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Greater Improvement on Low MSA
Depth and Binding Function Type Assays

Filtering
• To ensure MStructA contains high-quality structural homologs, we filter 

sequences recovered by Foldseek following similar practices of previous 
alignment-based models.

• The final MStructA only keeps sequences with Sequence Identity > 0.1, 
E-value < 1e-10, and Gaps in Sequence < 50%. 

• After combining MStructA with MSA, some alignments show more than 
a 200% depth increase.

• Most proteins identified by MStructA exhibit high structural similarity 
but low sequence similarity to target proteins, indicating MStructA 
effectively supplements the MSA by identifying previously undetected 
structural homologs. 

• Task: Protein fitness prediction in ProteinGym 
• Dataset: We randomly selected 30 ProteinGym DMS assays of varying 

properties with more than 5% depth increase when MStructA is 
combined with MSA. 

• Model: We choose EVE, a zero-shot alignment-based model that has 
shown good performance using multiple sequence alignments (MSA) for 
protein fitness prediction.

• Training: For each assay, we train an EVE model on the combined MSA 
and MStructA. 

• Our method of training EVE with combined MSA and MStructA outperforms 
the original EVE with only MSA on average Spearman correlation and Area 
Under the ROC Curve (AUC) for each assay. 

Low MSA-Depth Assays
• The low-depth MSAs may not contain enough structurally informative 

sequences for the model to effectively capture the constraints that maintain 
protein fitness. The MStructAs complement these MSAs by providing 
additional structurally similar protein sequences. 

Binding Function Type
• Binding function inherently relies on structural information, implying that MSA 

built on sequence similarity alone might not fully capture the structural 
context essential to protein functions involving complex structural 
interactions. 

MStructA Quality
• Future work will focus on optimizing the filtering pipeline to balance the 

quality of included sequences with the number of retrieved sequences to 
provide optimal structural information gain. 

Benchmarking 
• We will conduct comprehensive benchmarking for all assays in ProteinGym 

once we develop a better MStructA construction pipeline. 
• We aim to develop unified protein retrieval packages to conduct combined 

sequence-based and structure-based search. 

Searching
• MStructA is constructed by retrieving and aligning homologous proteins 

from large protein structure databases using structure similarity search 
tools. 

• We constructed 197 MStructA for each wild-type protein in ProteinGym 
by using Foldseek to search for structurally similar proteins within the 
AlphaFold Database. 

Performance

Background
• Multiple Sequence Alignment (MSA) is a fundamental tool for identifying homologous proteins 

sharing a common evolutionary origin.
• Existing Multiple Sequence Alignment (MSA) search tools retrieve homologous protein sequences 

from protein sequence databases based on sequence similarity. 
• However, many homologous proteins have high structure and functional similarity but low sequence 

similarity.
• Structure similarity search tools are necessary to recover homologous proteins in the ‘midnight zone.’
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