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Supplementary Fig. 1 | Designing a signal template. (a) The signal template consists of a 
fluorescent RNA segment (gray), a T7-promotor sequence (purple), and a single-stranded DNA 
sequence (blue) that is complementary to the target mRNA. The fluorescence of the dye is initially 
quenched by the Black Hole quencher. (b) We downloaded the sequence of a given mRNA marker 
from the National Center for Biotechnology Information (NCBI). We then used Snapgene software to 
select a target region with a 40-60% GC content and a melting temperature (Tm) of 65-75 °C. The target 
candidate was further checked for a possible secondary structure (IDT oligo analyzer) and for a binding 
efficiency (>80%; Nupack). These steps produced the final target sequence. We then used its 
complementary sequence in the signal template. 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Supplementary Fig. 2 | Sequence-based illustration of the SCOPE assay. The detection target is 
KRASG12D mRNA. (i) Cas13a/crRNA recognizes the initial target RNA (blue strand). (ii) Activated 
Cas13a/crRNA (red scissors) cleaves the RNA region in the signal template. This process releases the 
fluorescent dye in the signal template and exposes the template region complementary to the RNA 
target. (iii) T7 RNA polymerase docks into the promotor region and replicates target RNA strands. (iv) 
Unreacted Cas13a/crRNA binds a target replica to get activated, and the processes (ii), (iii), and (iv) are 
repeated. 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Supplementary Fig. 3 | Characterization of the pDMAEA coating. (a) Fourier transform infrared 
(FTIR) spectra of DMAEA monomer (black) and pDMAEA (blue). pDMAEA was deposited on a PCR 
tube via the initiated chemical vapor deposition (iCVD) process. After polymerization, the C=C vinyl 
stretching peak (at 1635 cm-1) of the DMAEA monomer disappeared, indicating that the vinyl group was 
consumed during the free radical addition reaction. In contrast, the peaks reflecting the tertiary amino-
methyl moiety (2800 - 3000 cm-1) remained unchanged, supporting the retention of the tertiary amine 
functional group in pDMAEA during the iCVD process. (b) SCOPE reactions (target: KRASG12D RNA) 
were performed in both pristine and pDMAEA-coated tubes. Across varying RNA concentrations, the 
measured fluorescent intensities were statistically non-different (nd) between the two tube types (p > 
0.05; unpaired two-sided t-test). The results underscore that pDMAEA is compatible with SCOPE 
reactions. Data are displayed as mean ± s.d. from technical triplicates. a.u., arbitrary unit.
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Supplementary Fig. 4 | Self-catalyzed hydrolysis of pDMAEA. (a) Chemical reaction. pDMAEA 
degrades into poly(acrylic acid) and dimethylaminoethanol through the hydrolysis of the ester groups 
located on the polymer side chains. The polymer’s charge shifts from positive to negative. (b) Zeta-
potential changed from positive to negative after pDMAEA was subjected to the hydrolysis condition 
(40 ℃, 30 min). Data are displayed as mean ± s.d. from technical triplicates. (c) 1H nuclear magnetic 
resonance (NMR) spectra of pDMAEA in CDCl3 solution (no hydrolysis). The inset shows pDMAEA with 
hydrogen positions annotated. (d) 1H NMR spectra of pDMAEA in buffered D2O solution after 30 min of 
hydrolysis at 40 ℃. The presence of three peaks (f, g, h) was consistent with the production of 
dimethylaminoethanol through the hydrolysis of ester groups in pDMAEA. The inset shows pDMAEA 
and dimethylaminoethanol with hydrogen positions annotated. NMR spectra were obtained at 600 MHz.  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Supplementary Fig. 5 | Portable SCOPE device. (a) Photo of the prototype system. (b) Schematic of 
the device inside. Sixteen PCR tubes can be loaded in a linear array format. After a heating process is 
completed, a two-channel optical module scans the tube array to measure fluorescent signals. (c) 
System diagram. A microcontroller coordinates the operation of heating blocks, an optical detection 
module, and a linear scanner. The system connects with an external terminal (e.g., a tablet, a 
smartphone, or a computer) to present a graphical user interface. LED, light emitting diode; PWM, 
pulse-width modulation; I2C, inter-integrated circuit. (d) The sample holder was wrapped with flexible 
heating tape, except for the sample loading side. (Inset) Cross-sectional schematic of the sample 
holder. (e) The device was set to heat samples at 40 °C (red dotted line). The measured temperature 
was highly uniform across all 16 samples, with well-to-well variations of less than 0.5 °C. Data are 
displayed as mean ± s.d. from 100 repeated measurements. 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Supplementary Fig. 6 | Polyacrylamide gel electrophoresis (PAGE) analysis for SCOPE 
mechanism. 
(Lane1) The target mRNA (CD63) only.
(Lane 2) The signal template only.
(Lane 3) When the target mRNA and CD63-specific Cas13a/crRNA were mixed, the Cas13a enzyme 
was activated to cleave the signal template.
(Lane 4) Cas13a with scrambled crRNA was used. No cleaving activity was observed.
(Lane 5) The target mRNA was missing. No cleaving activity was observed.
(Lane 6) No Cas13a enzyme was added. No cleaving activity was observed.
(Lane 7) Subsequent RNA replication by T7 polymerase was successful when Cas13a/crRNA was able 
to cleave the signal template.
(Lanes 8, 9) Without active Cas13a/crRNA machinery, no RNA was produced.
(Lane 10) CD63-specific Cas13a/crRNA was mixed with a scrambled control RNA (random sequence). 
No RNA was produced.
(Lane 11) CD63-specific Cas13a/crRNA was mixed with a non-target RNA (GAPDH). No RNA was 
produced.  
Experiments were performed twice, and a representative image is shown. bp, base pair.
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Supplementary Fig. 7 | T7 RNA polymerase binding to the signal template. (a) When the signal 
template has an intact RNA segment, the RNA polymerase fails to replicate RNA targets (left). This is 
likely due to steric hindrance, which obstructs the binding of the polymerase to the T7 promoter region 
(highlighted in purple). When Cas13a degrades the RNA segment in the signal template (right), the 
polymerase can effectively synthesize RNA targets complementary to the template strand (red region). 
(b) Signal templates with and without the RNA segment were used in the T7 RNA polymerase reaction. 
Molecular beacons were used to detect transcribed RNAs. When the signal template with an intact RNA 
segment was used, no detectable signal was observed, indicating an inhibited T7 polymerase reaction. 
A detectable fluorescent signal, indicative of RNA synthesis, was observed when the signal template 
lacking the RNA segment was used. Data are displayed as mean ± s.d. from technical triplicates. a.u., 
arbitrary unit. 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Supplementary Fig. 8 | SCOPE optimization. Assay components and concentrations were optimized 
to maximize the SCOPE fluorescent signal. For all experiments, the target RNA concentration was fixed 
at 1 nM. Red bars indicate the selected condition. (a) Optimization of signal template design. The 
lengths of three parts were varied: the double-stranded region of the T7 promotor, complementary RNA 
sequence, and a fluorescent RNA segment. The final lengths for each region are indicated (Left). The 
optimal T7 promoter length was 12 base pairs (bp) for the double-stranded region. For the 
complementary RNA sequence, the optimal length was 28 nucleotides (nt). The fluorescent RNA 
segment showed optimal performance with four uracils (Us), resulting in a total length of five 
nucleotides. (b) SCOPE reactions were performed under varying reagent concentrations. Data are 
displayed as mean ± s.d. from technical triplicates. a.u., arbitrary unit. 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Supplementary Fig. 9 | SCOPE test for CD63 mRNA. (a) A SCOPE probe for CD63 was designed 
and tested. The signal was the highest when all reagents were present. The signal was lower in the 
absence of RNA synthesis. The initial [CD63] was 1 nM. (b) SCOPE and RT-PCR assays were 
compared for CD63 RNA detection. SCOPE showed a lower limit of detection (LOD) and a broader 
dynamic range in comparison to RT-PCR. The estimated LODs were 0.8 zM (SCOPE) and 2.1 fM (RT-
PCR). All experiments are from technical triplicates, and data are displayed as mean ± s.d. a.u., 
arbitrary unit. 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Supplementary Fig. 10 | SCOPE specificity assessment. SCOPE probes were designed to detect 
KRAS wild type (WT) and its point mutations (G12C, G12D, G12V, G12S) in the codon 12. These 
probes were tested with samples, each containing a distinct KRAS target at a concentration of 1 nM. 
SCOPE assays demonstrated high specificity with negligible crosstalk. Data are displayed as mean ± 
s.d. from technical triplicates. a.u., arbitrary unit.    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Supplementary Fig. 11 | KRAS mRNA detection with RT-PCR. (a) Target RNA sequences used in 
the RT-PCR assay. (b) RNA samples, each containing 1 nM of a distinct KRAS target, were analyzed. 
The procedure involved initial reverse transcription, followed by PCR amplification using a commercial 
detection kit (therascreen KRAS RGQ PCR Kit; Qiagen 870021). The graphs show real-time 
amplification curves. The dotted lines indicate no target controls (NTCs). Off-target amplifications were 
observed in WT, G12C, G12S, and G12V samples. (c) Data in (b) are summarized. The cycle threshold 
(Ct) was determined at the intensity value of 800, and ∆Ct was calculated as the Ct difference between 
a complete RNA assay and its NTC. Note the crosstalk of the probe among different KRAS samples. 
a.u., arbitrary unit.
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Supplementary Fig. 12 | SCOPE analysis of KrasG12D in mouse plasma. (a) Serial plasma samples 
were collected weekly from control KP mice (n = 3) that did not receive tumor induction. Plasma EVs 
were then analyzed via SCOPE for KrasG12D. The expression was at the background level for all eight 
weeks. (b) Plasma samples were collected from KP mice (n = 10)  before tumor induction (week 0) and 
then on a weekly basis. SCOPE detected an increase in KrasG12D levels in plasma EVs, starting as 
early as week 1. All data are displayed as mean ± s.d. from technical triplicates. Mean values were 
used for the heatmap (Fig. 5d) in the main text. a.u., arbitrary unit.  
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Supplementary Fig. 13 | Computerized tomography (CT) imaging of tumor-bearing mice. Tumor-
bearing KP mice (n = 9) underwent weekly CT imaging before and after tumor induction, and tumor 
volumes were estimated. Tumor growth was observed over time, although lesions became detectable 
approximately two weeks after tumor induction. (Inset) A representative CT image of a mouse lung at 
week 3 is shown, with the lung rendered in green and the tumor in red for visualization purposes. Data 
are displayed as mean ± s.d. from tumor volumes of nine mice. 

14






Supplementary Fig. 14 | KrasG12D copy numbers in non-cancer KP mice. SCOPE data 
(Supplementary Fig. 12a) were converted to KrasG12D mRNA copy numbers using the calibration curve 
(Fig. 4a, main text). The estimated copy number was below a single copy in all samples. 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Supplementary Fig. 15 | Profiling cell-line derived EVs for KRAS mutations. SCOPE was used to 
detect KRAS wild-type (WT) and codon 12 point mutations in EV samples. EVs were collected from a 
panel of cell lines, including normal human colon cells (CCD18Co) and colorectal cancer cells 
(Colo205, HT29, LS123, LS174T, SW480, and SW620). The EV profiling results matched the known 
KRAS genotypes of these cells. Data are displayed as mean ± s.d. from technical triplicates. a.u., 
arbitary unit. 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Supplementary Fig. 16 | Characterization of EV samples. (a) A plasma sample (3 mL) from a 
colorectal cancer patient was processed via size exclusion chromatography to isolate EVs. Western 
blot analysis revealed high expression of established EV markers (CD63, Alix) and the lack of a non-EV 
marker (histone H2B). The whole blot image is shown. Experiments were performed twice, and the 
representative whole blot image is shown. MW, molecular weight. (b) A plasma sample from a CRC 
patient was processed via SEC. Both the isolated EV fraction (red dots) and the non-EV fraction (blue 
dots) were analyzed using the SCOPE assay to detect mRNA targets (GAPDH, CD63, KRASG12D). Only 
the EV fraction exhibited high SCOPE signals, strongly suggesting an association between these 
mRNA biomarkers and EVs in plasma. Data are displayed as mean ± s.d. from technical triplicates. (c) 
SCOPE signals were compared between samples with (+) and without (–) RNase A treatment (before 
EV lysis). The SCOPE signal showed no significant difference (P = 0.288, non-paired two-sided t-test). 
Data are displayed as mean ± s.d. from technical triplicates. See Methods for assay details.  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Supplementary Fig. 17 | SCOPE profiling of EVs in clinical samples. Plasma EVs from non-cancer 
subjects (n = 15) and CRC patients (n = 107) were subjected to SCOPE analysis for GAPDH, KRAS 
wild-type (WT) mRNA, and KRAS point mutations (G12C, G12D, G12S, G12V). GAPDH expression 
was used to normalize other detection targets. No mutation targets were detected in samples from non-
cancer subjects. Among the samples from CRC patients, seventeen of them exhibited KRAS point 
mutations, which were consistent with the KRAS typing in the corresponding tumor tissue specimens. 
The heatmap was generated using mean values from technical triplicate measurements. 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Supplementary Fig. 18 | Full images of stained tissues. The stained tissue was imaged at 200× 
magnification. (Left) Tissue sample from KRASG12D-negative CRC patient. (Right) Tissue sample from 
KRASG12D-positive CRC patient.  
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Supplementary Fig. 19 | Setting the threshold for KRAS mutation negativity. The metric RKRAS (= 
KRASMT/KRASWT) was defined as the ratio between KRAS mutation (KRASMT) and KRAS wild-type 
(KRASWT) signals from SCOPE assays. The RKRAS values from non-cancer controls (n = 15) and 
KRASWT CRC patients (n = 90) were used to construct the RKRAS distribution, which was then fitted to a 
normal distribution. The RKRAS threshold for KRASMT negativity was set as the 99th percentile of this 
distribution (RKRAS = 5.5%). Samples with RKRAS values above this threshold were classified as KRASMT 
positive.
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Supplementary Fig. 20 | Raw EV profiling data. Serial blood samples from CRC patients with KRAS 
mutations (n = 17) were analyzed using KRAS SCOPE assay. Each data point is displayed as mean ± 
s.d. from technical triplicate measurements.  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Supplementary Fig. 21 | SCOPE probes for glioma EVs. RNA probes for wide-type IDH1 (IDH1WT), 
IDH1R132H, wild-type EGFR (EGFRWT), and EGFR variant III (EGFRvIII) were designed and tested. 
Each probe generated the highest signal only when all SCOPE reagents were present. The estimated 
detection limit was in the attomolar range. Data are displayed as mean ± s.d. from technical triplicate 
measurements. a.u., arbitrary unit.
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Supplementary Fig. 22 | SCOPE assay for glioma detection and subtyping. SCOPE was used to 
profile plasma EVs for GAPDH, CD63, IDH1WT, IDH1R132H, EGFRWT, and EGFRVlll mRNA expressions. 
Plasma samples were obtained from non-GBM controls (n = 15) and glioma patients (n = 60). Patients 
were molecularly classified as GBM wild type (n = 20), IDH1-R132H mutant (n = 20), and EGFRvIII 
mutant (n = 20) based on independent tissue analysis. GAPDH-normalized expressions of CD63 and 
IDH1WT were similar among non-GBM controls and glioma patients. Other markers were differentially 
expressed in glioma patients, which matched classification results from tissue analyses. Each data 
point is a mean value from technical triplicate measurements. The threshold value (the red dotted line) 
was determined from non-GBM controls – IDH1R132H, EGFR, and EGFRvIII data were pooled and fitted 
to a normal distribution. The 99th percentile of this distribution was set as the threshold. 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Supplementary Fig. 23 | Pilot evaluation of SCOPE’s applicability with other sample types and 
pre-processing methods. (a) SCOPE with other biofluids. (Left) EVs were isolated via SEC from a 
urine sample of a healthy donor. The SCOPE assay was used to detect CD63 mRNA, a known EV 
marker. (Right) SCOPE was used to detect the presence of SARS-CoV-2 viral RNA (ORF1 region) in a 
nasopharyngeal swab sample collected from a COVID-19 patient. In both cases, signal intensity was 
maximal when all SCOPE assay components were present (red bars). Removing T7 polymerase 
diminished the signal due to the absence of target RNA amplification (grey bars). (b) EVs were isolated 
from the supernatant of A549 lung adenocarcinoma cells using either SEC or ultracentrifugation (UC). 
Isolated EVs from both methods were then subjected to SCOPE for the detection of GAPDH, CD63, 
and KRASG12S mRNA targets. The marker expression profiles exhibited high similarity between SEC- 
and UC-isolated EV preparations. See Methods for EV preparation details. (c) The SCOPE assay was 
used to detect KRASG12D mRNA in a plasma sample from a colorectal cancer patient. Direct use of the 
plasma sample produced negligible signal, whereas the signal was recovered in an SEC-isolated EV 
sample. Data are displayed as mean ± s.d. from technical triplicate measurements. a.u., arbitrary unit. 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Supplementary Fig. 24 | SCOPE assay for BRAF detection. (a) Probe validation. RNA probes for 
wide-type (WT) BRAF and its point mutations (V600E, V600K, V600R) were designed and tested with 
synthetic RNA targets – this process was completed within a two-week timeframe. SCOPE assays 
demonstrated high specificity with negligible crosstalk. The target RNA concentration was 1 nM. Data 
are displayed as mean ± s.d. from technical triplicates. a.u., arbitrary unit. (b) In a pilot test, SCOPE 
was used to profile plasma EVs for BRAF mutations. Samples were from pre-surgery CRC patients (n = 
11). SCOPE results matched BRAF mutation status from tumor tissue analysis. BRAF signals from EVs 
were normalized against that of GAPDH (loading control). The heatmap shows mean values from 
technical triplicate measurements. 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Supplementary Fig. 25 | Purification of LwaCas13a. The purification of LwaCas13a was confirmed 
by SDS-PAGE, followed by silver staining and comparison with Commercial LwaCas13a. Ni-NTA, 
nickel-nitrilotriacetic acid; SUMO, small ubiquitin-like modifier. Experiments were performed twice, and 
representative images are shown. 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Supplementary Table 1 | SCOPE probe sequences.
mRNA Name Sequence (5’ ➡︎ 3’)

GAPDH

Target UGC CCU CAA CGA CCA CUU UGU CAA GCU C

crRNA gau uua gac uac ccc aaa aac gaa ggg gac uaa aac  
GAG CUU GAC AAA GUG GUC GUU GAG GGC A

Signal 
template

[BHQ1] TAA TAC GAC TCA UU [FAM-T] UU  
GAG CTT GAC AAA GTG GTC GTT GAG GGC ACC CTA TAG TGA GTC GTA TTA

CD63

Target GCU GUG GGG CUG CUA ACU ACA CAG AUU G

crRNA gau uua gac uac ccc aaa aac gaa ggg gac uaa aac  
CAA UCU GUG UAG UUA GCA GCC CCA CAG C

Signal 
template

[BHQ1] TAA TAC GAC TCA UU [FAM-T] UU  
CAA TCT GTG TAG TTA GCA GCC CCA CAG CCC CTA TAG TGA GTC GTA TTA

KRAS WT

Target AUA UAA ACU UGU GGU AGU UGG AGC UGG U

crRNA gau uua gac uac ccc aaa aac gaa ggg gac uaa aac  
ACC ACC UCC AAC UAC CAC AAG UUU AUA U

Signal 
template

[BHQ1] TAA TAC GAC TCA UU [FAM-T] UU  
ACC AGC TCC AAC TAC CAC AAG TTT ATA T 
CC CTA TAG TGA GTC GTA TTA

KRAS G12C

Target AUA UAA ACU UGU GGU AGU UGG AGC UUG U 

crRNA gau uua gac uac ccc aaa aac gaa ggg gac uaa aac  
ACA ACC UCC AAC UAC CAC AAG UUU AUA U

Signal 
template

[BHQ1] TAA TAC GAC TCA UU [FAM-T] UU  
ACA AGC TCC AAC TAC CAC AAG TTT ATA TCC CTA TAG TGA GTC GTA TTA

KRAS G12D

Target UAU AAA CUU GUG GUA GUU GGA GCU GAU G

crRNA gau uua gac uac ccc aaa aac gaa ggg gac uaa aac  
CAU CUG CUC CAA CUA CCA CAA GUU UAU A

Signal 
template

[BHQ1] TAA TAC GAC TCA UU [FAM-T] UU  
CAT CAG CTC CAA CTA CCA CAA GTT TAT ACC CTA TAG TGA GTC GTA TTA

KRAS G12V

Target UAU AAA CUU GUG GUA GUU GGA GCU GUU G

crRNA gau uua gac uac ccc aaa aac gaa ggg gac uaa aac  
CAA CUG CUC CAA CUA CCA CAA GUU UAU A

Signal 
template

[BHQ1] TAA TAC GAC TCA UU [FAM-T] UU  
CAA CAG CTC CAA CTA CCA CAA GTT TAT ACC CTA TAG TGA GTC GTA TTA

KRAS G12S

Target AUA UAA ACU UGU GGU AGU UGG AGC UAG U 

crRNA gau uua gac uac ccc aaa aac gaa ggg gac uaa aac  
ACU ACC UCC AAC UAC CAC AAG UUU AUA U

Signal 
template

[BHQ1] TAA TAC GAC TCA UU [FAM-T] UU  
ACT AGC TCC AAC TAC CAC AAG TTT ATA TCC CTA TAG TGA GTC GTA TTA

IDH WT

Target UGG GUA AAA CCU AUC AUC AUA GGU CGU C

crRNA gau uua gac uac ccc aaa aac gaa ggg gac uaa aac  
GAC GUC CUA UGA UGA UAG GUU UUA CCC A

Signal 
template

[BHQ1] TAA TAC GAC TCA UU [FAM-T] UU  
GAC GAC CTA TGA TGA TAG GTT TTA CCC ACC CTA TAG TGA GTC GTA TTA

IDH R132H

Target UGG GUA AAA CCU AUC AUC AUA GGU CAU C

crRNA gau uua gac uac ccc aaa aac gaa ggg gac uaa aac  
GAU GUC CUA UGA UGA UAG GUU UUA CCC A

Signal 
template

[BHQ1] TAA TAC GAC TCA UU [FAM-T] UU  
GAT GAC CTA TGA TGA TAG GTT TTA CCC ACC CTA TAG TGA GTC GTA TTA

EGFR WT

Target UCU GGA GGA AAA GAA AGG UAA GGG CGU G 

crRNA gau uua gac uac ccc aaa aac gaa ggg gac uaa aac  
CAC GCC CUU ACC UUU CUU UUC CUC CAG A

Signal 
template

[BHQ1] TAA TAC GAC TCA UU [FAM-T] UU  
CAC GCC CTT ACC TTT CTT TTC CTC CAG ACC CTA TAG TGA GTC GTA TTA

EGFRvIII

Target GAA AAG AAA GGU AAU UAU GUG GUG ACA G

crRNA gau uua gac uac ccc aaa aac gaa ggg gac uaa aac  
CUG UCA CCA CAU AAU UAC CUU UCU UUU C

Signal 
template

[BHQ1] TAA TAC GAC TCA UU [FAM-T] UU  
CTG TCA CCA CAT AAT TAC CTT TCT TTT CCC CTA TAG TGA GTC GTA TTA

Target AUA GGU GAU UUU GGU CUA GCU ACA GUG A
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BRAF WT crRNA gau uua gac uac ccc aaa aac gaa ggg gac uaa aac  
UCA CAG UAG CUA GAC CAA AAU CAC CUA U

Signal 
template

[BHQ1] TAA TAC GAC TCA UU [FAM-T] UU  
TCA CTG TAG CTA GAC CAA AAT CAC CTA TCC CTA TAG TGA GTC GTA TTA

BRAF 
V600E

Target AUA GGU GAU UUU GGU CUA GCU ACA GAG A

crRNA gau uua gac uac ccc aaa aac gaa ggg gac uaa aac  
UCU CAG UAG CUA GAC CAA AAU CAC CUA U

Signal 
template

[BHQ1] TAA TAC GAC TCA UU [FAM-T] UU  
TCT CTG TAG CTA GAC CAA AAT CAC CTA TCC CTA TAG TGA GTC GTA TTA

BRAF 
V600K

Target AUA GGU GAU UUU GGU CUA GCU ACA AAG A

crRNA gau uua gac uac ccc aaa aac gaa ggg gac uaa aac  
UCU UAG UAG CUA GAC CAA AAU CAC CUA U

Signal 
template

[BHQ1] TAA TAC GAC TCA UU [FAM-T] UU  
TCT TTG TAG CTA GAC CAA AAT CAC CTA TCC CTA TAG TGA GTC GTA TTA

BRAF 
V600R

Target AUA GGU GAU UUU GGU CUA GCU ACA AGG A

crRNA gau uua gac uac ccc aaa aac gaa ggg gac uaa aac  
UCC UAG UAG CUA GAC CAA AAU CAC CUA U

Signal 
template

[BHQ1] TAA TAC GAC TCA UU [FAM-T] UU  
TCC TTG TAG CTA GAC CAA AAT CAC CTA TCC CTA TAG TGA GTC GTA TTA
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Supplementary Table 2 | Clinical information of cohorts involved in CRC detection. 

Non-cancer CRC patients with 
KRAS mutation

CRC patients without 
KRAS mutation Total

Number 15 17 90 122

Age

Median 39 63 62 59

Range 27–47 47–72 41–73 27–73

Sex

Male 3 (20%) 11 (65%) 47 (52%) 61 (50%)

Female 12 (80%) 6 (35%) 43 (48%) 61 (50%)

Stage

I - 1 (6%) 1 (1%) 2 (2%)

II - 2 (12%) 6 (7%) 8 (7%)

III - 13 (76%) 75 (83%) 88 (72%)

IV - 1 (6%) 8 (9%) 9 (7%)
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Supplementary Table 3 | Clinical information of cohorts involved in glioma detection.

Non-cancer Glioma patients Total

Number 15 60 75

Age

Median 39 59 59

Range 27–47 27–83 27–73

Sex

Male 3 (20%) 36 (60%) 39 (52%)

Female 12 (80%) 24 (40%) 36 (48%)

Tumor grade

I - 0 (0%) 0 (0%)

II - 1 (1.7%) 1 (1.7%)

III - 8 (13.3%) 8 (10.6%)

IV - 51 (85%) 51 (68%)
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Supplementary Table 4 | Comparison of detection sensitivity among isothermal amplification 
methods.

† LAMP, loop-mediated isothermal amplification; NASBA, nucleic acid sequence-based amplification; RCA, rolling 
circle amplification; EXPAR, exponential amplification reaction; RPA, recombinase polymerase amplification; 
SMART, signal-mediated amplification of RNA technology.

Method† Target Sensitivity  
(copies/mL) Enzymes and proteins Temperature (°C) Supplementary 

reference

LAMP DNA, RNA 107  — 109 Bst DNA polymerase, RTase 60 – 65 1

NASBA DNA, RNA 106  — 109 AVM RTase, T7 RNA polymerase, 
RNAse H 41 2

RCA DNA, RNA 103 – 107 DNA polymerases, ligase 65 3

EXPAR miRNA 106  — 109 DNA polymerase, NEase 60 4

RPA DNA 103 – 106 Recombinase protein, SSB 
protein, DNA polymerase 37 – 42 5

SMART RNA 104 – 105 RNA polymerase 41 6

SCOPE RNA 102 Cas13a, T7 RNA polymerase 40 This work
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Supplementary Table 5 | RT-PCR probe sequences†.

† The probe sequences utilized in the commercial PCR kit (therascreen KRAS RGQ PCR Kit, Qiagen) are not 
publicly available due to their proprietary nature. 

mRNA Name Sequence

GAPDH

Target UGC CCU CAA CGA CCA CUU UGU CAA GCU C

Forward primer GTC TCC TCT GAC TTC AAC AGC G

Reverse primer ACC ACC CTG TTG CTG TAG CCA A

CD63

Target GCU GUG GGG CUG CUA ACU ACA CAG AUU G

Forward primer CAA CCA CAC TGC TTC GAT CCT G

Reverse primer GAC TCG GTT CTT CGA CAT GGA AG

KRAS WT

Target AUA UAA ACU UGU GGU AGU UGG AGC UGG U

Forward primer TAA GGC CTG CTG AAA ATG AC

Reverse primer GTC CTG CAC CAG TAA TAT GC

KRAS G12D

Target UAU AAA CUU GUG GUA GUU GGA GCU GAU G

Forward primer CTT GTG GTA GTT GGA GCT GT

Reverse primer GTC CTG CAC CAG TAA TAT GC
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SUPPLEMENTARY NOTE – INVESTIGATION OF REACTION KINETICS

List of symbols  

Description Unit
Cas13a binding reaction

E concentration of inactivated Cas13a/crRNA complex M
A concentration of activated Cas13a/crRNA complex M
R concentration of RNA target M
kon forward binding constant for Cas13a/crRNA complex s–1·M–1

koff backwad binding constant for Cas13a/crRNA complex s–1

KD dissociation constant of Cas13a/crRNA-RNA M
E0 initial concentration of Cas13a/crRNA complex M
R0 initial concentration of RNA target M
t time s
τB characteristic time for Cas13a-binding reaction s

Cas13a trans-cleavage
S concentration of signal substrate M
C concentration of Cas13a and substrate complex M
P concentration of cleaved signal substrate M
k1 forward reaction constant for Cas13a trans-cleavage s–1·M–1

k2 backward reaction constant for Cas13a trans-cleavage s–1

kc catalytic turnover rate for Cas13a trans-cleavage s–1

A0 initial concentration of activated Cas13a M
S0 initial concentration of signal substrate M
KM Michaelis-Menton constant for Cas13a trans-cleavage M
y fraction of cleaved signal substrate (P/S)
τc characteristic time for Cas13a trans-cleavage reaction s

T7 transciption
T concentration of T7 polymerase M
D concentration of DNA template M
M concentration of T7 polymerase and template complex M
k3 forward reaction constant for T7 polymerase s–1·M–1

k4 backward reaction constant for T7 polymerase s–1

kT catalytic turnover rate for T7 polymerase s–1

V velocity of catalytic reaction M·s–1

T0 initial concentration of T7 polymerase M
D0 initial concentration of DNA template M
KMT Michaelis-Menton constant for T7 polymerase M
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1. Cas13a binding reaction 

We model the reaction wherein RNA targets (R) bind the Cas13a/crRNA complex (E). Our goal is to 
estimate the time scale of this reaction. The reaction is written as 


(1)

The related kinetic equation is


(2) .


Note that the total amounts of the Cas13a/crRNA complex (E0) and the target RNA (R0) are conserved, 


(3)  


Eq. (2) then becomes 


(4) .


When the reaction is initiated, we expect A to be much smaller than R0. We, therefore, ignore the A2 
term,


(5) . 


Solving this equation, with the initial condition of A(t = 0) = 0, gives


(6) .


The characteristic time is given as 


(7) .


The binding reaction approaches 97% of completion 
when t = 5·τB. 


We estimated kon and kof values using the kinetic 
data in Supplementary Ref. 7. The reported 
experiments were conducted at the fixed target RNA 
concentration (R0 = 1 nM), but the concentration (E0) 
of the Cas13a/crRNA complex was varied 
(Supplementary Fig. 26a). The kobs in 
Supplementary Ref. 7 is the inverse of the time 
constant, Eq. (7). 


(8) .


Note that this equation is valid for a broad range of 
E0, provided that i) the binding reaction follows the 

d A
dt

= konER − kof f A

{E0 = E + A
R0 = R + A

d A
dt

= konER − kof f A = kon(E0 − A)(R0 − A) − kof f A = kon(E0R0 − E0 A − R0 A + A2) − kof f A

d A
dt

≈ kon(E0R0 − E0 A − R0 A) − kof f A

A =
konE0R0

konE0 + konR0 + kof f
(1 − e−[konE0+konR0+kof f ]⋅t)

τB = (konE0 + konR0 + kof f )−1 = k−1
on (E0 + R0 + KD)−1

kobs = konE0 + konR0 + kof f
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Supplementary Fig. 26 | Kinetics of RNA binding with 
Cas13a/crRNA complex. (a) The kinetic data from 
Supplementary Ref. 7 were plotted and fitted to Eq. (8). 
R0 was fixed to 1 nM. From the fitting parameters (Slope, 
Y-intercept), kon and kon were estimated. (b) RNA binding 
kinetics in SCOPE experiments were simulated using 
Eq. (6). E0 was set to 5 µM. Regardless of the target 
RNA concentration, the reaction completed in 10 sec. We 
show the ratio (= A/R0) between the activated Cas13a 
complex and the target RNA. Note that A approaches R0. 



first-order kinetics and ii) the total amounts of the Cas13a (E0) and the target RNA (R0) are conserved.

By fitting observed kobs to Eq. (8), we obtained kon = 8.0 × 104 M–1·s–1 and kof = 1.1 × 10–3 s–1. The 
dissociation constant was KD = 14 nM, which agreed with KD = 29 nM, as reported in Supplementary 
Ref. 8. We used these kon and kof values to simulate the binding reactions in our experiments. We 
numerically solved the exact differential equation, Eq. (4). The concentration of the Cas13a/crRNA 
complex was fixed to our assay condition (E0 = 5 µM), and the target RNA concentration (R0) was 
varied (1 pM to 10 nM). Under this condition (E0 >> R0), the reaction time is governed by the kon·E0 
term in Eq. (7), regardless of the input RNA amount. Indeed, Supplementary Fig. 26b shows that the 
calculated reaction kinetics are nearly identical at different R0 inputs. We note two important 
conclusions:


• The binding reaction reaches completion within 10 sec, faster than other reactions (e.g., Cas13a 
trans-cleavage; see Section 2 below). 


• The target recognition by Cas13a can be considered instantaneous. In other words, when 
considering the Cas13a trans-cleavage reaction, we can set A|t = 0 (the initial concentration of 
activated Cas13a) = R0 (initial concentration of target RNA).  


2. Cas13a trans-cleavage reaction 

Next, we consider the reaction wherein activated Cas13a/crRNA enzymes (A) cleave the signaling 
substrates (S) to generate fluorescent probes (P). We assume that the Cas13a/crRNA forms 
intermediate products (C) with substrates before cleavage. The governing reaction is written as 


(9)

The related kinetic equations are

 

(10) 


(11) 


(12) 


(13) .


We make two assumptions: i) the steady-state condition (dC/dt = 0) and ii) the conservation of 
activated Cas13a/crRNA (A0 = A + C). 


(14) .


Solving for C, we obtain


(15) , 


where KM is the Michaelis-Menton constant for Cas13a trans-cleavage:


d A
dt

= − k1AS + k2C + kcC

dS
dt

= − k1AS + k2C

dC
dt

= k1AS − k2C − kcC

dP
dt

= kcC

dC
dt

= k1AS − k2C − kcC = k1(A0 − C )S − k2C − kcC = 0

C =
k1SA0

kc + k2 + k1S
=

SA0

KM + S
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(16) .


We further impose the constraint that the total amount of fluorescent dye is conserved, S0 = S + C + P. 
Applying this condition leads to


(17) .


Eq. (17) is quadratic in C, yielding


(18) .


Solving for C,


(19) .


Therefore, Eq. (13) can be written as 


(20) .


For the cleaved fraction of the probe (y = P/S0), this equation becomes


(21) 


which can be solved numerically. 


We note that A0 approaches R0 quickly (see Section 1); most Cas13a/crRNA complexes are rapidly 
activated by recognizing RNA targets (<10 sec). This allows us to approximate A0 ≃ R0. We also note 
that the substrate concentration (S0) is larger than R0 in most assay conditions. Applying these 
assumptions, we can use S0 ≫ A0 to simplify Eq. (21) further:


KM =
kc + k2

k1

C =
(S0 − C − P )A0

KM + S0 − C − P

C2 − (KM + S0 + A0 − P )C + S0 A0 − PA0 = 0

C =
1
2 [(KM + S0 − P + A0) − (KM + S0 − P + A0)2 − 4(S0 A0 − PA0)]

dP
dt

= kcC =
kc

2 [KM + S0 − P + A0 − (KM + S0 − P + A0)2 − 4(S0 A0 − PA0)]

d y
dt

=
kc

2
KM

S0
+

A0

S0
+ 1 − y − ( KM

S0
+

A0

S0
+ 1 − y)

2

− 4 ( A0

S0
−

A0

S0
y) ,
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(22) 


Solving this differential equation yields


(23) ,


where the characteristic time (τC) is given as 


(24) .


By monitoring signals coming from Cas13a/
crRNA trans-cleavage, we measured τc and 
estimated KM and kc. The target RNA 
concentration (R0) was fixed at 10 nM; we 
deliberately used this high amount of RNA (10 
nM) to ensure efficient cleavage of the signal 
substrate whose concentration (S0) reached up to 
100 µM. We assumed that all RNA targets were 
quickly (<10 sec) bound to Cas13a/crRNA to 
activate the enzyme (A0 ≃ R0). The concentration 
(S0) of the signal substrate was varied, and the 
fluorescent signal coming from the cleaved probe 
was measured; the obtained fluorescent intensity 
was then converted to the cleaved probe 
concentration (P) based on the fluorescent-probe 
calibration curve. Supplementary Fig. 27a shows the increase of P as the Cas13a trans-cleavage 
reaction proceeds. By fitting these results using Eq. (23), we obtained τc for different S0 conditions. 
These τc values were then fitted as a linear function of S0 (Eq. 24; Supplementary Fig. 27b). We 
estimated that kc = 3.1 s–1 and KM = 90.5 µM. The catalytic efficiency (kc/KM) was 3.4 × 104 M–1·s–1.  


d y
dt

=
kc

2 ( KM

S0
+

A0

S0
+ 1 − y) 1 − 1 − 4

A0

S0
(1 − y) ( KM

S0
+

A0

S0
+ 1 − y)

−2

≈
kc

2 ( KM

S0
+

A0

S0
+ 1 − y) 1 − 1 − 2

A0

S0
(1 − y) ( KM

S0
+

A0

S0
+ 1 − y)

−2

= kc
A0

S0
(1 − y) ( KM

S0
+

A0

S0
+ 1 − y)

−1

≈ kc
A0

S0
(1 − y)( KM

S0
+

A0

S0
+ 1)

−1

=
kc A0

KM + A0 + S0
(1 − y) .

P = S0 (1 − e
− kc A0

KM + A0 + S0
t)

τc =
KM + A0 + S0

kc A0
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Supplementary Fig. 27 | Kinetics of Cas13a-only reaction 
in SCOPE. (a) The concentration of cleaved probe (P) was 
monitored. The activated enzyme concentration (A0) was 
fixed. (b) The kinetic data were fitted to Eq. (24) to obtain the 
characteristic time constant (τc) which was then used to 
estimate kc and KM. 



3. T7 polymerase reaction  

The kinetics of the T7 polymerases reaction can be modeled in a similar way as the Cas13a trans-
cleavage reaction. The polymerase (T) uses the DNA template (D) to synthesize RNA (R) targets. The 
governing reaction is 


(25)

The related kinetic equations are

 

(26) 


(27) 


(28) 


(29) .


We again apply the steady-state condition (dM/dt = 0) and the conservation of the enzyme (T0 = T + M) 
and the DNA template (D0 = D + M).  


(30) .


Solving for M, we obtain


(31) , 


where KMT is the Michaelis-Menton constant for T7 polymerase reaction:


(32) .


Therefore, Eq. (29) can be written as 


(33) .


Note that the reaction rate is constant, and the amount (R) of synthesized RNA will increase linearly in 
time.


From our experimental conditions, T0 > KMT, which allows us to simplify Eq. (33).


d D
dt

= − k3DT + k4M + kT M

dT
dt

= − k3DT + k4M + kT M

d M
dt

= k3DT − k4M − kT M

d R
dt

= kT M

d M
dt

= k3DT − k4M − kT M = k3(D0 − M )(T0 − M ) − (k4 + kT )M = 0

M =
1
2 [(KMT + D0 + T0) − (KMT + D0 + T0)2 − 4D0T0]

KMT =
kT + k4

k3

d R
dt

= kT M =
kT

2 [(KMT + D0 + T0) − (KMT + D0 + T0)2 − 4D0T0]
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(34) 


Solving this differential equation yields a linear relationship between R and t.


(35) , 


and the velocity of the enzyme reaction is 


(36) .


Using molecular beacons as a signaling probe, 
we monitored the amount of synthesized RNA 
over time (Supplementary Fig. 28a). The 
template concentration was fixed (D0 = 25 nM), 
which is a representative value for a non-
plateauing T7 enzymatic reaction (Supplementary 
Ref. 9), but the polymerase concentration (T0) 
was varied. We indeed observed the linear 
increase of the RNA concentration (R) over time 
(Supplementary Fig. 28a). From these results, 
we estimated reaction velocities (Supplementary 
Fig. 28b) as a function of T0 and fitted them to 
Eq. (36), which yielded kT = 1.5 s–1 and 
KMT = 3.2 µM. The catalytic efficiency (kT/KMT) 
was 5 × 105 M–1·s–1. Note that this value is about 
10 times higher than that of Cas13a trans-
cleavage, indicating that the potential rate-
limiting reaction is the Cas13a trans-cleavage in 
the SCOPE assay. 


d R
dt

=
kT

2 (KMT + T0 + D0) 1 − 1 −
4T0D0

(KMT + T0 + D0)2

≈
kT

2 (KMT + T0 + D0) 1 − {1 −
2T0D0

(KMT + T0 + D0)2 }
= kT

D0T0

KMT + D0 + T0
.

R = kT
D0T0

kMT + D0 + T0
t

V = kT
D0T0

kMT + D0 + T0
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Supplementary Fig. 28 | Kinetics of T7 polymerase 
reaction. (a) The concentration (R) of the RNA amplicons 
was monitored. The initial concentration (D0) of the DNA 
template was fixed (25 nM), while the T7 enzyme 
concentration (T0) was varied. For a given T0, the reaction 
showed a linear increase of R in time, following Eq. (35). (b) 
The velocity (V) of the enzyme reaction was obtained from (a) 
and fitted to Eq. (36) as a function of T0. The fitting results 
were then used to estimate kT and KMT.



4. SCOPE assay 

In the case of the SCOPE assay, three reactions are coupled: i) Cas13a recognizes target RNA, ii) 
activated Cas13a enzymes cleave the signaling probes, generating the fluorescent signal and 
exposing DNA templates, and iii) T7 polymerases synthesize RNA targets using the DNA templates. 
The governing chemical reactions are written as 



(37) 	 	 	 	 Cas13a (E) recognizes target RNA (R) and gets activated (A).




(38) 	 	 Activated Cas13a (A) cleaves the signaling substrate (S) into a 

	 	 fluorescent probe (P) and a DNA template (D).


(39) 	 	 T7 polymerase (T) binds to the template (D) and synthesizes

 		 RNA amplicons (R). 	 


Cas13a’s recognition of target RNA 
This reaction leads to the enzyme activation 


(40) 


Cas13a/crRNA cleavage reaction 
Major kinetic equations are


(41) 


(42) 


(43) .


Applying the steady steady-state condition (dC/dt = 0), we obtain


(44) ,


where KM is defined by Eq. (16). Substituting C in Eq. (43) with Eq. (44), we obtain

 


(45) . 


T7 polymerase reaction 
Major kinetic equations are


(46) 


d A
dt

= konER − kof f A = kon(E0 − A)R − kof f A

d A
dt

= − k1AS + kcC + k2C

dC
dt

= k1AS − k2C − kcC

dP
dt

=
d D
dt

= kcC

C =
(S0 − P )A
KM + A

dP
dt

=
d D
dt

= kc
(S0 − P )A
KM + A

d M
dt

= k3TD − kT M − k4M
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(47) .


Applying the steady-state condition (dM/dt = 0), we obtain


(48) ,


where KMT is defined by Eq. (32). The polymerase is conserved throughout the reaction (T0 = T + M), 
which allows us to rewrite Eq. (48)


(49) .


Eq. (47) thus becomes


(50) .


We apply the restraint that the concentration of the DNA template is the same as the unquenched 
fluorescent probe (D = P).


SCOPE reaction 
Using Eqs. (40), (45), and (50), we can couple A (activated Cas13a), P (unquenched fluorescent probe), 
and R (RNA concentration). 


(40) 


(45) 


(50) 


These coupled differential equations are 
numerically solved with the initial condition of


(51) 


Supplementary Fig. 29 shows the simulated P from the SCOPE reaction. We note the following 
observations.

• The SCOPE reaction exhibits rapid signal amplification, with an exponential rise to a steady state 

within a short timeframe. This kinetic behavior contrasts with the linear responses observed in 
Cas13a-only (Supplementary Fig. 27) and T7-only (Supplementary Fig. 28).


• The close agreement between simulated results and experimental data (Fig. 3b in the main text) 
provides strong support for the proposed SCOPE mechanism of coupled Cas13a and T7 RNA 
polymerase reactions. 

d R
dt

= kT M

M =
TD
kMT

M =
DT0

kMT + D

d R
dt

= kT
DT0

KMT + D
= kT

PT0

KMT + P

d A
dt

= kon(E0 − A)R − kof f A

dP
dt

= kc
(S0 − P )A
KM + A

d R
dt

= kT
PT0

KMT + P

{
A |t=0 = R0

P |t=0 = 0
R |t=0 = R0
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Supplementary Fig. 29 | Simulated kinetics of SCOPE 
reaction. Coupled differential equations (Eqs. 40, 45, and 50) 
were numerically solved to model the temporal evolution of 
the SCOPE signal. The simulation predicts a rapid rise in 
signal intensity, reaching a plateau as all signal substrate is 
cleaved. This behavior closely aligns with the experimentally 
observed SCOPE kinetics, providing further support for the 
proposed model of coupled Cas13a and T7 RNA polymerase 
activities.
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