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Nucleotide codification method
For the SOM algorithm, two issues are critical: the calculation of distances between the sample and the reference vectors of the map, and the stepwise approximation of the reference to the sample vectors. In the determination of the network reference-vector closest to an input vector, SOM utilizes Euclidean distances. This need represents a problem with non-numerical data vectors like nucleotide sequences (DNA or RNA) (S1-S4). This problem can be overcome by the transformation of the sequences into numerical vectors. The codification method that we propose is a necessary and simple strategy to convert a nucleotide sequence into a numerical vector. With this numerical vector we can apply the SOM training algorithm. Basically, the method permits the adaptation of the synaptic vectors that have to be carried out by small approaching steps or by small modifications of components of the synaptic vectors. This process cannot be performed directly with nucleotide sequences represented by letters. 
The nucleotide sequence codification method transforms Adenine, Guanine, Cytosine and Thymine into the 3-D coordinates of one of the four vertices of a 3-dimensional irregular tetrahedron, with distance 1 between A-G and C-T vertices, and distance 2 for all other combinations. Here we consider more probable AG and CT transitions than AC and GT transversions. As a requirement of SOM, sequences must be of identical length, and insertions and deletions are counted and encoded in the centre of the tetrahedron in the 3D-coordinates. Once DNA sequences are transformed into the corresponding coordinates-vector, the distances between sequences are calculated in a 3*N dimensional real space, where N is the length of the sequences, in terms of Euclidean distances. In this way, the topologic similarity is defined as “Euclidean similarity” between sequences.

Figure S1. Unified distance Matrix for the trained SOM using viral consensus sequences in the V1‐V2 region in env gene. 
Unified Distance Matrix (U-matrix) [39] is a graphical representation of the Euclidean distances between the reference vectors of the SOM. Outlined circles represent the neurons, color-scale tone inside the circle indicates the mean Euclidean distance between the reference vector of the neuron and its immediate neighbors, and the color tone of the circles without outline placed between two neighboring neurons identifies the Euclidean distance between both reference vectors. The upper left corner of the U-matrix corresponds to the upper corner of Figure 4 (the region where K15 sequence mapped), the upper right corner of the U-matrix corresponds to the right corner of Figure 4 (the area where I15 sequence is mapped). Dark blue areas represent small distances, while red areas identify the highest distances between the reference vectors of the neurons. 

Figure S2. Fitness correlation with the complete viral nucleotide sequences. Correlation between the fitness value predicted by the SOM (Figure 3A) and the experimental fitness value. The scatter plot shows the predicted fitness values on the y-axis and the experimental fitness values on the x-axis. 

Figure S3. Fitness correlation with the consensus viral nucleotide sequences. Correlation between the fitness value predicted by the SOM (Figure 4A) and the experimental fitness value. The scatter plot shows the predicted fitness values on the y-axis and the experimental fitness values on the x-axis. 

Figure S4. Projection of the 55 complete and consensus viral sequences using Minimum Spanning Tree (MST) analysis. 
The sequences have been projected onto the plane (dots) using the two eigenvectors associated with the two largest eigenvalues of the normalized covariance matrix [29]. Dots are connected by the edges obtained by calculating the minimum spanning tree, i.e., the tree which connects all the sequences with minimum total length, calculated in Hamming distance. Numbers associated with some of the MST edges represent the Hamming distance between the sequences linked by the tree branch. (A) MST obtained for the 55 complete viral nucleotide sequences. (B) MST obtained for the 55 consensus sequences in the V1-V2 region in env gene.
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