
The 51st Annual Meeting of ISM 

Weizmann Institute of Science, Rehovot  
 

 
DECOUPLING GLOBAL BIASES AND LOCAL INTERACTIONS 

BETWEEN CELL BIOLOGICAL VARIABLES 
 

Assaf Zaritsky1,2, Uri Obolski3, Zhuo Gan1,2, Carlos R. Reis1, Yi Du2, Sandra L. 

Schmid1 and Gaudenz Danuser1,2 
 

1 Department of Cell Biology, UT Southwestern Medical Center, Dallas, TX 75390, USA 
2 Department of Bioinformatics, UT Southwestern Medical Center, Dallas, TX 75390, USA 
3 Department of Zoology, University of Oxford, Oxford, United Kingdom 

  

Analysis of coupled variables is a core concept of cell biological inference, with co-localization of two 

molecules as a proxy for protein interaction being a ubiquitous example. However, external effectors may 

influence the observed co-localization independently from the local interaction of two proteins. Such global 

bias, although biologically meaningful, is often neglected when interpreting co-localization. Here, we 

describe DeBias, a computational method to quantify and decouple global bias from local interactions 

between variables by modeling the observed co-localization as the cumulative contribution of a global and 

a local component (Figure 1). We showcase five applications of DeBias in different areas of cell biology, 

and demonstrate that the global bias encapsulates fundamental mechanistic insight into cellular behavior 

(Figure 2). The DeBias software package is freely accessible online via a web-server at 

https://debias.biohpc.swmed.edu.   

 

 

Figure 1.   DeBias algorithm. (A) 

Underlying assumption: the 

observed relation between two 

variables is a cumulative process 

of a global bias and a local 

interaction component. (B) 

Quantifying local and global 

indices: sample from the marginal 

distributions X, Y to construct the 

resampled distribution. The global 

index (GI) is calculated as the 

Earth Movers Distance (EMD) 

between the uniform and the 

resampled distributions. The local 

index (LI) is calculated as the 

subtraction of the GI from the 

EMD between the uniform and the 

observed distribution. 
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Figure 2. Application of DeBias to data from five different areas in cell biology, ranging in scale from 

macromolecular to multicellular, identifies global bias mechanisms that are missed by a single parameter 

analysis. (A) Co-alignment of Vimentin and Microtubule filaments in polarizing cells.  Reduction in 

alignment between the two cytoskeleton systems is associated with a reduction of cell polarity as the global 

cue. (B)  Co-alignment of velocity and stress during collective cell migration. Decreased GI indicating an 

overall impaired alignment of velocity in the direction of wound closure. (C)  PKC FRET. Reduced GI was 

indicative of weaker interactions of the inactivated kinase with its substrates. (D) Co-localization of Tfn 

receptor with CCPs during CME. Increased GI in response to Akt inhibition related to a higher fraction of 

CCPs containing less TfnR. (E) Spatial co-localization of Vav1 and Rac1 activity in migrating cells. 

Collaboration with Marston, Daniel from the lab of Klaus Hahn. (F) DeBias logo. 
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