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Abstract: Tetranychus urticae is a dangerous agricultural pest worldwide. Abamectin is a widely used acaricide in the
prevention and control of 7. urticae. However, the resistance caused by inappropriate application of acaricide has be-
come an increasing challenge. Explorating the resistant mechanisms of 7. urticae against abamectin can provide the
theoretical basis for prolonging lifespan and perform a comprehensive prevention and control strategy. In this study, we
conducted an abamectin bioassays on field population, laboratory-derived resistant-and sensitive populations. It was
found that the 24 h median lethal concentration (LCs,) values of the three populations was 7.19 ng/mL, 2061.43 ng/mL
and 0.10 pg/mL, respectively, while the LCs, values of the 48 h was 6.32 pg/mL, 1971.55 pg/mL and 0.09 pg/mL, re-
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spectively. In addition, the resistance ratio of the field population and the laboratory resistant population exceeded
70-fold and 20 000-fold respectively, which belonged to the medium resistance level and the high resistance level. De-
toxification enzyme activity of surviving 7. urticae following exposure to LCs, treatment showed that the activity of
glutathione S-transferase (GSTs) and uridine diphosphate glycosyltransferase (UGTs) in the resistant population was the
highest, followed by the field populations, and both two population were significantly higher than those of sensitive
population. In comparison, prior to the acaricide treatment, the enzyme activity of the highly resistant population and the
medium resistant population increased over time, while the enzyme activity of the sensitive population were inhibited.
Quantitative PCR was used to compare the expression differences of the coding gene of the above enzyme detoxification
enzymes. It revealed that prior to the treatment, the expression level of GSTm09, GSTd10, UGT204a2 and UGT201d3 in
the highly resistant population and the medium resistant population in the field was significantly higher than that in the
sensitive population, and the difference in the expression of detoxification enzyme genes between the resistant popula-
tion and the sensitive population increased further with the extension of treatment time. Correlation analysis showed that
the detoxification enzyme activity and the expression of the coding genes were significantly positively correlated with the
resistance level to abamectin. The study would provide a theoretical reference for in-depth exploration of 7. urticae resis-

tant target genes and the development of resistance management strategies.
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Tab. 1 qPCR primer information of detoxification genes of T. urticae
WREH 5% EHE R 9 (5-30) BAGREE RO
Gene name Reference Gene ID Sequence (5'-3") T./C Product size/bp
UGT204a2 [15] LOC107360696 F: TTTGATGATGATTGTGGAGGAG 57.4 165
R: GATGATGGATTGGCTGAGAAC 56.8 165
UGT201d3 [14] LOC107360034 F: CAAAAGACCGAGAAAGTTATGC 56.7 87
R: CCTCAACACTTTTCAAGACGC 57.6 87
TuGSTm09 [13] LOC107360607 F: CATTATCTGGCTCGTAAACAC 52.8 166
R: AAGAATCCAAACCAAGTCG 523 166
TuGSTd10 [13] LOC107368273 F: CCAGAGTTCCTCGCCATAAA 57.8 183
R: TGAATCCCAATAAAGCCACC 57.5 183
Actin [23] LOC107371969 F: CCCTCCTTGTAGTTTCTGCTCT 57.4 202

R: ACTAACGATGGGTCTGGTCC 56.1 202
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Tab. 2 Bioassay and resistance level analysis of abamectin to T. urticae

E e i [i] S YApIN LCso 95% B {5 X [H] ) EiRER R
Mite population Time/h Regression equation /(ng-mL™) 95% confidence interval x Resistance ratio
U 24 y=0.964x+5.953 0.10 0.03~0.19 438
48 y=1.107x+6.140 0.09 0.03~0.16 436
FH [i] o 24 y=1.097x+4.046 7.19 5.32~9.25 3.63 71.90
48 y=1.115x+4.082 6.32 4.61~8.18 3.62 70.22
EfR e Lkt 24 y=2.615x-3.677 2061.43 1731.84~2441.69 5.44 20 614.30
48 y=2.730x-3.995 1971.55 1635.56~2332.15 5.79 21906.11
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different populations at the same time (P<0.05).
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Fig. 1 Difference of UGTs enzyme activities among dif-
ferent T" urticae populations under abamectin treatment
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Fig. 2 Difference of GSTs enzyme activities among dif-
ferent 7. urticae populations under abamectin treatment
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Fig. 3 Difference of transcriptions of UGT204a2 among

different 7. urticae populations under abamectin treatment
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Fig. 4 The difference of transcriptions of UGT201d3

among different 7. urticae populations under
abamectin treatment
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Fig. 5 Difference of transcriptions of TuGSTm09 among

different 7. urticae populations under abamectin treatment
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Fig. 6 The difference of transcriptions of 7uGSTd10

among different 7. urticae populations under
abamectin treatment
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Tab. 3 Correlation between detoxification enzyme expres-
sion and 7. urticae resistance levels against abamectin

== Ny N
i “h MRREC - pgy
Detoxification Correlation
Name .. P value
enzyme coefficient
it 3% UGTs 0.9094™ 0.0007
GSTs 0.9143™ 0.0006
I E KT UGT204a2 0.6848 0.1333
UGT201d3 0.9650" 0.0018
TuGSTm09 0.8844" 0.0193
TuGSTd10 0.8170 0.0472

T RN BEAC(P<0.05) 3 TR B E A (P<0.01),
Note:  indicates significant correlation (P<0.05); *" indicates
extremely significant correlation (P<0.01).
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