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Supplementary Figure 1. Schematic illustration of the SCOUT assay targeting the SARS-CoV-
2 ORF1a gene. The specific sequences for the ORF1a target, crRNA, and the signaling probe

used in the assay are provided.



500
300

150

A (CIeaved signaling probé\

mm

\ T7 Promoter Target* ) C—? Promoter Targel” )
s

N\

Target mimic

Supplementary Figure 2. PAGE analysis of the SCOUT reaction under indicated component
combinations using synthetic oligonucleotides. Lane assignments: Lanes 1, 10: 25/100 bp
mixed DNA ladder; 2: ORF1a target; 3: signaling probe; 4: target + signaling probe + Cas13a; 5:
signaling probe + Cas13a; 6: target + signaling probe; 7: target + signaling probe + Cas13a + T7

RNA polymerase; 8: signaling probe + Cas13a+T7 RNA polymerase; 9: target + signaling

probe + T7 RNA

15% PAGE gel
1, 10: 25100 bp mixed DNA ladder

2: Target RNA (ORF1a gene)

3: Signaling probe

4: Target + Signaling probe + Cas13a

5: Signaling probe + Cas13a

6: Target + Signaling probe

7: Target + Signaling probe + Cas13a + T7 RNA Pol.
8: Signaling probe + Cas13a + T7 RNA Pol.

9: Target + Signaling probe + T7 RNA Pol.

polymerase. Reaction concentrations:

[Target] = 500 nM;
probe] = 50 uM; [Cas13a/crRNA] = 10 uM; [T7 RNA polymerase] = 10 uM. The gel patterns

demonstrate the dual requirement for self-amplifying loop in SCOUT.
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Supplementary Figure 3. Optimization of reagent concentrations and probe architecture for
the SCOUT assay. (a—d) Concentration optimizations for Cas13a, RNase inhibitor, T7 RNA
polymerase, and the signaling probe established the optimal working conditions. (e) U-loop
length screen; a U4 loop provided the highest signal-to-blank ratio. (f) Comparison of

promoter lengths identified a 12-base T7 promoter as optimal. Data are mean £ SD (n = 3).
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Supplementary Figure 4. Evaluation of SCOUT assay. (a-c) Time-dependent fluorescence for

serial dilutions of (a) N, (b) S, and (c) E RNAs over 30 min; end-point intensity at 30 min scales

with input concentration and is used for quantitation. NC denotes negative control. Data are

mean (n = 3). (d-f) Calibration of SCOUT (30 min) versus RT-qPCR (80 min) on serially diluted

(d) N, (e) S, and (f) E RNAs. LoDs of SCOUT were 0.56 (N), 0.32 (S), and 0.53 (E) copies pL™". RT-

gPCR comparison used AC: = Cio — C;, where Cio and C: were threshold cycle values for blank

and RNA samples, respectively. Data are mean + SD (n = 3).
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Supplementary Figure 5. Comparison of analytical sensitivity and linearity between SCOUT
assay and RT-gPCR. (a-d) Dose-response curves and linear regression analyses for (a) ORFl1a,
(b) N, (c) S, and (d) E gene targets of SARS-CoV-2. Serial dilutions of synthetic RNA (1 to 10*
copies pL™") were assayed using both SCOUT (orange circles) and RT-qPCR (gray circles). The
corresponding linear equations are provided within each panel. Data are mean + SD (n = 3).

The SCOUT assay demonstrates a wider dynamic range and comparable linearity to the RT-
qPCR.



Supplementary Figure 6. Characterization of POC testing device. (a) External view of the 16-
well POC testing device integrating a temperature-controlled reaction block, an LED-based
fluorescence module, and Bluetooth connectivity to a smartphone application. (b)
Smartphone GUI: device selection (Device name, Bluetooth connect), real-time scan graph,
total test time, well info setup, result display, menu, and channel on/off controls. (c) Inter-
chamber reproducibility of the SCOUT device. Samples containing varying concentrations of
synthetic ORF1a RNA were processed at different positions within the heating block. SCOUT
signals were highly consistent across positions, with a coefficient of variation (CV) below 1.5%.
Bars represent mean fluorescence signals from four different positions within the heating
block. Data are mean £ SD (n = 4). (d) Time series of the block temperature (37, 40, 50, 60,
and 70 °C) demonstrating tight control with inter-well variation within 0.5 °C over the
evaluation interval (120 s). (e) Temporal optical stability of the SCOUT device. Ten consecutive

measurement runs were performed using the same positive control sample over a 5 h



continuous operation period. Fluorescence output remained stable throughout all runs with
no detectable signal drift (CV < 2.0%). Data are mean * SD (n = 10). (f) Inter-device
reproducibility. Two independently assembled SCOUT devices were tested using the same
positive control samples. Fluorescence signals were highly consistent across devices (inter-

device CV < 1.0%), confirming device-to-device reliability. Data are mean £ SD (n = 2 devices).
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Supplementary Figure 7. Design and validation of the POC testing device. (a) Optical-path
schematic of the fluorescence module showing the excitation LED, lensing, excitation filter,
dichroic, emission filter, and photodiode. (b) Representative fluorescence curves with the
threshold line (intensity at 3,500) used to determine C: values from POC testing device and
commercially available instrument (Bio-Rad). [ORF1a] = 10* copies uL™". (c) Agreement of
threshold determinations across replicates, highlighting the device’s accuracy for quantitative

calling. Data are mean + SD (n = 5).
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Supplementary Figure 8. SARS-CoV-2 variants and sequences used in the SCOUT assay. (a) A

schematic summary of the lineage-mutation relationships for the SARS-CoV-2 variants

investigated in this study (Alpha, Beta, Delta, Gamma, Omicron, and Omicron BA.2). (b)

Detailed lists of the WT and mutant RNA sequences used for designing the variant-specific

SCOUT assays. The specific nucleotide changes for each mutation site are highlighted.
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Supplementary Figure 9. Sequences and alignments of crRNAs and target regions for SARS-

CoV-2 detection. (a) Sequences of crRNAs targeting the conserved regions of the ORF1a, N, S,



and E genes. (b) Sequence alignments of variant-specific crRNAs designed to distinguish key
mutations in the S gene. Red text indicates the specific mutation sites, and underlined text

denotes the target regions recognized by the crRNAs.



Supplementary Figure 10. SCOUT assay for mixed SARS-CoV-2 variant detection at different
loads. (a) Composition of contrived mixed samples containing WT, Delta, and Omicron viral
RNAs (ratios of 1:99). (b) End-point fluorescence intensities measured for each mixed sample
using variant-specific crRNAs targeting WT, L452R (Delta), and A67V (Omicron). The specific
signals corresponding to the abundant variants were successfully detected. Data are mean +
SD (n = 3). (c) A mixture of WT and L452R (Delta) synthetic RNA samples was prepared at
varying VAFs (0.01-0.2%). SCOUT detected L452R down to 0.01% VAF, with a signal
significantly different from the background (P < 0.001, unpaired two-sided t-test). The bars
represent mean values from technical triplicate measurements. Data are mean + SD (n = 3).
(d) Detection of a triple-variant mixture. A contrived sample containing equal proportions
(1:1:1) of Delta (L452R), Gamma (P26S), and Omicron (A67V) synthetic RNAs was analyzed
using variant-specific crRNAs in separate reaction wells. SCOUT independently detected all

three variants in the mixed sample. Data are mean + SD (n = 3).
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Supplementary Figure 11. Linear regression analysis of variant-specific SCOUT assays. The
lines indicate linear regression fits for D614G, L452R, and A67V targets. The corresponding

linear equations are provided within each panel. Data are mean + SD (n = 3).



Supplementary Figure 12. Performance of the SCOUT assay in complex clinical sample
matrices. SARS-CoV-2 viral RNA (1-1,000 copies plL-1) was spiked into saliva and sputum
matrices, and end-point fluorescence intensities were measured. SCOUT maintained stable
detection in both matrices, with a slight reaction delay observed in sputum due to mucin

viscosity. Data are mean * SD (n = 3).



10000

&
7500 e
o

D 50001 Lo
2500
r=0.9965

0L T T T 1
4000 5000 6000 7000 8000
ORF1a

Supplementary Figure 13. Correlation between ORFl1a and S gene fluorescence signals in
clinical samples. Scatter plot illustrating the relationship between the end-point fluorescence
intensities obtained from the ORF1a and S gene SCOUT assays for COVID-19 positive patient
samples. The high Pearson correlation coefficient (r = 0.9965) demonstrates strong

concordance between the two distinct gene targets. Data are mean (n = 3).
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Supplementary Figure 14. Comparison of signal amplification mechanisms between SCOUT
and conventional Casl13a assays. (a-d) Real-time fluorescence traces obtained from the
SCOUT assay and the conventional Cas13a assay at a target concentration of 10* copies pL™

for (a) ORF1a, (b) N, (c) S, and (d) E genes.



Supplementary Figure 15. Optimization of lysis buffer concentration for the SCOUT assay.
End-point fluorescence intensities were measured for SCOUT reactions containing varying
final concentrations of Monarch® RNA Lysis Buffer (10-30%). Based on these results,
approximately 20% was selected as the optimal lysis buffer concentration. All subsequent
experiments used Monarch® RNA Lysis Buffer supplemented with RNase inhibitor (16 U/uL)

at the optimized concentration. Data are mean = SD (n = 3).



Supplementary Table 1. Diagnostic results of 45 clinical samples (SARS-CoV-2 WT 15 and
negative 30) using SCOUT assay and RT-gPCR.

patient SARS- sample SCOUT Assay RT-qPCR
# Cov-2 type Intensity SD Diagnosis®® (o Diagnosis® Match
Type
1 WT NPS 7705 299 Positive 11.73 Positive 0]
2 WT NPS 5217 228 Positive 27.4 Positive 0]
3 WT NPS 4319 237 Positive 33.33 Positive 0]
4 WT NPS 6111 165 Positive 14.2 Positive 0]
5 WT NPS 4152 103 Positive 35.08 Positive 0]
6 WT NPS 5083 36 Positive 294 Positive 0]
7 WT NPS 8436 357 Positive 8.3 Positive 0]
8 WT NPS 6878 403 Positive 11.9 Positive 0]
9 WT NPS 6733 246 Positive 12.6 Positive 0]
10 WT NPS 5924 82 Positive 225 Positive 0]
11 WT NPS 5134 360 Positive 28.7 Positive 0]
12 WT NPS 8439 284 Positive 7.56 Positive 0]
13 WT NPS 5978 51 Positive 221 Positive 0]
14 WT NPS 5448 229 Positive 24.7 Positive 0]
15 WT NPS 6028 295 Positive 21.8 Positive 0]
16 NPS 382 208 Negative N/A©) Negative o}
17 NPS 416 235 Negative N/A Negative 0
18 NPS 355 179 Negative N/A Negative 0
19 NPS 334 143 Negative N/A Negative 0
20 NPS 320 96 Negative N/A Negative 0
21 NPS 422 156 Negative N/A Negative 0
22 NPS 329 96 Negative N/A Negative 0
23 NPS 496 126 Negative N/A Negative 0
24 NPS 536 27 Negative N/A Negative 0
25 NPS 318 229 Negative N/A Negative 0
26 NPS 432 64 Negative N/A Negative 0
27 NPS 507 102 Negative N/A Negative 0
28 NPS 303 146 Negative N/A Negative 0
29 NPS 497 89 Negative N/A Negative 0
30 NPS 279 150 Negative N/A Negative 0
31 NPS 507 168 Negative N/A Negative 0]
32 NPS 402 200 Negative N/A Negative 0]
33 NPS 611 22 Negative N/A Negative 0]




patient SARS- sample SCOUT Assay RT-qPCR
# Cov-2 type Intensity SD Diagnosis®® (o Diagnosis® Match
Type
34 NPS 351 194 Negative N/A Negative 0
35 NPS 405 124 Negative N/A Negative 0
36 NPS 366 193 Negative N/A Negative 0
37 NPS 252 92 Negative N/A Negative 0
38 NPS 373 210 Negative N/A Negative 0
39 NPS 366 208 Negative N/A Negative 0
40 NPS 205 98 Negative N/A Negative 0
41 NPS 377 106 Negative N/A Negative 0
42 NPS 496 109 Negative N/A Negative 0
43 NPS 427 259 Negative N/A Negative 0
44 NPS 525 172 Negative N/A Negative 0
45 NPS 469 125 Negative N/A Negative 0

@ samples with fluorescence intensity values above the threshold value were diagnosed as positive.

®) Ssamples with Ct values less than 40 were diagnosed as positive.

() Not available.




Supplementary Table 2. Diagnostic results of 60 clinical samples (SARS-CoV-2 Delta 30 and
negative 30) using SCOUT assay and RT-gPCR.

Patient SARS- sample SCOUT Assay RT-qPCR
# Cov-2 type Intensity SD Diagnosis®® (o Diagnosis® Match
Type
1 Delta NPS 8412 145 Positive 9.12 Positive (0]
2 Delta NPS 8554 200 Positive 8.42 Positive 0]
3 Delta NPS 7802 146 Positive 10.25 Positive 0]
4 Delta NPS 8217 142 Positive 10.12 Positive (0]
5 Delta NPS 8370 282 Positive 9.15 Positive 0]
6 Delta NPS 8364 302 Positive 9.34 Positive 0]
7 Delta NPS 8323 214 Positive 9.41 Positive (0]
8 Delta NPS 8491 275 Positive 8.87 Positive (0]
9 Delta NPS 7802 146 Positive 10.25 Positive 0]
10 Delta NPS 8536 197 Positive 8.54 Positive (0]
11 Delta NPS 6988 87 Positive 27.9 Positive 0]
12 Delta NPS 4439 289 Positive 35.8 Positive 0]
13 Delta NPS 4584 190 Positive 33.9 Positive 0]
14 Delta NPS 6709 210 Positive 30.45 Positive 0]
15 Delta NPS 7683 216 Positive 25.41 Positive (0]
16 Delta NPS 7638 102 Positive 26.2 Positive 0]
17 Delta NPS 4466 346 Positive 35.51 Positive 0]
18 Delta NPS 6935 307 Positive 27.98 Positive 0]
19 Delta NPS 6736 327 Positive 30.1 Positive 0]
20 Delta NPS 5185 282 Positive 32.65 Positive 0]
21 Delta NPS 5439 394 Positive 30.55 Positive 0]
22 Delta NPS 4325 119 Positive 36.94 Positive 0]
23 Delta NPS 6734 311 Positive 30.19 Positive 0]
24 Delta NPS 6807 207 Positive 28.72 Positive 0]
25 Delta NPS 7372 159 Positive 26.29 Positive 0]
26 Delta NPS 5435 191 Positive 32.55 Positive (0]
27 Delta NPS 4417 153 Positive 36.75 Positive 0]
28 Delta NPS 6921 191 Positive 28.05 Positive 0]
29 Delta NPS 4423 101 Positive 36.42 Positive 0]
30 Delta NPS 4306 128 Positive 37.3 Positive 0]
31 NPS 308 166 Negative N/A©) Negative o}
32 NPS 410 87 Negative N/A Negative 0]
33 NPS 577 34 Negative N/A Negative 0]




patient SARS- sample SCOUT Assay RT-qPCR
# Cov-2 type Intensity SD Diagnosis®® (o Diagnosis® Match
Type
34 NPS 459 261 Negative N/A Negative 0
35 NPS 396 225 Negative N/A Negative 0
36 NPS 350 226 Negative N/A Negative 0
37 NPS 340 173 Negative N/A Negative 0
38 NPS 241 99 Negative N/A Negative 0
39 NPS 493 46 Negative N/A Negative 0
40 NPS 478 151 Negative N/A Negative 0
41 NPS 275 31 Negative N/A Negative 0
42 NPS 401 47 Negative N/A Negative 0
43 NPS 266 80 Negative N/A Negative 0
44 NPS 345 170 Negative N/A Negative 0
45 NPS 477 125 Negative N/A Negative (0]
46 NPS 312 66 Negative N/A Negative 0
47 NPS 360 141 Negative N/A Negative 0
48 NPS 318 84 Negative N/A Negative 0
49 NPS 450 9 Negative N/A Negative 0
50 NPS 417 194 Negative N/A Negative 0
51 NPS 603 12 Negative N/A Negative 0
52 NPS 518 49 Negative N/A Negative 0
53 NPS 331 21 Negative N/A Negative 0
54 NPS 393 142 Negative N/A Negative 0
55 NPS 387 86 Negative N/A Negative 0
56 NPS 409 111 Negative N/A Negative 0
57 NPS 501 74 Negative N/A Negative 0
58 NPS 304 30 Negative N/A Negative 0]
59 NPS 373 156 Negative N/A Negative 0]
60 NPS 354 196 Negative N/A Negative 0]

@ samples with fluorescence intensity values above the threshold value were diagnosed as positive.

®) Ssamples with C: values less than 40 were diagnosed as positive.

() Not available.




Supplementary Table 3. Diagnostic results of 39 clinical samples (SARS-CoV-2 Omicron 9 and
Negative 30) using SCOUT assay and RT-gPCR.

patient SARS- sample SCOUT Assay RT-qPCR
# Cov-2 type Intensity SD Diagnosis®® (o Diagnosis® Match
Type
1 Omicron NPS 7592 143 Positive 27.28 Positive 0]
2 Omicron NPS 7483 290 Positive 30.52 Positive 0]
3 Omicron NPS 5473 325 Positive 34.62 Positive 0]
4 Omicron NPS 6948 262 Positive 31.8 Positive 0]
5 Omicron NPS 7745 124 Positive 25.07 Positive 0]
6 Omicron NPS 7909 75 Positive 18.28 Positive 0]
7 Omicron NPS 6841 270 Positive 32.98 Positive 0]
8 Omicron NPS 7517 251 Positive 27.31 Positive 0]
9 Omicron NPS 6826 198 Positive 33.2 Positive 0]
10 NPS 357 135 Negative N/A©) Negative o}
11 NPS 498 186 Negative N/A Negative 0
12 NPS 461 225 Negative N/A Negative 0
13 NPS 352 60 Negative N/A Negative 0
14 NPS 423 214 Negative N/A Negative 0
15 NPS 331 146 Negative N/A Negative 0
16 NPS 259 102 Negative N/A Negative 0
17 NPS 496 81 Negative N/A Negative 0
18 NPS 377 218 Negative N/A Negative 0
19 NPS 338 269 Negative N/A Negative 0
20 NPS 422 171 Negative N/A Negative 0
21 NPS 438 180 Negative N/A Negative 0
22 NPS 180 53 Negative N/A Negative 0
23 NPS 281 126 Negative N/A Negative 0
24 NPS 353 92 Negative N/A Negative 0
25 NPS 588 73 Negative N/A Negative 0
26 NPS 573 102 Negative N/A Negative 0
27 NPS 460 164 Negative N/A Negative 0
28 NPS 461 260 Negative N/A Negative 0
29 NPS 500 70 Negative N/A Negative 0
30 NPS 400 120 Negative N/A Negative 0
31 NPS 414 161 Negative N/A Negative 0]
32 NPS 337 87 Negative N/A Negative 0]
33 NPS 355 253 Negative N/A Negative 0]




. SARS- SCOUT Assay RT-qPCR
Patient Sample

CoV-2 . . . . - Match
# type Intensity SD Diagnosis®® C: Diagnosis®

Type
34 NPS 361 198 Negative N/A Negative 0
35 NPS 341 215 Negative N/A Negative 0
36 NPS 426 189 Negative N/A Negative 0
37 NPS 244 123 Negative N/A Negative 0
38 NPS 538 48 Negative N/A Negative 0
39 NPS 357 135 Negative N/A Negative 0

@ samples with fluorescence intensity values above the threshold value were diagnosed as positive.

®) Ssamples with C: values less than 40 were diagnosed as positive.

() Not available.




Supplementary Table 4. Diagnostic results of 51 clinical samples (SARS-CoV-2 Omicron sub-

variant 21 and negative 30) using SCOUT assay and RT-qPCR.

Patient | SARS-CoV-2 | Sample SCOUT Assay RT-qPCR Match

# Type type | Intensity SD Diagnosis®® Ce Diagnosis®™

1 Omicron NPS 7558 250 Positive 26.88 Positive 0
sub-variant

2 Omicron NPS 6864 183 Positive 31.2 Positive 0
sub-variant

3 Omicron NPS 6748 117 Positive 33.03 Positive 0
sub-variant

4 Omicron NPS 8208 152 Positive 25.09 Positive 0
sub-variant

5 Omicron NPS 5407 189 Positive 36.53 Positive 0
sub-variant

6 Omicron NPS 6816 200 Positive 31.92 Positive 0
sub-variant

7 Omicron NPS 7799 163 Positive 25.15 Positive 0
sub-variant

8 Omicron NPS 8474 84 Positive 20.49 Positive 0
sub-variant

9 Omicron NPS 7660 125 Positive 26.82 Positive 0
sub-variant

10 Omicron NPS 6959 147 Positive 29.2 Positive 0
sub-variant

11 Omicron NPS 6723 394 Positive 33.9 Positive 0
sub-variant

12 Omicron NPS 7365 251 Positive 27.51 Positive 0
sub-variant

13 Omicron NPS 7685 166 Positive 25.83 Positive ol
sub-variant

14 Omicron NPS 6964 65 Positive 27.87 Positive 0
sub-variant

15 Omicron NPS 6599 164 Positive 34.7 Positive 0
sub-variant

16 Omicron NPS 6815 18 Positive 32.25 Positive 0
sub-variant

17 Omicron NPS 6906 122 Positive 29.25 Positive 0
sub-variant

18 Omicron NPS 7829 284 Positive 25.14 Positive 0
sub-variant

19 Omicron NPS 8670 131 Positive 18.9 Positive 0
sub-variant

20 Omicron NPS 6692 141 Positive 34.41 Positive 0
sub-variant

21 Omicron NPS 6111 180 Positive 35.38 Positive 0
sub-variant

22 - NPS 292 195 Negative N/A© Negative 0

23 - NPS 387 191 Negative N/A Negative o

24 - NPS 410 161 Negative N/A Negative °

25 - NPS 385 236 Negative N/A Negative o




Patient | SARS-CoV-2 | Sample SCOUT Assay RT-qPCR Match

# Type type Intensity SD Diagnosis®® Ct Diagnosis®

26 - NPS 406 107 Negative N/A Negative 0}
27 - NPS 373 153 Negative N/A Negative 0}
28 - NPS 491 49 Negative N/A Negative 0}
29 - NPS 424 70 Negative N/A Negative 0}
30 - NPS 382 138 Negative N/A Negative 0}
31 - NPS 321 172 Negative N/A Negative 0}
32 - NPS 383 172 Negative N/A Negative 0}
33 - NPS 406 207 Negative N/A Negative 0}
34 - NPS 467 111 Negative N/A Negative 0}
35 - NPS 457 161 Negative N/A Negative 0}
36 - NPS 481 80 Negative N/A Negative 0}
37 - NPS 190 42 Negative N/A Negative 0}
38 - NPS 476 116 Negative N/A Negative 0}
39 - NPS 407 178 Negative N/A Negative 0}
40 - NPS 451 43 Negative N/A Negative 0}
41 - NPS 441 249 Negative N/A Negative 0}
42 - NPS 320 207 Negative N/A Negative 0}
43 - NPS 398 214 Negative N/A Negative 0}
44 - NPS 466 152 Negative N/A Negative 0}
45 - NPS 329 216 Negative N/A Negative 0}
46 - NPS 446 39 Negative N/A Negative 0}
47 - NPS 341 116 Negative N/A Negative 0}
48 - NPS 334 49 Negative N/A Negative 0}
49 - NPS 398 53 Negative N/A Negative 0}
50 - NPS 486 134 Negative N/A Negative 0}
51 - NPS 329 97 Negative N/A Negative 0}

@ samples with fluorescence intensity values above the threshold value were diagnosed as positive.

®) Samples with Ct values less than 40 were diagnosed as positive.

() Not available.




Supplementary Table 5.

Comparison of SCOUT methods with previous CRISPR-based diagnostics for SARS-CoV-2.

Pre- Refere
Name Principle LoD Time (min) Limitations
amplification nce
e Casl3a—crRNA recognition
activates trans-cleavage of
CRISPR-Cas13a-powered e Limited validation across SARS-CoV-2
ssRNA—-MB reporters on the 1fM
electrochemical biosensor variants and clinical samples.
electrode. (= 602 No 60 S1
(MoECS, MXene-AuNP e Complex electrode fabrication requiring
* Reporter cleavage decreases copies/ulL)
assisted) further standardization for POCT.
electrochemical redox current
measured by SWV/EIS.
¢ Nanoconfined iMMCHA converts
S:6fM
target RNA into dsDNA
(= 3,613 ¢ Limited validation beyond SARS-CoV-2
CRISPR-integrated activators.
copies/uL) targets.
iMMCHA-Cas12a dual- ¢ dsDNA activates Cas12a trans- No 40 S2
/N:2fM ¢ Broader pathogen generalization remains
mode assay cleavage, modulating GOx-TMB-
(= 1,204 untested.
based optical and photothermal
copies/ulL)
signals.
¢ RT-LAMP amplifies viral RNA to
activate Casl12a trans-cleavage of o Workflow complexity due to multi-step
LAMP-CRISPR/Cas12a
surface-immobilized probes. 0.8 aM reaction processes.
impedimetric biosensor Yes
¢ Magnetic FesO,@Au nanoparticle (=0.48 50 ¢ Electrode modification and magnetic S3
powered by Fe;:0,@Au- (RT-LAMP)
adsorption reduces charge- copies/plL) nanoparticle handling limit POCT
(S-polyA-S)-Au
transfer resistance measured by integration.

EIS.




Pre- Refere
Name Principle LoD Time (min) Limitations
amplification nce
¢ Entropy-driven DNA cycling
Entropy-driven T7 RNA generates T7 promoter for RNA e Multiple enzymatic steps increase
7.39 aM
polymerase amplification- transcription. operational complexity.
(=4.45 No 70 sS4
activated CRISPR/Cas13a | e Transcribed ssRNA activates / ¢ Requires ECL instrumentation, limiting
copies/pL)
ECL biosensor (EDT-Cas) Casl3a trans-cleavage, portability.
amplifying ECL signals.
¢ Target RNA is partitioned into
Amplification-free digital picoliter droplets, increasing ¢ Requires microfluidic chip fabrication and
470 aM
CRISPR/Cas13a assay effective concentration. fluorescence imaging.
(=283 No 30 S5
based on droplet ¢ Cas13a trans-cleavage ¢ Droplet stability and image analysis affect
copies/ulL)
microfluidics accumulates fluorescence for robustness.
digital counting.
¢ Casl13a trans-cleavage initiates
catalytic hairpin assembly for * Requires optical fiber-based evanescent-
signal amplification. 18.6 wave fluorescence platform.
CAPABLE No 50 S6
¢ Evanescent-wave fluorescence copies/pL ¢ Multi-component system increases assay
with biotin—avidin capture complexity.
enhances sensitivity.
* Target RNA directly activates ¢ Performance depends on reagent stability
Amplification-free
CRISPR/Cas trans-cleavage. 2 during transport and storage.
CRISPR-based biosensor No 30 S7
¢ Optimized reagent system copies/uL * Requires careful reagent optimization for

for SARS-CoV-2 RNA

enables rapid signal generation.

robustness.




Pre- Refere
Name Principle LoD Time (min) Limitations
amplification nce
¢ Casl13a trans-cleavage releases
trigger DNA that activates Cas12a
1aM
in a cascade manner. e Multiple CRISPR components increase
CLEAR (= 0.602 No 30 S8
¢ Hairpin-structured cascade probe assay complexity.
copies/ulL)
enables lateral-flow visual
readout.
0.32-0.96 This
SCOouT ¢ Trans-cleavage of signaling probe - 40 -
copies/pL work




Supplementary Table 6. Cost comparison of SCOUT assay with previous CRISPR-based nucleic

acid detection kits.

Quencher

Cost for one Total cost
Method Component . for one Ref
reaction .
reaction
STOP Covid RT-LAMP, Cas12b/crRNA S40 S40
S9
iSCAN RT-LAMP, Cas12a/crRNA $2-5 $2-5
Cascade Probe, Casl13a/crRNA,
CLEAR assay Cas12a/crRNA $5-10 $5-10 S8
RPA-
CRISPR/Cas12a- Y301 ¥301
based nucleic RPA, Cas12a/crRNA ) ) S7
acid diagnostic (~$4.36) (~$4.36)
platform
Lysis buffer $S0.02
Casl13a/crRNA, RNA
polymerase, $2.8
SCouT Ribonucleotide solution mix, ' $2.92 This work
RNase inhibitor, and buffer
Signaling probe with FAM and $0.1




Supplementary Table 7. Oligonucleotide sequences used in this work.

mRNA Name Sequence
Target AUA GUU UAA AAA UUA CAG AAG AGG UUG G
SARS-CoV-2 RNA gau Uua gac uac ccc aaa aac gaa gegg gac uaa aac CCA ACC UCU UCU GUA AUU
cr
WT ORFla UUU AAA CUA U
gene Signaling [BHQ1] TAA TAC GAC TCA UU (T-FAM) UU CCA ACC TCT TCT GTA ATT TTT AAA CTA
probe TCC CTA TAG TGA GTC GTATAA
Target AGG CAG CAG UAG GGG AAC UUcC UccuGcu
gau uua gac uac cCcC aaa aac gaa ggg gac uaa aac AGCAGG AGA AGU UCC CCU ACU
SARS-CoV-2 crRNA
GCU GCCU
WT N gene . .
Signaling [BHQ1] TAA TAC GAC TCA UU (T-FAM) UU AGC AGG AGA AGT TCC CCT ACT GCT
probe GCCTCC CTATAG TGA GTC GTATAA
Target UGC UAU ACA UGU CUC UGG GAC CAA UGG U
gau uua gac uac ccc aaa aac gaa ggg gac uaa aac ACC AUU GGU CCC AGA GACAUG
SARS-CoV-2 crRNA
UAU AGCA
WT S gene . .
Signaling [BHQ1] TAA TAC GAC TCA UU (T-FAM) UU ACC ATT GGT CCC AGA GAC ATG TAT
probe AGC ACC CTA TAG TGA GTC GTA TAA
Target GUU AAU AGC GUA CUU CUU UUU Ccuu Gcu U
gau uua gac uac cCcC aaa aac gaa ggg gac uaa aac AAG CAA GAA AAA GGA AGU ACG
SARS-CoV-2 crRNA
CUAUUAC
WT E gene . .
Signaling [BHQ1] TAA TAC GAC TCA UU (T-FAM) UU AAG CAA GAA AAA GGA AGT ACG CTA
probe TTA CCC CTATAG TGA GTC GTATAA
Target UGU UCU UUA UCA GGA UGU UAA CUG CACA
gau uua gac uac ccc aaa aac gaa ggg gac uaa aac UGU GCA GUU AAC AUC CUG
SARS-CoV-2 crRNA
AUA AAG AACA
(D614G) -
Signaling [BHQ1] TAA TAC GAC TCA UU (T-FAM) UU TGT GCA GTT AAC ATC CTG ATA AAG
probe AAC ACC CTA TAG TGA GTC GTA TAA
Target UUG GUU CCA UGC UAU AUC UGG GACCAA U
gau uua gac uac ccc aaa aac gaa ggg gac uaa aac AUU GGU CCC AGA UAU AGC
SARS-CoV-2 crRNA
AUG GAACCAA
(H69-70 del) . .
Signaling [BHQ1] TAA TAC GAC TCA UU (T-FAM) UU ATT GGT CCC AGA TAT AGC ATG GAA

probe

CCAACCCTATAG TGA GTC GTATAA



SARS-CoV-2
(D80A)

SARS-CoV-2
(L452R)

SARS-CoV-2
(P26S)

SARS-CoV-2
(A67V and
H69-70 del)

SARS-CoV-2
(A27S)

Target
crRNA

Signaling
probe
Target

crRNA

Signaling
probe
Target

crRNA

Signaling
probe
Target

crRNA

Signaling
probe
Target

crRNA

Signaling
probe

UAC UAA GAG GUU UGC UAA CCCUGU CCU A

gau uua gac uac ccc aaa aac gaa ggg gac uaa aac UAG GAC AGG GUU AGC AAA

CCU CUU AGU A

[BHQ1] TAA TAC GAC TCA UU (T-FAM) UU TAG GAC AGG GTT AGC AAA CCT CTT
AGT ACC CTA TAG TGA GTC GTATAA

UAA UUA UAA UUA CCG GUA UAG AUU GUU U

gau uua gac uac ccc aaa aac gaa ggg gac uaa aac AAA CUU AUA UGG CAA UAA

UAA UUA A

[BHQ1] TAA TAC GAC TCA UU (T-FAM) UU AAA CTT ATA TGG CAA TAA TAA TTA
ACC CTATAG TGA GTC GTATAA

AAC UCA AUU ACC CUC UGC AUA CACUAA U

gau uua gac uac ccc aaa aac gaa ggg gac uaa aac AUU AGU GUA UGC AGA GGG

UAA UUG AGU U

[BHQ1] TAA TAC GAC TCA UU (T-FAM) UU ATT AGT GTA TGC AGA GGG TAA TTG
AGT TCC CTA TAG TGA GTC GTA TAA

CCA UGU UAU ACA UGU CUCUGG GACCAA U

gau uua gac uac ccc aaa aac gaa ggg gac uaa aac AUU GGU CCC AGA GAC AUG
UAU AACAUG G

[BHQ1] TAA TAC GAC TCA UU (T-FAM) UU ATT GGT CCC AGA GAC ATG TAT AAC
ATG GCC CTATAG TGA GTC GTATAA

UCA AUU ACC CCC UUC AUA CACUAA UUCU

gau uua gac uac CCC aaa aac gaa ggg gac uaa aac AGA AUU AGU GUA UGA AGG

GGG UAAUUGA

[BHQ1] TAA TAC GAC TCA UU (T-FAM) UU AGA ATT AGT GTA TGA AGG GGG TAA
TTG ACC CTA TAG TGA GTC GTA TAA




Supplementary Table 8. RT-qPCR probe sequences.

mRNA Name Sequence

Forward primer GCA CCG TAG CTG GTG TCT CTA

ORFla gene
Reverse primer CAA ATG TTA AAAACACTATTAGCATA
Forward primer GCCAAAAGG CTT CTACGCA

N gene
Reverse primer TTT GGC CTT GTT GTT GTT GG
Forward primer CAT TCA ACT CAG GACTTG TTCT

S gene
Reverse primer GCA ACA GGG ACT TCT GTG CA
Forward primer TTT CGG AAG AGA CAG GTAC

E gene
Reverse primer AGG AAC TCT AGA AGA ATT CAG A
Forward primer TAT GCG GCC TCG GACTTC AGC ATG

RPP30 gene

Reverse primer

ATC CCA GAG ACT CTG GGA GAC CGC
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