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Insecticide resistance in peach-potato aphids arises from the overproduction of one of two very closely related esterases

(E4 or FE4) that detoxify insecticidal esters, and this is associated with amplification of E4-related DNA sequences. Some

highly resistant aphid clones can spontaneously lose their elevated esterase and hence their resistant phenotype. We report

here that such aphids also lose their elevated E4 mRNA whilst retaining their amplified genomic sequences. We have

also shown that the amplified E4-related sequences are highly methylated at Mspl sites in all resistant aphid clones exam-
ined, but not in those that have lost resistance.

Insecticide resislance; Gene amplification; DNA methylation; Esterase; (Myzus persicae)

1. INTRODUCTION

Insecticide resistance in the peach-potato aphid,
Myzus persicae (Sulz.), is caused by the increased
synthesis of an esterase (E4 or FE4) that both se¢-
questers and hydrolyses insecticidal esters [1], and
this in turn results from increased levels of
translatable esterase mRINA [2]. Furthermore, an
E4 ¢DNA clone has been used to show that
resistance level is correlated with the degree of
amplification of Ed-related sequences in the aphid
genome [3]. Increased esterase (and consequently
resistance) can be lost in the absence of insecticide
selection [4,5], but this reversion has only been
observed in some of the aphid clones with a
specific Al,3 chromosomal translocation [6].
Translocated aphids overproduce the esterase E4
[5], whereas resistant aphids of normal karvotype
contain the closely related esterase, FE4 [7] and
have stable resistance [5]. Unlike susceptible
aphids, revertants retain their translocation and
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can be re-selected for resistance by exposure to in-
secticide [5].

Here, we report the use of the E4 cDNA [3] to
investigate changes in esterase mRNA and DNA
associated with reversion and re-selection of
insecticide-resistant aphids.

2. MATERIALS AND METHODS

2.1. Aphid clones

The resistant aphid clones examined were R, and FerR, which
have a normal karyotye and 4- [8] and 16-fold [7] increases in
esterase, and R;, which has the A1,3 chromosomal transloca-
tion and a 64-fold increase in esterase [7]. The revertant (RevA)
was established as a subclone of an extremely resistant aphid
clone; it retained its chromosomal translocation but had
esterase levels similar to the susceptible clone US1L [5]. RevAd,
a subclone of RevA that had been re-selected for moderate
resistance by exposure io insecticide, had E4 at the same level
as FE4 in R, [5).

2.2. Esterase cDNA
The isolation and identification of the E4 ¢cDNA clone,
pMp24, have been described [3].

2.3. RNA and DNA dot blots

Total aphid RNA was prepared by extraction with
guanidinium thiocyanate and ultracenirifugation through CsCl
[91, and the polyadenylated fraction was isolated by oligo(dT)-
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cellulose chromatography {2}. This poly(A*} RNA was serially
diluted in 2 x S8C (SSC: 150 mM NaCl, 15 mM trisodium
citrate), boiled for 1 min, snap frozen, thawed and loaded onto
a nylon membrane (Biodyne A) using a BRL Hybridot® ap-
paratus.

Aphid DNA was prepared as in [3] and sheared by 3 passes
through an 18-gauge needle. It was then scrially diluted, and
each adjusted to 32 gg DNA/ml with sheared non-homologous
DNA (herring sperm). Samples (250 4l) were boiled for | min,
cooled on ice and adjusted to 2 x SSC before loading onto a
membrane as above. The membrane was treated with 0.5 M
NaOH, 1.5 M NaCl {2 x 5 min) to denature the DNA and then
with sodium acetate, pH 5.5 (2 X 5 min).

Membranes were baked at 80°C for 2 h and then pre-
hybridized at 42°C for 2 h in 50% formamide, 5 % SSC, 50 mM
Na phosphate (pH 6.5), 0.1% SDS, 250 xg/ml herring sperm
DNA, 0.1% Ficoll, 0.1% polyvinylpyrrolidone, 0.1% bovine
serum albumin. Hybridization was at 42°C for 16 h in the same
solution containing 50 ng/ml pMp24 which had been ¥2P-
labelled by nick translation. Membranes were washed in 2 x
SS8C, 0.1% SDS at 65°C and autoradiographed at — B0° using
intensifying screens, and Kodak X-Omat S film, pre-flashed to
improve its linearity of response [10].

2.4. Sourhern blots

Total aphid DNA (10 «g) {3] was digested (2 h at 37°C) with
Mspl or Hpall (50 U) in the buffers supplied, electrophoresed
in 0.8% agarose gels (in TAE buffer) denatured, neutralized
and capillary-blotted [9] onto a nylon membrane (Biodyne A).
The membrane was processed for hybridization to pMp24,
washed and autoradiographed as for the dot blots.

3. RESULTS AND DISCUSSION

Dot biots of poly(A*) RNA from susceptible (S)
and R; aphids probed with E4 cDNA (fig.1A)
showed a > 32-fold difference in E4 RNA level that
is in agreement with the overproduction (approx.
64-fold) of E4 protein by R; aphids [8]. The rever-
tant aphid clone, RevA, which has an E4 protein
content similar to S [5], also has very low E4 RNA,
approx. 32-fold less than R; (fig.1B). The slightly
higher E4 mRNA content in RevA compared to S
probably reflects the intraclonal variation in E4
content that is typical of revertant clones and on
which insecticidal selection acts [5]. Also shown in
fig.1B is hybridization of pMp24 to RNA from the
subclone of RevA (RevAd) that had been
reselected for partial recovery of resistance by ex-
posure to insecticide; the 4-fold increase in abun-
dance of E4 RNA, compared with RevA, is in
accord with their relative esterase levels [5].

To establish whether the lower E4 RNA abun-
dance in RevA is correlated with loss of E4-related
amplified sequences, we probed dot blots of total
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Fig.1. Hybridization of E4 cDNA (pMp24} to {A,B) poly(A*)
RNA and (C) DNA from susceptible (S), extremely resistant
{R3), revertant (RevA) and reselected revertant (RevAd) aphids.

aphid DNA from S, R; and RevA with pMp24
(fig.1C). The intensity of hybridization to RevA
was the same as to R;, demonstrating that there is
no change in copy number associated with rever-
sion. This retention of amplified esterase se-
quences in revertant aphids was confirmed with
four other independently isolated revertant clones
{(not shown).

In mammalian cell cultures it is well established
that gene amplification is responsible for resistance
to cytotoxic drugs. In general, such resistance is
stable when the amplified genes are integrated into
the chromosome and unstable when they occur on
extrachromosomal elements which do not
segregate equally and can therefore be lost during
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of normal karyotype, R; and FerR, also have
amplified E4-related DNA sequences which are cut
less frequently by Hpell than by Mspi (fig.3, lanes
3-6). The major amplified fragments in Mspl
digests of DNA from both R; and FerR (2.8 and
1.8 kb; fig.3, lanes 3,5) are barely detectable in the
corresponding Hpall digests (fig.3, lanes 4,6), be-
ing replaced by fragments of 17 and 12 kb in R,
(lane 4) and 17, 12 and 4.7 kb in FerR (lane 6).

Whilst the non-amplified Mspl fragments (3.4, 3.9

and 4.9 kb) are common to both transiocated (R3,
RevA and RevAd) and non-translocated (S, R; and
FerR) aphids (figs 2,3), the amplified Mspl
fragments are quite distinct according to karyotype
(cf. fig.3, lanes 3,5, with fig.2, lane 1). This sup-
ports earlier evidence (with EcoRI digests) that the
restriction pattern of amplified E4-related DNA
sequences correlated with karyotype [3]. In suscep-
tible (S) aphids there were no differences between
the Mspl and Hpall restriction patterns (fig.3,
lanes 1,2) which is in line with other reports that
the level of SmC in insects is normally very low
[16,171.

This finding of a positive correlation between
methylation of amplified E4-related sequences and
esterase gene expression is in direct contrast to
most other studies, which link increased methyla-
tion with suppression of gene activity [13—15].
However, there is a further exception to this
generalization; melanoma cell lines express a ma-
jor histocompatibility gene only when a particular
Mspl site is methylated [18]. There are also ex-
amples of hypermethylated genes being transcribed
{19,20], and of other hypomethylated genes being
inactive {21,22].

Most of the present knowledge of gene
amplification and the role of DNA methylation in
gene expression is based on studies with cell
cultures; the present work extends this to an intact
higher organism, which nevertheless has con-
siderable analogy with cell cultures in view of its
parthenogenetic mode of reproduction. Because of
the variegated way in which aphids lose resistance
we have not studied changes in methylation during
reversion; nor have we shown that the methylated
CpGs are located within the esterase genes. It is
therefore premature to speculate on the role of
methylation and demethylation in the acquisition
and loss of insecticide resistance. However, M,
persicae clearly is able to methylate CpG sequences
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Fig.3. Hybridization of E4 cDNA (pMp24) to Southern blots of

DNA from susceptible (8) and two non-translocated resistant

aphid clones (R; and FerR) digested with either Mspl (M) or
Hpall (H).

selectively and generally to maintain that methyla-
tion pattern from one generation to the next.

Lack of evidence for DNA methylation in other
insects [16,17] has been used to argue against its
importance as a universal primary regulator of
gene expression in complex organisms [13-15].
However, a sensitive HPLC assay for 5SmC showed
that, whilst Drosophile DNA did not contain
detectable amounts of SmC, the larval silk glands
of Bombyx mori showed both tissue- and stage-
specific cytosine methylation [23]. Work in pro-
gress on M. persicae should establish whether
methylation of the amplified esterase genes is
essential for their expression, and whether
demethylation plays a critical part in the events
leading to loss of insecticide resistance.
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