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Abstract: The Bacillus thuringiensis (Bt) gene,an important exogenous gene in insect-resistant transgenic crops, plays a
crucial role in crop pest control. The cultivation and promotion of Bt transgenic crops have greatly reduced the use of
synthetic insecticides and brought huge benefits to farmers. However, the safety of Bt transgenic crops has gradually
attracted people's attention. Therefore, it is of great significance to develop a simple and sensitive method for detection of Bt
transgene in crops. This study constructs a dual-modified triple helix DNA fluorescent molecular switch (DTHFMS) and
systematically investigates the influencing factors and variation rules of the stability of DTHFMS. The results show that
DTHFMS with alternating triplets of T-AoT and C-GoC demonstrates proper stability, making it suitable for highly sensitive
detection of Bt transgenes in maize seeds. This study achieves excellent detection results by optimizing key detection
parameters. The limit of detection is 0.05 pM, with a linear range of (0.1 —6.0x10*) pM.
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Table 1 DNA sequences for the detection of Bt transgene by DTHFMS

%K Name %1 Sequences (5°-3")
DHMB-1 FAM-TTTTTTTTTTTTTTGAGGTGCTGCCGCTGCCGAAGTGCGCTGGTTTTTTTTTTTTTTT-FAM
DHMB-2 FAM-CCCCCCCCCCCCCCGAGGTGCTGCCGCTGCCGAAGTGCGCTGGTCCCCCCCCCCCCCC-FAM
DHMB-3 FAM-TCTCTCTCTCTCTCGAGGTGCTGCCGCTGCCGAAGTGCGCTGGTCTCTCTCTCTCTCT-FAM
BHQ-1-TFO-1 (BHQ-1)-AAAAAA
BHQ-1-TFO-2 (BHQ-1)-AAAAAAAA
BHQ-1-TFO-3 (BHQ-1)-AAAAAAAAAA
BHQ-1-TFO-4 (BHQ-1)-AAAAAAAAAAAA
BHQ-1-TFO-5 (BHQ-1)-AAAAAAAAAAAAAA
BHQ-1-TFO-6 (BHQ-1)-GGGGGG
BHQ-1-TFO-7 (BHQ-1)-GGGGGGGG
BHQ-1-TFO-8 (BHQ-1)-GGGGGGGGGG
BHQ-1-TFO-9 (BHQ-1)-GGGGGGGGGGGG
BHQ-1-TFO-10 (BHQ-1)-GGGGGGGGGGGGGG
BHQ-1-TFO-11 (BHQ-1)-AGAGAG
BHQ-1-TFO-12 (BHQ-1)-AGAGAGAG
BHQ-1-TFO-13 (BHQ-1)-AGAGAGAGAG
BHQ-1-TFO-14 (BHQ-1)-AGAGAGAGAGAG
BHQ-1-TFO-15 (BHQ-1)-AGAGAGAGAGAGAG
Bt transgene ACCAGCGCACTTCGGCAGCGGCAGCACCTC
SM-DNA-1 ACCAGCCCACTTCGGCAGCGGCAGCACCTC
SM-DNA-2 ACCAGCGCACTTCGGGAGCGGCAGCACCTC
SM-DNA-3 ACCAGCGCACTTCGGCAGCGGCAGCTCCTC
TM-DNA ACCAGCCCACTTCGGCTGCGGCAGCACGTC

£ : DHMB-1.DHMB-2 £ DHMB-3 /1 [] T %Il £k X 3k 3% 7 [F] B g g (=08 iE 53+ JF ¢ DTHEMS (64 ) . DHMB-1.DHMB-2
1 DHMB-3 1 R RMA X 15,3 7~ B 7 K2R (1) TLAMNF 41 . SM-DNA-1.SM-DNA-2.SM-DNA-3 A1 TM-DNA ")~ %I 4% [X 38k e s e i

e

Note: The underlined areas in DHMB-1, DHMB-2, and DHMB-3 represent homopyrimidine chains (two sides of DTHFMS). The
italic regions in DHMB-1, DHMB-2, and DHMB-3 represent complementary sequences of Bt transgene. The underlined regions in SM-
DNA-1, SM-DNA-2, SM-DNA-3, and TM-DNA indicate mismatched bases.
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Fig. 1 Schematic diagram of high-sensitivity detection
of Bt transgene in maize by DTHFMS
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Fig. 2 Fluorescence spectra under different conditions
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O 1.5 h, 37 °CF Bt 5737 JF R (DTHFMS) 45
J%0.8 ho

Note: (a)DHMB-3; (b) DHMB-3+BHQ-1-TFO-13; (c)
DHMB-3+BHQ-1-TFO-13+Bt transgeneExperimental conditions:
10 mM HAc-Ac- buffer (pH 5.0), 300 mM NaNO,, 100 nM
DHMB-3, 400 nM (BHQ-1-TFO-13), 100 nM Bt transgene, 1.5 h
of quenching (self-assembly) at 37 °C, 0.8 h of binding at 37 °C.
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Fig. 3 Base composition and sequence length of BHQ-1-TFO on the stability of DTHFMS
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Table 2 Performance comparison of Bz transgene detection methods

HeH 5 12 e /pM LMEEREPM  SHICR
Detection method Detection limit Liner range Reference

SERS based on target triggered self-assembly of Au nanoparticles 50 (50~500) [13]

SERS based on Au@Ag NRs and magnetic beads 0.14 (0.1~1.0x10%) [14]

Ratiometric fluorescence sensor based on silica coated supermagnetic nanoparticles "
0.1 (5~1.0x10%) [15]
and quantum dots

DTHFMS 0.05 (0.1~6.0x10%) This work
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Fig. 5 Detection specificity of DTHFMS
VE: 1: X (JEDNA) ;2: SM-DNA-1; 3:SM-DNA-2; 4:
SM-DNA-3; 5:TM-DNA; 6: Bt i LA,
Note: 1: Control (without DNA);2:SM-DNA-1; 3: SM-DNA-
2;4: SM-DNA-3; 5: TM-DNA; 6: Bt transgene.
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Fig. 6 Detection of actual samples by DTHFMS
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Note: (a)Control: DHMB-3+BHQ-1-TFO-13; (b) DHMB-3+
BHQ-1-TFO-13+maize seeds without Bt transgene; (c) DHMB-3+
BHQ-1-TFO-13+transgenic maize seeds (B7 801).
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Table 2 Recovery rate of Bt transgene in transgenic
corn seeds (B7 801) by DTHFMS

FEf HbrEEFE [l (11 S i PO 7N
Sample ~ AfifAdded  Found Recovery {2 RSD
Bt 801 0.1 pM 0.097 pM 97 % 25%
Bt 801 0.1 nM 0.102 nM 102 % 23 %
Bt 801 100 nM 102.4 nM 102.4 % 3.1 %
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