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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 E5.5 ICM, 
classified based on SmC-seq data. Fluidic chips with 10 μm-width microchannels 
were used to generate the data. b, UMAP visualization of clusters derived from 
the E6.5 ICM, classified based on SmC-seq data. Fluidic chips with 10 μm-width 
microchannels were used to generate the data. c, UMAP visualization of clusters 
derived from the E7.5 ICM, classified based on SmC-seq data. Fluidic chips with  
10 μm-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 line is derived from ICM. Scale bar, 200 μm. e, Density plot showing 
the correlation between DNA methylation levels at promoter regions and 
corresponding gene expression levels for all genes across different clusters.  
The solid line denotes the linear regression fit and the shaded area the  

95% confidence interval. R indicates 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 as in panel e. The solid line denotes the 
linear regression fit and the shaded area the 95% confidence interval. R indicates 
Pearson’s correlation coefficient. g, Spatial distribution of promoter 5mC levels 
of Ctrc and its corresponding gene expression in an E7.5 embryo. Each pixel 
represents a 10 μm × 10 μm region. 5-μm-interval chips are used for this analysis. 
h, Spatial distribution of promoter 5mC levels of Gata4 and Hspa8 based on 
merged spatial 5mC 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 
in epiblast 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 × 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 E5.5 to E7.5 stages 
are indicated above each bar. c, 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. 

Enrichment analysis was performed using the GREAT web tool with a 
hypergeometric test. d, Genome browser view of DNA methylation levels of a 
hypoDMR in cluster 1 (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 E5.5, 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; 
Cluster 3 = 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 × 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. 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 Data Fig. 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 × 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. c, Spatial distribution of clusters in an E7.5 

decidua at 10 μm × 10 μm resolution. d, RNA velocity analysis of spatial RNA-seq 
data from an E7.5 decidua section. Fluidic chips with 10 μm-width microchannels 
were used to generate the data. Each pixel represents a 10 μm × 10 μm 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 genes in the dataset used for RNA 
velocity analysis.
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