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Abstract

Pyrethroid resistance in insects is associated with elevated P450 monooxygenase levels to detoxify pesticides. The objective of
this study was to examine how resistant tarnished plant bugs, Lygus lineolaris (Palisot de Beauvois), tolerate insecticide toxicity
through gene regulation. A cDNA, cloned from both pyrethroid-susceptible and -resistant strains of L. lineolaris, contained a
1548-nucleotide open reading frame encoding a 516 amino acid residue protein. Predicted cytochrome P450s from cDNAs were
highly similar to several insect CYP6 P450 monooxygenases which are responsible for reduced sensitivity to pyrethroid
insecticides. A total of 48 nucleotide substitutions were revealed between cDNAs of susceptible and resistant strains, 13 of which
were observed on the cytochrome P450 protein coding region resulting in 12 silent substitutions and only one amino acid
modification from Ser487 in the susceptible strain to Ala487 in the resistant strain. The resistant strain contained 2.1-fold higher
P450 monooxygenase mRNA than the susceptible strain. Topical treatment with 10 ng permethrin elevated P450
monooxygenase mRNA levels by ~2-fold. Treatment with 10 :g piperonyl butoxide suppressed P450 monooxygenase mRNA
levels by ~34%.

Introduction

The tarnished plant bug, Lygus lineolaris (Palisot de Beauvois), is an important field crop insect with both pyrethroid and
organophosphate insecticide resistance. In the Mid-South area, control of the tarnished plant bug in cotton almost exclusively
depends on insecticides and resistance to pyrethroids has been found in many tarnished plant bug populations (Snodgrass,
1996a; Snodgrass and Scott, 2000). Holloway et al. (1998) used synergists to study the nature of pyrethroid resistance in
tarnished plant bugs. They concluded that pyrethroid metabolism mediated by monooxygenases probably played a significant
role in the resistance.

Insect P450s metabolize synthetic organic insecticides, such as pyrethroids (Tomita and Scott, 1995) and cyclodienes (Feyereisen
et al., 1995), and natural plant products, such as furanocoumarins (Hung et al., 1997; Ma et al., 1994). It is well established that
elevated levels of cytochrome P450 monooxygenases are responsible for metabolic resistance in many insects (Brun et al., 1996;
Dombrowski et al., 1998; Feyereisen, 1999; Kasai and Scott, 2000; Li et al., 2000; Liu and Scott, 1998; Ranasinghe et al., 1998;
Scott et al., 1999; Tomita et al., 1995; Wang and Hobbs, 1995; Zhang and Scott, 1996). Knowledge of how gene regulation and
biochemical modification produce resistance is highly desirable for monitoring, delaying, and  management of this resistance.
Here, we report the first pyrethroid-resistance related cytochrome P450 cDNA from both susceptible and resistant strains of the
tarnished plant bug. Gene transcript expression levels were quantitatively analyzed, and mRNA expression locality, induction
and inhibition were also examined.

Materials and methods

Clone and Sequence P450 cDNA 
Total RNA was prepared from both susceptible and resistant strains of the tarnished plant bug and was used as a template for
cDNA synthesis. Forward (P4501F: TTYTWYNBNGCNGGNTWYGARAC) and reverse (P4502R:
CARTTNCKNKGNCCNDVNCCRAANGG) degenerate primers were designed based on conserved P450 monooxygenase
sequence regions, F-F/Y-G/I/L/A/MA-G-F/Y-E-T and P-F-G-D/A/L-G-P/Q-R-�C, respectively. Polymerase chain reaction
(PCR) was conducted to amplify the P450 monooxygenase cDNA fragment from RT-cDNA. cDNA fragments (~450 bp) were
successfully amplified and cloned. After the partial sequence of P450 monooxygenase-like cDNA was obtained, forward and
reverse primers were designed, and were used to obtain 5' and 3' ends of P450 monooxygenase-like cDNA. To obtain full P450
monooxygenase-like cDNA from both pyrethroid-susceptible and resistant strains of the tarnished plant bug, a forward primer
P450F3 and a reverse primer P450R4 were synthesized and used in PCR reactions to flank the 5' and 3' non-coding regions,
respectively. To eliminate potential error created by Taq DNA polymerase, a thermostable proof-reading Pfu DNA polymerase
(Promega, Madison, WI) was used to reamplify and sequence a full length P450 monooxygenase cDNA from the RT-cDNAs
of susceptible and resistant strains of the tarnished plant bug.



Quantitative Reverse Transcription (QRT) PCR Analysis of P450 mRNA Expression
Procedures for the quantitative determination of the expression levels of the cytochrome P450 mRNAs were modified from those
used by Alexandre et al. (1998), Guenthner and Hart (1998), Igaz et al. (1998), Freeman et al. (1999), and Zhu et al. (2000).
A homogeneous internal standard was developed to produce 254 bp deletion, and was subsequently used for QRT-PCR analysis
of P450 monooxygenase-like mRNA expression. 

Results

P450 Monooxygenase cDNA Sequences and Deduced Protein Sequences
Pairwise alignment of cDNAs from susceptible and resistant strains revealed that cDNA from the susceptible strain had 1917
(accounting 97.5%) nucleotides identical with the cDNA from the resistant strain. Although the two insect strains had the same length
coding region, there were 13 nucleotide differences on open reading frames, twelve of which were silent mutations coding for the same
amino acids as in the susceptible strain. However, at position 1578, a nucleotide thymine in the susceptible strain was replaced by a
guanine in the resistant strain. The codon change from TCT for the susceptible strain to GCT for the resistant strain changed the amino
acid residue from serine (susceptible strain) to alanine (resistant strain). The 1548-bp open reading frame from both insect strains coded
516 amino acid residues. Homology search of GenBank revealed that deduced 516-residue proteins were similar to several insect CYP6
P450 monooxygenases which were responsible for reduced sensitivity to pyrethroid insecticides.

Sequence Difference and Gene Frequency
cDNAs amplified with both Taq DNA polymerase and Pfu DNA polymerase included a nucleotide substitution at position 1578
resulting in a serine residue in the susceptible strain and an alanine residue in the resistant strain. This modification was confirmed
by PCR amplification of specific allele (PASA) of group and individual RT-cDNA and genomic DNA. Selective amplification of the
Ala487-allele indicated that this gene allele existed only in the resistant strain.  The failure of amplification of the Ala487-allele fragment
in the susceptible strain indicated that this colony was fixed for the Ser487 allele. However, amplification of both Ala487-allele and Ser487-
allele from the resistant strain revealed that both alleles were present in the resistant strain.

PASA amplification of RT-cDNA prepared from RNA of individual insects showed that the Ser487-allele fragment was amplified
from every individual insect RT-cDNA of the 10 susceptible and the 10 resistant tarnished plant bugs. The cDNA fragment of
the resistant Ala487-allele was amplified in only 3 of the 10 resistant insect RT-cDNAs, and there was no amplification of the
resistant Ala487-allele from any of the susceptible insect RT-cDNAs. The individually extracted genomic DNA was also subjected
to PASA amplification. The resistant Ala487-allele fragment was amplified in 8 of the 23 resistant insect DNAs, and no such
amplification was achieved from any of susceptible insect DNAs.

P450 Monooxygenase mRNA Expression Levels
By using the specific primers P450F1 and P450R4, the RT-PCR was successful in simultaneously amplifying a 771-bp P450
monooxygenase cDNA fragment from the target cDNA template and a 517-bp cDNA fragment from the internal standard, and both
were clearly separated on agarose gel. Results showed that the untreated resistant strain contained 2.1-fold higher P450
monooxygenase mRNA per microgram of total RNA than the untreated susceptible strain. The ten ng permethrin treatment increased
P450 monooxygenase mRNA levels by 2.2-fold for the susceptible strain and 1.6-fold for the resistant strain. The ten :g PBO treatment
decreased P450 monooxygenase mRNA levels by 33.3% for the susceptible strain and 35.53% for the resistant strain.

Discussion

The tarnished plant bug is becoming an increasingly important insect pest on genetically-modified and conventional varieties
of cotton. Because of the ineffectiveness of the Bt transgene for plant bug control and reduced foliar applications in addition
to the development of insecticide resistance, control of the tarnished plant bug has become difficult. This study initiated an
investigation to understand resistance gene regulation. A resistance related cytochrome P450 cDNA was sequenced which
showed structural and expression level differences between susceptible and resistant strains. Future study will include molecular
cloning of other forms of cytochrome P450s and the determination of enzyme activity through recombinant protein expression
system. Genetic linkage will be established, and molecular markers will be developed to monitor resistance gene frequency in
field populations to provide information for developing pest management strategies.
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