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Supplementary Figure S1. EMT trajectories and states in the TCGA and MET500 

datasets. (a) Expression of epithelial/mesenchymal markers along the EMT pseudotime 

derived from single cell data. Each dot represents a TCGA sample and is coloured according 
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to the assigned EMT state. (b) Heat map highlighting the pan-cancer expression of known 

EMT markers (coloured by their state-specificity). (c) Fraction of samples correctly assigned 

to the original HMM state with increasing levels of gene expression noise in the original data. 

(d) Accuracy of predicting the original HMM states with increasing levels of gene expression 

noise in the original data. (e) EMT scores of the MET500 (red points) and TCGA (blue points) 

samples plotted along the EMT pseudotime derived from single cell data. (f) EMT scores of 

the CCLE samples plotted along the EMT pseudotime. (g) EMT scores compared across 

tissues and between EMT macro-states. (h) Relation between the EMT states and the clinical 

cancer stage, computed using Chi-square statistics. The circles represent the associations 

between EMT states and cancer stage (early/late). The colour and size define the strength of 

the association.  
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Supplementary Figure S2. Tumour extrinsic properties in relation to EMT. (a) Scatter 

plot of tumour purity values (y axis) against EMT scores (x axis). Every dot corresponds to a 

sample and is coloured according to the EMT macro-state. The Pearson correlation coefficient 
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and p-value of the association are also displayed. (b-c) Tumour purity compared between 

discrete states of low and high stage of EMT transformation pan-cancer (EMT score<0 – low 

stage; EMT score>0 – high stage). (c) Tumour purity compared between the three discrete 

EMT macro-states pan-cancer. (d) The results of the multinomial logistic regression models 

trained to predict EMT state based on non-cancer cell infiltration. The x-axis displays the 

ssGSEA scores of a specific microenvironmental component. The y-axis visualizes the 

probability of a sample being predicted to belong to a specific EMT state (EPI/hEMT/MES). 

Every dot is a TCGA sample. (e) Tumour microenvironment composition compared between 

the three EMT macro-states. (f) Active fibroblasts infiltration levels (quantified based on the 

COL11A1 signature) compared between the three EMT macro-states.  (g) Hypoxia scores 

compared between the three EMT macro-states pan-cancer.  (h) Correlation heat maps of the 

stemness scores assessed in this study. The strength of the Pearson correlation is highlighted 

by the colour gradient. (i) Stemness scores compared between each EMT state.  
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Supplementary Figure S3. Mutational signatures across EMT states. (a) Mutational 

contribution of SBS16 compared between EMT states. (b) Mutational contributions across 

TCGA samples for signatures derived as important in determining EMT by linear modelling 

without accounting for the tissue effect. EMT scores are reported in the top panel and samples 

are sorted according to these scores. Each value in the heatmap represents the contribution 

of a specific signature to the genome in one sample. (c) Mutational contributions compared 

between samples in the three EMT macro-states for selected signatures. 
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Supplementary Figure S4. Discovery of genomic alterations linked with the EMT macro-

states. (a) ROC curves of the MES vs EPI lasso model predictions based on genomic markers 

obtained via the lasso procedure. (b) ROC curves of the MES vs EPI predictions based on 

genomic markers obtained with the lasso procedure and tested using different machine 
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learning approaches. (c) ROC curves of the MES vs EPI lasso model predictions based on 

genomic markers obtained with the random forest procedure. (d) ROC curves of the MES vs 

EPI predictions based on genomic markers obtained with the random forest procedure and 

tested using different machine learning approaches. (e-h) Same as (a-d) but for the hEMT vs 

EPI model. (i-l) same as (a-d) but for the MES vs hEMT model. (m) Venn diagram highlighting 

common and specific genomic markers in the MES vs EPI comparison obtained using the 

lasso and random forest models, respectively. (n) Venn diagram highlighting common and 

specific genomic markers in the hEMT vs EPI comparison obtained using the lasso and 

random forest models, respectively. (o) Venn diagram highlighting common and specific 

genomic markers between the EMT state comparison models built using lasso. (p) Gene 

ontology terms enriched in the list of genes that distinguish the hEMT from the EPI group. (q) 

Gene ontology terms enriched in the list of genes that distinguish the MES from the EPI group.    
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Supplementary Figure S5. Characterization of the genomic alterations linked with the 

EMT macro-states. (a-b) Partial dependence charts of selected gene markers from the hEMT 

vs EPI comparison model. The probability of a sample belonging to the hEMT group (y-axis) 
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is plotted against (a) different levels of copy number (numbers <0 indicate losses; 0=copy 

number neutral; numbers >0 indicate gains) or (b) the presence of mutations (0/1: 

absent/present). (c) Chromosomal arm events distinguishing the hEMT and EPI states. 

Boxplots highlight the coefficients derived from the lasso analysis (hEMT vs EPI) of the 

chromosomal arm events. The horizontal bar plots in the middle panels indicate the pan-

cancer percentage of samples with an amplification (red) or deletion (blue) of a specific 

chromosomal arm. The balloon chart on the right highlights the associations between cancer 

hallmarks and the chromosomal arm events. Only significant associations are displayed. (d) 

Partial dependence charts of the MES vs EPI gene markers. The probability of a sample 

belonging to the MES   group (y-axis) is plotted against different levels of copy number 

(numbers <0 indicate losses; 0=copy number neutral; numbers >0 indicate gains) or the 

presence of mutations (0/1: absent/present). (e) Chromosomal arm events distinguishing the 

MES and EPI states. Boxplots depict the coefficients derived from the lasso analysis (MES vs 

EPI) of the chromosomal arm events. The horizontal bar plots in the middle panels indicate 

the pan-cancer percentage of samples with an amplification (red) or deletion (blue) of a 

specific chromosomal arm. The balloon chart on the right highlights the associations between 

cancer hallmarks and the chromosomal arm events. Only significant associations are 

displayed. 
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Supplementary Figure S6. Proteomic profiling across the EMT states in TCGA. (a) 

Protein expression levels of canonical EMT markers compared between EPI, hEMT and MES 

states. (b) Proteins with significantly different expression between hEMT and EPI states. The 

x-axis and y-axis contain the OR and p-values obtained from the logistic regression analysis, 

respectively. (c) Proteins with significantly different expression between MES and EPI states. 
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The x-axis and y-axis contain the OR and p-values obtained from the logistic regression 

analysis, respectively. Panels (d-g) depict the results of gene ontology enrichment on: (d) up-

regulated proteins between hEMT and EPI, (e) down-regulated proteins between hEMT and 

EPI, (f) up-regulated proteins between MES and EPI, (g) down-regulated proteins between 

MES and EPI. 
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Supplementary Figure S7. EMT states and genomic features of lung and breast cancers. 

(a) Top: results of slingshot analysis of EMT trajectories using the A549 cell line data. The 

samples in each cluster are highlighted using different colours. Bottom: results of slingshot 
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analysis of EMT trajectories using the TCGA LUAD samples. Panels (b-c) display circular heat 

maps with copy number amplifications (b) and deletions (c) significantly associated EMT 

clusters in TCGA LUAD. The colour of each tile corresponds to the number of samples with 

alterations in the respective cluster. The circles inside the modules highlight the EMT scores 

of the TCGA samples in each cluster in the cases where the association between the genomic 

event and EMT cluster is significant. (d) Top: results of slingshot analysis of EMT trajectories 

using the MCF7 cell line data. Bottom: results of slingshot analysis of EMT trajectories using 

the TCGA BRCA samples. Panels (e-f) display circular heat maps with copy number 

amplifications (e) and deletions (f) significantly associated EMT clusters in TCGA BRCA. (g) 

Essentiality across cell lines for genes whose mutations are linked with EMT in lung or breast 

cancer. The heat map gradient indicates the CERES scores, with negative values indicating 

increased essentiality. The boxplots in the right hand-side panel display the CERES score 

distribution across all lineages. (h) Similar to (g) but considering the genes linked with EMT 

via copy number alteration. (i) Genes mutated in relation to EMT in breast/lung cancer that 

are dysregulated as a result of the knockdown of transcription factors relevant for EMT. The 

rows display the EMT genomic markers obtained from previous analyses, the columns 

indicate the transcription factors. The colour gradient reflects the log2 fold change in 

expression of the genes upon transcription factor knockdown. Only significant changes are 

displayed (adjusted p<0.05). (j) Similar to (i) but considering the EMT markers with alterations 

in copy number. Only lung EMT biomarkers showed changes in expression as a result of 

transcription factor silencing. 
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Supplementary Figure S8. Prognosis and therapeutic relevance of the EMT states. (a) 

Disease-specific survival of patients in TCGA by EMT macro-state of their corresponding 

tumours. (b) Overall survival of patients in TCGA, stratified by the EMT macro-state of the 
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tumour and lymph node positivity. (c) Progression-free interval of the patients treated with 

Oxaliplatin, by EMT macro-state of the tumour. (d) Significance of association with various 

compounds plotted against the IC50 scores of cell lines from DepMap harbouring mutations 

in genes identified between hEMT and EPI. E.g. cell lines harbouring mutations in the hEMT 

marker ARID1A are more resistant to entinostat, vorinostat and AZD1332. (e) Significance of 

association with various compounds plotted against the IC50 scores of cell lines from DepMap 

harbouring mutations in genes identified between MES and EPI. (f) Significance of association 

with various compounds plotted against the IC50 scores of cell lines from DepMap harbouring 

mutations in genes identified commonly between transformed and EPI tumours. (g) Differential 

cell viability after chemical perturbation with various compounds from the PRISM drug 

repurposing resource for cell lines harbouring mutations identified by the hEMT vs EPI 

comparison model. E.g. cell lines with mutations in the hEMT marker MAPK1 show an 

increased cell viability after treatment with emetine. (h) Similar to (g), but only the genes 

mutated in the MES vs EPI comparison have been considered. (i) EMT scores are compared 

across distinct macro-states following EMT reconstruction of the post-treated samples from 

POG570. The differences observed confirm the classification. (j-n) Duration of treatment (as 

proxy for response) is compared between EMT macro-states for different drugs. (o-p) EMT 

scores compared between unmatched but batch effect-corrected TCGA samples (treatment-

naïve) and POG570 samples after capecitabine and letrozole treatment, respectively. 

Significant decreases in EMT score can be observed in both instances. Only transformed 

samples (hEMT, MES) are considered for this analysis (numbers indicated in adjacent tables).  
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SUPPLEMENTARY TABLE CAPTIONS 

Supplementary Table S1. Pseudotime reconstruction of EMT trajectories in TCGA 

samples. The results of the pan-cancer reconstruction of epithelial-to-mesenchymal 

trajectories is reported, along with the HMM state of the sample, and the corresponding EMT 

macro-state and score. 

Supplementary Table S2. Distribution of the TCGA samples in each EMT state across clinical 

cancer stages.  

Supplementary Table S3. Catalogue of fibroblast gene-sets. This table contains the gene 

sets used to quantify the fibroblast infiltration from bulk RNA-seq data of TCGA samples. 

Supplementary Table S4. Stratification of samples according to hypoxia score and CD44 

expression.   

Supplementary Table S5. Mutational signatures linked with EMT states pan-cancer. The 

results of the linear mixed model trained to predict EMT state pan-cancer based on mutational 

signature contributions while accounting for the tissue effect are reported. Only significant 

mutational signatures are displayed (q < 0.05). The columns report the false discovery rate 

(FDR), the marginal (R2M) and conditional (R2C) residuals. 

Supplementary Table S6. Pan-cancer genomic markers linked with EMT states and 

protein analysis results. (a) The results of the lasso models built to distinguish EMT states 

based on genomic markers. The first column indicates the comparison in which a biomarker 

(second column) has been identified. Additional details on the genes are provided. The 

coefficients from the lasso model (Median, Mean) along with the confidence intervals (Upper, 

Lower) are reported. The final two columns annotate if a gene is known to be relevant for EMT. 

(b) The results of the random forest models built to distinguish EMT states based on genomic 

markers. (c) Overlap between the genomic markers of EMT discovered via lasso modelling 

and a known list of genes with roles in cell migration from Novikov et al (Br J Cancer 2021).  
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The cells marked with 1 highlight genes that were recapitulated by our analysis and are known 

markers of migration. (d) Differentially expressed proteins between EMT states. 

Supplementary Table S7. Genomic dependencies identified in the tissue specific EMT 

trajectory analysis. (a) Cancer drivers positively selected in each lung adenocarcinoma EMT 

cluster. The rows depict the genes detected by dNdScv, while columns highlight the derived 

EMT clusters obtained by projecting the bulk TCGA LUAD RNA-seq data onto the scRNA-seq 

of the A549 cell line. Genes expressed in the cohort are indicated in bold. The last column 

contains the overlap across the clusters for a given gene. (b) Number of samples containing 

mutations in the positively selected genes in EMT clusters from lung adenocarcinoma. The 

rows depict genes detected by dNdScv, while columns highlight the EMT clusters obtained by 

projecting of the TCGA LUAD RNA-seq data onto the scRNA-seq of A549 cell line. The cells 

contain the number of samples with a driver gene mutation in each cluster. (c) Overlap 

between mutation events linked with EMT derived from the pan-cancer and lung-specific 

analyses. Markers uniquely identified in LUAD are highlighted in bold, along corresponding 

clusters in brackets. (d) Gene ontology enrichment analysis for gene markers positively 

selected in different EMT states in lung adenocarcinoma. The table contains the top 10 

significant gene ontology terms obtained using EnrichR. (e) Overlap between focal copy 

number events linked with EMT derived from the pan-cancer and lung-specific analyses. 

Markers uniquely identified in LUAD are highlighted in bold, along corresponding clusters in 

brackets. The markers uniquely identified in the pan-cancer analysis have been removed. (f) 

Cancer drivers positively selected in each breast cancer EMT cluster from TCGA. (g) Number 

of samples containing mutations in the positively selected genes in EMT clusters from breast 

cancer. (h) Overlap between mutation events linked with EMT derived from the pan-cancer 

and breast-specific analyses. (i) Gene ontology enrichment analysis for gene markers 

positively selected in different EMT states in breast cancer. (j) Overlap between focal copy 

number events linked with EMT derived from the pan-cancer and breast-specific analyses. 
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Supplementary Table S8. Cox regression model results on clinical end points. (a) 

Results of the multivariate Cox regression model for the overall survival. The mean and 

standard deviation are reported for each covariate along with the hazard ratios (HR) from the 

univariable and multivariable models. The p-value for the model is highly significant (p<1e-

30). (b) Results of the multivariate Cox regression model for the progression free interval (PFI). 

The mean and standard deviation are reported for each covariate along with the hazard ratios 

(HR) from the univariable and multivariable models. The p-value for the model is highly 

significant (p<1e-10). (c) Results of the multivariate Cox regression model for the disease 

specific survival. The mean and standard deviation are reported for each covariate along with 

the hazard ratios (HR) from the univariable and multivariable models. The p-value for the 

model is highly significant (p<1e-33). 

Supplementary Table S9. Mutation events impacting overall survival in TCGA. The first 

column indicates the EMT comparison model the marker was derived from, the second column 

reports the name of the gene. Hazard ratios (log10) are reported along with confidence 

intervals, p-values and outcome (Out: ‘positive’ indicates better prognosis for patients 

harbouring the mutation in the respective gene, ‘negative’ indicates worse prognosis). 

 


