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Experiments: Qualitative ResultsIntroduction

• We are the first to propose utilizing the three core 

modalities for protein representation learning: sequence, 

structure, and function.

• We point out the asymmetric relationship between 

sequence, structure, and function of proteins and propose 

AMMA, a masked autoencoder framework that adopts a 

unified multi-modal encoder and asymmetric 

decoders to account for the asymmetric relationship.

• We experimentally demonstrate that AMMA is highly 

effective in learning protein representations and benefits 

performance on a variety of downstream protein-related 

tasks.

Figure 1. t-SNE visualization of the three modalities of proteins.

Methodology: Asymmetric Multimodal Masked 

Autoencoder (AMMA)

• We introduce AMMA, asymmetric multi-modal masked 

autoencoder.

1. Each modality data is encoded by a frozen pretrained 

uni-modal encoder.

2. The encoded features are then masked and integrated 

into a unified representations by a multi-modal encoder.

3. Each asymmetric decoder reconstructs the original

feature for each modality.

• During decoding, the input latent features are 

asymmetrically passed to the decoders.

• This requires AMMA to encode structural and function 

information into sequence latent features, which allows 

AMMA to capture unique asymmetric sequence-

structure-function relationships.

Figure 2. The overall framework of AMMA.

• Evaluate performance of our model on two standard 

downstream tasks.

Table 1. Performance on protein function annotation tasks.

Experiments: Improving performance with 

unpaired data

Experiments: Ablation studies and qualitative 

analysis

Table 2. EC/GO results with 

extra unpaired data.

• Effect of the asymmetric decoders

• Comparison with contrastive learning

Figure 3. Visualization 

of highly attended 

residues in a 

functional context.

Figure 4. t-SNE visualization of three protein modalities

• Effect of masking ratio

Table 3. Experimental results with different α.
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