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Fig. S1. Sample count in fetal and adult groups across tissues and omics types.
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Fig. S2. Correlations between cell types based on gene expression signatures 
revealed distinct cell type class clusters.

(A-B) Heatmap showing the correlations of the cell types from adult (A) and fetal 
(B) cell types based on the expression of their top upregulated genes. The intensity of 
the heatmap shows the AUROC level between cell types. Colour blocks on the top of 
the heatmap represent tissues (first row from the top), biological systems (second 
row), cell types (third row) and cell type classes (fourth row).
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1
Tissue

ADRENAL_GLAND
BLOOD
BRAIN
COLON
ESOPHAGUS
EYES
HEART
KIDNEY
LIVER
LUNG
MUSCLE
OVARY
PANCREAS
SKIN
SMALL_INTESTINE
SPLEEN
STOMACH
TESTIS
THYMUS

System
Cardiovascular/Circulatory System
Central Nervous System
Digestive System
Endocrine System
Integumentary System
Lymphatic System
Muscular System
Optical System
Reproductive System
Respiratory System
Urinary System

Cell_Type_Class
Endothelial Cell
Epidermis
Epithelial Cell
Germline
Glial Cell
Hematocyte
Hepatocyte
Immune
Muscle
Neuron
Secretory
Stromal Cell

FETAL

TESTIS|Primordial Germ Cell
ESOPHAGUS|Epithelial Progenitor
KIDNEY|Proximal Tubule Progenitor Cell
SMALL_INTESTINE|Enterocyte
SMALL_INTESTINE|Endocrine Cell
PANCREAS|Alpha Cell
COLON|Neuron
ADRENAL_GLAND|Smooth Muscle Cell
SPLEEN|Urothelial Cell
KIDNEY|Erythroid Cell
BRAIN|Erythroid Cell Hbb High
SPLEEN|Erythroid Cell
THYMUS|Thyroid Follicular Cell
THYMUS|Dendritic Cell
STOMACH|Erythroid Progenitor Cell
SMALL_INTESTINE|Erythroid Cell
LIVER|Hepatocyte
HEART|Atrial Cardiomyocyte
HEART|Endocardial Cell
HEART|Ventricular Cardiomyocyte
THYMUS|Endocrine Cell
BRAIN|M2 Macrophage
BRAIN|Fibroblast Spod High
MUSCLE|Skeletal Muscle Cell
STOMACH|Endothelial Cell Tm4sf1 High
LUNG|Stromal Cell
ADRENAL_GLAND|Cytotrophoblast
SMALL_INTESTINE|Enterocyte Progenitor
MUSCLE|Mast Cell
LUNG|Proliferating Cell
LUNG|Lung Mesenchyme Cell
STOMACH|Pit Cell
SMALL_INTESTINE|Goblet Cell
SMALL_INTESTINE|Enterocyte Fabp1 High
KIDNEY|Collecting Duct Cell
LIVER|Hepatocyte Progenitor
PANCREAS|Acinar Cell
LUNG|Distal Progenitor Cell
LUNG|Endothelial Cell
STOMACH|Gastric Chief Cell
STOMACH|Endocrine Cell
SMALL_INTESTINE|Enterocyte Myo5b High
SMALL_INTESTINE|Gastric Chief Cell
HEART|Neuron
STOMACH|Endothelial Cell Ccl21 High
LUNG|Epithelial Cell
BRAIN|Neuron
BRAIN|Ependymal Cell
EYES|Muller Glia Cell
MUSCLE|Fibroblast
EYES|Cone Photoreceptor Cell
HEART|Smooth Muscle Cell
KIDNEY|S Shaped Body Medial Cell
KIDNEY|Nephrogenic Mesenchyme Cell
PANCREAS|Quiescent Stellate Cell
EYES|Stromal Cell
EYES|Horizontal Cell
SMALL_INTESTINE|Intestinal Endocrine Cell
ADRENAL_GLAND|Chromaffin Cell
SPLEEN|Neutrophil
LIVER|Epithelial Cell
ADRENAL_GLAND|Epithelial Cell Clca1 High
THYMUS|Stromal Cell
THYMUS|Proliferating T−Cell
THYMUS|Smooth Muscle Cell
LIVER|Stromal Cell
MUSCLE|Stromal Cell
BRAIN|Excitatory Neuron
OVARY|Exocrine Cell
SKIN|M2 Macrophage
COLON|Fibroblast Dcn High
ESOPHAGUS|Smooth Muscle Cell
SKIN|Osteoblast
CORD_BLOOD|Naive B Cell
CORD_BLOOD|B Cell
CORD_BLOOD|T−Cell
CORD_BLOOD|Naive T−Cell
CORD_BLOOD|HSC
SKIN|Erythroid Cell Ahsp High
TESTIS|Endothelial Cell
CORD_BLOOD|Granulocytes
CORD_BLOOD|Monocyte Tppp3 High
CORD_BLOOD|Plasmacytoid Dendritic Cell
CORD_BLOOD|NK Cell
CORD_BLOOD|Myeloid Cell
LIVER|Fibroblast Dcn High
OVARY|Erythroid Cell
EYES|Fibroblast Postn High
KIDNEY|Interstitial Cell Postn High
EYES|Erythroid Cell
EYES|Stromal Cell Aspn High
EYES|Retinal Progenitor Cell Fabp7 High
EYES|Neutrophil
TESTIS|Differentiating Spermatogonia
TESTIS|Leydig Cell
PANCREAS|Ductal Cell
ESOPHAGUS|Endothelial Cell
COLON|Endothelial Cell
SMALL_INTESTINE|Endothelial Cell
STOMACH|Endothelial Cell
THYMUS|Neutrophil
OVARY|Epithelial Progenitor
TESTIS|Spermatogonial Stem Cell
OVARY|Fibroblast
COLON|Smooth Muscle Cell
COLON|Enterocyte Progenitor
COLON|Erythroid Progenitor Cell
COLON|Proliferating Cell
ESOPHAGUS|Fibroblast
ESOPHAGUS|Neuron
KIDNEY|Distal Tubule Progenitor Cell
COLON|Mesothelial Cell
SKIN|Melanocyte
ESOPHAGUS|Fibroblast Dcn High
ESOPHAGUS|Myeloid Cell
EYES|Ganglion Cell
ESOPHAGUS|Epithelial Cell
COLON|Epithelial Cell
OVARY|Endothelial Cell
TESTIS|Late Primary Spermatocyte
LUNG|Alveolar Epithelial Cell
EYES|Epithelial Cell
TESTIS|Early Primary Spermatocyte
OVARY|Stromal Cell
COLON|Enterocyte
SMALL_INTESTINE|Enterocyte Guca2a High
SMALL_INTESTINE|Enterocyte Progenitor Apoa4 High
BRAIN|Proliferating Glia
BRAIN|Pericyte
SMALL_INTESTINE|Myofibroblast
MUSCLE|MSC
ADRENAL_GLAND|Zona Fasciculata Cell
MUSCLE|Erythroid Cell
ADRENAL_GLAND|Zona Fasciculata Cell Gsta1 High
HEART|Atrial Cardiomyocyte MT−Gene High
BRAIN|Proliferating Cell
BRAIN|Astrocyte
SPLEEN|Stromal Cell
SMALL_INTESTINE|Neuron
STOMACH|Neuron
HEART|Atrial Cardiomyocyte Nppa High
MUSCLE|Fast Skeletal Muscle Cell
MUSCLE|Smooth Muscle Cell
ADRENAL_GLAND|Adrenocortical Cell
BRAIN|Fibroblast Dcn High
BRAIN|Endothelial Cell
BRAIN|Granule Cell
HEART|Fibroblast Penk High
SPLEEN|Endothelial Cell
SPLEEN|Immature Podocyte
HEART|Fibroblast Postn High
HEART|Fibroblast
SMALL_INTESTINE|Fibroblast Prkch High
SMALL_INTESTINE|Paneth Cell
ADRENAL_GLAND|Endothelial Cell
ADRENAL_GLAND|Ciliated Cell
HEART|Vascular Smooth Muscle Cell
HEART|Endothelial Cell
KIDNEY|B Cell
PANCREAS|T−Cell
STOMACH|Macrophage
HEART|Megakaryocyte
THYMUS|Activated T−Cell
HEART|Erythroid Cell
LUNG|Stratified Epithelial Cell
THYMUS|Erythroid Cell
EYES|Retinal Pigment Epithelal Cell Mlana High
STOMACH|Fibroblast Fbln1 High
SMALL_INTESTINE|Stratified Epithelial Cell
KIDNEY|Intercalated Cell
STOMACH|Proliferating Cell
SKIN|Dermis Fibroblast
TESTIS|Sertoli Cell
SKIN|Mesenchymal Cell
SKIN|Proliferating Cell
COLON|Stromal Cell
COLON|Goblet Cell
SKIN|Stromal Cell
PANCREAS|Fibroblast Dcn High
PANCREAS|Erythroid Cell
LUNG|Fibroblast Dcn High
LUNG|Smooth Muscle Cell
EYES|Proliferating Cell
ESOPHAGUS|Stromal Cell
COLON|MSC
SMALL_INTESTINE|Fibroblast Mgp High
STOMACH|Smooth Muscle Cell
SMALL_INTESTINE|Fibroblast Dcn High
KIDNEY|Interstitial Progenitor Cell
KIDNEY|Podocyte
OVARY|Primordial Germ Cell
CORD_BLOOD|Monocyte Cxcl8 High
LIVER|Erythroid Progenitor Cell
LUNG|Erythroid Cell
CORD_BLOOD|Erythroid Cell
THYMUS|Erythroid Cell Hbb High
THYMUS|Epithelial Progenitor
CORD_BLOOD|Megakaryocyte
CORD_BLOOD|Neutrophil Camp High
CORD_BLOOD|Neutrophil Mmp9 High
SPLEEN|Macrophage
BRAIN|Microglia
THYMUS|Neutrophil Lyz High
LIVER|T−Cell
LIVER|Monocyte
LIVER|Kupffer Cell
PANCREAS|Monocyte
KIDNEY|Endothelial Cell Plvap High
KIDNEY|Dendritic Cell
EYES|Vascular Epithelial Cell
COLON|Macrophage
PANCREAS|Macrophage
SKIN|Vascular Endothelial Cell Sele High
OVARY|Smooth Muscle Cell
KIDNEY|T−Cell
ESOPHAGUS|T−Cell
SKIN|Neutrophil
COLON|Erythrocyte
ESOPHAGUS|Erythroid Cell
COLON|Erythroid Cell
TESTIS|Erythroid Progenitor Cell
SKIN|Erythroid Cell Hbd High
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Fig. S3. Correlations between cell types based on TF signatures revealed similar 
clustering patterns.

(A-B) Heatmap showing the correlations of the cell types from adult (A) and fetal 
(B) cell types based on the expression of the TF signatures of each cell type. The 
intensity of the heatmap shows the AUROC level between cell types. Colour blocks 
on the top of the heatmap represent tissues (first row from the top), biological 
systems (second row), cell types (third row) and cell type classes (fourth row).



Fig. S4
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Fig. S4. Phenotype or disease trait associations. Forest plot showing the 
associations of phenotype or disease traits in selected cell type classes of scRNA-seq 
data for both adult and fetal tissues. The X-axis displays the odds ratio of each trait, 
and the colors of the points represent cell type classes.



Fig. S5
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TRAV25.TRAJ37.TRAC_TRBV6−5.TRBJ1−1.TRBD1.TRBC1
TRAV26−2.TRAJ34.TRAC_TRBV13.TRBJ2−7.TRBD2.TRBC2
TRAV30.TRAJ58.TRAC_TRBV19.TRBJ1−6.TRBD1.TRBC1
TRAV38−2DV8.TRAJ29.TRAC_TRBV19.TRBJ1−1.None.TRBC1



Fig. S5. Landscape of clonal expansion patterns across tissues.

(A) tSNE of the tissues from the multi-modal tissues of the scImmune-profiling data. 
Colors indicate clonal type expansion groups of the cells. Cells not present in the T 
or B repertoires are colored gray (NA group). Tissues with too few cells present in 
the T or B repertoires were filtered (i.e., bile duct and kidney) in the main analysis.

(B) Stacked bar plots revealing the overall clonal expansion landscapes of the T and 
B-cell repertoires. Colors represent clonal type groups.

(C) Alluvial plot showing the top clonal types in T-cell repertoires and their 
proportions shared across tissues containing these clonotypes. Colors represent 
clonotypes.
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Fig. S6. Pseudotime heatmaps of MSC lineage cell types in the adult and fetal 
colon.

(A-B) Pseudotime trajectory of each cell type in the MSC lineage of adult (A) and 
fetal (B) colons. The color represents the cell type, and the violin plots represent the 
density of cells across pseudotime.
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Fig. S7. Comparison of DE gene overlaps between bulk RNA-seq, scRNA-seq 
and WGS.

(A) Chromosomal positions of the top 10 eGenes in colon transverse bulk RNA-seq 
data. Gene names and their SNP rsid are shown.

(B) Chromosomal positions of the top 10 sGenes in colon transverse bulk RNA-seq 
data. Gene names and their SNP rsid are shown.

(C) Stacked bar plot showing the number of shared DE genes of the bulk RNA-seq 
data and the scRNA-seq data with the genes of the top eQTLs and sQTLs. The color 
represents the omics type.

(D) Stacked bar plot showing the number of shared DE genes across the bulk RNA-
seq data, the scRNA-seq data, genes of the top eQTLs and sQTLs. Colors represent 
the cell types to which the genes belonged with reference to the DE genes of the cell 
types in the scRNA-seq data.
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Fig. S8. Comprehensive workflow for scATAC-Seq data analyses in SCA V1.0.0.


