Molecular mechanisms underlying non-target-site resistance
to auxin herbicides in barnyard grass
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ABSTRACT

Bamyard grass (Echinochloa crus-galli), one of the most problematic weeds in rice production worldwide, has evolved resistance to quinclorac, an auxin herbicide widely used for its control. Non—target-site resistance (NTSR), particularly metabolic resistance
mediated by cytochrome P450 monooxygenases, is increasingly recognized as a key mechanism reducing herbicide efficacy and contributing to multiple herbicide resistance. This study investigated quinclorac resistance in 30 bamyard grass populations
collected from major rice-growing area of Thailand and examined the resistant mechanism at molecular level. Seedlings were screened for quinclorac sensitivity using root treatment by herbicide mixture in Murashige & Skoog (MS) medium under sterile
conditions. The sensitive population (MK-2D) showed complete growth inhibition at 0.01x recommended label rate of quinclorac, whereas resistant populations survived and continued growing. To evaluate multiple resistance, twenty herbicides in different
modes of action were tested in the resistant populations. The results showed that PB1 and AY2 populations exhibited multiple-herbicide resistance indicating NTSR mechanism might confer resistance. To determine the involvement of metabolic resistance,
malathion, a known cytochrome P450 inhibitor, was applied prior to quinclorac treatment in selected populations. Malathion pre-treatment restored quinclorac susceptibility in line R511, the quinclorac resistant line expressing high P450 level. Transcriptome
analysis is being performed to elucidate all up-regulated genes involving in NTSR mechanism in these populations. Overall, quinclorac resistance in Thai bamyard grass is associated with multiple-herbicide resistance and might involve P450—-based metabolic
mechanisms. This research provides important implications for sustainable herbicide resistance management in rice production systems.
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« Bamyardgrass (Echinochloa crus-galli) is a major weed in rice fields causing serious yield losses. |
 Auxin herbicides such as quinclorac are widely used but resistance has evolved due to repeated use. . “""'" RESISTANT(HR

 Understanding molecular mechanisms of NTSR, such as P450-mediated metabolism, is important for resistance
management.
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GR50 ; is the herbicide dose that causes 50% growth reduction.
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herbicide resistance test Fig 3. Effect of malathion (P450 inhibitor) on quinclorac sensitivity of S and R lines. (A) Does-response curves comparing quinclorac spray only
(solid line) and pre-treated with malathion (dash line) (B) GR50 and resistance ratio between with and without malathion treatment.
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Fig 4. Evaluation of RNA quality and quantity extracted from S and R lines. (A) Observation of RNA fragmentation using gel electrophoresis

a SP ) treatment (B) Quantity of RNA extracted from each plant growth stage (1,2 and 4 leaf- stage) using Nano-drop spectrophotometer.
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Fig 5. Quantitative (qPCR) amplification plot of the P450 gene CYP81A172/21 in resistant (R) and sensitive (S) lines. The resistant line showed
earlier amplification, suggesting higher expression of the target gene. EIF4B was used as the Intemal control gene for normalization.
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[szm|  Populations of Echinochloa crus-galli in Thailand exhibit resistance to quinclorac, and populations PB1 and AY2 show multiple herbicide

- resistance, suggesting a non-target-site resistance (NTSR) mechanism.
 Malathion treatment did not significantly restore quinclorac sensitivity in the sensitive line, suggesting that P450 may not be the main
mechanism.
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o RNA quality was suitable for transcriptome analysis, and gPCR confirmed expression of the target gene in the resistant line

cDNA synthesis » qPCR P450 Transcriptome
(ReverTraAceRT, Toyobo, Japan) (Thunderbird NextSYBR, Toyobo, Japan) gene expression Analysis

gPCR primer Primer sequences of target genes AC KN OWLEDG EM ENT

Internal control gene EIF4B| |F1 5'-ATGGCGCCAAGGTGGACT-3' This research was funded by Chiang Mai University. Plant sample were partially received from Dr. Jarunya Pinsuda, Plant Protection Research
Target gene CYP81A12/21 R1 5-TGAAGAACATCATGCAGAGCT-3
and Development Office.

References

[1] Ghanizadeh, H., & Harrington, K. C. (2017). Non-target site mechanisms of resistance to herbicides. Critical Reviews in Plant Sciences, 36, 24-34. https://doi.org/10.1080/07352689.2017.1316134

[2] Grossmann, K. (2010). Auxin herbicides: Current status of mechanism and mode of action. Pest Management Science, 66(2), 113-120. https://doi.org/10.1002/ps.1860

[3] Iwakami, S., Endo, M., Saika, H., Okuno, J., Nakamura, N., Yokoyama, M., Watanabe, H., Toki, S., Uchino, A., & Inamura, T. (2014). Cytochrome P450 CYP81A12 and CYP81A21 are associated with resistance to two acetolactate synthase
inhibitors in Echinochloa phyllopogon. Plant Physiology, 165, 618-629. https://doi.org/10.1104/pp.113.232843

[4] Malik, M. S., Burgos, N. R., & Talbert, R. E. (2010). Confirmation and control of propanil-resistant and quinclorac-resistant barnyardgrass (Echinochloa crus-galli) in rice. Weed Technology, 24, 226-233. https://doi.org/10.1614/WT-09-053.1



https://doi.org/10.1080/07352689.2017.1316134
https://doi.org/10.1002/ps.1860
https://doi.org/10.1104/pp.113.232843
https://doi.org/10.1614/WT-09-053.1

