






In the case of detection of the R30K mutation, the amplified 101 bp double- 

stranded DNA fragment is biotinylated on the 5‘ end of the sense strand for binding to the 

streptavidin-coated microplate. Denaturation of DNA and subsequent washing of the 

plate results in only the sense strand remaining bound. A detection primer is annealed to 

the fragment such that it is adjacent to the mutation site at nt 980, the location of the 

R30K point mutation. A DNA sequence extension reaction takes place in the presence of 

either dig-UTP or dig-ATP. 

In this case, it is expected neither the SS, BERTS-S nor BERTS-R CPB single- 

stranded DNA templates would be unable to incorporate either the dig-UTP or the dig- 

ATP, given it has a guanine in position 980 of the nonsense strand. However, an AZ-R 

single-stranded DNA CPB template would have an adenine at position 980 and 

incorporate the dig-UTP during minisequencing, resulting in detection (Fig. 13). 

Proposed methods for SSCP and minisequencing analysis of the R30K and I392T 

mutations are outline in the appendix. 

Minisequencing has been used to discriminate SS and AZ-R CPB AChE based on 

the S291G point mutation associated with azinphosmethyl resistance (Zhang et al., 1999). 

In the case of the S291G mutation, the single-stranded DNA template was the nonsense 

strand. The biotinylated SS CPB single-stranded DNA template at nt 980 has a thymine 

and therefore could bind the dig-ATP. This binding is reflected in an increase in 

absorbance seen at 450 nm. The alternative minisequencing reaction using dig-UTP with 

the SS template shows an absorbance averaging less than 0.1 OD, a significant decrease 

from the >0.3 OD absorbance in the reaction with dig-ATP. The difference is due to the 

lack of binding of the dig-UTP to the SS template. The level of absorbance seen is most 
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likely to be due to the inability to rinse out 100% of the unbound dig-NTP during the 

procedure and also to a small amount of mismatched binding. In the case ol the AZ-R 

template, the nucleotide at position 980 is a cytosine and should not bind to either the 

dig-UTP or the dig-ATP. The absorbance readings at 450nm are both less than 0.1 OD 

(Table 10). 

In the case of the S291G mutation, the normal allele was detected in the SS CPB. 

It can be concluded from the results that the SS CPB had an adenine at nt 980. The 

results in the AZ-R CPB show that the nucleotide at 980 is not an adenine, since it did not 

bind the dig-UTP, nor a thymine, since it also did not bind the dig-ATP. It is therefore a 

cytosine or guanine, and is likely a guanine based on information known of the mutation. 

This method has also been successfully used for detection of the kdr mutation in the 

sodium channel thought to confer resistance to the pyrethroid insecticide, permethrin 

(Clark et al, 1999). In this case, the mutation, a leucine (susceptible, CTT) to 

phenylalanine (resistant, TTT), allows for the mutated allele to be detected. 

It is proposed that both SSCP and minisequencing would be useful methods for 

detection of the I392T and R30K mutations. The eventual use of this method in the field 

would involve simultaneous minisequencing reactions used for all three mutations, 

R30K, S291G and I392T to create a proper profile. It is crucial to check all three of the 

mutation sites for determination of resistance type as summarized in Table 9. 

Throughput of both methods is increasing steadily with developments in 

technologies such as multi-channel liquid handlers and microtitre plate formats. PCR 

amplifications can be easily done in 384-well microtitre plate formats. Minisequencing is 
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currently done in a 96-well format. High throughput would allow for large samples to be 

taken from field populations for more accurate assessments. 

Resistance Monitoring and Management 

The information generated in the present study on CPB, in congruency to similar 

works being done with other insecticides on CPB and other pests, is useful in the 

development of novel resistance management techniques. Excessive and indiscriminate 

use of non-selective insecticides in the past has brought about a present crisis in pest 

control. The arsenal of available and effective insecticides is rapidly being reduced due 

to increased awareness of adverse effects that some of these chemicals have had on the 

environment, increased regulations, and increased numbers and levels of resistant insects. 

Also, the availability of new insecticides is decreasing because of high cost of research 

necessary for approval to market as well as the increased specificity of the new biosafe 

insecticides. It is crucial to salvage the options left, and to try to use what is available 

judiciously. 

Novel-acting insecticides such as Bacillus thuringiensis, imidacloprid, 

cyromazine and avermectins have been shown to control CPB. However, CPB has 

historically developed resistance to every insecticide employed for its control. CPB 

resistance to abamectin and imidacloprid has already been reported (Clark et al., 1992; 

Grafius and Bishop., 1996). It is inevitable that CPB will eventually develop resistance 

to these novel insecticides. Development of resistance is rapid when a particular 

insecticide is over-used. Application schemes, including rotation and use of mixtures of 

insecticides, are essential means to delay the development of resistance from developing. 
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Efficacious spray decisions to delay the development of resistance and to provide pest 

control can be made through the use of specific and reliable monitoring techniques. 

Molecular techniques have shown a proficiency for the detection of point 

mutations that lead to insecticide resistance. It is plausible that a large number of insect 

pests could be screened for a wide variety of insecticide resistance within a time frame 

that would not delay the timing of a spray. The information would allow the most 

efficient and environmentally benign course of spraying. 

Specifically, this study illustrates the necessity of screening for all three mutations 

R30K, S291G, and I392T, for the determination of organophosphate and carbamate 

resistance in CPB. Although resistance to OPs and carbamates is wide-spread in CPB, it 

is not complete. Data presented here for various field strains of CPB show variability in 

the types and levels of resistance from site to site (Table 2). Therefore, methoxy-OPs and 

N-methyl carbamates may still be a viable choice of control for some farmers. 

This study also proposes the possible effectiveness of alternative insecticides. 

The evidence presented suggests that propyl carbamates such as N-propyl carbofuran are 

practical means of control for CPB that are resistant to the methyl carbamates and can be 

applied as resistance-breaking insecticides. Fortuitously, N-propyl carbamates are not 

good inhibitors on native AChEs, and have little toxicity to humans and other non-target 

organisms, including beneficial insects and biological control organisms. This 

characteristic makes propyl carbamates an ideal complement to biological control agents, 

such as nematodes and predatory mites. Propyl carbamates have been used regularly in 

other countries, such as Japan, for the control of GRLH in combination with the more 

typical methyl carbamates or alone when the level of methyl carbamate resistance is high 
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(Yamamoto, 1993). Results from this study are supportive of a similar resistance 

management scheme, which would employ the use of various combinations of 

insecticides to control resistance in CPB (i.e. methyl paraoxon / ethyl paraoxon / 

propaphos combination, or N-methyl carbofuran / N-propyl carbofuran combination, 

etc.). 

Proper choice of insecticides, application schemes, and timing of sprays, are 

becoming essential techniques for anyone currently involved in pest control. Insects 

greatly impact our society in important areas such as food and disease. Increased 

knowledge of the modes of action, mechanisms of resistance, and environmental fate of 

insecticides are of utmost importance as the population of the world continues to grow in 

the 21st century. 
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Table 8 

Summary of mutations found in the SS, AZ-R, BERTS-S and BERTS-R strains 
ofCPB. 

CPB strains 

Mutation location SS AZ-R BERTS-S BERTS-R 

R30Ka _ + 

S291Gb - + + + 
I392TC - - + - 

The nt 198 mutation is G—>A, conferring a change of an arginine (AGA) in normal (-) 
AChE to lysine (AAA) in mutated (+) AChE. 

The nt 980 mutation is A->G, conferring a change of a serine (AGT) in normal (-) 
AChE to glycine (GGT) in mutated (+) AChE. 

The nt 1284 mutation is T->C, conferring a change of a isoleucine (ATC) in normal (-) 
AChE to threonine (ACC) in mutated (+) AChE. 
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Table 9 

Determination of resistance type based on presence of mutations found via 

minisequencing analysis. 

Resistance type 

Presence of mutations 

R30K S291G I392T 

susceptible to azinphosmethyl No No No 

susceptible to N-methyl carbofuran (l)a No No No 

(2)b No Yes Yes 

resistant to azinphosmethyl Yes Yes No 

resistant to N-methyl carbofuran No Yes No 

CPB of the SS strain are susceptible to N-methyl carbofuran. Sequencing of the AChE 
cDNA of the SS strain show no mutations. 

to 
CPB of the BERTS-S strain are susceptible to N-methyl carbofuran. Sequencing of the 
AChE cDNA of the BERTS-S strain reveal presence of both S291G and I392T 
mutations. 
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Table 10 

Minisequencing results (as measured by optical density, O.D.450) obtained from 
digoxigenin-labeled dATP or dUTP reactions with amplified genomic DNA templates 

containing the S291G point mutation site of the AChE gene from SS and AZ-R strains of 

CPBa. 

Mean O.D.450 (± S.D.) 

CPB strains n dATP dUTP 

SS 4 0.338 (± 0.035) 0.076 (± 0.029) 

AZ-R 3 0.028 (± 0.021) 0.070 (± 0.018) 

aData taken from Zhang et al., 1999. 
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Figure 12: Schematic of the minisequencing reaction for the detection of the 

I392T mutation in BERTS-S and BERTS-R CPB. 
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Figure 13: Schematic of the minisequencing reaction for the detection of the 
R30K mutation in SS, BERTS-S, BERTS-R and AZ-R CPB. 
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APPENDIX 

DNA DIAGNOSTIC PROCEDURES FOR THE DETECTION OF POINT 

MUTATIONS IN THE CDNA OF THE BERTS STRAIN 

DNA Diagnostic Technique #1: Single-Strand Conformation 

Polymorphisms (SSCP) 

1392T mutation: A DNA fragment (110 bp) that included the point mutation site at nt 

1285 of the AChE cDNA will be amplified using genomic DNA of CPB as template in a 

final volume of 50 |il reaction mixture containing; 10 mM Tris HC1 (pH 8.3), 50 mM KC1, 

1.5 mM MgCfi, 0.2 mM dNTPs (each), 15 pmol of PCR forward primer (20-mer, 5’ 

GATTACGAAGATATGGAAAT 3’), 15 pmol of PCR reverse primer (20-mer, 5’ 

TGGAGAAAGCTAGGGCCGTC 3’), and 1 U of AmpliTaq DNA polymerase. After 

denaturation of DNA at 94°C for 30 sec in the thermal cycler, 35 cycles of PCR will be 

completed with each cycle consisting of 94°C for 30 sec, 58°C for 30 sec, and 72°C for 1 

min. Samples will be cooled at 4°C after extension for 10 min at 72°C. 

R30K mutation: This 101 bp DNA fragment, including the nt 980 point mutation site, will 

be amplified using the same method as previously described for I392T, with the exception 

of the primers. The forward primer (20-mer) will be the oligonucleotide, 5’ 

ACTCGGTGAATCGCCCTTTC 3’. The reverse primer (20-mer) will be the 

oligonucleotide, 5’ TGTTTCGACGACTAGAGGGT 3’. 

Single-stranded DNA will be generated by combining 5 p.1 of PCR product (10 

ng/ul) with an equal volume of loading buffer (95% formamide, 20 mM EDTA, 0.05% 
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bromophenol blue, 0.05% xylene cyanol), heating to 95°C and immediately loading onto 

an electrophoresis gel (12% polyacrylamide with IX TBE containing 0.1% ammonium 

persulfate and 0.1% TEMED). Gels will be prepared at 1.0 mm thickness. 

Electrophoresis will be performed at 5W for 10 h at a range of temperatures (4°C to room 

temperature) until an optimum temperature is found for unique and reproducible DNA 

strand separation. Following electrophoresis, the gel will be visualized via silver staining. 

DNA Diagnostic Technique #2: Minisequencing 

In this method, a minisequencing reaction is coupled to a 96-well microplate 

immunoassay for the detection of a point mutations associated with carbofuran and 

azinphosmethyl resistance. 

1392T mutation: Two aliquots of PCR amplified fragments from genomic DNA (=110 

bp allele non-specific product from SSCP assay using a 5’biotinylated reverse primer) will 

be adhered to a streptavidin-coated microplate (Boehringer Mannheim). Each well of the 

microplate will contain 45 \il of the binding buffer (25 mM Tris HC1 (pH 7.5), 125 mM 

NaCl, 5 mM EDTA, 1.0 g/L bovine serum albumin, 1.0 g/L Ficoll 400, 1.0 g/L polyvinyl 

pyrrolidone and 1.0 g/L Tween 20). The plate will be shaken for 15 min, 50 ql of 0.1 M 

NaOH in 300 mM NaCl will be added to each well. After 2 min, the plate will be rinsed 

thoroughly with buffer (250 mM Tris HC1 (pH 7.5), 125 mM NaCl, 2 mM MgCl2 and 3.0 

g/L Tween 20). Minisequencing reaction will be carried out in the presence of the 

detection primer (primer immediately adjacent to the point mutation, 20-mer, 5’ 

TTTCCTTCTATACGATTTCA3’), 10 mM Tris HC1 (pH 8.3), 50 mM KCL, 1 mM 
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MgCl2, 10 pmol digoxigenin-labeled dATP, or alternatively 0.5 pmol digoxigenin-labeled 

dUTP and 0.5 U AmpliTaq DNA in a volume of 50 pi for 30 min in an oven at 55°C. The 

plate will be washed thoroughly with wash buffer prior to the addition of 7.5 units of 

peroxidase conjugated digoxigenin antibodies. Plate will be incubated at room 

temperature for 30 min and washed thoroughly. A 100 ul aliquot of 3,3’,5,5’-tetramethyl- 

benzidine (6mg/ml)/H202 (3%) will be added to each well and incubated at room 

temperature until a noticeable color change is observed. Color change will be quantitated 

at 450 nm on a microplate reader (Molecular Devices) after the addition of 50 pi of 4 M 

H2S04. A color change would indicate the genomic DNA has a mutation that is 

complimentary to the digoxigenin-labeled NTP. 

R30K mutation: The same method will be employed for detection of the point mutation at 

nt 198. In the case, the 101 bp allele non-specific product from the SSCP assay will be 

generated using a 5’biotinylated forward primer. This product will be adhered to the 

streptavidin-coated microplate. The detection primer used for the minisequencing reaction 

will be the 20-mer oligonucleotide, 5’ AGTCTTTGAATTGCGAGGGT 3’. 

87 



BIBLIOGRAPHY 

Anthony, N.M., J.K. Brown, P.G. Markham, and R.H. fFrench-Constant. 1995. 

Molecular analysis of cyclodiene resistance-associated mutations among population of 

the sweetpotato whitefly Bemisia tabaci. Pestic. Biochem. Physiolo. 51: 220-228. 

Argentine, J.A., J.M. Clark, and D.N. Ferro. 1989. Relative fitness of insecticide- 

resistant Colorado potato beetle strains (Coleoptera: Chrysomelidae). Environ. 
Entomol. 18: 705-710. 

Argentine, J.A., K.Y. Zhu, S.H. Lee, and J.M. Clark. 1994. Biochemical mechanisms 
of azinphosmethyl resistance in isogenic strains of Colorado potato beetle. Pestic. 
Biochem. Physiol. 48: 63-78. 

Aronstein, K., P. Ode, and R.H. fFrench-Constant. 1995. PCR based monitoring of 
specific Drosophila (Diptera: Drosophilidae) cyclodiene resistance alleles in the 
presence and absence of selection. Bull. Ent. Res. 85: 5-9. 

Breskin, A.P., E.B. Maizel, S.N. Moralev, K.V. Novozhilov, and I.N. Sazonova. 1985. 
Chlolinesterases of aphids-I. Isolation, partial purification and some properties of 
cholinesterase from spring grain aphid Schizphis graminis (Rond.). Insect Biochem. 
15: 309-314. 

Brown, T.M. and P.K. Bryson. 1992. Selective inhibitors of methyl parathion-resistant 
acetylcholinesterase from Heliothis virescens. Pestic. Biochem. and Physiol 44* 155- 
164. 

Buchel, K.H. Chemistry of Pesticides. 1983. John Wiley and Sons, New York, pp. 125- 

Campbell, P.M., J.L. Yen, A. Masoumi, R.J. Russell, P. Batterham, J.A. McKenzie, and 
J.G. Oakeshott. 1998. Cross-resistance patterns among Lucilia cuprina (Diptera: 
Calliphoridae) resistant to organophosphorus insecticides. J. Econ. Entomol 91(2V 
367-375. 

Clark, J.M., J.A. Argentine, H. Lin, and X.Y. Gao. 1992. Mechanisms of abamectin 
resistance in the Colorado potato beetle, pp. 247-263. In C.A. Mullin and J.G. Scott 
[eds-L Molecular Mechanisms of Insecticide Resistance: Diversity Among Insects. 
ACS Symposium Series 505, Washington, D.C. ~~ 

Clark, J.M., A. Zhang, J. Dunn, K. Yoon. 1999. Molecular detection of insecticide 
resistant alleles. Pestic. Sci. 55: 606. 

Coustau C. and R.H. ffrench-Constant. 1995. Detection of cyclodiene insecticide 
resistance-associated mutations by single stranded conformational polymorphism 
analysis. Pestic. Sci. 43: 267-272. 

88 



Devonshire A.L. 1975. Studies of the acetylcholinesterase from houseflies (Musca 

domestica L.) resistant and susceptible to organophosphorus insecticides. J. Biochem 
149: 463-469. 

Devonshire A.L., and G.D. Moores. 1984. Different forms of insensitive 
acetylcholinestease in insecticide-resistant house flies (Musca domestica). Pestic. 
Biochem. Physiol. 21: 336. 

Dong, K., S.M. Valles, M.E. Scharf, B. Zeichner, and G.W. Bennett. 1998. The 

knockdown resistance (kdr) mutation in pyrethroid-resistant German cockroaches. 
Pestic. Biochem. Physiol. 60: 195. 

Ellman, G.L., Courtney, D.D., Andres, Jr.,V. and Featherstone, R.M. 1961. A new 

and rapid colorimetric determination of acetylcholinesterase activity. Biochem. 
Pharmacol. 7: 88-95. 

Fournier, D., F. Karch, J.M. Bride, L.M.C. Flail. 1989. Drosophila melanogaster 

acetylcholinesterase gene, structure evolution and mutations. J. Molec Biol 210' 
15-22. 

Fournier, D. J.M. Bride, F. Hoffman, F. Karch. 1992. Acetylcholinesterase: two types 
of modifications confer resistance to insecticide. J. Biol. Chem 267(20)' 14270- 
14274. 

Forgash, A.J. 1984. History, evolution, and consequences of insecticide resistance 
Pestic. Biochem. Physiol. 22: 178-186. 

fFrench-Constant, R.H., J. Steichen, T.A. Rocheleau, K. Aronstein, and R.T. Roush. 
1993. A single-amino acid substitution in a g-aminobutyric acid subtype A receptor 
locus associated with cyclodiene insecticide resistance in Drosphila populations Proc 
Natl. Acad. Sci. USA. 90: 1957-1961. 

Gnagey, A.L., M. Forte, and T.L. Rosenberry. 1987. Isolation and characterization of 
acetylcholinesterase from Drosphila. J. Biol. Chem. 262: 13290-13298. 

Grafius, E.J. and B.A. Bishop. 1996. Resistance to imidacloprid in Colorado potato 
beetles from Michigan. Resistant Pest Management 8: 21-25. 

Guerrero, F.D., R.C. Jamroz, D. Kammlah, and S.E. Kunz. 1997. Toxicological and 

molecular characterization of pyrethroid-resistant horn flies, Haematobia irritans: 
Identification of kdr and super-kdr point mutations. Insect Biochem. Mol. Biol. 27: 

Hall, L.M.C., and C.A. Malcolm. 1991. The acetylcholinesterase gene of Anopheles 
stephensi. J. Mol. Biol. 210: 15. 

89 




