
Supplementary Figure Legends 

Supplementary Figure 1. Presentation of tumor site and imaging of the 

samples. A, Sampling site of the patient: All the samples originated from one 

patient simultaneously. The primary carcinoma and lymph node (LN) 

metastasis were obtained from the cytoreductive nephrectomy and the bone 

metastasis was obtained from the spinal biopsy. B, Representative 

preoperative and postoperative computed tomography (CT) of the patient 

undergoing cytoreductive nephrectomy and spinal biopsy. Contrast-enhanced 

CT was used for preoperative evaluation and plain CT was used for 

postoperative follow-up. 

  



Supplementary Figure 2. Profile of t-SNE plot of single-cell RNA-seq data 

and the cell type classification. A, t-SNE plot of the 15208 cells shows the 

formation of primary tumor(n=4984), LN metastasis(n=3568) and bone 

metastasis(n=6656), each dot representing one single cell. B, t-SNE plot of the 

15208 cells shows the formation of 16 clusters which were labelled by different 

colors. All the clusters are Cancer1~4, CSC, Osteoclast, B Cell, Macrophage, 

Monocyte, k-NKT, T cell, VEC, VSMC, Lymphatic EP, kidney EP and RBC. C, 

t-SNE plot shows the expression of specific marker genes identifying the 16 

clusters. Markers for cancer 1 : genes encoding Complement Factor D(CFD), 

Cysteinyl Leukotriene Receptor 2(CYSLTR2); For Cancer 2 : genes encoding 

Heat Shock Protein Family A (Hsp70) Member 6(HSPA6), UDP-Glucose 

Ceramide Glucosyltransferase(UGCG); For Cancer 3 : genes encoding 

Chromosome 12 Open Reading Frame 75(C12orf75), Serum Amyloid 



A1(SAA1); For Cancer 4 : genes encoding Napsin Aspartic Peptidase(NAPSA), 

C-X-C Motif Chemokine Ligand 14(CXCL14); For CSC : genes encoding 

C-X-C Motif Chemokine Ligand 14(UBE2C), Centromere Protein F(CENPF); 

For Osteoclast : genes encoding Secreted Frizzled Related Protein 4(SFRP4), 

Lumican(LUM); For B cells : genes encoding Marginal Zone B And B1 Cell 

Specific Protein(MZB1), Immunoglobulin Heavy Constant Gamma 1(IGHG1); 

For Macrophage : genes encoding CD14 Molecule(CD14), CD14 

Molecule(CD68); For Monocyte : genes encoding Ficolin 1(FCN1), S100 

Calcium Binding Protein A12(S100A12); For k-NKT : genes encoding T Cell 

Receptor Delta Constant(TRDC), Granulysin(GNLY); For T cells : genes 

encoding CD3e Molecule(CD3E), CD3d Molecule(CD3D); For VEC : genes 

encoding Platelet And Endothelial Cell Adhesion Molecule 1(PECAM1), 

Plasmalemma Vesicle Associated Protein(PLVAP); For VSMC : genes 

encoding Plexin Domain Containing 1(PLXDC1), Myosin Heavy Chain 

11(MYH11); For Lymphatic epithelial : genes encoding Neurotrimin(NTM), 

Periostin(POSTN); For kidney epithelial cells : genes encoding Claudin 

10(CLDN10), Anterior Gradient 2, Protein Disulphide Isomerase 

Family (AGR2); For RBC : genes encoding Hemoglobin Subunit Alpha 

2(HBA2), Hemoglobin Subunit Alpha 1(HBA1). 

  



Supplementary Figure 3. Chromosomal transcriptional heterogeneity 

between malignant and nonmalignant cells. A, t-SNE plot of four 

nonmalignant cell clusters(VSMC, VEC, lymphatic epithelial and kidney 

epithelial cell) and five malignant cell clusters(cancer1~4 and CSC). B, 

Chromosomal heatmap of inferred large-scale Copy Number Variations 

(inferCNV, see methods) shows the copy number variation difference between 

malignant and nonmalignant cells. Copy number changes were inferred in 23 

chromosomes(columns) for five cluster cells(rows) .  





Supplementary Figure 4. Profile of cancer and CSC subclusters. A, 

Subclusters of cancer and CSC identified by distinctively expressed marker 

genes labelled with different colors. The CSC cluster was further divided to 

CSC-1 and CSC-2, meanwhile the cancer clusters were divided to C1-1, C1-2, 

C1-3, C2-1, C2-2, C2-3, C3-1, C3-2, C4-1, C4-2 and C4-3. B, The bar plot 

(from left to right) depicts the fractions of 13 subclusters classified in cancer 

and CSC cluster and the corresponding number of cells and transcripts. C, 

The expression of specific marker genes identifies the subclusters of cancer 

and CSC clusters. For CSC-1: genes encoding Cyclin Dependent Kinase 

1(CDK1), SPC24 Component Of NDC80 Kinetochore Complex(SPC24); For 

CSC-2 : genes encoding PCNA Clamp Associated Factor(KIAA0101), 

Hyaluronan Mediated Motility Receptor(HMMR); For Cancer 1-1: genes 

encoding Glutathione S-Transferase Alpha 1(GSTA1), Glutathione 

S-Transferase Alpha 2(GSTA2); For Cancer 1-2 : genes encoding EPH 

Receptor A7(EPHA7), Claudin 7(CLDN7); For Cancer 1-3 : genes encoding 

Cellular Communication Network Factor 5(WISP2), Microfibril Associated 

Protein 4(MFAP4); For Cancer 2-1 : genes encoding Heat Shock Protein 

Family A (Hsp70) Member 6(HSPA6), BCL2 Associated Athanogene 3(BAG3); 

For Cancer 2-2: genes encoding Insulin Like Growth Factor Binding Protein 

5(IGFBP5), Lysyl Oxidase(LOX); For Cancer 2-3 : genes encoding Mesoderm 

Specific Transcript(MEST), Galanin And GMAP Prepropeptide(GAL); For 

Cancer 3-1 : genes encoding Serum Amyloid A1(SAA1), Midkine(MDK); For 

Cancer 3-2 : genes encoding Cytochrome B5 Type A(CYB5A), 

Calnexin(CANX); For Cancer 4-1 : genes encoding Calnexin(NAPSA), Folate 

Receptor 1(FOLR1); For Cancer 4-2 : genes encoding Tryptophanyl-TRNA 

Synthetase(WARS), Ubiquitin D(UBD); For Cancer 4-3 : genes encoding 

PKHD1 Ciliary IPT Domain Containing Fibrocystin/Polyductin(PKHD1), 

Phosphodiesterase 7A(PDE7A).D, The violin plot shows the co-expression of 

marker genes from CDRCC and CCRCC CSCs. ENG,CXCR4 and ALDH1A1 

are the markers of CCRCC CSCs and the MKI67, 



TOP2A,CENPF,CDK1,UBE2C and KIAA0101 are the markers of CDRCC 

CSCs. 

  



 

Supplementary Figure 5. Expression of CSC markers in CDRCC 

subclusters. A, Featureplot shows the expression of specific marker genes 

identifies the subclusters of CDRCC CSC clusters from our research. B, 

Featureplot shows the expression of specific marker genes of CCRCC CSC in 

the literature in CDRCC subclusters.  

 



Supplementary Figure 6. RNA velocity elucidated the differentiation 

kinetics of CSC to cancer subclusters. A,B, Monocle pseudeotime 

trajectory predicting the potential evolution of CSC to cancer clusters, the 

arrows represent the direction of cell differentiation. C, Velocity field showing in 

the t-SNE plot among CSC and Cancer subclusters. The directions of arrows 

represent the future state of the cells. 

  



Supplementary Figure 7. GSEA plot showing the enrichment of the signal 

pathway between CSC and Cancer clusters(Cancer1~4). The signal 

pathway of DNA replication, Cell cycle, SPLICEOSOME and Adhesion 

Molecules Cams were enriched in the CSC cluster, nevertheless signal 

pathway, such as MAPK, RIBOSOME, Toll Like Receptor, ENDOCYTOSIS 

and ERBB signal pathway were enriched in Cancer clusters(p<0.01). 

  



Supplementary Figure 8. The expression difference of CSC related genes. 

A,Violin plot shows the expression level of the CSC related genes in CSC, 

Cancer and nonmalignant clusters. B, The CSC-related genes reported in the 

previous literature show significant differences in our single-cell 

data(P<0.01)(Supplementary Table 7). 

  



Supplementary Figure 9. Potential therapeutic responses for human 



CDRCC to molecular targeted therapy. A, Violin plot shows the expression 

of target genes for the common targeted drugs in CSC, Cancer and 

nonmalignant clusters. B, Immunohistochemical images show the expression 

of targeted drug associated genes PARP1, PIGF, HDAC2, FGFR3 in the 

samples of CDRCC using the 40× objective. C, Double immunofluorescence 

staining was performed with the CSC related gene CENPF and the targeted 

drug associated genes as described in (B), and the fluorescence of the two 

dyes overlapped. 

 

 

 

 


