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Exploration of Agricultural Disease Detection Experimental
Teaching Based on Portable Diagnostic Technology
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Abstract: To meet the needs of modernization in chemical experiment teaching, this experiment
combines the CRISPR/Cas12a system with DNA hydrogel technology and designs a teaching scheme
for the detection of agricultural diseases based on colloidal gold test strips. In the experiment, the
gene—specific recognition ability of CRISPR/Cas12a is utilized to trigger the controllable depolyme-
rization of the DNA hydrogel, releasing the signal molecule hCG, and realizing visual detection
through the test strips. Teaching practice shows that this scheme effectively integrates molecular biol-
ogy, materials chemistry, and analytical techniques, solving the problems of traditional teaching
that rely on large—scale instruments, are costly, and lack interdisciplinary integration. It provides a
new approach for cultivating students’ innovative abilities and practical skills.
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Fig. 1 Schematic diagram of the test strip detection platform based on DNA hydrogel
A the principle of DNA hydrogel construction; B: the principle of the controllable degradation of DNA hydrogel ;

C: the principle of the test strip detection
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Table 1  Experimental design idea and teaching objective

Experimental Design principle Teaching objective
task Knowledge objective Ability objective Ideological and political objective
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Table 2 The sequences of nucleic acid

Nucleic acid name Sequence (5°=3")
Primer-1 GTA GGA ACA TCA AAC GAC AGC CA
Padlock—1 P-TCG TTT GAT GTT CCT ACT CTA ACC GTA CAG TAT TTT CCC GGC GGC GCA GCA GTT AGA TTG GCT G
Primer—2 AAG TGA TGG CTG TCG TTT GAT GTT CCT A
Padlock—2 P-CAG CCA TCA CTT ATC TCC TGT CCC CCT GTC TGG CGT TTG CAT CCG CAC TCG TTA TAA GTG ATT AGG

AAC ATC AAA CGA
AR IEA B B-TS TGC GGT TGG TTT TCG GAC CGA CTG CGA GTC CTT TTA AAT GTA CT
AR BE-NTS AGT ACA TTT AAA AGG ACT CGC AGT CGG TCC GAA AAC CAA CCG CA
crRNA UAAUUUCUACUAAGUGUAGAUAAAGGACUCGCAGUCGGUCCGA

1.5 LWAHR
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IXT4 DNA FEFERGZZ i, 95 ‘CIRK S min JGLL 1 °C/min Bl 2 IR A HREFEIR S 4 °C. NI T4 DNA
FERERE (20 U/WL) T 25 ‘CRMW 2 h, 65 “CKiE 10 min, A2p% Cire—1, [BIFE, Ll Primer—2 Fl Padlock—2 ] #%
AR Cire—2,

BEIY W (RCA) : B Cire—1(4 wL) 5 50 mmol/L NaCl, 1 mmol/L dNTPs. 0.1 mg/mL B E A .
1xphi29 ZZ 11 & phi29 DNA Z45H6(0. 25 U/pL) iR &, 37 ‘CIR 10 h, AERCEAEERCA F=Y) C1. AHIEJ7
EL Cire-2 ARG L C2, P24 CIRAE,

IKBEREAEE . 4 0.5 wL hCG(0. 2 mg/mL) 55 uL C1IRA (37 °C, 600 r/min, 30 min), HIANZE{RFH
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Table 3 Common issues and safety precautions in the experiment

Category Issue /risk point Cause analysis Solution/precaution
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Fig. 2 Characterization of DNA hydrogel
A photographs of free—dropping of RCA product C1(a—e), photo-
graph of DNA hydrogel(f); B: SEM images of DNA hydrogel with
magnification of 10 pm( a) and 400 nm(b)
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Fig. 3 Electrophoretogram of DNA hydrogel
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Fig. 4  Analysis of dye release from the lysis of DNA
hydrogel under the action of CRISPR/Cas12a
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Fig. 5 Sensitivity experiment of the test strip detection
platform

A test strip detection results; B: linear regression curve
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Table 4  Comparison of portable pathogen nucleic acid detection technologies

Method Detection platform (cost) Signal mode Linear range LOD References
AR PCR BT R0 AR 4 LEfEsS 0. 1 ~100 pg/uL 0.1 pg/pl [15]
YL (L 57T/%)
FEF LR B AR 22 [ ER LA (29 20 0T/ ) BALES 5 pmol/L ~ 100 nmol/L. 2.6 pmol/L. [16]
FTREWYI KR T 1) Cas12a  JEE(50C/)07) IRk =2 1 pmol/L ~1 nmol/L 80. 7 fmol/L [17]
PHIEAR

S TOKBEBEIY Cas12a 4 HIBOR Rl BefA T4 (<1 0T/5%)

s

6. 25 fmol/L ~ 100 nmol/L. 6. 25 fmol/L.  This work
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Fig. 6  Specificity experiment of the test strip detection platform
A test strip detection results of specificity experiment; B: quantita-

tive analysis results of specificity experiment
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Fig. 7 The process of teaching implementation
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