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Towards a successful resistance and virulence management strategy
for CpGV
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Abstract

Cydia pomonella granulovirus is a cornerstone in the control of codling moth (Cydia
pomonella) in organic pome fruit production. Since emergence of first cases of resistance
to commercial CpGV preparations, new resistance-breaking CpGV products have been
developed. This contribution provides some considerations on resistance and virulence
management for CoGV products.
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Introduction

Cydia pomonella (codling moth, CM) is a severe pest of organic and inegrated apple and
pear plantation. Cydia pomonella granulovirus (CpGV) is virus pathogen of CM, which has
been successfully used for CM control for more than 25 years. CpGV products are
important to control CM in organic pome fruit production (Lacey et al., 2008). However,
resistance to commercial CpGV products has been observed since 2004 in about 40,
mainly organic orchards in different European countries, including Germany (22 orchards),
France (3), Switzerland (2), Italy (6), Austria (2), the Netherlands (2) and the Czech
Republique (1) (Fritsch et al., 2005; Sauphanor et al., 2006, Schmitt et al., 2013).

Known CpQGV isolates can be grouped according to genome sequence analysis into five
genome groups A-E. Molecular analyses revealed that in most cases CpGV resistance is
targeted against CpGVs from genome group A, which was present in all previous
commercial CpGV products in Europe (Fig.1) (Gebhardt et al., 2014).

CpGV genome groups B-E are able to break this resistance. Recently, evidence for a
second type of CpGV resistance became available from a very few cases in Germany.
This resistance is not only targeted against genome group A CpGVs but also against
genome group B-D (Jehle et al., submitted). For a successful resistance and virulence
management it will be important to use the full natural biodiversity of CpGV. Therefore,
new products, for example MadexPlus and MadexMAX (Andermatt Biocontrol) or
Carpovirusine Evo2 (NPP-Arysta), have been developed and registered. To secure a
continuous success in CM control in organic production it will be essential to put the
control on a broad basis and to diversify the control methods. Here we present some
conclusions from ongoing research which should help to sustain the efficacy of CpGV
products in long-term.

Using the natural biodiversity of CpGV isolates

For historic reasons, all commercial products in Europe contained a single CpGV isolate,
i.e. CpGV-M (genome group A). Resistance in most orchards is targeted against this
isolate, whereas other genome groups B-E can break CpGV resistance. We performed
next generation sequencing of the commercial resistance breaking products MadexMAX
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and Carpovirusine Evo2. It was found that both MadexMAX and Carpovirusine Evo2
contain a similar composition of genotypes with a genome group E as main component.
Whether there are minor differences in single nucleotide positions could not be detected.
In terms of resistance management we consider both products as equivalent. This finding
indicates that concerning resistance management neither mixing nor rotation of both
products will have a promising effect on the potential to delay or avoid resistance
selection. If CM populations are able to develop resistance against one of both products it
will be very likely that both products will fail. Therefore, for a long-term resistance
management of CpGV products the mode of infection, especially on detailed molecular
level for different isolates is important. Based on these most likely highly fine-tuned
differences, the registration and use of further CpGV isolates from different genome
groups and further investigations on the existing biodiversity of CpGV is essential.
Biocontrol companies are encouraged to develop further products based on other CpGV
genome groups than A and E.

Resistant Susceptible
Population Population

M Genome group A
‘ l:l12 Genome group B
S GenomegroupC

— — E2 Genome groupD

107 Genome GroupE

100 0 100
% Mortality

Figure 1: Activity and phylogeny of CpGV isolates. Known CpGV isolates can be grouped into five
different genome groups A-E. For details see Gebhardt et al. (2014).

Resistance Management

In general, CpGV products derive from a natural virus isolate which is genetically more or
less homogeneous (genome group). The genetically most homogenous preparation of a
baculovirus is an in-vivo or in-vitro cloned genotype, which origins from a single viral
genome and differs only in spontaneous mutations. It has been demonstrated for several
baculoviruses that genotype mixtures can be more effective than pure genotypes (Lopez-
Ferber et al., 2003). CpGV isolates used in biological control are not fully homogenous but
a mixture of more or less similar genotypes. Mixing different isolates would increase in the
genetic diversity within the product and may lead to further synergistic effects. Therefore,
mixing of different genome groups may be a promising approach to raise the efficacy of
CpGV products. On the other hand, if a product contains significant genotype mixtures,
each genotype will be present in a lower concentration than in a homogenous product and
target populations are continuously and simultaneously exposed to the different genotypes
at lowered concentration. Such a continuous exposition may increase the likelihood of
resistance development in a target population. Therefore, a limited mix of few genome
groups may be useful in terms of efficacy and resistance management, but we do not
recommend having only a single mixture containing all genome groups in the same
preparation as they may provoke the selection of a CM population with very broad
resistance. Rotation of products containing different genome groups will be more
sustainable in terms of resistance management.
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Virulence Management

Viruses are biological entities which are subjected to evolutionary processes such as
mutation or selection. Depending on the host, they may change more or less quickly in
their genetic character. In nature, there is an arms-race between virus and host insect,
development of resistance is followed by breaking of resistance. This biological alterability
makes biological agents different from chemicals. It has been shown, that the activity of a
CpGV isolate can be improved by a selection process on a resistant CM strain (Berling et
al., 2009; Graillot et al., 2015). After a couple of passages through resistant CM larvae the
final CpGV isolate was more virulent than the starting material. Therefore, the biological
system of CpGV and CM allows managing the virulence of CpGV by performing this
natural evolutionary process in the laboratory. This strategy may help in the future to
develop new resistance-breaking CpGV products.

Outlook

Though, the knowledge about the molecular diversity of CpGV and the mechanisms of
resistance breaking is far better understood than a few years ago, intensive research is
necessary to learn about the mechanism(s) how CM can develop resistance to
granulovirus infection. Only with this knowledge a full resistance and virulence
management strategy can be implemented.
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