
% antibody escape 
(predicted)

ρ = 0.82
ρ = 0.68

Training data
Double mutant test data

WT%
 a

nt
ib

od
y 

es
ca

pe
 

(e
xp

er
im

en
ta

l)

AC
E2

 a
�

ni
ty

 
lo

g[
K A,

 a
pp

(M
)] 

(e
xp

er
im

en
ta

l)

Training data
Double mutant test data

WT

ACE2 a�nity
log[KA, app(M)] (predicted)

ρ = 0.96
ρ = 0.93

A

C

B

D

% antibody escape 
(predicted)

%
 a

nt
ib

od
y 

es
ca

pe
 

(e
xp

er
im

en
ta

l)

ρ = 0.83
ρ = 0.74

Training data
Triple mutant test data

WT

AC
E2

 a
�

ni
ty

 
lo

g[
K A,

 a
pp

(M
)] 

(e
xp

er
im

en
ta

l)

ACE2 a�nity
log[KA, app(M)] (predicted)

ρ = 0.96
ρ = 0.92

Training data
Triple mutant test data

WT

Training data
Quadruple mutant test data

WT

AC
E2

 a
�

ni
ty

 
lo

g[
K A,

 a
pp

(M
)] 

(e
xp

er
im

en
ta

l)

ACE2 a�nity
log[KA, app(M)] (predicted)

ρ = 0.97
ρ = 0.91

Training data
Quadruple mutant test data

WT

% antibody escape 
(predicted)

%
 a

nt
ib

od
y 

es
ca

pe
 

(e
xp

er
im

en
ta

l)

ρ = 0.84
ρ = 0.75

E F

Figure S3. Models accurately predict impacts of RBD mutations on ACE2 affinity and % antibody 
escape for combinations of RBD mutations not observed in the training sets. In each case, the training 
sets of RBD mutations were filtered to remove all (A, B) double, (C, D) triple, and (E, F) quadruple RBD 
mutations, and then the models were trained on all remaining RBD mutants that did not contain the 
combinations of RBD mutations used for training. Finally, the models were tested only on the (A, B) double, 
(C, D) triple and (E, F) quadruple RBD mutations that were held out of the training process. The goal of this 
analysis was to evaluate the ability of the models to predict the impacts of combinations of RBD mutations 
never observed together in the training sets. In each panel, the Spearman’s ρ values are given for the training 
and test sets.  


