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Fig. 1 Distribution of amino acid types for point mutations
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Fig. 2 Ridge plot of distributions of folding rate changes for the 27 variant types
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Table 3 Feature selection results for 27 variants of proteins
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60 CSEM940101 B3 HE R 4 1) e ) MOP AAindex
61 QU_C930101 = 5 i U FRL - 19 28 S G R R MSE AAindex
62 DOSZ010101 B TR A AU R NHE AAindex
63 GIAG010101 AT A e i BT 1 I 4 TR A B R R AR MOE AAindex
64 DOSZ010103 3T THREADER 7137 i) & 3% 2 #1084 NHE AAindex
65 RISJ880101 S5 HIAE G HE b R A R CHE AAindex
66 BONMO030103 G4 HE TR M B 22 TA) AR AR H 9 48 1 3 NOP AAindex
67 SIMK990105 B S AR 7 4 1 3 COB AAindex
68 TOBD000102 LT O Py 2 S5 A AR AT I O ALY A B MSB AAindex
69 SIMK990104 10~12 A B B8 41 10 55 1 4 MSP AAindex
70 SK0J000101 G R VT ] AR EL AR A ST 3 NOB AAindex
71 MIYS850102 SBE IR MK 5 RS B B 1 T BR BT 04 AL 2 e S B NOB AAindex
72 AcSSO Oy PR R G5 )T CHP SCHRLT ]
73 AnACO ot %o fil P 1 1 R % K MOB SCHRL7]
74 ACBTA S M CBTA CHP Cik[29]
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Table 4 Comparison of feature selection and evaluation metrics results

o 2548 T 4
VA b -
5 A A 3 K AT 5 A 8 K A
PCC 0. 875 0. 844 0. 381 0.403
MSE 0.193 0.226 0.718 0.694
MAE 0.298 0.331 0.610 0.613
R* 0.735 0.691 0.102 0.132
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Fig. 5 Comparison of predictive performance among different models on blind test sets
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Table 5 Performance comparison of random forest,XGBoost, PON-Fold,and Folding RaCe

PEN AR AR Fifi AL 2R K XGBoost PON-Fold Folding RaCe
PCC 0.403 0.180 0. 330 0.170
MAE 0.613 0.708 0.672 0.952
MSE 0.694 1. 000 0. 817 1. 632

R? 0.132 —0. 250 —0.021 —1.040
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(RERZE *AX)

Predicting the Folding Rate of Protein Variants Based on Random Forest

ZHANG Feifan,ZHANG Ying,MA Yingxue,LU Jun
(School o f Science s Inner Mongolia University of Technology ,Hohhot 010051 ,China)

Abstract; The accurate prediction of changes in protein folding rates caused by single-point
mutations is of positive significance for exploring the fundamental question of how sequences encode
protein folding. We collected 1329 experimentally measured protein single-point mutant folding rate
data and used AlphaFold2 to predict the structural data of all variants. To compare the predictive
performance between different models, 190 variants were selected as a blind test set, with the
remainder used as the training set. Variants were categorized into 27 classes based on the location of
the mutation site in the primary structure (N-terminal, middle,and C-terminal) ,secondary structure
(helix,strand,and others) ,and tertiary structure (exposed, buried,and partially buried). A total of
1325 sequence and structure features were extracted, including the physicochemical properties of
residues, substitution scores,and contact potentials. Based on the random forest algorithm, features
were first ranked by importance on the training set of each category and the top 3 features were
selected, which were then re-entered into the random forest regression model to predict the changes
in folding rate of variants relative to the wild-type. The results showed that the Pearson correlation
coefficient between the predicted values and experimental values on the combined blind test set was
0.403,and the mean absolute error was 0. 613, which is superior to the existing best model.

Key words: protein single-point mutation; folding rate; amino acid property; structural proper-

ty; random forest algorithm



