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Recent advancements have demonstrated the efficacy of Large Lan-
guage Models (LLMs) based on Transformer architecture for natural 
language processing tasks, which have been successfully adapted for 
protein sequence data. Transformer-based models pre-trained on ex-
tensive protein databases can predict structures, functions, and other 
properties from protein sequences alone. These models have shown sig-
nificant success in understanding the dynamics of viral mutations.

 Viruses constantly mutate, and the changes that appear in viral 
code can lead to different reactions in the host body. Constant changes 
complicate vaccination, as the new strains can be immune to older vac-
cines. To monitor the dynamics of mutational changes phylogenetic tree 
building algorithms are used. Phylogenetic trees represent evolutionary 
relationships among various biological species based on their genetic 
information. In this work, we study similarity-based methods for phy-
logenetic relationship (evolutionary path) visualisation using protein 
sequence embeddings from protein language models. 

The data is gathered from the  GISAID Data Science Initiative. This 
data provider is popular among laboratories gathering sequential data 
and researchers that study these datasets.

 Our used dataset consisted of 41387 SARS-CoV-2 sequences that 
were collected in Lithuania from February 2020 to March 2023. The 
dataset spans a comprehensive three-year period (2020-2023), covering 
key phases of the pandemic in Lithuania. Studying a geographically con-
fined and heavily regulated population may result in lower viral diversity, 
while the extended timeframe allows us to capture the full extent of the 
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virus’s evolutionary dynamics over time. Data processing was applied us-
ing next strain workflow (available on the next strain GitHub page). Data 
processing included phylogenetic tree building, which was done using 
IQ-Tree and TreeTime algorithms. Data was filtered to only include virus 
samples that were collected from human hosts. 

Embeddings were built using ESM class models, namely ESM-1b and 
ESM-2 consisting of 650 million and 3 billion parameters, respectively. 
Embeddings are built for every token in sequential data of protein. As 
the data size is huge, we used the mean of outputs from the model. 
Script for embedding extraction can be found in ESM GitHub repository. 

For visualisation purposes the data dimension was shrunk using di-
mensionality reduction techniques such as TSNE and UMAP. The data 
points were grouped according to the sequence metadata such as se-
quencing date or their assigned pango lineage. Although some patterns 
emerge in produced data plots, the overlapping exists. Internal nodes, 
acquired from tree-building algorithms, were used in viral evolution visu-
alisations. The phylogenetic tree paths for this dataset were deep thus 
making it hard to make sense of the information present in the tree. Evo-
lutionary steps acquired from the tree are sparse, and evolutions appear 
on the different proteins in the SARS-CoV-2 virus. We investigate tech-
niques like node and protein joining to build a dataset from the protein 
embeddings and phylogenetic tree data, allowing for the visualisation 
of viral mutation dynamics and the similarity between individual virus 
samples. The goal of this study is to investigate the consistency of these 
relationships. 
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