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Early detection of KRAS G12Dmutation using
CRISPR-Cas12a and REA-RPA to increase survival rates of
pancreatic cancer patients
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Reviewed on 9 May 2026; Accepted on 22 June 2026; Published on 26 October 2026Pancreatic cancer is one of the most lethal cancers due to diagnostic difficulties and poor prognosis. Currentdetection methods, such as imaging and biopsies, are invasive, costly, and inaccessible to at-risk populations.Early, affordable, and convenient diagnostic tools are urgently needed. Our project targets the KRAS G12D mu-tation, a key driver of pancreatic cancer, using a CRISPR-Cas12a detection system. Cas12a, guided by a customcrRNA, would bind selectively to mutant KRAS DNA. Upon binding, Cas12a would undergo activation and cleavenearby single-stranded DNA (ssDNA) reporters in a non-specific manner (collateral cleavage). This cleavagewould separate the fluorophore from its quencher on the reporter, producing a measurable fluorescence signalthat indicates the presence of themutation. To enhance sensitivity, we propose combining REA-RPA (RestrictionEndonucleaseAssisted-RecombinasePolymeraseAmplification)withNlaIII enzymes. NlaIIIwould create recog-nition sites that enable Cas12a to detect even low concentrations of the target DNA. Meanwhile, RPA primersand recombinase proteins would allow the assay to function without requiring a PAM sequence or temperaturechanges, making it more versatile and resilient. Successful development could enable early pancreatic cancerdetection outside clinical settings, improving survival rates and reducing healthcare burdens. This project ad-vances CRISPR diagnostics toward accessible, point-of-care cancer screening with broad public health impact.
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permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited.Pancreatic cancer is an aggressive disease in whichmalignant cells grow uncontrollably in the pan-creas forming a tumor. Pancreatic cancer is one of thedeadliest cancers, with a five-year survival rate of 13%,mainly because it is usually diagnosed at a late stage,due to low mutation frequency and size. One of themain causes for pancreatic cancer is the KRAS G12Dmutation, a major driver of pancreatic cancer that canbe detected in circulating tumor DNA (ctDNA) whichare small fragments of tumor-derived DNA that can befound in the bloodstream (Luo, 2021). The KRASG12Dmutation is apointmutation, a guanine to adeninebasepair change on codon 12 and a glycine to an aspartateamino acid change (Ardalan et al., 2025). Because theKRAS G12D mutation occurs early in pancreatic can-cer development, it serves as a valuable biomarker forearly diagnosis (Kanda et al., 2012). However, detect-ing this mutation is challenging due to its nature as asingle base pair change and because of its low muta-

tion frequency. To overcome this, the mutation wouldfirst be amplified using Recombinase Polymerase Am-plification (RPA) primers, enabling Cas12a to detect it.Detecting the KRAS G12D mutation through ablood‑based test creates a non-invasive approach todiagnosing pancreatic cancer earlier and safer thancurrent detection methods and could facilitate moreaccurate early stage detection of pancreatic cancer(Jaber, 2024). Our team proposes a rapid, sensitive,and low‑cost detection assay using CRISPR‑Cas12acombined with REA‑RPA amplifiers. To achieve this,we propose designing a mutation-specific crRNA thatwould guide Cas12a to the mutated KRAS G12D DNAsequence. If the target mutation is present, Cas12awould bind to it and become activated, triggering itscollateral cleavage activity (He et al., 2023). Thismeans it would cut nearby single-stranded DNA (ss-DNA) reporters, including a fluorescently labeled re-porter, causing the fluorophore to separate from its
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quencher, to produce a detectable signal if the muta-tion is present. This systemwould enable precise iden-tification of the mutation, ultimately allowing health-care providers to diagnose pancreatic cancer at earlierstages.
Systems levelThe proposed detection system would integrateCRISPR/Cas12a technology with Recombinase Poly-merase Amplification (RPA) to enable rapid andspecific identification of the KRAS G12D mutationfrom liquid biopsy samples. A key design feature ofthis system would be Cas12a activity, which woulddiscriminate between mutant KRAS G12D and wild-type KRAS, despite their difference being only a singlenucleotide (Amintas et al., 2024). This would beachieved by designing a mutation-specific crRNAwith high complementarity to the mutant target,thereby minimizing false positives from the wild-typesequence. Cas12a activity would be guided by amutation-specific CRISPR RNA (crRNA), which wouldbe designed to selectively bind the single nucleotidesubstitution characteristic of the KRAS G12Dmutation(Zhou et al., 2021). The crRNA sequence wouldbe selected to ensure high complementarity to themutant target while minimizing off-target interactionswith background DNA sequences commonly presentin plasma-derived circulating tumor DNA. (Figure 1)To amplify the target DNA region, RPA primerswould enable isothermal amplification at moderatetemperatures, offering a faster and simpler alterna-tive to conventional PCR. Primer sequences would becarefully selected to maximize specificity for the KRASG12D locus and to avoid amplification of non-target se-quences, thereby reducing background noise in com-plex biological samples. And, to maintain high speci-ficity, we propose using pre-existing primer sequencesoptimized for the KRAS G12D locus (He et al., 2025).Together, the RPA amplification and CRISPR/Cas12adetection modules would form a cohesive systemthat processes the liquid biopsy sample through tar-geted amplification,mutation-specific recognition, andfluorescence-based signal generation. This integratedapproach allows for sensitive, rapid, and minimally in-vasive detection of oncogenic mutations within a com-plex biological matrix, facilitating early cancer diagno-sis.
Device levelThedetection systemconsists of key functional compo-nents designed to enable rapid, sensitive identificationof the KRAS G12D mutation.

Detection Experiment Setup: Four sample tubeswould be prepared, each containing one of the fol-lowing: mutant KRAS G12D DNA associated with pan-creatic cancer, wild-type KRAS DNA, a no-templatecontrol (no DNA), and a non-target DNA control forcross-reactivity confirmation. These samples wouldbe prepared in a laboratory setting. The Recombi-nase Polymerase Amplification (RPA) reagents wouldthen be added to each tube, followed by incubationat 40°C for 40 minutes to facilitate DNA amplifica-tion. After incubation, the CRISPR complex, compris-ing Cas12a protein, mutation-specific crRNA, and afluorescent quenched (FQ) reporter, would be intro-duced. The Cas12a protein and crRNA would be de-signed in silico, assembled, and supplied commercially.The FQ reporter would be labeled with a fluorophoresuch as FAM (6-carboxyfluorescein) for fluorescencedetection. We predict that only the tube with mutantDNA would demonstrate fluorescence. The tube withthe wild-type DNA would not fluoresce, demonstrat-ing that the CRISPR complexwould detect only themu-tated KRAS G12D DNA. The blank tube would also notfluoresce, showing that cleavagewould not occurwith-out interaction between Cas12a, crRNA, and the DNA.The non-target tube would also not fluoresce, showingthat theCRISPR complexwoulddetect onlyKRASG12D(Figure 2).Blood/Plasma Sample Processing: Before amplifi-cation, ctDNA would need to be extracted and puri-fied from theblood/plasma sample to isolate the targetDNA and remove potential inhibitors (Ballehaninna &Chamberlain, 2011). This would ensure the sample iscompatible with the RPA and CRISPR reactions.Device Operation in Practice: The proposed devicewould collect a 20 mL liquid biopsy sample via a ster-ile syringe interface connected to the device. This vol-ume would be chosen to ensure sufficient sample forctDNA extraction and downstream processing, balanc-ing sensitivity and practicality. The sample would betransferred into a reaction chamber where the RPAreagents would be automatically dispensed. Electricinduction heating panels would maintain the reactionchamber at 40°C to ensure optimal amplification con-ditions. (Figure 3) After 40 minutes, the CRISPR com-plex would be automatically introduced into the reac-tion chamber. In the presence of the KRAS G12D mu-tation, activated Cas12a would cleave the FQ reporter,producing fluorescence. This fluorescence would bedetected by an integrated optical sensor and displayedon a monitor as a clear visual signal, confirming thepresence of the mutation (Zhao et al., 2022).This proposed integrated systemwould combine au-tomated sample processing, precise temperature con-trol, mutation-specific CRISPRdetection, and real-time
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Figure 1

Figure 2
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Figure 3

fluorescence readout, enabling rapid, minimally inva-sive diagnostics for pancreatic cancer-associatedKRASmutations.
Parts levelThe proposed assay design would incorporate a seriesof well-defined genetic components to enable sensi-tive and specific detection of the KRAS G12Dmutation(Felsenstein et al., 2018). The core elements would in-clude:• Synthetic KRAS DNA templates: Mutant (G12D)and wild-type sequences serve as controls andtargets for amplification and detection.• REA-RPA primers: Primers are engineered to in-clude NlaIII restriction sites, facilitating the gen-eration of sticky ends post-amplification. Thismodification removes the protospacer adjacentmotif (PAM) constraints typically required forCas12a activity (He et al., 2025), thereby increas-ing convenience and versatility. Without this step,Cas12a would be unable to recognize and cleavethe KRAS G12D target due to the lack of a suit-able PAM sequence in the mutation site. The re-combinase enzyme wraps around the primer, andcauses the target DNA to unwind when it findsthat its sequencematches the primer. The restric-tion endonuclease makes staggered cuts in theamplification products, resulting in sticky endsthat the CRISPR can recognize.• CRISPR-Cas12a enzyme: Would function as thesequence-specific nuclease activated upon recog-nition of the mutation site by its guide RNA (He etal., 2023).• Mutation-specific CRISPR RNA (crRNA): Wouldbe designed to discriminate the single nucleotidepolymorphism characteristic of the G12D muta-tion with high specificity, guiding Cas12a to themutant DNA target (Amintas et al., 2024).

• Fluorescent single-stranded DNA (ssDNA) re-porter: Would be labeled with a fluorophore andquencher, this reporter is cleaved nonspecificallyby Cas12a upon activation, resulting in fluores-cence emission that serves as a real-time readout(Zhao et al., 2022).• Circulating tumorDNA (ctDNA) fromplasma sam-ples: Utilized as aminimally invasive clinical sam-ple source for assay validation. ctDNA can bepresent at very lowabundance, especially in early-stage cancer, which is why assay sensitivity andamplification steps like REA-RPAwould be criticalfor reliable detection (Jaber, 2024).The proposed workflow involves initial amplifica-tion of target DNA via REA-RPA using the engineeredprimers to produce Cas12a-compatible substrates.Subsequently, the Cas12a enzyme and mutation-specific crRNAwould be introduced alongwith the flu-orescent reporter. In the presence of mutant DNA,Cas12a would be activated, cleaving the reporter andgenerating ameasurable fluorescence signal indicativeof mutation presence (Figure 4). This assembly of ge-netic parts would enable rapid, precise detection ofKRAS mutations in a streamlined diagnostic assay.

Figure 4

SafetyThe proposed experimentwould test for syntheticmu-tated KRAS DNA in blood samples under in vitro con-ditions. The systemwould use synthetic DNA and RNAcomponents, which cannot replicate or integrate intothe human genome, eliminating any risk of tumor for-mation or carcinogenic effects. After Cas12a would beadded to the mutated DNA-containing blood samples,the test tubes would be sealed to prevent contamina-tion. The tubes would be constructed from durablematerials to minimize the risk of breakage and poten-tial injury. Each blood sample would be handled ac-cording to biosafety level 1 (BSL-1) standards, as syn-thetic nucleic acids pose no known biological hazards.
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Researchers would wear standard personal protectiveequipment (PPE), including gloves and lab coats, to en-sure safe handling. All biological samples and materi-als would be disposed of in accordance with biohaz-ard waste protocols. This proposed experiment wouldhave minimal risk due to the use of synthetic compo-nents and controlled laboratory conditions.Risk Mitigation for Diagnostic Performance: As acancer diagnostic tool, the proposed system wouldneed to account forpotential risks associatedwith falsepositives and false negatives. A false negative could de-lay medical intervention, while a false positive mightlead to unnecessary stress or additional testing. Tominimize these risks, the assay would incorporate:High-specificity crRNA design to reduce off-target in-teractions. Multiple controls (mutant, wild-type, no-template, and non-target) to validate results. Auto-mated and standardized workflows to ensure consis-tency and accuracy.
Discussions

The fluorescence predicted in the mutant KRAS sam-ple suggests that the CRISPR-Cas12a andREA-RPA sys-tem would be able to detect the KRAS G12D mutation.The predicted lack of fluorescence in the wild type andblank samples suggests that the system would be spe-cific, but any signal in the non-target sample may indi-cate off-target activity. To distinguish true KRAS G12Ddetection from off-target effects or contamination, re-peated trials, proper negative controls, and a definedfluorescence threshold would be used to confirm truepositive signals. One challenge is that circulating tu-mor DNA is present in low amounts in real blood sam-ples, which couldmakedetection harder evenwith am-plification (Jaber, 2024). There is also a chance thatplasma related factors such as nucleases, reaction in-hibitors, or challenges in sample preparation could af-fect how well the reaction works. Compared to previ-ously published CRISPR-based KRAS detection meth-ods, such as Cas13a based systems and Cas12a baseddiagnostic approaches that often require more com-plex amplification steps (Amintas et al., 2024; Zhou etal., 2021), our proposed REA-RPA and Cas12a baseddesign aims to improve simplicity and compatibilitywhile maintaining mutation specificity. In the future,we would look to improve the crRNA and primer de-sign to increase accuracy and test the systemwith realpatient samples. We would also look to make the testmoreportable so it canbeusedoutsideof a lab for earlytesting.

Next stepsIn order to advance our project, we identified a needfor refining the specificity of CRISPR-Cas12a recogni-tion to reduce any off-target effects and to validate thesystem with clinical samples.Performance Metrics for Success: We would de-fine success using the following performance metrics:Limit of detection (LOD): The lowest concentrationof KRAS G12D detectable in blood samples. Sensitiv-ity: The ability to correctly identify samples with theKRAS G12D mutation. Specificity: The ability to cor-rectly identify samples without the mutation. False-positive rate: The proportion of wild-type samples in-correctly identified as positive. Comparisonwith wild-type KRAS controls to ensure accurate discrimination.First, we would focus on testing the amplificationand detection system directly on patient-derived sam-ples to assess real-world performance. Because ourproject emphasizes early detection of pancreatic can-cer, we would aim to optimize the system to detect theKRASG12Dmutation at the lowest possible concentra-tions. Achieving this would enhance the clinical utilityof the device by enabling earlier alerts for patientswithpancreatic cancer, even when KRAS G12D concentra-tions are low in their blood. This step would evaluatehow the assay performs under biological conditions,ensuring that the detection mechanism remains accu-rate, reliable, and clinically meaningful when exposedto human-derived material.Sample Collection Considerations: Additionally, wewould explore ways to collect samples from sites thatmay yield higher concentrations of pancreatic ductaladenocarcinoma (PDAC) biosignatures, as this couldreduce detection challenges and the likelihood of falsepositives. While the pancreas is located deep withinthe abdominal cavity, making direct sampling im-practical for routine screening, we would investigatewhether alternative minimally invasive sample types,such as portal vein blood or lymph node aspirates,which could provide higher biomarker concentrations(Gurreri et al., 2023). These sample types would stillalign with our goal of a minimally invasive, point-of-care diagnostic while potentially improving detec-tion sensitivity. Ultimately, the continued refinementof this CRISPR-based detection platform holds signifi-cant promise for transforming early pancreatic cancerscreening into a rapid, accessible, and widely deploy-able diagnostic tool.
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