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Annex I – Experimental plan
Lab experiments

Protocols

Oxitec can provide detailed protocols for these experiments.  A pdf listing these, and providing an overview, is attached (‘OX513A-Laboratory work prior to field studies.pdf’)

Establishing colony of RIDL (OX513A) mosquitoes
[import permit, rearing system incl blood feeding, fluor microscope]

Rationale: 

This is more a preparation for the other lab experiments below than an experiment in its own right.  Note that it will not be necessary to handle adults, especially adult females (e.g. blood feeding, egg collection) for the field experiments as Oxitec will provide sufficient eggs.

Problems/needs: 

You will need the ability to rear Aedes aegypti through their whole life cycle.  Availability of blood for blood feeding was mentioned as a potential problem.  You will also need a dissecting microscope equipped with fluorescence.  We will advise separately about this.
You will also need a supply of a tetracycline; we can supply chlortetracycline (CTC), a suitable analogue and protocols for use

Efficacy of RIDL transgene in Cayman genetic background

[cross RIDL males to Cayman females, rear F1 +/- tet]

Rationale: 

In the RIDL method, RIDL homozygous males are released into the environment to mate wild females.  Progeny of such wild female x RIDL male pairings die before they reach adulthood.

Each of these propositions [(1) RIDL males will mate wild females and (2) resulting progeny will die before they reach adulthood] need to be tested with Cayman females.  It is highly unlikely that there is a strain background effect that will make a difference as we have never previously seen such an effect.  Nonetheless, the experiments are simple and some of the methods are required later for the field experiments.
This experiment addresses progeny death in the absence of tetracycline, relative to the obvious controls (6 conditions: OX513A homozygotes, F1 from OX513A males x wild type females, wild type each reared with or without tetracycline)

In the process of generating these F1, it also tests whether OX513A males will mate Cayman-derived wild type females, but this is tested more rigorously in the mating competitiveness experiment below.
Protocol

In overview, produce eggs of different genotypes (OX513A homozygotes, OX513A heterozygotes, wild type).  Hatch the eggs and rear with or without tet.  Determine the survival (from first instar larva to adult) of each genotype with and without tet.

Expected outcome and interpretation

Mosquitoes carrying one copy of the OX513A construct (‘OX513A heterozygotes’) reared in the absence of tet exhibit ~97% mortality (i.e. lethal phenotype shows penetrance of 97%).  For OX513A homozygotes this is approx 99.5%.  Controls (each strain on tet, and wild type without tet, have approximately equal L1-adult survival).  We expect the same outcomes here.  If not, we would need to consider (i) whether tet was inadvertently provided to the larvae during rearing and (ii) whether there is something in the Cayman strain background that affects the penetrance of the RIDL construct.  We have seen (i) before but not (ii), i.e. have no precedent for an effect of strain background.

Problems/needs: 
Blood-feeding?  Tetracycline?  (both discussed above)
Mating competitiveness of OX513A males with Cayman-derived wild type strain

[Determine whether RIDL males can compete adequately with Cayman males for mates ( Cayman females)]

Rationale: 

In the RIDL method, RIDL homozygous males are released into the environment to mate wild females.  Progeny of such wild female x RIDL male pairings die before they reach adulthood.

Each of these propositions [(1) RIDL males will mate wild females and (2) resulting progeny will die before they reach adulthood] need to be tested with Cayman females.  It is highly unlikely that there is a strain background effect that will make a difference as we have never previously seen such an effect.  Nonetheless, the experiments are simple and some of the methods are required later for the field experiments.

This experiment examines the ability of OX513A males to compete with Cayman-derived wild type males for mating to Cayman-derived wild type females.  

Protocol

In overview, mix an equal number (e.g. 10) RIDL males, wild type males and wild type females.  Allow to mate.  Blood feed the females and collect eggs from each female individually.  Hatch the eggs and score for fluorescence.  If the larvae are fluorescent the father was a RIDL male, if non-fluorescent then the father was a wild type male (if mixed then multiple mating, but this is rare).

Expected outcome and interpretation

In previous experiments of this type, wild type females have shown no statistically significant discrimination between RIDL males and wild type.  A modest inferiority in competitiveness would be acceptable, however a severe one would compromise the ability of the strain to suppress a target population. For Medfly, the quality threshold is that after mixing in a 1:1:1 ratio (sterile male: wild male: wild female) the sterile males should get at least 20% of the mates (would be 50%, on average, if fully competitive).
Problems/needs: 
Blood-feeding?  Tetracycline?  Fluorescence microscopy (all discussed above)
Field experiments

Field expt I: Mark-release-recapture (MRR)
[How far do the RIDL males fly in the field and how long do they live (useful data for planning suppression trial)]
Rationale
Some practical issues for field release include:

How far apart should the release points be? (depends on how far the mosquitoes disperse)

How often should they be released? (depends, in part, on how long they live in the field)

These issues can be addressed by mark-release-recapture experiments.  It is also possible through this method to get at least an indication of the size (number) of the wild mosquito population.  Also, in planning a measured, step-by-step progression to full-scale field use, it seems appropriate to do one or more small-scale release such as this before progressing to a small-scale suppression trial (below), which is somewhat larger in space, time, numbers of mosquitoes released and also resource requirement.
Protocol
In overview, release some (e.g. a few thousand) marked male mosquitoes at one (or more) points and monitor over time with an array of traps.  Adult mosquitoes may be marked with fluorescent powders (we can provide protocols).  For pupal release, we would probably have to rely on the genetic marker.  Fluorescence cannot be reliably scored in adults, at least in this strain, so trapped insects would be genotyped by PCR (we can provide protocol).  

By using both adult traps and ovitraps, we can monitor the persistence and dispersal over time of both the released adult males and the eggs from females who mate them.  Eggs are genotyped by hatching and scoring larvae for fluorescence (fluorescent marker is easy to score in larvae and pupae).  We expect males to live only a few days, so trapping for adults would take 2-3 weeks max; ovitraps for the next generation perhaps 4-5 weeks.  Terminate after a pre-determined time or after 2 or 3 trap periods with no catches.
We would expect to release 5-10,000 RIDL males per experiment.  Dispersal range of 200m would imply a 0.5km2 area, approx, for the experiment.  Literature, and our experience, indicate that few mosquitoes will go further than 100-150m, though this may be dependent on temperature/humidity and environment (see below).
Eggs to be provided by Oxitec.  Need to be reared to pupae and sexed (i.e. female pupae removed).  May take these pupae directly to field (pupal release) or allow to eclose first (adult release).  

We can also use this type of experiment to optimise release systems, especially for pupal release.
Problems/needs: 
Eggs to be provided by Oxitec.  Need rearing for these numbers, and ability to separate sexes.  Fluorescence microscopy (discussed above).  Permit for field release of RIDL males and for any other aspects of the experiment (e.g. trapping/monitoring) that may need specific regulatory approval.  Release method.

Mosquito longevity and dispersal may vary from one location to another, and from one season to another.  Temperature and humidity are likely to be relevant factors.  Distance to females, i.e. density of wild population, and proxies such as hosts and oviposition sites may also affect male dispersal.  Therefore, such an experiment should ideally be done in the intended location for a suppression trial (below), and the same or similar season.  Precise matching may not be possible though.

Field expt II: Suppression trial

[Directly addresses the key question – can this technology be used to suppress wild Aedes aegypti population(s) in Cayman?]
Rationale
The key question is: can RIDL suppress a wild Aedes aegypti population. This will be addressed by identifying a suitable target population and attempting to suppress using RIDL, i.e. by releasing RIDL males into it over a period of time.  The number of mosquitoes used, frequency of release in space and time, etc, will be informed by models but also data from the experiments above, particularly the mark-release-recapture experiment.  In addition, the more we know about the target population the more sophisticated we can be about release numbers, timing etc.  This experiment is therefore divided into a pre-release phase and a release (suppression) phase.
Protocol

Pre-release

Identify and characterise suitable target mosquito population(s)
Nominally 1 km2, 1000-5000 people.  The size is a compromise between smaller (cheaper: fewer mosquitoes required, lower costs of dispersal, and trapping/monitoring) vs larger (mosquito population less subject to stochastic fluctuations, more convincing demonstration of the technology).

The more we know about the target mosquito population the better.  This is for two reasons:

1. To calculate how many RIDL males we need to release.  We aim to maintain a 10:1 ratio of RIDL males to wild males in the area.  Once releases start, we can adjust the release numbers based on trap catches (adult traps and ovitraps, looking at the transgenic:wild ratio in each).  However, we need an estimate of the target population with which to estimate at least the starting release rate, and the production numbers required for the trial (which is also a major factor in the total cost).

2. Success for such a trial will be defined as ‘statistically significant reduction in the target mosquito population’ (see below).  This is, implicitly, ‘…compared with what the target mosquito population would have done without the RIDL releases’.  This assessment will be based on historic records and data from control areas.
The key number we need to estimate for release numbers is the daily recruitment rate of adult males, i.e. the number of newly-eclosed adult males entering the wild population every day.  However, this is not an easy thing to estimate!  Of the standard measures, it is most readily calculated from pupal numbers (e.g. pupae/person or pupae/area), but these pupal surveys are labour intensive and the numbers generated likely underestimate the actual number of pupae by a significant (but unknown) factor, i.e. are not reliable.  The best approach is probably to gather all relevant data (adult surveys, ovitrap data, container/Breteau/house indices, etc) to get several independent estimates of the population and then work from there.  Mark-release-recapture (above) can also be used to give information about the wild population.

Isolation – we have discussed this.  We would like 1km, but would settle for 200m, of Aedes-inhospitable territory as a barrier around the site.  If an otherwise suitable site has some defects in this respect, it may well be possible to use other control methods to create a barrier and thereby provide adequate isolation.  However, we should assume a degree of immigration anyway; this has implications for the expected outcome(s) of the trial (below).  Note that the control sites do not need such isolation, only the release sites.

Number of experimental areas

Ideally, we would have two trial sites and two or more control areas.  In practice, resource limitations may require that we focus on one trial site.  Even if we go with two sites, it would be sensible to stagger them a bit, so there are spare resources to ‘iron out the bugs’ at the first site before we begin releases on the second site.

Producing RIDL males for release

For a ballpark estimate, prior to considering actual data on the target mosquito population, we might assume we need to release ~40 RIDL males per week per person in the trial area.  For an area with 4000 inhabitants this means 160,000 males per week.  For a 6-month trial this is 4 million males.  Of course if your starting mosquito population is lower, this all scales down proportionately (this calculation is based on 2 pupae/person, which may be too high for an area with decent ongoing control activity).  This would require around 160,000 eggs per day.  The intention is that Oxitec will supply the eggs; you will need to rear them to pupae, separate and discard the females, and put the males into the field.
We estimate that you will need about 60m2 of rearing space for this, which is equivalent to about one 40ft shipping container or Portacabin or similar.  This space will need temperature control, shelving, etc.
Release
We anticipate releasing RIDL males for 4-6 months.  There is a delay between initiating releases and an effect on the size of the population due to the nature of the system; this might be 6-8 weeks depending on temperature (impact is seen via ovitraps more rapidly).  We expect to then see a fairly rapid decline in the target population, relative to what it would have done without the RIDL males.  Probably see a clear effect in 4 months, and we could stop there, but I’d allow some leeway, for example we may find that we need to adjust release rates considerably based on data from the first few weeks of releases.
Monitoring

Want to trap both adults and immature stages, as they tell us different and complementary things.
Outcome(s)
Success for such a trial will be defined as ‘statistically significant reduction in the target mosquito population’.  
This is, implicitly, ‘…compared with what the target mosquito population would have done without the RIDL releases’.  A combination of historic data and data from control sites will tell us what the population would have done without the releases.
Any method for measuring the wild population will suffice so long as it is reasonably quantitative and applied to both control and release areas.  There is a strong case for using the method(s) you normally use, for comparability with historic data.  We can discuss what additional methods might be desirable in the context of this particular technology. 
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Oxitec Limited Confidential Information

The Information provided in this document is and shall remain at all times the property of Oxitec Limited (“Oxitec”). It is provided for the sole purpose of facilitating the evaluation of Oxitec’s Aedes aegypti lines by suitably trained and qualified staff of the recipient institution (“Recipient”). The Recipient shall not use the Information for any purpose other than the agreed purpose and shall not disclose the Information to any third party without the written approval of Oxitec. The Recipient does not acquire any rights to the Information disclosed in it, nor to Oxitec’s Aedes aegypti lines. Oxitec makes no warranty of any kind with respect to the accuracy of the Information which it discloses, or with respect to the suitability of such Information for the Agreed Purpose or for any other particular use.


Oxitec Ltd, in confidence
Luke Alphey
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