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[bookmark: _Hlk189139688]S1 Experimental section
S1.1 Materials
[bookmark: OLE_LINK66][bookmark: OLE_LINK16]Copper-based monolayer graphene sheets with a copper thickness of 25 μm were provided by ACS Materials. PI films (200 μm) for the fabrication of laser-induced graphene were supplied by Shenzhen Jinluye Electronic Materials Co., Ltd. PDMS monomer and curing agent were purchased from Momentive Performance Materials Inc. Poly(methyl methacrylate) (PMMA) was provided by Beijing Huidexin Technology Co. Glycerol, ferric chloride, acetone, ethanol, MgCl2, and KCl were obtained from Sinopharm Chemical Reagents (Shanghai, China). A 40% acrylic acid/double solution (37.5:1) was purchased from Coolaber. HAuCl4·3H2O was supplied by Aladdin Co. Ltd., while 6-mercapto-1-hexanol (MCH), tris(2-carboxyethyl)phosphine hydrochloride (TCEP), and RNaseZAP were purchased from Sigma-Aldrich. Tris-HCl (pH = 7) and phosphate-buffered saline (PBS) were provided by Corning Inc. Bovine serum albumin (BSA) was supplied by Thermo Fisher Scientific. For DNA reporter cleavage, the 10×cleavage buffer (500 nM Tris-HCl (PH=7),100 mM MgCl2, 500 mM KCl, and 1mg/ml BSA) was prepared and subsequently diluted in reaction solution to 1x cleavage buffer for use. Buffer A (20 mM Tris-HCl, 0.25 M NaCl, 20 mM imidazole, 10% glycerol, pH8.5), Buffer B (20 mM Tris-HCl, 0.25 M NaCl, 200 mM imidazole, 10% glycerol, and pH 8.5) and chromatography buffer (20 mM Tris-HCl, 0.25 M NaCl, 5% glycerol, and pH 8.5) were used for the purification of LdCsm effector complex. Sangon Biotech Co., Ltd. (Shanghai, China) supplied the miRNA First Strand cDNA Synthesis Kit (Stem-loop Method) and the MicroRNAs qPCR Kit (SYBR Green Method) for RT-qPCR experiments. Additionally, all DNA, RNA, and miRNA sequences used in this study were synthesized and purified by Sangon Biotech and are listed in Table S4. All chemical reagents were of analytical grade, and RNase-free water was used throughout the study.
[bookmark: OLE_LINK77]S1.2 Blood sample collection
[bookmark: _Hlk190531383]To verify the reliability and performance of our CRISPR-GFET biosensor in detecting real samples, we collected serum samples from clinical breast cancer patients and healthy individuals for miRNA-155 detection. Specifically, blood was drawn from volunteers using a non-anticoagulant tube and left to stand at room temperature for 5-6 hours. Afterward, the tube was observed to ensure the separation of the serum (upper yellowish liquid) from the red precipitate (lower layer). Using a pipette with a disposable sterile tip, the upper yellowish liquid was carefully aspirated and transferred into a 1.5 mL microcentrifuge tube. The tube was then centrifuged at 4°C (5000 rpm, 10 minutes), and the supernatant was carefully transferred into a new tube. The serum was then stored at -80°C for further use.
[bookmark: OLE_LINK43][bookmark: OLE_LINK18]S1.3 Cleavage of fluorescent DNA reporter by LdCsm and LdCsm-dCsm3 
[bookmark: OLE_LINK17][bookmark: OLE_LINK147][bookmark: OLE_LINK177]To investigate the effectiveness and cleavage preference of LdCsm, LdCsm-dCsm3 (LdCsm-dCsm3-RNA, LdCsm-dCsm3-155, LdCsm-dCsm3-155-A-5U), as well as the effect of target sequence length on them, a fluorescence analysis was performed. A total of 20 μL of test solution was prepared, which included different target RNAs (50 nM), FAM-BHQ1-labeled ssDNA reporter (1 μM), 1× cleavage buffer, and effector complex (200 nM). After incubation at 37 °C for 30 min, the fluorescence spectrum of this test solution was measured with a fluorescence spectrophotometer. Notably, the relative fluorescence intensity (RFI) in the text is the fluorescence intensity value obtained for the sample mixture containing the target RNA/miRNA or the RNA/miRNA to be detected minus the fluorescence intensity of the reference sample (lacking the target RNA/miRNA).
[bookmark: OLE_LINK175][bookmark: OLE_LINK122][bookmark: _Hlk189139516]S1.4 Gel electrophoresis for evaluating in vitro hybridization feasibility
To assess the feasibility of in vitro hybridization, non-denaturing polyacrylamide gel electrophoresis (PAGE) was performed. Specifically, LdCsm-dCsm3 ribonucleoprotein (RNP) complexes at concentrations of 50 nM and 200 nM were incubated with 50 nM of 5ʹ-FAM-labeled RNA samples, including both target and non-target RNAs, in lysis buffer at 37°C for 20 minutes to facilitate RNA binding. Following incubation, the samples were immediately placed on ice and an equal volume of 30% glycerol was added to enhance sample loading and prevent diffusion during electrophoresis. The mixtures were then subjected to electrophoresis on a 5% non-denaturing polyacrylamide gel using 1× TBE buffer at 4°C. Fluorescence imaging was subsequently performed to visualize and analyze the mobility shifts of the RNA-protein complexes. 
[bookmark: OLE_LINK169]S1.5 RT-PCR for RNA detection
In this study, a two-step reverse transcription quantitative PCR (RT-qPCR) assay was employed to quantify RNA samples. First, complementary DNA (cDNA) was synthesized using a miRNA First Strand cDNA Synthesis Kit (Stem-loop Method). The reaction mixture consisted of 10 μL of 2× miRNA L-RT solution mix, 1.5 μL of miRNA L-RT enzyme mix, 2 μL of RNA template, 1 μL of stem-loop primer, and 5.5 μL of DNase/RNase-free water. The reaction conditions were as follows: incubation at 16°C for 30 min to extend the primers, followed by incubation at 37°C for 30 min to complete reverse transcription, and a final heating step at 85°C for 5 min to inactivate the enzyme. The resulting cDNA was used directly for subsequent qPCR amplification. Next, qPCR amplification was performed using a MicroRNAs qPCR Kit (SYBR Green Method). The reaction mixture comprised 10 μL of 2× miRNA qPCR Master Mix, 0.5 μL of forward primer, 0.5 μL of reverse primer, 2 μL of cDNA template, and 7 μL of DNase/RNase-free water. The qPCR program included an initial denaturation at 95°C for 30 s, followed by enzyme activation at 40°C for 5 min. This was followed by 40 cycles of 95°C denaturation for 5 s and 60°C annealing/extension for 30 s, during which fluorescence signals were acquired. 
S1.6 Characterizations and measurements
[bookmark: OLE_LINK11]The fluorescence spectrum was taken by Spark microplate reader (TECAN, Switzerland), with a λex/λem at 490/520 nm. Gel electrophoresis experiments using the BIO-RAD PowerPac™ HC power supply and BIO-RAD Mini PROTEANR Tetra Cells. An environmental scanning electron microscope (Thermo Scientific, Quattro S) with a Bruker Bruker QUANTAX EDS X-ray energy spectrometer was used to measure scanning electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDS). Electrochemical impedance spectroscopy (EIS) was tested in 0.1 M KCl containing 5 mM Fe(CN)63-/4- using a CHI 660E electrochemical workstation (Shanghai Chenhua Instruments, China). Fluorescence images were scanned by GenePix 4400A scanner using a 488 nm laser, and analyzed using GenePix pro software. X-ray photoelectron spectroscopy (XPS) was conducted through a Thermo Scientific K-Alpha with an Al K alpha ray excitation source (hv=1486.6 eV). Reverse transcription and fluorescence quantitative PCR were performed on a Bio-Rad system (Bio-RAD CFX384 Touch, USA). The transfer characteristics (Vg-Ids) of the CRISPR-GFETs were measured by a probe station with a Keithley 2636 source meter. For the transfer characteristics, Vg was scanned from −300 to 300 mV at a Vds of 50 mV. The biosensor's specificity, sensitivity, anti-interference capability and potential for practical applications were assessed by monitoring the Vdirac displacement in the Ids-Vg curve of the biosensor before and after its reaction with different concentrations and species of RNA/miRNAs as well as real samples. 
S2 Supplementary Figures

[bookmark: _Toc169168499][bookmark: OLE_LINK29][bookmark: OLE_LINK31][bookmark: OLE_LINK33][bookmark: OLE_LINK65][bookmark: OLE_LINK30]Fig. S1 Validation of the effectiveness of LdCsm / LdCsm-dCsm3 mediated cleavage. (a)Three repeating fluorescence spectra of LdCsm cleavage of FQ-fCA in the absence/presence of target RNA. (b)Three repeating fluorescence spectra of LdCsm-dCsm3 cleavage of FQ-fCA in the absence/presence of target RNA


[bookmark: _Toc169168500][bookmark: OLE_LINK34][bookmark: OLE_LINK36][bookmark: OLE_LINK32][bookmark: OLE_LINK38][bookmark: OLE_LINK35][bookmark: _Hlk138702023][bookmark: _Hlk138701905][bookmark: OLE_LINK84]Fig. S2 The nucleotide cleavage preference of the LdCsm-dCsm3 system. (a) Three repeating fluorescence spectra obtained by cleavage of FQ-fCT by activated LdCsm-dCsm3 RNP. (b) Three repeating fluorescence spectra obtained by cleavage of FQ-fCA by activated LdCsm-dCsm3 RNP. 
Target RNAs with 5′-repeat tags and protospacer sequences of different lengths are matched to LdCsm-dCsm3-crRNA as shown in Fig. S3. Among them, protospacer target RNAs (PTRs) are target RNAs without any3′-protospacer flanking sequence (3′-antitag). Cognate target RNA (CTRs) are RNAs carrying sequences complementary to the spacer region of LdCsm-dCsm3-crRNA and with a 3′-antitag that does not match the 5′-repeat tag of the crRNA.


[bookmark: _Toc169168501][bookmark: OLE_LINK75][bookmark: OLE_LINK37][bookmark: OLE_LINK83][bookmark: OLE_LINK41][bookmark: OLE_LINK40]Fig. S3 The effect of target RNA length on the extent of LdCsm-dCsm3RPN activation. (a) Matches of target RNAs with 5′-repeat tag and different lengths of protospacers to LdCsm-dCsm3-crRNAs. (b) Two repeating fluorescence spectra obtained by cleavage of FQ-FCA after binding of LdCsm-dCsm3 to target RNAs of different lengths (20nt, 23nt, 28nt, 36nt, 46nt, 64nt)
[bookmark: _Hlk190970825]The conductivity and consistency of LIG electrodes are critical to the performance of FETs. To further assess the conductivity and uniformity of the transferred LIG, we conducted a series of tests, including Raman spectroscopy, optical imaging, and I-V curve measurements. As shown in Fig. S4a, the LIG transfer electrodes exhibited good conductivity, and optical imaging confirmed their uniformity. Raman spectroscopy was performed to gain deeper insight into the homogeneity of the LIG transfer electrode. As shown in Fig. S4b, the Raman spectrum reveals the characteristic peaks of LIG, with an ID/IG ratio of 0.60, indicating a high degree of defect formation [S1]. The inset of Fig. S4b presents a spatial Raman map of LIG in a 250 × 250 μm² area, with a relative standard deviation of less than 1.1%, suggesting that the LIG electrode maintained its integrity and consistency after the transfer process. Therefore, the LIG-transferred electrodes demonstrate excellent uniformity and conductivity.

[bookmark: _Toc169168503][bookmark: _Toc169168502]Fig. S4 Preparation and electrical performance evaluation of GFETs. (a) I-V curves of LIG, inset is an optical image of LIG. (b) Raman spectrum and Raman mapping image (inset) of the LIG. (c) Physical and test picture of the device. (d) The transfer curves of GFET
[bookmark: OLE_LINK155][bookmark: _Hlk190435691][bookmark: _Hlk191112470]We first deposited gold nanoparticles on slides and subsequently immobilized FAM-labeled thiolated linear DNA reporters (re-FAM-lDNA). As shown in the first and second left panels of Fig. S5b, the fluorescence intensity in the fluorescence images and thermograms increased significantly after the immobilization of re-FAM-lDNA, which demonstrated that the DNA reporter could be immobilized by Au-S bonding. The complete LdCsm-dCsm3 mixture (including LdCsm-dCsm3 effector complex, lysis buffer, RNase inhibitor and target RNA) and the LdCsm-dCsm3 mixture without target RNA were introduced into the re-FAM-lDNA-modified chip, respectively. As shown in Fig. S5b, the control group (no target; thrid left panel) showed a distinct green fluorescence after incubation similar to that before incubation (second plate from left), while the green fluorescence of the experimental group (with target; fourth left panel) was significantly diminished. The results of this experiment indicate the feasibility of a trans-cleavage effect at the solid-liquid interface. Subsequently, we characterized graphene, graphene surface-modified gold nanoparticles (AuNPs), and samples after re-hpDNA immobilization using XPS. As shown in Fig. S5c, the successful modification of AuNPs on the graphene surface was confirmed by the appearance of distinct Au 4f characteristic peaks in the XPS spectrum, with Au 4f7/2 and Au 4f5/2 located at ~83.7 eV and ~87.4 eV, respectively. Further analysis revealed that the AuNP sample exhibited an almost negligible S 2p signal. However, after re-hpDNA immobilization, a prominent S 2p peak emerged at ~162.2 eV, indicating the successful attachment of sulfhydryl-modified DNA onto the AuNP surface via Au–S bonding. Additionally, compared to the AuNP sample, the re-hpDNA sample showed P 2p and N 1s signals at 134.2 eV and 400.0 eV, respectively (Fig. S5d–f), further confirming the successful immobilization of DNA molecules. In summary, the XPS results conclusively demonstrated the effective modification of AuNPs on the graphene surface and the subsequent immobilization of re-hpDNA via Au–S interactions.
[bookmark: OLE_LINK170]


[bookmark: _Hlk190680885][bookmark: _Hlk190683728][bookmark: _Hlk190680897]Fig. S5 Characterization of CRISPR-GFET biosensor. (a) EDS after deposition of AuNPs on the graphene surface. (d) Fluorescence scanning map and heat map of AuNP deposition (first left panel), re-FAM-lDNA modification (second left panel) and incubation of LdCsm-dCsm3 mixture without (thrid left panel) and with target RNA (fourth left panel). XPS spectra of (c) Au, (d) S, (e) P, and (f) N elements





[bookmark: _Toc169168504][bookmark: OLE_LINK8][bookmark: OLE_LINK44][bookmark: OLE_LINK85][bookmark: OLE_LINK114]Fig. S6 Validation of the optimal test concentration for re-hpDNA modified GFET. (a) Three repeating transfer curves of GFETs before and after re-hpDNA modification in 100 μM of PBS. (b) Three repeating transfer curves of GFETs before and after re-hpDNA modification in 20 μM of PBS. (c) Three repeating transfer curves of GFETs before and after re-hpDNA modification in 10 μM of PBS. (d) Optimization of the CRISPR-GFET biosensor for testing solution concentrations, evaluated by the transfer curve in Fig. S6a-c. (e) The transfer curves of re-hpDNA modified GFET operation in different concentrations (100, 20 and 10μM) of test solution (PBS)

[bookmark: _Toc169168506][bookmark: OLE_LINK86]Fig. S7 (a-c) Three repeating transfer curves of CRISPR-GFET biosensors incubated with LdCsm-dCsm3 mixture for different times (15, 30, 45, 60, 75 min)

[bookmark: _Toc169168507][bookmark: OLE_LINK45][bookmark: OLE_LINK46]Fig. S8 The transfer curves of CRISPR-GFET biosensors for incubation with LdCsm-dCsm3 mixture including different concentrations of LdCsm-dCsm3. (a) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 10 nM LdCsm-dCsm3. (b) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 15 nM LdCsm-dCsm3. (c) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 20 nM LdCsm-dCsm3. (d) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 25 nM LdCsm-dCsm3


[bookmark: _Toc169168508][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK49]Fig. S9 The transfer curves of CRISPR-GFET biosensors immobilized with different concentrations of re-hpDNA for incubation with LdCsm-dCsm3 mixture. (a) Three repeating transfer curves of CRISPR-GFET biosensors immobilized with 1 μM re-hpDNA before and after incubation with LdCsm-dCsm3 mixture. (b) Three repeating transfer curves of CRISPR-GFET biosensors immobilized with 3 μM re-hpDNA before and after incubation with LdCsm-dCsm3 mixture. (c) Three repeating transfer curves of CRISPR-GFET biosensors immobilized with 5 μM re-hpDNA before and after incubation with LdCsm-dCsm3 mixture. (d) Three repeating transfer curves of CRISPR-GFET biosensors immobilized with 10 μM re-hpDNA before and after incubation with LdCsm-dCsm3 mixture


[bookmark: OLE_LINK5][bookmark: _Toc169168510][bookmark: OLE_LINK52][bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK56][bookmark: OLE_LINK70][bookmark: OLE_LINK53][bookmark: OLE_LINK54]Fig. S10 The transfer curves of re-hpDNA CRISPR-GFET biosensors for incubation with LdCsm-dCsm3 mixture including different concentrations of RNA. (a) Three repeating transfer curves of re-hpDNA CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture not containing RNA. (b) Three repeating transfer curves of re-hpDNA CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 1 fM RNA. (c) Three repeating transfer curves of re-hpDNA CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 10 fM RNA











[bookmark: OLE_LINK55]Fig. S11 The transfer curves of re-hpDNA CRISPR-GFET biosensors for incubation with LdCsm-dCsm3 mixture including different concentrations of RNA. (a) Three repeating transfer curves of re-hpDNA CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 100 fM RNA. (b) Three repeating transfer curves of re-hpDNA CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 1 pM RNA. (c) Three repeating transfer curves of re-hpDNA CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 10 pM RNA



[bookmark: _Toc169168511][bookmark: OLE_LINK57][bookmark: OLE_LINK61][bookmark: OLE_LINK69]Fig. S12 The transfer curves of re-lDNA CRISPR-GFET biosensors for incubation with LdCsm-dCsm3 mixture including different concentrations of RNA. (a) Three repeating transfer curves of re-lDNA CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture not containing RNA. (b) Three repeating transfer curves of re-lDNA CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 1 fM RNA. (c) Three repeating transfer curves of re-lDNA CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 10 fM RNA



[bookmark: OLE_LINK63]Fig. S13 The transfer curves of re-lDNA CRISPR-GFET biosensors for incubation with LdCsm-dCsm3 mixture including different concentrations of RNA. (a) Three repeating transfer curves of re-lDNA CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 100 fM RNA. (b) Three repeating transfer curves of re-lDNA CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 1 pM RNA. (c) Three repeating transfer curves of re-lDNA CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 10 pM RNA




[bookmark: _Toc169168512][bookmark: _Hlk190714282][bookmark: OLE_LINK58][bookmark: OLE_LINK60]Fig. S14 Comparison of electrical properties of GFETs loading with linear DNA and hairpin DNA reporter. (a) Comparison of ΔVdirac after GFET loading with linear and hairpin DNA reporters. (b) Three repeating transfer curves of GFETs before and after immobilization of re-lDNA. (c) Three repeating transfer curves of GFETs before and after immobilization of re-hpDNA

[bookmark: _Toc169168513][bookmark: OLE_LINK59][bookmark: OLE_LINK74][bookmark: OLE_LINK89][bookmark: OLE_LINK62][bookmark: OLE_LINK107]Fig. S15 The transfer curves of CRISPR-GFET biosensors for incubation with LdCsm-dCsm3 mixture with RNA-free (blank), non-target, or target RNA. (a) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture not containing RNA. (b) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including RNA-1. (c) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including RNA-2. (d) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including RNA-3. (e) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including target RNA
[bookmark: OLE_LINK113]Fig. S16 Reproducibility of CRISPR-GFET biosensors (a) Response of multiple CRISPR-GFET biosensors to 1pM and 10pM RNA, respectively. (b) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 1 pM RNA. (c) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 10 pM RNA

[bookmark: _Hlk190281986]Fig. S17 Transfer curves of CRISPR-GFET after incubation with 10 pM RNA at different storage times. (a) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 10 pM RNA. (b) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 10 pM RNA after 1 day of storage. (c) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 10 pM RNA after 2 days of storage.  (d) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 10 pM RNA after 3 days of storage  
[bookmark: OLE_LINK156][bookmark: _Hlk190525661]
Fig. S18 Comparison of the performance of the CRISPR-GFET biosensor and RT-qPCR assays. (a) Three repeating RT-qPCR amplification curves for different concentrations of RNAs. (b) Three repeating RT-qPCR amplification curves for 5 pM RNAs in mixed solution. (c) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture including 5 pM RNA mixed solution. (d) Calibration curves between the Ct and different levels of RNA, assessed according to Fig. S18a



[bookmark: _Toc169168514][bookmark: OLE_LINK88][bookmark: OLE_LINK108][bookmark: OLE_LINK90][bookmark: OLE_LINK91]Fig. S19 The transfer curves of CRISPR-GFET biosensors for incubation with LdCsm-dCsm3 mixture, in which RNA was added to the throat swab. (a)Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture, in which the throat swab solution was without RNA. (b)Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture, in which the throat swab solution contained 1 fM of RNA. (c) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture, in which the throat swab solution contained 10 fM of RNA. (d) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3 mixture, in which the throat swab solution contained 100 fM of RNA


[image: ]
[bookmark: _Toc169168515][bookmark: OLE_LINK68][bookmark: _Hlk190765047]Fig. S20 Comparison of LdCsm-dCsm3-155/LdCsm-dCsm3-155-A-5U mediated cleavage. (a) Three repeating fluorescence spectra of LdCsm-dCsm3-155 cleavage of FQ-fCA in the absence/presence of target miRNA. (b) Three repeating fluorescence spectra of LdCsm-dCsm3-155-A-5U cleavage of FQ-fCA in the absence/presence of target miRNA
[image: ]
[bookmark: _Toc169168516][bookmark: OLE_LINK71][bookmark: OLE_LINK72]Fig. S21 The transfer curves of CRISPR-GFET biosensors for incubation with LdCsm-dCsm3-155-A-5U mixture including different concentrations of miRNA. (a) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3-155-A-5U mixture not containing RNA. (b) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3-155-A-5U mixture including 1 fM RNA. (c) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3-155-A-5U mixture including 10 fM RNA. 
[image: ]
[bookmark: OLE_LINK73]Fig. S22 The transfer curves of CRISPR-GFET biosensors for incubation with LdCsm-dCsm3-155-A-5U mixture including different concentrations of miRNA. (a) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3-155-A-5U mixture including 100 fM RNA. (b) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3-155-A-5U mixture including 1 pM RNA. (c) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3-155-A-5U mixture including 10 pM RNA
[image: ]
[bookmark: _Hlk190766314]Fig. S23 The transfer curves of CRISPR-GFET biosensors for incubation with LdCsm-dCsm3-155-A-5U mixture including different concentrations of miRNA. (a) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3-155-A-5U mixture including 100 pM RNA. (b) Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3-155-A-5U mixture including 1 nM RNA. (c) Normalized transfer curves of the CRISPR-GFET biosensor after incubation with LdCsm-dCsm3-155-A-5U mixtures containing different concentrations of miRNA-155
[image: C:\Users\rhe\Desktop\24.tif]
[bookmark: _Toc169168517][bookmark: OLE_LINK76]Fig. S24 The transfer curves of CRISPR-GFET biosensors for incubation with LdCsm-dCsm3-155-A-5U mixture with miRNA-free (blank), non-target, or target miRNA. Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3-155-A-5U mixture (a) not containing RNA, (b) including miRNA-4484, (c) including miRNA-4732, (d) including miRNA-126, (e)  including target miRNA-155
[image: ]
[bookmark: _Toc169168518][bookmark: OLE_LINK6][bookmark: OLE_LINK9][bookmark: _Hlk190766890][bookmark: OLE_LINK78]Fig. S25 Schematic representation of the match between crRNA in dCsm3-155-A-5U and different miRNAs. miRNA mismatched bases are shown in red

[bookmark: OLE_LINK10][bookmark: _Hlk169113886][bookmark: OLE_LINK79]Fig. S26 CRISPR-GFET biosensor response to base mismatched miRNA. Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3-155-A-5U mixture with (a) miRNA-155-4, (b) miRNA-155-16, (c) miRNA-155-3-4, (d) miRNA-155-7-8
[bookmark: _GoBack] 
[bookmark: OLE_LINK81]Fig. S27 CRISPR-GFET biosensor response to base mismatched miRNA. Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3-155-A-5U mixture with (a) miRNA-155-1~3, (b) miRNA-155-4~6, (c) miRNA-155-1~4, (d) miRNA-155-5~8


[bookmark: _Toc169168519][bookmark: OLE_LINK94][bookmark: OLE_LINK95][bookmark: OLE_LINK93][bookmark: OLE_LINK97]Fig. S28 The transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3-155-A-5U mixture, in which miRNA was added to the healthy people’s serum.  The transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3-155-A-5U mixture, in which the healthy people’s serum (a) was without RNA, (b) contained 1 pM of RNA, (c) contained 10 pM of RNA, (d) contained 100 pM of RNA, (e) contained 1 nM of RNA 

[bookmark: _Toc169168521][bookmark: OLE_LINK82][bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK103][bookmark: OLE_LINK109][bookmark: OLE_LINK101][bookmark: OLE_LINK102]Fig. S29 The transfer curves of CRISPR-GFET biosensors for incubation with LdCsm-dCsm3-155-A-5U mixture, where healthy human serum was used instead of miRNA solution. Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3-155-A-5U mixture including serum from (a) healthy human 1, (b) healthy human 2, (c) healthy human 3, (d) healthy human 4, (e) healthy human 5 

[bookmark: _Toc169168522][bookmark: OLE_LINK4][bookmark: OLE_LINK104][bookmark: OLE_LINK105]Fig. S30 The transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3-155-A-5U mixture, where breast cancer patient serum was used instead of miRNA solution. Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3-155-A-5U mixture including serum from (a) breast cancer patient 1, (b) breast cancer patient 2, (c) breast cancer patient 3 

[bookmark: OLE_LINK106]Fig. S31 The transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3-155-A-5U mixture, where breast cancer patient serum was used instead of miRNA solution. Three repeating transfer curves of CRISPR-GFET biosensors before and after incubation with LdCsm-dCsm3-155-A-5U mixture including serum from (a) breast cancer patient 4, (b) breast cancer patient 5, (c) breast cancer patient 6
[bookmark: OLE_LINK157]The levels of miRNA-155 in breast cancer serum samples were detected using the CRISPR-GFET biosensor to explore the potential for practical applications. Five healthy serum samples and six serum samples from breast cancer patients were used as the control and experimental groups, respectively. Fig. S32a summarizes the response of the biosensor to the electrical signals of healthy individuals versus breast cancer patients. Because miRNA-155 is an upregulated gene, ΔVdirac is smaller in normal human serum samples than in serum samples from breast cancer patients. In the t-test, there is a significant difference between healthy individuals and breast cancer patients, with P<0.0001 (Fig. S32b). Thus, the results point to the potential of the developed CRISPR-GFET biosensor as a cancer diagnostic tool, as it can differentiate miRNA-155 levels in cancer patients and healthy individuals.

[bookmark: OLE_LINK158][bookmark: _Hlk190770201]Fig. S32 Sensing signal of CRISPR-GFET biosensor for healthy and breast cancer patients. (a) The expression level of miRNA-155 in the serum was obtained from healthy and cancer patient samples. (b) Statistical comparison of real samples testing results in healthy individuals and breast cancer patients determined by an unpaired t-test. These were assessed by the transfer curves in Figs. S29 and S30-S31
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[bookmark: _Toc169168523]Table S1 Comparison of CRISPR-GFET with state-of-the-art CRISPR biosensors
	Name
	Amplification
	Limit of detection
	Detection time
	CRISPR system
	Receptor
	Readout
	Targets
	Preparation cost

	DETECTR[S2]
	RT-LAMP 
	[bookmark: OLE_LINK112]10 copies/μL
	50-60 min
	CRISPR-Cas 12a
	FB-DNA reporter
	Fluorescence or lateral flow
	RNA samples (SARS-CoV-2)
	[bookmark: OLE_LINK28]High

	[bookmark: OLE_LINK39]MiSHERLOCK[S3] 
	RT-RPA
	1000 copies/mL 
	55 min (one pot)
	CRISPR-Cas 12a
	FQ-DNA reporter
	Fluorescence
	RNA samples (SARS-CoV-2)
	High

	SHINE[S4]
	RT-RPA
	[bookmark: OLE_LINK117]10 copies/μL
	60 min
	CRISPR-Cas 13a
	FQ-RNA reporter
	Colorimetric /fluorescence
	RNA samples (SARS-CoV-2)
	High

	[bookmark: _Toc169168524]Type III CRISPR-Cas systems[S5]
	RT-LAMP
	[bookmark: OLE_LINK119]200 copies/μL 
	<30 min
	[bookmark: OLE_LINK115]CRISPR-Cas 10
	FQ-RNA reporter
	Fluorescence /colorimetric 
	[bookmark: OLE_LINK116]RNA samples (SARS-CoV-2)
	[bookmark: OLE_LINK118]High

	CRISPR-mediated platform[S6]
	No need
	10 fM
	60 min
	CRISPR-Cas12a/Cas13a
	FQ-RNA/DNA reporter
	Colorimetric, fluorometric, or luminescent
	RNA samples (SARS-CoV-2)
	Medium

	CRISPR-mobile phone microscope[S7]
	No need
	[bookmark: OLE_LINK110]100 copies/μL
	30 min
	CRISPR-Cas 13a
	FQ-RNA reporter
	Fluorescence
	RNA samples (SARS-CoV-2)
	Low

	An RNA detection platform based on the LdCsm-dCsm3 system[S8]
	No need
	2 nM
	30–60 min
	CRISPR-Cas 10
	FQ-DNA reporter
	Fluorescence
	RNA sample (miRNA-155)
	[bookmark: OLE_LINK96]Low

	Type III CRISPR-based method for RNA detection[S9]
	No need
	15 fM
	<20 min
	CRISPR- Cas10
	FQ-RNA reporter
	Fluorescence
	RNA samples (SARS-CoV-2)
	Low

	SERS-CRISPR[S6]
	No need
	1 fM
	30-40 min
	CRISPR-Cas12a
	-
	SERE
	RNA samples (SARS-CoV-2)
	Medium

	
	
	
	
	
	
	
	
	

	An ultrasensitive electrochemical biosensing platform[S10]
	No need
	2.6 fM
	60 min
	CRISPR-Cas13a
	Hairpin DNA containing a secondary target DNA fragment
	Electrochemical
	RNA samples (miRNA-21)
	[bookmark: OLE_LINK67]Medium 

	[bookmark: _Hlk169342250]CRISPR/Cas13a powered electrochemical biosensor[S11]
	No need
	10 pM
	< 4h
	CRISPR-Cas 13a
	FB-RNA reporter
	Electrochemical
	RNA samples (microRNA miR-19b and miR-20a)
	Medium

	E-CRISPR[S12]
	No need
	50 pM
	30/60 min
	CRISPR-Cas 12a
	Mb-linear DNA reporter
	Electrochemical
	DNA samples (HPV-16 and parvovirus B19) and protein
	[bookmark: OLE_LINK80]Medium

	CRISPR/Cas12a powered electrochemical DNA sensor[S13]
	No need
	60 pM
	30 min
	CRISPR-Cas 12a
	Mb-hairpin DNA reporter
	Electrochemical
	DNA sample (HPV-18 and HPV-16)
	Medium

	CRISPR-E[S14]
	No need
	10 pM
	180 min
	CRISPR-Cas 13a
	Single strand DNA-RNA reporter 
	Electrochemical
	RNA samples miRNA-19b 
	Medium

	Cas12a-based ECL biosensor[S15]
	No need
	0.48 pM 
	70 min
	CRISPR-Cas 12a
	SH-ssDNA-Fc
	Electrochemiluminescence
	DNA sample (HPV-16 DNA)
	Medium

	signal-switchable ECL biosensor[S16]
	No need
	30 fM/0.32 pM
	60 min
	CRISPR-Cas 12a
	-
	Electrochemiluminescence
	DNA sample HIV/HPV DNAs
	Medium

	CRISPR-chip[S17]
	[bookmark: OLE_LINK98]No need
	1.7 fM
	15 min
	CRISPR-Cas 9
	/
	Electrical
	gDNA from cell lines and Duchenne muscular dystrophy patients
	[bookmark: OLE_LINK111]Medium

	Cas12a-GFET[S18] 

	[bookmark: OLE_LINK120]No need
	2.42 aM
	30 min
	CRISPR-Cas12a
	/
	[bookmark: OLE_LINK121]Electrical
	Mycobacterium tuberculosis
	Medium

	This work
	No need
	200 aM
	45 min
	CRISPR-Cas 10
	Hairpin DNA reporter
	Electrical
	RNA samples (RNA and miRNA-155)
	[bookmark: OLE_LINK64]Low (~$1.16/piece) 



[bookmark: _Toc169168525][bookmark: _Hlk190721929]Table S2 Comparison of detection RNA performance of CRISPR-GFET biosensor and RT-qPCR assay
	Method
	RT-qPCR
	CRISPR-GFET

	Standard concentration 
	5 pM
	5 pM

	Response signal
	Ct=26.18
	ΔVdirac=57.33 mV

	Detection concentration
	4.329 pM
	4.870 pM

	Recovery
	86.58%
	97.40%

	RSD
	7.60%
	4.03%


Table S3 Determination of RNA in throat swab.
	Sample
	Standard concentration
	Detection concentration
	Recovery
	RSD

	Sample 1
	1 fM
	0.8168 fM
	81.68%
	6.19%

	Sample 2
	10 fM
	8.977 fM
	89.77%
	3.94%

	Sample 3
	100 fM
	98.81 fM
	98.81%
	5.00%


[bookmark: _Toc169168526][bookmark: OLE_LINK3]Table S4 DNA, RNA, and miRNA sequences used in this study
	Annotation
	Name
	Sequence (5'-3')

	Fluorescent reporters
	FQ-fT
	FAM-TTTTTTTTTTTTTTTT-BHQ1

	
	FQ-fCT
	FAM-CTCTCTCTCTCTCTCT-BHQ1

	
	FQ-fCA
	FAM-CACACACACACACACA-BHQ1

	
	re-FAM-lDNA
	SH C6-CACACACACACACACA-FAM

	DNA reporters
	re-lDNA
	SH C6-CACACACACACACACA

	
	re-hpDNA
	SH C6-TCAGCGTTCCTTTACCATTTTTTTAACTTATTTGGTTTTTTTTTT

	DNA primer
	Stem-loop primer
	GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACATTCTT

	
	Forward primer
	AACCTCCAGCGCAGTAAGGATG

	
	Reverse primer
	ATCCAGTGCAGGGTCCGAGG

	RNAs
	64nt RNA
	UAUUGCAGCAGUACGCACACAAUCGAAGCGCAGUAAGGAUGGCUAGUGUAACUAGCAAGAAUAC

	
	46nt RNA
	ACACAAUCGAAGCGCAGUAAGGAUGGCUAGUGUAACUAGCAAGAAU

	
	36nt RNA (RNA)
	[bookmark: OLE_LINK92]AGCGCAGUAAGGAUGGCUAGUGUAACUAGCAAGAAU

	
	28nt RNA
	AAGGAUGGCUAGUGUAACUAGCAAGAAU

	
	23nt RNA
	UGGCUAGUGUAACUAGCAAGAAU

	
	20nt RNA
	CUAGUGUAACUAGCAAGAAU

	
	RNA-1
	UAUUGCAGCAGUACGCACACAAUCGAAGCGCAGUAAGGAUGGCUAGUGUAACUAGC

	
	RNA-2
	UAUUGCAGCAGUACGCACACAAUCGAAGCGCAGUAAGGAUGGCUAGUGUAACUAGC

	
	RNA-3
	AAAUGUUAAAAACACUAUUAGCAUAAGCAGUUGUGGCAUCUCCUGAUGAG

	
	Unspecific RNA
	FAM-UGUUAAGUCUGGUUUCCCUCCAGGGUAUCUAAGCUUUGAA

	
	RNA
	FAM-AGCGCAGUAAGGAUGGCUAGUGUAACUAGCAAGAAU

	miRNAs
	miRNA-155
	UUAAUGCUAAUCGUGAUAGGGGUU

	
	miRNA-126
	UCGUACCGUGAGUAAUAAUGCG

	
	miRNA-4732
	UGUAGAGCAGGGAGCAGGAAGCU

	
	miRNA-4484
	AAAAUGAAAUGAGCCCAGCCCA

	
	miRNA-155-4
	UUAAUGCUAAUCGUGCUAGGGGUU

	
	miRNA-155-16
	UUACUGCUAAUCGUGAUAGGGGUU

	
	miRNA-155-3-4
	UUAAUGCUAAUCGUGUAAGGGGUU

	
	miRNA-155-7-8
	UUAAUGCUAAUGCUGAUAGGGGUU

	
	miRNA-155-1~3
	UUAAUGCUAAUCGUGAAUCGGGUU

	
	miRNA-155-4~6
	UUAAUGCUAAUCGACUUAGGGGUU

	
	miRNA-155-1~4
	UUAAUGCUAAUCGUGUAUCGGGUU

	
	miRNA-155-5~8
	UUAAUGCUAAUGCACAUAGGGGUU


Equation S1:
                (S1)
In Equation S1, lB is the Bjerrum length, Σi is the sum over all ion species and ρi and zi are the concentration and valence of ion species i, respectively [S19].
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Three repeating fluorescence spectra of LdCsm-dCsm3-155 cleavage of FQ-fCA
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Three repeating fluorescence spectra of LdCsm-dCsm3-155-A-5U cleavage of FQ-fCA
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Three repeating transfer curves of CRISPR-GFET biosensors for incubation with LdCsm-
dCsm3-155-A-5U mixture not containing RNA
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Three repeating transfer curves of CRISPR-GFET biosensors for incubation with LdCsm-
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Three repeating transfer curves of CRISPR-GFET biosensors for incubation with LdCsm-
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Three repeating transfer curves of CRISPR-GFET biosensors for incubation with LdCsm-
dCsm3-1556-§-5U mixture not containing Rl&l%
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Three repeating transfer curves of CRISPR-GFET biosensors for incubation with LdCsm-
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Schematic representation of the match between crRNA in dCsm3-155-A-5U and different

miRNAs
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5- UUACUGCUAAUCGUGAUAGFGGUU -3 miRNA-155-16
5’- UUAAUGCUAAUCGUGUAAGGGGUU -3' miRNA-155-3-4
5- UUAAUGCUAAUGCUGAUAdGGGUU -3 miRNA-155-7-8
5- UUAAUGCUAAUCGUGAAuo:GGGUU -3 miRNA-155-1~3
5’- UUAAUGCUAAUCGACUUAGGGGUU -3' miRNA-155-4~6
5- UUAAUGCUAAUCGUGUAUOZGGGUU -3 miRNA-155-1~4

5- UUAAUGCUAAUGCACAUAG'IGGGUU -3 miRNA-155-5~8





