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EXECUTIVE SUMMARY

As part of the EUCLID consortium, Oxitec is developing their self-limiting
technology in the diamondback moth, Plutella xylostella, a major global pest
of brassica crops.
Background

To broaden the market where releases of a self-limiting technology are a
viable option for control programmes, costs must be reduced in the mass
production of the insect strain. Using P. xylostella, Oxitec has focused on
three key aspects of insect rearing to demonstrate that a cost-effective
production system is possible for this species. These include development of
cost-effective egg collection, counting and infestation methods to optimise
adult production.

Methods

To improve the economics of rearing P. xylostella, we focused on refining
specific technical aspects of the rearing process, with an aim to both reduce
the cost of production and maximise output. The following objectives were
identified:
1. Develop a method to remove P. xylostella eggs from an oviposition
surface.
2. Develop a method to automate egg counting.
3. Identify the egg density that produces the highest proportion of P.
xylostella adults in a given larval rearing container.

Results
& implications

From these three studies we have shown that with the use of readily available
consumables, and modern technology, we have successfully been able to
improve specific technical aspects of rearing P. xylostella, thus improving the
economics for an effective mass rearing system for this insect species
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Introduction
Genetics-based pest control has the potential to provide environmentally-friendly approaches to
manage pest insects, which cause major losses in agriculture and can harm animal and human health.
Oxitec’s self-limiting technology combines the advantages of the Sterile Insect Technique (SIT) to
allow for large-scale production and release of sterile male-only cohorts avoiding at the same time the
need of irradiation (which is costly and damaging to the insects). Oxitec’s engineered genetic traits are
repressible with a dietary additive, allowing genetically engineered strains to be reared in the laboratory
or production facility. Like the SIT, Oxitec’s self-limiting technology is highly sustainable: their matingbased mode of action provides a species-specific solution for pest management by population
suppression.
As part of the EUCLID consortium Oxitec is developing their self-limiting technology in the
diamondback moth, Plutella xylostella, a major global pest of brassica crops. By incorporating maleselecting and genetic sterility traits, production of a repressible, sterile, male-only population is
feasible.
To broaden the market where releases of a self-limiting technology are a viable option for control
programmes, costs must be reduced in the mass production of the insect strain. Using P. xylostella,
Oxitec has focused on three key aspects of insect rearing to demonstrate that a cost-effective
production system is possible for this species. These include development of cost-effective egg
collection, counting and infestation methods to optimise adult production.

Objectives
1. Develop a method to remove P. xylostella eggs from an oviposition surface.
2. Develop a method to automate egg counting.
3. Identify the egg density that produces the highest proportion of P. xylostella adults in a given larval
rearing container.

Methods and Results
1.1.

Removal of P. xylostella eggs from an oviposition surface
Aliquoting eggs from a liquid suspension was identified as the most suitable method to isolate
consistent numbers of P. xylostella eggs for counting. To facilitate this, P. xylostella eggs must
be removed from the oviposition substrate (see Figure 1A).
Previous methods involved manually brushing eggs from the oviposition substrate. This
process is time consuming and would not be suitable in large-scale facilities. Here we report a
procedure that Oxitec has trialled using a proprietary solution. By submerging the egg-laden
oviposition substrate in this solution we were able to dislodge the majority of eggs (see Figure
1B), whilst ensuring survival was not negatively affected in comparison to an untreated control
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Hatch rates of 93.2% (±2.1%SE) for treated eggs and 93.3% (±0.8%SE) for untreated eggs
were observed.

Figure 1. P. xylostella eggs attached to an oviposition substrate (A). Detached P. xylostella eggs post-treatment (B).

1.2.

Automating egg counting
Previous methods involved counting eggs manually. This process has limitations that would
make it unsuitable for large-scale insect production, including:
• Intensive labouring and time-consuming
• Inaccurate estimation of egg numbers on a typical oviposition surface and laid in large
clusters
• Potential genetic heterogeneity loss within the colony when using some eggs off the
oviposition surface and discarding the rest.
Oxitec has trialled an automated process which should reduce the above limitations, improving
the accuracy and cost-effectiveness of insect rearing (see Figure 2). P. xylostella eggs placed
onto a black background were photographed and using the computer software ImageJ, contrast
was inverted, and egg numbers were calculated. Four programme settings were tested:
1. Actual egg number - manually counting all visible eggs within the egg-covered area
2. 5+ pixel detection- by setting 5 square pixels as the minimum selection area for a
single egg, the programme divides the total egg-covered area by the number sites
covering 5 or more pixels.
3. 32+ pixel detection – by setting 32 square pixels as the minimum selection area for a
single egg, the programme divides the total egg-covered area by the number sites
covering 32 or more pixels
4. Average egg size – by initially calculating the average number of square pixels for a
single egg, the programme then divides the total egg-covered area by the average
value.
Based on comparisons to the actual egg count data, settings 2 and 3 failed to produce the
expected results, as any eggs laid in clusters, or any dirt on the laying substrate interfered with
the accuracy of the reading. For example, a cluster of 10 eggs may cover more than 5 digital
pixels but would record as the presence of 1 egg. By determining the average size of an
individual egg in each image, a more precise calculation of egg number was obtained (see
Figure 3C).
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Figure 2. Egg counting process. Detached P. xylostella eggs are suspended in deionised water (A), and aliquots are transferred onto a
black background (B). Following digital analysis in ImageJ, four different egg number calculations methods were tested (detailed in
section 1.2) with the ‘average egg size’ calculation generating output data comparable to ‘actual egg number’ (C).

1.3.

Optimising egg infestation density to maximise P. xylostella adult production in an
artificial rearing medium
According to Singh (1977), “the goal of mass rearing is to produce the maximum number of
insects in the shortest possible time and under the most economical conditions. To meet these
practical requirements, both rearing materials and equipment should be kept as simple and
inexpensive as possible, but they must be nutritionally and behaviourally optimal for the insect”.
With this in mind, and for the purpose of this proof of concept study, 12oz deli pots were
selected as larval rearing vessels for varying densities of P. xylostella (see Figure 3).
In an initial range finder study, with egg infestation levels between 1000 and 8000 eggs per
vessel, a steady decline in pupation was observed above the 2000 egg infestation level. In a
further study to identify optimal egg infestation levels between 500-2000 eggs per vessel, adult
eclosion rates increased with egg infestation, reaching a plateau around the 1000 mark (see
Figure 4). Greater than 1000 eggs per vessel resulted a decline in adult survival compared to
at lower densities. Therefore, based on this information, and the 15% error margin for the egg
infestation process (i.e. an aliquot of 1500 eggs may contain up to 1725 eggs) described
previously, an infestation level of 1000 eggs per vessel was considered optimal for production

7
Public

of P. xylostella. For mass production purposes, a scaleup of the vessels and a reassessment
of egg density, adult eclosion, larval diet and fitness would be required.
For this study we used a commercially available artificial diet, that was biologically suitable for
small-scale rearing of P. xylostella. However, for mass production purposes this would need
to be optimised to ensure it remained economically viable for the production programme.

Figure 3. Range finder to identify the effects of varied P. xylostella egg densities on pupal production in 12oz larval rearing vessels. As egg
infestation density (see deli pot on left) increased from 1000 to 8000 eggs per rearing vessel, the number of pupae produced declined (see
petri dish on right).

Figure 4. The effects of P. xylostella egg density on the production of adults in 12oz larval rearing vessels. As egg density increases, the
number of adults produced per rearing vessel also increases. Greater than 1000 egg infestation levels showed a gradual decline in in adult
production.
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Conclusions
From these three studies we have shown that with the use of readily available consumables, and
modern technology, we have successfully been able to improve specific technical aspects of rearing
P. xylostella, thus improving the economics for an effective mass rearing system for this insect species.
Further optimisations would be required for a complete mass production scale up, ensuring that any
changes to protocols have no detrimental effects on the fitness of the self-limiting insects used for
colony maintenance or suppression-based release programmes in the field.
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