Supplementary materials
Accurate prediction of protein function using
statistics-informed graph networks

1 PhiGnet architecture

Input: one-hot encoding sequence: (batch, L, 26), EVCs, RCs, ESM-1b_feature.

GCN_inputs:

sequence_embedding = Dense (dim = 1024, use_bias = False) (one-hot encoding sequence)

ESM-1b_embedding = Dense (dim = 1024, use_bias = True) (ESM-1b_feature)

GCN_inputs = RELU (sequence_embedding, ESM-1b_embedding)

GCN Architecture:

GCN-1: three GCN layers with 512 dim and ELU activation, GCN_inputs as the input of GCN-1 and EVCs as the adjacency
matrix of each layer.

GCN-2: three GCN layers with 512 dim and ELU activation, GCN_inputs as the input of GCN-2 and RCs as the adjacency
matrix of each layer.

Output:

output = Concatenate(GCN-1, GCN-2)

output = Sum Pooling()

output = Dense(dim = 1024, activation=RELU)

output = Dropout()

output = Dense()

output = Softmax()

2 Scoring metrics

The precision that measures the predictive accuracy of each method is defined as follows:
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where ¢ is a threshold (7 € [0, 1]) with an increment of 0.01, f is a label of a single function annotation (EC number or GO term),
m(t) is the number of proteins with prediction scores not less than the threshold ¢ for predicting at least one function class, P;(¢)
is the set of predicted annotations of the ith protein at threshold ¢, T; denotes all the function classes of the itk protein, and /(-)
is the indicator function, returns 1 when the condition is true, otherwise returns 0.
The recall is used to measure relevant information that is successfully retrieved and defined as follows:
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where Ny is the total number of the test proteins. We compute the F-score using the values of precision p(¢) and recall
r(¢) under different thresholds ¢ € [0, 1] and achieve the maximum of the F-score, F,q, score. AUPR is computed under the
macro-averaging of Precision-Recall curves.

We employ Matthew’s correlation coefficient (MCC) that evaluates the correlation between prediction and the ground truth
to compare the performances of different methods, and it comprehensively considers the four basic evaluation indexes in the
confusion matrix. Its definition is presented as follows:
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MCC = (83)
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TP is the number of true positives in the situation of prediction under threshold ¢ € (0, 1), similarly, FP is the number of
false positives, TN is the number of true negatives, and FN is the number of false negatives, we computed the average MCC
across the test set for all compared methods to compare.



3 Functional annotation at the residue level
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Figure S1. PhiGnet annotates protein function at the residue level. Source data are provided as a Source Data file.
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Figure S1. PhiGnet annotates protein function at the residue level (continuous). Source data are provided as a Source
Data file.

We screened about 5,181 proteins in the test sets of GO terms and EC numbers using three rules: (1) a protein has a
crystal structure; (2) the protein exhibits either ligand, ion, or DNA binding; and (3) the binding sites are also recorded in the
BioLip database. Of these proteins, we focused on nine examples to demonstrate the mapped activation scores on their tertiary
structures.
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