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Figure S1: Within-sample technical replicate CVs showing quantitative reproducibility across 
whole-proteome biological samples. 

 

 

 

Figure S2: Whole-proteome normalization metrics comparing median range, PCA separation, 
and median CV across preprocessing strategies. 
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Figure S3: Whole-proteome protein detection counts across technical LC–MS/MS runs. 

 

 

 

 

Figure S4: Whole-proteome technical-run correlation heatmap showing Pearson correlation-
based reproducibility across replicate LC–MS/MS runs. 
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Figure S5: Whole-proteome normalization comparison showing improved sample abundance 
alignment after normalization. 

 

 

 

Figure S6: Within-sample technical replicate CVs showing reproducible phosphopeptide 
quantification across biological samples. 



6 

 

Figure S7: Phosphoproteome normalization metrics comparing median range, IQR range, 
median CV, and PCA separation across preprocessing strategies. 

 

 

  

Figure S8: Phosphopeptide detection counts across technical LC–MS/MS runs. 
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Figure S9: Phosphoproteomics technical-run correlation heatmap showing Pearson correlation-
based reproducibility across replicate LC–MS/MS runs. 

 

 

 

Figure S10: Phosphoproteome normalization comparison showing phosphopeptide abundance 
distribution alignment across preprocessing strategies. 
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Figure S11: HCC-relevant canonical pathways identified by Ingenuity Pathway Analysis based 
on their biological relevance to hepatocellular carcinoma. Bars represent pathway enrichment 
significance expressed as −log10(p-value). Higher values indicate stronger enrichment in the 
HCC phosphoproteomic dataset. 
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Figure S12: Upstream regulator networks associated with altered phosphorylation in HCC. (A) 
EFNA1-centered upstream regulator network showing downstream phosphoproteins with altered 
phosphorylation in HCC. (B) CK2-centered upstream regulator network showing associated 
downstream phosphoproteins with altered phosphorylation in HCC. 


