Table 1: Performance evaluation for mutation explanation on the test sets of MutaDescribe.
R-L: ROUGE-L. BL-2: BLEU-2.

Model Easy Medium Hard Average
ode R.L BL2 RL BL2 RL BL2 RL BL2
Fine-tuned ESM 2049 937 11.87 595 1134 332 1488 6.36
AugmentedESM  11.60 833 1140 746 1073 695 1126 7.62
MutaPLM 2580 18.77 21.07 1259 1651 8.69 21.34 13.61

Table 2: Performance evaluation for text-based mutation design on the test sets of MutaDescribe.
Acc: prediction accuracy of the amino acid given the position of the mutation. Rec@50: top 50 recall
of the desired mutant.

Model Easy Medium Hard Average
Acc Rec@50 Acc Rec@50 Acc Rec@50 Acc Rec@50
ESM+BioMedBERT 52.17 35.65 52.08 30.60 50.00 34.65 5143 33.77
BioMedGPT 3521 7.82 3229 572 39.60 12.62 3573 8.72
MutaPLM (Ours) 56.08 4347 4869 34.89 5519 4381 53.51 4094

Table 3: Performance evaluation on protein fitness regression benchmarks. We perform experi-
ments 5 times with different random seeds and report the Spearman correlation coefficient. The best
and second-best results are marked in bold and underlined.

Mutation: S147N
Log Fitness: 0.0017

Mutation: $28C
Log Fitness: 0.0131

Model Spike-ACE2 avGFP

Ridge Regression 0.335£0.052  0.298+0.071
ESM2-650M 0.3314+0.041  0.554+0.013
Augmented ESM 0.363£0.021  0.497+0.096
Augmented EVmutation  0.354+0.044 0.512+0.034
ConFit 0.4124+0.033  0.564+0.035
Tranception_L 0.488+0.040 0.594£0.019
MutaPLM (Ours) 0.4814+0.028  0.596+0.032

SARS-Cov-2

avGFP

MutaPLM (ours):

Increases fluorescence intensity. The
mutation in the aequorin protein
causes a functional change in its
photochemical properties.

MutaPLM (ours):
Increases fluorescence quenching by
Zn(2+).

Mutation: S147N
Log Fitness: -0.0277

MutaPLM (ours):

Loss of fluorescence; when
associated with A-130. The mutation
causes a functional change in the
receptor's ability to bind agonists.

insights on these proteins.

Mutation: 332D
Evasion Score: 0.0065

(Spike-ACE2)

MutaPLM (ours): Increased susceptibility to
neutralizing antibodies. The mutation in the S protein
of SARS-CoV-2 has been identified to be critical for the
recognition and binding of human monoclonal
antibodies (mAbs). This mutation may enhance the
ability of SARS-CoV-2 to evade immune responses and
potentially contribute to its increased transmissibility
and virulence.

MutaPLM (ours): Increased human ACE2 binding. This
mutation enhances the binding affinity of the S protein
to ACE2, potentially contributing to the increased
transmissibility and pathogenicity of SARS-CoV-2
compared to SARS-CoV.

Figure 1: Case study for MutaPLM on avGFP and Spike-ACE2. MutaPLM provides detailed
explanations and



