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EXECUTIVE SUMMARY
Background

An application was received from Aventis CropScience Pty Ltd on 12 March 1999 seeking
approval for oil derived from the seeds of genetically modified (GM) canola plants. Two
lines of open pollinated canola have been engineered for tolerance to the herbicide
glufosinate ammonium. Five lines of canola have been engineered for use in hybrid seed
production by the addition of genes controlling pollen production in addition to the gene
conferring tolerance to glufosinate-ammonium. In North America, the canolais known
commercialy as Liberty Link[] open pollinated and InVigor(J hybrid canola. These
genetically modified canolalines are currently not grown in either Australia or New Zealand
but oil from these lines may be present in imported processed foods.

I ssues addressed during assessment
0] Safety evaluation

Oil derived from the seeds of glufosinate-ammonium tolerant and pollination controlled
canolalines Topas 19/2, T45, Msl, Ms8, Rf1, Rf2 and Rf3 has been evaluated according to
the safety assessment guidelines prepared by ANZFA. The assessment considered the
following issues: (1) the nature of the genetic modifications; (2) general safety issues such as
novel protein expression and the potential for transfer of antibiotic resistance genesto
microorganisms in the human digestive tract; (3) toxicological issues; and (4) nutritiona
iSsues.

On the basis of the available information, it is concluded that oil derived from these
genetically modified canolalines is as safe and wholesome as oil from other commercial
canolavarieties. A detailed food safety report on these foods has been prepared.

(i) Labelling information for consumers

Under the current Standard A18, which remainsin effect until 7 December 2001, oil derived
from glufosinate-ammonium and pollination controlled canolalines Topas 19/2, T45, Msl,
Ms8, Rf1, Rf2 and Rf3 does not require labelling asit is regarded as substantially equivalent
to oil from non-genetically modified canola varieties.

When the amended Standard comes into effect on 7 December 2001, food products
containing canola oil derived from any of these genetically modified lines will require
labelling if it can be shown that novel DNA and/or protein is present in the final food.

(1) Public consultation

ANZFA undertook two rounds of public consultation in relation to this application and a
total of 68 submissions were received overall — 45 submissions in the first round and 23
submissions in the second round. The majority of submissions were not supportive. Those
opposing the application did so primarily on the basis that they perceive GM food to be
unsafe or environmentally unsound. The food safety concerns raised in submissions have
been addressed by the safety assessment report.



Conclusions

. There are no public health and safety concerns associated with the genes introduced
into glufosi nate-ammonium tolerant and pollination controlled canolalines Topas
19/2, T45, Msl, Ms8, Rf1, Rf2 and Rf3.

. Oil derived from genetically modified canolalines Topas 19/2, T45, Msl, Ms8, Rf1,
Rf2 and Rf3 is as safe and wholesome as that from other commercially available
canola varieties.

. From 7 December 2001, food products containing oil from genetically modified
(glufosinate-ammonium tolerant and pollination controlled) canolawill require
labelling if it can be shown that novel DNA and/or protein is present in the final
food.

. The proposed amendment to the Food Sandards Code is consistent with the section
10 objectives of the Australia New Zealand Food Authority Act 1991 and the
regul atory impact assessment.



1 BACKGROUND TO THE APPLICATION

Canola (Brassica napus) has been genetically engineered for tolerance to the herbicide
glufosinate-ammonium and for the production of higher yielding fertile hybrids. In this
application, seven glufosi nate-ammonium tolerant canola lines (Topas 19/2, T45, Msl, M s,
Rf1, Rf2 and Rf3) have been generated. Two of these, Topas 19/2 and T45, are open
pollinated canola lines known commercialy as LibertyLink[] canola. The Ms and Rf lines
are pollination-controlled parental breeding lines for use in hybrid production and are known
commercialy asInVigor[d hybrid canola.

All seven lines are tolerant to the broad-spectrum herbicide glufosinate-ammonium, the
active constituent of the proprietary herbicides Basta, Finale, Buster, Harvest and Liberty.
Tolerance to glufosinate-ammonium (also known as phosphinothricin) is conferred by the
transfer of one of two bacterial genes — either bar or pat. These genes produce the enzyme
phosphinothricin acetyl transferase (PAT), which breaks down phosphinothricin into an
inactive form, alowing the modified plants to tolerate application of the herbicide. The bar
gene is derived from the soil bacterium Streptomyces hygroscopicus and the pat geneis
derived from a closely related species Streptomyces viridochromogenes.

In addition to bar or pat, the male sterile (Ms) lines contain the barnase gene derived from
the bacterium Bacillus amyloliquefaciens. The presence of this genein the plant resultsin
abnormal development of the parts of the flower that produce pollen. The fertility restorer
(Rf) lines express the barstar gene (derived from the same bacterial species), which
counteracts the effects of the barnase. The presence of the barstar gene has no direct effect
on the plants and is only evident when an Rf lineis crossed with one of the Mslinesto
produce hybrid plants in which both genes are expressed at the same stage in development.
These plants exhibit greater vigour than either of the parental lines and are fully fertile
yielding greater amounts of seed.

Canola seed, a genetic variation of rape-seed, was first developed in Canada through
traditional plant breeding techniques that specifically aimed to maximise nutritional value.
The seeds are crushed to obtain canola oil for human consumption, while the remainder is
processed into canolameal, which is used as a high-protein livestock feed. Canola oil
contains the lowest level of saturated fatty acids of any vegetable oil, and is used in table
spreads and for cooking purposes. At present, the key markets for canola production are
Canada and the US, however, because of export food markets, oil produced from genetically
modified canola may enter the Australian and New Zealand market in imported processed
food products.

The direct benefits of the new genetic modifications outlined in this application are likely to
accrue mainly to the primary producer by way of increased choice of commercially
available, higher yielding varieties of canola. More general benefits may also flow to the
community as aresult of reduced primary production costs.

2. PUBLIC CONSULTATION

ANZFA completed an Initial Assessment (formerly referred to as the Preliminary
Assessment Report) upon receipt of the application and invited submissions from the public
between 3 November 1999 and 12 January 2000. A total of 45 submissions were
subsequently received and a summary of theseisincluded in this report at Attachment 5.



ANZFA subsequently conducted an assessment of the application, including a safety
evaluation of the food, taking into account the comments received. A Draft Assessment
Report (formerly termed a Full Assessment Report) of this assessment was released for
public comment on 7 March 2001 until 20 April 2001, resulting in a further 23 submissions
being received.

This report, known as the Final Assessment Report, finalises the assessment by ANZFA and
again takes into account comments received from the public. ANZFA’s recommendation

will then be transmitted to the Ministerial Council for consideration. Attachment 5 contains a
summary of all submissions received.

3. NOTIFICATION OF THE WORLD TRADE ORGANIZATION

During the ANZFA assessment process, comments are also sought internationally from other
Members of the World Trade Organization (WTO). As Members of the WTO, Australiaand
New Zealand are signatories to the agreements on the Application of Sanitary and
Phytosanitary Measures (SPS Agreement) and on Technical Barriersto Trade (TBT
Agreements) (for further details on WTO, see Attachment 4). In some circumstances,
Australia and New Zealand have an obligation to notify the WTO of changesto food
standards to enable other member countries of the WTO to make comment.

Asthereissignificant international interest in the safety of GM foods, the proposed
amendments are considered to raise potential Technical Barrier to Trade or
Sanitary/Phytosanitary matters and were therefore notified to the WTO.

4. |SSUES ADDRESSED DURING THE ASSESSMENT
4.1  Safety assessment

Edible oil from the glufosinate-ammonium tolerant and pollination-controlled canolalines
have been evaluated according to the safety assessment guidelines prepared by ANZFA®,
The assessment considered the following issues: (1) the nature of the genetic modification;
(2) general safety issues such as novel protein expression and the potential for transfer of
novel genetic material to cellsin the human digestive tract; (3) toxicological issues; and (4)
nutritional issues. On the basis of the available information, ANZFA concluded that oil
from the seven lines of herbicide-tolerant and pollination-controlled canolais as safe and
wholesome as oil from other commercial varieties of canola. The full safety assessment
report can be found at Attachment 2 to this document.

4.2 L abelling of oil derived from LibertyLinkd and InVigor O canola

On 28 July 2000 the Australia New Zealand Food Standards Council agreed to arevised
standard which requires labelling of food where novel DNA and/or protein is present in the
final food and also where the food has altered characteristics. The revised standard (A18in
Volume 1 of the Food Sandards Code, 1.5.2 in Volume 2 of the Food Standards Code) was
gazetted on 7 December 2000 and will come into effect 12 months from the date of gazettal.

1 ANZFA (2001) Information for Applicants — Amending Standard A18/Standard 1.5.2 — Food Produced
Using Gene Technology.



Until the new labelling requirements take effect in December 2001, the provisionsin the
original Standard A18 apply. Under these provisions, oil derived from the seven genetically
modified canolalines Topas 19/2, T45, Msl, Ms8, Rf1, Rf2 and Rf3 does not require
labelling as it is regarded as substantially equivalent to oil derived from non-genetically
modified canola varieties.

4.3 Issues arising from public submissions
General issues

Many of the submissions received in both the first and second rounds of public comment
raised matters of a general nature relating to gene technology or issues that had already been
addressed in the safety assessment report (see Attachment 2). A discussion of some of the
more general issues raised can be found in Attachment 6.

However, in light of the rapid developmentsin this field, some general issuesraised in the
second round of public consultation have been addressed again taking into account more
recent outcomes of intensive deliberations on gene technology issues, such as the publishing
of the report of the New Zealand Royal Commission on Genetic Modification, the second
OECD Conference on “New Biotechnology Food and Crops. Science, Safety and Society”,
and the deliberations of various Codex Alimentarius and OECD taskforces and FAO/WHO
Expert Consultations.

1 ANZFA's processes

Severa criticisms of ANZFA’s general processes for the risk assessment of GM foods were
raised by submitters including: the Public Health Association of Australia (PHAA), the
GeneEthics Network, the National Council of Women of Australia(NCWA), Consumer’s
Institute of New Zealand, GE Free New Zealand, Paul Elwell-Sutton, Sandra Jacobs, Brian
Lister and Lorraine Leader, Claire Bleakely, Julian Y ates, Oraina Jones, Leila Huebner and
Dr Kate Clinch-Jones.

Response

The processes used by ANZFA for safety assessment and labelling of GM foods were
subject to an independent assessment by the New Zealand Royal Commission on Genetic
Modification. In its deliberations, the Royal Commission considered that both the New
Zealand Environmental Risk Management Authority (ERMA) and ANZFA provided a
robust regulatory environment and stated that the authorities “carry out their functions
conscientiously and soundly”. The Commission aso stated “We have confidence in the
ANZFA safety assessment process. We consider it unlikely that foods that have satisfied the
food standard will have harmful effects’, and “The Commission was reassured that ANZFA
carries out its functions with an appropriate degree of independence not only from political
influence but also from the influence of commercia interests’. In reaching this view, it
should be noted that the Commission examined the criticisms levelled at ANZFA’s
processes and the detailed rebuttal of those criticisms supplied to the Commission by
ANZFA, including issues such as adequacy of the toxicological studies, use of substantial
equivalence, sources and independence of data, antibiotic resistance marker genes etc, that
are similar to those raised by the PHAA in their present submission.



The Report can be accessed at http://www.gmcommission.govt.nz .

2. Substantial equivalence

Severa submitters (PHAA, GeneEthics, Dr Kate Clinch-Jones, Consumer’ s Institute of New
Zealand) raised concerns with the use of the concept of substantial equivalence

Response

On the issues of the appropriate use of the concept of substantial equivalence, ANZFA
reiterates that it usesthistool as a starting point in the safety assessment process for GM
foods as supported by international bodies such as Codex Alimentarius, OECD, FAO/WHO,
other regulators such as the UK, the EU, Japan, Canada and the recent report of the Canadian
Royal Society.

3. Antibiotic resistance marker genes

Severa submitters (PHAA, GeneEthics Network, Dr Kate Clinch-Jones) raised some
concerns about the use of antibiotic resistance marker genes (ARMGs) in the development of
GM foods. In particular, the PHAA submission asserts that ANZFA is*“remarkably out-of-
step with scientific opinion...” and quotes the JETACAR Report as evidence of this.

Response

The JETACAR Report states (page 117 referring to a specific gene called nptll) that the use
of antibiotic resistance genesin GM foods is unlikely to contribute in any significant way to
the spread of antibiotic resistance in humans. The issue of the use of antibiotic resistance
marker genesin GM foods was discussed at the recent Ministerial Council meeting held in
Adelaidein late July 200. At that meeting, Professor John Turnidge, former Chair of
JETACAR and now Chair of the NHMRC Expert Advisory Group on Antibiotic Resistance
(EAGAR) appeared at the Council meeting to present his expert advice on the safety of the
use of ARMGsin GM foods in support of ANZFA’s views on thisissue.

4. Source of data

Some submitters (PHAA, GeneEthics) raised concerns over the independence of the source
of the data submitted to ANZFA.

Response

It isarequirement of the ANZFA assessment process that raw data from experiments
supporting the safety of a GM food are submitted to ANZFA for assessment. These data are
assessed in detail by ANZFA scientists and then the assessment report undergoes a robust
process of internal review by ANZFA’s own scientific experts and external review by
ANZFA’s expert panel and senior health officials from State and Territory and New Zealand
Health Departments. The quality and sources of the data supplied to ANZFA in support of
applications for approval of GM foods was the subject of particularly intense scrutiny during
ANZFA'’s evidence at the New Zealand Royal Commission on Genetic Modification.
ANZFA submitted afull data package (15 volumes of raw data on Roundup Ready
Soybeans) to the Commission for inspection.


http://www.gmcommission.govt.nz/

The Commission states that it looked closely at the quality of this data and came to the view
that ANZFA did receive and assess raw data and that its processes were not wanting in this
regard.

Furthermore, in relation to the issue of the independence, integrity and different sources of
data submitted in support of applications for approval of GM foods, at the recent OECD
Conference “New Biotechnology Food and Crops. Science, Safety and Society” held on 16-
20 July 2001 in Bangkok, there was agreement by participants (as stated in the Conference
Rapporteurs report) attending the Conference that “ There is information for regulatory
dossiers—where thereisahigh level of quality assurance and validation — and information
in general scientific literature which is peer-reviewed but not necessarily subject to quality
assurance procedures (e.g. Good Laboratory Practice). The frameworks and designs for work
generating data are important determinants of quality.”

5. Imported GM foods versus GM crops

Some submitters (GeneEthics Network, National Council of Women of Australia) have
argued that approvals for GM foods for import, is atacit approval for the GM crop to be
grown in Australia.

Response

The regulatory framework for approval by ANZFA of safety of GM foods (imported foods
and derived from GM crops grown in Australia) is separate from that of the Office of the
Gene Technology Regulator (OGTR), which has responsibility for approving the
environmental release of GM crops. ANZFA’ s responsibilities are to ensure the safety of the
food supply and protect public health. Approval of GM food under Standard A18 of the Food
Standards Code (Standard 1.5.2 of the joint Australia New Zealand Food Standards Code) is
not, and would never be, atacit approval for the environmental release of the crop in
Australia since the environmental issues are completely separate and entirely different to
food safety issues.

6. Compositional studies

The PHAA commented that some of the components of the genetically modified plant line
under assessment were statistically different to the control line and that therefore the GM
line is not comparable to the control line.

Response

Statistical differences observed in the compositional analyses were assessed by ANZFA in
terms of their relevance in abiological system. In order to determine if the differences have
biological significance, ANZFA compares these values to published ranges for each
component. Many of the significant differences observed have been small differences, they
are usually within the range that would be expected for other commercially available
varieties and they do not indicate a trend, as they do not occur consistently. Additionally,
many of the differences can be explained by differences between locations or seasons.
Therefore ANZFA reached the conclusion that the line was comparable to other
commercialy available lines.



The use of published ranges and historical control datain safety assessment studiesis
standard procedure in the interpretation of biological and analytical components of variation.
Although the most appropriate control group for interpretative purposesis always the
concurrent control, there are instances in which the use of historical control information can
aid an investigator in the overall evaluation of safety data. Studies (Carokostas and Banerjee
(1990): Interpreting rodent clinical laboratory data in safety assessment studies: biological
and analytical components of variation, Fundamental and Applied Toxicology.) suggest that
statistically significant laboratory findings that are not biologically or toxicologically
important will be present in many safety assessment studies with a standard design. Over-
reliance on the result of standard prepackaged statistical analyses for determining the
presence of toxicologically significant findings can lead to misinterpretation of laboratory
data. It iswell recognized that sound judgement must be applied to laboratory findings using
appropriate statistical analyses as atool for pattern recognition.

Issuesraised in first round of public comment, which were previously discussed in the
Draft Assessment Report (see Attachment 5 for summary)

This section of the report addresses only those issues raised in public submissions that are
specific to the assessment of this application.

() Use of the herbicide glufosinate-ammonium

Several submittersincluding the Consumers Association of South AustraliaInc. and the
National Council of Women of Australiaraise the issue of herbicide toxicity and contend
that the use of glufosinate-ammonium tolerant canola may lead to increased use of the
herbicide on the crop, which in turn may necessitate an increase in the Maximum Residue
Limit (MRL) for glufosinate-ammonium.

Response

The Australian Food Standards Code (Standard A14 — Maximum Residue Limits) lists the
maximum allowable limits for agricultural and veterinary chemical residues present in food.
The herbicide glufosinate-ammonium is permitted at particular levelsin arange of foods,
which arelisted in Schedule 1, however thereis no listing for vegetable oils per se or canola
oil in particular. Accordingly, currently there must be no detectable residue of glufosinate-
ammonium in the oil from any canola crop, whether the crop is genetically modified or
conventionally grown.

The process by which an MRL is set for a herbicide, such as glufosinate-ammonium, is
discussed more fully in Attachment 6 — General issues raised in public comments, at
discussion point 14. From this information, it can be seen that the permitted level of residue
is therefore dependent on the type of food under assessment and is based on araft of
scientific information including traditional toxicological studies, agricultural use patterns and
food consumption patterns.

In relation to the herbicide glufosinate-ammonium, extensive toxicological analysisin
laboratory animals (rats, mice and dogs) has been assessed, including studies on the plant
metabolite N-acetyl-glufosinate. The mechanism of action of glufosinate-ammonium isto
inhibit the enzyme glutamine synthetase, a key enzyme involved in the metabolism of
nitrogen in plants.

10



The result of the inhibition is an over-accumulation of anmoniain the plant leading to cell
death. In contrast, animals are not dependent on glutamine synthetase activity to achieve
homeostatic control of ammonia but possess alternative metabolic pathways. This
biochemical difference between plants and animals reduces the degree of toxicity of
glufosinate-ammonium in animals. In addition, N-acetyl-glufosinate demonstrates [ow
toxicity after repeated oral administration to mice, rats or dogs and is not carcinogenic at the
highest doses tested (equal to 1200 mg/kg bw per day in mice and 1000 mg/kg bw per day in
rats), nor isit genotoxic or teratogenic.

The available evidence indicates that exposure to glufosinate-ammonium under normal
conditions of use does not present a significant health risk to humans. Toxicity assessments
on glufosinate-ammonium, N-acetyl-glufosinate and another plant metabolite” indicate that
the toxicity of the metabolites was comparable to or less than that of the parent compound,
and that all were considered of low acute toxicity. In monitoring the effects of human
exposure, there were no adverse findings reported in workers in glufosinate-ammonium
production plants.

I ssuesraised in second round of public comment (see Attachment 5 for summary)
() Properties of the barnase gene

The Public Health Association of Australiaas well as Sandra Jacobs (NZ) have submitted
commentsin relation to the safety assessment of this application that specifically relate to the
toxicity of the herbicide, to the nature of the ribonuclease expressed in the parental Mslines,
and to the relevance of the animal feeding studies. For clarification of the first issue,
ANZFA'’ s discussion on the assessment of toxicity of the herbicide is reproduced above.
Discussion of the issue relating to animal feeding studiesisincluded in Attachment 6.
Information on the ribonucleases is presented below.

Response

Ribonucleases are enzyme proteins that chemically digest ribonucleic acid (RNA) and are
ubiquitousin nature, including in animal and plant tissues eaten as foods. The precise mode
of action of any particular ribonuclease within this class of proteins varies somewhat
according to its biological setting, but many individual ribonuclease enzymes from
vertebrate, bacterial and fungal sources have been very well characterised at the molecul ar
and biochemical level. Although within the enzyme class, ribonucleases may be either
exonucleases or endonucl eases depending on their specific activity, all hydrolyse RNA
molecules usualy in vitro aswell asin vivo and therefore, when present in a cell, may
disrupt biochemical processes leading to the death of the cell (Concise Encyclopaedia
Biochemistry and Molecular Biology, 3 Edition, Walter de Gruyter & Co. 1997). Particular
ribonucleases (for example from chicken liver, bovine pancreas, Physarum polycephalum or
Aspergillus oryzae) are used widely in the laboratory as tools for manipulation of nucleic
acids (DNA and RNA).

2 3-[hydroxy(methyl) phosphinoyl] propionic acid

11



The genes encoding ribonucleases are also widely distributed in nature and are therefore
commonly digested in foods from a variety of sources. In this case, the source of the

bacterial ribonuclease gene, barnase, is the organism Bacillus amyloliquefacienswhichisa
dominant source of industrial a-amylase production and accounts, together with B.
licheniformes, for much of the total world output of industrial enzymes. B. amyloliguefaciens
has no known pathogenicity and can be used in the brewing, bread-making and food industry
asawhole.

The specificity of the expression of the barnase gene in the transformed canola, outlined in
the Draft Risk Analysis Report, is convincingly described in the published scientific
literature (Roth, 1962; Smeaton et al., 1967; Mauguen et al., 1982; Hartley et al., 1973; Hill
et al., 1983; Hartley 1989; Mariani et al., 1990; Yen et al., 1991; Mariani et al., 1992;
Guillet et al., 1993). From its obvious phenotypic effects, the expression of the barnase gene
in the plant can be precisely monitored. In the transformed canola plants, linked to the anther
specific promoter, barnase disrupts pollen production by destroying a specific layer of cells
in the developing flower. Thisis completely reversible by crossing a plant expressing
barnase (Ms) with a plant expressing the barstar gene (Rf), encoding a protein that
inactivates it. Thereis no toxicity associated with the presence of the gene in the canola
plants and the protein encoded by the gene only affects those cellsin the flower of the plant
whereit is present.

In the event that the barnase protein was ingested, the digestibility studies clearly
demonstrate that it isinactivated by normal digestive proteases in the human gastrointestinal
tract. Thisinformation, coupled with the extremely low likelihood of human exposure to
canola seed proteins, provides compelling evidence that there are no health and safety
concerns associated with the use of the barnase gene in canola plants used for the production
of food for humans or feed for animals.

(i) Compositional studies on canola ail

The Food Branch of the South Australian Department of Human Services has noted the
range of parameters tested as part of the compositiona studies on the GM canola oil. This
submission claims that canola oil is an important dietary source of tocopherols, and that the
data relating to these substituents should have been presented.

Response

The key nutritional considerations with respect to canola oil relate to the fatty acid
composition of the oil. Thisisreflected in the Codex Standard for Named V egetable Oils
(Codex-Stan 210, Codex Alimentarius Commission, 1999) in which standards for fatty acid
ranges for low erucic acid rapeseed oil are presented. Tocopherols and sterols are not
considered to be major constituents of canola oil by the OECD Task Force for the Safety of
Novel Foods and Feeds (OECD, 1999), nor is canolaregarded as a major source of these
compoundsin the diet.

Tocopherols (the aphaisomer is aso known as Vitamin E) are natural antioxidants and their
level in plantsis governed by the level of unsaturated fatty acids. The distribution of natural
tocopherols varies with the different vegetable oils both quantitatively and in the amount of
different isomers, numbering at least four.

12



Amongst the vegetable oils, safflower, sunflower and cottonseed oils are more significant
sources of apha-tocopherol than canola (The Lipid Handbook, Second Edition, Chapman
and Hall, 1994). Processing of canolaail, in particular the high temperatures used during the
deodorisation step, generally reduces the level of tocopherol present in the oil. The available
data on tocopherols from control and transformed lines of canola show that the levels of this
group of compounds are virtually the same for all lines tested.

(iii)  Linesrecommended for approval

The Food Branch of the South Australian Department of Human Services noted that the
canolaoil for human consumption is produced from the hybrid canola seed and not directly
from either of the parental Ms or Rf lines and stated that the legal drafting of proposed
changes to the Standard should reflect the source of the food.

Response

The safety assessment process undertaken by ANZFA for GM foods requires that
compositional data relate directly to the plant lines that have been genetically modified.
Once the assessment had been completed and food products derived from the assessed line
have been approved, the particular transformed line is regarded as any other commercial
crop line and may be used by plant breedersin conventional breeding programs to generate a
variety of hybrid lines. As the hybrids can be generated from a large number of different
combinations of crosses, the most comprehensive means of assessment of the genetic
modification applies to the original transformed parental lines, which are also the lines for
which the molecular characterization data are also readily available.

(iv)  Terminator technology

Submissions from the National Council of Women of Australia, the Nelson GE Awareness
Group (NZ), Kate Clinch Jones (Aust) and Leila Huebner (NZ) contend that this application
features the use of the so-called terminator technology, which results in farmers’ dependence
on the purchase of new seed at the end of each growing season.

Response

This application encompasses seven lines of canola although only the Ms and Rf lines
feature genetic changes, which can exert an influence on the fertility of the canola plants.
The two open pollinated lines, Topas 19/2 and T45, do not contain either of the two genes
used to control pollen production in the Ms and Rf lines.

It isimportant to note that this application does not equate with the terminator technology,
which has not been introduced into any commercially produced crops. Rather, the
barnase/barstar gene system has been used in canola plants to take greater advantage of the
natural genetic phenomenon widely known as hybrid vigour. The genetic superiority of
hybrid seed in many crop plants of commercia importance is well demonstrated and plant
breeding practices reflect widespread acceptance, knowledge and manipulation of the
genetic determinants that lead to hybrid vigour in later generations.

13



In this application, the system involves male sterile (female parent) and fully fertile (male
parent) elite breeding lines as the parents of the first generation hybrids (F1). The seeds from
this cross are commercially required by farmers. The hybrid seeds are fully fertile and the
plants that grow from these seeds, due to their specific parentage, feature the desired
agronomic characteristics of both parents, and in turn produce large yields of oil-bearing
seeds in the next generation. In contrast, the aims of the terminator technology are to prevent
seed germination by expression of novel genes (possibly barnase, depending on the specific
patent) in the seeds of the plant. This key difference has been scientifically misinterpreted in
articles (for example, by Ho, Cummins and Bartlett, 2001) that have been widely
disseminated in the public domain.

Hybrid canola seed is a constant requirement to maintain levels of primary production for
farmers. Thisgoa of plant breeding, to combine higher yielding varieties with other
desirable plant traits (such as drought tolerance, herbicide resistance, etc) has always existed
and does not exclusively apply to recently engineered GM varieties. Before the advent of the
barnase/barstar system, the parental lines used to generate non-genetically modified hybrid
seed were developed by other methods that were not as accurate or specific.

It isimportant to note also that planting hybrid seeds for many generations resultsin the loss
of hybrid vigour as aresult of natural genetic processes. The generation of new hybrid seeds
with increased vigour is therefore a necessity for primary producers and must continually
occur whether the parental lines are genetically modified or conventionally modified.

(V) Consumption of canola seeds

The Nelson GE Awareness Group in New Zealand raised the issue of the consumption of
whole canola seeds in certain bakery products and therefore claims that the novel protein(s)
will be consumed by humans and other animals.

Response

The safety aspects of the novel proteins present at very low levelsin canola seeds from the
lines under assessment have been investigated, and the conclusions presented in the Safety
Assessment (Attachment 2 to this report). The safety of the proteins from a human food
perspective has been established from consideration of the biochemical data submitted and
other relevant information including an evaluation of potential toxicity and allergenicity.

Whol e rapeseeds are currently not considered to be used widely in human food because of
the presence of naturally occurring toxins in the seed meal. The presence of the toxinsin the
seed meal however, does not represent a feeding hazard for non-human animals, on the basis
that ‘ double-nought’ varieties of rapeseed, meeting canola quality specifications, are used for
animal feed.

4.4  Risk management

Under Standard A18 (Standard 1.5.2), a GM food must undergo a safety assessment in
accordance with ANZFA'’ s safety assessment guidelines.
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On the basis of the conclusions of the safety assessment, together with a consideration of the
public submissions, it is recommended that Table 1 to clause 2 of Standard A18/Standard
1.5.2 be amended to include oil derived from glufosinate-ammonium tolerant canola lines
Topas 19/2 and T45, and oil derived from glufosinate-ammonium tolerant and pollination
controlled canolalines Msl, Ms8, Rf1, Rf2 and Rf3. The recommended variation to the
Standard is provided in Attachment 1.

In relation to the concerns raised in the public submissions with regard to gene technology
and GM food, ANZFA has prepared a public discussion paper on the safety assessment
process for GM food®. Thisiswidely available and may assist in addressing some of the
concerns raised by the public. Other government and industry bodies are also addressing the
broader concerns in relation to gene technology.

45 Regulatory impact assessment

The benefits and costs associated with the proposed amendment to the Food Standards Code
have been analysed in a Regulatory Impact Assessment (see Attachment 3). The benefits of
the proposed amendment to approve canola oil from the genetically modified canolalines
known commercialy as Liberty Link[] and InVigor[] primarily accrue to the food industry
and government, with potentially a small benefit to the consumer.

5. CONCLUSIONS

. There are no public health and safety concerns associated with the genetic
modifications used to produce canolalines Topas 19/2, T45, Msl, Ms 8, Rf1, Rf2
and Rf3.

. Canolaoil derived from glufosinate-ammonium tolerant and pollination controlled

transformation events Topas 19/2, T45, Msl, Ms 8, Rf1, Rf2 and Rf3 is equivalent to
oil from other commercially available canolalinesin terms of its safety for human
consumption and its nutritional adequacy.

. On 7 December 2001, food products containing oil derived from Liberty Link[d or
InVigor canolawill require labelling if it can be shown that novel DNA and/or
protein is present in the final food.

. The proposed amendment to the Food Standards Code is consistent with the section
10 objectives of the Australia New Zealand Food Authority Act 1991 and the
regulatory impact assessment.

3 ANZFA (2000) GM foods and the consumer: ANZFA’s safety assessment process for genetically modified
foods. ANZFA Occasional Paper Series No. 1.
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FOOD STANDARDSSETTING IN AUSTRALIA AND NEW ZEALAND

The Governments of Australiaand New Zealand entered an Agreement in December 1995
establishing a system for the development of joint food standards. On 24 November 2000,
Hedth Ministersin the Australia New Zealand Food Standards Council (ANZFSC) agreed to
adopt the new Australian New Zealand Food Standards Code. The new Code was gazetted
on 20 December 2000 in both Australiaand New Zealand as an aternate to existing food
regulations until December 2002 when it will become the sole food code for both countries.
It aims to reduce the prescription of existing food regulations in both countries and lead to
greater industry innovation, competition and trade.

Until the joint Australia New Zealand Food Standards Code is finalised the following
arrangements for the two countries apply:

» Food imported into New Zealand other than from Australia must comply with either
Volume 1 (known as Australian Food Sandards Code) or VVolume 2 (known as the joint
Australia New Zealand Food Standards Code) of the Australian Food Sandards Code, as
gazetted in New Zealand, or the New Zealand Food Regulations 1984, but not a
combination thereof. However, in al cases maximum residue limits for agricultural and
veterinary chemicals must comply solely with those limits specified in the New Zealand
(Maximum Residue Limits of Agricultural Compounds) Mandatory Food Sandard 1999.

» Food imported into Australia other than from New Zealand must comply solely with
Volume 1 (known as Australian Food Standards Code) or Volume 2 (known as the joint
Australia New Zealand Food Sandards Code) of the Australian Food Standards Code,
but not a combination of the two.

» Food imported into New Zealand from Australia must comply with either Volume 1
(known as Australian Food Sandards Code) or Volume 2 (known as Australia New
Zealand Food Standards Code) of the Australian Food Standards Code as gazetted in
New Zealand, but not a combination thereof. Certain foods listed in Standard T1 in
Volume 1 may be manufactured in Australia to equivalent provisionsin the New Zealand
Food Regulations 1984.

» Food imported into Australia from New Zealand must comply with Volume 1 (known
as Australian Food Standards Code) or Volume 2 (known as Australia New Zealand
Food Sandards Code) of the Australian Food Sandards Code, but not a combination of
the two. However, under the provisions of the Trans-Tasman Mutual Recognition
Arrangement, food may also be imported into Australiafrom New Zealand provided it
complies with the New Zealand Food Regulations 1984.

» Food manufactured in Australia and sold in Australia must comply with Volume 1
(known as Australian Food Sandards Code) or Volume 2 (known as Australia New
Zealand Food Standards Code) of the Australian Food Standards Code but not a
combination of thetwo. Certain foods listed in Standard T1 in Volume 1 may be
manufactured in Australiato equivalent provisionsin the New Zealand Food Regulations
1984.
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In addition to the above, all food sold in New Zealand must comply with the New Zealand Fair
Trading Act 1986 and all food sold in Australia must comply with the Australian Trade
Practices Act 1974, and the respective Australian State and Territory Fair Trading Acts.

Any person or organisation may apply to ANZFA to have the Food Sandards Code amended.

In addition, ANZFA may develop proposals to amend the Australian Food Standards Code or to
develop joint Australia New Zealand food standards. ANZFA can provide advice on the
requirements for applications to amend the Food Standards Code.

FURTHER INFORMATION

Submissions: No submissions on this matter are sought as the Authority has completed its
assessment and the matter is now with the Australia New Zealand Food Standards Council for
consideration.

Further information on this and other matters should be addressed to the Standards Liaison
Officer at the Australia New Zealand Food Authority at one of the following addresses:

PO Box 7186 PO Box 10559

CanberraBC ACT 2610 The Terrace WELLINGTON 6036
AUSTRALIA NEW ZEALAND

Tel (02) 6271 2258 Tel (04) 4739942

emall: do@anzfa.gov.au emall: anzfanz@anzfa.gov.au

Copies of assessment reports or other information papers are available on the website at
www.anzfa.gov.au then <Food Standards> then < Recent Standards Development>. Further
information should be addressed to the Authority's Information Officer at the above address,
or e-mail info@anzfa.gov.au.

ATTACHMENTS

Draft variation to the Food Standards Code

Safety assessment report

Regulatory impact assessment

World Trade Organization agreements

Summary of first and second round public submissions
General issues raised in public submission

Statement of Reasons

NooprpwdE
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ATTACHMENT 1

DRAFT VARIATION TO THE FOOD STANDARDS CODE

A372-0OIlL DERIVED FROM GLUFOSINATE-AMMONIUM TOLERANT AND

POLLINATION CONTROLLED CANOLA LINESTOPAS 19/2, T45, MS1, MS8, RF1,
RF2 AND RF3.

To commence: on gazettal

[1] Sandard A18 of Volume 1 and Sandard 1.5.2 of Volume 2 are varied by inserting
in Column 1 of the Table to clause 2 -

Qil derived from glufosinate-ammonium tolerant canolalines Topas 19/2 and T45 and

glufosinate-ammonium tolerant and pollination controlled canolalines Msl, Ms8, Rf1, Rf2
and Rf3.
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ATTACHMENT 2
SAFETY ASSESSMENT REPORT
APPLICATION A372

OlIL FROM GLUFOSINATE-AMMONIUM TOLERANT AND POLLINATION
CONTROLLED CANOLA

SUMMARY AND CONCLUSIONS

This application isfor the approval of seven lines of canola (Topas 19/2, T45, Msl, Ms8,
Rf1, Rf2 and Rf3) that have been genetically modified to provide growers with a range of
production and breeding lines that are tolerant to the herbicide glufosinate-ammonium. Both
Topas 19/2 and T45 are open pollinated canola lines while the remaining modified lines
(Msl, Ms8, Rf1, Rf2 and Rf3) have been specifically developed for use in aplant breeding
system for the purpose of generating hybrids with increased vigour.

1 Natur e of the genetic modifications

The herbicide tolerance trait has been introduced into all seven genetically modified canola
lines by the addition of one of two bacterial genes, bar or pat, to enable the plants to produce
an enzyme, phosphinothricin acetyl transferase (PAT), which chemically inactivates the
herbicide, phosphinothricin (also known as glufosinate-ammonium), in the plant. Therefore,
plants expressing the PAT protein are able to function normally in the presence of the
herbicide.

In conjunction with the herbicide tolerance trait, five of the genetically modified lines
contain one or both of the bacterial genes, barnase and barstar. Expression of barnase in
specific parts of the flower at a particular devel opmental stage gives rise to plants that are
male sterile (Ms). Conversely, expression of barstar does not produce any changein
phenotype in the plant unlessit is expressed at the same time and place as barnase. When
this occurs, the barstar expression product counteracts the effects of the barnase gene, and
restores male fertility. Plant lines expressing barstar are thus referred to as fertility restorer
(Rf) lines.

The barnase gene, expressed in the Ms lines, prevents pollen formation by producing a non-
specific ribonuclease that destroys the cellsin which it is expressed. This ribonuclease
activity is specifically inactivated by the presence of the barstar protein expressed in the Rf
lines. The hybrid system consists of crossing a Msline (female parent) with a specific Rf
line, giving rise to progeny that are fully fertile. The primary objective of these modifications
isthe production of arange of parental lines with superior agronomic performance that are to
be used in a breeding system for producing hybrids yielding significantly more seed.

Four of the genetically modified canolalines also contain a bacterial antibiotic resistance
marker gene, nptll, under the control of aplant promoter. The nptll geneis used for the
selection of transformed plantsin the laboratory as well as for identification purposesin the
field. Apart from its use as a marker in the field, the gene serves no agronomic purpose in the
crop.
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General safety issues

A comprehensive set of analytical data has been evaluated for the safety assessment of food
derived from the genetically modified canola. The seeds are used to produce two major
products, canola oil and meal, but only the oil is used as a human food. Presently canola
meal is used only as a protein supplement for animal feed.

The gene modifications in this application encompass four novel proteins: PAT, NPTII,
barnase and barstar, however not all of these are present in any one transformed line. Only
some crosses of the male and female lines (Ms x Rf) may express all four proteins. The
enzyme responsible for herbicide tolerance, PAT, isexpressed in all tissues of the plant
including the seeds, but at such low levels that the specific enzyme activity was not
detectable. The NPTII marker protein is expressed only in the lines Topas 19/2, Msl, Rf1
and Rf2 and was detected at very low levelsin the leaves, but not in the seeds. The two
novel proteins, barnase and barstar, present in either the Ms or Rf lines used for hybrid
production are restricted entirely to the developing anthers and are not expressed el sewhere
in the plant, including the seeds. The patterns and levels of gene expression conformed to
those predicted and intended by the modification process.

2. Toxicological issues

Traditional rapeseed is unsuitable as a source of food for either humans or animals due to the
presence of two naturally occurring toxicants, erucic acid and glucosinolates. The name
canola therefore is now confined to those cultivars that yield oil low in erucic acid and meal
low in glucosinolates, so called “double low” varieties. In addition, as a quality control
measure, no protein is alowed to be present in canola oil, which is the only product suitable
for human consumption.

Compositional analyses showed that the levels of erucic acid in the oil (and glucosinolatesin
the meal) conformed to the compliance requirements for certification as canola. The
modified lines were tested in arange of environmenta situations and following treatment
with commercial levels of glufosinate-ammonium, and demonstrated that the introduced
genetic changes have not produced changes in the levels of natural toxicantsin the food
fractions of the seed.

Data were presented to demonstrate that the processing involved in the production of canola
oil effectively removes all traces of protein. Consequently, consumers will not be exposed to
plant proteins, including the novel proteins, through consumption of canolail.
Notwithstanding the absence of protein in the oil, there is no evidence to indicate that either
PAT or NPTII, which are both expressed in the seed, are likely to be allergenic or toxic to
humans. Neither of these proteins shows any chemical similarity with known allergens or
protein toxins using data obtained from public genetic and protein databases. Further
toxicological assessment determined that the PAT protein is present in the seed at low levels,
and when used (in four lines only) the NPTII protein is below the limit of detection. In
addition, both proteins were readily degraded in simulated digestive systems indicating that
neither islikely to be allergenic.

Expression of the barnase and barstar proteinsis tightly controlled in the plant and both of
these proteins may only be found in the non-edible parts of the plant. For this reason, these
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proteins are not considered to be of major significance with respect to allergenicity,
nutritional properties or overall food safety.

Therisk of horizontal DNA transfer is considered to be zero on the basis of evidence
provided by the applicant, which demonstrates conclusively that there is no novel DNA
present in canola oil.

3. Nutritional issues

The results of extensive compositional analyses of the oil obtained from the genetically
modified canola seeds from both herbicide-treated and untreated plants demonstrate that the
fatty acid profile, particularly the levels of erucic acid, show no differences when compared
to the control cultivar and to an extensive range of published literature datafor commercial
varieties of canola. The analyses were conducted on test material grown over multiple
growing seasons and at different locations around the world and thus demonstrate that the
genetically modified varieties perform to expectations and do not exhibit any significant
variation in composition when compared to the controls grown under the same conditions,
despite the known variations due to seasona and environmental factors.

4. Conclusion

On the basis of the available evidence, oil derived from the genetically modified canola
lines, and their crosses, is equivaent to oil from non-GM canolain terms of processing
characteristics, composition and quality.

There is no evidence to indicate that consumption of the oil from these genetically modified
canolalines (T45, Topas 19/2, Msl, Ms8, Rf1, Rf2 and Rf3) represents any additional food
safety risk when compared to conventionally modified canola oil, as the characteristics of the
food are not atered by the genetic modification.
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1 BACKGROUND

Aventis Crop Science Pty Ltd* have submitted an application to ANZFA to vary Standard
A18 to include all food products derived from glufosinate-ammonium tolerant and
pollination controlled canola. The lines encompassed by this application are known
commercialy in North America as LibertyLink® open pollinated and InVigor® hybrid
canola.

Seven lines of canola (Brassica napus, B. rapa and crosses) have been genetically modified
to confer tolerance to the broad-spectrum herbicide, glufosinate-ammonium. Five of these
lines have been generated primarily for use in a hybrid seed production system by expressing
one of two genes that enable control of pollen production, in conjunction with the herbicide
tolerance trait. Two lines of open pollinated canola have been genetically modified with the
herbicide tolerance trait only. Three traits may be contained within an individual transformed
canolaline, however not all lines contain al the traits. The genes coding for the new traits
are the bacterial genes bar (or pat), barnase, barstar and npt I1.

The bar and pat genes produce an enzyme, phosphinothricin acetyl transferase (PAT), that
metabolises the herbicide phosphinothricin (PPT) into an inactive form. Phosphinothricinis
the active ingredient of the commercial herbicide glufosinate-ammonium (OECD, 1999).
Glufosinate-ammonium is currently registered in Australia under the commercial name of
Basta® for non-selective uses, or Finale® for turf and home garden uses, and as Buster® in
New Zealand.

The mode of action of glufosinate-ammonium (or phosphinothricin) isto inhibit the plant
enzyme glutamine synthetase (GS), an essential enzyme in nitrogen metabolism and amino
acid biosynthesisin plants. The result of GS inhibition is the over accumulation of inorganic
ammonialeading to the death of plant cells.

In addition to the herbicide tolerance gene, five of the GM canolalines for use in hybrid
production contain either of the genes, barnase and bar star. Expression of the barnase gene
in specific plant cells induces male sterility (Ms) and when these plants are crossed with
fertility restorer (Rf) canola plants expressing the barstar gene, fertility is restored in the
hybrid offspring. Hybrids produced from conventional crosses between the Ms and Rf lines
are reported to have significantly higher yields of oil-bearing seeds.

Canolaoil and meal are the two major products produced from oilseed rape plants. Canola
oil isused extensively in the food industry as vegetable oil and in products such as
margarine, salad dressings, bakery products, low-fat foods and confectionery. It is aso used
in pharmaceuticals and nutritional supplements. Canola meal is used only as a protein
supplement in animal feed.

* Formerly AgrEvo Pty Ltd before amerger in December 1999 with Rhone-Poulenc.
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2. DESCRIPTION OF THE GENETIC MODIFICATION
2.1 Methods used in the genetic modifications

The new genes were introduced into canola plants (Brassica napus, AC Excel and Drakkar
lines), by Agrobacterium mediated transformation (Zambryski, 1992). Thisis achieved using
plasmid vectors, which allow specific genes, integrated into the Agrobacterium T-DNA
between regions known as the left and right borders, to be transferred to the plant. In this
application, six separate plasmids carrying the required genes were used to generate the
seven new lines.

Agrobacterium mediated transformation involves incubation of the bacteria carrying the
particular plasmid with plant cells for afew hoursto days, during which time T-DNA
transfer takes place. The cells are then washed and cultured in the presence of the selection
agent, and transformed shoots are regenerated and characterised. In the case of one of the
plasmids, two independent lines were derived from the original transformation event. As
usually occurs, only one plant line was derived from transformation with each of the
remaining plasmids.

2.2 Function and regulation of the introduced genes

Studies submitted:

Eckes, P. (1994) Comparison of the synthetic PAT gene and the PAT protein with other known nucleotide and
protein sequences. Hoechst Biol. Research C, Plant Biochemistry, Frankfurt, Germany. Company file No.
AB3504.

2.2.1 bar and pat genes

The bar and pat genes conferring tolerance to glufosinate-ammonium were transferred to
canola plants as markers both for use during in vitro selection and as a breeding selection
tool in seed production. Both genes are of bacterial origin and code for the enzyme
phosphinothricin acetyl transferase (PAT), which inactivates phosphinothricin (PPT), the
active constituent of the non-selective herbicide glufosinate-ammonium. The bar gene was
isolated from Streptomyces hygroscopicus and the pat gene was isolated from S
viridochromogenes. Both of these species are common soil bacteriathat may also exist in
water.

Phosphinothricin was initially characterised as an antibiotic (bialaphos), which is produced
naturally by both species of bacteria, but was later shown to be effective as a broad-spectrum
herbicide. By acetylating the free amino group of PPT, the PAT enzyme prevents
autotoxicity in the bacterial organisms and generates complete resistance towards high doses
of PPT, bialaphos or the synthetically produced glufosinate-ammonium.

The pat and bar genes are very similar, sharing 87% homology at the nucleotide sequence
level (Wohlleben et al., 1988, 1992). The respective PAT enzymes encoded by these genes
are also very similar, and share 85% homology at the amino acid level (Wohlleben et al.,
1988, 1992). Further characterisation of these enzymesin 1996 concluded that they are so
similar asto be functionally equivalent for the purpose of conferring tolerance to PPT
(Wehrmann et al., 1996).
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The native pat gene has been resynthesised to modify codon usage for improved protein
expression in plant cells (Strauch et al., 1993). At the nucleotide sequence level, the
synthetic gene demonstrates 70% homology with the native pat gene from S
viridochromogenes. The amino acid sequence of the PAT enzyme encoded by both the
native and synthetic genesisidentical.

In this application, either the bar or the pat geneis present in all of the canolalinesto confer
tolerance to the herbicide. The bar gene is under the control of a plant promoter (Pssu-Ara)
which generates expression of PAT predominantly in the green tissues (leaves, stems) of the
canola plant. Alternatively, in constructs involving the synthetic pat gene, a plant viral
promoter (P35S) has been used for constitutive expression of the PAT protein in all tissues
of the plant.

2.2.2 barnaseand barstar genes

Thelines of canola modified to facilitate hybrid seed production contain one or both of the
barstar and barnase genes. Both of these genes are derived from the bacterium Bacillus
amyloliquefaciens and each encodes a different small single-chain protein. Both of these
proteins have been studied extensively as models for protein folding because of their small
size, and there is an abundance of published scientific information relating to research work
conducted since the early 1960s (Smeaton et al., 1967, Hartley, 1968, Mauguen et al., 1982).

The barnase gene encodes a ribonuclease that is naturally secreted by the bacterium.
Ribonucleases are enzymes, which degrade and digest ribonucleic acid (RNA), the
biochemical intermediate between a gene (DNA) and its encoded protein. Ribonucleases are
ubiquitousin nature, and serve many biological functions. In this case, the secreted
ribonuclease serves to protect the environment of the bacteria (Hartley et al. 1989).

Conversely, the barstar gene encodes a specific protein inhibitor of the ribonuclease
encoded by barnase. In the Bacillus species from which the two proteins are derived, the
function of the barstar proteinisto protect the organism from the otherwise toxic effects of
its own barnase activity. This naturally occurring system iswell studied (Hartley et al., 1988
& 1989) and the interaction of the two proteins is known to be highly specific. In the GM
canolalines, both genes have been placed under the control of a highly tissue-specific plant
promoter, designated as TA29, that restricts their expression exclusively to the tapetal cell
layer and only during anther development. The specificity of the interaction between the
barnase and barstar proteins has enabled the bacterial system to be adapted for use in canola
plants to allow the development of a breeding system to generate high yields of hybrid seed
(Mariani et al. 1990 & 1992).

Hybrid design

One of the mgjor goals of plant breedersisto create higher yielding varieties. Compared to
the best open-pollinated varieties of canola, yields of seeds from F1 (first generation) hybrids
can be increased by as much as 20-25%. In addition, the F1 hybrid seed is more uniform
which facilitates both harvesting and marketing. Since canolais capable of both self-
pollination (approximately 70%) and cross-pollination (30%), an effective pollination

control system is required to enable production of high yielding 100% F1 hybrid seeds,
containing al of the desired characteristics of both parental varieties.
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One method of control that has been used widely in breeding programs of many different
crops to ensure cross-pollination is the use of male sterile plants featuring abnormal pollen
production. These plants are incapable of self-fertilisation but can be crossed with other
plants to produce seed. Although naturally occurring male sterile canola plants have been
used to a certain extent to develop hybrids, they have lacked appropriate features to allow
commercia production.

In this application, a novel system is described whereby high yielding canola hybrids can be
generated by crossing two different genetically modified parental lines. The basis of the
system isthat amale sterile line is unable to undergo self-pollination and this enables the
production of 100% true hybrid seed only when crossed with a specific fertility restorer line.

The male sterile parental lines (Msl, Ms8) contain the genes bar (herbicide tolerance) and
barnase (with or without nptll), and the fertility restorer parental lines (Rf1, Rf2, Rf3)
contain the genes bar and barstar (with or without nptll). Due to the presence of the bar
gene, all parental lines and the subsequent hybrids exhibit tolerance to the herbicide
glufosi nate-ammonium.

The Mslines do not produce pollen but are otherwise phenotypically unaffected by the
genetic modification. The use of a plant promoter from an anther specific gene resultsin
expression of the barnase gene only during flowering in the developing anthers or male
tissue of the flower. Consequently, plants containing this gene have an altered anther shape
and reduced pollen production (Mariani et al., 1990).

The Rf lines contain the barstar gene under the control of the same plant promoter that limits
expression to the tapetum cells of the pollen sac and only when flowering during anther
development. In contrast to the Mslines, the Rf lines produce normal amounts of pollen, are
fully fertile and in al respects are phenotypically normal.

The effects of the barstar gene activity are only apparent after crossing amale sterile line
(Ms) with afertility restorer line (Rf). When both introduced genes are expressed in
combination in the same part of the flower, as occurs in a cross between Ms and Rf plants,
the fertility of the resulting hybrid progeny is restored due to the inactivation of the barnase
enzyme by the barstar protein, thereby ensuring full seed development. In this system, hybrid
canola plants therefore contain the bar, barnase and barstar genes and some may also
contain the nptll gene.

2.2.3 Thenptll gene

The bacterial nptll geneis derived from Escherichia coli and codes for the enzyme
neomycin phosphotransferase |1 (NPTII). Expression of this protein confers resistance to the
aminoglycoside antibiotics kanamycin, geneticin (G418) and neomycin. The presence and
expression of this gene, linked to the other genes of interest, allows for the early selection in
tissue culture of transformed plant cells carrying the required genetic traits.

24 Gene constructs

The applicant has constructed arange of plasmids to deliver a specific number of gene
expression cassettes to the plants. The genes together with the appropriate controlling
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sequences were inserted between the left and right borders of the bacterial T-DNA, the
segment that is integrated into the plant genome.

The applicant has provided detailed information relating to each plasmid, including a full
description of the plant and bacterial genetic elements together with plasmid maps. The
nucleotide sequence of the DNA segment between the left and right borders of each plasmid
iscompletely identified. In addition, the genetic elements are all well described in the
published literature in terms of their molecular size and their function in plants. However,
following arequest by the applicant, information relating to the exact combination of
elements present in each of the plasmidsis regarded as commercial-in-confidence, pursuant
to section 3(1) of the Australia New Zealand Food Authority Act (1991). Therefore, only
general descriptions of each of the plasmids are presented here.

Each plasmid contains a specific number of gene expression cassettes, which giveriseto the
new traits. For example, one expression cassette is used to confer glufosinate-ammonium
tolerance to the plant. The expression cassettes used in the plasmid constructs consist of a
promoter sequence for initiation of transcription in plants, sometimes in specific tissues only,
the coding sequence of the gene of interest, followed by a3’ untranslated region providing
the signals for termination of transcription and polyadenylation.

The two open pollinated lines of canola, T45 and Topas 19/2, were generated using a
separate plasmid for each line. Open pollinated lines derived from these events do not
contain the pollination control genes (barnase/barstar) used in the hybrid system. A total of
four separate plasmids were used to generate multiple parental lines to be used for the
production of hybrid canola seed. Both the open pollinated and pollination controlled lines
are summarised in Table 1.

Tablel Summary of transformed lines relevant to Brassica napus, open-pollinated canola and pollination
controlled canola

Number of Glufosinate- Pollination
Line gene expression ammonium control genes nptll gene
cassettes tolerance
T45 1 pat N/A -
Topas 19/2 2 pat N/A yes
Msl 3 bar barnase yes
Ms8 2 bar barnase -
Rf1, Rf2 3 bar barstar yes
Rf3 2 bar barstar -

As described above, the Ms and Rf lines refer to plants that carry either the barnase or the
barstar gene respectively, in conjunction with the bar gene. In addition, the nptll geneis
present in the following lines only: Msl, Rf1, Rf2 and Topas 19/2.

The T-DNA region of the plasmids may contain the following genetic elements:
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. the plant promoter from the atS1A ribul ose-1,5-bisphosphate carboxylase small
subunit gene (ssu), known as PssuAra, from Arabidopsis thaliana. The PSsuAra
element comprises the 1.7 kb fragment upstream of the atS1A ATG codon and the
transit peptide (tp) encoding sequence, for targeting to the chloroplasts (Krebbers et al.
1988). This promoter allows for expression predominantly in the green tissues of the
plant;

. the promoter fragment from the anther specific gene TA 29 (PTA29) from the tobacco
plant (Nicotiana tabacum);

. the promoter sequence (PNos) from the T-DNA nopaline synthase (nos) gene from
Agrobacterium tumefaciens,

. the CaMV 35S promoter from the cauliflower mosaic virus. This promoter, denoted as
P35S, givesrise to congtitutive expression throughout the plant;

. the coding region of the barstar gene from Bacillus amyloliquefaciens;

. the coding sequence of the bialaphos resistance gene (bar), from Sreptomyces
hygroscopicus (Thompson et al. 1987);

. the synthetic pat gene, derived from Streptomyces viridochromogenes (Strauch et al.
1993);

. the coding region of the neo gene encoding neomycin phosphotransferase Il from Tn5
of Escherichia coli (Beck et al., 1982);

. the coding region of the barnase gene from Bacillus amyloliquefaciens (Hartley, 1988);

. the 3' untranslated region of the TL-DNA gene 7 (3'g7) derived from the octopine Ti
plasmid of Agrobacterium tumefaciens (Dhaese et al., 1983);

. the 3' untranslated region of the octopine synthase (3’ ocs) gene from Agrobacterium
tumefaciens;

. the 3' untranglated region of the CaMV 35S transcript; and

. the 3' untranslated region of the nopaline synthase gene (3' nos) from Agrobacterium
tumefaciens, containing plant polyadenylation signals.

With respect to the food products derived from these transformed lines of canola, the seeds
harvested directly from the two open pollinated lines are used for the production of canola
oil. In contrast, the Ms and Rf lines are conventionally crossed by commercial seed
producers to generate hybrid canola seed, which is marketed and subsequently used for
cultivation. In this case, canola oil for human consumption is derived from the hybrid crop
plants.
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2.3 Characterisation of the genesin the plant

All of the lines were characterised using testing material from untransformed plants of the
same cultivar, Drakkar, as a control. The transformed plants were characterised at the
molecular and biochemical level using arange of laboratory techniques and procedures
outlined below in Table 2.

Table2 Outline of molecular and biochemical methods used for identification of glufosinate-ammonium
tolerant male sterile and fertility restorer lines, with and without nptll.

Molecular or biochemical Purpose
M ethodology

- Detection of the gene cassettesin the
canola plant genome

- Quantification of the insertionsin the

Southern Hybridisation plant genome

analysis - Verification of the physical linkage of the

introduced genes

- Verification that inserted DNA
corresponds with plasmid DNA

- Investigation of T-DNA borders

- Identification of transgenic lines by their
hybridisation pattern.

- Verification of the presence of the
introduced genes

- Characterisation of plant DNA sequence

Polymerase Chain Reaction (PCR) flanking the inserted DNA

- Determination of target site deletion
sequences

- Development of primersto finger