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Research Progress in the Evolution Mechanisms for Insect Resistance

to Insecticides and Bt-transgenic Plants
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Abstract:  To reduce the damage to crop from insects, some agricultural practices have been used such as spraying insecticides and
planting Bi-transgenic insect-resistant plants. However, since insecticides are continuously sprayed and Bi-transgenic insect-resistant plants
are continuously cultivated at large scales, target insects tend to evolve the resistance to insecticides and insect-resistant plants. This insect-
resistance evolution of target insects not only decrease the insect-control effectiveness of insecticides and transgenic plants but also affect the
functional services in agricultural ecosystems. Here, we reviewed the molecular mechanisms of insect resistance to chemical and microbial
insecticides and Bi-transgenic plants. Insects evolve resistance to chemical insecticides via decreasing the sensitivity of target sites and
enhancing the activities of detoxifying enzymes in insects, resistance to microbial insecticides via activating immune systems and changing
symbiotic flora in insects, and resistance to Bi-transgenic plants via downregulating midgut binding receptors and decreasing midgut protease
activities in insects. To delay the resistance evolution of insects and increase the insect-control efficiency of insecticides, it is urgent to
systematically control agricultural insects through reducing the use of chemical insecticides and to increasing the integrative use of broad-
spectrum and high-activity microbial insecticides as well as insect-resistant plants.
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The evolution mechanisms of insects resistance to chemical insecticides are mainly through mutation and metabolic resistance of target sites with mutation sites in
acetylcholinesterase ( AChE ) , voltage-gated sodium channel ( VGSC ) , gamma-aminobutyric acid ( GABA ) receptor, and nicotinic acetylcholine receptor (nAChR ) ,
and with metabolic detoxification of CncC/Maf trans-acting factor and the MAPK/CREB signaling pathways through regulating the overexpression of the P450 genes CYP321A8
and CYP6CM1, respectively. Insects resist to Bi-transgenic plants through downregulating midgut binding receptors and decreasing midgut protease activity in insects, with
mutations or down-regulation of the expression of calreticulin ( CAD ) , aminopeptidase N ( APN ) , ABC transporter proteins, alkaline phosphatase ( ALP) , and down-
regulation of the expression of serine proteases. Insects resist to microbial insecticides through activating immune system and changing symbiotic flora in insects, with the
expression changes of peptidoglycan recognition protein ( PGRP ) or down-regulation of midgut protein receptor expression by the MAPK/TFs signaling pathways, the
expression enhance of antimicrobial peptides ( AMPs ) against pathogenic microorganisms by Toll and IMD immune signaling pathways, and the melanin formation mediated

by serine protease cascades regulating phenoloxidase ( PO )
1 R HXFREFIFFE B EEEYHHTIENLH

Fig.1 Mechanisms of insect resistance to insecticides and Bz-transgenic plants
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Table 1 Resistance mechanisms of insects to chemical insecticides

FiEHLHI Resistance mechanism SRR A 7 ARIHZETY Target sites/Metabolic types Z:2 ik References
SOFRNOLASHIPE Target site resistance LT NREEE Acetylcholinesterase [15-17 ]
HLUR T TH5 8N 2 7B T Voltage-gated sodium channel [ 18-20 ]
y- FHE T B2 AR y-aminobutyric acid receptor [22-24]
HAT 2 BERRAR Z 14 Nicotine acetylcholine receptor [25,28]
FCHHTIE Metabolic resistance A Z PASO HN4E N Cytochrome p450 monooxygenase [ 29-30, 32-33 ]
BT RK S- ##%40f Glutathione S-transferase [36,39]
FRIRMGNF Carboxylesterases [40-42, 44 ]
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Kl 5 PCRPI 153235 F PGRP3 AR 3 15 34 [ 5% mi b
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ZREVERI A 50 Chen 4510 I 2 B i
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W& (Pantoea sp. ) il T ERA A8 B 0 JE L. It
Hb, B A A R R A B SR A B B 1k
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Table 2 Resistance mechanisms of insects to microbial insecticides

HMEMLE Resistance mechanism FENE Major factors

Sk References

GUE I N

Enhances immune response

PSRN Z A, HEEE Toll A1 IMD {5 5@ B PR Ik L

Activate pattern recognition receptors, thereby activating Toll and IMD signaling

[51-52,55,57

pathways to regulate antimicrobial peptide expression

By A RIS R R, R RIS R REY

[ 58-60 |

Prophenoloxidase cascade forms melanins that act as an encapsulation to remove

microorganisms
A BRI R R e
Symbiotic flora inhibits microbial infestation
AR A BRI
Symbiotic flora produces antimicrobial

substances

AL RPN B A BT e 4
Symbiotic flora or dominant bacteria having high diversity and abundance
VOB B A AR A= 1

Antimicrobial substances resist against microorganisms

[ 64,66 |

[ 69-70 ]
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