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Random Forest Feature Importance 

Gene Regulatory Networks 



RNA Protein 

Problem: Feature Importance of RNA for given Protein -? 

Ranking of RNA-Protein relationship 
 



Genome-Wide Association Studies 
Genes (predictors) Cancer label (target variable) 



Methods for Feature Importance 

• Gradient Boosting 

• Random Forest (Gini 

Importance) 

• Permutation Importance 

• Shapley Values (SHAP) 

• Conditional Importance 



data max_depth=1 max_depth=2 

max_depth=3 max_depth=None 

Decision tree 



Random Forest  - stable! 
Gradient Boosting – No! 

Equal importances  
for duplicated features  

Different importances  
for duplicated features :( 



Gini Bias in Random Forest Feature 
Importance 

Importance depends  
on feature cardinality! 
 
Binary features –  
     underestimated … 
 
Continuous features –  
     overestimated…  



Correlation Bias (Multicollinearity) 
In Permutation  
Importance, SHAP: 

In Random Forest  
Gini Importance: 

Breast cancer example in python: 
https://scikit-
learn.org/stable/auto_examples/inspection/plot_permutation_importance_
multicollinear 

https://scikit-learn.org/stable/auto_examples/inspection/plot_permutation_importance_multicollinear
https://scikit-learn.org/stable/auto_examples/inspection/plot_permutation_importance_multicollinear
https://scikit-learn.org/stable/auto_examples/inspection/plot_permutation_importance_multicollinear
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Correlation Bias (Multicollinearity) 
Problem In Random Forest Gini Importance: 

Lung cancer and selected genes  
relationship   2 duplicates of MYBL2 added 

 



Correlation Bias Correction 
In Random Forest  
 

our method Random 
Forest 



Correlation Bias Correction In Random Forest 
(method’s idea) 
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Random Forest Modified Random Forest:  
Redundancy Insensitive (Conservative) Trees 
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feature 
propagation 



Correlation Bias Correction In RF 
 

our method 

Random 
Forest 
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