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Table S1. Recombinase Polymerase Amplification (RPA) primer sequences targeting specific 
virulence genes of the selected foodborne bacteria used in this study.  

 

  

Target species 
Target 
gene RPA primer sequence (5′ to 3′) 

Staphylococcus aureus 
(S. aureus) 

LukE  
Forward GAGTTAACAAAACGAATGATTTGGCCATTCCA 
Reverse TTACCATCAGGCGTAACAAATTCGTTTGCT 

Salmonella enteritidis 
(S. enteritidis) 

invA 
Forward TATTTTGATTTGATGCGAGTGGTAAATTATTC 
Reverse TGTTTTGTTTCCTGAATACCGAAATATTCATTG 

invA1  
Forward TATTATCTTTGTGAACTTTATTGGCGGTATTTC 
Reverse GAATTTAAAATAGAAGAGTACGCTTAAAACCAC 

invA2  
Forward TATTTTGATTTGATGCGAGTGGTAAATTATTC 
Reverse GAATATGCTCTACAAGGTTAATGACATCTTT 

invA2-2  Reverse TGTTTTGTTTCCTGAATACCGAAATATTCATTG 

invA E  
Forward CAGATGAGTATTGATGCCGATTTGAAGGCC 
Reverse CAAATGGGTTGTTCAACAGCTGCGTCATGA 

pipD 
Forward TATTGATAGCAAAGAGATATGGTATCTGGAG 
Reverse GCGGATAATTATAGGTGGTATCGTTTTTGTT 

Listeria 
monocytogenes 

(L. monocytoegenes) 

actA 
Forward TTAATGCTCCTACTACATCAGAACCGAGCTCA 
Reverse TAATAGCACTTCTCAAACTAGCTAAATCC 

plcB1 
Forward TATGCGAGCTAATTTAATGAATGAACTTAAAAA 
Reverse TAGGTTGACTAATATCCGTATAATAATGGATTG 

plcB2  
Forward GATATTGACAGCAAATTACCACATAAACTTAG 
Reverse GATTGATTGAAATACTTTGCTCCTGTTATTTTC 

plcB3 
Forward ATTCGATAAACAAATAGCTCAAGGAATATATGA 
Reverse TGATAATTGTGTTTAATGGTATCTACGTAATTT 

Bacillus cereus  
(B. cereus) 

EntFM 
Forward TACAAGTAGTTGGACAAGAAAACGGTTG 
Reverse ACCTTTTGTTACGAAGTCTTTGCTTACGTATC 

EntFM2  
Forward GTAATCGGTGGAGTAACAAATGGTAAAGTATTA 
Reverse GATGTATCTCCACCTGTTGTTGGTTTTTGTACG 

EntFM2
-2 Reverse CTTTATGACCAGTTTGATTTAATACGTAGTGAA 



 

Table S2. CRISRP RNA (crRNA) sequences corresponding to each bacterial target gene and 
the reporter probe used in this study 

 

Name Sequence (5′ to 3′) 

S. aureus  
LukE 

crRNA 

rUrA rArUrU rUrCrU rArCrU rArArG rUrGrU rArGrA 

rUrCrA rGrUrC rArGrC rArCrC rArUrC rUrArU rArGrG 

rUrGrG 

S. enteritidis 

invA1 

crRNA 

rUrA rArUrU rUrCrU rArCrU rArArG rUrGrU rArGrA 

rUrUrC rCrUrC rCrGrC rUrCrU rGrUrC rUrArC rUrUrA 

rU 

invA2 

crRNA 

rUrA rArUrU rUrCrU rArCrU rArArG rUrGrU rArGrA 

rUrGrU rArUrU rArArU rCrCrA rArCrA rArUrC rCrArU 

rC 

pipD 

crRNA 

rUrA rArUrU rUrCrU rArCrU rArArG rUrGrU rArGrA 

rUrCrG rArArA rArArG rCrArG rGrGrA rUrUrA rUrArU 

rG 

L. monocytogenes  

actA 

crRNA 

rUrA rArUrU rUrCrU rArCrU rArArG rUrGrU rArGrA 

rUrCrC rArGrA rGrArC rGrCrC rArArU rGrCrU rUrCrU 

rUrGrG 

plcB1 

crRNA 

rUrA rArUrU rUrCrU rArCrU rArArG rUrGrU rArGrA 

rUrArU rGrArA rUrGrA rArCrU rUrArA rArArA rArUrU 

plcB2 

crRNA 

rUrA rArUrU rUrCrU rArCrU rArArG rUrGrU rArGrA 

rUrCrC rGrGrG rUrUrU rUrGrC rUrArA rUrGrC rGrArA 

B. cereus 

EntFM1 

crRNA 

rUrA rArUrU rUrCrU rArCrU rArArG rUrGrU rArGrA 

rUrUrU rCrArC rUrUrA rArCrG rUrArC rGrUrA rCrArG 

rG 

EntFM3 

crRNA 

rUrA rArUrU rUrCrU rArCrU rArArG rUrGrU rArGrA 

rUrUrA rArArA rGrGrC rGrGrA rGrUrA rArArC rG 

EntFM4 

crRNA 

rUrA rArUrU rUrCrU rArCrU rArArG rUrGrU rArGrA 

rUrArA rUrGrG rUrUrC rArCrC rArUrA rCrArG rArArC 

rU 

Reporter ssDNA FAM-TATTA-BHQ 



 

Table S3. Polymerase Chain Reaction (PCR) primer sequences used for the detection of target 
bacteria in this study  

Name Sequence (5′ to 3′) 

S. aureus 
 Forward CGAATTTGTTACGCCTGATGG 

 Reverse CCACTTTGAACTAATGGTGGC 

S. enteritidis 
 Forward GCCGGAAGTATTGTTACGCG 

 Reverse CAACACATAGCCAAGCTCCC 

L. monocytogenes 
 Forward ACATACAACGCTGTAATCGG 

 Reverse GCGATTGAAGATGTATCTCC 

B. cereus 
 Forward TTAGTCAACCTATGCACGC 

 Reverse TCATATGCACAGTGGTAGCC 



 

Table S4. t-test results comparing fluorescence intensity (F.I.) between non target control (NTC) and positive detection signals for each sample. 

The sample compositions were as follows: (i) S. aureus and S. Enteritidis, (ii) S. aureus, S. Enteritidis and L. monocytogenes. (iii) S. aureus, S. 

Enteritidis and B. cereus, and (iv) S. aureus, S. Enteritidis, L. monocytogenes, and B. cereus. 

    S. aureus S. enteritidis L. monocytogenes B. cereus 

NTC F.I 65 ± 2.83 76.33 ± 18.26 96.67 ± 10.27 125.67 ± 19.15 

(i) F.I 2903 ± 551.12 4478 ± 1135.01 121 ± 22.11 128 ± 21.46 
  p-value 0.009 0.016 0.162 0.322 

(ii) F.I 3041.33 ± 1142.92 4910.33 ± 718.58 168 ± 33.44 157 ± 26.42 
  p-value 0.033 0.005 0.056 0.009 

(iii) F.I 2895.67 ± 964.24 3840 ± 1005.34 181 ± 26.98 293 ± 79.7 
  p-value 0.027 0.016 0.039 0.031 

(iv) F.I 2060.67 ± 224.68 3700.33 ± 1114.34 216 ± 12.83 255.33 ± 86.35 
  p-value 0.003 0.022 0.009 0.001 > 

 

 

 

 

 

  



 

Table S5. t-test results comparing fluorescence intensity (F.I.) between NTC and positive detection signals for each sample under food 
poisoning-contamination conditions 

    S. aureus S. enteritidis L. monocytogenes B. cereus 

NTC F.I 97 ± 14.97 156.67 ± 26.71 89.33 ± 49.22 105.33 ± 42.75 

Carrot F.I 7498 ± 79.11 1811.33 ± 199.6 2248.33 ± 316.42 6858 ± 2324.95 

  p-value 0.001 > 0.003 0.007 0.026 

Pork F.I 8180.33 ± 1365.63 2754 ± 120.43 9337.33 ± 1891.81 11000.67 ± 262.32 

  p-value 0.007 0.001 > 0.01 0.001 > 

Beef F.I 5938.67 ± 697.87 1965.33 ± 178.04 1764 ± 450.81 5576 ± 637.85 

  p-value 0.004 0.002 0.021 0.004 

Chicken F.I 4921 ± 552.64 1878.67 ± 245.67 1639 ± 311.49 1876.67 ± 257.57 

  p-value 0.003 0.006 0.007 0.007 

Vegetable F.I 7403 ± 1512.69 2640 ± 257.29 2157.67 ± 212.49 6927.33 ± 1342.71 

  p-value 0.01 0.003 0.004 0.01 
 

  



 

Table S6. t-test results comparing fluorescence intensity (F.I.) between NTC and positive detection signals for each sample in on-site detection 
of food poisoning bacteria. 

    S. aureus S. enteritidis L. monocytogenes B. cereus 

NTC F.I 45 ± 14.85 89 ± 16.06 82 ± 24.04 77.67 ± 16.44 

Franchise 
Restaurant F.I 9867.67 ± 397.02 70 ± 16.27 1275.33 ± 184.67 83.33 ± 9.53 

  p-value 0.001 > 0.305 0.001 > 0.695 

Cafe F.I 14097 ± 1495.156 101 ± 4.08 2867.33 ± 589.26 82.67 ± 18.98 

  p-value 0.001 > 0.364 0.003 0.792 
University 
cafeteria F.I 11295 ± 961.38 86.67 ± 25.30 4371.67 ± 676.65 185.33 ± 33.32 

  p-value 0.001 > 0.928 0.001 > 0.015 
 

 



 

 

 

Figure S1. Schematic illustration of the selected RPA primers and corresponding crRNA 
binding sites. (a) S. aureus, (b) S. Enteritidis, (c) L. monocytogenes, and (d) B. cereus. 

 

 

 



 

 

Figure S2. Cross-reactivity analysis of each RPA primer set and corresponding crRNA. (a) 
Agarose gel electrophoresis of RPA amplicons generated during the cross-reactivity test. Lane 
0: 100 bp DNA ladder; lanes 1–4: LukE primer set; lanes 5–8: invA primer set; lanes 9–12: 
plcB primer set; lanes 13–16: EntFM primer set. (b) Heat map of fluorescence intensity (F.I.) 
generated from each RPA amplicon in the CRISPR/Cas12a reactions. Darker colors indicate 
increased fluorescence signals, whereas lighter colors indicate decreased fluorescence. Each 
reaction was performed in triplicate (n = 3). 

 



 

 

 

Figure S3. Stability evaluation of each RPA primer set and crRNA. (a) Agarose gel 
electrophoresis of RPA amplicons. Lane 0: 100 bp DNA ladder; lanes 1–2: LukE primer set; 
lanes 3–4: invA primer set; lanes 5–6: plcB primer set; lanes 7–8: EntFM primer set. (b) Heat 
map of fluorescence intensity (F.I.) generated from each RPA amplicon in the CRISPR/Cas12a 
reactions. Darker colors indicate increased fluorescence signals, whereas lighter colors 
represent decreased fluorescence. Each reaction was performed in triplicate (n = 3). 

  



 

 

Figure S4. Kinetic analysis of the RCCVA assay measured at 15-min intervals using a portable 
isothermal amplification device for different strains and RPA amplicon concentrations. (a) S. 
aureus, (b) S. Enteritidis, (c) L. monocytogenes, and (d) B. cereus. Each value represents the 
mean of triplicate measurements, with error bars indicating standard deviations (SD). 
Significance levels: (−) P < 0.2, (+) P < 0.1, *P < 0.05, **P < 0.01, ***P < 0.005 

 

 



 

 

Figure S5. RCCVA-based quantification of foodborne bacteria using a portable isothermal 
amplification device. (a) Kinetic analysis of the RCCVA assay for each strain across various 
concentrations of RPA amplicons. (b) Standard curves of normalized fluorescence intensity 
(F.I.) at 15 min for each bacterial strain: (i) S. aureus, (ii) S. Enteritidis, (iii) L. monocytogenes, 
and (iv) B. cereus. Each value represents the mean of triplicate measurements, and error bars 
indicate standard deviations (SD). 

 



 

 

Figure S6. Standard curves of normalized fluorescence intensity (F.I.) at 1 h for each bacterial 
strain: (a) S. aureus, (b) S. Enteritidis, (c) L. monocytogenes, and (d) B. cereus. Each value 
represents the mean of triplicate measurements, and error bars indicate standard deviations 
(SD). 

 



 

 

Figure S7. (a) Photograph of the portable isothermal amplification device and (b) its control 
pad.  

  



 

 

Figure S8. Photograph of the electrostatic air sampler from various angles. 

 

 

 

  



 

 

 

Figure S9. Photograph showing the experimental setup used to collect airborne bacteria 
generated from food poisoning bacteria-incubated food samples. 

 


