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“Use of Genetically Engineered Fruit Fly and Pink Bollworm in APHIS Plant Pest Control Programs” is the title of the world’s first Environmental Impact Statement (EIS) on any kind of transgenic organism, either plant or animal, prokaryote or eukaryote.   This programmatic EIS is also a major part of the world’s first official government regulatory process on any transgenic insect.  It was published October 2008 and is on the Internet at: http://www.aphis.usda.gov/plant_health/ea/geneng.shtml
It was published by the United States Department of Agriculture (USDA), Animal and Plant Health Inspection Service (APHIS) and consists of 334 pages.  Two complete Environmental Assessments (EAs) on transgenic pink bollworms preceded this EIS.

This EIS is of major value for genetic markers and Aedes, possibly Anopheles, sterile insect technique (SIT) population suppression using repressible lethal genetic constructs instead of radiation to sterilize the insects.  This EIS also has some applicability for population replacement strategies for Aedes spp. or Anopheles spp. using gene introgression/driver mechanism strategies. 
When planning an environmental risk assessment for transgenic mosquitoes, it is imperative to determine what laws, as well as guidelines and regulations, apply in each country.  Following applicable laws and regulations avoids prosecution and penalties, as well as court injunctions and lawsuits, whether frivolous or not.  In the USA, either an EIS or EA may be required by the National Environmental Policy Act of 1969 (NEPA) 42 U.S.C. 4321 et seq.  The three species of fruit flies and pink bollworm are plant or crop pests and fall under the jurisdiction of the Plant Protection Act of 2000.  Mosquitoes that bite livestock, as well as humans, are under of jurisdiction of the Animal Health Protection Act of 2002.  The NEPA was made law to ensure that the environmental impacts of any Federal or federally funded action are available to public officials and citizens before decisions are made and actions taken.  NEPA applies within the USA and elsewhere in the world.  Similar laws are now enacted in over 100 countries.

The EIS is a public and transparent process with stakeholder participation at the following phases of the EIS:

1.  At publication of Notice of Intent to do an EIS

2.  At scoping; several public meetings are held to plan the EIS extent and schedule

3.  At information gathering and consultation in drafting the EIS

3.  At the notice of availability of the draft EIS for public comment

Other public stakeholder comments may be received and considered:

4.  At the notice of availability of the final EIS with public comments and analysis of all relevant comments 

5.  At the publication of the Agency Record of Decision, which may be the Government’s decision to implement the preferred or proposed alternative or not to implement it.
NEPA prescribes the following basic EIS components:

• Statement of Purpose and Need

• The Alternatives, including the No Action & Proposed Alternative

• Description of the Affected Environment 

• Environmental (RISKS) Effects/Impacts/Consequences of Each Alternative 

• Draft EIS, Final EIS, and Record of Decision
The species of the first transgenic insect EIS are:
• Mexican fruit fly, Anastrepha ludens
• Mediterranean fruit fly, Ceratitis capitata
• Oriental fruit fly, Bactrocera dorsalis
• Cotton pink bollworm, Pectinophora gossypiella 
The alternatives presented in the EIS are:

1. No action; continue programs as they are 

2. Expansion of existing programs; SIT and other methods, including pesticides

3. The preferred or proposed alternative of integration of genetically engineered insects into Government control programs 
The biotechnologies of the preferred alternative are:

• Mass-rearing of either males and females or only male fruit flies with a marker gene, and then sterilization by radiation before release

• Genetically sterilized male-only fruit flies that have a marker gene and that compete more effectively for mates than radiation-sterilized fruit flies 
• Fruit flies that produce only male offspring, which carry a repressible heritable sterility trait resulting in only males that carry the trait and no female offspring in the field

• Mass-rearing of male and female pink bollworms with a marker gene, which are sterilized by radiation before field release (This is the only GM insect technology currently in large-scale, open-field trials.)  
• Mass-rearing of male and female pink bollworms that are genetically sterile without radiation exposure producing males that are more competitive in mating with wild female bollworms than radiation-sterilized males 
Important appendices of the EIS referenced in the body of the EIS are the following:
• Appendix B. Cooperation, Review, and Consultation

• C.  Analysis of Repressible Lethal and Marker Genetic Engineering (biotechnology description)

• D. RISK ASSESSMENT Criteria and Analysis

• E.  Summary of Public Comments on the Draft EIS

• F.  Analysis of impacts on Endangered and Threatened Species in the Program control areas   
Appendix D. Risk Assessment Criteria and Analysis, was modified after: IAEA-TECDOC-1483, 2006, Proceedings of a technical meeting 8-12 April 2002,

http://www-

 HYPERLINK "http://www-pub.iaea.org/MTCD/publications/ResultsPage.asp" \t "_parent" pub.iaea.org/MTCD/publications/ResultsPage.asp
This report addresses GM arthropods that affect both plants and human health. 

Only limited risk assessment criteria in IAEA/FAO report were addressed since not all are applicable because of immobilization of the transposable element to mitigate horizontal gene transfer, biological containment (SIT function), and the resulting short-term presence in the environment.  
In regard to the phenotype of the GM organisms compared to the unmodified organism, many of the phenotypic characteristics considered to have hazard in the IAEA/FAO report are contingent upon some increased biological fitness or horizontal gene transfer (flow) occurring.  However, for the GM-sterile insects of the EIS, biological fitness approaches 0% for sterile males, or sterile males plus females.  For a heritable female lethal system, biological fitness would approach 50% for first generation of a female lethal system, in which all females die, but not males that carry the female lethal gene, but approaches 0% as females disappear. 
Important biological fitness factors become biological performance factors in SIT applications for the following reasons:
• Improved suitability for mass-rearing in large-scale production facilities

• Improved mating effectiveness, competitiveness, and longevity over use of radiation

• Stability of the repressible lethal and marker constructs over multiple generations of mass-rearing
In regard to horizontal gene flow in the EIS, exchange of genetic material between insects of different species and between insects and other organisms may be possible over evolutionary time, but it is not practical to quantify in the laboratory.  The transposable elements (piggyBac) are removed or deactivated in the biotechnology addressed by the EIS to insure against horizontal gene transfer.
The EIS RISK ASSESSMENT conclusions are that the environmental consequences of the preferred alternative were found to have no more adverse environmental impact than the continuation or expansion of present SIT fruit fly and pink bollworm control programs, which use radiation to sterilize insects and include other control and monitoring measures.

The Record of Decision (ROD) for the final EIS was published in the USA Federal Register 7 May 2009, Vol. 74, No. 87 pp 21314-16.  This ROD authorizes the development and use of genetically engineered insects in sterile insect technique applications for USDA APHIS plant pest control programs.  The ROD states that the alternative that involves integration of genetically engineered insects into programs is also the environmentally preferred alternative because the potential environmental impacts of this alternative are minimized by the resulting program improvements and reduced to the extent that genetically engineered insects are incorporated.
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