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Extended Data Fig. 8 | Clustering and methylation-expression correlation of
ICM-derived cells. a, UMAP visualization of clusters derived from the E5.5I1CM,
classified based on SmC-seq data. Fluidic chips with 10 pm-width microchannels
were used to generate the data. b, UMAP visualization of clusters derived from
the E6.5ICM, classified based on SmC-seq data. Fluidic chips with 10 pm-width
microchannels were used to generate the data. ¢, UMAP visualization of clusters
derived from the E7.5ICM, classified based on SmC-seq data. Fluidic chips with
10 pm-width microchannels were used to generate the data. d, Bright-field
images of a frozen section of E7.5 embryo. The tissue outlined by the red

dashed lineis derived from ICM. Scale bar, 200 um. e, Density plot showing

the correlation between DNA methylation levels at promoter regions and
corresponding gene expression levels for all genes across different clusters.
Thessolid line denotes the linear regression fit and the shaded area the

95% confidence interval. Rindicates Pearson’s correlation coefficient. Image
generated from a single experiment. R, correlation coefficient; ML, methylation
level; GE, gene expression; n_genes, number of genes. f, Density plot showing the
correlation between gene body methylation levels and gene expression levels
for all genes across the same clusters asin panel e. The solid line denotes the
linear regression fit and the shaded area the 95% confidence interval. Rindicates
Pearson’s correlation coefficient. g, Spatial distribution of promoter SmClevels
of Ctrcand its corresponding gene expression in an E7.5 embryo. Each pixel
represents al0 pm x 10 pm region. 5-pme-interval chips are used for this analysis.
h, Spatial distribution of promoter SmC levels of Gata4 and Hspa8 based on
merged spatial SmC data. i, Spatial distribution of average gene expression levels
of Gata4 and Hspa8 across corresponding clusters shown in panel h.
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Extended Data Fig. 9| DNA methylation dynamics and functional analysis
inepiblast cluster across developmental stages. a, Comparison of DNA
methylation levels of cluster 1 (epiblast) at different developmental stages
(E5.5,n=159; E6.5,n =91; E7.5=202). Boxes denote the interquartile range
(25th-75th percentiles), with the median marked inside. Whiskers extend to
the furthest observations within 1.5 x IQR from the quartiles. P value < 2.2e-16
indicates that the p value is smaller than the smallest positive floating-point
number that can be represented by the computer. b, Bar plot showing the
percentages of hyperDMRs and hypoDMRs identified by SmC-seq that overlap
with DMRs identified from published scNMT-seq data in mouse early embryo
during gastrulation at the corresponding stages. The numbers of hyperDMRs
and hypoDMRs detected by SmC-seq in epiblast cells from E5.5to E7.5 stages
areindicated above each bar. ¢, GO enrichment of genes associated with
hypomethylated differentially methylated regions (hypoDMRs) in cluster
1(epiblast) at the E7.5 stage compared to the E6.5 stage. reg., regulation.

Cluster 1 Cluster 2 Cluster 3
(Epi)  (ExEndo)

(ExVL)

Enrichment analysis was performed using the GREAT web tool with a
hypergeometric test.d, Genome browser view of DNA methylation levels of a
hypoDMRin cluster1(epiblast) at the E7.5 stage that are associated with Arap3.
Light blue shadow marks genomic region of the hypoDMR. Epi, epiblast. The
methylation levels of the highlighted region at the ES.5, E6.5, and E7.5 stages,
are 0.833,1,and 0.333, respectively. e-f, Comparison of DNA methylation levels
of pixels from different clusters at the E6.5 (Cluster 1, n = 91; Cluster 2, n = 28;
Cluster3=102) (e) and E7.5 (Cluster 1, n =202; Cluster 2, n =111; Cluster 3=209)
(f) stages. Boxes denote the interquartile range (25th-75th percentiles), with the
median marked inside. Whiskers extend to the furthest observations within

1.5 x1QR from the quartiles. P value < 2.2e-16 indicates that the p value is smaller
than the smallest positive floating-point number that canbe represented by

the computer. EXEndo, extra-embryonic endoderm; ExVL, extra-embryonic
visceral layer.
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Extended Data Fig. 10 | See next page for caption.
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Extended DataFig. 10 | Clustering, methylation dynamics, and spatial
distribution of maternal decidua. a, UMAP visualization of clusters in maternal
decidual tissues at different developmental stages, classified based on SmC-seq
data. b, Comparison of DNA methylation level among clusters classified based
on SmC-seq data of maternal decidual cells (M1, n = 264; M2, n = 1439; M4,
n=1837; M5, n=563; M6, n =355; M7, n =1569; M9, n =1300). The global DNA
methylation of pixels was calculated. Boxes denote the interquartile range
(25th-75th percentiles), with the median marked inside. Whiskers extend to the
furthest observations within 1.5 x IQR from the quartiles. Two-sided wilcoxon
rank-sum and signed rank tests were used. P value < 2.2e-16 indicates that the

p value is smaller than the smallest positive floating-point number that can

be represented by the computer. ¢, Spatial distribution of clustersinan E7.5

deciduaat10 um x 10 pm resolution. d, RNA velocity analysis of spatial RNA-seq
datafromanE7.5 deciduasection. Fluidic chips with 10 um-width microchannels
were used to generate the data. Each pixel represents a10 pm x 10 pm region.

e, UMAP visualization of spatial RNA-seq data from an E7.5 decidua section,
with the inferred differentiation trajectory of nutrient-supplier cell lineage.
The annotation of clusters is shown in panel d. f, Distribution of the number of
detected spliced (top) and unspliced (bottom) genes per pixel in the dataset
used for RNA velocity analysis. The x-axis shows the number of detected genes,
and the y-axis shows the number of pixels. g, Total spliced and unspliced
transcript counts across selected marker genesin the dataset used for RNA
velocity analysis.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

[ ] Adescription of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ 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)

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

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

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

OXX O O OX O OOS

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  No software was used for data collection.

Data analysis UMI-tools (version 1.1.2) was used to extract barcode information from the sequencing raw data. Trim Galore (version 0.6.6) was used to trim
adapter sequences from sequencing reads. ST pipeline v1.7.238 was used for the read alignment and gene expression matrix calculation for
RNA-seq data. Seurat v4.1.1 was used for RNA-seq data normalization, cell clustering, and cell type annotation. Bismark v0.23.0 was used for
mapping and downstream analysis of SmC-seq data. The packages in R (v.4.2.3) were used in this study, including prcomp, stats, umap,
clusterProfiler (v.4.6.2), enrichplot (v.1.18.4), org.Mm.eg.db (v.3.16.0), and biomaRt (v.2.54.1). ComplexHeatmap (v.2.14.0) was used for heat
map plotting. No custom algorithms or software were used in this study. Code repository: https://github.com/LiuLab888/spatial-5mC-project

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 and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The raw sequence data of SmC-seq and spatial RNA-seq reported in this paper have been deposited in the Genome Sequence Archive in National Genomics Data
Center China National Center for Bioinformation (Accession number: CRA023723, CRA023723)

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender No human participants are involved in this study.

Reporting on race, ethnicity, or  No human participants are involved in this study.
other socially relevant

groupings

Population characteristics No human participants are involved in this study.
Recruitment No human participants are involved in this study.
Ethics oversight No human participants are involved in this study.

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

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

Sample size No sample-size calculation was performed. Two biological replicates were performed for samples at each developmental stage.
Data exclusions  No data were excluded from the analyses.

Replication The distribution of 5mC levels should be comparable between two biological replicates of SmC-seq.
The annotated cell types and the spatial distribution of these cells should be similar between the two biological replicates of spatial RNA-seq.

Randomization  The samples were randomly allocated into experimental groups.

Blinding The investigators were blinded to group allocation.
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Plants

Antibodies

Involved in the study

Eukaryotic cell lines

n/a | Involved in the study

|Z |:| ChiIP-seq
|:| Flow cytometry

Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms

Dual use research of concern

Antibodies used

Validation

5-methylcytosine antibody (Abcam, #ab10805, clone:33D3), Mki-67 antibody (Proteintech, #28074-1-AP), Vimentin antibody
(Proteintech, #10366-1-AP), Alexa Fluor 647 anti-mouse CD31 antibody (Biolegend, #102415, clone: 390), Alexa Fluor 647 anti-
Cytokeratin (pan reactive) Antibody (Biolegend, #628604, clone: C-11), Donkey anti-mouse 1gG (H+L) highly cross-adsorbed
secondary antibody, Alexa Fluo 488 (Invitrogen, #A-21202), Donkey anti-rabbit I1gG (H+L) highly cross-adsorbed secondary antibody,
Alexa Fluor 555 (Invitrogen, #A-31572).

All primary antibodies used in this study have been validated for immunostaining in mouse tissues, according to the information
provided by the manufacturers. These antibodies have also been used in previously published studies. Detailed information is
available on the manufacturers’ websites.

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in

Research

Laboratory animals

Wild animals
Reporting on sex
Field-collected samples

Ethics oversight

Wild-type C57BL/6N mice at 6-week old were used in this study. E5.5, 6.5, E7.5, and E8.5 mouse embryos were collected for SmC-
seq and spatial-RNA sequencing.

Wild animals were not involved in this study.

The sex information of embryos was not collected.

The study did not involve samples collected from the field.

This study was approved by the Ethics Committee of the Institute of Biophysics, Chinese Academy of Sciences. The experimental
procedures and animal care in this study were carried out in accordance with the guidelines set by the Institutional Animal Care and

Use Committee (IACUC) the Institutional Committee on Biosafety & Experimental Animal Management at the Institute of Biophysics,
Chinese Academy of Sciences.

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

Plants

Seed stocks

Novel plant genotypes

Authentication

Plants are not involved in this study.

Plants are not involved in this study.

Plants are not involved in this study.
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