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Executive Summary

Introduction

The Gene Technology Regulator (the Regulator) has made a decision to issue a licence in respect of licence application DIR 093 from the Commonwealth Scientific and Industrial Research Organisation (CSIRO). The licence authorises dealings involving the limited and controlled release of three lines
 of genetically modified (GM) wheat and one line of GM barley with altered grain starch composition into the environment.

The Gene Technology Act 2000 (the Act), the Gene Technology Regulations 2001 and corresponding state and territory law govern the comprehensive and highly consultative process undertaken by the Gene Technology Regulator (the Regulator) before making a decision whether to issue a licence to deal with a genetically modified organism (GMO). The decision is based upon a Risk Assessment and Risk Management Plan (RARMP) prepared by the Regulator in accordance with the Risk Analysis Framework and finalised following consultation with a wide range of experts, agencies and authorities and the public
.
The application

CSIRO applied for a licence for dealings involving the intentional release of three lines of wheat and one line of barley which have been genetically modified for altered grain starch composition on a limited scale and under controlled conditions. The trial will take place at one site in the Australian Capital Territory (ACT), on a maximum area of 1 hectare per year between July 2009 and June 2012.

The genetic modifications are expected to suppress the function of endogenous genes resulting in altered grain starch composition. Evaluation of glasshouse grown GM wheat and barley lines has shown altered grain starch composition as a result of the genetic modification. This has resulted in grains with a higher resistant starch content which in turn contributes to the total dietary fibre intake. These changes may contribute to enhanced nutritional properties and improve digestive bowel health. The GM wheat and barley lines also contain an antibiotic resistance gene which was used to identify transformed plants during the initial development of the GM plants in the laboratory. 
The purpose of the trial is to evaluate grain properties of the GM wheat and barley lines grown under field conditions. This would involve generating sufficient grain to make flour for laboratory evaluation of how the flour performs in foods. This would then be fed to rats and pigs in laboratory experiments to determine whether altered grain properties change the nutritional value of the GM wheat and barley. Products made from GM wheat may also be consumed by a limited number of volunteers as part of a carefully controlled nutritional study. 

CSIRO proposes a number of controls to restrict the dissemination and persistence of the GM wheat and barley lines and the introduced genetic materials in the environment that have been considered during the evaluation of the application.

Confidential Commercial Information

Some details, including the names of genes expected to alter grain starch composition, the specific phenotypic changes occurring when they are down-regulated and its application, have been declared Confidential Commercial Information (CCI) under section 185 of the Act. The confidential information will be made available to the prescribed experts and agencies that will be consulted on the RARMP for this application.
Risk assessment

The risk assessment took into account information in the application (including proposed containment measures), relevant previous approvals and current scientific knowledge and advice relating to risks to human health and safety and the environment provided in submissions received during consultation on the RARMP. No new risks to people or the environment were identified from the advice received on the consultation RARMP.
A hazard identification process was used in the first instance to determine potential pathways that might lead to harm to people or the environment as a result of gene technology.

Eight events were identified whereby the proposed dealings might give rise to harm to people or the environment. This included consideration of whether, or not, expression of the introduced constructs could result in products that are toxic or allergenic to people or other organisms; alter characteristics that may impact on the spread and persistence of the GM plants; or produce unintended changes in their biochemistry or physiology. The opportunity for gene flow to other organisms and its effects if this occurred were also assessed.

A risk is only identified when a hazard is considered to have some chance of causing harm. Events that do not lead to an adverse outcome, or could not reasonably occur, do not advance in the risk assessment process.

The characterisation of the eight events in relation to both the magnitude and probability of harm, in the context of the control measures proposed by the applicant, did not give rise to any identified risks that required further assessment.

Therefore, any risks of harm to the health and safety of people, or the environment, from the proposed release of the GM wheat and barley lines into the environment are considered to be negligible. Hence, the Regulator considers that the dealings involved in this limited and controlled release do not pose a significant risk to either people or the environment.

Risk management

The risk management process builds upon the risk assessment to determine whether measures are required in order to protect people and/or the environment. As none of the eight events characterised in the risk assessment are considered to give rise to an identified risk that requires further assessment, the level of risk from the proposed dealings is considered to be negligible.

The Regulator's Risk Analysis Framework defines negligible risks as insubstantial, with no present need to invoke actions for their mitigation in the risk management plan. However, conditions are imposed to restrict the dissemination and persistence of the GMOs and their genetic material in the environment and to limit the proposed release to the size, location and duration requested by the applicant as these were important considerations in establishing the context for assessing the risks.

The licence conditions require CSIRO to limit the release to a total area of 1 ha at one site in the ACT between July 2009 and June 2012. The control measures include containment provisions at the trial site; preventing the use of GM plant materials in human food or animal feed, except for rat and pig nutritional experiments, and the human nutritional experiments; destroying GM plant materials not required for further studies; transporting GM plant materials in accordance with the Regulator’s transportation guidelines; and conducting post-harvest monitoring at the trial site to ensure all GMOs are destroyed.

Conclusions of the RARMP

The risk assessment concluded that this proposed limited and controlled release of three GM wheat lines and one GM barley line on a maximum total area of 1 ha over 3 years in the ACT, poses negligible risks to the health and safety of people or the environment as a result of gene technology.

The risk management plan concluded that these negligible risks do not require specific risk treatment measures. However, licence conditions have been imposed to restrict the dissemination and persistence of the GMOs and their genetic material in the environment and to limit the release to the size, location and duration requested by the applicant as these were important considerations in establishing the context for assessing the risks.
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Technical Summary

Introduction

The Gene Technology Regulator (the Regulator) has made a decision to issue a licence in respect of licence application DIR 093 from the Commonwealth Scientific and Industrial Research Organisation (CSIRO). The licence authorises dealings involving the limited and controlled release of three lines of genetically modified (GM) wheat and one line of GM barley with altered grain starch composition into the environment.

The Gene Technology Act 2000 (the Act), the Gene Technology Regulations 2001 and corresponding state and territory law govern the comprehensive and highly consultative process undertaken by the Regulator before making a decision whether to issue a licence to deal with a genetically modified organism (GMO). The decision is based upon a Risk Assessment and Risk Management Plan (RARMP) prepared by the Regulator in accordance with the Risk Analysis Framework and finalised following consultation with a wide range of experts, agencies and authorities and the public
.

The application

CSIRO applied for a licence for dealings involving the intentional release of three lines
 of wheat (Triticum aestivum L.) and one line of barley (Hordeum vulgare L.) which have been genetically modified for altered grain starch composition on a limited scale and under controlled conditions. The trial is will to take place at one site in the Australian Capital Territory (ACT), on a maximum area of 1 hectare per year between July 2009 and June 2012.

The purpose of the trial is to evaluate grain properties of the GM wheat and barley lines grown under field conditions. This would involve generating sufficient grain to make flour for laboratory evaluation of how the flour performs in foods, and to feed to rats and pigs in laboratory experiments to determine whether altered grain properties change the nutritional value of the GM wheat and barley. Products made from GM wheat may also be consumed by a limited number of people as part of a carefully controlled nutritional study.
The GM wheat and barley lines contain a construct with partial sequences of genes involved in starch biosynthesis. The gene construct containing the partial gene sequences is designed to suppress expression of specific genes through a mechanism known as RNA interference (RNAi). Expression of the RNAi construct in the GM lines leads to altered starch composition by suppression of the starch enzyme (SE) I gene in the wheat lines and suppression of the SE I and SE II genes in the barley line. Transcription of the partial gene sequences is regulated by a grain specific promoter derived from wheat. The GM wheat lines also contain the nptII gene which provides resistance to antibiotics such as kanamycin. The GM barley line contains the hpt gene which provides resistance to the antibiotic hygromycin B.

Evaluation of glasshouse grown GM wheat and barley lines has shown altered grain starch composition as a result of the genetic modification. This results in grains with increased resistant starch content which in turn contributes to the total dietary fibre intake. These changes may contribute to enhanced nutritional properties and improve digestive bowel health. 

Short regulatory sequences that control expression of the genes are also present in the GM wheat and barley. These are derived from wheat, rice, Cauliflower mosaic virus (CaMV) and Agrobacterium tumefaciens (a common soil bacterium). Although some of these sequences are derived from plant pathogens (A. tumefaciens and CaMV), the regulatory sequences comprise only a small part of the pathogen’s total genome, and are not in themselves capable of causing disease.
CSIRO proposed a number of controls to restrict the dissemination and persistence of the GM wheat and barley lines and their genetic material into the environment. These controls have been considered during the evaluation of the application.

Confidential Commercial Information

Some details, including the names of genes expected to alter grain starch composition, the specific phenotypic changes occurring when they are down-regulated and its application, have been declared Confidential Commercial Information (CCI) under section 185 of the Act. The confidential information will be made available to the prescribed experts and agencies that will be consulted on the RARMP for this application.
Risk assessment

The risk assessment considered information in the application, relevant previous approvals, current scientific knowledge, and issues relating to risks to human health and safety and the environment raised in submissions on the application received from consultation with a wide range of prescribed experts, agencies and authorities (included in Appendix B of the RARMP) as well as the public (included in Appendix C of the RARMP).

The reference documents, The Biology of Triticum aestivum L. em Thell (Bread Wheat) and The Biology of Hordeum vulgare L. (Barley), were produced by the OGTR to inform the risk assessment process for licence applications involving GM wheat and/or barley plants. The documents are available from the OGTR or from the website <http://www.ogtr.gov.au>.

The risk assessment begins with a hazard identification process to consider what harm to the health and safety of people or the environment could arise during this release of GMOs. The risk assessment considers what harm might arise from the genetic modification, how it might occur, how it compares to the non-GM parent organism and the context of the proposed receiving environment.
Eight events were identified whereby the proposed dealings might give rise to harm to people or the environment. This included consideration of whether, or not, expression of the introduced RNAi construct could result in products that are toxic or allergenic to people or other organisms; alter characteristics that may impact on the spread and persistence of the GM plants; or produce unintended changes in their biochemistry or physiology. The opportunity for gene flow to and from other organisms and the effects, if this occurred was also assessed.

A risk is only identified when a hazard is considered to have some chance of causing harm. Events that do not lead to an adverse outcome, or could not reasonably occur, do not represent an identified risk and do not advance any further in the risk assessment process.

The characterisation of the eight events in relation to both the magnitude and probability of harm, in the context of the control measures proposed by the applicant, did not give rise to any identified risks that required further assessment. The principal reasons for this include:

· limits on the size, location and duration of the release proposed by CSIRO

· suitability of controls proposed by CSIRO to restrict the dissemination and persistence of the GM wheat and barley plants and their genetic material

· limited ability and opportunity for the GM wheat and barley lines to transfer the introduced RNAi constructs to commercial wheat and/or barley or other sexually related species outside the site

· widespread presence of the same partial gene sequences contained within the RNAi constructs in the environment and lack of known toxicity or evidence of harm from the components they impact on.

· none of the GM plant materials or products will be used for general consumption in human food or animal feed.
Therefore, any risks of harm to the health and safety of people, or the environment, from the proposed release of the GM wheat and barley into the environment are considered to be negligible. Hence, the Regulator considers that the dealings involved in this proposed release do not pose a significant risk to either people or the environment
.

Risk management

The risk management process builds upon the risk assessment to determine whether measures are required in order to protect people and/or the environment. As none of the eight events characterised in the risk assessment are considered to give rise to an identified risk that requires further assessment, the level of risk is considered to be negligible.

The Regulator's Risk Analysis Framework defines negligible risks as insubstantial, with no present need to invoke actions for their mitigation in the risk management plan. However, conditions have been imposed to restrict the dissemination and persistence of the GMOs and their genetic material in the environment and to limit the proposed release to the size, location and duration requested by the applicant as these were important considerations in establishing the context for assessing the risks.

Licence conditions to manage this limited and controlled release
The Regulator has imposed a number of licence conditions including requirements to:

· conduct the release on a total area of up to 1 ha at one site in the ACT, between July 2009 and June 2012

· locate the trial site at least 50 m away from natural waterways

· enclose the trial site with a 1.8 m high livestock-proof fence with lockable gates

· establish a 10 m monitoring zone around the trial site that is free of any related species and is maintained in a manner that does not attract or harbour mice, and conduct mice baiting and/or trapping in and around each trial site

· maintain an isolation zone of at least 200 m around each trial site free of any sexually compatible species, with the exception of other GM wheat and barley lines approved for release by the Regulator

· separate the GM wheat and barely trial from any other GM wheat or barley trial by at least 4 m 

· harvest the GM wheat and barley plant material separately from other crops 

· apply measures to promote germination of any wheat or barley seeds that may be present in the soil after harvest, including three irrigation cycles, with the last irrigation occurring during the final 6 months of the monitoring period

· monitor the site for at least 24 months after harvest and destroy any wheat and barely plants that may grow until no volunteers are detected for a continuous 6 month period
· harvesting of the GM wheat and/or barley may only be undertaken by a small hand held mechanical single row harvester or by hand harvesting

· cleaning of the harvester must occur between harvesting of different GMOs

· clean the sites, buffer zones and equipment used on the sites following harvest

· contain, transport and store material from the GMOs in accordance with Regulator’s  guidelines

· nutritional studies involving human volunteers may not commence until endorsed a human research ethics committee 

· destroy all GM plant material not required for further analysis or future trials

· not allowing the GM plant materials or products to be used for human food or animal feed, with the exception of the nutritional studies from which no material will enter the commercial human or animal food supply.

The Regulator has issued guidelines and policies for the transport, supply and storage of GMOs (Guidelines for the transport of GMOs, Policy on transport and supply of GMOs). Licence conditions based on these guidelines and policies have also been imposed to control possession, use or disposal of the GMOs for the purposes of, or in the course of, the authorised dealings.

Other regulatory considerations

Australia's gene technology regulatory system operates as part of an integrated legislative framework that avoids duplication and enhances coordinated decision making. Dealings conducted under a licence issued by the Regulator may also be subject to regulation by other agencies that also regulate GMOs or GM products including Food Standard Australia New Zealand (FSANZ), Australian Pesticides and Veterinary Medicines Authority (APVMA), Therapeutic Goods Administration (TGA), National Industrial Chemicals Notification and Assessment Scheme (NICNAS) and Australian Quarantine Inspection Service (AQIS)
.

FSANZ is responsible for human food safety assessment, including GM food. As the trial involves early stage research, the applicant does not intend any material from the GM wheat and barley lines proposed for release to be traded as human food. Accordingly, the applicant has not applied to FSANZ to evaluate the GM wheat lines. FSANZ approval would need to be obtained before they could be sold for human food in Australia. 

Identification of issues to be addressed for future releases

Additional information has been identified that may be required to assess an application for a large scale or commercial release of the GM wheat and/or GM barley lines, or to justify a reduction in containment conditions. This would include:

· additional data on the potential toxicity and allergenicity of plant materials from the GM wheat and barley lines 

· additional data in relation to the specificity of the endosperm specific promoter

· additional data on compositional analyses including any potential changes to anti-nutrient levels

· weediness of the GM wheat and barley under Australian field conditions, including invasiveness, enhanced reproductive capacities and enhanced seed survival

· additional data on gene transfer to non-GM wheat and barley. 

Suitability of the applicant

The previous Regulator determined, at the commencement of the assessment process for this application, that CSIRO is suitable to hold a DIR licence under the requirement of section 58 of the Act. The Regulator is satisfied that CSIRO remains suitable as no relevant convictions have been recorded, no licence or permits have been cancelled or suspended under laws relating to the health and safety of people or the environment. 

Conclusions of the RARMP

The risk assessment concluded that this proposed limited and controlled release of three GM wheat lines and one GM barley line on a maximum total area of 1 ha over 3 years in the ACT, poses negligible risks to the health and safety of people or the environment as a result of gene technology.

The risk management plan concluded that these negligible risks do not require specific risk treatment measures. However, licence conditions have been imposed to restrict the dissemination and persistence of the GMOs and their genetic material in the environment and to limit the release to the size, location and duration requested by the applicant as these were important considerations in establishing the context for assessing the risks.

Chapter 1 Risk assessment context

Section 1 Background

1. This chapter describes the parameters within which risks that may be posed to the health and safety of people or the environment by the proposed release are assessed. These include the scope and boundaries for the evaluation process required by the gene technology legislation
, details of the intended dealings, the genetically modified organism(s) (GMO(s)) and parent organism(s), previous approvals and releases of the same or similar GMO(s) in Australia or overseas, environmental considerations and relevant agricultural practices. The parameters for the risk assessment context are summarised in Figure 1.
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Figure 1.
Components of the context considered during the preparation of the risk assessment

2. For this application, establishing the risk assessment context includes consideration of:

· the legislative requirements (Section 2)

· the risk assessment methodology

· the proposed dealings (Section 3)

· the parent organism (Section 4)

· the GMOs, nature and effect of the genetic modification (Section 5)
· the receiving environment (Section 6)

· previous releases of these or other GMOs relevant to this application (Section 7).

Section 2 The legislative requirements

3. Sections 50, 50A and 51 of the Gene Technology Act 2000 (the Act) outline the matters which the Gene Technology Regulator (the Regulator) must take into account, and with whom he must consult, in preparing the Risk Assessment and Risk Management Plans (RARMPs) that form the basis of decisions on licence applications. In addition, the Gene Technology Regulations 2001 (the Regulations) outline matters the Regulator must consider when preparing a RARMP.

4. In accordance with section 50A of the Act, the Regulator has considered information provided in the application and is satisfied that its principal purpose is to enable the applicant to conduct experiments. In addition, limits have been imposed on the size, location and duration of the release and controls have been proposed by the applicant to restrict the dissemination and persistence of the GMOs and their genetic material in the environment. Those limits and controls are such that the Regulator considered it appropriate not to seek the advice referred to in subsection 50(3) of the Act. Therefore, this application is considered to be a limited and controlled release and the Regulator has prepared a RARMP for this application.

5. Section 52 of the Act requires the Regulator to seek comment on the RARMP from the States and Territories, the Gene Technology Technical Advisory Committee (GTTAC), Commonwealth authorities or agencies prescribed in the Regulations, the Minister for the Environment, local council(s) where the release is proposed to take place, and the public.

6. Section 52(2)(ba) of the Act requires the Regulator to decide whether one or more of the proposed dealings may pose a ‘significant risk’ to the health and safety of people or to the environment, which then determines the length of the consultation period as specified in section 52(2)(d). The advice from the prescribed experts, agencies and authorities and how it was taken into account is summarised in Appendix B. Two submissions were received from the public and their consideration is summarised in Appendix C.

Section 3 The proposed release

3.1 The proposed dealings

7. The Commonwealth Scientific and Industrial Research Organisation (CSIRO) proposes to intentionally release three genetically modified (GM) wheat lines
 and one GM barley line into the environment under limited and controlled conditions.

8. The dealings involved in the proposed intentional release would include: 

· propagating, growing, raising or culturing the GMOs

· conducting experiments with the GMOs 

· transporting the GMOs

· disposing of the GMOs

· use the GMOs in the course of manufacture of a thing that is not a GMO.
The dealings would also include the possession, supply or use of the GMOs for the purposes of, or in the course of, a dealing mentioned in any of the dealings mentioned above. Those dealings are detailed further throughout the remainder of the current Chapter. 

9. Some details, including the names of genes expected to alter grain starch composition, the precise function of the gene product and its application, have been declared Confidential Commercial Information (CCI) under section 185 of the Act. The confidential information will be made available to the prescribed experts and agencies that will be consulted on the RARMP for this application.
3.2 The proposed activities

10. The applicant has stated that the purpose of the trial is to conduct experiments to evaluate the modified traits of the GM wheat and barley lines under field conditions. This would involve generating sufficient grain to make flour for laboratory evaluation of how the flour performs in foods, and to feed to rats and pigs in laboratory experiments to determine whether altered grain properties change the nutritional value of the GM wheat and barley. Products made from GM wheat may also be consumed by a limited number of volunteers as part of a carefully controlled nutritional study. Some grains would be collected and retained for analysis and possible future trials, subject to further approval(s). Plant materials from the GM wheat and barley will not enter the commercial human food or animal feed supplies.

11. The GM wheat and barley plants would be grown between July 2009 and June 2012. The trial would be carried out in three stages. In the first stage GM wheat and barley grains would be planted, allowed to establish and assessed to ascertain whether the altered grain starch composition observed in glasshouse experiments is maintained in the GM lines when grown under field conditions. The resulting seed would be harvested and any seed not retained for future trials or experiments would be destroyed.

12. Grains from four different types of wheat would be planted, including the three GM lines and the non‑GM variety NB1. Two types of barley would be planted including one GM line and the non-GM variety Golden Promise. It is proposed that two other trials, one of GM wheat and another of GM wheat and barley, take place on the same site. The trial site would be divided into an array of three separate experimental plots, each with their own buffer rows of non-GM wheat. 

13. In stage 2 the aim is to produce sufficient grain to make flour to enable the assessment of the impact of the genetic modifications on grain composition and dough quality.

14. In stage 3 the aim is to produce sufficient material to assess the effect of the compositional changes in the wheat and barley grains on their nutritional value using both in vitro and in vivo experiments including controlled nutritional trials with GM wheat and barley products in rats and pigs.  Products made from GM wheat may also be consumed by a small group of volunteers as part of a carefully controlled nutritional study. No material from this trial will enter the commercial market for either human food or animal feed.
15. After each harvest any GM wheat and/or barley plants remaining on the trial site would be destroyed by the application of herbicide. Any remaining plant material not required for further experiments would be destroyed.
Nutritional studies

16. Prior to commencement of the above mentioned nutritional studies, an Animal Ethics Committee and Human Research Ethics Committee would also be required to review and approve the research proposals in accordance with the The National Statement on Ethical Conduct in Human Research (2007) to ensure that they are conducted ethically and in accordance with relevant standards and guidelines prior to commencement of the trials (NHMRC 2008). 

17. Compositional analysis will be conducted on a subset of the harvested grains to confirm product purity and identity before commencement of the nutritional studies.

18. The proposed rat and pig studies, see Table 1, will be conducted with all the GM wheat and barley lines and their non-GM counterpart. The purpose of the studies is to evaluate the effects of the GM flour on indicators of bowel health. If successful, these will be followed by a nutritional study involving products from the GM wheat with human volunteers (Table 1). The material fed to the animals will be in the form of white or wholemeal flour obtained from milled grains; no whole grains will be used in these animal studies. Previous studies have shown that pigs are a good model for human fibre metabolism (Graham & Aman 1982). 

19. The rat nutritional studies will be conducted at CSIRO premises in Adelaide, South Australia. The pig nutritional trial will be conducted utilising contracted services and facilities at the Victorian Institute of Animal Science (Werribee) or Queensland Department of Primary Industries and Fisheries (Gatton). CSIRO staff will supervise the trials under the auspices of the CSIRO Human Nutrition Animal Ethics Committee.

20. The applicant states that the nutritional studies involving people will be conducted with a healthy group of volunteers and will involve three separate trials as outlined in Table 1. 
Table 1. Estimated treatment time, number of animals/volunteers and material required for the proposed nutritional studies

	Study
	Study type
	Treatment period duration (days)
	Number of animals or volunteers/ treatment group
	Genetically modified wholemeal flour required (kg)

	Rat
	Bowel health
	28
	10
	8.4

	Pig
	Bowel health
	28
	8
	336

	Human   
	Trial 1
	1
	16
	1.0

	   
	Trial 2
	1
	8
	0.4

	   
	Trial 3
	28
	20
	56.0


21. The consumption of products containing the GM wheat by volunteers as part of the nutritional studies will be conducted under the auspices of a Human Nutrition Research Ethics Committee.
3.3 The proposed limits of the release

22. The applicant proposes to limit the release to one site at a research facility in the Australian Capital Territory (ACT) on a total area of 1 hectare. The release is proposed to occur between July 2009 and June 2012. 

3.4  The proposed controls to restrict the dissemination and persistence of the GMOs and their genetic material in the environment 

23. The applicant has proposed a number of controls to restrict the dissemination and persistence of the GM wheat and barley lines and their introduced genetic material in the environment including:

· locating the trial site approximately 1 km away from natural waterways

· restricting animal access by surrounding the trial with a fence, consisting of a deer mesh fence to 1.8 m with 2 strands of barbed wire, mouse baiting the perimeter of the fence and covering the GMOs with bird-netting

· locating the trial site at least 200 m from all other wheat and barley plantings with the exception of other GM trials, and at least 500 m from other wheat and barley breeding lines

· minimising gene flow to the surrounding GM wheat and barley with a 2 m wide buffer of non-GM wheat and preventing related species in the area from flowering at the same time as the GMOs 

· grazing of the area immediately surrounding a 10 m herbicide-treated zone 
· promoting the germination of any residual seed following harvest through three monthly irrigation cycles and destroying any volunteer wheat or barley with herbicide

· post harvest monitoring of the trial site for 24 months or until the site has been clear of volunteers for one growing season and destroying any volunteer wheat and/or barley with herbicide

· destroying all plant material from the trial not required for testing or future trials

· transporting and storing of the GMO in accordance with Regulator’s guidelines
· not allowing the GM plant materials or products to be used for human food or animal feed, with the exception of the above mentioned laboratory experiments from which no material will enter the commercial human or animal food supply.
These controls, and the limits outlined in Section 3.3, have been taken into account in establishing the risk assessment context (this chapter), and their suitability for restricting the proposed release is evaluated in Chapter 3. A diagram of the site layout is given in Figure 2.
Section 4 The parent organisms

24. The parent organisms are bread wheat (Triticum aestivum L. em Thell) and barley (Hordeum vulgare L.), both are exotic to Australia. Further detailed information about the parent organisms is contained in the reference documents, The Biology of Triticum aestivum L. em Thell (Bread Wheat) and The Biology of  Hordeum vulgare L. (Barley), that were produced to inform the risk assessment process for licence applications involving GM wheat and barley plants (OGTR 2008a; OGTR 2008b). The documents are available from the OGTR or from the website <http://www.ogtr.gov.au>.

25. Commercial wheat and barley cultivation occurs in the wheat belt from south eastern Queensland through New South Wales, Victoria, southern South Australia and southern Western Australia (OGTR 2008b). A small amount of barley is also grown in Tasmania (OGTR 2008a).

26. The parent wheat cultivar is NB1, a hexaploid species. The GM wheat lines were generated through transformation of cultivar NB1. NB1 is a UK variety not grown commercially in Australia.

27. The GM wheat line 85.2c has NB1 as the parent.

28. T he GM wheat line 212 has NB1 and a SEIII triple null
 mutant as parental lines. This latter line was derived through hybridisation of the three wheat cultivars; Cadoux (noodle wheat), Vectis (soft biscuit wheat) and a chromosome engineered line of Chinese Spring, CS7AL-15.
29. The GM wheat line YDH7 has NB1 and a SEIV  triple null mutant wheat as parental lines, the latter line was derived through hybridisation between three wheat lines; Kanto 79, Chousen 30 and Turkey 116, as a parental line.
30. The parental barley variety is Golden Promise, a diploid species and is a two-row, malting, spring variety. ‘Golden Promise’ is not grown commercially in Australia but is commonly used in genetic modification work. 

Section 5 The GMOs, nature and effect of the genetic modification

5.1 Introduction to the GMOs

31. The GM wheat lines contain partial sequences of the SEI gene (details of which are CCI) and the GM barley line contains partial sequences of the SEI and SEII genes (details of which are CCI), which are both involved in starch biosynthesis. The partial gene sequences are part of RNA interference (RNAi) constructs used to genetically modify wheat and barley (see Section 5.3, this Chapter for more detailed information). The RNAi constructs were designed to down-regulate or silence endogenous wheat or barley genes involved in starch biosynthesis. Evaluation of the GM wheat and barley lines in contained facilities has shown altered grain starch composition as a result of the genetic modification. Background information on grain starch and its synthesis is found in Section 5.2 of this Chapter. 

The GM wheat and barley lines

32. All the wheat and barley lines proposed for release have been genetically modified to produce grains with altered grain starch composition compared to their non-GM parent lines. A summary of the genes or partial genes contained within the introduced construct is in Table 2.
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Diagram of some of the proposed containment measures (not drawn to scale). The diagram is based on the first year planting regime.
33. The GM wheat line 85.2c contains partial sequences of the SEI gene in a genetic background of NB1.

34. The wheat line 50.1b which itself is not proposed for release in this trial, was generated as a parental line for the two other GM wheat lines proposed for release. The 50.1b line contains partial sequences of the SEI gene in a genetic background of NB1. The applicant has indicated that the 85.2c and 50.1b lines exhibit the same phenotype.

35. The GM wheat line 212 was generated by crossing line 50.1b with a SEIII (details of which are CCI) triple null.

36. Similarly, the GM wheat line YDH7 was generated by crossing line 50.1b with a SEIV (details of which are CCI) triple null.
37. The GM barley line BC10.5 contains partial sequences of both the SEI and SEII genes. This line was generated through the hybridisation of parental lines containing each of the SEI or SEII constructs. Both parental lines containing the individual constructs are in a genetic background of Golden Promise.
Table 2. The genes or partial genes used to modify wheat and barley.
	Gene sequences
	Accession No (Genbank)
	Protein encoded
	Protein involved in


	Source
	Intended purpose

	SEI (partial sequences)
	-
	Starch Enzyme I
	Starch biosynthesis
	Wheat
	Altered starch composition

	SEII (partial sequences)
	-
	Starch Enzyme II
	Starch biosynthesis
	Wheat
	Altered starch composition

	nptII
	AAF65403
	neomycin phosphotransferase type II
	kanamycin and neomycin resistance
	Escherichia coli
	Selection of transformants

	hpt
	AAA92252
	aminocyclitol phosphotransferase
	hygromycin resistance
	Escherichia coli
	Selection of transformants


38. The GM wheat lines also contains the antibiotic resistance selectable marker gene, neomycin phosphotransferase type II (nptII). The GM barley line contains the antibiotic resistance gene hygromycin phosphotransferase (hpt), details of these genes are in Sections 5.3.4 and 5.3.5.
5.2 Background on grain starch and its synthesis

Starch and its function

39. Starch synthesis is highly conserved in plants and has a crucial role in plant physiology and reproduction (Dinges et al. 2001). Starch serves as the main storage carbohydrate in plants and is synthesised in different tissues within the plant such as in the chloroplast of leaves and in the amyloplast of storage tissues such as cereal seeds and tuberous tissue (Boyer 1996; Smith 2007). 

40. Starch has been an important food component for humans and as a feed source for animals for centuries. The composition of starch plays an important role in determining the nutritional quality and physical properties of food products derived from cereal grains. The synthesis of starch and products derived from it, have been described extensively in the scientific literature and has been covered in various reviews [see for example James et al (2003) Ball and Morell (2004), Jobling (2004), Tetlow et al (2004a) and Van Hung et al (2006)].
41. In humans, starch is digested extensively in the small intestine and the resulting glucose is released into the blood stream and thus available as an energy source. Resistant starch (RS) is the component of starch that escapes digestion in the small intestine and passes into the large bowel. Resistant starch also contributes to total dietary fibre intake. However, the level of resistant starch in the diet of the general public is low, people in Australia only consume 10-20 % of the recommended daily intake. The lack of RS in the human diet is thought to contribute to the high rates of diet related diseases such as diabetes and colo-rectal cancer (Bird et al. 2000; CSIRO 2008). There are different types of resistant starch and they are present naturally at varying levels in a number of foods. The physical properties of RS have been made use of in the food industry, reviewed by Sijita et al (2006).
The starch biosynthetic pathway

42. Starch biosynthesis occurs in all higher plants; in cereals it occurs mainly in storage tissues such as the grain but also in the leaves (Boyer 1996). Transient starch produced during the day is used as a subsequent carbon source during non-light periods while starch synthesised in the storage tissues such as the cereal grains are produced for longer term carbohydrate storage (Tetlow et al. 2004a). Starch generally makes up approximately 65% of the wheat kernel (Hannah 2007).

43. Starch is an insoluble polymer made up of two D-glucose homopolymers; amylopectin and amylose. The amylopectin component of starch is approximately 70-80% with amylose making up the remaining 20-30%. Mutations in the biosynthesis pathway of either amylose or amylopectin can lead to the production of different ratios of amylose to amylopectin (Ball et al. 1996; Myers et al. 2000; Jobling 2004; Van Hung et al. 2006). 

44. Amylopectin is a molecule with a high degree of structural organisation, it is made up of glucose molecules, ranging between 3x105 and 3x106 glucose units, joined via -1-4 linkages generating linear chains of various lengths. In addition it has random -1-6 branch points catalysed by starch branching enzymes (Myers et al. 2000; James et al. 2003; Van Hung et al. 2006).
45. Amylose is essentially a linear molecule made up of glucose molecules, ranging between 500-6000 glucose units, joined through -1-4 linkages, it can also contain a small number of -1-6 branches (Myers et al. 2000; James et al. 2003; Van Hung et al. 2006). 
46. The synthesis of starch in the cereal endosperm involves three main classes of enzymes; the starch branching enzymes (SBE), starch synthases (SS) and starch debranching enzymes. In cereals some isoforms
 of these enzymes are unique to the endosperm (Ball et al. 1996; Myers et al. 2000). Figure 3 provides a diagram of the starch biosynthetic pathway in the cereal endosperm.
Starch branching enzymes 

47. Starch branching enzymes (SBE) form the branches on the linear chain of glucose molecules by generating -1-6 linkages through cleavage of -1-4 linkages.

[image: image4]Figure 3.
A simplified diagram of starch synthesis in the amyloplast. Adapted from (Dupont 2008).
48. The co-ordination of branching, de-branching and starch synthases activity required for starch synthesis appears to be modulated through the physical association of these enzymes within the amyloplast. Such physical association of enzymes involved in the starch biosynthetic pathway have recently been established and could explain some of the pleiotropic effects observed as a result of the analysis of mutants in this pathway (Tetlow et al. 2004a; Hennen-Bierwagen et al. 2008). 
Starch synthases 

49. The cereal endosperm has at least five isoforms of starch synthases, grouped according to their sequence conservation. These isoforms have a distinctive function in the synthesis of amylopectin (Ball & Morell 2004). A granular bound form, GBSSI has a role in amylose elongation (Nakamura et al. 1995).

50. Starch synthases use ADP-glucose (ADPG) to elongate linear chains by transferring the glucose moiety from ADGP to form -1-4 linkages. ADGP is synthesised from glucose-1-phosphate and ATP by another important enzyme of the starch synthesis pathway adenosine 5'-diphosphate pyrophosphorylase (AGPase). ADPase is thought to be a rate limiting enzyme in starch biosynthesis (Stark et al. 1992; Hannah 2007).

Starch debranching enzymes
51. In addition to starch synthases and branching enzymes, debranching enzymes have also been indicated to play a role in starch synthesis. In plants two debranching types have been identified, the pullunases and isoamylases. Both enzyme types hydrolyse -1-6 linkages but have different substrate specificities (Tetlow et al. 2004a).
5.3 The introduced constructs and associated end products
52. Wheat and barley were genetically modified using the SEI RNAi construct. This construct contains a tandem repeat of a partial sequence of the SEI gene. The partial sequences are arranged in opposite orientation (sense and anti-sense) and are separated by intron 3, also derived from the SEI gene. Expression is driven by the wheat derived Dx5 high molecular weight glutenin promoter (pHMWG) which is endosperm specific (Blechl & Anderson 1996). The termination sequence for the construct was derived from the nos gene from A. tumefaciens. The nptII gene is also present in this construct. The nptII gene expression is driven by the actin promoter from rice and has the nos termination sequence. The RNAi construct is flanked on either side by the left and right border sequences from A. tumefaciens.  A small sequence from exon 4 from SEI is also present as a result of the cloning procedure. 
53. Barley was also genetically modified using the SEII RNAi construct in addition to the SEI construct. The basic design of the SEII construct is similar in to the SEI RNAi construct except that the partial gene sequences and the intron 3 separating them were derived from the SEII gene. Expression of the construct is again driven by the Dx5 promoter and the nos termination sequence from A. tumefaciens. The SEII construct also contains the hpt gene which has the Cauliflower mosaic virus (35S) promoter and nos termination sequence. As above, the RNAi construct is flanked by the left and right borders from A. tumefaciens. A small sequence from exon 4 from SEII is also present as a result of the cloning procedure.
54. Transcription of the introduced RNAi construct will generate messenger RNA (mRNA) from the tandem unit (sense) and its complimentary inverted repeat (antisense). The annealing of the sense and anti-sense mRNAs produces a double stranded RNA (dsRNA) of which the intron is spliced out. The presence of a double stranded RNA triggers a conserved biological response to dsRNA; it is cut into small fragments of 21-25 base pairs. These small fragments guide specific enzymes to any RNA that has the same or closely similar sequence which they cleave and subsequently degrade (Ahlquist 2002). This is known as RNA interference (RNAi) and leads to the down-regulation of the targeted gene(s) (Hannon 2002). Degradation of the mRNA therefore prevents production of the targeted protein. The use of an intron between the inverted repeats has been shown to enhance RNAi silencing (Smith et al. 2002).

5.3.1 The genes encoding the starch branching enzymes SEI and SEII
55. The SEI and SEII genes were isolated from the wheat Aegilops tauschii (donor of the D genome in wheat) and Triticum aestivum, respectively.
56. The naturally occurring SEI and the SEII genes share 86% homology at the protein level and differ mainly at the amino terminus of the protein. This difference has been utilised to generate isoform specific anti-sera to these proteins.
57. The SEI sequences from wheat and barley share 98 % sequence homology at the protein level. The SEII sequences from wheat and barley share 95% homology at the protein level (National Center for Biotechnology Information 2001).
5.3.2 The effects associated with the introduced RNAi constructs for altered starch composition

58. The aim of the genetic modification is to suppress the expression of the corresponding endogenous genes. This is achieved through the incorporation of partial sequences of the target genes in the genetic construct and as such no new proteins are produced by the GM wheat and GM barley lines. Suppression of endogenous genes in the GM wheat and GM barley does not change the types of starches found in grains but alters starch composition of the grain. There is evidence in the literature that changes to the expression of the SEI and/or SEII genes can alter starch composition which in turn may enhance the nutritional properties of starch such as a higher resistant starch content. Resistant starch is the fraction of starch that remains undigested in the small intestine and, as a result the rate at which glucose enters the blood stream is reduced. 
59. A change in the composition of starch can also have profound effects on starch physical properties and thus alter flour and dough properties. This can result in flour products with unique qualities that allow for new uses in food and also in other non‑food related applications (Van Hung et al. 2006). For example, low amylose flours are seen as beneficial in the pasta and noodle industry as they result in the production of a higher quality product with better texture. In frozen foods its use is seen as beneficial in improving freeze-thaw stability and preserving flavour (Jobling 2004). More detail on the effects of altered starch composition on flour properties can be found in reviews by Jobling (2004) and Van Hung (2006). 
5.3.3 Toxicity/allergenicity of the end products associated with the introduced RNAi construct for altered starch composition 
60. Bioinformatic analysis may assist in the assessment process by predicting, on a purely theoretical basis, the toxic or allergenic potential of a protein. The results of such analyses are not definitive and should be used only to identify those proteins requiring more rigorous testing (Goodman et al. 2008).

61. No toxicity/allergenicity tests have been performed on the GM wheat or barley as the proposed trial is still at an early stage. Such tests would have to be conducted if approval was sought for the GMOs, or products derived from the GMOs, to be considered for general human consumption in Australia.
62.  Based on consumption of cereals and other foods with altered starch composition, the changes in starch composition observed in the GM lines proposed for release are unlikely to be detrimental to human health. For example, rice has a number of naturally occurring varieties which have been consumed by humans for centuries. These different varieties have different starch composition which also results in different physical characteristics of the rice (Brand Miller et al. 1992).
5.3.4 The antibiotic resistance gene nptII and the encoded protein

63. The GM wheat lines contain the antibiotic resistance gene, neomycin phosphotransferase type II (nptII). This gene, encoding the enzyme neomycin phosphotransferase, was derived from E. coli and confers resistance on the GM plant to antibiotics such as kanamycin or neomycin. The nptII gene was used as a selective marker to identify transformed plant tissue during initial development in the laboratory of the GM wheat lines.

64. The nptII gene is used extensively as a selectable marker in the production of GM plants (Miki & McHugh 2004). As discussed in more detail in the RARMPs for DIR 070/2006 and DIR 074/2007 (available at <http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/dir070-2006> and <http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/dir074-2007> or by contacting the OGTR), regulatory agencies in Australia and in other countries have assessed the use of the nptII gene in GMOs as not posing a risk to human or animal health or to the environment. The most recent international evaluation of nptII in terms of human safety was by the European Food Safety Authority, which concluded that the use of the nptII gene as a selectable marker in GM plants (and derived food or feed) does not pose a risk to human or animal health or to the environment (EFSA 2007).
5.3.5 The antibiotic resistance gene hpt and the encoded protein
65. The GM barley line contains the hpt gene from E. coli which encodes an aminocyclitol phosphotransferase and confers resistance to the antibiotic hygromycin B. 
66. The HPT enzyme catalyses the phosphorylation of the 4‑hydroxy group on the hyosamine moiety, thereby inactivating hygromycin (Rao et al. 1983) and preventing it from killing cells producing HPT. The hpt gene was used as a selectable marker gene in the early laboratory stages of development of the plants to enable selection of plant cells containing the desired genetic modification.

67. The hpt gene is used extensively as a selectable marker in the production of GM plants (Miki & McHugh 2004). As discussed in the RARMP for DIR 073/2007 and more recently DIR 077/2007, the use of hpt, or other hygromyin B phosphotransferase encoding genes, as marker genes in GM plants has been assessed as not posing a risk to human health and safety or the environment. The HPT protein is easily digested by simulated gastric juices and the amino acid sequence contains no similarities to known allergens (Lu et al. 2007). The European Food Safety Authority concluded that inclusion of the hpt gene in GM plants would not significantly affect the health of humans or animals (EFSA 2004).
5.4 The regulatory sequences

5.4.1 Regulatory sequences for expression of the partial gene sequences for SEI and SEII 
68. Promoters are DNA sequences that are required to allow RNA polymerase to bind and initiate correct transcription. The SEI and SEII partial gene sequences present in the GM wheat and barley are under the control of the endosperm specific high molecular weight glutenin promoter (HMWG-Dx5) obtained from wheat (Blechl & Anderson 1996).

69. The applicant has not tested plant tissues other than the endosperm to confirm that expression of the partial genes in the RNAi construct is indeed confined to the endosperm. However, the applicant has performed in silico analysis of expression patterns of the Dx5 promoter using information deposited in the wheat EST (expressed sequence tag) database of Gene Index Project (Computational Biology and Functional genomics Laboratory 2008) and the Dx5 unigene set at NCBI (NCBI 2009). These databases contain cDNA libraries which have been derived from all tissues of wheat. Out of a total of 1,034,368 ESTs, the ESTs derived from the Dx5 gene were only identified in developing heads or endosperm derived cDNA libraries. In the NCBI Unigene set for Dx5, transcripts were identified in developing heads or endosperm derived libraries. One transcript was identified in a library from an unspecified origin. Overall these analyses indicate that expression driven from the Dx5 promoter is confined to the endosperm.
70. Also required for gene expression in plants is an mRNA termination region, including a polyadenylation signal. The mRNA termination region for the SEI and SEII genes in the GM wheat and barley is derived from the nos gene from A. tumefaciens.
5.4.2 Regulatory sequences for the expression of the nptII and hpt gene

71. Expression of the nptII gene in GM wheat plants is controlled by the actin gene promoter from rice and the nos gene mRNA termination region from A. tumefaciens (Bevan 1984). Expression of the hpt gene in GM barley plants is controlled by the Cauliflower mosaic virus (CaMV) 35S promoter and the nos gene from A. tumefaciens (Bevan 1984).
5.5 Method of genetic modification

72. The GM wheat lines 85.2c and 50.1b (the parent line for the proposed lines 212 and YDH7, see below) were generated by A. tumefaciens-mediated transformation. The pSB11 vector which contained the SEI RNAi construct was co-electroporated with the vir plasmid pAL4404 into the disarmed A. tumefaciens strain LBA4404. The Agrobacterium was then injected under the scutellum of developing wheat embryos of the NB1 cultivar. The developing embryos were excised after a few days and transferred to a medium which induced the formation of the callus. The callus was then transferred to a medium containing the selective antibiotic to induce the formation of plantlets. The wheat cultivar NB1 which was selected because it is amenable to Agrobacterium-mediated transformation.

73. The GM wheat line 212 was generated through transformation of the NB1 line (giving GM line 50.1b) which was then conventionally bred with a SEIII triple null mutant line. The triple null SEIII was derived through hybridisation of the three wheat cultivars; Cadoux (noodle wheat), Vectis (soft biscuit wheat) and a chromosome engineered line of Chinese Spring, CS7AL-15.

74. The GM wheat line YDH7, was generated through conventional breeding of GM line 50.1b with a SEIV triple null mutant wheat which was derived through hybridisation between three exotic lines; Kanto 79, Chousen 30 and Turkey 116.

75. The GM barley line BC10.5 was generated by hybridisation of GM barley lines containing either one of the SEI or SEII RNAi constructs. The pSB11 vector containing either the SEI or SEII RNAi construct was electroporated into the disarmed A. tumefaciens strain Agl1 carrying the plasmid pWBVec8. Following the transformation process and plant regeneration, screening was performed in the presence of hygromycin to allow the identification of the GM plants containing the introduced RNAi construct(s). This method of transformation is used extensively to genetically modify plants (Valentine 2003) and has been discussed in previous RARMPs [most comprehensively for DIR 060/2005 (available at <http://www.ogtr.gov.au/> or by contacting the OGTR)].
5.6 Characterisation of the GMOs
5.6.1 Stability and molecular characterisation

76. All constructs used for the generation of the GM lines were sequenced prior to transformation. The GM wheat lines contain one RNAi construct (SEI); the GM barley line contains two RNAi constructs (SEI and SEII). The copy number of the introduced RNAi construct was confirmed by Southern blot analysis. Lines 85.2c and 50.1b (the parental line for genetically modified lines 212 and YDH7) contained two copies of the SEI construct. The GM barley line was confirmed to contain one copy of the SEI construct and two copies of the SEII construct. The applicant states that the GM lines have not been analysed for the presence or absence of any vector sequences that may have been incorporated during the transformation process. In some instances parts of the vector beyond the left border can be transferred during the Agrobacterium transformation process (Zambryski 1988). 
77. The GM lines have been observed for at least four generations and integration of the construct was found to be stably inherited in all the GM lines as shown by PCR analysis. All GM wheat and barley lines showed altered grain starch composition in the various generations as compared with non-GM wheat and barley.
78. The stably integrated lines were achieved through single seed descent selection (SSD). This is an established method for selecting for stable integration of the introduced genes in cereals as they are predominantly self-pollinating (Tigchelaar & Casali 1976). SSD4 (4th generation single seed descent) lines were grown to produce seed for the proposed release.
5.6.2 Expression of the introduced RNAi constructs in the GM wheat and barley
79. As the GM lines are based on RNAi technology, no new proteins are produced. The RNAi constructs are under the control of the endosperm specific promoter HMWG-Dx5, thus expression is only expected to occur in the seed as the promoter is not active in other tissues. The high molecular weight glutenin promoter is accepted as being very specific for endosperm expression (Blechl & Anderson 1996). 
80. Expression of the introduced constructs in the genetically modified lines has been assessed from glasshouse grown plants. Protein expression analyses of the GM lines using specific antibodies to the SEI and SEII proteins indicate that both of the introduced RNAi constructs are expressed as indicated by reduced production of the SEI and/or SEII proteins.
81. Northern analysis on endosperm isolated from the GM wheat line 85.2c, 15 days after anthesis, indicates an absence of the SEI transcript; the SEII transcript was still detectable. No analysis has been performed to date on the GM lines 212 and YDH7. However, it should be noted that the GM line 50.1b is the parental line for both of these GM lines and GM lines 50.1b and 85.2c were derived from separate transformation events.
82. In the barley line BC10.5 real time PCR analysis shows a reduction in the transcript levels for SEI to approximately 17% compared to the parental line. The SEII transcript level was reduced by approximately 29% compared to the parental line. Thus the level of both transcripts was reduced but silencing was not complete. 
5.6.3 Characterisation of the phenotype of the GM wheat and barley
83. One of the aims of the proposed trial is to assess the agronomic performance of the GM wheat and barley lines under field conditions to ascertain that the intended effect of altered grain starch composition does not result in unacceptable impacts on agronomic characteristics. Comparison between GM and non-GM plants under glasshouse conditions have shown no evidence that the introduced genes have affected their growth habit. Visual observation of the GM plants did not show any major variation in plant height. A sub sample of the seeds to be used in the field has been grown and the plant height and tiller number were measured. These measurements show that the GM wheat and barley lines are similar to the control lines for mean plant height at booting stage and number of tillers per plant. Two GM wheat lines showed a slight increase in mean grain number per spike (Table 3).
Table 3. Plant height (cm) and tiller number and mean number of grains/spike for the GM and non-GM lines 

	Line
	Mean plant height at booting stage* (±SD)
	Mean number of tillers per plant (±SD)
	Mean number of grains/spike (±SD)

	NB1 (non-GM)
	66.7± 5.8
	7.3± 2.4
	21.7± 1.5

	85.2c
	68.2± 3.3
	6.7± 0.9
	23.3± 2.1

	212
	69± 1.7
	7.0± 0.8
	20.0± 2.0

	YDH7
	66.5± 3.6
	7.3± 1.9
	27.3± 1.2

	Golden Promise (non-GM)
	63.0± 5.2
	10.0± 0.8
	30.7± 3.5

	BC10.5
	64.3± 2.3
	10.7± 0.5
	30.0± 6.6


*The booting stage refers to the growth stage when the head is fully developed but contained within the leaf sheets. It is also referred to as Feekes stage 10, in this stage flowering also occurs (Miller 1992).
5.6.4 Biochemical characterisation of GM wheat and barley

84. The applicant has provided preliminary grain composition analyses of the GM lines which include data on total protein, ash, fat, glucose, sucrose, fructose and moisture content (see Table 4). These data showed some differences between the GM lines and the non-GM controls. However, the data is based on single samples and the significance of the differences has not been determined. 

85. In the wheat lines containing the SEI RNAi construct a reduction in SEII protein was also observed. The applicant states there was no evidence of cross-silencing and the reduction of the SEII protein may have been the result of protein- protein interactions. Similar interactions in the starch synthesis pathway have been observed by others and as such these effects could be anticipated (Tetlow et al. 2008), see also Section 5.2.
Table 4. Grain composition of the GM and non-GM wheat and barley lines. No data provided due to very limited sampling, data are an indication only.

	Line
	Moisture          (% of flour)
	Sucrose           (% of flour)
	Fructose          (% of flour)
	Glucose         (% of flour)
	Ash                   (% of flour)
	Protein          (% of flour)
	Fat                 (% of flour)

	NB1-wheat control
	8.4
	1
	0
	0
	2.3
	16
	3.7

	Wheat 85.2c (SEI construct) 
	7.4
	1.2
	0.2
	0
	1.9
	11
	4.5

	Wheat 212 (SEI in triple null SEIII mutant background)
	8.2
	0.8
	0.1
	0
	1.8
	12
	3.4

	Wheat YDH7 (SEI in triple null SEIV mutant background)
	8.5
	0.6
	0
	0
	2.1
	13
	2.8

	Golden Promise- barley control
	5.5
	1.6
	0.1
	0
	2.5
	12
	5

	Barley BC10.5 (SEI and SEII) 
	6.3
	1
	0.1
	0.1
	2.3
	9.1
	3.1


Section 6 The receiving environment

86. The receiving environment forms part of the context in which the risks associated with dealings involving the GMO are assessed. This includes the geographic region where the release would occur and any relevant biotic/abiotic properties of this location; the intended agronomic practices, including those that may be altered in relation to normal practices; other relevant GMOs already released; and any particularly vulnerable or susceptible entities that may be specifically affected by the proposed release (OGTR 2007).

87. The size, location and duration of the proposed release are outlined in Section 3.3. The proposed dealings involve planting at one site at a CSIRO research station in the ACT, approximately 0.5 km from the Canberra suburb of Spence. The location can be accessed via a private road.

88. The proposed site is located in the suburb of Gininderra and surrounded by CSIRO land with plots for experimentation with other GM wheat and GM barley and non-GM plants, including non-GM wheat and barley.

6.1 Relevant abiotic factors

89. The abiotic factors relevant to the growth and distribution of commercial wheat and barley can be found in The Biology of Triticum aestivum L. em Thell (Bread Wheat) and The Biology of  Hordeum vulgare L. (Barley) (OGTR 2008a; OGTR 2008b). The documents are available from the OGTR or from the website <http://www.ogtr.gov.au>.

90. The release is proposed to take place in the ACT with a typical temperate climate (as defined by the Koeppen classification system used by the Australian Bureau of Meteorology, http://www.bom.gov.au/lam/climate/levelthree/ausclim/koeppen2.htm). The rainfall and temperature statistics for the nearest weather station are given in Table 5.

91. Barley is not as cold hardy as wheat, and is more susceptible to frost at the early seedling stage (Gomez-Macpherson 2001).
Table 5. Climatic data for Canberra (Airport), ACT

	
	Canberra (Airport)

	Average daily max/min temperature (winter)
	12.2 ºC /0.6 ºC

	Average daily max/min temperature (spring)
	19.4 ºC /6 ºC

	Average daily max/min temperature (summer)
	27.0 ºC /12.5 ºC

	Average monthly rainfall (winter)
	43.4 mm

	Average monthly rainfall (spring)
	59.3 mm

	Average monthly rainfall (summer)
	56.0 mm


Source: <http://www.bom.gov.au>. The means for monthly mean temperatures and rainfall were collected over 69 years and were averaged for all months of a season to obtain the reported data (winter: June – August ; spring: September-November; summer: December – February.

92. The proposed site is on land that is not subject to flooding and is 1 km away from the nearest waterway. The site is surrounded by a large animal proof fence with baiting for rodents around the fence perimeter, the plots where GM wheat and GM barley are grown are proposed to be covered with a bird net.
6.2 Relevant biotic factors

93. Research on a variety of species is carried out at the research farm including wheat and barley. 
94. The biotic factors relating to the growth and distribution of commercial wheat and barley in Australia are discussed in the reference documents, The Biology of Triticum aestivum L.em Thell (Bread Wheat) and The Biology Hordeum vulgare L. (Barley) (OGTR 2008a; OGTR 2008b).
95. Of relevance to this proposed release are the following points:

· CSIRO has submitted two other DIR applications for release of other GM wheat and barley lines at the same site. These are DIR 092: Limited and controlled release of wheat genetically modified for altered grain composition, and DIR 094: Limited and controlled release of wheat and barley genetically modified for enhanced nutrient utilisation efficiency. The licence for DIR 092 has since been issued.
· The research station is currently in use by CSIRO and wheat and barley may be grown for research purposes in the immediate area surrounding the trial site.
· The nearest commercial wheat will not be within 11 km of the trial. The nearest barley crop is cultivated near Gunning (NSW) which is more than 20 km away.
· Invertebrates, vertebrates and microorganisms could be exposed to the introduced RNAi constructs and their associated effects. In particular, native birds and rodents (either introduced or native) and kangaroos may visit the proposed release site. 
6.3 Relevant agricultural practices

96. It is not anticipated that the agronomic practices for the cultivation of the GM wheat and barley by the applicant will be significantly different from conventional practices for wheat and barley, with the exception that the applicant proposes to harvest using a small mechanical single row harvester. Conventional cultivation practices for wheat and barley are outlined in more detail in The Biology of Triticum aestivum L. em Thell (Bread Wheat) and The Biology of  Hordeum vulgare L. (Barley) (OGTR 2008a; OGTR 2008b).

97. The seeds used in the planting will be T5 (transgenic generation 5) seeds bulked up from SSD4 (single seed descent generation 4) generation plants for the line 85.2c. For the 212, YDH7 and BC10.5 lines F5 (self mating generation 5) seed will be used.

98. The trial is proposed to take place over 3 growing seasons with a different trial site used in each year (see Fig 2 Section 3.4).

99. The applicant states that there may be a need for replanting with the GMOs, depending on yields obtained for each of the GM lines. This would only take place in the third year and replanting would only occur on the same location used in the first year. If volunteers are detected in the 6 months prior to replanting, then the GM lines will be planted within the location in exactly the same area they occupied in the first year. If no volunteers were detected then the GM lines will be replanted anywhere within the location used in the first year. 
100. Non-propagative plant material remaining at the field location after harvest (for example, residual stem stubble) would be ploughed into the ground after the trial. The harvested areas would then be watered to encourage germination of any fallen seed, followed by treatment with herbicide to destroy volunteers, this process will be repeated twice more. The areas would then be sown with a break crop such as lucerne or forage brassica which will be monitored for volunteers. Excess seed not required for experimental analysis, or future trials would be removed from the site and destroyed.

101. In Australia, spring wheat varieties are commonly grown as a winter crop and are usually planted in May and June. Harvest of the mature wheat generally occurs from mid-November to late December. The parental barley cultivar Golden Promise is a two-row, malting, spring variety. The parental wheat cultivar NB1 is a UK variety not grown commercially in Australia. If the proposed release is approved the applicant anticipates planting the trial in July 2009.

102. There are a number of pests and diseases of wheat and barley (OGTR 2008a; OGTR 2008b), which may require management (eg application of pesticides such as herbicides or insecticides) during the growing season. Weed control using specific classes of herbicides may involve a pre- or post-emergence application.

6.4 Presence of related plants in the receiving environment

103. The GM wheat and barley lines proposed for release will be grown together at the field trial site. Barley and wheat are not known to hybridise with each other under natural conditions, see The Biology of Triticum aestivum L. em Thell (Bread Wheat) and The Biology of  Hordeum vulgare L. (Barley)(OGTR 2008a; OGTR 2008b).
104. The applicant proposes to maintain a 500 m zone in which there is no cultivation of wheat and barley breeding lines around the site of the trial for the full duration of the trial. A 200 m isolation zone for all other wheat and/or barley cultivation will also be maintained.
105. The applicant has indicated that a field survey of the site showed the presence of the related plants Elymus scaber, Hordeum leporinum and Hordeum marinum. Other species belonging to the genera Australopyrum, Hordeum, Elytrigia, Secale and Triticum have been recorded in the ACT but have not been seen at the proposed site. Wild barley, H. vulgare ssp. spontaneum is not known to be present in Australia (reviewed in OGTR 2008a).
106. Wheat is sexually compatible with many species within the genus Triticum, and in closely related genera such as Aegilops and Elytrigia. Wheat can hybridise with Hordeum marinum only with substantial human intervention (Pershina et al. 1998; Islam & Colmer 2008). The resultant hybrids are usually infertile and have been studied following chromosome doubling, although fertility in the resultant plants is still reduced (Islam et al. 2007). Inconclusive genetic evidence suggesting one instance of natural hybridisation occurring in previous generations has also been detected in northern Europe (Guadagnuolo et al. 2001). The interspecific crossing potential of wheat is discussed in more detail in The Biology of Triticum aestivum L. em Thell. (Bread Wheat) (OGTR 2008b).
6.5 Presence of the introduced sequences or similar genes and encoded proteins in the environment

107. The introduced partial gene sequences related to starch biosynthesis were isolated from wheat, which is already widespread and prevalent in the environment and consumed by humans and animals.
108. The glutenin promoter driving expression of the SEI and SEII RNAi constructs was obtained from wheat. Wheat has been consumed by humans and animals for centuries.

109. The actin promoter that controls expression of the nptII gene was obtained from rice. Rice has been consumed by humans for centuries. The 35S promoter for the hpt gene was isolated from the Cauliflower mosaic virus. The CaMV expression termination sequences were isolated from the soil bacterium A. tumefaciens. Although CaMV and A. tumefaciens are plant pathogens, the regulatory sequences comprise only a small part of their total genomes and are not capable of causing disease.

110. The nptII gene is derived from the common gut bacteria E. coli which is widespread in human and animal digestive systems as well as in the environment (Blattner et al. 1997). As such, it is expected humans routinely encounter the encoded protein through contact with plants and food.

111. The hpt gene is derived from E. coli, which is widespread in human and animal digestive systems as well as in the environment (Blattner et al. 1997). As such, it is expected that humans, animals and microorganisms routinely encounter the encoded protein.
Section 7 Australian and international approvals

7.1 Australian approvals of GM wheat and GM barley
7.1.1 Previous releases approved by Genetic Manipulation Advisory Committee or the Regulator
112. The Regulator has issued licences for the limited and controlled release of other GM wheat lines: DIR 053/2004 was issued to Grain Biotech for GM salt tolerant wheat on an area of 0.45 ha in Western Australia; one DIR licence was issued to CSIRO for GM wheat in the Australian Capital Territory; DIR 071/2006 was issued to Department of Primary Industries – Victoria for GM drought tolerant wheat on 0.315 ha in Victoria; DIR 077/2007 was issued to the University of Adelaide for GM wheat and barley with enhanced tolerance to abiotic stresses or increased beta glucan on 0.04 ha in South Australia; DIR 080/2007 was issued to Department of Primary Industries – Victoria for GM drought tolerant wheat on 0.225 ha in Victoria; DIR 092 was issued to CSIRO for GM wheat with altered grain composition on 1 ha in May 2009.
113. Under the former voluntary system overseen by the Genetic Manipulation Advisory Committee (GMAC), there have been five field trials of different types of GM wheat ranging in size from 325–1500 plants: PR65 (1996), PR66 (1996), PR102 (1998), PR102X (2000), and PR107 (1999). Five field trials of different types of GM barley also occurred under GMAC. They ranged in size from 400-2940 plants: PR88 (1998), PR92 (1998), PR106 (1998), PR88X (1999) and PR139 (2000).

114. There have been no reports of adverse effects on human health or the environment resulting from any of these releases.

7.1.2 Approvals by other Australian government agencies

115. The Regulator is responsible for assessing risks to the health and safety of people and the environment associated with the use of gene technology. Other government regulatory requirements may also have to be met in respect of release of GMOs, including those of the Australian Quarantine and Inspection Service (AQIS), Food Standards Australia New Zealand (FSANZ), and Australian Pesticides and Veterinary Medicines Authority (APVMA). This is discussed further in Chapter 3.

116. The applicant does not intend any material from the GM wheat and barley lines proposed for release to be used in human food, other than the controlled nutritional studies. All GM foods intended for sale in Australia must undergo a safety evaluation by Food Standards Australia New Zealand (FSANZ). Accordingly, the applicant is not required to apply to FSANZ for the evaluation of the GM wheat and barley lines. However, in the event of a commercial release, FSANZ approval would be required before materials or products derived from the GM wheat and barley lines could be sold for human consumption.
7.1.3 Review and approvals for human and animal trials
117. The applicant has proposed that products made from the GM wheat and barley may be fed to rats and pigs in controlled laboratory experiments and products containing GM wheat from this trial may also be consumed by a small group of volunteers as part of a carefully controlled nutritional study to test potential health benefits. The human research ethics committees will therefore be required to review and approve the research proposals in accordance with the The National Statement on Ethical Conduct in Human Research (National Health and Medical Research Council et al. 2007) to ensure that they are conducted ethically and in accordance with relevant standards and guidelines prior to commencement of the trials (NHMRC 2008). Similarly the animal research ethics committee will be required to review and approve the research proposals in accordance with the Australian Code of Practice for the Care and Use of Animals for Scientific Purposes, which provides guiding principles for researchers and institutions using animals in research. These committees operate under guidance of the National Health and Medical Research Council (NHMRC). The National Health and Medical Research Council Act 1992 specifies that NHMRC will issue advice and guidelines on ethics and related issues in the fields of health and human and animal research.
7.2 International approvals of GM wheat and GM barley

118. There have been no releases of these GM wheat and barley lines internationally. 

119. However, there have been releases of other different GM wheat and barley plants. The traits which have been modified include; novel protein production, disease resistance, altered grain properties and herbicide tolerance
.

Chapter 2 Risk assessment

Section 1 Introduction

120. Risk assessment is the overall process of identifying the sources of potential harm (hazards) and determining both the seriousness and the likelihood of any adverse outcome that may arise. The risk assessment (summarised in Figure 3) considers risks from the proposed dealings with the GMOs that could result in harm to the health and safety of people or the environment posed by, or as a result of, gene technology. It takes into account information in the application, relevant previous approvals and current scientific knowledge.
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Figure 3
The Risk Assessment Process

121. Once the risk assessment context has been established (see Chapter 1) the next step is hazard identification to examine what harm could arise and how it could happen during a release of these GMOs into the environment.

122. It is important to note that the word 'hazard' is used in a technical rather than a colloquial sense in this document. The hazard is a source of potential harm. There is no implication that the hazard will necessarily lead to harm. A hazard can be an event, a substance or an organism (OGTR 2007).

123. Hazard identification involves consideration of events (including causal pathways) that may lead to harm. These events are particular sets of circumstances that might occur through interactions between the GMOs and the receiving environment as a result of the proposed dealings. They include the circumstances by which people or the environment may be exposed to the GMOs, GM plant materials, GM plant by-products, the introduced genes, or products of the introduced genes.

124. A number of hazard identification techniques are used by the Regulator and staff of the OGTR, including the use of checklists, brainstorming, commonsense, reported international experience and consultation (OGTR 2007). In conjunction with these techniques, hazards identified from previous RARMPs prepared for licence applications of the same and similar GMOs are also considered.

125. The hazard identification process results in the compilation of a list of events. Some of these events lead to more than one adverse outcome and each adverse outcome can result from more than one event.

Section 2 Hazard characterisation and the identification of risk

126. Each event compiled during hazard identification is characterised to determine which events represent a risk to the health and safety of people or the environment posed by, or as a result of, gene technology.

127. The criteria used by the Regulator to determine harm are described in Chapter 3 of the Risk Analysis Framework (OGTR 2007). Harm is assessed in comparison to the parent organism and in the context of the proposed dealings and the receiving environment. Wherever possible, the risk assessment focuses on measurable criteria for determining harm.

128. The following factors are taken into account during the analysis of events that may give rise to harm:

· the proposed dealings, which may be for the purpose of experimentation, development, production, breeding, propagation, use, growth, importation, possession, supply, transport or disposal of the GMOs

· the proposed limits

· the proposed controls

· characteristics of the non-GM parent

· routes of exposure to the GMOs, the introduced gene(s) and gene product(s)

· potential effects of the introduced gene(s) and gene product(s) expressed in the GMOs

· potential exposure to the introduced gene(s) and gene product(s) from other sources in the environment

· the biotic and abiotic environment at the site(s) of release

· agronomic management practices for the GMOs.

129. The eight events that were characterised are discussed in detail later in this Section. They are summarised in Table 6 where events that share a number of common features are grouped together in broader hazard categories. None were considered to lead to an identified risk that required further assessment.

130. As discussed in Chapter 1, Section 5.3.4, the GM wheat contains the antibiotic resistance selectable marker gene, nptII. The nptII gene, encoding neomycin phosphotransferase type II, has already been considered in detail in the RARMP prepared for DIR 070/2005 and by other regulators and was found to pose no risks to either people or the environment. The GM barley contains the antibiotic resistance marker gene, hpt. The hpt gene is used extensively as a selectable marker in the production of GM plants (Miki & McHugh 2004). As discussed in the RARMP for DIR 073/2007 and more recently DIR 077/2007 the use of hpt, or other hygromyin B phosphotranferase encoding genes, as marker genes in GM plants has been assessed as not posing a risk to human health and safety or the environment. Therefore, the potential effects of the nptII and hpt genes will not be further assessed for this application.
Table 6. Summary of events that may give rise to an adverse outcome through the expression of the introduced RNAi constructs.

	Hazard category
	Event that may give rise to an adverse outcome
	Potential adverse outcome
	Identified risk?
	Reason

	Section 2.1
Production of a substance toxic/allergenic to people or toxic to other organisms
	1. Exposure to GM plant material containing the introduced RNAi constructs and their associated effects.
	Allergic reactions in people or toxicity in people and other organisms
	No
	· The GM wheat and barley lines do not express novel proteins.

· The genetic modification is expected to be expressed only in the seed and only the grain starch composition has been altered, thus allergenicity and toxicity of the GM wheat and barley is unlikely to be greater than that of non‑GM wheat and barley.

· The limited scale, short duration and other proposed limits and controls, further reduce exposure of people and other organisms to GM plant material.

	Section 2.2
Spread and persistence of the GM wheat and barley lines in the environment
	2. Expression of the introduced RNAi constructs improving the survival of the GM wheat and barley plants.
	Weediness; allergic reactions in people or toxicity in people and other organisms
	No
	· As discussed in Event 1 the GM wheat and barley are unlikely to have increased toxicity or allergenicity.

· Commercial wheat and barley do not possess weedy characteristics.
· The genetic modification is unlikely to alter the potential for survival of the GM wheat and barley.
· The limits and controls proposed for the release would minimise spread and persistence.

	
	3. Dispersal of reproductive (sexual or asexual) GM plant materials through various means, including animals and extreme weather conditions.
	Weediness; allergic reactions in people or toxicity in people and other organisms
	No
	· As discussed in Event 1 the GM wheat and barley are unlikely to have increased toxicity or allergenicity.

· The proposed limits and controls, such as locating the site away from natural waterways, surrounding the site by a stock-proof fence and mice baiting would minimise dispersal of GM plant material outside the site.

	Section 2.3
Vertical transfer of genes or genetic elements to sexually compatible plants
	4. Expression of the introduced RNAi constructs or regulatory sequences in other wheat and barley or other sexually compatible plants. 
	Weediness; allergic reactions in people or toxicity in people and other organisms
	No
	· Wheat and barley are predominantly self pollinating.

· The proposed limits and controls including a 200 m isolation zone would restrict the potential for vertical gene flow to sexually compatible species outside the trial site.
· Events 1 – 3 associated with expression of the introduced RNAi constructs did not constitute identified risks for people or the environment.

	Section 2.3
Horizontal transfer of genes or genetic elements to sexually incompatible organisms
	5. Presence of the introduced RNAi constructs, in other organisms as a result of horizontal gene transfer.
	Weediness; allergic reactions in people or toxicity in people and other organisms

	No
	· The partial gene sequences and regulatory sequences contained within the RNAi constructs are already widespread in the environment and available for transfer via demonstrated natural mechanisms.

· Events 1 – 4 associated with expression of the introduced gene sequences did not constitute identified risks for people or the environment.



	Section 2.5
Unintended changes in biochemistry, physiology or ecology
	6. Changes to biochemistry, physiology or ecology of the GM wheat and barley lines resulting from expression, or random insertion, of the introduced RNAi constructs

	Weediness; allergic reactions in people or toxicity in people and other organisms
	No
	· Unintended, adverse effects, if any, would be minimised by the proposed limits and controls.

· Gross morphological changes are likely to have been detected and eliminated during the production of the GM wheat and barley lines.
· Toxicity and/or allergenicity of any potentially cross hybridised GM wheat lines is unlikely to be significantly altered.

	
	7. Compromised purity of the GM wheat lines proposed for nutritional trials in humans as a result of cross hybridisation with other GM wheat grown at the site
	Allergic reactions in people or toxicity in people
	No


	· 

	Section 2.6
Unauthorised activities
	8. Use of the GMOs outside the proposed licence conditions.
	Potential adverse outcomes mentioned in Sections 2.1 to 2.5
	No
	· The Act provides for substantial penalties for non-compliance and unauthorised dealings with GMOs and also requires consideration of the suitability of the applicant to hold a licence prior to the issuing of a licence by the Regulator.


2.1 Production of a substance toxic/allergenic to people or toxic to other organisms
131. Toxicity is the adverse effect(s) of exposure to a dose of a substance as a result of direct cellular or tissue injury, or through the inhibition of normal physiological processes (Felsot 2000).

132. Allergenicity is the potential of a protein to elicit an immunological reaction following its ingestion, dermal contact or inhalation, which may lead to tissue inflammation and organ dysfunction (Arts et al. 2006).

133. A range of organisms may be exposed directly or indirectly to the partial gene sequences in the RNAi constructs and their associated effects. Workers cultivating the wheat and barley would be exposed to all plant parts. Organisms may be exposed directly to the partial gene sequences through biotic interactions with GM wheat and/or barley (vertebrates, insects, symbiotic microorganisms and/or pathogenic fungi) or through contact with root exudates or dead plant material (soil biota). Indirect exposure would include organisms that feed on organisms that feed on GM wheat and/or barley plant parts or degrade them (vertebrates, insects, fungi and/or bacteria).

Event 1. Exposure to GM plant materials containing the introduced RNAi constructs and their associated effects.

134. Expression of the introduced RNAi constructs containing partial gene sequences for altered grain starch composition could potentially alter the expression of endogenous wheat and barley proteins. If humans or other organisms were exposed to the resulting compounds through ingestion, contact or inhalation of the GM plant materials, this may give rise to detrimental biochemical or physiological effects on the health of these humans or other organisms.
135. Non-GM wheat and barley flour can produce allergic responses in susceptible individuals on inhalation or ingestion. Individuals suffering from coeliac disease can have a sensitivity response upon ingestion of wheat or barley flour, this is caused by the prolamin fraction of the storage protein complex, gluten (reviewed in OGTR 2008a; OGTR 2008b). There are no known major toxic properties of non-GM wheat or barley, these are not expected to be altered in the GM wheat and barley lines proposed for release (OGTR 2008a; OGTR 2008b). 

136. The RNAi constructs contain regulatory elements derived from wheat, rice, CaMV and A. tumefaciens (Chapter 1, Sections 5.4.1 and 5.4.2). Humans are exposed to the plant derived elements through consumption of wheat and rice products. Although CaMV and A. tumefaciens are plant pathogens the regulatory elements comprise only a small part of their total genome and are not capable of causing disease.

137. Although no toxicity studies have been performed on the GM wheat and barley plant material, the introduced RNAi constructs contain partial gene sequences isolated from wheat which is already widespread and prevalent in the environment and from which products have already been consumed by animal and humans for centuries. It is not expected that any novel products would be produced as a result of the expression of the introduced RNAi construct(s) as they only target the endogenous SEI gene in wheat and the SEI and SEII genes in barley (see Chapter 1, Section 5.3.3). Therefore, no novel proteins involved in the starch biosynthetic pathway are expected to be produced by the GM wheat and barley.
138. The proposed dealings for this trial include nutritional trials in rats and pigs with the GM wheat and barley. Following on from the animal nutritional studies, products from GM wheat are also proposed to be consumed by healthy volunteers in controlled nutritional studies (see Chapter 1, Section 3.2). 
139. The consumption of the GM wheat products proposed for use in a nutritional study in humans would only take place if the animal nutritional trial in rats and pigs showed positive indicators of improved bowel health. As the proposed nutritional studies are limited to a small number of individuals and are not proposed for commercial human consumption, there is little potential for exposure of the general public to GM plant material via ingestion. The short duration of the nutritional study would further limit exposure to the GM wheat products. The nature of the proposed nutritional studies involving volunteers has been further limited by selecting a small number of healthy individuals, controlling the impact of the GM wheat by excluding people with a known history of allergies to wheat, and limiting the duration of the studies. As such allergenic/toxic reactions to the GM wheat products are unlikely to occur as a result of allergies or sensitivities to the wheat products.
140. A Human Research Ethics Committee will oversee the nutritional studies involving human volunteers. This committee operates under the National Health and Medical Research Council (NHMRC), and as such the committee is required to comply with the National Statement on Ethical Conduct in Human Research (National Health and Medical Research Council et al. 2007). Ethics committee members and researchers are required to undertake full assessment of potential risks to human volunteers, and ensure that volunteers are properly informed about the trials they are consenting to participate in.

141. The applicant has submitted two other DIR applications for limited and controlled releases of GM wheat and barley at the same release site, and a licence for one of them (DIR 092) has since been issued (see Chapter 1, Section 6.1). The potential presence of other GM wheat and barley plants at the same site could result in stacking of traits due to gene flow. Such an event could potentially impact on the safety of the GM wheat product and its subsequent use in the nutritional studies. This possibility is considered in Event 7. 

142. The proposed limits and controls of the trial (Chapter 1, Sections 3.3 and 3.4) would minimise the likelihood of exposure of the general public and other organisms to GM plant materials. The proposed trial site will be surrounded by a livestock proof fence with lockable gates. A 10 m monitoring zone will be maintained such that it to discourages mice, and mice baiting will take place along the inner perimeter of the fence. These measures will prevent grazing livestock, kangaroos and other large animals from entering the site, and minimise exposure of animals to the GM plant material. Only approved staff with appropriate training will have access to the site, which will minimise exposure of the public to the GM plant material. The GM plant material will not be used as commercial feed, therefore livestock and other animals, with the exception of animals used in the nutritional trials, would not be exposed to the GM wheat and/or barley material. There is little potential for exposure of the general public to GM plant material via ingestion, skin contact or inhalation as no GM plant material, or products will be used for commercial human food consumption. The short duration (2009-2012) and small size (one ha) of the proposed trial would also limit the potential for exposure to the GM plant material.

143. Conclusion: The potential for allergic reactions in people, or toxicity in people and other organisms as a result of exposure to GM plants with altered grain starch composition as a result of the introduced RNAi constructs is not an identified risk and will not be assessed further.

2.2 Spread and persistence of the GM wheat and barley lines in the environment

144. Baseline information on the characteristics of weeds in general, and the factors limiting the spread and persistence of non-GM wheat and barley plants in particular, is provided in the review documents The Biology of Triticum aestivum L. em Thell (Bread Wheat) and The Biology of  Hordeum vulgare L. (Barley) (OGTR 2008a; OGTR 2008b). Briefly, wheat and barley share some characteristics with known weeds; they can be wind-pollinated (although both species are predominantly self-pollinating) and have the ability to germinate and/or to produce seed in a range of environmental conditions. However, both species lack most characteristics that are common to many weeds, such as the ability to produce a persisting seed bank, rapid growth to flowering, continuous seed production, very high seed output, high seed dispersal and long-distance seed dispersal.

145. Scenarios that could lead to increased spread and persistence of the GM wheat and/or barley lines include expression of the introduced RNAi constructs conferring tolerance to abiotic or biotic stresses, or increasing the dispersal potential of GM plant materials. These events could lead to increased exposure of vertebrates (including people), invertebrates and microorganisms to the GM plant material.

Event 2. Expression of the introduced RNAi constructs improving the survival of the GM wheat and barley plants

146. If the GM wheat or barley lines were to establish or persist in the environment they could increase the exposure of humans and other organisms to the GM plant material. The potential for increased allergenicity in people or toxicity in people and other organisms as a result of contact with GM plant materials has been considered in Event 1 and was not considered an identified risk.

147. Survival of wheat and barley is limited by a number of factors including temperature, competitive ability and nutrient availability, pest and diseases (Slee 2003; Condon 2004).
148. If the expression of the introduced RNAi constructs for altered grain starch composition were to provide the GM wheat and barley plants with a significant selective advantage over non-GM wheat and barley plants and they were able to establish and persist in favourable non-agricultural environments this may give rise to undesirable changes in species composition in these environments. There is no evidence that the introduction of the RNAi constructs will improve the ability of GM wheat and barley to spread and persist in the environment.
149. Seed vigour is an important factor in determining early seedling germination and survival. Seed vigour has a positive correlation with protein content, seed weight and carbohydrate storage compounds [reviewed in Cantiffe (1981)]. The GM wheat and barley have altered composition of starch and possibly a reduction in protein content, so the genetic modification is therefore unlikely to have any positive effect on seed or seedling vigour. 

150. The proposed limits and controls of the trial (Chapter 1, Sections 3.3 and 3.4) would minimise the likelihood of the spread and persistence of the GM wheat and barley lines proposed for release. The release would be of limited size and short duration and the applicant proposes a number of control measures including destruction of all plant materials not required for further analysis, repeated post harvest irrigation of the site to encourage germination of remaining seed followed by herbicide treatments to destroy volunteers and post harvest monitoring of the proposed site.

151. Conclusion: The potential for increased weediness, allergenicity or toxicity due to expression of the introduced RNAi constructs for altered grain starch composition improving the survival of the GM wheat and barley lines is not an identified risk and will not be assessed further.

Event 3. Dispersal of reproductive (sexual or asexual) GM plant materials through various means, including animals and extreme weather conditions

152. If the GM wheat and/or barley lines were to be dispersed from the release site they could increase the exposure of humans and other organisms to the GM plant material and/or establish and persist in the environment. The effects of contact, inhalation or ingestion of the GM wheat and barley lines have been assessed in Event 1 and were not an identified risk. The potential for the introduced RNAi constructs improving survival of the GM wheat and barley lines in the environment was assessed in Event 2 and was also found not to be an identified risk. Therefore the dispersal of reproductive GM plant material is not expected adversely affect the health of humans or other animals; or to increase the weediness of the GM wheat and/or barley lines compared to non-GM wheat and barley.
153. Two of the GM wheat lines, YDH7 and 85.2c, show a slight increase in grain number per spike compared to their non-GM counterpart (see Table 3 in Chapter 1, Section 5.6.3), which may result in extra seed remaining at the site after harvest. The limits and controls proposed by the applicant such as surrounding the site by a 1.8 m fence and repeated post harvest irrigation of the site to encourage germination of remaining seed followed by herbicide treatments to destroy volunteers and post harvest monitoring of the site (Chapter 1, Section 3.3 and 3.4) would minimise the opportunity for seed dispersal from volunteer plants. Seed production has not been significantly altered in the other GM wheat and barley lines.
154. Dispersal of reproductive GM plant materials, for example viable grain, could occur through a variety of ways including: endozoochory (dispersal through ingestion by animals), the activity of animals such as rodents and herbivores or through extremes of weather such as flooding or high winds. 

155. Seed dispersal for wheat or barley through endozoochory has not been reported, however, it is possible that barley seeds could germinate after passage through the digestive system of some birds or mammals. For example, viable wheat and barley seeds have been detected in cattle dung (Kaiser 1999). The possibility of dispersal of GM plant materials by birds was considered in detail in the RARMP for DIR 071/2006 which is available from the OGTR or from the website and is discussed in The Biology of Triticum aestivum L. em Thell (Bread Wheat) and The Biology of  Hordeum vulgare L. (Barley). Birds tend to favor the green plant parts to the seed and dispersal of viable GM wheat and/or barley seed is likely to be low, as reported below. 
156. Kangaroos and rabbits are known pests of wheat and barley crops and cattle or sheep may graze at the research station (Chapter 1, Section 6.2). The applicant has proposed to surround the trial site with a 1.8 m fence which will prevent kangaroos, cattle and sheep from accessing the trial site. Rabbits favour soft, green, lush grass (Croft et al. 2002b) and select the most succulent and nutritious plants first (Croft et al. 2002a). Although viable seeds from a variety of plant species have been found in rabbit dung, viable wheat and barley seeds were not among them (Malo & Suárez 1995). Other studies have shown that generally very few viable seed are obtained from rabbit dung (Welch 1985; Wicklow & Zak 1983).
157. Mice are also known pests of grain crops (OGTR 2008a; OGTR 2008b). Habitat modification through reduced plant cover has been shown to reduce mice numbers in irrigated farming systems (White et al. 1998; Central Science Laboratory 2001; Brown et al. 2004). The applicant has proposed several measures to limit and control mice numbers at the proposed release site. These include a 10 m wide monitoring zone which is kept clear of vegetation, and placing mice baits inside the perimeter of the fence line.
158. Cultivated wheat is generally considered not to have seed dispersal mechanisms (OGTR 2008b). Barley seeds on the other hand have special bristles on the spikelet structures and seeds could potentially adhere to animals and the clothing of people, thus facilitating dispersal (OGTR 2008a). Seed dispersal mechanisms are not expected to be altered in the GM wheat and barley lines compared to non-GM parental cultivars. The proposed release site will be surrounded by a livestock proof fence with access through a locked gate limiting the possibility of seed dispersal by any large animals which may be present on the farm or by unauthorised people. Dispersal by authorised people entering the proposed trial site would be minimised by a standard condition of DIR licences which requires the cleaning of all equipment used at the trial site, including clothing.
159. Extremes of weather may cause dispersal of plant parts. However, control measures have been proposed by the applicant to minimise dispersal outside the trial site (Chapter 1, Section 3.4). These include locating the proposed release site away from natural water ways to prevent dispersal in the event of flooding, and having an isolation zone in which there are no other wheat and/or barley related plants in the event of strong winds dispersing pollen or seeds.
160. The proposed limits and controls of the trial (Chapter 1, Sections 3.3 and 3.4) would minimise the likelihood of dispersal of the GM wheat and barley lines proposed for release. The release would be of limited size and short duration and the applicant proposes a number of control measures including fencing, restricting access, mice baiting, destruction of all plant materials not required for further analysis, and post harvest monitoring of the proposed site.

161. Conclusion: The potential for increased allergenicity, toxicity or weediness due to dispersal of reproductive (sexual or asexual) GM plant materials through various means, including animals and extreme weather conditions is not an identified risk and will not be assessed further.
2.3 Vertical transfer of gene or genetic elements to sexually compatible plants

162. Vertical gene flow is the transfer of genetic information from an individual organism to its progeny by conventional heredity mechanisms, both asexual and sexual. In flowering plants, pollen dispersal is the main mode of gene flow (Waines & Hedge 2003). For GM crops, vertical gene flow could therefore occur via successful crosspollination between the crop and neighbouring crops, related weeds or native plants (Glover 2002).

163. Baseline information on vertical gene transfer associated with non-GM wheat and barley plants is provided in the The Biology of Triticum aestivum L. em Thell (Bread Wheat) and The Biology of  Hordeum vulgare L. (Barley) (OGTR 2008a; OGTR 2008b). Plant genotypes and environmental context and conditions, such as wind direction and humidity, can influence gene flow. In summary, wheat and barley are predominantly self-pollinating and the chances of natural hybridisation occurring with commercial crops or other sexually compatible plants are low.
164. The introduced regulatory sequences function in the same manner as regulatory elements endogenous to the wheat and barley plants. The transfer of either endogenous or introduced regulatory sequences could result in unpredictable effects. However, it is highly unlikely that a regulatory element would be transferred and, even if it did occur, the chance of an adverse effect to people or the environment is highly unlikely.
Event 4. Expression of the introduced RNAi constructs and regulatory sequences in other wheat and barley plants or other sexually compatible plants
165. Transfer and expression of the introduced RNAi constructs for altered grain starch composition to other wheat and barley plants (either GM or non-GM) or other sexually compatible species could increase the weediness potential, or alter the potential allergenicity and/or toxicity of the resulting plants.

166. The survival of the GM wheat and barley plants proposed for release would be limited by a range of environmental factors that normally limit the spread and persistence of wheat and barley plants in Australia (see Event 2).
167. The expression of the introduced RNAi constructs in other sexually compatible species is unlikely to give these plants a selective advantage. The conditions that limit the spread and persistence of any hybrids between non-GM wheat or barley and other sexually compatible plants would be expected to limit the spread and persistence of any hybrids between the GM wheat or barley and other sexually compatible species. 

168. As discussed in Event 1, allergenicity to people and toxicity to people and other organisms are not expected to be changed in the GM wheat and barley plants by the introduced gene sequences or regulatory sequences. Similarly, if the introduced RNAi constructs are expressed in other sexually compatible species, allergenicity and toxicity are not expected to be altered.
169. As discussed in the The Biology of Triticum aestivum L. em Thell (Bread Wheat) and The Biology of  Hordeum vulgare L. (Barley), both wheat and barley are predominantly self-pollinating and any outcrossing would occur through wind pollination. Wheat largely sheds its pollen before the flower opens thus promoting self pollination (Frankl & Galun 1977). Successful self pollination ranges from 94 to 99% depending on the wheat variety (Hucl 1996). In wheat, pollen shed outside the floret can range from 3 to 80%, depending upon the variety (Beri & Anand 1971), with more than 90% of wheat pollen falling within 3 m of the source (reviewed by Hedge & Waines 2004). Under field conditions wheat pollen remains viable up to 30 minutes (OECD 1999). Both pollen viability and pollen dispersal are greatly influenced by environmental conditions such as temperature, relative humidity and wind intensity.
170. Intraspecific levels of gene flow have been shown to be dependent on the size of the source (Matus-Cadiz et al. 2004; Matus-Cadiz et al. 2007; Gaines et al. 2007).  In wheat, gene flow has been detected over much shorter distances for field trial size releases (0.02% at 31 m) compared to gene flow from commercial scale fields (0.25% at 61 m) (Gaines et al. 2007). Gene flow levels of 0.003% at 100 m have been detected from experimental scale fields. From commercial scale fields, low levels of gene flow have been reported; up to 100 m for wheat with rare incidences occurring at greater distances (2.75 km) (Matus-Cadiz et al. 2004).
171. Annual Hordeum species are mainly inbreeders (Von Bothmer 1992) and cultivated barley reproduces almost entirely by self-fertilisation (~99%) (Wagner & Allard 1991; Von Bothmer 1992; Ellstrand 2003). In barley, outcrossing rates are normally very low and is mostly detected between adjacent plants (Allard unpublished, discussed in Wagner & Allard 1991). In experiments designed to measure outcrossing rates in barley plants in physical contact with each other, the average rate of outcrossing was about 0.8%. The rate of outcrossing fell to 0.2% when physical contact was virtually eliminated by spacing plants 30 cm apart. No outcrossing was detected when plants were separated by 10 m (Allard unpublished, discussed in Wagner & Allard 1991). Outcrossing rates between commercial barley fields have been observed at 0.05% and 0.01% for distances of 1 m and 10 m, respectively. However, outcrossing has been observed at very low frequencies at distances of up to 50 m (Ritala et al. 2002) and rare outcrossing at 60 m (Wagner & Allard 1991).
172. Under Australian conditions, including the ACT, pollen-mediated gene flow from a small release of GM wheat was observed only at low frequencies (0.012%) over short distances (less than 5 m). Pollen flow from GM barley was found to be 0.005% at a maximum distance of 10 m at a site in South Australia (Gatford et al. 2006). 
173. The applicant has proposed to isolate the GM wheat and barley by at least 200 m from other non-GM wheat and barley and at least 500 m from non-GM wheat and barley breeding lines. Given the above rates for outcrossing and the proposed isolation distances, outcrossing between the GM lines and non-GM wheat and barley outside the trial site is expected to be very low.
174. As discussed in Chapter 1, Section 6.4 wheat is sexually compatible with many species within the genus Triticum, and in closely related genera such as Aegilops and Elytrigia. Although wheat can hybridise with Hordeum marinum (reviewed by Colmer et al. 2006), this requires substantial intervention (Pershina et al. 1998; Islam & Colmer 2008) and the resultant hybrids are usually infertile.
175. The applicant has stated that the related species Elymus scaber, Hordeum leporinum and Hordeum marinum are found near the site at the research station (see Chapter 1, Section 6.4). Other species belonging to the genera Australopyrum, Hordeum, Elytrigia, Secale and Triticum have been recorded in the ACT but have not been seen at the proposed site (see Chapter 1, Section 6.4). A search of the scientific literature did not detect specific reports of hybridisation between wheat and Elymus scaber or Hordeum leporinum. Hybridisation between wheat and other species in the Elymus and Hordeum genera have been recorded, and typically result in sterile hybrids (reviewed in OGTR 2008b). A review of possible means of pollen-mediated gene flow from GM wheat to wild relatives in Europe concluded that there was a minimal possibility of gene flow from wheat to Horedum spp. or Elytrigia spp. (Eastham & Sweet 2002), Elytrigia being a genus very closely related to Elymus. Furthermore, any hybridisation would require synchronicity of flowering between the GM wheat lines and related species to enable cross-pollination and gene flow to occur.

176. Hordeum vulgare ssp. spontaneum (known as wild barley) is the only species that can cross with cultivated barley under natural conditions. Wild barley is not known to be present in Australia (OGTR 2008a). There are no reports of cultivated wheat forming hybrids with barley under natural conditions (OGTR 2008b).

177. The applicant has proposed the trial be surrounded by a 10 m monitoring zone which would be free of sexually compatible species and, to preventing flowering of any sexually compatible species, grazing cattle and/or sheep within the 200 m isolation zone, which the applicant states will prevent any relatives of wheat flowering at the same time as the GM wheat lines. The applicant proposes to inspect the area immediately around the 10 m herbicide-treated zone for Elymus scaber and Hordeum spp. at fortnightly intervals from September until the GM wheat lines have finished flowering each year, and any plants found will be destroyed. Given the proposed measures and the unlikelihood of sexually compatible species being present in the area immediately surrounding the release site, the possibility of fertile hybrids occurring is extremely low.

178. There is a possibility that other GM wheat and barley trials, may be grown at the site. The applicant has proposed a site layout to minimise any gene flow as outlined in Figure 2 (Chapter 1, Section 3.4), by surrounding each of the GM trials by a 2 m buffer of non-GM wheat, thus giving a 4 m buffer between each of the proposed GM trials. In addition, the GM barley would be planted on the edge separating the trials, thus separating the GM wheat and barley from each trial even further. Given the proposed buffer zone, outcrossing between the different GM trials is expected to be very low.
179. If outcrossing between the GM trials were to occur, it could lead to stacking of GM traits which could lead to increased weediness (eg through enhanced seed vigour and germination or through selective advantage) or to increased toxicity or allergenicity. Increased weediness, toxicity or allergenicity due to the introduced RNAi constructs were not identified risks for the GM lines assessed in DIR 092 (see Events 1-3 in RARMP DIR 092) or for the GM lines assessed in this RARMP (Events 1-3). Thus, crossing between these lines is not expected to enhance weediness, allergenicity or toxicity. Cross pollination with the DIR 093 GM lines and the improved nutrient utilisation GM lines from DIR 094 may contribute to the spread and persistence. However, in the event of any successful gene flow occurring between the GM lines proposed for release at the site, the spread and persistence would be limited by factors such as lack of seed shattering, low intrinsic competitive ability, temperature and other environmental factors that normally limit the spread and persistence of wheat and barley plants in Australia. Any outcrossing events between the GM trials would be confined to the site. These outcrossing events may have unintended effects on purity of the GMOs proposed for release, which is discussed in Event 7. 
180. The proposed limits and controls of the trial (Chapter 1, Sections 3.3 and 3.4) would restrict the potential for pollen flow and gene transfer to sexually compatible plants outside the site. In particular, the applicant proposes to isolate the trial site from other wheat and barley plants and other sexually compatible species and breeding trials, and the majority of the pollen is expected to fall within the trial site or the buffer zone directly surrounding the trial site. The applicant also proposes to perform post harvest monitoring of the site for twenty four months or until the site has been clear of volunteers for one growing season and destroy any volunteer plants found in either the site or the buffer zone. This would reduce the likelihood of any remaining GM wheat and barley seeds, or plants that were potentially the product of gene flow, persisting in these areas.

181. Conclusion: The potential for gene flow resulting in increased weediness, allergenicity or toxicity due to expression of the introduced RNAi constructs and regulatory sequences in other wheat and/or barley plants or in other sexually compatible plants is not an identified risk and will not be assessed further. 
2.4 Horizontal transfer of genes or other genetic elements

182. Horizontal gene transfer (HGT) is the stable transfer of genetic material from one organism to another without reproduction (Keese 2008). All genes within an organism, including those introduced by gene technology, are capable of being transferred to another organism by HGT. HGT itself is not considered an adverse effect, but an event that may or may not lead to harm. A gene transferred through HGT could confer a novel trait to the recipient organism, through expression of the gene itself or the expression or mis-expression of endogenous genes. The novel trait may result in negative, neutral or positive effects. 

183. Risks that might arise from horizontal gene transfer have been considered in previous RARMPs (eg DIR 057/2004 and DIR 085/2008), which are available from the OGTR website <http://www.ogtr.gov.au> or by contacting the Office. From the current scientific evidence, HGT from GM plants to other organisms presents negligible risks to human health and safety or the environment due to the rarity of such events, relative to those HGT events that occur in nature, and the limited chance of providing a selective advantage to the recipient organism.

184. Baseline information on the presence of the introduced or similar genetic elements is provided in Chapter 1, Section 6.5. All of the introduced genetic elements are derived from naturally occurring organisms that are already present in the wider Australian environment.

Event 5. Presence of the introduced genetic material in other organisms as a result of horizontal gene transfer

185. Possible risks arising from HGT of the introduced genetic material to other organisms involves consideration of the potential recipient organism and the nature of the introduced genetic material. Risks that might arise from HGT from a GMO to another organism have been recently reviewed (Keese 2008) and considered in detail in a previous RARMP (DIR 085/2008) which is available from the OGTR website <http://www.ogtr.gov.au> or by contacting the Office.

186. HGT could result in the presence of the introduced RNAi construct in bacteria, plants, animals or other eukaryotes. The probability of transfer of the introduced gene sequences and regulatory sequences contained in the GM wheat and barley plants is no greater than transfer of any of the native genes. The partial sequences used in the constructs were isolated from wheat, and non-GM barley contains homologues of the introduced wheat genes; the regulatory sequences are also widespread in the environment (Chapter 1, Section 5.1). Therefore, these gene sequences and regulatory sequences are already available for transfer via demonstrated natural mechanisms. The RNAi constructs contains segments of coding sequences rather the entire sequence of any gene. If HGT were to occur, it could only result in the expression of short protein fragments, which may or may not include functional domains of the proteins encoded.
187. In most cases HGT from plants to other organisms are not expected to give rise to significant risks (Keese 2008). During genome evolution, genome rearrangement, including the generation of inverted duplications, is a frequent occurrence (reviewed by Shapiro 2005). Transcribed inverted repeats of protein coding sequences appear to be the evolutionary origin of microRNAs, a conserved endogenous silencing mechanism which is involved in the regulation of hundreds, perhaps thousands, of plant genes (Axtell & Bowman 2008). RNAi is a mechanism that occurs naturally in plants and other organisms and is used to control the expression of specific genes and remove aberrant RNA molecules (Agrawal et al. 2003). Thus, inverted repeat sequences, including those with functional promoters, are commonly available for HGT from plants. The introduced RNAi constructs are not expected to increase the frequency of background HGT from plants to other organisms or give rise to greater adverse outcomes than other endogenous plant genes already present in the environment. 
188. A key consideration in the risk assessment process should be the safety of the introduced RNAi construct rather than horizontal gene transfer per se (Thomson 2000). If the introduced RNAi constructs and their effects of the end products is not associated with any risk then even in the unlikely event of HGT occurring, it should not pose any risk to humans, animals or the environment. Conclusions reached for Events 1 - 4 associated with the expression of the introduced RNAi construct did not represent an identified risk. Therefore, any rare occurrence of HGT of introduced genetic material to other organisms is expected to be unlikely to persist and/or result in an adverse effect. 

189. Conclusion: The potential for an adverse outcome as a result of horizontal gene transfer is not an identified risk and will not be assessed further

2.5 Unintended changes in biochemistry, physiology or ecology

190. All methods of plant breeding can induce unanticipated changes in plants, including pleiotropy
 (Haslberger 2003). Gene technology has the potential to cause unintended effects due to the process used to insert new genetic material or by producing a gene product that affects multiple traits. Such pleiotropic effects may include:

· altered expression of an unrelated gene at the site of insertion

· altered expression of an unrelated gene distant to the site of insertion, for example, due to the introduced RNAi construct changing chromatin structure, affecting methylation patterns, or regulating signal transduction and transcription

· increased metabolic burden associated with expression of the introduced RNAi construct
· novel traits arising from interactions of the RNAi construct with endogenous non-target molecules

· secondary effects arising from altered substrate or product levels in the biochemical pathway incorporating the targets of the RNAi construct.

191. Such unintended pleiotropic effects might result in adverse outcomes such as toxicity or allergenicity; weediness, altered pest or disease burden; or reduced nutritional value as compared to the parent organism. However, accumulated experience with genetic modification of plants indicates that, as for conventional (non-GM) breeding programs, the process has little potential for unexpected outcomes that are not detected and eliminated during the early stage of selecting plants with new properties (Bradford et al. 2005).

Event 6. Changes to biochemistry, physiology or ecology of the GM wheat and barley lines resulting from expression or random insertion of the introduced RNAi constructs
192. The outcome of random insertion of an introduced gene or genetic material is impossible to predict. Such outcomes may include, for example, alteration to reproductive capacity, altered capacity to deal with environmental stress, production of novel substances, and changes to levels of endogenous substances. However, unintended changes that occur as a result of gene insertions are rarely advantageous to the plant (Kurland et al. 2003).

193. As described in Chapter 1, Section 5.3, the aim of the genetic modification is to alter grain starch composition through the use of RNAi which result in an increase in the resistant starch (RS) content which is seen as beneficial to human health (see Chapter 1, Section 5.3.2).

194. RNAi is a mechanism that occurs naturally in plants and other organisms and is used to control the expression of specific genes and remove aberrant RNA molecules (Agrawal et al. 2003). Optimal RNAi is required for effective silencing to occur. Systemic silencing is generally difficult to achieve, in the case of the GM wheat and barley organ specific silencing is achieved through using the endosperm specific promoter. In plants, RNAi constructs can give rise to cross silencing; non-specific silencing occurring as a result of closely matching non-target sequences expressed in the same cells. Homology of 95% is generally required for any silencing to have an effect, cross silencing increases with greater stretches of homology to the non-target gene and homology of as little as 20 nucleotides (nt) can give rise to non target silencing, reviewed by Small (2007). Targeted silencing of single genes of a gene family can be achieved if specific regions of the respective genes are targeted. Conversely, using highly conserved regions can result in effectively silencing of several members of a gene family (Miki et al. 2005).
195. An inadvertent outcome could be the cross silencing of unrelated genes. Cross silencing would only occur in tissues in which the RNAi constructs are expressed. In the GM wheat and barley lines, expression of the RNAi constructs are expected to be endosperm specific as the partial gene sequences are under the control of the Dx5 promoter (Blechl & Anderson 1996). More recently it has been shown that expression from this promoter is confined to the endosperm and the layer immediately surrounding it, the aleurone (Furtado et al. 2009). The applicant has not tested plant tissues other than the endosperm to confirm that expression of the partial genes in the RNAi construct is indeed confined to the endosperm. However, the applicant has performed in silico analysis of expression patterns of the Dx5 promoter which indicates endosperm specific expression of the promoter (see Chapter 1, Section 5.4.1).
196. The applicant states that analysis of the SEI silencing construct by comparing the SEI partial gene sequences with the most closely related gene known, SEII, identified one exact match of 21 nt and five regions with 70-80% identity. The 21nt region identified with 100% homology to SEII and could theoretically result in cross silencing. However, the applicant provided Northern blot data to illustrate that this gene is not silenced by the RNAi construct, though a reduction in SEII enzyme level was observed in the GM wheat plants. This is most likely the result of protein-protein interactions that are known to occur between enzymes in this pathway (see Chapter 1, Section 5.2). Any unexpected feedback mechanism as a result of changing enzyme activity could result in a starch composition different to that anticipated. The applicant states that no phenotypic changes were observed that would indicate cross silencing. 
197. Other observations include a slight change in the fat, protein and sugar levels in the GM wheat and barley compared to the non-GM wheat and barley grains (see Table 4B, Chapter 1, Section 5.6.4). These data were based on very limited sampling with no available statistics and thus cannot be interpreted with confidence. There is, however, no strong indication based on current phenotypical, biochemical and composition analyses to suggest that unintended silencing has occurred.
198. Other enzymes within the amylopectin component of the pathway may be affected, as a result of pleiotropic effects. Such changes can be anticipated, as proteins in the starch biosynthesis pathway interact as a result of post translational modifications (see Chapter 1 Sections 5.2 and 5.3.2). The starch synthesis pathway is highly conserved in plants and effects associated with elimination of specific enzymes appear to have comparable effects across plants such as maize, potato, wheat and barley (see Chapter 1, Section 5.3.2). Changes affecting specific enzymes in the starch synthesis pathway have also been observed in natural variants which have long been consumed by humans with no recorded ill effects (see Chapter 1, Section 5.3.3). 
199. Further evidence of the absence of severe unintended changes to the starch synthesis pathway can be taken from the GM wheat lines 212 and YDH7. These GM lines are in a triple null mutant background, and as a result the activity of multiple enzymes in the starch synthesis pathway may be altered. Other than altered starch composition no obvious phenotypic differences were observed between these GM lines and GM wheat line 85.2c (see Chapter 1, section 5.6.3). The wheat 212 and YDH7 lines have the NB1x triple null cross as the parental line, therefore this combination would be the appropriate control for comparison of GM vs non-GM, but only NB1 has been used for comparison.
200. Any unintended interactions in the starch biosynthesis pathway could result in a change in starch composition other than that anticipated. Altered starch composition may give rise to altered physical properties of grain flour. The food industry has taken advantage of such differences over time, flours with different starch composition have been used to achieve different textures and properties in breads, noodles and pastas (see Chapter, Section 5.3.3). Any unintended changes may affect texture and perhaps ‘palatability’ but are not expected to lead to increased allergenic or toxic properties of the grain. The assessment of flour and dough physical properties is part of the proposed experiments on the GM wheat and barley. 
201. Non-GM wheat, particularly the green leaf material, can be toxic to animals if consumed in large quantities (due to nitrate poisoning). The RNAi constructs are under the control of an endosperm specific promote, thus changes in toxicity in leaf material of the GM lines is not expected. 
202. In summary, there are no indications that biochemical pathways, other than the starch synthesis pathway in the endosperm, are altered as a result of down regulation of the enzymes targeted by the RNAi constructs. Unintended secondary effects occurring as a result of altered grain composition could include changes in seed set and altered pest susceptibility (as discussed in Event 2). While phenotypic analyses show a slight increase in seed set and indicate altered sugar and protein content, no adverse effects on the plants have been evident during glasshouse cultivation of these lines.
203. The applicant states that consumption of the GM wheat products proposed for use in a nutritional study in humans would only take place if the animal nutritional trial in rats and pigs showed the positive indicators of improved bowel health. The proposed nutritional studies are limited to a small number of healthy individuals who do not suffer allergies to wheat products and as such there is little potential for exposure of the general public to GM plant material via ingestion. The short duration of the nutritional study would further limit exposure to the GM wheat products.

204. The likelihood of any pleiotropic effects causing adverse effects is further minimised by the proposed limits and controls outlined in Chapter 1, Sections 3.3 and 3.4. In particular, the scale and duration of the trial would limit the potential for any adverse effects. 

205. Conclusion: The potential for an adverse outcome as a result of altered biochemistry, physiology or ecology is not an identified risk and will not be assessed further.

Event 7. Compromised purity of the GM wheat lines and their products proposed for nutritional trials in humans due to other GM wheat grown at the site

206. The presence of other GM wheat and barley at the same release site could result in unintended transfer of GM traits into the GM wheat lines proposed for nutritional studies in humans. Other licence applications proposed for this site include DIR 092 and DIR 094. The genes expressed in the GM wheat and barley lines under these two applications were isolated from wheat and/or barley and as such people and other organisms have a long history of exposure to the introduced genes.
207. Given the proposed physical layout of the site and the resultant physical distances between the proposed DIR licences, gene transfer from any of the GM wheat and/or barley lines on the site into any of the GM wheat and/or barley lines under DIR 093 is possible at low levels (see Event 4). Gene flow from DIR 092 into DIR 093 is more likely to occur due to the closer proximity of the trials (at least in the first year). This could result in synergistic, additive or antagonistic effects as a result of the expression of all RNAi constructs being expressed in the same plant. 
208. A detrimental outcome would be exposure of people participating in the nutritional studies to toxins and/or allergens due to the expression of genes or RNAi constructs from other GM wheat grown at the site as a result of gene flow. The nutrient use efficiency gene in DIR 094 is not expressed in the grain and although the GM wheat lines have not been characterised in detail, the genetic modification is unlikely to alter the toxicity or allergenicity of the GM wheat grains.
209. The GM wheat lines from DIR 092 have been modified for altered starch physical properties. Stacking between the GM wheat lines from DIR 093 and DIR 092 is therefore unlikely to result in an increased toxicity and/or allergenicity.

210. The reader is referred to the RARMP for DIR 092 (Chapter 2, Section 2.1, Event 1) for a comprehensive analysis of the GM wheat lines proposed for release. Briefly, with the exception of the - and -gliadin RNAi lines, no information was found to suggest that the changes brought about by the introduced RNAi constructs affect the production of endogenous wheat toxins and allergens and therefore exposure to the GM plant materials of these lines per se is not expected to adversely affect the health of humans or other organisms. Characterisation of the - and -gliadin RNAi lines has revealed decreased expression of the targeted gliadin proteins, and compensatory increases in expression of other gliadin and glutenin proteins classes compared to non-GM wheat. Allergens and celiac epitopes are known to occur in these protein classes. The extent to which individual proteins within these groups have changed is unknown. It is not anticipated that the gliadin RNAi lines would initiate celiac disease or allergy symptoms in people who do not normally show these reactions to the non-GM lines. There was no information to suggest that any of the other DIR 092 GM wheat lines proposed for release would have increased toxicity or allergenicity compared to the non-GM parent line.
211. If cross pollination between the - and -gliadin RNAi lines from DIR 092 and the GM wheat lines in this application were to occur, then the individuals participating in the nutritional study may be exposed in increased levels of endogenous wheat allergens. However, the amount of this increase is likely to be very small. As discussed in DIR 092 (Chapter 2, Section 2.1, Event 1), cultivated wheat varieties show substantial variability in the levels of allergenic protein classes, furthermore the changes observed in the - and -gliadin RNAi lines are likely to be within the natural range of variation for these protein classes. As only low levels of cross pollination are likely over the distances involved, any changes in levels of allergens or celiac epitopes will be greatly diluted in any GM wheat grain products consumed by human volunteers. In addition, the proposed nutritional studies are limited to a small number of healthy individuals who do not suffer allergies to wheat products and as such there is little potential for exposure of the general public to GM plant material via ingestion. The short duration of the nutritional study would further limit exposure to the GM wheat products.
212. As three different GM wheat lines are proposed for release under DIR 093, gene flow between these lines could result stacking of the introduced traits. As the RNAi constructs are the same in all the GM wheat lines it is unlikely that stacking between or mixing of the GM wheat proposed for release under DIR 093 would result in increased toxicity or allergenicity relative to the individual GM wheat lines.

213. The applicant has stated that the GM wheat to be used for nutritional studies will be tested for GM trait purity and subjected to compositional analyses prior to commencement of nutritional trials (see Event 1). These tests would consist of PCR and compositional analyses including confirmation of the altered grain starch phenotype of the GM wheat. However, these tests have not been designed to detect the presence of other genetic modifications which may arise as a result of successful gene flow from other GM wheat present at the site.
214. A further pathway through which purity of the GM wheat grown under DIR 093 could be compromised is through mixing with of GM seed with seed from the DIR 092 and DIR 094 trials proposed for the same site, at time of harvest. The applicant has proposed to clean all equipment between harvesting, threshing and sowing, thus reducing the likelihood of unintended mixing of seed.

215. The likelihood of compromising the purity of the GM wheat lines grown under DIR 093 is further minimised by measures included in the proposed limits and controls which include the 2 m buffer zone surrounding each trial (Chapter 1, Sections 3.3 and 3.4).

216. Conclusion: The potential for an adverse outcome as a result of compromised purity of the GM wheat is not an identified risk and will not be assessed further.

2.6 Unauthorised activities

Event 8. Use of GMOs outside the proposed licence conditions (non-compliance)

217. If a licence were to be issued, non-compliance with the proposed conditions of the licence could lead to spread and persistence of the GM wheat and barley lines outside of the proposed release area. The adverse outcomes that this event could cause are discussed in the sections above. The Act provides for substantial penalties for non-compliance and unauthorised dealings with GMOs. The Act also requires that the Regulator has regard for the suitability of the applicant to hold a licence prior to the issuing of a licence. These legislative provisions are considered sufficient to minimise risks from unauthorised activities.

218. Conclusion: The potential for an adverse outcome as a result of unauthorised activities is not an identified risk and will not be assessed further.

Section 3 Risk estimate process and assessment of significant risk

219. The risk assessment begins with a hazard identification process to consider what harm to the health and safety of people or the environment could arise during this release of GMOs due to gene technology, and how it could happen, in comparison to the non-GM parent organism and in the context of the proposed receiving environment.

220. Eight events were identified whereby the proposed dealings might give rise to harm to people or the environment. This included consideration of whether, or not, expression of the introduced RNAi construct could result in products that are toxic or allergenic to people or other organisms; alter characteristics that may impact on the spread and persistence of the GM plants; or produce unintended changes in their biochemistry or physiology. The opportunity for gene flow to other organisms and its effects if this occurred was also assessed.

221. A risk is only identified when a hazard is considered to have some chance of causing harm. Events that do not lead to an adverse outcome, or could not reasonably occur, do not represent an identified risk and do not advance any further in the risk assessment process.

222. The characterisation of the 8 events in relation to both the magnitude and probability of harm, in the context of the control measures proposed by the applicant, did not give rise to any identified risks that required further assessment. The principal reasons for this include:

· limits on the size, location and duration of the release proposed by CSIRO
· suitability of controls proposed by CSIRO to restrict the dissemination and persistence of the GM wheat and barley plants and their genetic material

· limited ability and opportunity for the GM wheat and barley lines to transfer the introduced RNAi constructs to commercial wheat and/or barley or other sexually related species outside the site
· widespread presence of the same partial gene sequences contained within the RNAi constructs in the environment and lack of known toxicity or evidence of harm from them
· none of the GM plant materials or products will be used for general consumption in human food or animal feed.
Therefore, any risks of harm to the health and safety of people, or the environment, from the proposed release of the GM wheat and barley lines into the environment are considered to be negligible. Hence, the Regulator considers that the dealings involved in this proposed release do not pose a significant risk to either people or the environment.
Section 4 Uncertainty

223. Uncertainty is an intrinsic property of risk and is present in all aspects of risk analysis, including risk assessment, risk management and risk communication. Both dimensions of risk (i.e. consequence and likelihood) are always uncertain to some degree.

224. Uncertainty in risk assessments can arise from incomplete knowledge or inherent biological variability
. For field trials, because they involve the conduct of research, some knowledge gaps are inevitable. This is one reason they are required to be conducted under specific limits and controls to restrict the spread and persistence of the GMOs and their genetic material in the environment, rather than necessarily to treat an identified risk.

225. For DIR 093 which involves early stage research, uncertainty exists in relation to the characterisation of:

· Event 1, regarding full compositional analyses including potential increases to the production of toxins, allergens and /or anti-nutrients

· Event 1, further characterisation in relation to the specificity of the endosperm specific promoter

· Event 4, regarding potential gene flow to other GM wheat and barley plants or other sexually compatible species
· Event 6, the mechanism of suppression of SEII.
226. Additional data, including information to address these uncertainties, would be required to assess possible future applications for a larger scale trial, reduced containment conditions, or the commercial release of these GM wheat and barley lines if selected for further development.

227. Chapter 3, Section 5 discusses information that may be required for future releases.

Chapter 3 Risk management

228. Risk management includes evaluation of risks identified in Chapter 2 to determine whether or not specific treatments are required to mitigate harm to human health and safety, or the environment, that may arise from the proposed release. Other risk management considerations required under the Act are also addressed in this chapter. Together, these risk management measures are used to inform the decision-making process and determine licence conditions that may be imposed by the Regulator under the Act. In addition, the roles and responsibilities of other regulators under Australia’s integrated regulatory framework for gene technology are explained.

Section 1 Background

229. Under section 56 of the Act, the Regulator must not issue a licence unless satisfied that any risks posed by the dealings proposed to be authorised by the licence are able to be managed in a way that protects the health and safety of people and the environment. All licences are required to be subject to three conditions prescribed in the Act.

230. Section 63 of the Act requires that each licence holder inform relevant people of their obligations under the licence. Other mandatory statutory conditions contemplate the Regulator maintaining oversight of licensed dealings. For example, section 64 requires the licence holder to provide access to premises to OGTR monitors, and section 65 requires the licence holder to report any information about risks or unintended effects of the dealing to the Regulator on becoming aware of them. Matters related to the ongoing suitability of the licence holder are also required to be reported to the Regulator.

231. It is a further requirement that the licence be subject to any conditions imposed by the Regulator. Examples of the matters to which conditions may relate are listed in section 62 of the Act. Licence conditions can be imposed to limit and control the scope of the dealings and the possession, supply, use, transport or disposal of the GMO for the purposes of, or in the course of, a dealing. In addition, the Regulator has extensive powers to monitor compliance with licence conditions under section 152 of the Act.

Section 2 Responsibilities of other Australian regulators

232. Australia's gene technology regulatory system operates as part of an integrated legislative framework. Other agencies that also regulate GMOs or GM products include FSANZ, APVMA, Therapeutic Goods Administration (TGA), National Health and Medical Research Council (NHMRC), National Industrial Chemicals Notification and Assessment Scheme (NICNAS) and AQIS. Dealings conducted under a licence issued by the Regulator may also be subject to regulation by one or more of these agencies
.

233. The Gene Technology Act 2000 requires the Regulator to consult these agencies during the assessment of DIR applications. The Gene Technology (Consequential Amendments) Act 2000 requires the agencies to consult the Regulator for the purpose of making certain decisions regarding their assessments of products that are, or contain a product from, a GMO.

FSANZ is responsible for human food safety assessment, including GM food. The applicant does not intend any material from the GM wheat and barley lines proposed for release to be used for human food or animal feed, with the exception of the previously mentioned nutritional experiments. No material from the animal laboratory experiments will enter the commercial human or animal food supply. Accordingly, the applicant has not applied to FSANZ to evaluate the GM wheat and/or barley lines. However, in the event of a commercial release, FSANZ approval would need to be obtained before materials from the GM wheat and/or barley lines could be sold for human consumption.
234. No other approvals are required.

Section 3 Risk treatment measures for identified risks

235. The risk assessment of events listed in Chapter 2 concluded that there are negligible risks to people and the environment from the proposed trial of GM wheat and barley. The Risk Analysis Framework (OGTR 2007), which guides the risk assessment and risk management process, defines negligible risks as insubstantial with no present need to invoke actions for their mitigation.

236. These events were considered in the context of the scale of the proposed release, ie a maximum area of 1 ha between July 2009 and June 2012 on one site in the ACT, the dealings, the containment measures (Chapter 1, Section 3.4), and the receiving environment (Chapter 1, Section 6).

Section 4 General risk management

237. Licence conditions are imposed to control the dissemination and persistence of the GMOs and their genetic material in the environment and limit the release to the size, location and duration requested by the applicant. Both of these considerations were important in establishing the context for the risk assessment and in reaching the conclusion that the risks posed to people and environment are negligible. The conditions are detailed in the licence and summarised in this Chapter, Section 4.1.2.

4.1 Licence conditions

4.1.1 Consideration of limits and controls proposed by CSIRO
238. Chapter 1, Sections 3.3 and 3.4 provide details of the limits and controls proposed by CSIRO in their application, and discussed in the events characterised for the release in Chapter 2. The appropriateness of these limits and controls are considered further below.

239. The permitted dealings are confined to one site of 1 ha, which occurs within the Gininderra Research Station. Only staff with appropriate training will be allowed access to the site. Additionally, the applicant will not use any of the GM plant material for commercial human food or animal feed. Furthermore, the duration of the proposed release will be limited to three years. These measures will limit the potential for unintentional exposure of humans and vertebrates to the GMOs (Event 1) and the potential for the GM wheat and barley lines to persist or to establish outside the proposed release site (Event 3). 
240. The applicant has stated that the trial site will be at least 1000 metres from the nearest waterway. A standard licence condition is imposed requiring the site to be at least 50 m from the nearest waterways which will minimise the chance of viable plant material being washed away from the site in the event of flooding (Event 3).

241. The applicant’s proposal to limit gene flow from the GM wheat and barley (Event 4) included surrounding the proposed release site with a 200 m isolation zone in which no wheat or barley are grown, including a 10 m monitoring zone cleared of vegetation immediately surrounding the site and a 500 m zone in which no wheat and barley breeding lines may be cultivated. The applicant proposed to graze the area immediately around the herbicide-treated zone to limit the growth of species related to wheat and barley, which will be inspected for and destroyed if detected close to the time of the GM wheat lines flowering. The applicant proposes an exception to the 200 m wheat and barley isolation zone for two other limited and controlled releases of GM wheat and/or barley at the site; GM wheat with altered grain starch (approved under licence DIR 092) and GM wheat and barley with enhanced nutrient utilisation (currently under assessment by the OGTR). The applicant states that pollen movement between trials will be restricted by a 2 m wide buffer of non-GM wheat surrounding the area of the site planted to each of the proposed releases.
242. Plant genotypes and environmental context and conditions, such as humidity, temperature and wind, can influence the results obtained in any given gene flow study. In addition differences in pollen flow have been observed between field and commercial trial size wheat releases. A number of variables particularly, pollen source size, climatic conditions and the difficulty of detecting rare events, could influence the accuracy and reproducibility of these measurements. For commercial scale field sizes outcrossing rates of 0.25% at 61 m have been observed with some isolated reports of gene flow to 300m and one report of ≤ 0.01% up to 2.7 km from the pollen source. At the experimental field scale outcrossing of 0.02% at 31 m and 0.002‑0.003 % at 100 m has been observed with rare occurrences up to 300 m. (Matus-Cadiz et al. 2004; Matus-Cadiz et al. 2007; Gaines et al. 2007).
243. Under Australian conditions, in the ACT, pollen-mediated gene flow from a small release of GM wheat was observed only at low frequencies (0.012%) over short distances (less than 5 m) (Gatford et al. 2006). 

244. Field trial releases of GM wheat in Canada require a 30 m isolation distance between the GM plants and any other wheat plants, while in the United States the isolation distance is reduced to 20 feet (approximately 6.1 m) (USDA-APHIS 1994; Canadian Food Inspection Agency 2006). In both Germany and Spain trials with GM wheat plants are required to be surrounded by a 5 m border of either non–GM wheat or a non related species, while separation distances vary from 10–50 m (Directorate General for the Environment & European Commission 2004a; 2004b; and 2006). 
245. In barley outcrossing rates are normally very low and is mostly detected between adjacent plants (Allard unpublished, discussed in Wagner & Allard 1991). Levels of outcrossing of 0.8% have been observed when the plants are in physical contact which is reduced to less than  0.2% when plants are not in physical contact and continues to decrease rapidly with increasing distance, no outcrossing was detected when plants were separated by 10 m (Allard unpublished, discussed in Wagner & Allard 1991).

246. Outcrossing rates between commercial barley fields have been observed at 0.05% and 0.01% for distances of 1 m and 10 m, respectively. However, outcrossing at very low frequencies has been observed at distances of up to 50 m (Ritala et al. 2002) and rare outcrossing at 60 m (Wagner & Allard 1991). Data from a study at a site in South Australia indicate that barley gene flow was detected at a frequency of 0.005% at a maximum distance of 10 m. A field trial release of GM barley in Iceland requires a separation distance of at least 300 m from other barley fields (European Commission Directorate General for the Environment 2009).
247. Both basic and certified wheat and barley seed in Australia are separated from other cereals by at least a 2 m strip or a physical barrier such as a fence to prevent any mixture of seed during harvest (Smith & Baxter 2002). The acceptable level of off-types or other cultivars of the same species are 0.1% for basic seed and 0.3% for certified seed. Basic seed allows no contamination from other cereal species while in certified seed other cereal seeds may be present at a level of one seed in every two thousand (Smith & Baxter 2002). The OECD rules relating to the production of basic and certified seed from self-pollinated cereal state the same requirements (OECD 2008). Similarly, the United States Federal Seed Act Regulations does not specify an isolation distance for wheat or barley used for seed production. However, for hybrid seed production (where the phenotype may be variable and determination of contamination levels is difficult) a distance of 300 feet (approximately 100 m) is required for the US and 25–100 m for the OECD (Code of Federal Regulations 2006; OECD 2008). 
248. On the basis of the scientific literature on gene flow, international containment measures for GM wheat and barley trials, and the rules for producing basic and certified seed, a minimum 200 m isolation zone clear of sexually compatible species is considered adequate to minimise gene flow from the GM wheat and barley plants to other wheat and barley plants or other sexually related species outside the release site (Event 4). The applicant has also proposed to separate the GM wheat and barley from wheat and barley breeding lines by 500 m however this is considered unnecessary and will not be imposed as a licence condition.
249. The applicant has submitted other licence applications for GM wheat and barley to be grown at the site which in effect would be an exception to the 200 m isolation zone, and cross-pollination could occur between the different GM trials. There is very limited evidence for the effectiveness of a physical barrier such as wheat plants for decreasing pollen movement. However, physical separation of each GM trial proposed to occur at the site will strongly reduce pollen flow, ensure separation of the different trials is maintained during extreme weather, and prevent mixing of seed at harvest. Outcrossing between different GM trials is expected to be very low based on Australian data and within the context of the proposed trial, and as such, no risks were identified related to increased toxicity, allergenicity or weediness, even if outcrossing between the proposed GM trials were to occur (Events 1-3). For these reasons, and in parallel with the requirements for Australian wheat seed production, a buffer zone of at least 2 m surrounding each trial (giving a total of 4 m between two adjacent trials) is imposed as a licence condition to limit potential cross-pollination between different GM wheat releases (Event 4).  In addition it is an imposed licence condition that, if the buffer zone is planted with non-GM wheat, these plants are prevented from setting seed. This will further reduce potential dispersal outside the buffer zone of seed from non-GM wheat plants which may carry the genetic modification as a result of cross-pollination from the GM wheat lines.

250. The applicant proposed that the licence be structured such that different areas of land planted with GMOs within the 1 ha fenced area could be independently signed off, allowing their use for other purposes while the GMOs are cultivated in other areas within the fence. The imposed licence conditions allow for this to occur, and include restrictions upon how land within the fenced area may be used. Important in accommodating this proposal was consideration of how it affected containment of the GMOs. Previous wheat and barley licences require that the monitoring zone surrounding a trial location be monitored for volunteers after harvest, and signed off with the trial location. However, in allowing multiple trial locations to occur within the same monitoring zone (DIR 092 and subject to the approval of DIR 094), post-harvest monitoring requirements must be relative to individual trial locations. 

251. In determining post-harvest monitoring requirements, it is important to consider the potential dispersal of grain during sowing and harvesting (mechanical dispersal). This is most likely to result in dispersal of grain into the area immediately around the trial, including the buffer zone. It is considered unlikely that mechanical dispersal of grain would occur over the distance of more than 4 m separating different trial sites. However, the potential for mechanical dispersal of grain from plantings adjacent to the fence into the monitoring zone is limited by only a 2 m width of buffer zone. To reduce the possibility of mechanical dispersal from the trial location into the monitoring zone (which is not required to be monitored for volunteers after harvest), the imposed licence conditions include a requirement to surround the GM wheat and barley lines by a buffer zone of at least 4 m where they are cultivated adjacent to the fence.

252. The applicant has proposed a number of conditions to minimise the persistence of any GM wheat and barley plants and seeds in the seed bank at the proposed release site after harvest of the proposed trial (Event 2). These conditions include facilitating post harvest ripening of seed by retaining any seed remaining after harvest on the soil surface prior to irrigation (Anderson & Soper 2003), and three irrigations, the second combined with shallow cultivation, to promote germination of the majority of viable seed. The applicant has also proposed to monitor the proposed release site for 24 months after harvest or until the site has been clear of any volunteers for one growing season (~7 months, from July to February). All volunteers will be destroyed by hand pulling or by herbicide application. 

253. Viable wheat seeds have been detected in the soil over longer periods under dry conditions than under moist conditions and wheat seeds present as un-threshed ears have longer dormancy than that of loose seeds (Komatsuzaki & Endo 1996). The minimum level of moisture necessary for germination of wheat seeds is 35 to 45% of the kernel dry weight (OGTR 2008b). In a Canadian field study of wheat, volunteer seedlings were still emerging 16 months after harvest and occasionally seedlings were observed 3 years after harvest (Anderson & Soper 2003; Harker et al. 2005). Dormancy of cereals is reduced in warmer temperatures (reviewed by Pickett 1989), and so dormancy is expected to be reduced in Australian field conditions compared to western Canada. 

254. Shallow tillage after harvest, combined with irrigation, will germinate much of the small grain seed lying on the surface (Ogg & Parker 2000). However, deep cultivation in certain soil types can prevent emergence by encouraging prolonged dormancy in seeds as a result of low oxygen availability but can also reduce the viability of shed seeds (Pickett 1989; Ogg & Parker 2000). Exposure to periods of rain interspersed with dry conditions may encourage germination in grains on the soil surface.
255. Australian barley crops do not generally show strong dormancy due to favourable environmental conditions and the varieties grown (Woonton et al. 2001). Furthermore, there is a difference in germination rates between buried grain and grain lying on the surface; grains remaining on the surface, for example following shallow tillage after harvest, can generally easily germinate and become established (Ogg & Parker 2000). Exposure to periods of rain interspersed with dry conditions may encourage germination in grains on the soil surface. Deep cultivation soon after harvest on the other hand encourages dormancy by placing the grain in a cool, moist environment (Pickett 1989).
256. It is therefore considered that under Australian conditions three irrigations, combined with an appropriate tillage regime, and monitoring for and destruction of volunteers for at least 24 months would effectively reduce survival and persistence of viable wheat seeds in the soil. The initial irrigation should take place within 60 days of harvest which will encourage surface seed to germinate. The remaining two irrigations should take place at a minimum of 4 week intervals concurrent with tillage to the original sowing depth, with the last irrigation occurring during the final six months of the monitoring period. These treatments will further promote germination by ensuring any remaining seeds are exposed to sufficient moisture and placed at an appropriate depth for germination and will also encourage the microbial decomposition of any residual seed. As viable wheat and barley seeds are expected to persist in soil for periods of up to 24 months in Australian conditions, post harvest monitoring of the proposed release site for at least 24 months after harvest, with no volunteers observed in the most recent six months, needs to be completed before an application that inspection conditions no longer apply can be made to the Regulator. These measures will minimise the persistence of the GMOs in the environment (Event 2).

257. The applicant proposes to plant break crops after the GMOs are harvested each year, to help remediate the soil and prevent the build up of disease. The crops proposed are lucerne (Medicago sativa) and forage brassica (Brassica campestris), and they would be planted after the post-harvest irrigation and subsequent treatment with a non-selective herbicide. The break crop would be grown for up to four months before being ploughed back into the soil. During growth of the break crops, the site would be treated with herbicides selective for grasses, thereby destroying any volunteer wheat or barely plants present. It is further specified in the imposed licence conditions that the selective herbicide be used such that any volunteers are destroyed before flowering. 

258. Although, as indicated above, volunteer wheat and barley plants would be destroyed before flowering, their presence may go undetected in the break crop. This could affect the ability to sign off the site, as it would be unlikely that the Regulator could be satisfied that no volunteers had been observed at the site if the break crop was grown in the six month period prior to an application for sign off.

259. The applicant has proposed to harvest the GM wheat and barley plants with a single row plot harvester. Purity of the GM wheat grown under DIR 093 could be compromised via mixing at time of harvest or sowing. The applicant has proposed to clean all harvesting and sowing equipment between processing of different GM wheat lines (see Event 3), reducing the likelihood of mixing of seed at time of planting and harvest.
260. The proposed use of a single row harvester, cleaning of equipment, separation of the trials by buffer rows, would reduce the likelihood of inadvertent mixing of GMOs from the different DIR licences during harvest. These measures, as well as the imposed irrigation and tillage regimes would minimise persistence of any GM seeds. 
261. The applicant has proposed to be able to replant with the GMOs, depending on yields obtained for each of the GM lines. This would only take place in the third year and replanting would only occur on the same location used in the first year. If volunteers are detected in the 6 months prior to replanting, then the GM lines will be planted within the location in exactly the same area they occupied in the first year. If no volunteers were detected then the GM lines can be replanted anywhere within the location used in the first year. Harvesting may increase the amount of residual seed and intact seed heads remaining on site after harvest. However, from data available from previous trials in the ACT and the proposed post-harvest irrigation, tilling and monitoring, only low levels of volunteers are expected to persist after the harvest in year 1 to the time of planting in year 3. Furthermore, stacking of the traits of the individual GM wheat lines was not an identified risk, therefore there is no need to restrict replanting of the GM wheat lines in year 3.
262. The applicant proposes to surround the trial with a 1.8 m high deer proof fence and conduct mice baiting within the fenced area during the trial. The 1.8 m fence will facilitate exclusion of grazing livestock and wildlife from the site. However, since viable seed may remain on the soil surface after harvest, a licence condition has been imposed requiring mice reduction measures to continue after harvest and until all remaining seeds have been incorporated into the soil through post harvest tillage. These measures will aid in reducing the size of the mice population which may have access to the GM wheat and barley lines. There are differing reports regarding the average territory size of mice, however the use of reduced vegetation has been shown to help reduce rodent numbers in agricultural settings. Thus the proposed 10 m zone cleared of vegetation will serve as a measure to control mice damage/feeding at the proposed release site (Event 3). The combination of these measures will limit the potential exposure of vertebrates to the GMOs (Chapter 1, Section 3.4) and the potential dispersal of the GMOs (Event 3) and are imposed as licence conditions.
263. The applicant has proposed to include rabbit mesh in the lower half (85 cm) of the fence. However, rabbit proof mesh to 85 cm alone does not ‘rabbit proof’ a fence but would merely act as a deterrent and is unlikely to prevent entry by rabbits (Hay 1999). Rabbits prefer soft, green, lush grass (OGTR 2008b), and evidence suggests that viable wheat seeds are unlikely to pass through the digestive system of rabbits (see Event 3). Barley seeds have characteristics, such as bristles, that may facilitate dispersal by animals if they were able to enter the site. The GMOs are surrounded by a buffer zone of non-GM wheat and the proposed GM barley planting is only a small component of the total planting at the site. Barley plants are relatively tall plants, higher than 60 cm, and rabbits are unlikely to brush against the mature grain spikes. Thus, even if rabbits gain entry to the site dispersal of barley seeds by rabbits through adhering to their fur is unlikely. Therefore, rabbit proof mesh has not been imposed as a licence condition. 
264. The applicant has proposed to cover the release site with bird netting. This would further reduce the likelihood of birds having access to the site and thus prevent dispersal of plant material through this route (Chapter 1, Section 3.4). The possibility of dispersal of GM plant materials by birds was considered in detail in the RARMP for DIR 071/2006 which is available from the OGTR or from the website and is discussed in The Biology of Triticum aestivum L. em Thell (Bread Wheat) (OGTR 2008b), barley seed dispersal by birds has been considered in the The Biology of  Hordeum vulgare L. (Barley)(OGTR 2008a). Birds tend to favor the green plant parts to the seed and dispersal of viable GM wheat and/or barley seed is likely to be low. Therefore, bird netting of the site in order to prevent access by birds has not been imposed as a licence condition.
265. Products made from GM wheat may also be consumed by a small number of people as part of carefully controlled nutritional studies. The applicant has proposed to limit exposure by selecting a small number of healthy individuals, who do not have a known allergy to wheat, to participate in the study, thus any effects due to allergies would be unlikely. The consumption of products containing the GM wheat flour by volunteers as part of the nutritional studies will be conducted under the auspices of a Human Nutrition Research Ethics Committee (see also Event1 and Chapter 1, Section 7.1.3.
). 

266. Quality control will be in place by means of testing the GM wheat prior to their use in the nutritional study. The applicant states that this will include compositional analyses and testing for GM trait purity. Testing for the presence of the introduced gene sequences associated with the other DIR licence applications has not been suggested. Implementation of such a testing regime that is sufficiently sensitive, would allow for the detection of the inadvertent presence of any other GM grains (from DIR 094 and DIR 092) in the final product. However, the level at which any inadvertent presence of other GM traits would need to be detected is undetermined. It is essential that the a human ethics committee will be provided with the final risk assessment and risk management plan prepared for application DIR 093 so that they are aware that there may be slight impurities in the final GM wheat product. However, it is unlikely that the presence of other GM wheat components as a consequence of a successful gene flow event would result in increased toxicity and/or allergenicity of the GM wheat proposed for consumption in the nutritional study. Therefore, testing for GMO purity is not imposed as a licence condition.
267. The applicant has proposed that the consumption of the GM wheat products in a human nutritional study would only take place if the animal nutritional trial in rats and pigs showed the positive indicators of improved bowel health and no unintended effects were observed during these trials. Furthermore, the proposed nutritional studies are limited to a small number of individuals and as such there is little potential for exposure of the general public to GM plant material via ingestion. The GM wheat products are not proposed for commercial human consumption. The short duration of the nutritional study would further limit exposure to the GM wheat products. Therefore, imposed licence conditions require that prior to commencement of the nutritional studies involving humans, a Human Research Ethics Committee will be provided with the final RARMP prepared for application DIR 093.
268. The applicant has stated that any plant material taken off-site for experimental analysis will be transported according to the Regulator’s guidelines for the transport of GMOs <http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/transport-guide-1>. These are standard protocols for the handling of GMOs to minimize exposure of the GMOs to human and other organisms (Event 1), dispersal into the environment (Event 3), and gene flow/transfer (Events 4 and 5).
4.1.2 Summary of measures imposed by the Regulator to limit and control the proposed release

269. A number of licence conditions have been imposed to limit and control the proposed release, which are described in detail in the licence. These include requirements to:

· conduct the release on a total area of up to 1 ha at one site in the ACT, between July 2009 and June 2012

· locate the trial site at least 50 m away from natural waterways

· enclose the trial site with a 1.8 m high livestock-proof fence with lockable gates

· establish a 10 m monitoring zone around the trial site that is free of any related species and is maintained in a manner that does not attract or harbour mice, and conduct mice baiting and/or trapping in and around each trial site

· maintain an isolation zone of at least 200 m around each trial site free of any sexually compatible species, with the exception of other GM wheat and barley lines approved for release by the Regulator

· separate the GM wheat and barely trial from any other GM wheat or barley trial by at least 4 m 

· harvest the GM wheat and barley plant material separately from other crops 

· apply measures to promote germination of any wheat or barley seeds that may be present in the soil after harvest, including three irrigation cycles, with the last irrigation occurring during the final 6 months of the monitoring period

· monitor the site for at least 24 months after harvest and destroy any wheat and barely plants that may grow until no volunteers are detected for a continuous 6 month period.

· harvesting of the GM wheat and/or barley may only be undertaken by a small hand held mechanical single row harvester or by hand harvesting

· cleaning of the harvester must occur between harvesting of different GMOs

· clean the sites, buffer zones and equipment used on the sites following harvest

· contain, transport and store material from the GMO in accordance with Regulator’s  guidelines

· nutritional studies involving human volunteers may not commence until endorsed by a human research ethics committee 

· destroy all GM plant material not required for further analysis or future trials

· not allowing the GM plant materials or products to be used for human food or animal feed, with the exception of the nutritional studies from which no material will enter the commercial human or animal food supply.
4.1.3 Measures to control other activities associated with the trial

270. The Regulator has issued guidelines and policies for the transport and supply of GMOs (Guidelines for the transport of GMOs; Policy on transport and supply of GMOs). Licence conditions based on these guidelines and policies have been imposed regarding transportation and storage, and to control possession, use or disposal of the GMOs for the purposes of, or in the course of, the authorised dealings.

271. Conditions applying to the conduct of experimental analyses are also included in the licence conditions.

272. Conditions relevant to the conduct of the rat and pig nutritional trials; and the nutritional studies involving human volunteers are also included in the licence conditions.

4.2 Other risk management considerations

273. All DIR licences issued by the Regulator contain a number of general conditions that relate to general risk management. These include, for example:

· applicant suitability

· contingency plan
· identification of the persons or classes of persons covered by the licence

· reporting structures, including a requirement to inform the Regulator if the applicant becomes aware of any additional information about risks to the health and safety of people or the environment

· a requirement that the applicant allows access to the trial sites by the Regulator, or persons authorised by the Regulator, for the purpose of monitoring or auditing.

4.2.1 Applicant suitability

274. In making a decision whether or not to issue a licence, the Regulator must have regard to the suitability of the applicant to hold a licence. Under section 58 of the Act matters that the Regulator must take into account include:

· any relevant convictions of the applicant (both individuals and the body corporate)

· any revocation or suspension of a relevant licence or permit held by the applicant under a law of the Commonwealth, a State or a foreign country

· the applicant's history of compliance with previous approved dealings

· the capacity of the applicant to meet the conditions of the licence.

275. On the basis of information submitted by the applicant and records held by the OGTR, the Regulator considers CSIRO suitable to hold a licence.

276. The licence includes a requirement for the licence holder to inform the Regulator of any circumstances that would affect their suitability or their capacity to meet the conditions of the licence.

277. In addition CSIRO must continue to have access to a properly constituted Institutional Biosafety Committee and be an accredited organisation under the Act.

4.2.2 Contingency plans

278. CSIRO is required to submit a contingency plan to the Regulator within 30 days of the issue date of the licence. This plan would detail measures to be undertaken in the event of any unintended presence of the GM wheat and/or barley lines outside of the permitted areas.

279. CSIRO is also be required to provide a method to the Regulator for the reliable detection of the presence of the GMOs and the introduced genetic materials in a recipient organism. This instrument is be required within 30 days of the issue date of the licence.

4.2.3 Identification of the persons or classes of persons covered by the licence

280. The persons covered by the licence would be the licence holder and employees, agents or contractors of the licence holder and other persons who are, or have been, engaged or otherwise authorised by the licence holder to undertake any activity in connection with the dealings authorised by the licence.

4.2.4 Reporting structures

281. The licence obliges the licence holder to immediately report any of the following to the Regulator:

· any additional information regarding risks to the health and safety of people or the environment associated with the trial

· any contraventions of the licence by persons covered by the licence
· any unintended effects of the trial.

282. The licence holder is also obliged to submit an Annual Report within 90 days of the anniversary of the licence containing any information required by the licence, including the results of inspection activities.

283. A number of written notices are also be required under the licence that would assist the OGTR in designing and implementing a monitoring program for all licensed dealings. The notices would include:

· expected and actual dates of planting

· expected and actual dates of commencement of flowering

· expected and actual dates of destruction and cleaning after destruction.

4.2.5 Monitoring for Compliance

284. The Act stipulates, as a condition of every licence, that a person who is authorised by the licence to deal with a GMO, and who is required to comply with a condition of the licence, must allow inspectors and other persons authorised by the Regulator to enter premises where a dealing is being undertaken for the purpose of monitoring or auditing the dealing. Post-release monitoring continues until the Regulator is satisfied that all the GMOs resulting from the authorised dealings have been removed from the release sites.

285. If monitoring activities identify changes in the risks associated with the authorised dealings, the Regulator may also vary licence conditions, or if necessary, suspend or cancel the licence.

286. In cases of non-compliance with licence conditions, the Regulator may instigate an investigation to determine the nature and extent of non-compliance. These include the provision for criminal sanctions of large fines and/or imprisonment for failing to abide by the legislation, conditions of the licence or directions from the Regulator, especially where significant damage to health and safety of people or the environment could result.

Section 5 Issues to be addressed for future releases

287. Additional information has been identified that may be required to assess an application for a large scale or commercial release of this GM wheat and/or barley lines, or to justify a reduction in containment conditions. This would include:

· additional data on the potential toxicity and allergenicity of plant materials from the GM wheat and barley lines 

· additional data on compositional analyses including any potential changes to anti-nutrient levels

· additional data in relation to the specificity of the endosperm specific promoter

· weediness of the GM wheat and barley under Australian field conditions, including invasiveness, enhanced reproductive capacities and enhanced seed survival

· additional data on gene transfer to non-GM wheat and barley. 
Section 6 Conclusions of the RARMP

he risk assessment concluded that this proposed limited and controlled release of three GM wheat lines and one GM barley line on a maximum total area of 1 ha over 3 years in the ACT, poses negligible risks to the health and safety of people or the environment as a result of gene technology.

The risk management plan concluded that these negligible risks do not require specific risk treatment measures. However, licence conditions have been imposed to restrict the dissemination and persistence of the GMOs and their genetic material in the environment and to limit the release to the size, location and duration requested by the applicant as these were important considerations in establishing the context for assessing the risks.
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Appendix A Definitions of terms in the Risk Analysis Framework used by the Regulator

(* terms defined as in Australia New Zealand Risk Management Standard AS/NZS 4360:2004)

Consequence

outcome or impact of an adverse event

Marginal: there is minimal negative impact

Minor: there is some negative impact

Major: the negative impact is severe

Event*

occurrence of a particular set of circumstances

Hazard*

source of potential harm

Hazard identification

the process of analysing hazards and the events that may give rise to harm

Intermediate

the negative impact is substantial

Likelihood

chance of something happening

Highly unlikely: may occur only in very rare circumstances

Unlikely: could occur in some circumstances

Likely: could occur in many circumstances

Highly likely: is expected to occur in most circumstances

Quality control

to check, audit, review and evaluate the progress of an activity, process or system on an ongoing basis to identify change from the performance level required or expected and opportunities for improvement

Risk

the chance of something happening that will have an undesired impact

Negligible: risk is insubstantial and there is no present need to invoke actions for mitigation

Low: risk is minimal but may invoke actions for mitigation beyond normal practices

Moderate: risk is of marked concern requiring mitigation actions demonstrated to be effective

High: risk is unacceptable unless actions for mitigation are highly feasible and effective

Risk analysis

the overall process of risk assessment, risk management and risk communication

Risk analysis framework

systematic application of legislation, policies, procedures and practices to analyse risks

Risk assessment

the overall process of hazard identification and risk estimation

Risk communication

the culture, processes and structures to communicate and consult with stakeholders about risks

Risk Context

parameters within which risk must be managed, including the scope and boundaries for the risk assessment and risk management process

Risk estimate

a measure of risk in terms of a combination of consequence and likelihood assessments

Risk evaluation

the process of determining risks that require treatment

Risk management

the overall process of risk evaluation, risk treatment and decision making to manage potential adverse impacts

Risk management plan

integrates risk evaluation and risk treatment with the decision making process

Risk treatment*

the process of selection and implementation of measures to reduce risk

Stakeholders*

those people and organisations who may affect, be affected by, or perceive themselves to be affected by a decision, activity or risk

States

includes all State governments, the Australian Capital Territory and the Northern Territory governments

Uncertainty

imperfect ability to assign a character state to a thing or process; a form or source of doubt

Appendix B Summary of issues raised in submissions received from prescribed experts, agencies and authorities
 on the consultation RARMP for DIR 093

The Regulator received several submissions from prescribed experts, agencies and authorities on the consultation RARMP. All issues raised in submissions relating to risks to the health and safety of people and the environment were considered in the context of the currently available scientific evidence that was used in finalising the RARMP that formed the basis of the Regulator’s decision to issue the licence. A number of submissions received raised issues relating to risks to the health and safety of people and the environment as summarised below.

	Summary of issues raised
	Comment

	Diagram on page 11 shows plots of wheat and barley on the edge of the trial site within the exclusion zone. Is this arrangement correct and why?


	The schematic diagram of the containment measures as proposed by the applicant does not have wheat and barley growing within the exclusion zone other than those proposed for cultivation within the fenced area.

	GM wheat and barley are to be sown with a cone seeder which will be cleaned after sowing with 1% sodium hypochlorite and 70% alcohol. Is there evidence that this method of cleaning will effectively remove all GM seed from the seeder.


	The applicant did not provide evidence of the efficacy of their proposed cleaning method, however it is considered unlikely to render wheat seed unviable unless treatment was prolonged. The proposed licence conditions did not specify a method of cleaning equipment, but rather the outcome which must be achieved – that the GMOs be removed from equipment and destroyed.

	Feels that the 500m isolation zone as proposed by the applicant should be maintained.
	On the basis of the scientific literature on gene flow, a 200 m isolation zone clear of sexually compatible species is considered adequate to minimise gene flow.
If seed dispersal or gene flow were to occur, the resulting plants would not represent a risk to human health and safety or the environment since neither the potential toxicity or allergenicity of the GM wheat (Event 1), or the potential for the genetic modifications to result in improved survival of the GM wheat plants (Event 2) were identified as risks.

	Supports the future research requirements identified in the draft RARMP and recommends additional information be collected and provided prior to assessment of larger scale or commercial release of the GM wheat and barley lines:

· details of any abiotic or biotic stress tolerance conferred by the genetic modifications to the wheat and barley lines

· details of any ecotoxicity effects of the GM wheat and barley lines under field conditions

· details on the levels of silencing of the target genes in various plant tissues

· details of the metabolic and proteomic alterations due to the presence of the transgenes
	The application has been assessed as a limited and controlled release. The RARMP outlines future research requirements should the applicant seek a licence for commercial release, and these requirements are similar to those raised in the submission. The research requirements include further information on the potential allergenicity or toxicity of the GM plants, additional phenotypic characterisation (including characteristics indicative of weediness), and characterisation of the genetic material in the plants. These research requirements would include characterisation of unintended consequences of the genetic modifications, which may occur as a result of changed metabolite or protein levels, as they may impact upon allergenicity or toxicity of the GM wheat and barley, or its ability to spread and persist in the environment.

	Are the measures aiming to clear GM wheat and barley seed in the soil seed bank sufficient? The requirement for 6 months without detection of volunteers prior to site sign-off does not take into account whether conditions favourable for germination occur during this period. 
	To address the concern that the required volunteer-free period may fall during conditions not conducive to wheat and/or barley germination, the licence conditions have been modified to require that each location and associated buffer zone be irrigated at least once during the 6 month volunteer-free period prior to site sign-off, to ensure that all remaining viable seeds have the opportunity to germinate.


Appendix C Summary of issues raised in submissions received from the public on the consultation RARMP for DIR 093

The Regulator received two submissions from the public on the consultation RARMP. These submissions, summarised in the table below, raised issues relating to human health and safety and the environment. These were considered in the context of currently available scientific evidence in finalising the RARMP that formed the basis of the Regulator’s decision to issue the licence.

Position (general tone): n = neutral; x = do not support; y = support.

Issues raised: A: Allergenicity; RA; Risk Assessment; EN: Environmental risks, H: human health; OSA: Outside scope of assessment, T: Toxicity.
Other abbreviations: Ch: Chapter; FSANZ: Food Standards Australia New Zealand; GM: Genetically Modified; GMO: genetically modified organism; RARMP: Risk Assessment and Risk Management Plan.

Type: I: individual.

	Sub. No:
	Type
	Position
	Issue
	Summary of issues raised
	Comment

	1
	I
	x
	EN
	Protests against the release of GM wheat and barley. Believes that it will not be possible to keep GM wheat and barley separate from non-GM counterparts if released into the environment.
	The Regulator has imposed a range of measures to restrict the dissemination and persistence of the GMOs and their genetic material in the environment and to limit the trial to the proposed size, location and duration. See Chapter 2 Events 2, 3 and 4 and Chapter 3.

	
	
	
	EN, H
	Considers that the release of unnatural breeds of wheat and barley and unnatural foods poses an unacceptable and unnecessary risk to human health and the environment.
	Risks to human health and safety and to the environment for this trial were assessed as negligible following extensive review of published literature of the non-GM parent and GM trait and consideration of the proposed limits and controls.

	
	
	
	OSA
	Claims that modern technology causes the collapse of naturally evolved food chains. Humans need to retreat back to more natural ways of living.
	The appropriateness of using gene technology is outside the scope of issues to which the Regulator must have regard when deciding whether or not to issue a licence.

	2
	I
	x
	None


	States that CSIRO should be commended for undertaking animal feeding trials and possibly limited human volunteer trials with the GMO and not with just the genetic insert construct.
	Noted

	
	
	
	OSA


	Requests that future trials, including breeding trials, test for any health effects on offspring of mothers that are fed GM products and the whole report should be available for public scrutiny.
	The proposed human and animal trials are to investigate nutritional properties of products from GM wheat. Future data requirements, including data on potential toxicity of GM products are identified in the RARMP (Chapter 2, Section 4). On the basis of currently available information specific reproduction and developmental studies are not considered to be necessary to address possible human health effects. All information submitted as part of a DIR application, apart from that declared as CCI by the Regulator, is available to members of the public.

	
	
	
	The submission put forward the following as examples of claimed false reasoning within the RARMP and suggested that the conclusion of no identified risk is improper:

	
	
	
	H, T
	· Since there have been no animal or human consumption studies how can it be concluded that there is no risk.

· The GMOs are deemed to be safe before they have been trialled for safe use via controlled animal studies

· No toxicity or allergenicity tests have been performed

· A genetic construct considered safe for ingestion in its traditional food may not necessarily be safe for consumption when transferred to the genome of another food, whether or not it is closely related. For example in 2005 CSIRO abandoned their GM pea enterprise when unintended, unacceptable health impacts occurred in test animals when the GMO was ingested.


	The risk assessment was conducted with respect to the risk context as described in Chapter 1 of the RARMP. Part of that context is that none of the GM wheat or barley would enter the commercial human food or animal feed chains, with the exception of the limited animal trials or human nutritional studies. Taking this into account and on the basis of the available scientific information, the potential for toxicity and/or allergenicity to people and other organisms was not considered to be an identified risk (Chapter 2, event 1) that warrants further detailed consideration.

Chapter 3 of the RARMP outlines future data requirements should the applicant seek a licence for large scale or commercial release, including additional data on toxicity and allergenicity.

FSANZ is responsible for the assessment of commercial human food safety assessment, including GM food.


	2
	I
	x
	The submission put forward the following as examples of claimed contradictions to alert caution and not to jump to confident judgement of safety of the GM products for ingestion. Even though it is early stage research the OGTR makes the pronouncement of no identified risk therefore the matter will not be discussed further (sic).

	
	
	
	RA
	The genetic modification is only expressed in the seed and only composition of starch is altered. Unlikely to be more allergenic or toxic than non-GM wheat and barley (pg 29).

vs

The applicant has not tested plant tissues to confirm endosperm specificity of promoter (pg 40).
	Noted. Although the promoter used to express the RNAi constructs is expected to be endosperm specific (see Chapter 1), the applicant has not confirmed this by testing other plant tissues. Uncertainty regarding the expression pattern and the need for further characterisation was identified in Chapter 2, Section 4.  Table 6, Chapter 2 has now been amended to indicate that this is the expected expression pattern. Additionally, Chapter 3, Section 5 now identifies the characterisation of the expression pattern as an issue to be addressed for future releases.

	
	
	
	C, H
	Only the composition of starch has been altered (pg 29)

vs

Unexpected results can be anticipated as proteins in the biosynthesis pathway interact as a result of post-translational modifications (pg 41).
	The effects of the genetic modifications are confined to the starch biosynthesis pathway in the endosperm. It is known that proteins in this pathway interact as a result of post-translational modifications. Such effects may result in altered palatability and flour characteristics but are unlikely to increase the risk in relation to toxicity and/or allergenicity.

	
	
	
	C, H, T
	Uncertainty exists regarding full compositional analyses to the production of toxins, allergens and/ or anti-nutrients (pg 45).

vs

The potential for increased allergenicity or toxicity due to the expression of the RNAi constructs is not an identified risk and will not be addressed further (pg 33).
	Noted. Please refer to comments above.
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Bird netting covering the trial site
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Fence surrounding trial site, with mice traps within the fence perimeter











Grey border represents 2m wide non- GM buffer zone around each trial















































Proposed trial planting site








500m exclusion zone for wheat and barley breeding lines


























200m exclusion zone for other wheat and barley lines








� The term ‘line’ is used to denote plants derived from a single plant containing a specific genetic modification made by one transformation event.


� More information on the process for assessment of licence applications to release a genetically modified organism (GMO) into the environment is available from the Office of the Gene Technology Regulator (Free call 1800 181 030 or at <� HYPERLINK "http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/process-1" ��http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/process-1�>), and in the Regulator’s Risk Analysis Framework � ADDIN REFMGR.CITE <Refman><Cite><Author>OGTR</Author><Year>2007</Year><RecNum>12991</RecNum><IDText>Risk Analysis Framework</IDText><MDL Ref_Type="Report"><Ref_Type>Report</Ref_Type><Ref_ID>12991</Ref_ID><Title_Primary>Risk Analysis Framework</Title_Primary><Authors_Primary>OGTR</Authors_Primary><Date_Primary>2007</Date_Primary><Keywords>risk</Keywords><Keywords>analysis</Keywords><Reprint>In File</Reprint><Volume>Version 2.2</Volume><Publisher>Document produced by the Australian Government Office of the Gene Technology Regulator, available online from http://www.ogtr.gov.au/</Publisher><Web_URL><u>http://www.ogtr.gov.au/</u></Web_URL><ZZ_WorkformID>24</ZZ_WorkformID></MDL></Cite></Refman>�(OGTR 2007)� at  <� HYPERLINK "http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/riskassessments-1" ��http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/riskassessments-1�>.


� More information on the process for assessment of licence applications to release a genetically modified organism (GMO) into the environment is available from the Office of the Gene Technology Regulator (OGTR) (Free call 1800 181 030 or at <�HYPERLINK "http://www.ogtr.gov.au/"��http://www.ogtr.gov.au/�>), and in the Regulator’s Risk Analysis Framework � ADDIN REFMGR.CITE <Refman><Cite><Author>OGTR</Author><Year>2007</Year><RecNum>12991</RecNum><IDText>Risk Analysis Framework</IDText><MDL Ref_Type="Report"><Ref_Type>Report</Ref_Type><Ref_ID>12991</Ref_ID><Title_Primary>Risk Analysis Framework</Title_Primary><Authors_Primary>OGTR</Authors_Primary><Date_Primary>2007</Date_Primary><Keywords>risk</Keywords><Keywords>analysis</Keywords><Reprint>In File</Reprint><Publisher>Version 2.2, Document produced by the Australian Government Office of the Gene Technology Regulator, available online from http://www.ogtr.gov.au/</Publisher><Web_URL><u>http://www.ogtr.gov.au/</u></Web_URL><ZZ_WorkformID>24</ZZ_WorkformID></MDL></Cite></Refman>�(OGTR 2007)� at <� HYPERLINK "http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/riskassessments-1" �http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/riskassessments-1�>.


� The term ‘line’ is used to denote plants derived from a single plant containing a specific genetic modification made by one transformation event.


� As none of the proposed dealings are considered to pose a significant risk to people or the environment, section 52(2)(d)(ii) of the Gene Technology Act 2000 mandates a minimum period of 30 days for consultation on the RARMP. However, the Regulator has allowed up to 6 weeks for the receipt of submissions from prescribed experts, agencies and authorities and the public.


� More information on Australia’s integrated regulatory framework for gene technology is contained in the Risk Analysis Framework available from the Office of the Gene Technology Regulator (OGTR). Free call 1800 181 030 or at <� HYPERLINK "http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/riskassessments-1" �http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/riskassessments-1�>.


� The legislative requirements and the approach taken in assessing licence applications are outlined in more detail on the OGTR website at <�HYPERLINK "http://www.ogtr.gov.au/"��http://www.ogtr.gov.au/�> and in the Risk Analysis Framework � ADDIN REFMGR.CITE <Refman><Cite><Author>OGTR</Author><Year>2007</Year><RecNum>12991</RecNum><IDText>Risk Analysis Framework</IDText><MDL Ref_Type="Report"><Ref_Type>Report</Ref_Type><Ref_ID>12991</Ref_ID><Title_Primary>Risk Analysis Framework</Title_Primary><Authors_Primary>OGTR</Authors_Primary><Date_Primary>2007</Date_Primary><Keywords>risk</Keywords><Keywords>analysis</Keywords><Reprint>In File</Reprint><Publisher>Version 2.2, Document produced by the Australian Government Office of the Gene Technology Regulator, available online from http://www.ogtr.gov.au/</Publisher><Web_URL><u>http://www.ogtr.gov.au/</u></Web_URL><ZZ_WorkformID>24</ZZ_WorkformID></MDL></Cite></Refman>�(OGTR 2007)� <� HYPERLINK "http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/riskassessments-1" �http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/riskassessments-1�>


� The risk assessment methodology used by the Regulator is outlined in more detail at <�HYPERLINK "http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/raf-3/$FILE/raffinal3.pdf"��http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/raf-3/$FILE/raffinal3.pdf�>


� The term ‘line’ is used to denote plants derived from a single plant containing a specific genetic modification made by one transformation event.


� Triple null mutants. Null mutants lack a functional gene product. Wheat, a hexaploid, has three genomes each with two copies of the genes. A null for the respective gene, one in each of the three genomes, would result in a triple null mutant for the gene.


� Isofrom: any of several different forms of the same � HYPERLINK "http://en.wikipedia.org/wiki/Protein" \o "Protein" �protein� as a result of � HYPERLINK "http://en.wikipedia.org/wiki/Single_nucleotide_polymorphism" \o "Single nucleotide polymorphism" �changes� in the DNA sequence, or different forms of a protein may also be produced from related � HYPERLINK "http://en.wikipedia.org/wiki/Genes" \o "Genes" �genes�, or may arise from the same gene by � HYPERLINK "http://en.wikipedia.org/wiki/Alternative_splicing" \o "Alternative splicing" �alternative splicing�.


�< � HYPERLINK "http://www.aphis.usda.gov/brs/status/relday.html" ��http://www.aphis.usda.gov/brs/status/relday.html�>, <� HYPERLINK "http://gmoinfo.jrc.it/gmp_browse.aspx" ��http://gmoinfo.jrc.it/gmp_browse.aspx�> accessed 10 March 2009.


� Pleiotropy is the effect of one particular gene on other genes to produce apparently unrelated, multiple phenotypic traits � ADDIN REFMGR.CITE <Refman><Cite><Author>Kahl</Author><Year>2001</Year><RecNum>2348</RecNum><IDText>The dictionary of gene technology: genomics, transcriptomics, proteomics</IDText><MDL Ref_Type="Book, Whole"><Ref_Type>Book, Whole</Ref_Type><Ref_ID>2348</Ref_ID><Title_Primary>The dictionary of gene technology: genomics, transcriptomics, proteomics</Title_Primary><Authors_Primary>Kahl,G.</Authors_Primary><Date_Primary>2001</Date_Primary><Keywords>dictionary</Keywords><Keywords>GENE</Keywords><Reprint>Not in File</Reprint><Start_Page>1</Start_Page><End_Page>941</End_Page><Pub_Place>Weinheim, Germany</Pub_Place><Publisher>Wiley-VCH</Publisher><ISSN_ISBN>3-527-30100-3</ISSN_ISBN><Availability>Sunita Dhindsa</Availability><ZZ_WorkformID>2</ZZ_WorkformID></MDL></Cite></Refman>�(Kahl 2001)�.


� A more detailed discussion is contained in the Regulator’s Risk Analysis Framework (OGTR 2007) available at <� HYPERLINK "http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/riskassessments-1" �http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/riskassessments-1�> or via Free call 1800 181 030.


� More information on Australia's integrated regulatory framework for gene technology is contained in the Risk Analysis Framework available from the Office of the Gene Technology Regulator. Free call 1800 181 030 or at <� HYPERLINK "http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/riskassessments-1" �http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/riskassessments-1�>.


� GTTAC, State and Territory Governments, Australian Government agencies, the Minister for the Environment, Heritage & the Arts and the Local Council(s) where the release may occur





