=3724s&fromPage=plp&_requestid=2668171

Anti-NANOG https://www.bethyl.com/product/A300-397A/Nanog+Antibody

Anti-Flag https://www.cellsignal.cn/products/primary-antibodies/dykddddk-tag-déw5b-rabbit-mab-binds-to-same-epitope-as-
sigma-s-anti-flag-m2-antibody/14793?site-search-
type=Products&N=4294956287&Ntt=14793s&fromPage=plp&_requestid=2668236

Anti-H3K9me3 https://www.abcam.cn/histone-h3-tri-methyl-k9-antibody-chip-grade-ab8898.html

Anti-YTHDC1 https://www.cellsignal.cn/products/primary-antibodies/ythdc1-e4i9e-rabbit-mab/77422?site-search-
type=Products&N=4294956287&Ntt=77422&fromPage=plp&_requestid=2668393
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Anti-m6A https://international.neb.com/products/e1610-epimark-n6-methyladenosine-enrichment-kit#Product%20Information
Anti-ELF5 https://www.scbt.com/p/elf-5-antibody-g-2

Anti-mCherry https://www.Isbio.com/antibodies/mcherry-antibody-if-immunofluorescence-ihc-wb-western-1s-c204207/212463
Anti-CDX2 https://www.labome.com/product/Biogenex/MU392A-UC.html

Anti-SETDB1 http://www.ptgcn.com/products/SETDB1-Antibody-11231-1-AP.htm

Anti-Mouse IgG https://www.abcam.cn/mouse-igg2a-kappa-monoclonal-mopc-173-isotype-control-chip-grade-ab18413.html
Anti-Rabbit 1gG https://www.abcam.cn/rabbit-igg-polyclonal-isotype-control-ab37415.html

Donkey anti Goat IgG 568 https://www.thermofisher.com/cn/zh/antibody/product/Donkey-anti-Goat-lgG-H-L-Cross-Adsorbed-
Secondary-Antibody-Polyclonal/A-11057

Donkey anti Mouse 1gG 488 https://www.thermofisher.com/cn/zh/antibody/product/Donkey-anti-Mouse-lgG-H-L-Highly-Cross-
Adsorbed-Secondary-Antibody-Polyclonal/A32766

Goat anti Rabbit IgG HRP http://www.aksomics.com/products/secondary-antibody-1.html
Goat anti Mouse 1gG HRP http://www.aksomics.com/products/secondary-antibody-1.html

Eukaryotic cell lines
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Policy information about cell lines

Cell line source(s) 129 mouse embryonic stem cells were derived from 3.5 d.p.c inner cell mass (ICM) from female 129 mice (Stock No.: 217,
Beijing Vital River Laboratory Animal Technology Co., Ltd.)
HEK293T (ATCC, #CRL-1126)
NIH3T3 (ATCC, #CRL-1658)

Authentication 129 mouse embryonic stem cells were authentication by Chimera experiment.
Mycoplasma contamination Mycoplasma detection tests were conducted routinely to ensure mycoplasma-free conditions throughout this study.

Commonly misidentified lines  cells used are not in th ICLAC database.
(See ICLAC register)

Animals and other organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals Female and male CD-1 mice were used in chimeric blastocyst assay between 8 and 12 weeks of age.
Wild animals No wild animals were used in this study.
Field-collected samples All animal procedures were performed according to NIH guidelines. Animals were housed in individually ventilated cages

containing sterile quarter-inch corncob bedding for environmental enrichment. Mice were maintained on 12 h light/dark cycle
and provided with food and water in individually ventilated units in a temperature controlled room (22 - 23°C).

Ethics oversight Animal care and experimental protocols were approved by the Guangzhou Institutes of Biomedicine and Health Ethical
Committee under NO. N2020106.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

ChlIP-seq

Data deposition
Confirm that both raw and final processed data have been deposited in a public database such as GEO.
Confirm that you have deposited or provided access to graph files (e.g. BED files) for the called peaks.

Data access links https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE146467
May remain private before publication. Reviewer token: evuvmckervorfuh
Files in database submission Ythdc1-cKO.DMSO.Dux-Het-H3K9me3.rep1,Ythdc1-cKO.DMSO.Dux-Het-H3K9me3.rep2,Ythdc1-cKO.40HT.Dux-Het-

H3K9me3.rep1,Ythdc1-cKO.40HT.Dux-Het-H3K9me3.rep2,Ythdc1-cKO.DMSO.Dux-KO-H3K9me3.rep1,Ythdcl-
cKO.DMSO.Dux-KO-H3K9me3.rep2,Ythdc1-cKO.40HT.Dux-KO-H3K9me3.rep1,Ythdc1-cKO.40HT.Dux-KO-H3K9me3.rep2,
YTHDC1(Ythdc1-KO).rep1,YTHDC1(Ythdcl-
KO).rep2,Mettl3.KO.H3K9me3.repl,Mettl3.KO.H3K9me3.rep2,Mettl3.WT.H3K9me3.rep1,Mett|3.WT.H3K9me3.rep2,YTHDC1
(Ythdc1-WT).rep1,YTHDC1(Ythdc1-WT).rep2,INPUT(WT), shMettI3.H3K9me3, ChIP.Input, shScramble.H3K9me3, WT.repl-
H3K9me3, WT.rep2-H3K9me3, Ythdc1-KO.rep1-H3K9me3,Ythdc1-KO.rep2-H3K9me3, YTHDC1-RIP, YTHDC1-RIP-INPUT,
Ythdcl_cKO_ESC#1_+40HT.repl,Ythdcl_cKO_ESC#1_DMSO.rep2, Ythdcl_cKO_ESC#1_+40HT.rep2,
Ythdcl_cKO_ESC#1_DMSO.repl, Ythdcl_cKO_ESC#1_DMSO.rep2, Ythdcl_cKO_ESC#2_+40HT.repl, Ythdcl_cKO_ESC#2_
+40HT.rep2, Ythdcl_cKO_ESC#2_DMSO.repl, Ythdcl _cKO_ESCH#2_DMSO.rep2, m6A-RP.MettI3-KO1.INPUT,m6A-
RP.Mettl3-KO1.IP,m6A-RP.Mett|3-KO2.INPUT,m6A-RP.Mettl3-KO2.IP,m6A-RP.Mett|3-WT.INPUT.rep2, m6A-RP.Mett|3-
WT.IP.rep2,m6A-RP.Mett|3-KO.Input,m6A-RP.Mett|3-KO.IP,m6A-RP.Mett|3-WT.Input.repl,m6A-RP.MettI3-WT.IP.repl
ChIRP.MettI3-KO.IAP.Even,ChIRP.Mett|3-KO.IAP.Odd,ChIRP.Mettl3-KO.Input,ChIRP.Mett|3-KO.LacZ.Even,ChIRP.MettI3-
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KO.LacZ.0dd,ChIRP.Mettl3-KO.Malat1.Even,ChIRP.Mett|3-KO.Malat1.0dd,ChIRP.Mett|3-WT.IAP.Even,ChIRP.Mettl|3-
WT.IAP.Odd,ChIRP.MettI3-WT.Input,ChIRP.Mett|3-WT.LacZ.Even,ChIRP.Mett|3-WT.LacZ.0dd,ChIRP.MettI3-
WT.Malatl.Even,ChIRP.MettI3-WT.Malat1.0dd,ChIRP.Mett|3-KO.LINE1.1,ChIRP.MettI3-KO.LINE1.2,ChIRP.Mett|3-
WT.LINE1.1,ChIRP.MettI3-WT.LINE1.2,
ChIRP.Ythdc1-cKO.40HTCHIRP_Input,ChIRP.Ythdc1-cKO.4OHTIAP_Even,ChIRP.Ythdc1-cKO.40HTIAP_Odd,ChIRP.Ythdc1-
cKO.40HTLINE1_Even,ChIRP.Ythdc1-cKO.40OHTLINE1_Odd,ChIRP.Ythdc1-cKO.40HTLacZ_Even,ChIRP.Ythdc1-
cKO.40HTLacZ_0dd,ChIRP.Ythdc1-cKO.40HTMalatl_Even,ChIRP.Ythdc1-
cKO.40HTMalat1_0dd,ChIRP_IAP_Even,ChIRP_IAP_0Odd,ChIRP_Input,ChIRP_LINEL.Even,ChIRP_LINE1_Odd,ChIRP_LacZ_Eve
n,ChIRP_LacZ_0Odd,ChIRP_Malat1.0dd,ChIRP_Malatl_Even

Genome browser session No public available genome browser session
(e.g. UCSC)

Methodology
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Replicates 2 replicates for Ythdc1 knock out, 1 replicates for Mettle3 knock down, 2 replicates for MettI3 knock out, 2 replicates for Dux
+/-, 2 replicates for Dux-/-

Sequencing depth Paire-ends, 20-40M raw sequencing reads for each sample

Antibodies anti-H3K9me3 antibody (Abcam, #ab8898), anti-YTHDC1 antibody (CST, 77422), anti-SETDB1 antiody (Proteintech 11231-1-
AP)

Peak calling parameters Peaks were called by MACS2 with default parameters with just specify the genome "-g mm"

Data quality H3K9me3 ChIP-seq quality was performed by comparing to previous published dataset with pearson correlation > 0.8. And

we detect significant 18788 peaks. We detect 18525 peaks for peaks for YTHDC1 ChIP-seq data. Other QC filter are detailed
in the method part of the manuscript

Software ChlIP-seq reads were aligned to the mouse mm10 genome using bowtie247 with the options ‘-p 20-very-sensitive—end-to-
end—no-unal-no-mixed -X 2000’. The multimapped reads were kept for TE analysis, but only the best alignment is reported
for those reads, if more than one equivalent best alignment was found, then one random alignment was reported. Whereas
the reads mapping to mitochondrial DNA or unassigned sequences were discarded. The Bam files of biological replicates
were merged using samtools (version 1.9), and peaks were called using MACS (version 2.1.2). BigWig files were generated
using deeptools53 with the RPKM normalization method.

Flow Cytometry

Plots
Confirm that:
|Z| The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|Z| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation MERVL::tdTomato reporter mESCs were digested with 0.25% trypsin and resuspended by PBS with 1% FBS.
Instrument LSRFortessa flow cytometer (BD Biosciences)
Software FlowJo V10 software

Cell population abundance  One hundred thousand to distinguish the tdTomato positive and negative cells.

Gating strategy Using the DMSO treated cells as negative control.

E Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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