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Supplementary Table 1 | Fitting model performances. Data source: https://github.com/am5113/pyACA 14 

Model name Equation data shape (N) MSE 

Four-parameter Sigmoid 𝑓(𝑡) = 	
𝑎

1 + 	𝑒𝑥𝑝!"($!%)
+ 𝑏 16,188 0.017085 

Five-parameter Sigmoid 𝑓(𝑡) = 	
𝑎

(1 + 	𝑒𝑥𝑝!"($!%))'
+ 𝑏 16,188 0.003603 

Six-parameter Sigmoid 𝑓(𝑡) = 	
𝑎

(1 + 𝑘	𝑒𝑥𝑝!"($!%))'
+ 𝑏 16,188 0.011825 
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Supplementary Table 2 | Combination table for 3-plex 17 
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 20 
Supplementary Fig. 1 | Raw curve from Smart-Plexer validation using a 3-plex assay. 21 
 22 
 23 
Supplementary Table 3 | Raw curve details from Smart-Plexer validation using a 3-plex assay. 24 

Target Assay Curve Counts Ct values Means Ct STD Minimum Ct Maximum Ct 
Adenovirus HAdV_HEX_03 639 24.66 1.43 19.12 40.57 
Adenovirus HAdV_HEX_09 563 27.50 1.10 23.78 31.16 
Adenovirus HAdV_HEX_12 581 26.48 1.15 23.00 30.37 

Coronavirus HKU1 HCoV-HKU1_N_02 606 24.39 0.99 21.39 28.82 
Coronavirus HKU1 HCoV-HKU1_N_04 598 24.47 1.06 21.72 28.45 
Coronavirus HKU1 HCoV-HKU1_N_06 149 26.47 0.92 24.64 29.53 

MERS MERS-CoV_N_01 666 25.49 1.02 22.51 30.95 
MERS MERS-CoV_N_03 386 27.00 0.99 24.63 30.93 
MERS MERS-CoV_N_04 744 24.07 1.00 21.89 28.96 

 25 
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Supplementary Table 4 | ADS and MDS scores for the three curve representations in 3-plex 27 
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 30 
Supplementary Fig. 2 | Correlation of “c” ADS and MDS for 3-plex. 31 
 32 
 33 
Supplementary Table 5 | “c” parameter stats for 3-plex 34 
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 37 
Supplementary Fig. 3. | Distribution curves of simulated multiplex and empirical multiplex for each 38 
target. The figure displays the distribution “c” of the simulated and empirical multiplex for each target. The 39 
x-axis represents the parameter values, while the y-axis indicates the frequency. 40 
 41 
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Supplementary Table 6| Combination table for 7-plex 45 
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Supplementary Table 7 | “c” parameter stats 7-plex 48 
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Supplementary Fig. 4 | Standard curves for all targets in the BEST selected 7-plex. 53 
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Supplementary Table 8 | Primer table for 3-plex 55 
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Supplementary Table 9 | Assay table for 3-plex 59 
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Supplementary Table 10 | Primer table for 7-plex 63 
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Oligo name
Target 
name

Oligo 
type

Oligo 
modific
ation

Oligo sequence Tm (℃)
GC cont 
(%)

Length 
(nt)

A C G T
hairpin 
Tm (℃)

hairpin 
dg 

(kcal/m
ol)

PD dg 
(kcal/m
ol)

MW 
(g/mol)

HAdV_01 HEX forward CCCTTCGATGATGCCGCA 65.98 61.11 18 3 7 4 4 0.00 0.00 -3.21 5515.50
HAdV_02 HEX forward CGCAGTGGTCTTACATGCACATCTC 69.72 52.00 25 5 8 5 7 33.15 0.29 -3.28 7672.88
HAdV_03 HEX probe 56-FAM / ZEN / 3IABkFQCCTCGGAGTACCTRAGCCCCGG 72.94 70.45 22 3.5 9 6.5 3 34.87 0.20 -2.51 6769.29
HAdV_04 HEX probe 56-FAM / ZEN / 3IABkFQCCGCGCCACCGAGACGTACTTCAG 71.78 66.67 24 5 10 6 3 32.39 0.32 -4.89 7363.68
HAdV_06 HEX reverse GCCACCGTGGGGTTTCTAAACTTG 70.15 54.17 24 4 6 7 7 41.53 -0.22 -6.02 7439.73
HAdV_07 HEX reverse CGCAGCGTCAAACGCTG 65.38 64.71 17 4 6 5 2 64.49 -2.57 -9.64 5260.35
HCoV-229E_01 N forward CAGTCAAATGGGCTGATGCA 64.66 50.00 20 6 4 6 4 39.73 -0.17 -3.12 6245.99
HCoV-229E_02 N probe 56-FAM / ZEN / 3IABkFQACCCTGACGACCACGTTGTGGTTCA 71.10 56.00 25 5 8 6 6 55.56 -1.59 -5.96 7697.90
HCoV-229E_03 N reverse TTGTTCACTATCAACAAGCAAAGG 63.87 37.50 24 9 5 4 6 33.18 0.39 -1.78 7424.77
HCoV-229E_04 N forward GAAATGCAAAAGCCACGGTGGAA 68.67 47.83 23 10 4 7 2 35.79 0.06 -8.73 7219.64
HCoV-229E_05 N probe 56-FAM / ZEN / 3IABkFQAGTTGTGGTCAAGGTCTCTGGGGCC 71.21 60.00 25 3 5 10 7 30.39 0.49 -3.93 7824.96
HCoV-229E_06 N reverse AGCTCAGCAAATTGTGGATAGCC 67.37 47.83 23 7 5 6 5 0.00 0.00 -4.10 7152.57
HCoV-HKU1_02 N forward TCAAGAAGCTATCCCTACTAGGT 63.71 43.48 23 7 6 4 6 27.11 0.55 -2.01 7087.53
HCoV-HKU1_03 N probe 56-FAM / ZEN / 3IABkFQCGCCTGGTACGATTTTGCCTCAAGGCT 72.21 55.56 27 4 8 7 8 56.20 -1.74 -6.13 8322.28
HCoV-HKU1_05 N reverse AGACCTTCCTGAGCCTTCAACA 67.43 50.00 22 6 8 3 5 27.54 0.61 -1.73 6719.29
HCoV-HKU1_06 N reverse CTATTAGAAGCAGACCTTCCTGA 63.02 43.48 23 7 6 4 6 44.73 -0.74 -3.13 7087.53
HCoV-HKU1_07 N probe 56-FAM / ZEN / 3IABkFQACG[+T]TCTC[+A]ATCA[+C]GTGG[+A]CCCA 66.78 52.17 23 6 8 4 5 42.70 -0.50 -6.40 7048.50
HCoV-HKU1_08 N reverse GCGATCTCATCAGCCATATCAGGT 68.29 50.00 24 6 7 5 6 0.00 0.00 -3.15 7392.72
HCoV-NL63_01 N forward TGGTTAGTTCTGATAAGGCACC 63.67 45.45 22 5 4 6 7 0.00 0.00 -2.65 6845.36
HCoV-NL63_02 N probe 56-FAM / ZEN / 3IABkFQTGGAATGTTCAAGAGCGTTGGCGTATGCG 72.59 51.72 29 6 4 11 8 44.09 -0.44 -3.35 9108.79
HCoV-NL63_03 N reverse GGAGGCAAATCAACACGTTG 63.48 50.00 20 7 4 6 3 40.08 -0.26 -2.67 6255.00
HCoV-NL63_04 N forward GGTGCTAAAACTGTTAATACCAGT 62.95 37.50 24 8 4 5 7 41.35 -0.35 -2.43 7455.78
HCoV-NL63_05 N probe 56-FAM / ZEN / 3IABkFQAGGTTTCTGATTACGTTTGCGATTACCA 66.42 39.29 28 6 5 6 11 40.11 -0.23 -4.00 8664.52
HCoV-NL63_06 N reverse GCAATAGAGAACTTTGGTTCCA 62.40 40.91 22 7 4 5 6 45.46 -0.90 -1.81 6838.38
HCoV-OC43_01 N forward CTTGGTTCTCTGGAATTACTCA 61.29 40.91 22 4 5 4 9 30.32 0.53 -1.58 6771.31
HCoV-OC43_02 N probe 56-FAM / ZEN / 3IABkFQAGAAGGACAAGGTGTGCCTATTGCACCA 71.33 50.00 28 9 6 8 5 59.69 -2.26 -4.32 8726.58
HCoV-OC43_03 N reverse GTTCCCAGATAGTAAAAATACCAT 60.22 33.33 24 10 5 3 6 0.00 0.00 -0.94 7408.77
HCoV-OC43_04 N forward GGTGGAGAAATGTTAAAACTTGGAACT 66.26 37.04 27 10 2 8 7 0.00 0.00 -1.09 8491.44
HCoV-OC43_06 N probe 56-FAM / ZEN / 3IABkFQTCCCCATTCTTGCAGAACTCGCACCCA 73.13 55.56 27 6 12 3 6 35.29 0.11 -0.47 8180.21
HCoV-OC43_07 N reverse CCAAAGAAAAACGCACCAGCTG 66.94 50.00 22 10 7 4 1 36.75 0.01 -5.03 6795.37
SARS-CoV-2_01 N forward ATAATGGACCCCAAAATCAGCGA 66.41 43.48 23 10 6 4 3 32.19 0.27 -3.15 7114.57
SARS-CoV-2_02 N probe 56-FAM / ZEN / 3IABkFQCACCCCGCATTACGTTTGGTGGACC 70.86 60.00 25 4 9 6 6 39.70 -0.42 -2.49 7673.87
SARS-CoV-2_03 N reverse TCTGGTTACTGCCAGTTGAATCTG 66.66 45.83 24 4 5 6 9 47.08 -1.08 -4.28 7429.72
SARS-CoV-2_04 N forward CTGATTACAAACATTGGCCGCA 65.80 45.45 22 7 6 4 5 31.86 0.31 -4.08 6783.34
SARS-CoV-2_05 N probe 56-FAM / ZEN / 3IABkFQTGCACAATTTGCCCCCAGCGCTTCAG 73.33 57.69 26 5 10 5 6 48.48 -0.80 -6.06 7947.05
SARS-CoV-2_06 N reverse ATGCGCGACATTCCGAAGAA 66.42 50.00 20 7 5 5 3 28.52 0.39 -6.86 6214.98
SARS-CoV-2_12 N forward GACCCCAAAATCAGCGAAAT 62.45 45.00 20 9 6 3 2 0.00 0.00 -3.15 6167.97
SARS-CoV-2_13 N probe 56-FAM / TAMRAACCCCGCATTACGTTTGGTGGACC 70.17 58.33 24 4 8 6 6 38.87 -0.10 -2.49 7384.69
SARS-CoV-2_14 N reverse TCTGGTTACTGCCAGTTGAATCTG 66.66 45.83 24 4 5 6 9 47.08 -1.08 -4.28 7429.72
MERS-CoV_01 N forward ACGCGGAACCCTAACAATGATT 66.51 45.45 22 8 6 4 4 0.00 0.00 -6.41 6792.35
MERS-CoV_02 N probe 56-FAM / ZEN / 3IABkFQTGCCTCCAGTCCCCTCAATGTGGA 70.33 58.33 24 4 9 5 6 30.16 0.62 -3.02 7344.67
MERS-CoV_03 N reverse GCTAGAGGCTCTTGAAGATGATTGA 66.30 44.00 25 7 3 8 7 36.12 0.06 -7.10 7841.01
MERS-CoV_04 N forward CCACAAGCGCACTTCCACCAA 69.80 57.14 21 7 10 2 2 27.31 0.52 -6.40 6369.08
MERS-CoV_05 N probe 56-FAM / ZEN / 3IABkFQTTCCCTGGAGGTCTCCTGGTCCGC 72.33 66.67 24 1 9 7 7 51.20 -1.89 -6.78 7367.65
MERS-CoV_06 N reverse GTGGGTCCTCAGTGCCGAGT 69.98 65.00 20 2 5 8 5 0.00 0.00 -1.99 6244.95
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Supplementary Table 11 | Assay table for 7-plex 66 

 67 
 68 
  69 

Assay_ID Forward_ID Probe_ID Reverse_ID

HAdV_HEX_06 HAdV_02 HAdV_03 HAdV_06
HAdV_HEX_09 HAdV_01 HAdV_03 HAdV_07
HAdV_HEX_12 HAdV_02 HAdV_04 HAdV_07
HCoV-229E_N_01 HCoV-229E_01 HCoV-229E_02 HCoV-229E_03
HCoV-229E_N_02 HCoV-229E_04 HCoV-229E_05 HCoV-229E_06
HCoV-HKU1_N_02 HCoV-HKU1_02 HCoV-HKU1_03 HCoV-HKU1_05
HCoV-HKU1_N_04 HCoV-HKU1_02 HCoV-HKU1_03 HCoV-HKU1_06
HCoV-HKU1_N_06 HCoV-HKU1_02 HCoV-HKU1_03 HCoV-HKU1_08
HCoV-HKU1_N_08 HCoV-HKU1_02 HCoV-HKU1_07 HCoV-HKU1_08
HCoV-NL63_N_01 HCoV-NL63_01 HCoV-NL63_02 HCoV-NL63_03
HCoV-NL63_N_02 HCoV-NL63_01 HCoV-NL63_02 HCoV-NL63_06
HCoV-NL63_N_04 HCoV-NL63_04 HCoV-NL63_05 HCoV-NL63_06
HCoV-OC43_N_01 HCoV-OC43_01 HCoV-OC43_02 HCoV-OC43_03
HCoV-OC43_N_02 HCoV-OC43_01 HCoV-OC43_02 HCoV-OC43_07
HCoV-OC43_N_04 HCoV-OC43_04 HCoV-OC43_06 HCoV-OC43_07
SARS-CoV-2_N_01 SARS-CoV-2_01 SARS-CoV-2_02 SARS-CoV-2_03
SARS-CoV-2_N_02 SARS-CoV-2_04 SARS-CoV-2_05 SARS-CoV-2_06
SARS-CoV-2_N_03 SARS-CoV-2_12 SARS-CoV-2_13 SARS-CoV-2_14
MERS-CoV_N_01 MERS-CoVS-CoV_01 MERS-CoVS-CoV_02 MERS-CoVS-CoV_03
MERS-CoV_N_02 MERS-CoVS-CoV_01 MERS-CoVS-CoV_02 MERS-CoVS-CoV_06
MERS-CoV_N_03 MERS-CoVS-CoV_01 MERS-CoVS-CoV_05 MERS-CoVS-CoV_06
MERS-CoV_N_04 MERS-CoVS-CoV_04 MERS-CoVS-CoV_05 MERS-CoVS-CoV_06
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 70 
Supplementary Fig. 5 | Overall development of Smart-Plexer. Stream 1. Pipeline for combo selection 71 
based on simulated multiplex assays. Before combination selection, operations including 3-fold data 72 
manipulation (Background removal, Late amplification filter and Noisy curve removal), data processing 73 
(Sigmoid fitting and Curve FFI normalization) and simulated score computation (The types of data are raw 74 
curve, normalized curve, fitted parameters and “c” parameter) are conducted. The principle of selection is 75 
then based on MDS-ADS ranking system. Combinations from 5 groups (BEST, TOP-ADS, TOP-MDS, MID, BOT) 76 
are chosen for validation progress. Stream 2. Pipeline for result validation based on empirical multiplex 77 
assays. With empirical experiment, same pre-operations (3-fold data manipulation and data processing) are 78 
taken. Then, the empirical scores are computed, and the distributions of classification accuracy are 79 
evaluated versus scores. The last validation step is based on clinical samples with best assay combination 80 
developed so far. 81 
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