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Executive Summary
Introduction

The Gene Technology Regulator (the Regulator) has made a decision to issue a licence for
dealings involving the intentional, commercial scale release of a rose line genetically
modified (GM) for altered flower colour in respect of application DIR 090 from Florigene Pty
Ltd.

The Gene Technology Act 2000 (the Act), the Gene Technology Regulations 2001 (the
Regulations) 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

Florigene applied for a licence for dealings involving the intentional release of one line” of
GM Hybrid Tea rose without specific containment measures. The GM rose line contains two
genes that have been shown to alter flower colour from pink to purple/blue. In addition, the
line contains an antibiotic resistance selectable marker gene, which was used to identify
transformed plants during their initial development in the laboratory.

The GM rose line for commercial release is one of three lines that were approved for a limited
and controlled release (see DIR 060/2005) under the current regulatory system. There have
been no reports of adverse effects on human health and safety or the environment resulting
from this release.

The purpose of the release is the ongoing commercial propagation of parent plants and the
growing of plants for cut-flowers. Florigene intends to grow GM rose plants and handle their
products (ie cut-flowers) in the same manner as non-GM rose plants. Parent plants and plants
for cut-flowers will be grown by one or more growers registered with Florigene. Flowers that
are produced will be sold through normal commercial distribution channels to the public,
Australia-wide.

Risk assessment

The risk assessment took into account information contained in the application, relevant
previous approvals, current scientific knowledge, and advice relating to risks to human health
and safety and the environment provided in submissions received during consultation on the
application and RARMP. In taking into account a potential risk, the Regulator must consider
the probability or impact of an adverse outcome over the foreseeable future.

! 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 <http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/process-1>), and in
the Regulator’s Risk Analysis Framework (OGTR 2007)
at<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.
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A hazard identification process was used to determine potential pathways that might lead to
harm to people or the environment as a result of gene technology.

Seven events were considered 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 genes 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, physiology or ecology. The
opportunity for gene flow to other organisms and its 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 advance
in the risk assessment process.

The characterisation of the seven events in relation to both the magnitude and probability of
harm 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 commercial release of the GM rose line into the environment are considered to be
negligible. Hence, the Regulator considers that the dealings involved in this proposed
commercial 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 seven events
characterised in the risk assessment are considered to give rise to an identified risk, either in
the short term or the long term, 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. Nonetheless,
as part of the Regulator’s oversight of licensed dealings involving the release of genetically
modified organisms, the licence contains a number of general conditions relating to ongoing
licence holder suitability, auditing and monitoring, and reporting requirements which include
an obligation to report any unintended effects.

Conclusions of the RARMP

The risk assessment concludes that this commercial release of one GM rose line,
Australia-wide, poses negligible risks to the health and safety of people or the environment as
a result of gene technology.

The risk management plan concludes that these negligible risks do not require specific risk
treatment measures. However, general conditions have been imposed to ensure that there is
safe oversight of the ongoing release.

Executive Summary (June 2009)
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Abbreviations

AchrDNA Agrobacterium tumefaciens chromosomal DNA

the Act Gene Technology Act 2000

APVMA Australian Pesticides and Veterinary Medicines Authority

S5AT Anthocyanin 5-acyltransferase

AQIS Australian Quarantine and Inspection Service

CaMV Cauliflower mosaic virus

DIR Dealing involving Intentional Release

DNA Deoxyribonucleic Acid

EFSA European Food Safety Authority

F3°5’H Flavonoid-3’,5’-hydroxylase

FSANZ Food Standards Australia New Zealand

GM Genetically Modified

GMO Genetically Modified Organism

GTTAC Gene Technology Technical Advisory Committee

HGT Horizontal Gene Transfer

JECFA Joint Food and Agricultural Organization of the United Nations/World
Health Organization Expert Committee on Food Additives

NICNAS National Industrial Chemicals Notification and Assessment Scheme

NLRD Notifiable Low Risk Dealing

nos nopaline synthase

nptll neomycin phosphotransferase type II

OGTR Office of the Gene Technology Regulator

RARMP Risk Assessment and Risk Management Plan

the Regulations | Gene Technology Regulations 2001

the Regulator Gene Technology Regulator

RHS Royal Horticultural Society
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Technical Summary
Introduction

The Gene Technology Regulator (the Regulator) has made a decision to issue a licence for
dealings involving the intentional, commercial scale release of a rose line genetically
modified (GM) for altered flower colour in respect of application DIR 090 from Florigene Pty
Ltd.

The Gene Technology Act 2000 (the Act), the Gene Technology Regulations 2001 (the
Regulations) 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

Florigene applied for a licence for dealings involving the intentional release of one line* of
GM Hybrid Tea rose (Rosa x hybrida) into the Australian environment.

The GM rose line contains two genes that have been shown to alter flower colour from pink
to purple/blue: the Flavonoid 3’5 ’-hydroxylase (F3°5 'H) gene from Viola x wittrockiana and
the Anthocyanin 5-acyltransferase (5AT) gene from Torenia x hybrida. In addition, the line
contains an antibiotic resistance gene (nptll), which provides resistance to the antibiotic
kanamycin and was used for the selection of transformed plants in the laboratory.

The GM rose line approved for commercial release is one of three lines that were approved
for a limited and controlled release (see DIR 060/2005) under the current regulatory system.
There have been no reports of adverse effects on human health and safety or the environment
resulting from this release.

The purpose of the release is the ongoing commercial propagation of parent plants and the
growing of plants for cut-flowers. Florigene intends to grow GM rose plants and handle their
products (ie cut-flowers) in the same manner as non-GM rose plants. Parent plants and plants
for cut-flowers will be grown by one or more growers registered with Florigene. Flowers that
are produced will be sold through normal commercial distribution channels to the public,
Australia-wide.

Risk assessment

The risk assessment considered information contained in the application, relevant previous
approvals, current scientific knowledge, and advice received from a wide range of experts,
agencies and authorities on the application (summarised in Appendix B) and on the

3 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 <http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/process-1>), and in
the Regulator’s Risk Analysis Framework (OGTR 2007)

at<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.

Technical Summary (June 2009) 1
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consultation RARMP (see Appendix C). No new risks to people or the environment were
identified from the advice received on the consultation RARMP.

Similarly, advice received from the public on the consultation RARMP, and how it was
considered is summarised in Appendix D. One public submission was received.

A reference document on the parent organism, The Biology of Hybrid Tea Rose (Rosa x
hybrida) was produced to inform the risk assessment process for licence applications
involving GM rose plants. The document is 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 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.

In taking into account a potential risk, the Regulator must consider the probability or impact
of an adverse outcome over the foreseeable future.

Seven 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 genes 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, physiology or ecology. The
opportunity for gene flow to other organisms and its 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 seven events in relation to both the magnitude and probability of
harm did not give rise to any identified risks that required further assessment. The principal
reasons for this include:

e the proteins encoded by the introduced genes are widespread in the environment and
unlikely to be toxic/allergenic to people or toxic to other organisms

e the levels of delphinidin and myricetin end products in the GM rose line are within
the ranges found normally in non-GM plants

e the genetic modifications are not expected to affect the survival or low weediness
potential of the GM lines

o the low fertility of the non-GM rose parent organism is not expected to be altered by
the introduced genes

¢ arange of morphological and physiological characteristics have been compared in
the GM line and the non-GM parent and no differences have been detected apart
from flower colour

e plants of the GM rose line have now been grown for several years without any
unintended changes being detected.

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

Technical Summary (June 2009) 2
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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 seven events
characterised in the risk assessment are considered to give rise to an identified risk, either in
the short term or the long term, 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. Nonetheless,
as part of the Regulator’s oversight of licensed dealings involving the release of genetically
modified organisms, the licence contains a number of general conditions relating to ongoing
licence holder suitability, auditing and monitoring, and reporting requirements which include
an obligation to report any unintended effects.

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 Standards Australia New
Zealand (FSANZ), the Australian Pesticides and Veterinary Medicines Authority (APVMA),
the Therapeutic Goods Administration (TGA), the National Industrial Chemicals Notification
and Asssessment Scheme (NICNAS) and the Australian Quarantine and Inspection Service
(AQIS)".

FSANZ is responsible for human food safety assessment, including GM food. It is not
intended that any material from the GM rose lines be sold for human food. Accordingly the
applicant has not applied to FSANZ for evaluation of the GM rose line for use in human food.
FSANZ approval would need to be obtained before any products from the GM rose line could
be sold for food.

Conclusions of the RARMP

The risk assessment concludes that this commercial release of one GM rose line,
Australia-wide, poses negligible risks to the health and safety of people or the environment as
a result of gene technology.

The risk management plan concludes that these negligible risks do not require specific risk
treatment measures. However, general conditions have been imposed to ensure that there is
safe oversight of the ongoing release.

> 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<http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/riskassessments-1>.

Technical Summary (June 2009) 3
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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 and 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 organisms (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 horticultural practices. The
parameters for the risk assessment context are summarised in Figure 1.

PROPOSED RELEASE PARENT ORGANISM
Proposed dealings involving the GMO Origin and taxonomy

Any proposed limits of the release Cultivation and use

Any proposed control measures Biological characterisation
GMO RECEIVING ENVIRONMENT
Introduced genes (genotype) Relevant abiotic factors
Novel traits (phenotype) Relevant biotic factors

PREVIOUS RELEASES

RISK ASSESSMENT CONTEXT

LEGISLATIVE REQUIREMENTS
Gene Technology Act and Regulations

RISK ASSESSMENT METHODOLOGY

Horticultural practices

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

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

% The risk assessment methodology used by the Regulator is outlined in more detail at
<http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/riskassessments-1>

Chapter 1 - Risk assessment context (June 2009)
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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 the Regulator 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.  Since this application is for commercial purposes, it cannot be considered as a limited
and controlled release application under section S0A of the Gene Technology Act 2001 (the
Act). This means that, under section 50(3) of the Act, the Regulator is required to consult with
prescribed experts, agencies and authorities to seek advice on matters relevant to the
preparation of the RARMP. This first round of consultation included the Gene Technology
Technical Advisory Committee (GTTAC), State and Territory Governments, Australian
Government authorities or agencies prescribed in the Regulations, any local council that the
Regulator considered appropriate’ and the Minister for the Environment, Heritage and the
Arts. The advice from the prescribed experts, agencies and authorities and how it was taken
into account is summarised in Appendix B.

5. Section 52 of the Act requires the Regulator, in a second round of consultation, to seek
comment on the RARMP from the same experts, agencies and authorities outlined in
paragraph 4, as well as from the public. Issues contained in the submissions received, and
how these were taken into account, are summarised in Appendices C and D.

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 minimum length of the second consultation period as
specified in section 52(2)(d).

Section 3 The proposed dealings

7. Florigene Pty Ltd (Florigene) proposes to release one rose line® that has been
genetically modified (GM) for altered flower colour.

8.  The dealings involved in the proposed commercial release include:
e propagating the GMO
e growing, raising or culturing the GMO
e transporting the GMO
e disposing of the GMO
e possessing, supplying or using the GMO for the purposes of any of the above.

9.  The purpose of the release is the ongoing commercial propagation of parent plants and
the growing of plants for cut-flowers. Florigene intends to grow GM rose plants and handle
their products (ie cut-flowers) in the same manner as non-GM rose plants. Parent plants and
plants for cut-flowers will be grown by one or more growers registered with Florigene.
Flowers that are produced will be sold through normal commercial distribution channels to

7 In this instance, the Acting Regulator decided to consult with all (562) Local Councils in Australia.
¥ The term ‘line’ is used to denote plants derived from a single plant containing a specific genetic modification
made by one transformation event.

Chapter 1 - Risk assessment context (June 2009)
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the public, Australia-wide. Since this is an ongoing commercial release, there are implications
for long term considerations that would not necessarily be relevant to a limited and controlled
release of short duration. These long term considerations are reflected in the risk assessment
(Chapter 2) and risk management (Chapter 3) for the proposed release.

Section 4 The parent organism

10. The parent organism is a Hybrid Tea rose (Rosa x hybrida)’ line. Hybrid Teas are exotic
to Australia and are grown horticulturally both as an ornamental in gardens/landscapes and as
a source of cut-flowers for the floriculture industry. Further detailed information about the
parent organism is contained in a reference document, The Biology of Hybrid Tea Rose (Rosa
x hybrida), that was produced to inform the risk assessment process for licence applications
involving GM rose plants (OGTR 2009). The document is available from the Office of the
Gene Technology Regulator (OGTR) or from the website
<http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/dir090>.

11. Non-GM Rosa x hybrida plants have an anthocyanin biosynthetic pathway (Ogata et al.
2005) but lack a F3’5’H gene so that pelargonidin or cyanidin 3,5-diglucosides (rather than
delphinidin 3,5-diglucoside) predominate and flowers are not usually blue (Katsumoto et al.
2007) — see Section 5. Commercially available R. x hybrida lines that are described as ‘blue’
do not contain delphinidin (Gonnet 2008).

12.  With regard to the particular cultivar (WKS82) that was used for genetic modification,
the original plant material was obtained from Keisei Rose Nurseries in Sawara, Japan
(Katsumoto et al. 2007). The cultivar was developed in 1993 after artificial crossing between
two Hybrid Tea cultivars, ‘Madam Biore’ and ‘Silver Star’ (JBCH 2008). Flowers of WKS82
have a pink colour (RHS = 75B)'’. A number of criteria involved in expression of
anthocyanins (see Section 5) made this line suitable for selection (Katsumoto et al. 2007)
including:

e the accumulation of flavonols (quercetin and kaempferol) that were expected to be
co-pigments [these co-pigments contribute to bathochromic shift — absorption of
longer/redder wavelengths — and stabilisation of anthocyanins (Glover 2007)]

e avacuolar pH (pH 5.46) at the higher end of the pH range normally found in rose
petal epidermal cells [the higher the pH the more ‘blue’ the anthocyanin colour
(McGhie & Walton 2007; Glover 2007)] and

e low flavonoid 3’-hydroxylase activity [this is a key enzyme in the flavonoid
pathway leading to the cyanidin-based pigments that contribute to red and pink
flower color (Ainsworth 2006)].

? Roses are grouped into 3 major categories (see Section 2 of The Biology of Hybrid Tea Rose (Rosa x hybrida)
(OGTR 2009): Species Roses (wild, naturally-occurring species), Old Garden Roses (cultivated rose types
existing prior to 1867), and Modern Roses (cultivated rose types existing after 1867) of which the Hybrid Teas
and Floribundas (derived from Hybrid Teas) make up the largest and most popular classes. The artificial species
category of R. X hybrida refers generally to the non-Species Roses and particularly to the Modern Rose cultivars,
which have been derived over centuries through complex crosses involving the limited genepools of a number of
mainly diploid species of the genus Rosa.

' The Royal Horticultural Society (RHS) Colour Chart is the standard reference for flower colour identification
(see information about the publication at

http://www.rhs.org.uk/I earning/Publications/pubs_library_colourchart.htm)
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Section 5 The GMO, nature and effect of the genetic modification
5.1 Introduction to the GMO

13. The GM rose line WKS82/130-4-1 contains two genes both derived from plant species:
the Flavonoid- 3,5 -hydroxylase (F3’5’H) gene from Viola x wittrockiana

(syn. V. tricolor hortensis) and the Anthocyanin 5-acyltransferase (5AT) gene from

Torenia x hybrida. These genes are expressed in the flower petals, leaves and stems and cause
the production of novel, delphinidin-based anthocyanins that can confer purple/blue hues
(RHS = 84C) on the flowers. Visual presence of the delphinidin in photosynthetic tissue (ie
leaves and stems) is undetected because of masking by chlorophyll.

14. Expression of each of the above genes is controlled by a chimeric promoter (E12 35S Q)
comprising the Cauliflower mosaic virus (CaMV) core promoter and a G-free sequence (2
sequence) from the 5’-untranslated region of Tobacco mosaic virus (TMV) (Mitsuhara et al.
1996); the terminator region of each gene is from the nopaline synthase (nos) gene from
Agrobacterium tumefaciens (see Figure 2).

15. The GM rose plants also contain the antibiotic resistance selectable marker gene,
neomycin phosphotransferase type Il (nptll). This gene, encoding the enzyme neomycin
phosphotransferase, was derived from Escherichia coli, and confers on the GM plant
resistance to aminoglycoside antibiotics related to kanamycin and neomycin. Expression of

the nptll gene is under the control of the promoter and terminator regions of the nos gene
from A. tumefaciens.

16. The transformation vector (pSPB130) that was used to produce the GM line,

WKS82/130-4-1, is detailed in Figure 2. Note that the designation ‘BP40’ refers to the viola
F3’5’H gene (Katsumoto et al. 2007).
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Figure 2. Schematic representation of the binary vector used to obtain the genetically
modified Hybrid Tea rose line WKS82/130-4-1
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5.2 Theintroduced genes, their encoded proteins and associated end
products

17. Background information on the anthocyanin biosynthetic pathway, in which the two
introduced genes have a role, has been given in the RARMP for a previous DIR application,
DIR 060/2005 (http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/dir060-2005) that
included the line WKS82/130-4-1. Additional information is provided below.

18. Flavonoids, of which the anthocyanins are a major class, are almost ubiquitous in green
plants (Ainsworth 2006) and play diverse roles in plant growth and development (Woo et al.
2005). They are derived from the phenylpropanoid pathway. There are hundreds of forms of
anthocyanins in plants (Honda & Saito 2002; Nakayama et al. 2003; McGhie & Walton 2007)
but they mostly share anthocyanidin 3-glucoside as a common structure and have been
modified by glycosylation, acylation and methylation according to plant species (Ainsworth
2006).

19. While the main contributor to flower colour is anthocyanin, other factors such as
vacuolar pH, co-pigments, cell shape, anthocyanin concentration, and anthocyanin ratios,
serve to influence colour (Mol et al. 1998; Jay et al. 2003; Rosati & Simoneau 2006; Tanaka
& Brugliera 2006). As an example, although delphinidin is normally associated with blue
hues and cyanidin with red hues, cyanidin can, if complexed with other molecules, also lead
to blue colouration such as that seen in the cornflower (Centaurea cyanus) (Shiono et al.
2005).

20. Flavonols are another class of flavonoids and are also found widely in plants. They are
synthesized in plant tissues from a branch of the phenylpropanoid pathway, and the main
aglycones are quercetin, myricetin, kaempferol and isorhamnetin (Crozier et al. 2000). In
terms of flower colour, flavonols, although themselves usually colourless, act as co-pigments
that form stacked complexes with anthocyanin causing a shift in the absorption spectrum of
the anthocyanin molecule (Glover 2007). It is still not clear how plant cells determine which
class of flavonoid to synthesize but it may be determined in part by competition between
pathways for common substrates (Mol et al. 1998; Koes et al. 2005). Flavonols are produced
at an earlier stage of development than anthocyanins, since flavonol synthase activity tends to
appear earlier than the dihydroflavonol reductase activity which leads to anthocyanin
synthesis (Ainsworth 2006).

5.2.1 The F3'5'H gene, encoded protein and end product

21. F3’5’H is a microsomal cytochrome P450-dependent monooxygenase (Seitz et al.
2007). Cytochrome P450 proteins are one of the largest superfamilies of enzyme proteins and
P450 genes are found in the genomes of virtually all organisms (Werck-Reichhart &
Feyereisen 2000). While possessing similar catalytic chemistry, the P450 proteins have
different metabolic capabilities (Schuler 1996).

22. The F3’5’H enzyme occurs in a wide range of plant species (Brugliera et al. 2004) and
plays a key role in the synthesis of 3°,5’-hydroxylated anthocyanins associated with the
expression of blue or purple colour of plant parts, particularly flowers and fruits (Ainsworth
2006; Seitz et al. 2007). There are three of these anthocyanins — delphinidin, petunidin and
malvidin (Shimada et al. 2008), with delphinidin being the most common in blue flowers
(Harborne & Williams 2000). The enzyme has a broad substrate specificity and is also able to
catalyze the hydroxylation of flavanones, dihydroflavonols, flavonols and flavones
(Ainsworth 2006).
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23. [F3°5’H genes have been isolated from a number of species and used for genetic
modification experiments but viola F3'5'H sequences have been found to result in the highest
accumulation of 3', 5'-hydroxylated anthocyanins in rose (Brugliera et al. 2004).

24.  Viola spp. contain two F3°5 ’H genes only one of which has been introduced into line
WKS82/130-4-1 (Katsumoto et al. 2007). Information on the gene (GenBank Accession No.
332097) is available on the National Center for Biotechnology Information website
(http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nuccore&id=160948487)

25. Inthe case of line WKS82/130-4-1, the expression of the 3’5 'H gene from viola leads
to the production of delphinidin 3,5-diglucoside (Katsumoto et al. 2007) in the flower petals
stems and leaves''. As expected, there is a corresponding decrease in cyanidin derivatives
compared to the non-GM line. Information supplied by the applicant indicates that, compared
with line WKS82, the delphinidin concentration in flower petals of the GM line is
approximately 5.58 mg/100 g fresh weight petal and the cyanidin concentration has been
reduced from 7.26 mg/100 g to 0.59 mg/100 g.

26. F3°5’H activity also leads to increased production of the flavonol myricetin (92 mg/100
g fresh weight petal) and a decrease in the levels of the flavonols quercetin (reduced from 279
mg/100 g fresh weight petal to 15.7 mg/100 g) and kaempferol (reduced from 9.5 mg/100 g
fresh weight petal to 0.4 mg/100 g). This would be expected, since the dihydromyricetin
product resulting from F3’5’H activity can be converted to myricetin via endogenous flavonol
synthase (Mol et al. 1998; Martens et al. 2003). The applicant has not supplied data on
delphinidin and flavonol levels in other plant parts but has stated that the level of delphinidin
in leaves is lower than in petals.

5.2.2 The 5AT gene, encoded protein and end product

27. Anthocyanin acyltransferases catalyze the transfer of acyl from acyl-CoA to
anthocyanins in those plant species in which anthocyanins exist in acylated forms (Nakayama
et al. 2003). Most violet/blue flowers contain delphinidin-based anthocyanins that have been
modified with at least one aromatic acyl moiety (Honda & Saito 2002). The aromatic
acylation is thought to make anthocyanins bluer via intramolecular stacking with polyphenols
(Goto & Kondo 1991).

28. Information on the torenia 547 gene (GenBank Accession No. 332099) used in the
genetic modification is available on the National Center for Biotechnology Information
website (http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nuccore&id=160948491)

29. In the case of line WKS82/130-40-1, the expression of the 547 gene from torenia
modifies delphinidin 3,5-diglucoside to generate delphinidin 3-glucoside-5-caffeoylglucoside
in flower petals, stems and leaves (Katsumoto et al. 2007).

5.2.3 Toxicity/allergenicity of the proteins encoded by the introduced genes for
altered flower colour

30. 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). The amino acid sequences of the proteins encoded by each of
the introduced genes for altered flower colour were compared to databases of known toxins

' Testing by the applicant has shown that neither the introduced genes nor the end products are found in the
pollen or own-roots of line WKS82/130-4-1. This is because the line is an L1 periclinal chimera (see paragraph
59); adventitious roots and pollen both develop from the L2 or L3 layers.
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and allergens. The results of these analyses did not indicate that any of the encoded proteins
shared any significant sequence homology with any known toxins or allergens.

31. While plant P450 proteins are associated with the production of allelochemicals, some
of which may serve as insect toxins, F3’5’H is involved only in the production of pigments
(Schuler 1996).

32. A comprehensive search of the scientific literature yielded no information to suggest
that either of the encoded proteins are toxic or allergenic to people, or toxic to other
organisms.

33. No toxicity/allergenicity tests have been performed on the encoded proteins. Such tests
may have to be conducted if approval was sought from FSANZ for the GMO to be sold for
food for human consumption in Australia (see discussion in Section 7.1.2).

5.2.4 Toxicity/allergenicity of the end products associated with the introduced genes
for altered flower colour

34. At the cellular level, anthocyanin pigments including those that are delphinidin-based,
can cause cellular damage and are therefore stabilised and detoxified in plant cells by
transport to the vacuole where they are stored in the vacuolar solution or in a protein matrix
known as anthocyanic vacuolar inclusions (Markham et al. 2000; Goodman et al. 2004).

35. Delphinidin-based anthocyanins occur widely in plant parts, especially flowers and
fruits. Examples of flowers containing delphinidin include: Agapanthus (Bloor & Falshaw
2000), Alstroemeria (Nerbaek et al. 1998), Hydrangea (Takeda et al. 1990), Iris (Yabuya et
al. 1997), Leschenaultia (Saito et al. 2007), Petunia (Ando et al. 2008), Verbena (Scott-
Moncrieff & Sturgess 1940) and soybean (Iwashina et al. 2008); see also Harborne &
Williams (2000), Honda & Saito (2002) and Brugliera et al. (2004) for more extensive lists.

36. Delphinidin-based anthocyanins are consumed in the course of normal human dietary
intake (Table 1) and would also be consumed by vertebrates and invertebrates. The level of
delphinidin in some foods is considerably higher than the level found in the petals of the GM
rose line WKS82/130-4-1 (5.58 mg/100 g). The total anthocyanidin level in line WKS82/130-
4-1 is lower than in the non-GM parent (Table 2).
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Source Delphinidin Source Delphinidin
(mean mg/100g (mean mg/100g
edible portion) edible portion)

Raw Foods Cooked Foods
Blackcurrant 181.11 Purple Sweet Potato 0.9
Bilberry 169.93 Taro Leaves 0.02
Cowpea 94.6 Snap bean 0.02
Blueberry 474 Chinese Cabbage 0.02
Eggplant 13.76
Black Bean 11.98 Dried Foods
Cranberry 7.66 Prune 0.04
Banana 7.39 Raisin 0.01
Pecan Nut 7.28
Red Grape 3.67 Beverages
Red Onion 2.28 Blackcurrant Juice 27.8
Common Bean 2.50 Red Table Wine 1.04
Strawberry 0.32 Grape Juice 0.47
Raspberry 0.29 Red Wine Vinegar 0.08
Red Cabbage 0.10 Cranberry Juice mix 0.03
Redcurrant 0.04 Black Tea -
Mango 0.02
Fennel leaf -
Blackberry 0
Table 1. Estimates of delphindin content in some common foods and beverages (taken

from USDA 2007)

37. Delphinidin has been estimated to make up 21% of total anthocyanin intake (estimated
as 12.5 mg/day/person) in the diet of the U.S. population (Wu et al. 2006). Diets in other
countries may have much higher anthocyanin and delphinidin intake than this, eg Finns
consume approximately 80 mg anthocyanin/day/person because of the high berry intake
(Heinonen 2007). No data are available for the Recommended Daily Intake of delphinidin
specifically.

38. Animal, human and in vitro studies have helped to elucidate the fate of ingested
anthocyanins (see discussion in Manach et al. 2005; McGhie & Walton 2007). While
absorbed with poor efficiency (ie have low bioavailability) it appears that ingested
anthocyanin glycosides are rapidly absorbed from the stomach and enter the blood system
after passing through the liver. They are then largely metabolised; only a small percentage of
anthocyanins consumed by humans or animals is excreted in the urine. Those not absorbed
from the stomach move into the small intestine where there is some further absorption. /n
vitro metabolism studies have shown that delphinidin-glucosides are deglycosylated to the
delphinidin aglycone and then extensively modified by gut microflora (Aura 2005) before
there may be limited elimination in faeces. Anthocyanins therefore do not accumulate in the
food chain.

39. The toxicity of anthocyanins including delphinidin has been independently assessed by
the Joint Food and Agricultural Organization of the United Nations/World Health
Organization (FAO/WHO) Expert Committee on Food Additives (JECFA 1982) and available
data indicate a very low order of toxicity with the accepted total daily anthocyanin intake for
humans being up to 2.5 mg/kg body weight.

40. Anthocyanins in general are considered to have, amongst other benefits, free-radical
scavenging and antioxidant capacities in the context of human health (Sterling 2001; see also
discussion in eg Lila 2004; Heinonen 2007). Recent evidence suggests that delphinidin
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possesses antiangiogenic activity and may be useful in the treatment of some cancers (Hafeez
et al. 2008; Lamy et al. 2008). Little is known currently about how anthocyanins and derived
compounds exert beneficial health effects (McGhie & Walton 2007).

41. Flavonols are consumed as part of the normal human diet and are found in fruits and
vegetables and their products (Crozier et al. 2000), especially onions, apples, broccoli, tea and
red wine (Huxley & Neil 2003). The levels vary considerably according to parameters such as
geographical location and cultivar (Bilyk & Sapers 1986; Hékkinen et al. 1999; Mikkonen et
al. 2002). The level of myricetin found in petals of line WKS82/130-4-1 (92 mg/100 g fresh
weight petal) is substantially higher than that found in commonly consumed foods. However,
the total level of flavonols in line WKS82/130-4-1 is lower than in the non-GM parent line
and is within the range found in commercial rose cultivars (Table 2).

42. Flavonol intake varies widely across countries (Hertog et al. 1995) with US intake
regarded as being high (Huxley & Neil 2003). In two US studies of females (Yochum et al.
1999; Lin et al. 2007) total flavonol + flavone intake ranged from 13.9 - 21 mg/day with
quercetin being the major contributor (9.7 - 15.4 mg/day) and myricetin at 0.74 - 1.0 mg/day
being relatively minor. Although flavonols are considered to be genotoxic in bacteria (see
discussion in Bilyk & Sapers 1986), epidemiological studies suggest that flavonol intake is
beneficial to human health, especially in reducing coronary heart disease, although rigorous
data have yet to confirm health influences (Crozier et al. 2000; Huxley & Neil 2003; Lin et al.
2007).

43. The total flavonoid (anthocyanidin + flavonol) level found in petals of line
WKS82/130-4-1 lies within the range found in petals of commercial rose cultivars (Table 2).

Rose cultivar Total Total Flavonol Total Flavonoid
anthocyanidin | (mean mg/100g (mean mg/100g
(mean mg/100g | fresh weight) fresh weight)
fresh weight)
WKS82 (hon-GM) 7.26 288.5 295.76
WKS82/130-4-1 6.17 108.1 114.27
Rhapsody in Blue 186.2 507.8 694
Vol de Nuit 32 297.7 329.7
First Red 225 42.6 267.6
Madam Violet 6 193 199
Shocking Blue 19.6 139.2 158.8
Kiss 4.4 140.9 1453
Lavande 10.9 1215 1324
Sonia 36 65.6 101.6
Delilah 6.6 88.8 95.4

Table 2. Estimates of anthocyanidin, flavonol and flavonoid (anthocyanidin + flavonol)

content in some commercial rose cultivars and in lines WKS82 and
WKS82/130-4-1 [data on the commercial lines derived from Katsumoto et al. (2007)]

44. The GM rose line has a history of being grown under limited and controlled conditions
(DIR 060/2005 - <http://www.ogtr.gov.au/internet/ogtr/publishing.nst/Content/dir060-2005>)
for 3 years in Australia as well as in Japan, USA and Colombia with no report of any adverse
reactions resulting from handling plant material.

45. Small-scale phytotoxicity experiments were conducted by Suntory Ltd (Osaka, Japan).
These involved:

e assessment of lettuce (‘Green Mignonette’) seed germination in soil containing the ground
leaves of GM rose plants, or in soil in which the GM rose plants had grown
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¢ microflora counts in aqueous extracts of soil in which GM rose plants had been growing.

These experiments showed no significant difference between results obtained with the
non-GM line and the GM line.

5.2.5 The selectable marker gene (nptll) and the encoded protein

46. The GM rose line contains the antibiotic resistance selectable marker gene, npt/l. This
gene, encoding for the enzyme, NPTII, was derived from Escherichia coli and confers
kanamycin or neomycin resistance on the GM plant. The nptll gene was used as a selective
marker to identify transformed plant tissue during initial development of GM plants in the
laboratory.

47. The nptll gene is used extensively as a selectable marker in the production of GM plants
(Miki & McHugh 2004). As discussed in previous DIR RARMPs, most recently in

DIR 070/2006 (available at
http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/dir070-2006 or by contacting the
OGTR), regulatory agencies in Australia and in other countries have assessed the use of the
nptll gene in GMOs as not posing a risk to human or animal health or to the environment. The
most recent international evaluation of npt/I in terms of human safety was by the European
Food Safety Authority (EFSA), 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). Hence the nptIl gene will not be considered
further in this assessment.

5.3 Theregulatory sequences

48. Promoters are DNA sequences that allow RNA polymerase to bind and initiate correct
transcription. An mRNA termination region, including a polyadenylation signal, is also
present in plant genes to allow gene expression. Information on the promoters and terminators
used in the proposed release is given in Section 5.1.

49. While some of the regulatory sequences are derived from plant pathogens
(Agrobacterium tumefaciens, CaMV, TMV), the sequences are not pathogenic in themselves
nor do they cause any disease symptoms in the GM plants.

5.4  Method of genetic modification

50. The GM rose line WKS82/130-4-1 was generated by Agrobacterium tumefaciens-
mediated transformation of plant cells in culture (Firoozabady et al. 1994) using the disarmed
A. tumefaciens hypervirulent strain AGLO (Manahan & Steck 1997) harbouring the binary
vector pSPB130 (Katsumoto et al. 2007). The transformation vector and GM tissue cultures
were produced by Suntory Ltd Research Centre (Osaka, Japan), with the tissue cultures being
imported into Australia under AQIS Permit 200405067. The Agrobacterium-mediated method
of transformation is used extensively to genetically modify plants (Valentine 2003).

51. Construction of the binary vector was based on pBIN19 and pBinPLUS (van Engelen et
al. 1995). The resulting vector pSPB130 is non-conjugative (see paragraph 161), and strain
AGLO does not contain any conjugative plasmids.

52. Control of A. tumefaciens following transformation was obtained using the f-lactam
antibiotic, carbenicillin (Firoozabady et al. 1994), at a concentration of 200 mg/L. Testing by
the applicant, by plating aqueous tissue extracts of three glasshouse-established plants onto
selective agar medium, did not indicate that residual GM A. fumefaciens remains associated
with plants of line WKS82/130-4-1.
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53. There has been a concern raised in a recent publication (Ulker et al. 2008) that transfer
of A. tumefaciens chromosomal DNA (AchrDNA) to the plant host may, in 0.4% of cases,
accompany the integration of A. tumefaciens DNA flanked by the T-DNA borders ie one in
every 250 plants genetically modified via A. tumefaciens may carry AchrDNA fragments.
However, the likelihood of the AchrDNA having an influence on any resulting GM plants is
regarded as small given the low likelihood of plants possessing the DNA segments necessary
for expression of the 4. tumefaciens genes. The applicant has not tested for the presence of
AchrDNA in line WKS82/130-4-1.

5.5 Characterisation of the GMO
5.5.1 Stability and molecular characterisation

54. The sequence and function of all introduced genetic elements is known. The presence
and expression of the F3°5°H and 54T genes in line WKS82/130-4-1 has been confirmed by
Southern and Northern blot analyses which have also indicated that there are four copies of
each of these genes. There is a single insertion site for the npt/I gene. The sites of integration
of the introduced DNA within the host genome are not known.

55. The concentrations of delphinidin and cyanidin and of the flavonols myricetin, quercetin
and kaempferol have been determined for both the GM and non-GM lines by analysing flower
samples by HPLC (paragraph 25).

56. Since the introduced genes affect flower colour, this parameter serves as a continuous

measure of the expression of the genes. The applicant has stated that flower colour has been
recorded for over four years in Japan, three years in Australia and one year in Colombia and
there has been no reversion.

5.5.2 Characterisation of the phenotype of the GMO

57. Testing by Suntory Ltd (Osaka, Japan) and Florigene has shown that, apart from petal
colour the GM line does not show any appreciable difference from the non-GM parental line
for any major morphological factor: plant height, stem length, node number, leaflet size,
prickle dimensions, flower diameter, petal number and size, anther number and size, pistil
number, pollen number per anther, and pollen size.

58. Testing by Suntory Ltd (Osaka, Japan) and Florigene has also shown that the GM line
does not substantially differ from the non-GM parental line for any major physiological
factor: vegetative propagation capacity under conditions in which stems are discarded,
herbicide (glyphosate) tolerance, flowering time, pollen viability, plant productivity (number
of flowers produced), and flower vase life.

59. In situ hybridization experiments (method described in Aida et al. 1999) conducted at
Nara Institute of Science & Technology (Nara, Japan) have shown that the GM line is an L1
periclinal chimera'? (expression is only in epidermal cells). This suggests that, since pollen is
most likely derived from L2 lineage (but note there can be exceptions eg Marcotrigiano &
Bernatzky 1995), the pollen should not contain the introduced genes. This was confirmed by
controlled experiments conducted by Florigene using line WKS82/130-4-1 as the pollen
donor in crosses with a Grandiflora cultivar, a Floribunda cultivar and the species rose

'2 There are usually three distinct layers in the apical meristem of dicotyledonous species such as Rosa. The cells
of the outermost layer (L1) form the epidermis; the second layer (L2) forms the sub-epidermal tissue that gives
rise to the gametes as well as outer cortical tissue and the third layer (L3) gives rise to central tissues such as
pith. Periclinal chimeras are chimeras in which one (or more) entire cell layer is genetically distinct from another
cell layer (Burge et al. 2002).
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R. multiflora. Any seeds that were produced were tested for the presence of the £3°5 'H gene
but no seeds contained the gene. While not tested, it would be similarly expected that the
ovules of WKS82/130-4-1 plants would not contain the introduced genes.

Section 6 The receiving environment

60. The receiving environment forms part of the context in which the risks associated with
dealings involving the GMOs are assessed. This includes the nature of the dealings, any
relevant biotic/abiotic properties of the geographic regions where the release may occur;
intended horticultural 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).

6.1 Relevant abiotic factors

61. The abiotic factors relevant to the growth and distribution of rose plants in Australia are
discussed in The Biology of Hybrid Tea Rose (Rosa x hybrida) (OGTR 2009).

62. Hybrid Tea roses are grown in gardens and managed landscapes all over Australia and
are the most commonly sold rose type. Roses generally are tolerant of a range of soil and
climatic conditions but are more difficult to cultivate in the tropics because of disease
problems. Line WKS82/130-4-1 therefore has the potential to be grown by gardeners (refer to
paragraph 76) almost anywhere in Australia.

63. While it is possible that a Hybrid Tea cultivar could grow under unmanaged conditions
if deliberately placed outside a horticultural environment, this class of rose is considered not
to be particularly hardy if left to grow without care.

64. Plants of the GM line grown for cut-flowers would be grown under optimal conditions
(nutrition, water, light, temperature).

6.2 Relevant biotic factors

65. The biotic factors pertaining to the growth of rose plants in Australia are discussed in
The Biology of Hybrid Tea Rose (Rosa x hybrida) (OGTR 2009). While the growth of roses
for the cut-flower industry (see Section 6.3) involves a considerable degree of containment
and controlled environment that makes consideration of biotic factors irrelevant, the possible
growth of the GM line in gardens does warrant consideration of relevant biotic factors.

66. A wide range of insects may be attracted to rose flowers, not all of which may function
as pollinators [see discussion in Section 4.2 of The Biology of Hybrid Tea Rose (Rosa x
hybrida) (OGTR 2009)]. Bees (Apis mellifera) are considered to be the main pollinators of
roses in Australia.

67. Notwithstanding the discussion in paragraph 59, should any plants of line
WKS82/130-4-1 reach a stage where flowers are produced in an environment outside a
glasshouse and hence be accessible to pollinators, the likelihood of cross pollination is low
given that Hybrid Tea roses left to breed naturally are generally self-pollinated, a trait which
has been enhanced through several centuries of controlled breeding [see discussion in Section
4.2 of The Biology of Hybrid Tea Rose (Rosa x hybrida) (OGTR 2009)].

68. It is not the intention of the applicant that the GM line be used for anything other than
cut-flowers. However, whole rose flowers are listed as safe to eat on websites (see eg
Melbourne Wholesale Fruit, Vegetable and Flower Markets
(http://www.marketfresh.com.au/flowers/2 flowers guide/Edible flowers.asp, accessed 24
November 2008) and roses have supplied ingredients for use in the perfume and food
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industries (eg rose oil, rose hips) [see discussion in Section 2.2 of The Biology of Hybrid Tea
Rose (Rosa x hybrida) (OGTR 2009)]. The Hybrid Tea roses are not the traditional sources of
these ingredients but it is possible that if the GM plants were grown in home gardens (see
paragraph 76), individual persons may decide to utilise them for purposes other than
cut-flowers.

69. Agrobacterium tumefaciens, the organism used to genetically modify line
WKS82/130-4-1, is a common disease-causing agent in roses worldwide (Hert & Jones 2003)
and can be internally translocated within a plant (Marti et al. 1999; Cubero et al. 2006). It is
easily transmitted through poor cultural hygiene and, for example, it is important that
rootstocks used for grafting are certified free of A. tumefaciens (Pionnat et al. 1999).

6.3 Relevant horticultural practices

70. There is considerable discussion in Section 2.3 of The Biology of Hybrid Tea Rose
(Rosa x hybrida) (OGTR 2009) concerning the cultivation practices used for both garden and
cut-flower roses. The cut-flower practices would broadly be followed for production of line
WKS82/130-4-1.

71. The applicant has proposed that plants for propagation as well as plants for cut-flowers
would be grown by one or more growers registered with Florigene. While commercial
practice dictates that cut-flower roses are grown under cover (glass, acrylic, polyethylene) so
as to best preserve the blooms, it would be left to the grower to decide/choose major
horticultural practices such as the type of growing medium (soil or hydroponic) and the
rootstock (if any) on which to graft the line. The latter can influence plant vigour and may
therefore have some impact on potential weediness of the scion although discussion in
Section 8 of The Biology of Hybrid Tea Rose (Rosa x hybrida) (OGTR 2009) shows that there
is no report of Hybrid Tea roses achieving problem weed status in any part of the world.

72. A discussion of the rootstocks commonly used by Australian growers is given in Section
2.3.1 of The Biology of Hybrid Tea Rose (Rosa x hybrida) (OGTR 2009). These rootstocks are
derived from Species Roses and include R. fortuneana, R. multiflora, R. canina and R. indica
‘Major’.

73. Cut-flowers derived from line WKS82/130-4-1 would enter, and be processed through,
the commercial flower distribution chain in exactly the same way as non-GM rose
cut-flowers. The flowers would be distributed via wholesale markets in the capital cities to
other distributors or to florists and then sold to the public.

74. As discussed in Section 4.2 of The Biology of Hybrid Tea Rose (Rosa x hybrida) (OGTR
2009) rose plants grown for commercial cut-flowers have little opportunity to be pollinated
since pollinator access is limited by the fact that plants are often grown inside, flower stems
for sale are harvested before the buds have opened, any flower stems not required for sale are
also harvested before buds have opened to prevent unnecessary diversion of assimilates, and
stems are then kept in storage (usually chilled) prior to sale. In the event of pollination
occurring while the flowers are on display after sale, fertilization and fruit development is
unlikely because of the limited vase life (approximately 10 days) of the flowers.

75. Tt is usual practice for plants being grown commercially for cut-flowers to be kept for
three to seven years before being discarded. The applicant has not proposed that their growers
should use any special procedures for disposal/destruction of plants from the GM line.
Information from the applicant indicates that, for non-GM rose plants, growers would
typically incinerate the above-ground parts and compost the root ball and soil.
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76.  While whole plants would not be available for sale to the public, it is likely that
members of the public with some propagation knowledge could strike cuttings from the cut-
flower stems as the applicant is not proposing that any steps be taken (eg chemical treatment)
to prevent this. Information on how ‘amateurs’ can strike rose cuttings from bouquets is
available on websites (see eg Hulse 2001). These cuttings could result in plants being grown
in gardens under less stringent conditions than those imposed on commercial cut-flower
plants and it may be possible for these garden-grown plants to flower and produce hips.

6.4 Presence of related plants in the receiving environment

77. Rosa spp. are not native to Australia and therefore any roses in the Australian
environment have arisen as a result of introductions (see AQIS 2008 for a list of permitted
imports).

78. Species Roses and cultivated roses (Old Garden Roses and Modern Roses) are
widespread in gardens and managed landscapes around Australia.

79. As outlined in Section 8 of The Biology of Hybrid Tea Rose (Rosa x hybrida) (OGTR
2009), six Species Roses are regarded as minor weeds in Australia; two Species Roses,

R. rubiginosa (Sweet Briar Rose) and R. canina (Dog Rose) are fully naturalised and have
become noxious weeds in temperate Australia; no Modern Rose cultivars are regarded as
weeds in Australia nor have any been recorded as hybridizing with the weedy species.

80. As outlined in Section 9 of The Biology of Hybrid Tea Rose (Rosa x hybrida) (OGTR
2009) even natural crosses within R. x hybrida are unlikely because of low fertility. Crosses
between R. x hybrida and other rose species are less likely because of problems associated
with differences in ploidy, and there is no likelihood of intergeneric crosses occurring
naturally.

6.5 Presence of the introduced genes and their proteins in the environment

81. Homologues of the F3°5’H and 5AT genes occur widely in vascular plants. Therefore, it
is expected that humans and other organisms routinely encounter the protein products, or their
homologues, through contact with plants and food derived from plants. This information
forms the baseline data for assessing the risks from exposure to these enzymes as a result of
the commercial release of the GM rose line.

82. The nptll 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.

83. Asdiscussed in Section 5.3.3 delphinidin-based anthocyanins and myricetin occur
widely in vascular plants and are regularly consumed as part of the normal human diet. Many
animals also forage on fruits containing delphinidin-based anthocyanins and myricetin.

84. The F3°5’H gene from viola was used in the genetic modification of two cut-flower
carnation lines, Moonshadow™ and Moonvista™, that in March 2007 were placed on the
GMO Register by the Regulator. Two other lines, Moonlite™ and Moonshade™ containing
the F3°5’H gene from Petunia were also placed on the GMO Register. Dealings cannot be
entered onto the GMO Register until the Regulator is satisfied, under section 79 of the Act,
that the risks posed by the dealings are minimal and that it is not necessary for anyone
conducting the dealings to be covered by a licence in order to protect the health and safety of
people or the environment.
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Section 7 Australian and international approvals
7.1 Australian approvals of the GM rose line

7.1.1 Previous releases approved by the Gene Technology Regulator or authorised
by the Genetic Manipulation Advisory Committee

85. The GM rose line proposed for commercial release is one of three lines that were
previously approved for a limited and controlled release (DIR 060/2005
<http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/dir060-2005>) by the
Regulator. There were no reports of adverse effects on human health and safety or the
environment resulting from this limited and controlled release which was concluded in
August 2008 (licence surrendered in November 2008).

7.1.2 Approvals by other Australian government agencies

86. 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) and FSANZ. This is discussed further
in Chapter 3.

87. FSANZ is responsible for human food safety assessment and food labelling, including
GM food. The applicant does not intend that materials from the GM rose line be used in
human food and, accordingly, an application to FSANZ has not been submitted. However,
flowers, hips and seed-derived products of rose are consumed by people (see The Biology of
Hybrid Tea Rose (Rosa x hybrida) (OGTR 2009) and FSANZ approval would need to be
obtained before products from the GM line could be sold for human food in Australia.

7.2 International approvals

88. An application by Suntory Ltd to have GM line WKS82/130-4-1 with altered flower
colour approved for Type 1 use (in which no preventive measures against its dispersal into the
environment is required) was approved in Japan in January 2008 (JBCH 2008).

89. Field trials of the GM line have been approved in California (see information in APHIS
2008) and Colombia (public documentation not available).
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Chapter 2 Risk assessment

Section 1 Introduction

90. 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, current scientific knowledge and
advice received from a wide range of experts, agencies and authorities consulted on the
preparation of the RARMP.

RISK ASSESSMENT PROCESS *

RISK ASSESSMENT CONTEXT

Characterisation Consequence
and evaluation assessment
HAZARD IDENTIFIED > RISK
IDENTIFICATION RISK ESTIMATE
Likelihood
assessment
No identified
risk

* Risk assessment terms are defined in Appendix A

Figure 3. Therisk assessment process

91. 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.

92. 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 may be an event, a
substance or an organism (OGTR 2007).

93. 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.

94. 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
GMGOs are also considered.
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95. 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

96. 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.

97. 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.

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

e the proposed dealings and duration of the proposed dealings
e characteristics of the non-GM parent

e routes of exposure to the GMOs, the introduced gene(s) and gene product(s) in the
short term and long term

e potential effects of the introduced gene(s) and gene product(s) expressed in the
GMOs" in the short term and long term

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

e the biotic and abiotic factors at the site(s) of release
e horticultural management practices for the GMOs.

99. Under section 10 of the Regulations, the Regulator must consider potential risks both in
the short term and the long term. Attempts to assign durations for short and long term are not
practical and, instead, the Regulator considers the likelihood and consequence of an adverse
outcome over the foreseeable future. Long term consideration also involves the identification
of specific indicators of risk (see Section 5, Chapter 3) upon which research and testing of
credible hypothesis can be undertaken post-licence if a licence were to be issued.

100. The seven events that were characterised are discussed in detail later in this Section.
They are summarised in Table 3 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.

1 As discussed in Section 5.3.4 of Chapter 1, the nptll gene and its product has already been considered in detail
in previous RARMPs and by other regulators. It has not been found to pose risks to either people or the
environment and will not be considered further.
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Table 3.  Summary of events that may give rise to an adverse outcome through the
expression of the introduced genes for altered flower colour
Hazard category | Event that may give rise Potential Identified Reason
to an adverse outcome adverse risk?
outcome
Section 2.1 1. Exposure to GM plant | Allergic reactions No The F3'5'H and 5AT proteins are
Production of a material containing the in people, or widespread in the environment and
substance toxic F3'5'H & 5AT proteins toxicity in people unlikely to be toxic/allergenic to
or allergenic to and delphinidin and or other people or toxic to other organisms.
people, or toxic myricetin organisms The levels of delphinidin and
to oth_er myricetin end product in the GM
organisms rose line are within the ranges
found normally in non-GM plants
to which humans and other
animals are exposed.
Section 2.2 2. Expression of the Weediness No The genetic modifications are not
Spread and introduced genes A||ergic reactions eXpeCted to affect the survival or
persistence of improving the survival of | in people, or low weediness potential in plants of
the GM rose line | GM rose plants. toxicity in people the GM line.
in the or other
environment organisms
Section 2.3 3. Expression of the Weediness No The low fertility of the non-GM rose
Vertical transfer | introduced genes or Allergic reactions parent organism is not expected to
of genes or regulatory sequencesin | in people, or be altered by the introduced genes.
genetic elements | Sexually compatible toxicity in people Thus itis highly unlikely that
to sexually plants. or other crossing with sexually compatible
compatible organisms plants would occur.
plants Events 1 and 2 associated with
potential for toxicity, allergenicity or
weediness as a result of
expression of the introduced genes
were not considered to give rise to
identified risks.
Section 2.4 4. Expression of the Weediness No It is unlikely that the introduced
Transfer of genes | Introduced genesor | Ajlergic reactions genes or gene products would be
or gene products | egulatory sequencesina | i people, or transferred to a rootstock in cases

from a GM scion
grafted onto a
non-GM
rootstock

rootstock.

toxicity in people
or other
organisms

where plants are grafted.

Events 1-3 associated with
potential for toxicity, allergenicity or
weediness as a result of
expression of the introduced genes
were not considered to give rise to
identified risks.
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Hazard category | Event that may give rise Potential Identified Reason
to an adverse outcome adverse risk?
outcome
Section 2.5 5. Presence of the Weediness No The introduced genes or similar
Horizontal introduced genes, or Allergic reactions genes and the introduced
transfer of genes | regulatory sequences, in | in people, or regulatory sequences are already
or genetic unrelated organisms as a | toxicity in people present in the environment and are
elements to result of gene transfer. or other available for transfer via natural
sexually organisms mechanisms.
incompatible Events 1-4 associated with
organisms potential for toxicity, allergenicity or
weediness as a result of
expression of the introduced genes
were not considered to give rise to
identified risks.
Section 2.6 6. Changes to Weediness No A range of morphological and
Unintended biochemistry (including Allergic reactions physiological characteristics have
changes in innate toxic or allergenic | iy people, or been compared in the GM line and
biochemistry, compounds), physiology | toxicity in people the non-GM parent and no
physiology or or ecology of the GM or other differences have been detected
ecology rose line resulting from organisms apart from flower colour.
altered Expression or Plants of the GM line have now
_random insertion of the been grown for several years
introduced genes. without any unintended changes
being detected.
Section 2.7 7. Transfer of the Weediness No Testing has indicated that plants of
Unintended introduced genes from A. | Ajlergic reactions the GM line do not contain A.
presence in the tumefaciens to other in people, or tumefaciens cells.

environment of
A. tumefaciens
containing the
introduced genes

organisms.

toxicity in people
or other
organisms

Even if present, it is highly unlikely
that A. tumefaciens could
conjugate with other

A. tumefaciens strains or other
bacteria naturally present in any
soil that the GM line may be grown
in.

Even if present, it is highly unlikely
that the A. tumefaciens would
infect other plants.

Events 1-6 associated with
potential for toxicity, allergenicity,
weediness and expression of the
introduced genes in other
organisms were not considered to
give rise to identified risks.

2.1 Production of a substance toxic/allergenic to people or toxic to other
organisms

101. Toxicity is the adverse effect(s) of exposure to a substance as a result of direct cellular
or tissue injury, or through the inhibition of normal physiological processes (Felsot 2000).
Allergenicity is the potential of a protein to elicit an immunological reaction following
exposure, which may lead to tissue inflammation and organ dysfunction (Arts et al. 2006).

102. A range of organisms may be exposed directly or indirectly to the proteins (and end
products) encoded by the introduced genes for altered flower colour. Two groups in particular
would be associated with long term exposure, namely workers cultivating the rose plants who

Chapter 2 - Risk assessment (June 2009)

22




DIR 090 - Risk Assessment and Risk Management Plan Office of the Gene Technology Regulator

would be exposed to all plant parts, and those regularly handling the cut-flower stems.
Members of the public would intermittently be exposed to cut-flower stems. Some persons
may be exposed to edible parts other than flowers (eg hips, fruits) in circumstances where
plants have been derived from propagation by home growers (see paragraph 76). Organisms
may be exposed directly to the proteins through biotic interactions with GM rose plants
(vertebrates, insects, symbiotic microorganisms and/or pathogenic fungi) or through contact
with dead plant material. Indirect exposure would include organisms that feed on organisms
that feed on GM rose plant parts or degrade them (vertebrates, insects, fungi and/or bacteria).

103. As well as the primary consideration of the likely allergenic/toxic potential of the
protein(s) encoded by the introduced genes, the possible long term persistence of the
protein(s) in the environment should also be considered. While there have been a number of
experiments looking at the detection and degradation in soil of proteins (produced from
introduced genes) in GM plant residues, these have largely focussed on Bacillus thuringiensis
proteins. Two points have emerged from these studies. Firstly, while it is evident that some
proteins from plant residues can be degraded quickly in soil (eg Prihoda & Coats 2008) those
that readily bind to soil constituents such as clay and humic acid may actually accumulate and
persist (Crecchio & Stotzky 2001). Secondly, the method of detection needs to be optimized
for the protein being considered (Coats et al. 2006).

Event 1: Exposure to GM plant materials containing the F3'5'H and 5AT proteins
and delphinidin and myricetin

104. Expression of the introduced genes for altered flower colour could potentially result in
the production of novel toxic or allergenic compounds in the GM rose, or alter the expression
of endogenous rose 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.

105. Non-GM rose plant parts and/or products may cause allergic or toxic reactions (see
Section 5 of The Biology of Hybrid Tea Rose (Rosa x hybrida) (OGTR 2009)) although the
evidence is not conclusive and rose plants are not generally considered to be associated with
such reactions.

106. The GM rose differs from the non-GM parent only in the expression of two proteins that
lead to the production of delphinidin and myricetin. No information was found to suggest that
the proteins encoded by the introduced genes are toxic or allergenic to people or to other
organisms (see Section 5, Chapter 1) or could affect the production of endogenous rose
allergens. Additionally, the levels of delphinidin and myricetin as well as total flavonoids
produced in line WK S82/130-4-1 are within the range found in non-GM commercial rose
lines (Section 5.3.3, Chapter 1). Therefore exposure to the GM plant materials is not expected
to adversely affect the health of humans or other organisms either in the short or long term.

107. No data are available on the long term persistence of the F3’5’H and 5AT proteins, nor
the delphinidin and myricetin end products, in the environment. However, people and other
organisms have a long history of safe exposure to the enzymes and to delphinidin and
myricetin all of which are widespread in the environment.

108. A small-scale experiment done by Suntory Ltd (paragraph 45) and designed to test the
possible toxicity of the GM plants to other plants or soil microbes did not indicate that the
WKS82/130-4-1 line was any different from the non-GM parent.
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109. Conclusion: The potential for allergic reactions in people or toxicity in people or other
organisms as a result of exposure to GM plant materials containing the F3°5’H and 5SAT
proteins and delphinidin is not an identified risk and will not be assessed further.

2.2 Spread and persistence of the GM rose line in the environment

110. Baseline information on the characteristics of weeds in general, and the factors limiting
the spread and persistence of non-GM rose plants in particular, is provided in the 7he Biology
of Hybrid Tea Rose (Rosa x hybrida) (OGTR 2009). In summary, R. X hybrida cultivars do
not possess characteristics that are usually associated with weediness and do not pose a weed
problem in Australia.

111. Scenarios that could lead to increased spread and persistence (both in the short and long
term) of the GM rose line include expression of the introduced genes conferring tolerance to
abiotic or biotic stresses, or increasing the dispersal potential of GM plant materials. These
events could lead to increased exposure of people and other organisms to the encoded proteins
and any end products.

Event 2: Expression of the introduced genes improving the survival of the GM rose
plants

112. If the GM rose plants 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 and the encoded proteins has been considered in Event 1 and
was not considered an identified risk.

113. If the expression of the introduced genes for altered flower colour were to provide the
GM rose plants with a significant selective advantage over non-GM rose plants and they were
able to establish and persist in favourable non-horticultural environments this may give rise to
lower abundance of desirable species, reduced species richness, or undesirable changes in
species composition. Similarly, the GM rose plants could adversely affect horticultural
environments if they exhibited a greater ability to establish and persist than non-GM rose
plants.

114. While large scale propagation by non-commercial growers would not be permitted
because of various Intellectual Property rights owned by Florigene, it is likely that members
of the public with some propagation knowledge would be able to strike cuttings from the cut-
flower stems (paragraph 76). The result would be the establishment of GM rose plants in
household gardens and a concomitant less stringent environment that may allow the
development of flowers and hips on plants. Factors considered in Events 1 & 4 indicate that,
even if plants of the GM line were to become established outside a commercial environment,
there would be negligible risk to human health and safety and the environment.

115. As discussed in The Biology of Hybrid Tea Rose (Rosa x hybrida) (OGTR 2009), non
GM R. x hybrida plants:

e show poor sexual reproduction (low fruit set, few seeds per hip and low seed
germination rates)

e do not produce long-term survival structures (such as stolons, runners or rhizomes)
and detached stems do not have the propensity to form roots (and possibly new
plants) except through deliberate horticultural intervention.

These characteristics are not expected to be altered in the GM line.
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116. Results from an experiment done by the applicant indicate that discarded stem pieces of
both the GM line and the non-GM parent lose the ability to form adventitious roots (following
deliberate planting in soil) after approximately 1 week. Furthermore, the GM line does not
differ from the non-GM parent in other characteristics that may be associated with weediness:
leaf area, prickliness, tolerance to glyphosate, number of flowers produced, and vase life.
There was also no difference between the non-GM and GM lines in terms of the success (as
measured by hip set) of using plants as pollen donors in controlled crosses.

117. If line WKS82/130-4-1 were to be grafted onto a particularly vigorous rootstock (see
paragraph 127) this would be expected to increase the vigour of the scion. However, other
non-GM R. x hybrida cultivars have not achieved problem weed status anywhere in the world
as a result of being grafted to a vigorous rootstock (see paragraph 71).

118. Therefore, expression of the introduced genes for altered flower colour is not expected
to provide the GM rose plants with a significant selective advantage over non-GM rose plants
unless the major factor limiting survival was flower colour with blue hues.

119. Conclusion: The potential for the increased survival of the GM rose line as a result of
the expression of the introduced genes for altered flower colour is not an identified risk and
will not be assessed further.

2.3 Vertical transfer of genes or genetic elements to sexually compatible
plants

120. Vertical gene flow is the transfer of genes 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 plants, vertical
gene flow could therefore occur via successful cross pollination between the plant and
neighbouring plants, related weeds or native plants (Glover 2002).

121. The impact, if any, of genetic modification on gene flow in plants is influenced by the
nature of the phenotype conferred by the introduced genes (Ellstrand & Hoffman 1990).

122. Baseline information on vertical gene transfer associated with non-GM rose plants is
provided in the The Biology of Hybrid Tea Rose (Rosa x hybrida) (OGTR 2009).

Event 3: Expression of the introduced genes and regulatory sequences in sexually
compatible plants

123. Since any pollen produced by line WKS82/130-4-1 does not contain the introduced
genes (see paragraph 59) there is no possibility for the dispersal of the genes by
pollen-mediated gene flow.

124. In addition to the above, a number of considerations make the possibility of gene flow
highly unlikely:

e in the commercial cut-flower setting, there is no/little opportunity for pollination to
occur (paragraph 74)

e pollen viability of R.x hybrida cultivars is often low (see discussion in Section 4.2 of
The Biology of Hybrid Tea Rose (Rosa x hybrida) (OGTR 2009). While results of
pollen viability (as measured by % staining with acetocarmine) obtained by the
applicant have indicated that this is high (approximately 82%) in both the GM and
non-GM lines, in vitro pollen germination studies done by the applicant showed
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relatively poor germination (approximately 30% at best'*). It has been argued (eg
Spethmann & Feuerhahn 2003) that germination is a more appropriate measure of
viability than staining

e the Modern Roses have been developed through traditional breeding among
thousands of existing cultivars and present a number of barriers (eg low fruit set, few
seeds per hip and low seed germination rates) to the successful establishment of
natural crosses, either intra- or inter-specific (see discussion in Section 9 of The
Biology of Hybrid Tea Rose (Rosa x hybrida) (OGTR 2009). The genetic
modification is not expected to alter the poor sexual reproduction characteristics in
the GM line.

125. If the introduced gene sequences or their end products are not associated with any risk
then even in the unlikely event of gene flow occurring, it should not pose any risk to humans,
animals or the environment. Events 1and 2 associated with potential for toxicity, allergenicity
or weediness as a result of expression of the introduced genes were not considered to give rise
to identified risks.

126. Conclusion: The potential for an adverse outcome resulting from the expression of the
introduced genes and regulatory sequences in sexually compatible plant species is not an
identified risk and will not be assessed further.

2.4  Transfer of genes or gene products from a GM scion grafted onto a
non-GM rootstock

127. Grafting is common practice in roses (see discussion in Section 2 of The Biology of
Hybrid Tea Rose (Rosa x hybrida) (OGTR 2009). The possible transmission of introduced
genes and/or their products requires consideration in this RARMP since it is the scion and not
the rootstock for which approval is being sought in the proposed commercial release and,
while the scion and rootstock together usually form a single plant, it is possible for the
rootstock to sucker and become autonomous. Rootstocks are generally Species Roses (eg

R. canina, R. multiflora, R. fortuneana, R. indica). The applicant has stated that the decision
of whether or not to graft and what species/cultivar may be used as a rootstock is a
commercial decision that would be left to the grower to decide.

128. During the formation of a graft union following grafting, there is no gross ‘mixing’ of
cell contents of cells from each of the scion and rootstock but it is possible for adventitious
shoots to develop at the union (Liu 2006) and for these shoots to contain cells from both the
scion and the rootstock. The development of these so-called ‘chimera graft hybrids’ usually
requires horticultural intervention (eg cutting back of the union; in vitro grafting). This has
been exploited particularly in fruit trees; there is no evidence in the literature that it occurs
naturally in grafted roses.

129. The movement of mRNAs and small RNAs does occur between cells and around the
plant in phloem (Xoconostle-Cazares et al. 1999; Lucas et al. 2001) and chromatin can move
through cell walls and intercellular spaces (Ohta 1991). There is currently no evidence of the
possibility of long-distance movement of DNA fragments in a graft system. However, Liu
(2006) has suggested that, given the movement of mRNA together with the possibility of
retroviruses or retrotransposons being able to reverse transcribe the mRNA to cDNA, it is
possible that there is a mechanism for horizontal gene transfer from a rootstock to a scion and
vice versa although this phenomenon has not been observed.

' Pollen germination percentage may vary with the time of year that the pollen is produced
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Event 4: Expression of the introduced genes and regulatory sequences in a
rootstock

130. With regard to grafted plants, there has been some experimental work done to determine
whether introduced genes and/or gene products are graft transmissible. Most of this work has
involved the rootstock rather than the scion being genetically modified, and the type of
genetic modification has usually involved gene silencing (eg Li et al. 2006; Tournier et al.
2006; Dutt et al. 2007).

131. In order to be transported from the scion to the rootstock, DNA and protein products
would have to move via source/sink relationships in the phloem. Since functional DNA is
confined to the intact plant cell it is unlikely that a large DNA unit such as a gene could enter
the phloem and be transported to, and then be transcribed in, root cells. The protein products
resulting from the expression of the introduced genes are enzymes that are bound to the
endoplasmic reticulum of petal/leaf/stem epidermal cells; the delphinidin-based pigment is
transported to and then stored in the vacuoles of the epidermal cells (see discussion in Koes et
al. 2005). It is therefore unlikely that the introduced genes or their products would move from
scion to rootstock. In a study using a genetically modified (rice chitinase gene) trifoliate
orange (Poncirus trifoliata) rootstock grafted onto a Citrus reticulata scion, there was no
evidence of transmission of either introduced gene or gene product to the scion (Mitani et al.
2006). However, in this instance the direction of transport would dictate that products would
be carried in the xylem and therefore this example is not directly comparable to the proposed
rose release.

132. The applicant has stated that molecular testing indicates there is no evidence of the
presence of the introduced genes or of delphinidin in the roots of own-rooted plants of line
WKS82/130-4-1. This is expected because adventitious roots are derived from the L2 and L3
layers of the stem and the GM line is an L1 periclinal chimera (refer to footnotes #13 & 14).
However, it also shows that there has been no physical transfer of the introduced genes or end
product into the roots. The likelihood of the genes or products occurring in rootstock derived
from an entirely different plant is therefore also small.

133. Even in the unlikely event that the introduced genes are transferred to a rootstock, there
would be no competitive advantage conferred on the rootstock by expression of the genes.
Events 1-3 associated with potential for toxicity, allergenicity or weediness as a result of
expression of the introduced genes were not considered to give rise to identified risks.

134. Conclusion: The potential for an adverse outcome resulting from the expression of the
introduced genes and regulatory sequences in a rootstock is not an identified risk and will
not be assessed further.

2.5 Horizontal transfer of genes or genetic elements to sexually
incompatible organisms

135. 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.

136. Risks that might arise from HGT 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,
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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.

137. Baseline information on the presence of the introduced or similar genetic elements is
provided in Sections 5.2 and 6.1, Chapter 1. All of the introduced genetic elements are
derived from naturally occurring organisms that are already present in the wider Australian
environment.

138. Possible adverse outcomes from the proposed dealings with the GM rose and/or its
products that might arise as a result of HGT include adverse reactions, such as
allergenicity/toxicity or increased spread and persistence of the organism that has acquired the
introduced genetic elements.

Event 5: Presence of the introduced genes, or the introduced regulatory sequences,
in unrelated organisms as a result of gene transfer

139. 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.

HGT from GM rose plants to bacteria

140. Bacteria are afforded many opportunities to encounter DNA from GM plants. These
include, exposure to GM plant material in the soil or aquatic environments where GM plant
material is present, through a bacterial species’ natural interactions with the GM plants as
commensals, symbionts or parasites, or through the interactions of GM plant material and gut
bacteria in herbivores (Keese 2008). Plant DNA from decaying plant material can probably
persist in the soil under field conditions for several months and maybe up to two years
(Gebhard & Smalla 1999; see also discussion in De Vries & Wackernagel 2004).

141. The mechanisms by which genetic material could be transferred to bacteria from plants
(De Vries & Wackernagel 2004) are natural transformation (active uptake and integration of
free DNA) and transduction (transfer of DNA following its accidental packaging into
bacteriophage particles). However, only limited transfer and persistence of DNA from plants
to bacteria has been shown in experimental and laboratory studies (Nielsen et al. 1998) and
few examples of HGT to bacteria from eukaryotes resulting in an evolutionary advantage
exist (Andersson 2005).

142. Bacteria that occur naturally in an environment are the best source for genes that may
cause an adverse effect as a result of HGT (Keese 2008). It is suggested that bacterial genes
are the only genes in GM plants likely to transfer successfully to bacteria (Pontiroli et al.
2007). For example, antibiotic resistance genes (such as nptll) occur naturally in a number of
bacterial species and are commonly used in the process to generate GM plants. However,
these genes are often abundant in the environment and are more readily transferable by
conjugation and transduction from other bacteria (Keese 2008).

HGT from GM rose plants to animals

143. DNA entry across the gastrointestinal tract is the most likely route of HGT from GM
plants to animals (Keese 2008). This could occur for invertebrates and vertebrates that feed on
GM plants, animals that feed on herbivores, or plant pollinators. The potential for transient
gene transfer into somatic cells has been shown, but gene transfer to the germ line cells of
animals has not been detected (Van Den Eede et al. 2004). The analysis of genomic sequences
have shown only rare examples of HGT from plants to animals (Lambert et al. 1999; Bird &
Koltai 2000).
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HGT from GM rose plants to viruses

144. While plant viruses have the capacity to acquire new genetic material as a result of
recombination events with the genetic material from the plants they infect or other pathogens
infecting the plant, the vast majority of recombination events that occur involve other viral
sequences (Keese 2008). The genome size of plant viruses is small and only rare examples of
host plant sequences have been found in the genomes of viruses (Khatchikian et al. 1989;
Meyers et al. 1991; Mayo & Jolly 1991; Agranovsky et al. 1991; Masuta et al. 1992). This
suggests that the HGT from a GM plant to viruses is likely to be restricted to GM plants
transformed with viral sequences and the viruses that naturally infect that plant species.
Examples of HGT resulting from recombination between a virus and a homologous viral gene
introduced into a GM plant have been documented. However, in most cases a selective
advantage to the virus was favoured by the use of a defective virus as the infecting agent for
which recombination with the introduced genetic material in the GM plant would restore full
infectivity (Keese 2008).

145. There are potentially far greater background levels of HGT to plant viruses from
non-GM donor sources due to co-infections in plants by two or more viruses and from a broad
range of viral sequences that occur naturally in plant genomes (Bejarano et al. 1996; Ashby et
al. 1997; Harper et al. 1999; Harper et al. 2002; Peterson-Burch & Voytas 2002).

HGT from GM rose plants to other eukaryotes

146. Algae, fungi and a range of protists are other potential eukaryotic HGT recipients of the
introduced genetic material. However, HGT from plants to these organisms is exceedingly
rare. Opportunities for these organisms to obtain genes with related sequences or functions to
the introduced genes are more likely to occur by mutation or HGT from non-GM donor
organisms (Keese 2008).

Nature of introduced genetic material

147. Conclusions reached for Events 1-4 associated with the expression of the introduced
genes or end products did not represent an identified risk to people, animals or the
environment. Furthermore, the gene sequences expressed from the introduced genetic material
are not expected to assist the process of HGT by facilitating gene movement across cell
membranes or recombination with a host genome. 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.

148. The two introduced genes for altered flower colour have been derived from plant
sources. The natural transfer of genes from eukaryotes to bacteria is rare for a number of
reasons (Nielsen et al. 1998; Nielsen 1998; Nielsen et al. 2001). These include: 1) a lack of
DNA homology for integration; ii) codon usage and codon preferences vary significantly
between plants and bacteria; iii) the presence of introns in the eukaryotic DNA may block
translation in a bacterial cell; iv) post-translational modification not available in the bacterial
cell may be required for optimum protein expression and v) the bacterial cell may provide
altered cytoplasmic conditions and interactions that do not favour protein expression.
Therefore only low levels of expression in bacteria would be expected in the unlikely event
that gene transfer were to occur.

149. A key consideration in the risk assessment process should be the safety of the protein
product(s) resulting from the expression of the introduced gene(s) rather than horizontal gene
transfer per se (Thomson 2000). If the introduced gene sequences or their end products are
not associated with any risk then even in the unlikely event of horizontal transfer occurring, it
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should not pose any risk to humans, animals or the environment. Events 1-4 associated with
the expression of the introduced genes or end products did not represent an identified risk.

150. 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.

2.6  Unintended changes in biochemistry, physiology or ecology

151. 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 effects may include:

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

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

¢ increased metabolic burden associated with high level expression of the introduced
gene

e novel traits arising from interactions of the protein encoded by the introduced gene
product with endogenous non-target molecules and

e secondary effects arising from altered substrate or product levels in the biochemical
pathway incorporating the protein encoded by the introduced gene.

152. Such unintended pleiotropic effects might result in adverse outcomes such as toxicity,
allergenicity, weediness, and altered pest or disease burden 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). This means that there is low likelihood of such changes
leading to harm as a result of a commercial/general release in the long term.

Event 6: Changes to biochemistry, physiology or ecology of the GM rose line
resulting from altered expression or random insertion of the introduced
genes

153. Considerations relevant to altered biochemistry, physiology and ecology, in relation to
expression of the introduced genes, are already discussed for Events 1 and 2, neither of which
was considered to give rise to an identified risk.

154. Observations made during the three year duration of the limited and controlled release
DIR 060/2005, as well as in experiments and observations made with the GM line in Japan
(over four years) and the USA have revealed no apparent differences in physiology or
morphology between the GM rose line and the non-GM parent, apart from flower colour. On
this basis, there is no evidence to date of any gross unintended changes in the GM rose line.

155. Studies in other plant species (eg Ipomoea spp. (Zufall & Rausher 2004)) have shown
that flower colour may be directly linked to the type of pollinator that visits a species.
Nonetheless, other pollination syndromes such as morphology, fragrance and nectar are also
important considerations in determining the nature of the pollinator (Stuurman et al. 2004).

'3 Pleiotropy is the effect of one particular gene on the expression of other genes to produce apparently unrelated,
multiple phenotypic traits (Kahl 2001).
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Bees are the most common pollinators of Rosa spp. and given that their spectral sensitivities
lie in the blue end of the spectrum (see discussion in Section 4.2 of The Biology of Hybrid Tea
Rose (Rosa x hybrida) (OGTR 2009)) it is unlikely that a change in rose flower colour to one
with blue hues would alter their pollinating activities. Bees pollinate blue flowers containing
delphinidin, an example being lucerne (Junghans et al. 1993); in Australia Apis mellifera
hives are often supplied commercially to lucerne seed producers in order to ensure adequate
seed set (Somerville 2002).

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

2.7 Unintended presence in the environment of A. tumefaciens containing
the introduced gene

157. Agrobacterium tumefaciens is a soil-borne, Gram-negative bacterium that, in nature,
causes crown gall on plants. For genetic modification, ‘disarmed’ strains of A. tumefaciens
that cannot cause crown gall are used to transfer DNA to plant cells under controlled,
optimized laboratory conditions. The strains used for genetic modification may also contain
hypervirulent, attenuated tumour-inducing plasmids to increase cell transformation rates.

158. A. tumefaciens has been shown to be persistent in in vitro plant tissues and shoots.
Broad spectrum antibacterial compounds tend to have a bacteriostatic effect, suppressing, but
not eliminating bacterial growth and when removed the bacteria may resume growth. In
particular, Gram-negative bacteria (such as A. tumefaciens) are considered to be difficult to
eradicate completely from in vitro cultures (Barrett et al. 1997; Leifert & Cassells 2001;
Bjorklof et al. 2006) although persistence of A. tumefaciens in some GM plants has not been
detected (Charity & Klimaszewska 2005).

159. The efficacy of antibiotics in eliminating 4. tumefaciens from GM plants depends on
interactions between several factors including the type and concentration of the antibiotic
used, the strain of A. tumefaciens, and the plant species (Shackelford & Chlan 1996; Cheng et
al. 1998; Ogawa & Mii 2005; Bjorklof et al. 2006). It is also relevant to note that live cells of
A. tumefaciens can enter a transient, non-culturable state in response to environmental stress
(Manahan & Steck 1997; Alexander et al. 1999) and therefore may pass undetected in an
assay system employing growth of colonies on agar plates.

160. During Agrobacterium-mediated transformation of plant cells, the 4. tumefaciens
attaches to plant cell walls and a virulence system (vir) is activated in the bacterium,
ultimately allowing the transfer and integration of bacterial DNA into the plant DNA (de la
Riva et al. 1998). As with most bacterial endophytes, disarmed strains of 4. tumefaciens
would be expected to inhabit the intercellular spaces and xylem vessels of plant tissue
(Rosenblueth & Martinez-Romero 2006) via the formation of surface-associated biofilms
(Danhorn et al. 2008). This means it is highly unlikely that A. tumefaciens would be
incorporated into plant reproductive cells, although it has been detected in seed probably as a
result of systemic movement (Weller et al. 2002); systemic movement of 4. tumefaciens has
been described in some plants including roses (Marti et al. 1999; Cubero et al. 2006). For this
reason, A. tumefaciens may persist in vegetatively propagated GM plants (such as

R. x hybrida) since there would be no opportunity for elimination of the 4. tumefaciens in
sexually produced generations.

161. The transfer of GM rose plants, carrying residual 4. tumefaciens, into the environment
could result in the transfer of genes to other microorganisms (Leifert 2000), particularly
bacteria. In addition to the vir system, the Ti-plasmid in wild type 4. tumefaciens encodes a
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transfer system (#ra) that is responsible for the conjugal transfer of the entire Ti plasmid from
one bacterium to another (Farrand 1993; Farrand et al. 1996; Cook et al. 1997). Thus, if the
Ti-vector plasmid used in Agrobacterium-mediated transformation still contains the ¢ra region
(ie is conjugative) or if there are other conjugative plasmids (that could facilitate transfer) in
the A. tumefaciens strain then the Ti-vector plasmid could be transferred to other bacteria,
even interspecifically, and could result in the unintended establishment of the Ti-plasmid in
the environment (NRC 2004; Bjorklof et al. 2006).

Event 7. Transfer of the introduced genes from A. tumefaciens to other organisms

162. The GM rose line proposed for release was generated by Agrobacterium-mediated
genetic modification (Section 5.5, Chapter 1). It is noteworthy that one of the AQIS
requirements for the importation of the GM rose line into Australia was that plant cultures
were free from bacterial or fungal contamination or other disease symptoms.

163. Information supplied by the applicant has indicated that testing of three plants (in Japan)
from line WKS82/130-4-1, by plating an aqueous slurry of plant material onto YEB medium
(containing rifampicillin and tetracycline), did not result in the growth of any A4. tumefaciens
colonies.

164. If A. tumefaciens cells containing the binary vector (plasmid) were present in the cells of
GM rose plants they could transfer the introduced gene via conjugation with a wild type
strain. The opportunity for mixing of GM and non-GM A. tumefaciens could occur
particularly in the case where rootstock infected with wild type A. tumefaciens were used for
grafting of the GM scion, since 4. tumefaciens has the ability to translocate in the plant (Marti
et al. 1999; Cubero et al. 2006). Conjugation would, however, require certain conditions
including that the binary vector were conjugative or that there were other conjugative
plasmids present in the GM A. tumefaciens (NRC 2004; Bjorklof et al. 2006). Information
supplied by the applicant suggests that there is neither a conjugative Ti-plasmid in strain
AGLO used for transformation nor any conjugative plasmid present.

165. The introduced genes could also be transferred to other bacteria and yeast naturally
present in the environment (Hammerschlag et al. 2000). This general possibility of horizontal
gene transfer has already been discussed in Event 5 and was not considered to be an identified
risk.

166. Even if GM A. tumefaciens could infect other roses or other plants, without the
controlled laboratory conditions associated with deliberate use of A. tumefaciens to transfer
genes, the impact would be minimal since there would be no plant cell proliferation and no
production/regeneration of multiple GM plants.

167. Furthermore, even if the F3°5’H and 5AT genes were transferred to another organism(s)
they are unlikely to be a source of potential harm (see Events 1-6).

168. Conclusion: The potential for an adverse outcome resulting from the persistence in the
environment of A. tumefaciens containing the introduced genes is not an identified risk and
will not be assessed further.

Section 3 Risk estimate process and assessment of significant risk

169. 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.
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170. Seven 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 gene 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.

171. 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.

172. The characterisation of the seven events in relation to both the magnitude and
probability of harm, in the context of the proposed commercial release did not give rise to any
identified risks that required further assessment. The principal reasons for this include:

e limited capacity of the GM rose line to spread and persist in an unmanaged
environment

e limited ability and opportunity for the GM rose line to transfer the introduced genes
to other roses or other sexually related species

e widespread presence of the same or similar proteins encoded by, and end products
produced as a result of the activity of, the introduced genes in the environment and
lack of known toxicity or evidence of harm from them.

Therefore, any risks of harm to the health and safety of people, or the environment, from the
proposed release of the GM rose line 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

173. Uncertainty is an intrinsic property of risk and is present in all aspects of risk analysis,
including risk assessment, risk management and risk communication. In addition, risk
assessment is based on evidence, which is also subject to uncertainty. It is recognised that
both dimensions of risk (ie consequence and likelihood) are always uncertain to some degree.

174. Uncertainty in risk assessments can arise from incomplete knowledge or inherent
biological variability'®. For commercial/general releases, where there may not be limits and
controls to restrict the spread and persistence of the GMOs and their genetic material in the
environment, it is important that uncertainty is minimised.

175. In the RARMP for DIR 060/2005, several information gaps were identified as requiring
possible consideration if Florigene were to submit an application for a larger scale release of
the three GM rose lines, one of which was WKS82/130-4-1. These gaps were:

e concentration of delphinidin in the three GM rose lines

e altered agronomic characteristics indicative of weediness as a result of genetic
modifications

e if the release was proposed to occur outside enclosed greenhouse facilities -

'® A more detailed discussion is contained in the Regulator’s Risk Analysis Framework (OGTR 2007) available
at <http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/riskassessments-1> or via Free call 1800 181
030.
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e changes in pollinator behaviour as a result of altered flower colour in the GM
rose lines, that may increase gene flow under outdoor field conditions and

e level of gene flow between the GM rose lines and compatible rose cultivars
and related species under Australian field conditions.

In preparing the application for DIR 090, Florigene addressed all of these points; these have
been discussed in relevant areas in this RARMP.

176. Any identified uncertainty in aspects of the risk assessment or risk treatment measures
can be addressed in determining the appropriate risk management and in considering
recommendations for post release review (see Section 5, Chapter 3). Uncertainty in risk
estimates may be due to insufficient or conflicting data regarding the likelihood or severity of
potential adverse outcomes. Uncertainty can also arise from a lack of experience with the
GMO itself. The level of uncertainty about line WKS82/130-4-1 is low given the now several
years of growing it without harm, albeit under limited and controlled conditions for most of
that time, in Japan and Australia.
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Chapter 3 Risk management

177. 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, and post release
review activities are discussed. Together, these 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

178. 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.

179. 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.

180. 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

181. Australia's gene technology regulatory system operates as part of an integrated
legislative framework that avoids duplication and enhances coordinated decision making.
Other agencies that also regulate GMOs or GM products include FSANZ, Australian
Pesticides and Veterinary Medicines Authority (APVMA), Therapeutic Goods Administration
(TGA), 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'’.

182. 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.

'” 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
<http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/riskassessments-1>
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183. FSANZ is responsible for human food safety assessment, including GM food. It is not
intended that any material from the GM rose lines be sold for human food. Accordingly the
applicant has not applied to FSANZ for evaluation of the GM rose line for use in human food.
FSANZ approval would need to be obtained before any products from the GM rose line could
be sold for food.

184. No other approvals are required.

Section 3 Risk treatment measures for identified risks

185. The risk assessment of events listed in Chapter 2 concluded that there are negligible
risks to people or the environment from the proposed commercial release of the GM rose line.
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.

Section 4 General risk management

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

e applicant suitability
¢ identification of the persons or classes of persons covered by the licence

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

e arequirement that the licence holder allows access to specified site(s) by the
Regulator, or persons authorised by the Regulator, for the purpose of monitoring or
auditing.

4.1  Applicant suitability

187. 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:

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

e 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

e the applicant's history of compliance with previous approved dealings
e the capacity of the applicant to meet the conditions of the licence.

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

189. The licence conditions include 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.

190. Florigene must continue to have access to a properly constituted Institutional Biosafety
Committee and be an accredited organisation under the Act.
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4.2 Testing methodology

191. Florigene is required to provide a method to the Regulator for the reliable detection of
the presence of the GMO and the introduced genetic materials in a recipient organism. This
method is required within 30 days of the issue date of the licence.

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

192. Any person in Australia, including the licence holder, could conduct any permitted
dealing with the GMO.

4.4  Reporting requirements

193. The licence obliges the licence holder, under section 65 of the Act, to immediately
report any of the following to the Regulator:

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

e any contraventions of the licence by persons covered by the licence
e any unintended effects of the release.

194. The licence holder is also obliged to submit an Annual Report containing any
information required by the licence.

195. In addition, there are provisions that enable the Regulator to obtain information from the
licence holder relating to the progress of the commercial release (see Section 5, below).

4.5 Monitoring for Compliance

196. 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.

197. 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 Post release review

198. Dealings involving unrestricted and ongoing commercial/general release require the
Regulator to consider risks in the long term. Ongoing oversight of dealings involving
commercial/general release may be achieved via post release review activities identified in the
risk management plans.

199. Post release review is the review and evaluation of the progress of commercially
released GMOs on an ongoing basis to verify predictions made in the RARMPs or identify
altered risk when compared to the risk predicted and assessed in the RARMP; and
opportunities for improvement. The basic components of post release review are discussed in
5.1 — 5.3 below.

200. The Act anticipates post release information gathering through statutory conditions
requiring licence holders to provide information about risks and unintended effects that may
arise. General licence conditions require the licence holder to collect and provide further
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information related to the progress of the dealing, and, in particular, to report any unintended
effects. Requests for further information of this nature may be prompted by reports from the
licence holder, information from other sources, or may be requested on the Regulator’s
initiative where it is necessary for him to do so in order to meet his statutory obligations as
they arise. The Regulator will ensure that requests to collect and provide information are
made reasonably having regard to consistency with the Act and relevance to its purposes.

5.1 Adverse effect reporting system

201. Any member of the public can report adverse experiences/effects resulting from an
intentional release to the OGTR through the Free-call number (1800 181 030), fax (02 6271
4202), mail (MDP 54 — GPO Box 9848, Canberra ACT 2601) or via email to the OGTR
in-box (ogtr@health.gov.au). Reports can be made at any time on any DIR licences. Credible
information would form the basis of further investigation and may be used to inform the
planned review (see 5.3 below) as well as the risk assessment of future applications involving
similar GMO(s).

5.2  Specific indicators of risk

202. In the preparation of a RARMP for a commercial/general release application, there is
consideration, on a case-by-case basis, of specific indicators of risk. In particular these
indicators may be flagged by a) risks that are considered to be greater than negligible and/or
b) high levels of uncertainty. Specific indicators of risk may also be identified at later stages,
eg following the consideration of comments received on the consultation RARMP, and
following the issuing of a licence. The latter could arise as a result of new information
received either through new scientific findings or the reporting of adverse/unintended effects.
If any specific indicators of risk are identified, there would be a requirement in the licence for
monitoring, testing or research, over a defined period of time, to gather and provide additional
information to the Regulator on the risk. The results of such monitoring or testing provide a
means to validate findings of the RARMP or to detect changes of significance regarding
altered or new risk. This may, in turn, lead to variation, suspension, or even cancellation, of a
licence that may have been issued.

203. No specific indicators of risk have been identified in this RARMP for application

DIR 090. In the RARMP for DIR 060/2005 it was recommended that certain additional
information should be obtained if the GM rose lines (that included WKS82/130-4-1) were to
be considered for a larger scale release (see Section 4, Chapter 2). This information was
provided in the application for DIR 090 and has informed the risk assessment for DIR 090.
None of the events discussed in Chapter 2 gave rise to an identified risk.

53 Planned review

204. The OGTR, on behalf of the Regulator, will undertake a desk-top or paper-based
planned review of RARMPs for all commercial/general releases after issue of a licence by the
Regulator. Planned review will take into account new information/data from the literature and
various reports as well as any documented confirmation that the findings of the RARMP
remain current at a certain point in time (determined on a case-by-case basis) after issue of the
licence.

Section 6 Conclusions of the RARMP

205. The risk assessment concludes that this commercial release of one GM rose line,
Australia-wide, poses negligible risks to the health and safety of people or the environment as
a result of gene technology.
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206. The risk management plan concludes that these negligible risks do not require specific
risk treatment measures. However, general conditions have been imposed to ensure that there
1s ongoing oversight of the release.
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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
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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
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Appendix B Summary of issues raised in
submissions received from prescribed
experts, agencies and authorities™ on
any matters considered relevant to the
preparation of a Risk Assessment and
Risk Management Plan for DIR 090

The Acting Regulator received several submissions from prescribed experts, agencies and
authorities on matters considered relevant to the preparation of the RARMP. All issues raised
in submissions relating to risks to the health and safety of people and the environment were
considered. The issues raised, and where they are addressed in the consultation RARMP, are

grouped and summarised below.

Summary of issues raised

Comment/Where considered

Recommends that the risk assessment should be done on
the assumption that the GM rose could be grown in home
gardens.

This issue was discussed in Sections 6.2 & 6.3, Chapter 1
and therefore formed the basis of the risk assessment
presented in Chapter 2, especially regarding Event 2.

Considers that Local Governments and members of
communities must be consulted on all applications.

All Local Councils in Australia were consulted on the
preparation of the consultation RARMP. In a second round
of consultation, all Local Councils and all members of the
public will be able to comment on the consultation RARMP.
All comments received, relating to human health and safety
and the environment, will be considered in the preparation
of the final RARMP that informs the Regulator’s decision
about whether or not to issue a licence (Section 2, Chapter
1).

Considers that all aspects of risk must be considered.

The Regulator is required by legislation to consider only
those risks relating to the health and safety of people and
the environment. These risks have been identified and
discussed in Chapter 2.

Requests the Regulator to instigate independent scientific
research on the risks to human health and safety and the

environment prior to the evaluation and/or release of any

GMOs.

Consistent with common regulatory practice, the Regulator
considers data supplied by the applicant and scientific
information already gathered, and presented in
independent, peer reviewed sources, to help inform the risk
assessment process. The risks have been identified and
discussed in Chapter 2.

Considers that the risk management plan should include

provisions to monitor the release for any unintended effects.

This provision has been addressed in Section 5, Chapter 3
of the RARMP and is also included in the Annual Reporting
condition of the draft licence (Section 3, Chapter 4).

Expresses opposition to any applications for DIR Licences.

The Regulator is required, by legislation, to consider all
applications received for an intentional release of a
GMO(s) into the Australian environment. An outline of the
steps that the Regulator must take in arriving at this
decision is given in Section 2, Chapter 1 and Section 3,
Chapter 3.

"8 GTTAC, State and Territory Governments, Australian Government agencies, Local Councils and the Minister

for the Environment, Heritage & the Arts.
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Appendix C Summary of issues raised in
submissions received from prescribed
experts, agencies and authorities™ on
the consultation RARMP for DIR 090

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. Several 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/Where considered

Several submissions raised concerns over the potential for
increased weediness of the GM rose line:

o Claims that, despite licence conditions, the GM rose
may escape cultivation and become established in
private gardens with potential to become weedy.

¢ Points to evidence that Hybrid Tea roses have
escaped cultivation in the UK.

e Considers that if the GM rose were to escape
cultivation, there is uncertainty regarding effects of
ornamental GM plants on biodiversity.

o Considers Hybrid Tea roses to be sufficiently hardy
to grow if abandoned and existing methods for
controlling wild rose escapes from residential
gardens may not be effective on a GM rose.

For the proposed release, the GM roses would be
propagated and grown by registered growers (Chapter 1,
section 6.3), so the probability of escape is very low.
Sexual propagation of the GM rose is also highly unlikely
as the pollen does not contain the introduced genes
(Chapter 2, section 2.2). Nonetheless, the possibility that
the GM rose line may become established outside a
commercial environment is addressed in section 2.2,
Chapter 2, of the RARMP.

R.x hybrida cultivars do not possess characteristics that
are usually associated with weediness and Hybrid Tea
roses are already commonly grown as ornamental plants in
the community with no reports of establishing as a problem
weed.

An occasional escape does not fulfil the definition of a
weed. However, to emphasise the distinction between
problem weed status and garden escape, the RARMP has
been amended accordingly (paragraphs 71 and 117).

A range of morphological and physiological characteristics
have been compared in the GM rose line and the non-GM
parent (as discussed in Chapter 2, section 2.6) and no
differences have been detected apart from flower colour.
Thus, the genetic modification is highly unlikely to confer
increased survival to the GM rose compared with its
non-GM counterpart and therefore existing control methods
can be used to control the GM rose.

Considers that not enough is known about genetic
modification and its potential effects.

Section 2.6 of Chapter 2 discusses the possibility of
unintended changes in biochemistry, physiology or ecology
of the GM- compared with non-GM rose lines. Over several
years of propagation there has been no evidence of any
substantial difference between the GM and non-GM lines
with respect to major physiological or morphological factors
(apart from flower colour). The draft licence (section 3)
includes provisions to monitor the release for any
unintended effects.

' GTTAC, State and Territory Governments, Australian Government agencies, Local Councils and the Minister

for the Environment, Heritage & the Arts.
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Summary of issues raised

Comment/Where considered

Asks whether the green mignonette lettuce seed model
mentioned in paragraph 45 of the RARMP is accepted by
regulatory authorities as being a valid model to assess
phytotoxicity.

The lettuce seed germination test is listed by the US EPA
as a standard soil toxicity test for ecological risk
assessment (EPA 540-F-94-013 1994a).

States that the RARMP describes testing of GM rose seed
for presence of the F3'5’H gene, but testing the ovules as
well as the seed would have provided more convincing
evidence that the proposed dealing is low risk.

The GM rose is a chimeric plant and the ovules are not
expected to contain the introduced genes (Chapter 1,
section 5.5.2). In the event that they did, the likelihood of
fertilisation and the formation of seeds containing the
F3'5'H gene is considered extremely low. Additionally, as
described in Chapter 1, rose plants grown for commercial
cut-flowers have little opportunity to be pollinated since
pollinator access is limited at a number of points.

Clarification is requested as to whether OGTR intends to
further examine the potential for transfer of A. tumefaciens
chromosomal DNA to the plant host, as identified on page
15 of the consultation RARMP.

If transfer of AchrDNA were to happen, the likelihood of
this DNA having any influence on resulting GM plants is
regarded as small, given that plants are unlikely to possess
the DNA segments necessary for expression of

A. tumefaciens genes (Chapter 1, paragraph
53).Therefore, the issue was not considered further.
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Appendix D Summary of issues raised in
submissions received from the public
on the consultation RARMP for DIR 090

The Regulator received one submission from the public on the consultation RARMP. This
submission, summarised in the table below, raised issues relating to labelling of the GMO.
This was 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

Issue raised: L: Labelling.

Other abbreviations: GM: Genetically Modified

Type: I: individual

Sub. No: | Type | Position

Issue

Summary of issues raised

Comment

1 [ X

Considers that the GM cut-flowers should not
be sold without clear labelling describing
them as “genetically engineered” or
“genetically modified”.

Risks to the health and safety of
people and the environment were
assessed as negligible.
Therefore, specific risk treatment
measures (which may include
labelling) are not required.

Appendix D (June 2009)

55




	Executive Summary
	Introduction
	The application
	Risk assessment
	Risk management
	Conclusions of the RARMP

	Table of Contents
	Abbreviations
	Technical Summary
	Introduction
	The application
	Risk assessment
	Risk management
	Other regulatory considerations
	Conclusions of the RARMP
	Event 1: Exposure to GM plant materials containing the F3’5’H and 5AT proteins and delphinidin and myricetin 
	Event 2: Expression of the introduced genes improving the survival of the GM rose plants 
	Event 3: Expression of the introduced genes and regulatory sequences in sexually compatible plants
	Event 4: Expression of the introduced genes and regulatory sequences in a rootstock
	Event 5: Presence of the introduced genes, or the introduced regulatory sequences, in unrelated organisms as a result of gene transfer
	Consequence
	Event*
	Hazard*
	Hazard identification
	Intermediate
	Likelihood
	Quality control
	Risk
	Risk analysis
	Risk analysis framework
	Risk assessment
	Risk communication
	Risk Context
	Risk estimate
	Risk evaluation
	Risk management
	Risk management plan
	Risk treatment*
	Stakeholders*
	States
	Uncertainty




