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Extended Data Figure 1 | Developmental classification of somatic mutations and integrated
single-cell analysis workflow. a, Framework schematic used to assign variants to four
developmental timing categories based on their distribution across germ layers, tissues, and cell
types. b, Overview of the single-cell variant calling and expression-integration pipeline applied
to mouse, human, and colon cancer datasets. FASTQ files were aligned to generate BAM files,
followed by variant calling using the SComatic workflow to obtain per-cell SNV callsets. After
filtering and developmental classification, mutations were quantified for downstream burden
analyses. Gene expression profiles derived from aligned reads were paired with SNV calls,
enabling joint analysis of mutation burden and transcriptional state at the single-cell level.
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Extended Data Figure 2 | Developmental origin of somatic mutations. a, Boxplots showing
mean contribution of mutations assigned to embryoblast, germ layer—specific, tissue-specific,
and postnatal stages in mice. b, Boxplots showing mean contribution of mutations assigned to
embryoblast, germ layer—specific, tissue-specific, and postnatal stages in humans.
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Extended Data Figure 3 | External Validation of the SComatic model. a, Average mutation
rates (mutations per kilobase per cell) are shown for individual colon cancer donors stratified by
microsatellite status (MSI-H vs. microsatellite stable, MSS). Healthy tissue (blue) and tumor
tissue (orange bars) indicate per-donor samples, with error bars representing standard error of the
mean (***p<0.001). b, 96-class mutational spectra showing the distribution of substitutions
across all trinucleotide contexts in mouse. ¢, 96-class mutational spectra showing the distribution
of substitutions across all trinucleotide contexts in humans.
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Extended Data Figure 4 | Transcriptional activity is associated with somatic mutation
burden and genome-wide mutation—expression relationships across species. a, Violin plots
showing per-cell mutation burden (log scale) stratified by transcriptional activity tertiles in mice.
b, Violin plots showing per-cell mutation burden (log scale) stratified by transcriptional activity
tertiles in humans. ¢, PCA of tissue-specific mutation spectra in mice. Each point represents the
aggregate mutational profile of a tissue, with colors denoting tissue identity. d, PCA of tissue-
specific mutation spectra in humans. Each point represents the aggregate mutational profile of a
tissue, with colors denoting tissue identity. e, Histograms of Pearson correlation coefficients (r)
between gene expression and mutation burden across all genes in mice. f, Histograms of Pearson
correlation coefficients (r) between gene expression and mutation burden across all genes in
mice.
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Extended Data Figure S | Gene expression—mutation correlations identify conserved
functional pathways across species. a, Volcano plot showing the relationship between gene
expression and somatic mutation burden in mice. Each point represents a gene; the x-axis
indicates the Pearson correlation coefficient between expression and mutation burden, and the y-
axis shows statistical significance (—log10 p-value). Genes with positive correlations are shown
in red and those with negative correlations are shown in blue. b, Volcano plot in humans. ¢, GO
enrichment analysis of expression—mutation correlations in mice. Bar plots display the top 10

positively (red) and negatively (blue) enriched pathways d, GO enrichment analysis of
expression—mutation correlations in humans.
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Extended Data Figure 6 | Global gene ontology enrichment network of transcriptional
changes in mice. Enrichment map analysis of GO terms derived from gene expression
associated with mutation burden of individual cells. Each node represents a GO term, with node
size proportional to the number of associated genes and edges indicating functional similarity.
Terms are colored by regulation status, with blue nodes denoting pathways downregulated with
higher mutation burden and coral nodes denoting pathways upregulated with higher mutation
burden. Top left boxed inset shows top 5 up- and top 5 down- regulated clusters.
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Extended Data Figure 7 | Global gene ontology enrichment network of transcriptional
changes in humans. Enrichment map analysis of GO terms derived from gene expression
associated with mutation burden of individual cells. Each node represents a GO term, with node
size proportional to the number of associated genes and edges indicating functional similarity.
Terms are colored by regulation status, with blue nodes denoting pathways downregulated with
higher mutation burden and coral nodes denoting pathways upregulated with higher mutation
burden. Top left boxed inset shows top 5 up- and top 5 down- regulated clusters.



Nature Submission: Confidential

E o S
I Bladder % € I} O
] Fat X 3% % 2 5§ & >
[ Heart A B 2 3 € &
) 2 2 o = ¢ 5 & » S
[ Kidney 5% % 582 , & & &0
M Large Intestine . 2% 2.% T3S S 9 _\? $ ,\%@
O Limb Muscle %, XA Eo53 8 § & S &
B Liver %/' 43%‘%%'z\m ‘é’,é.i_:g I S & bé)So
i 0.9 %22 0 Q2888 £ F &N 0.
[ Lung %, %0088 SE 008 S & &
I Mammary Gland %% 'l/f_s” &&= B SEE <€ > o
] Marrow % %, X7 S © ge®
I Pancreas coe,‘ Z’Oo \ QV‘\)%&\\ o \):
I Skin a6 Loy ) \ BRI
=\ O’
[ Spleen 70@/// ‘ 0‘\1\\&\0 e\ o
alvg K oSl (O 4 C xe!
[ Thymus "4, mq 7‘067// yeSacoyr™
B Tongue “3Sicay , Phage’ e
lung ﬁbro%OCyfe B cell _
intermediat las —.bladder urothelial cell
€ monocyte e Eladger cell
eratino
lung macrop:\_agee“ g)plgerm:csyg)a;sal cell
mature NK i 2 y’”OCyte
“eu“o‘:;\]\e Z % Oprof Ssion,
O A al,
L N o8 t, AP cgyy
0“_0\355 o %0@\\\\ 1 [ '0/96‘ G'J”bf%“yr
W Q e
s 1 AR o
S T T I e 5
KR @Q}@oébci§§\ 1| (1) o % 4%, 9/0,5@?- 7%
L L L TOPT52=008B % 0? L %
TP SLICEEETE B Y K& %
ST T~ep0°33220 3 7 ° S~
N Y M ER LS
TESFIgeLE s 2%
® 35860 e e -
& éf c.g w O %’%- = '5’3
€ 8§88 3 %
2 %
b [ Bladder %—o. ’g
[ Blood Z Q%
[ Fat 03222 3T = o S
°
[ Limb Muscle o %%, B a '§ s £
D, %22 E L o & >
[ Lung 3. ¢ = 9 ¢ @
S, <. S5 £ EN & (S
[ Lymph Nod %5 .%83 9 ¢ SO
ymph Node S 5532828 § & & o
[ Marrow S %%4% 2 £ § & A &
[ Spleen 0 %, 2 & g R @
I Tongue e, %, 4 E g X
g %, % &
T @
ge y ce/?// sce o
D4, Ce/y oo
» ap Tcell/ 50
CDB-\'-, aBT
cell e mast cell
—=CD4+, a8 T cell
T cell Squamous epithelial cell
ocyte 4cro
\ass'\ca\ 11299 7 Phag
oo "rop,
oo o035, St
« 3 B, Cey
S s,
0&’« S; 2 (/éo o
KL D o, Yy
O £ & S5 _. 3 Q¥
Q\ o= 3 0 % %
& o o ®© 2 X %,
& S2FFe 8 2% %
B Q 2a 3 9 2 [
NG xQ ~ - 2 o) [8) ped Q,
Qb N % (oY 8 S % % 2 “
o %° T @ Q
R g + ~E § £ %
) S 9FT o ®
(S =
K
[

Extended Data Figure 8 | Lineage programs shape
a, Chord diagram shows commonly altered GO-terms

somatic mutation burden across tissues.
associated with mutation burden across

cell types in mice. Chord-width reflects larger overlap. b, Chord diagram shows commonly
altered GO-terms associated with mutation burden across cell types in humans.
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Extended Data Figure 9 | Cross-cell-type functional similarity based on shared GO-term
enrichment. a, Pearson correlation heatmap showing functional similarity among mouse cell
types, calculated from NES of significantly enriched GO terms. Each cell type’s GO profile was
derived from ranked gene expression values and summarized by its NES across biological
processes. Correlations were computed between all pairs of cell types based on these NES
vectors, reflecting the extent of shared functional programs. Red indicates positive correlation
(shared enrichment for similar biological processes), and blue indicates negative correlation
(divergent functional profiles). b, Pearson correlation heatmap showing functional similarity
among human cell types, calculated from NES of significantly enriched GO terms.
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