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Abstract: Objective To investigate differences between cold and hot properties of traditional Chinese medicine (TCM) using a
component-gene dual-dimensional parallel comparison strategy integrating machine learning and bioinformatics. Methods A total of
16 hot-property and 18 cold-property herbs were selected. At the component level, global distributions of molecular weight, octanol-
water partition coefficient, hydrogen bond donor count, hydrogen bond acceptor count, and rotatable bond count, together with
property-specific components, were analyzed. At the gene level, a binary herb-target topological matrix was constructed. Leave-one-
group-out cross-validation (Group-LOOCV) with isolation of homologous herbs and permutation testing were used to evaluate
classification models. Chi-square feature selection, Shapley additive explanations (SHAP), and functional enrichment analysis were
combined to interpret key targets and associated pathways. Results Conventional molecular physicochemical features of components

from cold- and hot-property herbs showed substantial overlap. Among target-based classifiers, the ridge classifier (RidgeClass)
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achieved an accuracy of 0.82 and an area under the receiver operating characteristic curve (AUC) of 0.85, with an empirical P <0.01.

Atotal of eight core feature genes were identified, including regenerating family member 1 alpha (REG1A), nuclear receptor subfamily

3 group C member 1 (NR3C1), stratifin (SFN), and transient receptor potential ankyrin 1 (TRPA1). Genes associated with hot-property

herbs were mainly related to cardiovascular diseases and cellular stress, whereas those associated with cold-property herbs were mainly

related to tumors and platinum drug resistance. Their downstream signaling pathways overlapped. Conclusion Within the present

dataset and analytical framework, gene-target network features were more informative for distinguishing cold and hot medicinal

properties than conventional molecular physicochemical features. These findings suggest that biological network regulation may

contribute to medicinal property differences and provide leads for subsequent mechanistic validation and research.
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Table 1 Training and analysis dataset for traditional

Chinese medicine with cold-heat medicinal property
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Fig.1 Differences in molecular characteristics of constituents between cold and hot property TCMs
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Fig.2 Heatmap of Jaccard topological similarity for target networks of 34 TCMs
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Table 2 Performance of machine learning prediction models for genes of cold and hot property TCMs

TR Acc AUC

F1

Pre R Spe MCC

RF
SVM
Naive Bayes

0.79
0.68
0.68
0.82

0.88
0.85
0.88

Ridge Class 0.85

0.80
0.67
0.65
0.84

0.74
0.65
0.67
0.73

0.88
0.69
0.63
1.00

0.72
0.67
0.72
0.67

0.60
0.35
0.35
0.70

4y )2 A (stratifin, SFN) 4T M 2% 5 GRS,
LS BB T SHAP fH Xk, R
R ) DX % o A A I T 0 A AR [ S 24 288 )
5E o AH I, BT 32 AR LA 85 F1 1 (transient receptor
potential ankyrin 1, TRPA1). 4l C A bl
% S5A (cytochrome C oxidase subunit 5A,
COX5A) . Dnal # kv 85 H X i 7t B4[ Dnal heat
shock protein family (Hsp40) member B4, DNAJB4 ]
A A 3 B OB BB T R 7 1B Ceyelin
dependent kinase inhibitor 1B, CDKN1B) £ /%% 5
AIRE T FERINIE SHAP {H, s H Bl
7] F- HES AR [ AR 252 FIE . Polo FEHEE 1
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E 2Tt 0

3.3 ERG-EEMEEMESR

W 5 B, FEVEZ 5 R 24 R 45 808 9 4%
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A ROC Curves (LOOCV Optimized, Smoothed) B Precision-Recall Curves C Calibration Curves (LOOCV OOF)
1.0 1.0{ - — — —RE@AP=08®) | 1.0/
0.8 0.91 ™ Bt provience0471] 5 08
g ¢
151 | B
=06 g 08 £0.6
Z % 07 oy
2 04 & 0.4
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Fig.3 Performance of machine learning prediction models for target genes of cold and hot property TCMs
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