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Figure S1. Original region spectra of samples processed by raw (A), WT (B), MSC (C), and MSC-SG (D). 

  



 
Figure S2. PCA score plots of fingerprint region (left) and original region spectra (right) with different 

pretreatments through Raw (A/ B) and WT (C/D). 

 
 
  



 

 
Figure S3. Principal component (PC) variance contribution rate of OS-MSC-SG data. 

  



 

 
Figure S4. The classification error rate of PLS-DA. 

  



 
Figure S5. PLS-DA score plots of fingerprint region (left) and original region spectra (right) with different 

pretreatments through Raw (A/ B) and WT (C/D). 

 
  



 

 
Figure S6. The suggested number of PLS components raw of (A) and MSC-SG (B) spectra. (Figure left: 

fingerprint Raman region, figure right: original range, respectively). 

  



Table S1. The confusion matrices of the K-means for Raman spectra and PC data. The data were processed 

by WT method. The classification results of K-means are expressed in percentage. 

Methods
 
Class 

                Spectra data        
 
                 PCs data          

*Abrin *BGT *BSA *OVA *Ricin *SEB  *Abrin*BGT *BSA *OVA*Ricin *SEB  

raw 

Abrin 66.7  16.3     

 

66.7  16.3     
BGT 33.3 50 16.7      0      
BSA   83.3   16.7    83.3   16.7  
OVA    66.7  16.3   33.3  50  16.7  
Ricin     100   16.7    83.3   
SEB      100       100  

WT 

Abrin 66.7  16.3     

 

83.3  16.7     
BGT 33.3 50 16.7      0      
BSA   83.3   16.7  16.7  83.3     
OVA    66.7  16.3  16.7 33.3  33.3  16.7  
Ricin     100   16.7    83.3   
SEB      100       0  

*Abrin: The predicted class of Abrin. The red number indicates that the sample has not been fully 

classified correctly, while the green number indicates that the sample has been completely and correctly 

classified. 

 
  



 
Table S2. Categories prediction of average spectral data of K-means model. 

Method Class *Abrin  *BGT *BSA *Ricin *OVA *SEB 

Raw 

Abrin 100      
BGT  100     
BSA   100    
OVA    100   
Ricin     100  
SEB      100 

MSC 

Abrin 100      
BGT  100     
BSA   100    
OVA    100   
Ricin     100  
SEB      100 

MSC-SG 

Abrin 100      
BGT  100     
BSA   100    
OVA    100   
Ricin     100  
SEB      100 

WT 

Abrin 100      
BGT  100     
BSA   100    
OVA    100   
Ricin     100  
SEB      100 

 
  



 
Table S3. The confusion matrix for PLS-DA classification model. 

 

samples AUC p-value 

Abrin 1 0.0001333 

BGT 1 0.0001333 

BSA 1 0.0001333 

OVA 1 0.0001333 

Ricin 1 0.0001333 

SEB 1 0.0001333 

 
  



 
Table S4. The running time of the programs. 

Program Time (s) 

PCA 30.63 

K-means 5.29 

PLS-DA 15.80 

PLS 12.27 

* s represents seconds. 


