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4. CONCLUSION
We have constructed a 

model that will potentially 
guide the rational design 
fluorescent probes based 
on GFP. Our next step is to 
test it experimentally in a 
collaboration with St-
Pierre’s group at Baylor 
College of Medicine.

An illustration of the GFP 
backbone 

in green and the positions 
picked for training in red. 

2. METHODOLOGY: MODEL DEVELOPMENT
Data-set

A multiple sequence alignment consisting of 441 sequences were retrieved 
from PFAM. Sequences with gaps larger than 60% were discarded resulting in 
342 sequences for analysis.  

Model Construction. Step 1: Preparing the Dataset
This data-set poses a challenge - there are relatively few sequences and 

they are quite similar to one another. We improved the quality of our data-set 
by discarding conserved residues which are not strongly correlated with 
others.

The Kullback – Leibler Divergence (DKL) as A Measure of Diversity
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Mutual Information as a Measure of Statistical Correlation 
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Picking Positions for Training

Model Construction. Step 2: Model Training and Analysis 
Mean Field Direct Coupling Analysis (mfDCA)

mfDCA constructs a global statistical model of the protein family in question 
and infers the parameters in the Potts Model
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to produce direct information (DI): 
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Hyper-parameters in mfDCA

Fig 3. Improved quality 
of the data-set after 
pre-processing 

3. RESULTS and DISCUSSION
The 28 highest-ranked pairs are insensitive to our choice of 

hyper-parameters. 
Partial Model Captures Inter-Sheet Correlations

As was expected from the shape of the GFP, the model 
succeeded in identifying some correlations between residues 
on adjacent 𝛽𝛽 − sheets. 

Partial Model Captures Fluorophore-Mediated Correlation
The most interesting aspect of our results come from pairs 

with high DI which do not form a direct contact but interact 
through the fluorophore. 

1. INTRODUCTION
Since its discovery, the green fluorescent protein (GFP) and its variants have found many 

applications in biological research. Due to the fluorophore’s sensitivity to its environment, 
many of the protein’s fluorescence properties (brightness, color, sensitivity to pH, etc.) can 
be configured by mutating the surrounding residues. The major problem with introducing 
point mutations to the GFP is that the protein is highly sensitive to changes in the sequence. 
Here, we have developed a statistical model to learn which mutations should be introduced 
together in pairs. To do so, we trained a Potts model using evolutionary data for the GFP 
family and then performed Direct Coupling Analysis (DCA) to identify co-evolved pairs of 
residues.

Fig 1. 𝐷𝐷𝐾𝐾𝐾𝐾 captures the diversity of residues in GFP.

Fig 2. Using MI to 
identify strongly 
correlated residues
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