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Executive Summary

Introduction

The Acting Gene Technology Regulator (the Regu)dtas made a decision to issue a licence
for dealings involving the limited and controllezlease of up to 30 wheat and barley lines
modified for enhanced tolerance to certain abistiesses or for increased levels of beta
glucan into the environment in respect of appla@aIR 077/2007 from The University of
Adelaide.

The Gene Technology Act 20Qthe Act), the Gene Technology Regulations 2001 and
corresponding state and territory law govern them@hensive and highly consultative
process undertaken by the Regulator before makdegsion whether to issue a licence to
deal with a GMO. The decision is based upon a R&dessment and Risk Management Plan
(RARMP) prepared by the Regulator in accordanch thieRisk Analysis Frameworknd
finaliiled following consultation with a wide rangkeexperts, agencies and authorities and the
public.

The application

The University of Adelaide applied for a licence @tealings involving the intentional release
of up to 30 lines of genetically modified (GM) whead barley on a limited scale and under
controlled conditions. The GM wheat and barleydihave been modified for enhanced
tolerance to different environmental stressorshsgchigh soil boron levels or drought, or for
increased dietary fibre. The trial is proposedat@tplace at one site in the local government
area of Marion, South Australia on a maximum tetaia of 400 fmbetween June 2008 and
June 2009.

Up to four of the GM wheat lines and up to foutlud GM barley lines contain one of two
genes that are expected to confer increased drénighince. These genes are derived from
wheat.

Up to three of the GM barley lines contain a gdra ts expected to confer increased
tolerance to toxic levels of boron in the soil. §gene is derived from barley.

Up to four of the GM barley lines contain a genatils expected to confer increased
resistance to environmental stressors. This gederiged from wheat.

Up to fifteen lines of the GM barley contain onellufee genes that are expected to increase
the levels of dietary fibre in the leaves and gsaifithe mature barley plants. These genes are
derived from barley.

All of the GM wheat and barley lines contain anilaintic resistance selectable marker gene.
The GM barley lines that contain the gene expetienbnfer increased tolerance to boron

also contain an additional selectable marker génese genes were used as selective markers
during the initial development of the GM plantglie laboratory.

The purpose of the trial is to conduct proof of agpt research involving experiments with
the GM wheat and barley lines to assess their agnanperformance under field conditions,

! More information on the process for assessmelitarice applications to release a genetically nmedif
organism (GMO) into the environment is availablenfrthe Office of the Gene Technology Regulator érrall
1800 181 030 or at_<http://www.ogtr.gov.au/ir/preedtnr), and in the RegulatorRisk Analysis Framework
(OGTR 2007) at <http://www.ogtr.gov.au/pubformfassessments.htm
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and to obtain tissue samples for subsequent aralf/sharacteristics such as gene and
protein expression levels, and metabolite profigasme seed will be stored for possible future
trials of promising lines, subject to further apgalis). The GM wheat and barley will not be
used for human food or animal feed.

The University of Adelaide proposed a number oftama to restrict the dissemination or
persistence of the GM wheat and barley lines inéoenvironment that have been considered
during the evaluation of the application.

Confidential Commercial Information

Some details, including the name of an introducatkegexpected to enhance abiotic stress
tolerance, the precise function of the gene prodnodtits application, have been declared
Confidential Commercial Information (CCI) under sex 185 of the Act. The confidential
information was made available to the prescribgukes and agencies that were consulted on
the RARMP for this application.

Risk assessment

The risk assessment took into account informaticthé application (including proposed
containment measures), relevant previous approsatgent scientific knowledge, advice
received from a wide range of experts, agenciesaltitbrities consulted on the RARMP, and
submissions from the pubfic

A hazard identification process was used in the first instato determine potential pathways
that might lead to harm to people or the environnasra result of gene technology.

Eight events were considered whereby the proposealinds might give rise to harm to
people or the environment. This included considenadf whether, or not, expression of the
introduced genes could result in products that@te or allergenic to people or other
organisms; alter characteristics that may impadherspread and persistence of the GM
plants; or produce unintended changes in thei@ntstry or physiology. The opportunity
for gene flow to other organisms and its effectig occurred was also assessed.

A risk is only identified when a hazard is considereidee some chance of causing harm.
Events that do not lead to an adverse outcomegudd a0t reasonably occur, do not advance
in the risk assessment process.

The characterisation of the eight events in retatooboth the magnitude and probability of
harm, in the context of the control measures pregdsy the applicant, did not give rise to
any identified risks that required further assesdme

Therefore, any risks of harm to the health andtgafepeople, or the environment, from the
proposed release of the GM wheat and barley limesthe environment are estimated to be
negligible. Hence the Regulator considers that the dealings invoimddis limited and
controlled releasdo not pose a significant risko the health and safety of people or to the
environment.

Risk management

The risk management process builds upon the risksasent to determine whether measures
are required in order to protect people and/oethgronment. As none of the eight events
characterised in the risk assessment are consitieggde rise to an identified risk that

2 The Executive Summary dated June 2008 referréal sabmission from the public” this was a typogriaph
error which was rectified in September 2008.
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requires further assessment, the level of risk filoenproposed dealings is considered to be
negligible.

The Regulator'®isk Analysis Framewortiefines negligible risks as insubstantial, with no
present need to invoke actions for their mitigatiothe risk management plan. However, a
range of measures have been imposed to limit teage to the size, location and duration
requested by the applicant, as these were an iamggrart of establishing the context for
assessing the risks.

The licence conditions require The University ofefalde tdimit the duration of the release
to between June 2008 and June 2009 on a maximairatea of 400 fmat one site. The
control measures to restrict the spread and persistertbe @MOs include preventing the
use of GM plant materials in human food or aninead; destroying GM plant materials not
required for further studies; transporting GM plardterials in accordance with OGTR
transportation guidelines; and conducting post-strmonitoring at the trial site to ensure all
GMOs are destroyéd

Conclusions of the RARMP

The risk assessment concludes that this proposétdi and controlled release of up to 30
GM wheat and barley lines on a total area of w0 nf over one growing season in the
South Australian local government area of Mariosgsnegligible risks to the health and
safety of people or the environment as a resujeoke technology.

The risk management plan concludes that theggigible risks do not require specific risk
treatment measures. However, licence conditions baen imposed to limit the release to the
size, location and duration requested by the agppilias these were important considerations
in establishing the context for assessing the risks

% The licence for DIR 077/2007 is available on th@ TR website (http://www.ogtr.gov.au/gmorec/ir.htaiste
via the link to DIR 077/2007

Executive Summary (June 2008) IIT



DIR 077/2007 - Risk Assessment and Risk Management Plan Office of the Gene Technology Regulator

Table of Contents

EXECUTIVE SUMMARY ..ottt ettt sttt ettt e ettt e e et esn et e et e e e bt e e ae b e e s abe e e s anneeennanes |
INTRODUGCTION ...ttt te sttt ettt etk e e et e e sa bt e o4 b e et e ekt e e okt e e s e e e ea kbt e e mR e e e b ee e e e anb et e e et e e ss e e e enareeeennns I
THE APPLICATION ..ttt ettt ettt te s ettt ettt et e ekt e e ee et e e e bt e e 4 b et e e e s et e e aa kbt 4o 4as e e e mR e e e s abn et e e et e e eabn et e e nneeeennnneas I
CONFIDENTIAL COMMERCIAL INFORMATION ...ttt euttttaeautatasaateeeaaaeeasanseeaeaseaeansseaeannseeaaaseeesanseeessnneesannens l...
RISK ASSESSMENT. ... .tttteeattieeaateteeaauteeaaamteeeansaeaaaasteeeaseeeeaamteeesaseeeaamseeaeamseee e nseeeaseeeeeasneeeanseeeeaseeeannnseaeans Il
RISK MANAGEMENT ...ttt ettt ettt ettt e et e s ettt e et e e st e e e st e e ee bbb e e 4 b b et oo ohe et e e st e e e s ne e e e b et e e nnee e e nbnneesenneeens I
CONCLUSIONS OF THERARMP ...ttt e e e e I

TABLE OF CONTENTS ..ot itttit ittt ettt e ettt e sttt et e e e bt e e sh e e s et et e s an et e e nbe e e ennnnee s \%

ABBREVIATIONS ...ttt ettt ettt e bt e ea ket s eaE e e ek et e e e e s b et e e s ab et e ebbe e e e natee e e neneens 1

TECHNICAL SUMMARY ..ottt ettt emt ettt e e ettt e et e e e ok bt e e e s tee e e et eeeeeseeeeameeeesambeeaennbeaeanneeeeaanneeesanes 1
FN L0 518 o 1 o N TSP TTRR 1
LI 1S o =T o7 1 T N SRRSO 1
CONFIDENTIAL COMMERCIAL INFORMATION . ... tttutttaeattetesauteeaeateeaesanseeaaaneeesanseeeaansseeeassseesanseeesanseeesannes 2.
RISK ASSESSMENT. ... .ttttetttteeeaatetaeaaueeeasamteeeaaseeaaaasteaeaseeeeeaateeeeaseeeaamseeaeamseeeennseeeasaeeeeasseeeanseeeeaseeeaannseaeans 2
RISK MANAGEMENT ...ttt eattiee ettt e e auteeeeaateeesaateeeaaameaeaasteeeansbeeeamteeee e aaee e e e eaeeee e neeaeaaeeeesbeeeeanseeeeannseesannneens 3
LICENCE CONDITIONS TO MANAGE THIS LIMITED AND CONTRQLED RELEASE .....cccutvtieirieeeniriiessireeessneee e 3.
OTHER REGULATORY CONSIDERATIONS. ... ttteetttttestretestreeeassteaesasseessmseeesanseeesasseeeassneaesnsbeeessnneeesnreeesnnes 4
IDENTIFICATION OF ISSUES TO BE ADDRESSED FOR FUTURELEASES ... uvtteeatieieaateeeesaueeeaaneeessseesanseeeann 5
SUITABILITY OF THE APPLICANT ... utttteitttteateeeaattetasaateeeeaasseesauseeaaseeeeaseeeeansseesassseeeaasseeesassessanseeesanseeaans 5
CONCLUSIONS OF THERARMP ...ttt et 5

CHAPTER 1 RISK ASSESSMENT CONTEXT ..ottt ittt entee e ee e 7
SECTIONL  BACKGROUND .....uttttiiiiiititiitteesi ittt e e e st et e e e s s ee st et e e e s e e et e e e s s e aas b ae e et e e e s rene e e s s sasbbneeeeeeaas
SECTION2  THE LEGISLATIVE REQUIREMENTS
SECTION3  THE PROPOSED DEALINGS ....ceiiiiiuttiiitieeeiiiieeieeeessastnae s e s ssnnre e e s e s s saebnneeee e s s sinnraeeeesaanrreeees

3.1 The PropoSed ACHVILIES ...o.uviiiiei ittt e e ab e e e e e e

3.2 The proposed limits of the dealings (size, locatiad duration)............cccccceevviiiriiscmmmennes 8

3.3 Proposed controls to restrict the disseminatiopessistence of the GMOs and their genetic

material in the ENVIFONMENT. . ... ... i it e e e e ee e e e e e aeeeaeeeeeeeeaeeens 9

SECTION4  THE PARENT ORGANISM. . .cetiiiiuiitriieeeiiiirtaeeseesssttsseteessstsneeaessssnnsseeessaasinaneneessssnnnnraassnas 10
SECTIONS  THE GMOS, NATURE AND EFFECT OF THE GENETIC MODIFICATION........cuvvriiieeiirreeeeenaannneeens 10

5.1 INtroduCtioN 10 the GMOS .......eiiiiiiiiieimmmmr et

5.2 The introduced genes, encoded proteins and endigiod

5.3 The regulatory SEQUENCES ........ccoi it et e et eeeeaaeeeeaeseeeseeaassssassasaaanssnsennnnnnne

5.4 Method of genetic modification

55 Characterisation 0f the GIMOS.............eiiimemei e .
SECTIONG  THE RECEIVING ENVIRONMENT. .....uuttettuttteeaatteeaaaeetasaneeaesanaeeaasseessnnsessaasseesaasseessanseesannseesasens 19

6.1 Relevant abiotic fACLOIS ... .. ... i e e e e e e e e e e e e e e e s

6.2 Relevant biotic factors.....................

6.3 Relevant agricultural practices

6.4 Presence of related plants in the receiving N It ..............c.vevveeeriiiiiieeeee e e 21

6.5 Presence of the introduced genes or similar gemesided proteins and end products in the

(=T 171 o 1 0 T=1 o PSPPSR 21

SECTION7 ~ AUSTRALIAN AND INTERNATIONAL APPROVALS.......uttetiueiteaauueaaaasteeeaanteeaesssseesaseesaaseesaanneeens 22

7.1 Australian approvals of the GM wheat and barleggin..............ccccooviiiiiiiii e 22

7.2 INterNatioNal APPIOVAIS ... .cevii it eeeeee e e s st a e e s ene e 22

CHAPTER 2 RISK ASSESSMENT ..ottt ee ettt tee et e e e e te e e e ate e e e e nte e e eabeeeensseeaaaneeaeaans 24
SECTIONL  INTRODUCTION . ...cttuuttaaaututaeaunueaeautseesaateeaeaaseeeaaseeaaasseesanssseeaasseeasansseesaseessanneeassneeassnseneens 24
SECTION2  HAZARD CHARACTERISATION AND THE IDENTIFICATION OF RBK .....uvveieiiiieesiiiresninreessneeenniieeens 25

2.1 Production of a substance toxic/allergenic to peapltoxic to other organisms................ 27..
2.2 Spread and persistence of the GM wheat and/onblmkes in the environment..................... 28
2.3 Vertical transfer of genes or genetic elementetaally compatible plants..............c.....oc 31
2.4 Horizontal transfer of genes or genetic elementetaally incompatible organisms.............. 33

Table of Contents (June 2008) v



DIR 077/2007 - Risk Assessment and Risk Management Plan Office of the Gene Technology Regulator

25

2.6
SECTION3
SECTION4

CHAPTER 3

SECTION1
SECTION 2
SECTION3
SECTION4
4.1
4.2
SECTIONS
SECTIONG6

REFERENCES

APPENDIX A

APPENDIX B

APPENDIX C

Unintended changes in biochemistry, physiologyam@gy..........cccccoeiiiiiieeiiiiiiieeniiinnn, 34
UNAULNONISEO @CHVILIES ...eiiiiiiiiiiiiie e emeee ettt ee e s e st ee e e e s nbaneeeaeenn 35
RISK ESTIMATE PROCESS AND ASSESSMENT OF SIGNIFICANRISK .......vvveiiieiensieeeesieeeesiinees s 36
UNCERTAINTY Lttt ettt ettt et ettt eaaaaeeaaaesasaassaa s saasbb bbb bbe bbb e e e e e e e e e eeeeeeaeaeeeas 37
RISK MANAGEMENT ...ttt ettt sne e sibe e 38
BACKGROUND ...ttt ettt ettt ettt e et e e et e e e e e e sttt e et ettt ee et eeeeeeaaaeaaeeaaaaaaaaannnns 38
RESPONSIBILITIES OF OTHERAUSTRALIAN REGULATORS. ....ceeiutiteaitieeeanieeeeasieeeessaseeesaneeeeanns 38
RISK TREATMENT MEASURES FOR IDENTIFIED RISKS.....ceeeitttteitiieaaaterasaaieeeesnneeeensneeesneeeaans 39
GENERAL RISK MANAGEMENT

LICENCE CONAILIONS ....evtiiiiieeiiiiieece e et e ettt e e e s ettt ee e s s aaeeee e s s bbb e e e e e s e nnbbbeeeeas
Other risk management CONSIAEratiONS .......cccerceeriiieeeie e 42
ISSUES TO BE ADDRESSED FOR FUTURE RELEASES. .....ceiiuiteiiiieaauteeeanteeeeaaseeeeanseessanneeaennes 44
CONCLUSIONS OF THERARMP ...ttt ettt ettt e e snae e eneeas 44
................................................................................................................ 46
DEFINITIONS OF TERMS IN THE RISK ANALYSISFRAMEWORK USED BY THE
LU N 0 ] RS 53
SUMMARY OF ISSUES RAISED IN SUBMISSIONS RECEIVED FROM

PRESCRIBED EXPERTS, AGENCIES AND AUTHORITIES ON THE

CONSULTATION RARMP FOR DIR O77/2007 ....cccueeeeiimmeeeeeeiee e eiieee s e e 5.5
SUMMARY OF ISSUES RAISED IN SUBMISSIONS RECEIVED FROM THE

PUBLIC ON THE CONSULTATION RARMP FOR DIR 077/2007 ......cceeeiiiieaiiieaeeeee. 57

Table of Contents (June 2008) v



DIR 077/2007 - Risk Assessment and Risk Management Plan Office of the Gene Technology Regulator

Abbreviations

APVMA Australian Pesticides and Veterinary Medicines Authority

AQIS Australian Quarantine and Inspection Service

Botl the gene encoding the boron transporter protein

CCl Confidential Commercial Information as declared under section 185 of
the Gene Technology Act 2000

cm centimetre

cDNA complementary Deoxyribonucleic Acid

DIR Dealings involving Intentional Release

DNA Deoxyribonucleic Acid

FDA Food and Drug Administration (USA)

FSANZ Food Standards Australia New Zealand

GM Genetically Modified

GMO Genetically Modified Organism

GRAS Generally Recognized As Safe

ha Hectare

hpt the gene encoding the protein hygromycin phosphotransferase

HvCsIF the gene from the Hordeum vulgare cellulose synthase-like F gene
family

kb kilobase

km kilometre

m metre

mm millimetre

mRNA Messenger Ribonucleic Acid

NHMRC National Health and Medical Research Council

NICNAS National Industrial Chemicals Notification and Assessment Scheme

NSW New South Wales

OGTR Office of the Gene Technology Regulator

PC2 Physical Containment level 2

RARMP Risk Assessment and Management Plan

RNA Ribonucleic Acid

SacB the gene encoding the protein levansucrase

TaDREB gene encoding a Triticum aestivum dehydration responsive element
binding protein

TGA Therapeutic Goods Administration

Abbreviations (Juhe 2008)
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Technical Summary

Introduction

The Acting Gene Technology Regulator (the Regu)dtas made a decision to issue a licence
(DIR 077/2007) to The University of Adelaide forali@gs involving the intentional release
of genetically modified (GM) wheat and barley linet the Australian environment.

The Gene Technology Act 200the Act), the Gene Technology Regulations 2001 and
corresponding state and territory law govern them@hensive and highly consultative
process undertaken by the Regulator before makdegsion whether to issue a licence to
deal with a GMO. The decision is based upon a R&essment and Risk Management Plan
(RARMP) prepared by the Regulator in accordanch thieRisk Analysis Frameworknd
finalis4ed following consultation with a wide rangkeexperts, agencies and authorities and the
public’.

The application

The University of Adelaide applied for a licence fiealings involving the intentional release
of up to 30 line3of wheat Triticum aestivuni..) and barleylordeum vulgard..) on a

limited scale and under controlled conditions. Gié wheat and barley lines have been
genetically modified for increased abiotic streserance or dietary fibre. The trial is
authorised to take place at one site in the loocaéghiment area of Marion, South Australia on
a maximum total area of up to 403 over one season between June 2008 and June 2009.

The GM wheat and barley lines contain one of famag derived from either wheat or barley
which encode proteins that are expected to enhtweaetolerance to different abiotic
stressors.

Up to four of the GM wheat lines and up to foutled GM barley lines contain one of two
drought responsive transcription factofaDREB2andTaDREB3 derived from wheat.
These genes have been introduced into both wheaB¢b White) and barley (cv. Golden
Promise). GM plants from these lines are expeadwve enhanced drought tolerance.

Up to three of the GM barley lines contain a bar@arance geneBptl) derived from barley
that has been introduced into barley (cv. Flagsiifgnts from these lines are expected to
display enhanced soil boron tolerance.

Up to four of the GM barley lines contain an aliatiress tolerance transcription factor
derived from wheat that has been introduced inttepdcv. Golden Promise), which is
subject to a commercial confidential informatiortideation (see below). Plants from these
lines are expected to display enhanced toleranabittic stressors.

Up to fifteen of the GM barley lines contain onetlufee cellulose synthase-like F genes
(HvCsIF4, HvCslIFGandHvCsIF8 derived from barley that have been introduced bérley

“ More information on the process for assessmeliterice applications to release a genetically niedif
organism (GMO) into the environment is availablenirthe Office of the Gene Technology Regulator ¢Frall
1800 181 030 or at_<http://www.ogtr.gov.au/ir/presdtnr), and in the RegulatorRisk Analysis Framework
(OGTR 2007) at <http://www.ogtr.gov.au/pubformfdassessments.htm

® The term ‘line’ is used to denote plants derivienhf a single plant containing a specific genetidification
made by one transformation event.
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(cv. Golden Promise). In glass house trials, plénots these lines displayed increased levels
of beta glucahin the leaves and grain.

The GM wheat and barley lines also contain an atitresistance marker gertgt, from

the bacteriumEscherichia coli Thehpt gene encodes hygromycin phosphotransferase.
Additionally, the three GM barley lines containitige Bot1 gene also contain the selective
marker geneSacB from the bacteriurBacillus amyloliquefacienwhich encodes an enzyme
(levansucrase) involved in sucrose metabolism. &lgesies were used as selective markers
during the initial development of the GM plantglie laboratory.

The purpose of the trial is to conduct proof of @gpt research involving experiments with
the GM wheat and barley lines to assess the agnonmernformance of the lines under field
conditions, and to obtain tissue samples for subsgiganalysis of characteristics such as
gene and protein expression levels, and metahwlies. Some seed will be saved for
possible future trials of promising lines, subjecturther approvals. The GM wheat and
barley will not be used for human food or animade

The University of Adelaide proposed a number oftaaa to restrict the dissemination or
persistence of the GM wheat and barley lines aan genetic material into the environment.
These controls were considered during the evaluatidhe application.

Confidential Commercial Information

Some details, including the name of an introducategexpected to enhance abiotic stress
tolerance, the precise function of the gene prodndtits application, have been declared
Confidential Commercial Information (CCI) under sec 185 of the Act. The confidential
information was made available to the prescribgubets and agencies that were consulted on
the RARMP for this application.

Risk assessment

The risk assessment took into account informatartained in the application, relevant
previous approvals, current scientific knowledgel advice relating to risks to human health
and safety and the environment provided in subimssieceived during consultation on the
RARMP.

Reference documents on the parent organisthg Biology offriticum aestivuni.(bread
wheat) and ‘The Biology ofHordeum vulgaré. (barley) were produced to inform the risk
assessment process for licence applications im@l@@M wheat and barley plants. These
documents are available from the OGTR or from teésite <http://www.ogtr.gov.au

The risk assessment begins with a hazard identditg@rocess to consider what harm to the
health and safety of people or the environmentcatike during this release of GMOs due to
gene technology, and how it could happen, in comparo the non-GM parent organism and
in the context of the proposed receiving environinen

Eight events were identified whereby the propossalidgs might give rise to harm to people
or the environment. This included consideratiowbéther, or not, expression of the
introduced genes could result in products that@te or allergenic to people or other
organisms; alter characteristics that may impadherspread and persistence of the GM
plants; or produce unintended changes in theitgiogstry or physiology. The opportunity
for gene flow to other organisms and its effectii$ occurred was also assessed.

® Beta glucan is a plant polysaccharide (carbohgiirahich forms part of the soluble fibre in cergadins.
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A risk is only identified when a hazard is consideretidee some chance of causing harm.
Events that do not lead to an adverse outcomegudd ot reasonably occur, do not represent
an identified risk and do not advance any furthethe risk assessment process.

The characterisation of the eight events in retatooboth the magnitude and probability of
harm, in the context of the control measures pregdsy the applicant, did not give rise to
any identified risks that required further assesHimiEhe principle reasons for this include:

+ limits on the size and duration of the release psep by The University of
Adelaide

+ suitability of controls proposed by The UniversifyAdelaide to restrict the
dissemination or persistence of the GM wheat amigypalants and their genetic
material

+ limited capacity of the GM wheat and barley linespread and persist outside the
areas proposed for release

+ limited ability and opportunity for the GM wheatdabarley lines to transfer the
introduced genes to commercial wheat and barlgyscoo other sexually related
species

+ none of the GM plant materials or products willused in human food or animal
feed

+ widespread presence of the same or similar progineded by, and end products
produced as a result of the activity of, the introedd genes in the environment and
lack of known toxicity or evidence of harm from the

Therefore, any risks of harm to the health andtgafepeople, or the environment, from the
proposed release of the GM wheat and barley Imsthe environment are considered to be
negligible. Hencethe Acting Regulator considers that the dealingslired in this proposed
releaseado not pose a significant risko the health and safety of people or to the
environment

Risk management

The risk management process builds upon the rsésasnent to determine whether measures
are required in order to protect people and/oetheronment. As none of the eight events
characterised in the risk assessment are consittegede rise to an identified risk that
requires further assessment, the level of risktisnated asegligible.

The Regulator'Risk Analysis Frameworttefines negligible risks as insubstantial, with no
present need to invoke actions for their mitigatiothe risk management plan. However, a
range of measures have been imposed to limit teage to the size, location and duration
requested by the applicant, as these were an iaemgqgrart of establishing the context for
assessing the risks.

Licence conditions to manage this limited and controlled release

The Regulator has imposed a number of licence @ondiincluding requirements to:

" As none of the proposed dealings were considerpdse a significant risk to people or the envirenm
section 52(2)(d)(ii) of th&sene Technology Act 20@@andates a minimum period of 30 days for consatiain
the RARMP. However, the Regulator allowed up toelss for the receipt of submissions from prescribed
experts, agencies and authorities and the public.
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+ conduct the release at one site of up to 48nrthe local government area of Marion,
South Australia, between June 2008 and June 2009

+ establish a 10 m monitoring zone around the tiialtbat is free of any related species
and maintained in a manner that does not attracadyour rodents

+ maintain an isolation zone of at least 200 m arceaxch trial site free of any sexually
compatible species

+ enclose the trial site within a 1 m high fence viitbkable gates and placing rodent baits
within the fenced area

+ locate the trial site at least 50 m away from reltwaterways

+ harvest the GM wheat and barley plant materialdydhand separately from other crops
+ not permit any materials from the release to bel uséhuman food or animal feed

+ destroy all plant materials not required for furthealysis

+ clean all equipment, including clothing, used om site

+ after harvest, apply measures to promote germmati@ny wheat and/or barley seeds
that may be present in the soil

+ monitor the site for at least 24 months and destroywheat and/or barley plants that
may grow until no volunteers are detected for dinapus 6 month period.

The Regulator has issued guidelines and policieth®transport, supply and storage of
GMOs Guidelines for the transport of GMOs, July 2007{i&poon transport and supply of
GMOs, July 200p Licence conditions based on these guidelinegalidies have also been
proposed to control possession, use or dispoghedEMOs for the purposes of, or in the
course of, the authorised dealings.

Other regulatory considerations

Australia's gene technology regulatory system dperas part of an integrated legislative
framework that avoids duplication and enhancesdinated decision making. Dealings
conducted under a licence issued by the Regulaagraiso be subject to regulation by other
agencies that also regulate GMOs or GM produclsdig Food Standard Australia New
Zealand (FSANZ), Australian Pesticides and Veteyiledicines Authority (APVMA),
Therapeutic Goods Administration (TGA), Nationadlistrial Chemicals Notification and
Assessment Scheme (NICNAS) and Australian Quamitispection Service (AQIS)

FSANZ is responsible for human food safety assesgsnmeluding GM food. As the trial
involves proof of concept research, the applicaeisdhot intend any material from the GM
wheat and barley lines proposed for release tosbd in human food. Accordingly, the
applicant has not applied to FSANZ to evaluate @irthe GM wheat and barley lines.
FSANZ approval would need to be obtained beforg tweild be used in human food in
Australia.

& More information on Australia’s integrated regolgtframework for gene technology is containechiaRisk
Analysis Frameworkvailable from the Office of the Gene TechnologgRlator (OGTR). Free call 1800 181
030 or at <http://www.ogtr.gov.au/pubform/riskassaents.htm>.
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Identification of issues to be addressed for future releases

Additional information has been identified that ntsyrequired to assess an application for a
large scale or commercial release of any of thddenBeat and barley lines that may be
selected for further development or to justify duetion in containment conditions. This
would include:

+ characterisation of the introduced genetic matamighhe plants, including gene copy
number and genotypic stability, and additional infation on the 50 kb insert present in
some of the GM barley lines;

+ additional data on the potential toxicity of plamaterials from the GM wheat and barley
lines;

+ additional data on the allergenicity of proteins@ied by the introduced genes for
enhanced tolerance to abiotic stresses or incrdagels of beta glucan; and

+ characteristics indicative of weediness includirepsurement of altered reproductive
capacity; tolerance to environmental stressesdiahse susceptibility.

Suitability of the applicant

The Regulator determined, at the commencemeneadiseessment process for this
application, that The University of Adelaide istabie to hold a DIR licence under the
requirements of section 58 of the Act. The ActirggRlator is satisfied that The University of
Adelaide remains suitable as no relevant convistitewve been recorded, no licences or
permits have been cancelled or suspended under Q&gjidfation relating to the health and
safety of people or the environment, and the osgdiun has confirmed its ability to comply
with the licence conditions.

Conclusions of the RARMP

The risk assessment concludes that this limitedcantrolled release of up to 30 GM wheat
and barley lines on a total area of up to 4G@wer one season in the South Australian local
government area of Marion posgsgligible risks to the health and safety of people or the
environment as a result of gene technology.

The risk management plan concludes that thesegiglglirisks do not require specific risk
treatment measures. However, licence conditions baen imposed to limit the release to the
size, location and duration requested by the agpplias these were important considerations
in establishing the context for assessing the risks
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Chapter 1 Risk assessment context

Section 1 Background

1. This chapter describes the parameters within whgkts that may be posed to the health
and safety of people or the environment by the @se release are assessed. These include
the scope and boundaries for the evaluation praeegsred by the gene technology
legislatior, details of the intended dealings, the genetiaalbgified organism(s) (GMO(s))
and parent organism(s), previous approvals andseseof the same or similar GMO(S) in
Australia or overseas, environmental consideratamsrelevant agricultural practices. The
parameters for the risk assessment context are atised in Figure 1.

RISK ASSESSMENT CONTEXT

LEGISLATIVE REQUIREMENTS
Gene Technology Act and Regulations

PROPOSED DEALINGS PARENT ORGANISM

Proposed activities involving the GMO Origin and taxonomy

Proposed limits of the release Cultivation and use

Proposed control measures Biological characterisation
Ecology

GMO RECEIVING ENVIRONMENT

Introduced genes (genotype)

4 Environmental conditions
Novel traits (phenotype)

Agronomic practices
Sexually compatible relatives
PREVIOUS RELEASES Presence of similar genes

Figure 1 Components of the context considered durthe preparation of the risk
assessment

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

. the proposed dealings (Section 3.1)

. the limits proposed by the applicant (Section 3.2)

. the controls proposed by the applicant (Sectiop 3.3

. characteristics of the parent organisms (Section 4)

. the nature and effect of the genetic modificatiBadtion 5)

. the environmental conditions in the location whitye release would occur (Sections
6.1 and 6.2)

. relevant agricultural practices (Section 6.3)

. the presence of related plants in the environm@attfon 6.4)

. the presence of the introduced or similar gendlserenvironment (Section 6.5)

. any previous releases of these or other GMOs matdwzhis application (Section 7).

® The legislative requirements and the approachtirkassessing licence applications are outlingdéne
detail at <http://www.ogtr.gov.aulir/process.hmnd in theRisk Analysis FrameworfOGTR 2007)
<http://www.ogtr.gov.au/pubform/riskassessmentszhtm
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Section 2 The legislative requirements

3. Sections 50, 50A and 51 of tene Technology Act 20Qthe Act) outline the matters
which the Regulator must take into account, anti wihom she must consult, in preparing
the Risk Assessment and Risk Management Plans (R2dxhat form the basis of her
decisions on licence applications. In addition,@sne Technology Regulations 2q€e
Regulations) outline matters the Regulator mussic@r when preparing a RARMP.

4. In accordance with section 50A of the Act, the Ratpr has considered information
provided in the application and is satisfied thsipirincipal purpose is to enable the applicant
to conduct experiments. In addition, limits on #iee, location and duration of the release and
controls have been proposed by the applicant taaethe dissemination or persistence of the
GMOs and their genetic material in the environm&hbse limits and controls are such that
the Regulator considered it appropriate not to skeeladvice referred to in subsection 50(3)
of the Act. Therefore, this application qualifiesalimited and controlled release and the
Regulator has prepared a RARMP for this application

5. Section 52 of the Act requires the Regulator t& ®menment on the RARMP from the
States and Territories, the Gene Technology TeahAidvisory Committee (GTTAC),
Commonwealth authorities or agencies prescribeddarGene Technology Regulations (the
Regulations), the Minister for the Environment,dbcouncil(s) where the release is proposed
to take place, and the public. The advice frompttesscribed experts, agencies and authorities
and where it was taken into account, is summaiiségppendix B. Submissions received

from members of the public and their consideratimmsummarised in Appendix C.

6. Section 52(2)(ba) of the Act requires the Regulaiatecide whether one or more of the
proposed dealings may pose a ‘significant riskh health and safety of people or to the
environment, which then determines the length efabnsultation period as specified in
section 52(2)(d).

Section 3 The proposed dealings

7. The University of Adelaide proposes to releasecup( genetically modified (GM)
wheat and barley linéSthat have been modified for increased droughibar abiotic stress
tolerance, or increased levels of beta glucan.rélease would be conducted under limited
and controlled conditions.

3.1 The proposed activities

8. The applicant has stated that the principal purpbsee proposed release is to conduct
proof of concept research involving experimentmgasure and assess agronomic factors
such as establishment, plant height and yield undenal growing conditions; and to
measure other characteristics in leaf and flowéesgamples such as expression levels of the
introduced genes and metabolite profiling for sgui@ats. The GM wheat and barley plants
will not be used for human food or animal feed.

3.2 The proposed limits of the dealings (size, location and duration)

9. The release is proposed to take place at onersisefarm owned by The University of
Adelaide in the local government area of MarionjtBcAustralia. The total area of the

1 The term ‘line’ is used to denote plants derivemif a single plant containing a specific genetidification
made by one transformation event.
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release would be 400%mand is proposed to take place during one growéagen between
June 2008 and June 2009. The trial site does rextttyi abut any public roads.

3.3 Proposed controls to restrict the dissemination or persistence of the
GMOs and their genetic material in the environment

10. Only trained and authorised staff will be permittextess to the proposed location.

11. The applicant has proposed a number of contraledivict the dissemination or
persistence of the GM wheat and barley lines aail enetic material into the environment
including:

locating the proposed trial site over 1000 m frow@ ¢losest wheat or barley breeding
sites and 50 km from the closest commercial whebaadey crop

surrounding the 400 fririal site with a 1 m border of non-GM barley (&g 2), a5 m
plant free zone and a 200 m zone free of wheabandy plants

surrounding the site with a 1 m high, 50 m by 5Q&gtlone fence and placing rodent
baits within the fence

keeping a 10 m zone surrounding the 1 m high cycfence and the remaining area
within the fence (apart from the 40G mial site) mown to below 10 cm to reduce
cover for rodents

hand harvest plants to minimise GM seed spillage

removing any GM plants that show a delay in flowgrof more than one month over
that of the non-GM parent plants

analysing GM plant materials from the trial in atdeed PC2 facility and then
destroying the materials (except saved seed)

destroying all (GM and non-GM) plant materials fréme field trial by ploughing,
irrigating the site one month after harvest antinglany volunteers with herbicide

post harvest monitoring of the trial site for 24nties or until the site has been clear of
volunteers for one growing season and destroyiygvalunteers

transporting GM plant materials to and from thepmsed trial site in accordance with
OGTR transportation guidelines

| fence line (dotted lin

- proposed area of mown land (yellow)
L area to be planted with GMOs (406-rgreen)
L proposed area of cleared land (pink)

— proposed physical barrier plants m wide strip
of non-GM barley plants- black)

Figure 2 Schematic diagram of the proposed trial leation including some proposed
containment measures.
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12. These controls, and the limits on size, locatiot daration outlined in Chapter 1,
Section 3.2, have been taken into account in eskab the risk assessment context (this
chapter), and their suitability for containing fv®posed release is evaluated in Chapter 3,
Section 4.1.1.

Section 4 The parent organism

13. The parent organisms are bread wh&atiCum aestivuni.) and barleyKlordeum
vulgarel.), both exotic to Australia. Commercial wheattmuation occurs in the wheat belt
from south eastern Queensland through New SoutledV¥ictoria, southern South Australia
and southern Western Australia (OGTR 2008b). Cornialebarley cultivation in Australia
occurs in the wheat production areas in New Soudihe¥/ Victoria, Queensland, Western
Australia and South Australia. A small amount afiéyais also grown in Tasmania (OGTR
2008a).

14. The parental wheat cultivar is ‘Bob White’. This @dt cultivar is commonly used in
genetic modification work because it is relativefgsy to transform. It has also been used in
conventional (non-GM) wheat breeding programs;aied in DIR 071/2006. However, Bob
White is not favoured as a commercial bread whedtia considered to be of lower quality
than most of the current commercial cultivars (Bhat al. 2006)

15. The parental barley cultivars are ‘Golden Proméae ‘Flagship’. ‘Golden Promise’ is
not grown commercially in Australia but is commonlsed in genetic modification work. The
barley cultivar ‘Flagship’ was a new commercial timg cultivar released in Australia in
2006 (ABB Grain 2006).

16. The barley cultivar ‘Golden Promise’ was deriveahfrthe ‘Maythorpe’ cultivar
following modification by the use of gamma-ray diation. It is a semi-dwarf, malting
cultivar that has been found to have greater toterdo soil salinity than ‘Maythorpe’
(Forster 2001). While the precise genetic changesat known, salt tolerance in ‘Golden
Promise’ is a consequence of the plants’ abilityriat the uptake of salt from the soil and
results in this cultivar having a higher grain gi¢han its parental cultivar. ‘Golden Promise’
is also reported to have some tolerance to droagltell (Forster 2001).

17. Further detailed information about the parent oig/as is contained in the reference
documentsThe Biology ofTriticum aestivunL.(bread wheatandThe Biology oHordeum
vulgareL. (barley) thatwere produced to inform the risk assessment prdoesisence
applications involving GM wheat and barley plaf@XTR 2008a; OGTR 2008b). The
documents are available from the OGTR or from teésite <http://www.ogtr.gov.au

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

18. Some details, including the name of an introducertkgexpected to enhance abiotic
stress tolerance, the precise function of the geo@uct and its application, have been
declared Confidential Commercial Information (CGhder section 185 of the Act. The
confidential information was made available to pinescribed experts and agencies that were
consulted on the RARMP for this application.

19. The GM wheat and barley lines contain one of sey@res encoding products expected
to enhance abiotic stress tolerance, includingeaght and soil boron, or increase beta
glucan levels in the leaves and grains. The gertesduced into the GM plants are derived
from either wheat or barley, with the exceptionta selectable marker genes (Table 1).
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Table 1 The genes used to genetically modify wheat and bast
Gene Accession Protein produced Protein involved Source Intended purpose
No in
(GenBank)
TADREB2 DC353852 Dehydration Drought stress T. aestivum Increased drought
responsive element | response tolerance
binding protein 2
TADREB3 DQ353853 Dehydration Drought stress T. aestivum Increased drought
responsive element | response tolerance
binding protein 3
Botl EF660436 Boron transporter Boron transporter H. vulgare Increased boron
tolerance
transcription | Not Available Transcription factor | Abiotic stress T. aestivum Increased abiotic
factor gene tolerance stress tolerance
CslF4 EU267180 Cellulose synthase- | Beta glucan H. vulgare Increased beta
like protein F4 synthesis glucan synthesis
CslF6 EU267181 Cellulose synthase- | Beta glucan H. vulgare Increased beta
like protein F6 synthesis glucan synthesis
CslIF8 EU267183 Cellulose synthase- | Beta glucan H. vulgare Increased beta
like protein F8 synthesis glucan synthesis
hpt AAA92252 Hygromycin Antibiotic Escherichia Selectable marker
phosphotransferase | resistance coli
SacB X52988 Levansucrase Sucrose Bacillus Selectable marker
metabolism amylolique-
faciens

20. Up to 30 GM wheat and barley lines are proposeddi@ase. Each line was generated

using a construct containing one of the seven miffegenes of interest (see Table 2). All GM
wheat plants were generated using the biolistarssfiormation method and all GM barley

plants were generated using thgrobacteriunmediated transformation method (see Chapter
1, Section 5.4).

Table 2 Gene constructs used to generate the GM wheat anaitey lines proposed for release
Promoter Gene of Interest Marker Terminator Species Max lines per Total no. of
Gene construct lines
dual 35S TaDREB2 hpt nos wheat 2 8
promoter barley 2
(2 x 35S)
2 x 35S TaDREB3 hpt nos wheat 2
barley 2
Endogenous Botl hpt/SacB Endogenous barley 3 3
promoter terminator
Ubi transcription hpt nos barley 4 4
factor gene
2 x 35S CslF4 hpt nos barley 5 15
2 x 35S CslIF6 hpt nos barley 5
2 x 35S CsIF8 hpt nos barley 5
30

5.2 Theintroduced genes, encoded proteins and end products

5.2.1 Genes expected to enhance response to drought stress, and their encoded

proteins

21. Up to four lines of GM wheat and four lines of GMrkey contain one of two drought

responsive transcription factors isolated from whea

Chapter 1 - Risk assessment context (June 2008)
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22. TheTaDREB2andTaDREB3genes are expected to increase the plants’ taeran
drought. The introduced genes encode drought respmotranscription factor proteins that
contain an APETALA2 DNA binding domain (AP2) (Lopagt al. 2006). The AP2 domain
was identified in a number of genes fréwabidopsisinvolved in gene expression regulation
during vegetative growth and reproduction (Okanmetral. 1997)TaDREB3has 77.7%
amino acid sequence identity to a cold induced @Biepeat binding factor) transcription
factor (Lopato et al. 2006).

23. Both theTaDREB2andTaDREB3genes are expressed only at low levels in wheat
plants grown under normal culture conditions, vaithigher level olfTaDREBZ2expression in
seedlings. However, theEaDREB2gene was expressed at the highest levels in waunde
leaves (Lopato et al. 20063rabidopsisplants have been modified to over express a
constitutively active form of theDREB2Agene and the resulting GM plants were drought
tolerant (unpublished data of Y. Sakuma, cited @améguchi-Shinozaki & Shinozaki 2006).

5.2.2 Gene expected to enhance response to boron toxicity, and the encoded protein

24. Up to three lines of GM barley contain a gene imedlin soil boron toleranc8otl.

The gene was isolated from a landrace of barlelyaa3771, which is tolerant to high levels
of boron in the soil. Cultivated barley also encodecopy of this gene. However, there are
several differences in the coding and protein sece®to the gene found in cultivated barley
and Sahara 3771.

25. TheBotlgene, which codes for a boron efflux transposes identified using the

results from a quantitative trait locus study otibied-haploid lines of Sahara 3771 barley
crossed with a boron intolerant cultivar (Jeffeeesl. 1999). Th&otlgene in the boron
tolerant cultivar encodes a protein of 666 amindswhich has two amino acid differences
when compared to the intolerant cultivar. The Sal3&i71 cultivar has approximately four
times more copies of the gene and approximatelylB&0times greater steady-state RNA
levels in the leaf blades and root tissue thanrttederant barley cultivar (Sutton et al. 2007).

It is suggested that the expression of the getigeiheaf blades indicates that the protein has a
role in the removal of excess boron through théagioh fluid (fluid extruded through the leaf
stomata) (Sutton et al. 2007).

26. Botlis an ortholog of another boron transporBR1 an efflux type borate transporter
(Sutton et al. 2007). The BORL1 protein transpoot®b from the roots to the shoots under
conditions of low boron but under high boron corications the protein is degraded (Miwa et
al. 2007). The protein product of tAeabidopsis thalianartholog of theBOR1gene,

AtBOR4 was not degraded under high boron concentratlarSM A. thalianahigh levels of
the AtBOR4 protein were positively correlated with bototerance. At boron concentrations
which killed most control plants the modified plauishowed healthy root and shoot growth
(Miwa et al. 2007). An alignment of the amino ase&tjuences ddotl orthologs indicates that
the Sahara 377Bot1 gene shares similarity with tie thalianaBOR4 and BOR1 genes.

5.2.3 Gene expected to enhance response to abiotic stresses, and the encoded
protein

27. Up to four lines of GM barley contain a transcigptifactor gene isolated from wheat.
This gene is expected to enhance tolerance toiaktoesses.

5.2.4 Genes expected to enhance beta glucan synthesis, and their encoded proteins

28. Up to fifteen lines of GM barley contain one ofdbBCslIF genes isolated from barley,
HvCslF4, HvCsIFGandHvCsIF8 In glasshouse trials, GM plants expressing tigeses have
been shown to have increased levels of beta glucteir leaves and grains.
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29. TheCslIF gene family has only been found in the monocotytes consistent with their
proposed role as beta glucan synthases. Six rivesgeelonging to the cellulose synthase
like-F (CslF) gene family have been identified in rice. Whamgte riceCslF genes were
expressed in GMrabidopsisplants, some of the; plants examined had detectable beta
glucans in the epidermal cell walls (Burton et28106). The results from the rice study have
been used to identify the seven members of they@dIF gene family (Burton et al. 2008).
FourHvCsIFgenes are located on chromosome 2H, inclutiv@siF4andHvCsIF§ and
one single gene is located on each of chromosoi&BIVCsIFG, 5H and 1H. The position
of theHvCsIF6gene is reported to correspond to previously ifledtQTLs associated with
grain beta glucan content. The leveldHoCsIF6transcript in the developing grain are also
relatively high when compared to othdvCsIF genes measured (Burton et al. 2008).

5.2.5 Toxicity/allergenicity of the proteins/end products encoded by the introduced
genes to enhance response to drought stress, boron toxicity, abiotic stresses and
beta glucan synthesis

30. The genes introduced into the GM plants were isdl&itom wheat or barley plants.
Although, wheat and barley contain a number of-auatritional factors and allergens that, in
extreme cases, may have a toxic effect (OGTR 200&;R 2008b), the proteins encoded by
the introduced genes are not expected to haveoaitydr allergenic effects as they are
widely consumed as both human food and animal fétdtbut any reported adverse effects.

31. No toxicity/allergenicity tests have been perfornoedany of the purified encoded
proteins as the proposed trial is still at prootohcept stage. Such tests would have to be
conducted if approval was sought for the GMOs tadrsidered for human consumption in
Australia (Chapter 1, Section 7.1.2).

32. Bioinformatic analysis may assist in the assessmpuess by predicting, on a purely
theoretical basis, the toxic or allergenic potdrifaa protein. The results of such analyses are
not definitive and should be used only to identifgse proteins requiring more rigorous
testing (Goodman et al. 2008). No analysis has peeiormed on the encoded proteins
associated with this early stage experimental. trial

33. A comprehensive search of the scientific literatisdded no information to suggest
that any of the encoded proteins are toxic or gdleic to people, or toxic to other organisms.

5.2.6 The selectable marker genes and the encoded proteins

34. Two selectable marker genes have been used inraotisy the 30 GM wheat and
barley lines proposed for release.

35. Thehptgene encodes the HPT enzyme which catalyses trsppbrylation of the 4-
hydroxy group on the hyosamine moiety, therebytimating hygromycin (Rao et al. 1983)
and preventing it from killing cells producing HPThehpt gene was used as a selectable
marker gene in the early laboratory stages of dgweént of the plants to enable selection of
plant cells containing the desired genetic modifica Thehpt gene sequence was also used
as a probe in the Southern blot analysis of sonteeomodified plant lines.

36. Thehptgene is used extensively as a selectable markkeiproduction of GM plants
(Miki & McHugh 2004). As discussed in the RARMP IR 073/2007 the use bipt, or

other hygromyin B phosphotranferase encoding gexsesyarker genes in GM plants has
been assessed as not posing a risk to human kealtbafety or the environment. HPT is
easily digested by simulated gastric juices andathao acid sequence contains no
similarities to known allergens (Lu et al. 2007y Assessment of antibiotic resistance genes
used in GM plants by the European Food Safety Aitthooncluded that inclusion of thgt
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gene in GM plants would not significantly affecethealth of humans or animals (EFSA
2004).

37. TheSacBgene was isolated from the bacteriBacillus amyloliquefacienand encodes
an enzyme (levansucrase) involved in sucrose migain¢Gay et al. 1983). This gene was
used to select for bacteria containing plasmidh wieBotl gene in the laboratory, prior to
the production of the GM plants. The productioresfinsucrase i&. colicontaining a
functionalSacBgene on a plasmid is lethal to the cells when #reygrown on medium
containing sucrose. When a gene of interest isdiuiced into the plasmid between B&cB
gene and its promoter, ti$acBgene is no longer expressed andBheoli cells containing
the plasmid with the gene of interest survive. T|lisws researchers to select for bacteria
containing the plasmid which encodes the genetefést.

38. Levansucrase is widespread in soil bacteria. Tkagrea catalyses the transfer of
fructose units from sucrose to other acceptorschvtesults in the degradation of sucrose and
the production of levan. Levan is a polysacchattide is produced naturally by a number of
microorganisms but when artificially produced canldthal to some microorganisms, such as
E. coliandAgrobacterium tumefacienExpression of th€acBgene in GM plants has

resulted in the accumulation of fructans in tissared tissue damage to the plants (Caimi et al.
1996; Caimi et al. 1997). However, tBacBgene is not expected to be expressed in the GM
barley lines as its bacterial promoter is not knaavfunction in GM plants and furthermore,

it is prevented from functioning by the 50 Bbtlinsert. The effect that the 50 kb of inserted
DNA may have on the expression of acBgene is unknown, for example it is not known
whether there are any active promoter sequencesmiren this 50 kb region.

5.2.7 The end products/effects associated with the introduced genes
Drought and other abiotic stress tolerances

39. Drought stress is an abiotic stress; a nonlivirgdiathat causes harmful effects to
plants. Other types of abiotic stresses includiaisaltemperature and nutrient deficiency or
toxicity. Plants respond to different abiotic stes often through an interconnecting series of
signalling and transcription controls that ultimigtaim to increase the plant's ability to
tolerate the initial stress through different resg@mechanisms that include a range of
biochemical and physiological processes. Certajnlezory genes can be induced by more
than one type of abiotic stress (eg drought, cottlsalinity; Seki et al. 2002). The majority of
these can be categorised as transcription fadféang et al. 2003; Shinozaki et al. 2003).
Plant molecular responses to drought stress haase discussed in detail in the RARMP for
DIR 071/2006 (http://www.ogtr.gov.au/ir/dir071.htm

40. Evidence of cross tolerance to different abiotiestes has led researchers to conclude
that the signalling pathways for abiotic streserahce are not strictly isolated (Yamaguchi-
Shinozaki & Shinozaki 2006). This is supported by tinding that transcript levels of some
genes are altered by several different abiotisstnes, with some transcript levels altered by
three different abiotic stressors (drought, cold aalinity) (Mantri et al. 2007). Cross
tolerance to drought and highly saline soils hanlreported to be greater than cross
tolerance to cold and highly saline soils (SekaleR002). The DREB2 family of proteins
provides tolerance to both saline soils and dro(ght& Tyagi 2007).

41. The enhancement of tolerance in plants to othextialstresses as a result of increased
tolerance to one abiotic stress has also beengdisdun detail in the RARMP for

DIR 071/2006 (Chapter 2, Event 7). It was notethandiscussion of this event that a gene
expressed in a different species may not neceggmatiuce the same phenotype as in the
parent species.
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Boron tolerance

42. Boron is an essential nutrient in plant growth. tleer, when boron occurs in elevated
levels in the solil it can cause stress symptomsyaaid reduction in plants. The phenotypic
effects of boron toxicity on plants can be mistatf@msymptoms of net blotch disease
(DAFWA 2006). Boron toxicity initially affects theldest leaves with symptoms becoming
visible in successive leaves (Cartwright et al.@)98rown lesions are found initially at the
leaf margins while chlorosis and necrosis begithatieaf tips (Cartwright et al. 1986). In a
study of barley displaying boron toxicity symptorti® upper vegetative parts of the plants
contained concentrations of boron greater than &&gn(Cartwright et al. 1986).

43. Boron toxicity has been observed in barley croph@Australian states of Victoria,
South Australian and Western Australia (Cartwrighal. 1986; Brennan & Adcock 2004). It
is suggested that high levels of boron are foundaathered soils of marine origins
(Cartwright et al. 1986). A 17% vyield reductionbarley was observed at a site in South
Australia with a mean soil boron concentration 2#46mg/kg (Cartwright et al. 1984). It has
been shown that there is some interaction betwesmmttoxicity and terminal drought (lack
of water during reproductive growth) producing reeld straw yield and root growth (Yau
2002).

44. Barley cultivars display variable tolerance to highels of soil boron with soil type also
affecting boron toxicity. In Western Australia, ler cultivars are currently rated for boron
susceptibility or tolerance and several cultivdrieed and malting varieties are rated as being
moderately to highly tolerant to boron toxicity (Giage 2005). Crops of the cultivar Stirling
were uniformly affected by boron toxicity when gnown red-brown clays in the lower

rainfall zones of eastern and south-eastern Westasiralia. However, across different soil
types boron toxicity was patchy (Brennan & Adco€02). In this study, approximately 70%
of the concentration of boron in whole shoots cdaddexplained by the concentration of
extractable boron in the 50-80 cm soil profile (Bran & Adcock 2004).

45. The barley cultivar Sahara which displays highrexhee to boron toxicity is able to
maintain a boron concentration in root tissue gdfrapimately 50% below the boron
concentration in the external medium (Hayes & R&84). It was determined that this
maintenance of root boron concentrations withimeceptable level was not the result of
transpiration moving boron out of the roots butative efflux of boron from the roots to the
external environment. It was also shown that inttiherant cultivar Sahara this mechanism is
constitutively active (Hayes & Reid 2004). In bagrtultivars susceptible to boron toxicity
putrescine expression was detected in leaves wodelitions of stress; putrescine is
expressed under conditions of biotic and abiotiesst (Roessner et al. 2006). The lack of
putrescine expression in the boron tolerant cultivader boron stress conditions, was
suggested to be a result of the ability of the &abaltivars to actively exclude toxic
concentrations of boron from the roots (Roessnat. &006).

Beta glucan synthesis

46. Beta glucan is defined as a soluble fibre. Betaaghs in the grains of commercially
produced cereals are of interest due to a numbeealth benefits that have been linked to
beta glucan consumption. These include a lowerirgand serum cholesterol, a lowering of
both the postprandial blood glucose and insulipoase, an increase in postprandial satiety,
and an increase in stool bulk which relieves cpasibn (reviewed in Brennan & Cleary

2005; and Wood 2007). The benefits of consuming bitcans have been correlated with the
amount of soluble beta glucan in the gastro-intastract and its molecular weight
(Lazaridou & Biliaderis 2007). The high level oftagylucan in the barley grain (5-11%)
makes it a crop of interest to confer these hdadtiefits to humans (Brennan & Cleary 2005;
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Wood 2007). While beneficial to humans, beta gluoamsumption by poultry reduces the
digestibility of their feed and metabolisable eryeagd can result in sticky droppings, with
similar effects being observed in pigs (Brennanl&aty 2005).

47. (1,3;1,4)B-D-glucan (referred to here as beta glucan) islgspocharide present in the
walls of elongating cells and endosperm of gragsssewed in Buckeridge et al. 2004). Beta
glucans are not thought to be present in the diedtyns (Buckeridge et al. 2004). However,
they are not specific to the grasses. A beta glatalecule is present in the lich@etraria
islandica(Buckeridge et al. 2004) and a beta glucan moleeuité structural differences to
those present in the grasses, has recently beetifigle in the horsetaiEquisetum arvense
(Sorensen et al. 2000).

48. Beta glucan of barley is mainly composed of celbstyl (a chain of three (1,4-D-
glucosyl groups) and cellotetraosyl (a chain ofrfdy4){3-D-glucosyl groups) units
connected by single (1,B)linkages (Staudte et al. 1983). Cellotriosyl anitbtetraosyl units
make up approximately 90% of the beta glucan mddéeand the remaining 10% consists of
groups of four to fifteen (1,43-D-glucosyl units (Staudte et al. 1983). The dttion of the
two unit types is non-random and non-repeatindpdrey, the ratio of cellotrisyl units to
cellotetraosyl units is 2.8 to 3.3 (reviewed in WdDNO7).

49. Evidence suggests that beta glucans are synthdsise@olgi membrane associated
synthase using uridine diphosphoglucose (UDP-Gdain vitro substrate (Buckeridge et

al. 1999). A barley endosperm (1,3;1fp-glucan synthase has been identified and there
may be several isomers of the enzyme present iartdesperm as the level of beta glucan in
the endosperm continues to increase toward seadtitgaven though activity of the single
enzyme studied had decreased (Tsuchiya et al. 2D08)aize, a model in which three UDP-
Glc transferase activities are associated withsyimthase has been suggested (Buckeridge et
al. 1999).

50. Beta glucan synthesis begins in plant cells asthg of the cell elongation phase. The
maximum abundance of beta glucan in the cell ocdurig the stage of rapid cell elongation
after which it begins to degrade when cell elorazagnds (reviewed in Buckeridge et al.
2004). Beta glucan makes up approximately 75%eftlass of the barley endosperm cell
wall with the majority of beta glucan present ie ttentral endosperm (Chandra et al. 1999;
Buckeridge et al. 2004). The amount and distributbbeta glucan in the endosperm differs
between varieties of barley, seasons and cultivatieas. The variation in the amount and
distribution of beta glucan in the endosperm cleampacts on grain morphology (Chandra et
al. 1999). A positive correlation exists betwees leta glucan content and the protein
content of barley grains; and there are negativeeladions between beta glucan content and
amylose content, seed yield and grain weight (Hztraj. 2007).

5.2.8 Toxicity of the end products associated with the introduced genes for
increased beta glucan synthesis

51. Fifteen of the GM barley lines proposed for releaseexpected to produce higher
levels of beta glucan in their leaf and grain tessthan the parental cultivar of barley. The
levels of beta glucan in the GM barley lines watedwrined for plants grown in glasshouse
trials and found to be 3.7 to 5.0% (w/w) for leaaesl 5.7 to 6.8% (w/w) for grain. The
applicants determined the beta glucan levels inglees and grain of the parental non-GM
barley plants to be 1.0% (w/w) and 4.6 to 5.0% (whe&spectively. An application has been
made to the US Food and Drug Administration (FD#gttbarley fibre, containing 70% beta
glucan, be regarded as a substance generally lisedgms safe (GRAS). In response to this
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application the FDA had no questions in relatiothim company’s conclusion that the barley
fibre preparation was GRAS (US FDA 2006).

5.3 Theregulatory sequences
5.3.1 Regulatory sequences for the introduced genes

52. Promoters are DNA sequences that are requirecdier ¢o allow RNA polymerase to
bind and initiate correct transcription. Also remuai for gene expression in plants is an
MRNA termination region, including a polyadenylatisignal.

53. The expression of five of the seven introduced geseegulated by a promoter derived
from the plant pathogen Cauliflower mosaic virusf@/), 35S. Although this organism is a
plant pathogen, the promoter is not capable ofingudisease. ThBotl gene construct
contains the endogenous gene promoter, ie the peomaturally found in association with
this gene in the plant. The expression of the gpected to confer increased tolerance to
abiotic stresses is regulated by a maize promotar(Table 2).

54. The mRNA termination region for the introduced geime27 of the GM lines proposed
for release is derived from the nopaline synthasedog of Agrobacterium tumefaciens
This sequence is widely used in constructs fortpd@metic modification (Reiting et al. 2007).
The mRNA termination region endogenous for Botl gene is used for the GM lines into
which the gene was introduced.

55. While some of the regulatory sequences are defreaal plant pathogens
(Agrobacterium tumefacien€aMV) the sequences are not pathogenic in theselor do
they cause any disease symptoms in the GM plahtsselregulatory sequences derived from
plants that are associated with allergenic or toagponses in humans (iZ2a maizgare not

in themselves allergenic or toxic.

5.3.2 Regulatory sequences for the expression of the selectable marker genes

56. Three plasmid vectors were used in the constructidghe 30 GM plant lines proposed
for release. Each vector contains the bactepagene. In both the pMDC32 and

pMDC32Ubi vectors, expression of thptgene is regulated by the CaMV 35S promoter and
the A35S transcription termination sequence, batimfthe CaMV. Théapt gene in the vector
PYLTACY is also regulated by the 35S promoter dredttanscription termination sequence is
the Tnos sequence froAgrobacterium The pYLTAC7 vector also contains tBacBgene
which is regulated by a synthetic coli promoter (Pierce et al. 1992).

57. AlthoughAgrobacteriumand the CaMV are plant pathogens, the regulatayyesgces
comprise only a small part of the total genome, amdnot capable of causing disease.

5.4 Method of genetic modification

58. The genes were introduced into wheat by biolistiagformation, also known as particle
bombardment. This technique involves coating thgression cassette containing the gene
constructs onto very small gold particles that'shet’ into wheat embryos, which are then
regenerated into whole plants in tissue culturetié?a bombardment has been widely used in
Australia and overseas for introducing new gentspiants and is not known to cause any
adverse effects on human health and safety omieomment.

59. The genes were introduced into barleyfbyumefaciensediated transformation. This
technique introduces the gene and associated tegukequences into immature barley
embryos via the vectdk. tumefaciensTransformed barley tissue was then grown on media
containing an antibiotic to prevent the growthfoftumefaciensThis was followed by
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regeneration and selection of plants that contaihedjenes of interest. The vector is
‘disarmed’ since it lacks the genes which encoéedimorigenic functions dk. tumefacies.

60. The 30 GM wheat and barley lines are generated inol@pendent transformation
events.

5.5 Characterisation of the GMOs
5.5.1 Stability and molecular characterisation

61. The inserted genes were fully sequenced beforetiosento the plants. ThBotlgene
was inserted as genomic DNA and the remaining sneg were inserted as cDNA. The exact
location of the inserted genes within the wheatlaandey genomes has not been determined.

62. Gene copy number, determined by Southern hybridisanalysis using probes to the
coding region of théaptgene or the double 35s promoter, has been detednfiim some lines.
Copy numbers for the remaining GM lines are seing determined. Analysis to date
indicates a range of copy numbers of between J6ahasertion copy number in the three
barley lines containing thBot1 has not yet been determined.

63. The expression levels of the introdueEaDREB2andTaDREB3genes were
determined in the modified plants by northern blloalysis in the Tand T, generations.
Lines with high expression of the introduced gemeerselected for use in the proposed trial.

64. A wheat transcription factor has been inserted tinéoplants modified for increased
abiotic stress tolerance. Levels of expressiometttanscription factor gene were determined
using northern blot analysis over two generatidiss allowed plants with high levels of
expression to be selected at each generation éoinube proposed trial.

65. Expression levels of the introduckldCsIF4, HvCslIF@GandHvCsIF8genes were
determined by real time PCR using plant tissue ftioenT, generation and the results were
compared against control plants transformed wighetimpty vector. The modified plants
containing theHvCsIF4, HvCsIF@GndHvCsIF8genes were bred until either thedr Ts
generation. Southern blot analysis was used tordete copy number at each generation of
these lines and allowed selection of lines with, &dmozygous parent by determining the
frequency of segregation of the marker gene.

66. The insert containing thBot1 gene is approximately 50 kb of genomic DNA frora th
barley cultivar Sahara 3771. This inserted sequeangins the full genomic sequence
encoding théBotlgene and its promoter as well as several repets#guence elements. The
applicant reports that these repetitive elememsammon to non-coding regions of the
barley genome. Gene expression levels of the intedBotl gene have not been
determined.

5.5.2 Characterisation of the phenotype of the GMOs

67. The main aim of the proposed trial is to charastesgronomic traits of the GMOs

under normal field conditions. Traits that will beasured include; heading date, plant height
and other growth characteristics as well as yiegdst The applicant is not proposing to
induce conditions of drought stress or other abistiiesses in this trial and the soil boron
levels at the proposed trial site are believedetbélow toxic levels and within levels required
for normal plant growth.

68. When grown under glass house conditions, someeoGtl wheat and barley lines
displayed altered growth phenotypes. Several bdirleg modified by the insertion of the the
transcription factor gene had larger spikes andssaad delayed growth and development
compared to the wild type control plants. A semiadiwhenotype was observed in wheat and
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barley plants modified with thEeaDREB2or TaDREB3gene from wheat. One of the aims of
the proposed trial is to determine whether thetezead growth phenotypes are observed under
natural field conditions.

69. Under glass house conditions, the GM barley lingseassing thédvCsIF genes were
determined to contain 5.7 to 6.8% (w/w) beta gluicatie grains. While the non-GM barley
plants were determined to contain 4.6 to 5.0% (W'eta glucan in the grains (data supplied
by the applicant, Chapter 1, Section 6.5).

70. While there may be changes in the levels of pradpotduced as a result of the activity
of the encoded proteins, no new products shoulatbéuced by expression of the introduced
genes. However, there may be unintended effectsadiedom insertion of the introduced
genes (see Chapter 2, Event 6).

Section 6 The receiving environment

71. The receiving environment forms part of the contexthich the risks associated with
dealings involving the GMOs are assessed. Thisiited the size, location and duration of the
dealings, any relevant biotic/abiotic propertiesh&f geographic regions where the release
would occur; intended agronomic practices, inclgdimose that may be altered in relation to
normal practices; other relevant GMOs already s"daand any particularly vulnerable or
susceptible entities that may be specifically aé#ddy the proposed release (OGTR 2005a;
OGTR 2007).

6.1 Relevant abiotic factors

72. The abiotic factors relevant to the growth andriistion of commercial wheat in
Australia are discussed in the ‘The BiologyTeiticum aestivunL. em Thell (Bread
Wheat)'(OGTR 2008b). The abiotic factors relevantite growth and distribution of
commercial barley in Australia are discussed in‘Tine Biology ofHordeum vulgaréd..
(Barley)'(OGTR 2008a).

73. Water deficit is common in dryland wheat farminggdas the major abiotic stress
limiting crop productivity in Australia, includingrains. (Kokic et al. 2006). Barley consumes
less water per unit weight of dry matter produdezhtother cereals (Queensland Department
of Primary Industries and Fisheries 2007) and coetto other cereals, barley is well
adapted to drought through water use efficiency.

74. Barley is not as cold hardy as wheat, and is maseeptible to frost at the early
seedling stage (Gomez-Macpherson 2001). Barlelsadapted to a wide range of soils and
is the most tolerant cereal to salinity. Barlegessitive to aluminium toxicity, which is

linked to acidic soils, and boron toxicity (van G&oVernon 2006).

75. The proposed release site is situated within a fasmed by The University of Adelaide
and is typical of rain-fed, wheat production enwimeents in South Australia. Selected
climatic data for the proposed site is given in[€ah The applicant states that the farm is not
expected to have toxic levels of boron in its séithough the applicant has stated that the
proposed release site is not experiencing excegitimought conditions; the areas around
Adelaide have been declared Exceptional Circumstéshmught) areas by the Australian
Government. It also appears to be in a region that is noteruly affected by dryland

1 http://www.daff.gov.au/agriculture-food/droughtfsmuth_australiaccessed on 26 Feb. 2008.
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salinity*?. There is a dam located on the farm, approximdtedsn from the proposed release
site.

Table 3 Climatic data for proposed GM wheat and barley trid site

ADELAIDE (Waite Institute)

Average daily max/min temperature (Summer*) 27.0°C/15.8°C

Average daily max/min temperature (Winter*) 14.8°C/8.1°C
Average monthly rainfall (Summer*) 25.6 mm
Average monthly rainfall (Winter*) 79.9 mm

Source: <http://www.bom.gov.au

* Summer averages were based on December to Febryaand winter averages were based on June to
August

6.2 Relevant biotic factors

76. The biotic factors pertaining to the growth andrilisition of commercial wheat and
barley in Australia are discussed in the ‘The Biglof Triticum aestivuni.. em Thell (Bread
Wheat )’ and ‘The Biology oHordeum vulgaré.. (Barley)’ (OGTR 2008a; OGTR 2008b).
Of relevance to this proposed release are thevioilp points:

* The farm has been used in the past, and will coetto be used, by the South
Australian Barley Improvement Program.

» Two small scale farms that have previously cultdaivheat and/or barley are situated
2.5 km north east and 1.5 km west north-west ofdhm.

* The nearest commercial wheat or barley crop willbewithin 50 km of the trial.

» Invertebrates, vertebrates and microorganisms dmleixposed to the introduced genes,
their encoded proteins and end products. In paaticoative birds and rodents (either
introduced or native) may visit the proposed redesite. This is discussed in Chapter 2.

6.3 Relevant agricultural practices

77. The size, location and duration of the proposedtdichand controlled release of the GM
wheat and barley lines are outlined in Chapterettign 3.2.

78. Itis not anticipated that the agronomic practiceghe cultivation of the GM wheat and
barley by the applicant will be significantly difent from conventional practices for wheat
and barley, with the exception that the applicanppses to harvest by hand to minimise seed
spillage. Conventional cultivation practices foreah and barley are outlined in more detail in
the relevant Biology Documents (OGTR 2008a; OGTR&RY).

79. Non-propagative plant material at the field locat{or example, stem stubble left after
harvest) would be ploughed into the ground afterttal and left to decompose. Excess seed
or plant material not required for experimentallgsia, or future trials would be removed
from the site and disposed of by steam sterilisatioautoclaving.

80. In Australia, spring wheat varieties are commonlyvgn as a winter crop and are
usually planted in May and June. Harvest of theuneatvheat generally occurs from mid-
November to late December. The parental barleyvewt ‘Flagship’ and ‘Golden Promise’

12 Figure 8. Dryland salinity risk in South Austrafia00.
http://www.anra.gov.au/topics/salinity/pubs/natibsainity sa.htmkccessed on 29 Feb. 2008.
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are two-row, malting, spring varieties. The parentaeat cultivar ‘Bobwhite’ is a spring
wheat cultivar. If the proposed release is apprdhiedapplicant anticipates planting the trial
in June 2008 and harvesting in December 2008.

6.4 Presence of related plants in the receiving environment

81. The GM wheat and barley lines proposed for releaide grown together at the field
trial site. Barley and wheat are not known to hgise with each other under natural
conditions (see OGTR 2005b).

82. The applicant has indicated that for the 2008-2§)@9ving season there will be
approximately 1000 m between the GM barley andrdihdey plants which will be used for
breeding trials, with the exception of any non-Gatlby plants grown as part of the trial.

83. The applicant has indicated that for the 2008-2§1@8ving season there will be
approximately 1000 m between the GM wheat and attesat plants which may be planted
in barley breeding trial plots where there is ifisignt barley to fill all the required area. Any
wheat plants used for this purpose would be desttajter harvest The applicant also
indicated that there will be no wheat breedinggrianted in the 2008-2009 growing season.

84. Apart from commercially cultivated bread and durwimeat, otheffriticum species are
not known to be present in Australia. However,dpplicant has indicated that the related
plantsSecale cerealandHordeum leporinunmay be found in the area of the proposed
release. Wild barleyl. vulgaressp.spontaneuns not known to be present in Australia
(reviewed in OGTR 2008a).

6.5 Presence of the introduced genes or similar genes, encoded proteins and
end products in the environment

85. All of the introduced genes were isolated fromigalts of wheat or barley, or in one
case from a barley landrace. The isolated genes matvbeen modified by the applicant and
have been reintroduced into the wheat and barkeytplin their native form. Therefore, it is
expected that humans, herbivores/omnivores andmniganisms routinely encounter the
introduced genes and their gene products, or tloemologues, through contact with plants
and food derived from plants. This information farthe baseline data for assessing the risks
from exposure to these proteins as a result ofridleof the GM wheat and barley lines.

86. TheBotlgene that is expected to confer increased bolleratce was isolated from the
Algerian landrace Sahara 3771. It encodes a profe#6 amino acids that has two amino
acid differences compared to Australian commeidtivars and is therefore very similar to
what exists in the Australian environment.

87. TheCslFgenes are expected to increase the level of betamglin the leaves and grain
of the GM barley. Humans regularly come into contith beta glucan through the
consumption of cereal grains. The applicants detexdithe beta glucan level in the grain of
non-GM barley plants to be 4.6 to 5.0% (w/w). Téeels in the grain of GM barley lines was
determined for plants grown in glasshouse triatsfannd to be 5.7 to 6.8% (w/w). A
preparation of barley fibre containing 70% betacgluhas been added to the FDA's list of
GRAS notices with no questions from the FDA (disadsin paragraph Chapter 1 Section
5.2.8; (US FDA 2006)). Domestic animals also conte contact with beta glucan through

13 The applicant supplied more information, during tlonsultation period, regarding the breedingsriaht are
to occur on the farm, where the release site stéat This information has been updated to reflecplanned
activities for the 2008-2009 grain growing season.
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consumption of cereal grains which, while not toxiensumption by poultry and pigs can
have antinutritional effects (Section 5.2.4).

88. Thehptgene is derived frork. coli, which is widespread in human and animal
digestive systems as well as in the environmerdt{Bér et al. 1997). As such, it is expected
that humans, animals and microorganisms routinetpenter the encoded protein.

89. TheSacBgene is derived from the soil bacteriBmamyloliquefacienand therefore
humans and other organisms are commonly expodéstgene and its encoded protein

Section 7 Australian and international approvals
7.1 Australian approvals of the GM wheat and barley lines

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

90. There has been no release of these GM wheat aley fiaes in Australia.

91. The Regulator has issued licences for the condubtee field trials involving other

GM wheat lines under limited and controlled coratis: DIR 053/2004 was issued to Grain
Biotech for GM salt tolerant wheat on an area dbtha in Western Australia, DIR 054/2004
was issued to CSIRO for GM wheat with altered $tamantent on 0.25 ha in the Australian
Capital Territory and DIR 071/2006 was issued t@&rénent of Primary Industries —
Victoria for GM drought tolerant wheat on 0.315iha/ictoria.

92. Under the former voluntary system overseen by teeegic Manipulation Advisory
Committee (GMAC), there have been five field triafslifferent GM wheat ranging in size
from 325-1500 plants: PR65 (1996) for herbiciderahce, PR66 (1996) for altered starch
levels in the grain, PR102 (1998) for modified grqualities, PR102X (2000) for modified
grain qualities, and PR107 (1999) for herbiciderahce. Five field trials of different GM
barley also occurred under GMAC. They ranged ia fiam 400-2940 plants: PR88 (1998)
for resistance to yellow dwarf virus, PR92 (199&)improved malting qualities, PR106
(1998) for herbicide tolerance, PR88X (1999) faistance to yellow dwarf virus, and PR139
(2000) for malting and brewing qualities.

93. There have been no reports of adverse effects mrahuinealth or the environment
resulting from any of these releases.

7.1.2 Approvals by other Australian government agencies

94. The Regulator is responsible for assessing riskisedealth and safety of people and
the environment associated with the use of gerfetdogy. Other government regulatory
requirements may also have to be met in respaeiedse of GMOs, including those of the
Australian Quarantine and Inspection Service (AQIS) Food Standards Australia New
Zealand (FSANZ). This is discussed further in Chaft

95. FSANZ is responsible for human food safety assessaral food labelling, including
GM food. The applicant does not intend to use netefrom the GM wheat and barley lines
in human food, accordingly an application to FSANS not been submitted. FSANZ
approval would need to be obtained before matefriaia these GM wheat and barley lines
could be used in food.

7.2 International approvals
96. There have been no releases of these GM wheataatgy ltines internationally.
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97. However, there have been releases of other diffé®&hwheat and barley plants. The
traits which have been modified include; novel pimotproduction, disease resistance, altered
grain properties and herbicide toleratice

%< http://www.aphis.usda.gov/brs/status/relday. htrsthttp://gmoinfo.jrc.it/gmp_browse.aspaccessed 13
March 2008.
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Chapter 2 Risk assessment

Section 1 Introduction

98. Risk assessment is the overall process of idengffie sources of potential harm
(hazards) and determining both the seriousnesshenikelinood of any adverse outcome
that may arise. The risk assessment (summariséidume 3) considers risks from the
proposed dealings with the GMOs that could resultarm to the health and safety of people
or the environment posed by, or as a result ofegechnology. It takes into account
information in the application, relevant previoygpeovals and current scientific knowledge.

RISK ASSESSMENT PROCESS®

RISK ASSESSMENT CONTEXT

Characterisation Consequence
and evaluation assessment
HAZARD IDENTIFIED > RISK
IDENTIFICATIO RISK ESTIMATE
N Likelihood
assessment
Na identifiec
risk

* Risk assessment terms are defined in Appendix A

Figure 3 The risk assessment process

99. Once the risk assessment context has been estb(ste Chapter 1) the next step is
hazard identification to examine what harm couldeaand how it could happen during a
release of these GMOs into the environment.

100. It is important to note that the word ‘hazard'sediin a technical rather than a
colloquial sense in this document. The hazardsisuace ofpotentialharm. There is no
implication that the hazard willecessariljead to harm. A hazard can be an event, a
substance or an organism (OGTR 2007).

101. Hazard identification involves consideration of etge(including causal pathways) that
may lead to harm. These events are particulao$eiscumstances that might occur through
interactions between the GMOs and the receivingrenment as a result of the proposed
dealings. They include the circumstances by whabppe or the environment may be
exposed to the GMOs, GM plant materials, GM planptoducts, the introduced genes, or
products of the introduced genes.

102. A number of hazard identification techniques aredusy the Regulator and staff of the
OGTR, including the use of checklists, brainstogmicommonsense, reported international
experience and consultation (OGTR 2007). In cortjonawith these techniques, hazards
identified from previous RARMPs prepared for licerapplications of the same and similar
GMOs are also considered.
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103. The hazard identification process results in thagitation of a list of events. Some of
these events lead to more than one adverse out@oteach adverse outcome can result
from more than one event.

Section 2 Hazard characterisation and the identification of risk

104. Each event compiled during hazard identificatiooharacterised to determine which
events represent a risk to the health and safgtgaple or the environment posed by, or as a
result of, gene technology.

105. The criteria used by the Regulator to determinenhare described in Chapter 3 of the
Risk Analysis FrameworfOGTR 2007). Harm is assessed in comparison tpdhent
organism and in the context of the proposed deslémgl the receiving environment.
Wherever possible, the risk assessment focusesasurable criteria for determining harm.

106. The following factors are taken into account duriing analysis of events that may give
rise to harm:

+ the proposed dealings, which may be for the purpbgs&perimentation,
development, production, breeding, propagation, gis®vth, importation,
possession, supply, transport or disposal of theOGM

+ the proposed limits

+ the proposed controls

+ characteristics of the non-GM parents

+ routes of exposure to the GMOs, the introduced @@ raad gene product(s)

+ potential effects of the introduced gene(s) andcegenduct(s) expressed in the
GMOs

+ potential exposure to the introduced gene(s) ané geoduct(s) from other sources
in the environment

+ the biotic and abiotic factors at the site of rekea
+ agronomic management practices for the GMOs.

107. The eight events that were characterised are disdus detail later in this Section.
They are summarised in Table 4 where events tlae shnumber of common features are
grouped together in broader hazard categories. Memne considered to lead to an identified
risk that required further assessment.

108. The GM wheat and barley lines contain one or twectable marker genes; thet
gene encoding the HPT protein which confers tolezan the antibiotic hygromycin; and the
SacBgene encoding levansucrase.

109. The prevalence of thgptandSacBgenes in the environment and the lack of evidence
for toxicity or allergenicity of the HPT and levartsase proteins, to humans and animals are
discussed in Chapter 1, Section 5.2.6. Therefbheepotential effects of thgptandSacB

genes will not be further assessed for this apjina

Chapter 2 - Risk assessment (June 2008) 25



DIR 077/2007 - Risk Assessment and Risk Management Plan

Office of the Gene Technology Regulator

Table 4 Summary of events that may give rise to an adversmitcome through the expression of the
introduced genes for increased drought, boron or abtic stress tolerance, or increased beta glucan.
Hazard category Event that may give rise to | Potential adverse | Identified Reason
an adverse outcome outcome risk?
Section 2.1 1. Ingestion of, contact with, | Allergic reactions in No The encoded proteins and their end
Production of a or inhalation of GM plant people or toxicity in products are widespread in the
substance material containing proteins people and other environment and are unlikely to be
toxic/allergenic to | encoded by the introduced organisms toxic/allergenic to people or toxic to
people or toxic to genes or their end products. other organisms.
other organisms The limited scale, short duration and
other proposed limits and controls,
further reduce exposure of people and
other organisms to products of the
introduced genes.
Section 2.2 2. Expression of the Weediness; No Cultivated wheat and barley are not
Spread and introduced genes improving | increased allergic considered to be weedy and the genetic
persistence of the the survival of GM wheat or reactions in people modifications are not expected to
GM wheat andjor | barley plants. or toxicity in people change the weediness characteristic of
barley lines in the and other the GMOs.
environment organisms The limits and controls proposed for the
release would minimise persistence.
3. Dispersal of reproductive | Weediness; No As discussed in Event 1 the encoded
(sexual or asexual) GM plant | increased allergic proteins and their end products are
materials through various reactions in people already widespread in the environment.
means, including, animals or toxicity in people Wheat and barley seeds have limited
and ggtreme weather and o@her dispersal characteristics, which are not
conditions. organisms expected to be changed in the GMOs.
The proposed limits and controls would
minimise dispersal.
Section 2.3 4. Expression of the Weediness; No Wheat and barley are predominately
Vertical transfer of | introduced genes or increased allergic self-pollinating and outcrossing is
genes or genetic regulatory sequences in reactiqns ip people limited.
elements to otherwheat or barley plants or ;omrc:ty in people Limited fertile hybrid production has
sexually orin other sexually and other been reported for sexually compatible
compatible plants | compatile plants organisms species known to be present at the site.
The applicant proposed a number of
controls, including 200 m zone around
the release site in which no other wheat
or barley plants are grown which would
limit the potential for vertical gene flow.
Section 2.4 5. Presence and expression | Weediness; No The introduced genes or similar genes
Horizontal of the introduced genes, or increased allergic and the introduced regulatory
transfer of genes regulatory sequences, in reactions in people sequences are already present in the
or genetic unrelated organisms as a or toxicity in people environment and are available for
elements to result of gene transfer. and other transfer via demonstrated natural
sexually organisms mechanisms.
incompatible Events 1 — 3 did not constitute identified
organisms risks for people or the environment

associated with expression of the
introduced genes.
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Hazard category Event that may give rise to | Potential adverse | Identified Reason
an adverse outcome outcome risk?
Section 2.5 6. Changes to biochemistry, | Weediness; No The expression of the introduced genes
Unintended physiology or ecology of the | increased allergic is not expected to result in the
changes in GM wheat and barley lines reactions in people production of proteins/end products that
biochemistry, resulting from expression, or | or toxicity in people are not already found in the non-GM
physiology or random insertion, of the and other plant.
ecology introduced genes. organisms Unintended, adverse effects, if any,
would be minimised by the proposed
limits and controls.
Unexpected alterations are likely to be
detected and eliminated during the
selection process.
7. Altered soil boron/beta Altered soil ecology No Boron is already present in the soil.
glucan levels and increaseq or toxi_city to other Beta glucans are already present in
persistence of beta glucan in | organisms cereal stubble.
the soil as a result of growing
the GM wheat and barley The proposed limits and controls would
lines. minimise any adverse effects.
Section 2.6 8. Use of the GMOs outside | Potential adverse No The Act provides for substantial
Unauthorised the proposed licence outcomes penalties for non-compliance and
activities conditions. mentioned in unauthorised dealings with GMOs and
Sections 2.1t0 2.5 also requires consideration of the
suitability of the applicant to hold a
licence prior to the issuing of a licence
by the Regulator.

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

organisms

110. Toxicity is the adverse effect(s) of exposure tipae of a substance as a result of direct
cellular or tissue injury, or through the inhibitiof normal physiological processes (Felsot
2000).

111. Allergenicity is the potential of a protein to élian immunological reaction following
its ingestion, dermal contact or inhalation, whighy lead to tissue inflammation and organ
dysfunction (Arts et al. 2006).

112. A range of organisms may be exposed directly aréatly to the proteins (and end
products) encoded by the introduced genes for &ser@ drought, boron or abiotic stress
tolerance, or increased beta glucan levels. Workdtssating the GM wheat and barley
would be exposed to all plant parts. Organisms beagxposed directly to the proteins
through biotic interactions with GM wheat and bgngants (vertebrates, insects, symbiotic
microorganisms and/or pathogenic fungi) or throaghtact with root exudates or dead plant
material (soil biota). Indirect exposure would v organisms that feed on organisms that
feed on GM wheat and barley plant parts or degtlagie (vertebrates, insects, fungi and/or
bacteria).

Event 1: Ingestion of, contact with, or inhalation of GM plant materials containing
proteins encoded by the introduced genes, or their end products,

occurring as a result of the genetic modification.

113. People may come into contact with, or inhale GM attend barley or GM plant
material through working either within the proposedl site or a nearby area. Animals, such
as rodents and birds, may also come into contdht wihale or ingest GM plant material.

114. Non-GM wheat and barley flour can both producergiteresponses in susceptible
individuals on inhalation or ingestion. Ingestidnadheat and barley flour by coeliac disease
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sufferers will trigger a sensitivity response calibg the prolamin fraction of the storage
protein complex, gluten (reviewed in OGTR 2008a;T®z008b). There are no known
significant toxic properties of non-GM wheat orlegr(OGTR 2008a; OGTR 2008b). These
properties are not expected to be altered in thewbiglat and barley lines proposed for
release.

115. Although no toxicity studies on the GM wheat anddyaplant material or encoded
proteins have been performed all of the genesdntred into the GM wheat and barley lines,
with the exception of the two marker genes, weskated from either wheat or barley.
Therefore, the encoded proteins or end productwaespread in the environment and the
likelihood that the GM wheat or barley plants woa&lise allergenicity or toxicity to humans
or other organisms is no greater than for non-GMattor barley (see Chapter 1, Section
6.5).

116. The proposed limits and controls of the trial (Clead, Sections 3.2 and 3.3) would
minimise the likelihood of exposure of people atizeo organisms to GM plant materials.
The short duration and small size of the trial Wit the potential for exposure of humans
and animals to the GM plant tissues. Contact vathnhalation of, GM plant materials would
be limited to trained and authorised staff assediatith the field trial. Although preliminary
glasshouse studies suggest that some plants maydshiayed flowering, the applicant
proposes that any which show a delay in flowerihgnore than one month over that of the
non-GM parent plants will be removed from the fidltereby limiting the potential of
increased exposure to pollen that could result fppohonged flowering.

117. The proposed trial site will be surrounded by a high fence with access to the trial
site being via a locked gate and access to thanmaséarm is also restricted, which limits
exposure of the public and larger animals to the @&mt material. There is limited potential
for exposure of the public to plant materials vigdstion, skin contact or inhalation as no
plant material will be used as human food, anireatifor plant products. The short duration
(one growing season) and small size (46D afithe proposed trial would also limit the
potential for exposure to the GM plant material.

118. Conclusion: The potential for allergic reaction in people, axitity in people and other
organisms as a result of consumption of, contattt,werr inhalation of, GM plant materials
containing proteins encoded by the introduced gesretheir end products, as a result of the
genetic modification isot an identified risk and will not be assessed further.

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

119. Baseline information on the characteristics of vee@dgeneral, and the factors limiting
the spread and persistence of non-GM wheat and\ybgplnts in particular, is provided in the
review documentsThe biology offriticum aestivurlL. em Thell. (bread whea@nd ‘The
biology ofHordeum vulgaré.. (barley) (OGTR 2008a; OGTR 2008b). In summary, wheat
and barley share some characteristics with knowed#esuch as wind-pollination (although
both species are predominantly self-pollinating) &re ability to germinate and/or to produce
some seed in a range of environmental conditionsveé¥er, both species lack most
characteristics that are common to many weeds, asithe ability to produce a persisting
seed bank, rapid growth to flowering, continuousdsproduction, very high seed output, high
seed dispersal and long-distance seed dispersal.

120. Scenarios that could lead to increased spread ensisfence of the GM wheat and
barley lines include expression of the introducedes conferring tolerance to abiotic or
biotic stresses, or increasing the dispersal piaiesit GM plant materials. These events could
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lead to increased exposure of vertebrates (inciudeople), invertebrates and
microorganisms to the encoded proteins and theipeoducts.

Event 2: Expression of the introduced genes improving the survival of the GM wheat
and/or barley plants

121. Expression of the introduced plant genes for end@mnalerance to abiotic stress
tolerance, including to drought and soil boroninereased beta glucan could potentially
improve the survival of the GM wheat and/or ballegs. These GM lines have not

previously been grown in the field and therefor ithpact of the genetic modifications on
survival of the GM wheat and barley lines is unelséerised under field conditions. However,
a number of predictions can be made based on kdgelef the gene functions and their
predicted effect when expressed in the modifiedtglaPredictions can also be made based on
the observed phenotypes of the GM wheat and banley grown under glasshouse

conditions and comparing them to the phenotypé@hbn-GM wheat and barley plants.
These predictions are summarised in Chapter 1i0begib.2.

122. Delayed development, including a delay in floweriimge, has been seen in several of
the GM lines proposed for release. Several lin@sessing the transcription factor gene
displayed delays in growth and development whicly aiter the survival of the GM plants.
For example by altering, under field conditiongdeormancy, disease pressures or
outcrossing opportunities. The applicant has preg@number of conditions to limit and
control the release, including the removal of gahat display a prolonged delay in
flowering, post harvest monitoring and a 200 m zionehich no wheat or barley is grown.

123. The majority of the GM wheat and barley lines cangenes that are expected to
increase their ability to survive under conditiafi@biotic stress, such as drought and high
soil boron levels. There are some factors relet@ttte proposed trial that would limit the
potential effects of these introduced genes. Tipdiggnt states that the area proposed for the
release is believed to be free of soils with higlels of boron and does not appear to be
affected by dryland salinity (Chapter 1, Sectioh B). The applicant also states that the area
proposed for the release is not a drought proreg aithough it is in an area for which a
declaration of Exceptional Circumstances has récéeen made (see Chapter 1, Section
6.1). The degree of drought stress experienceddoy@mwill differ between growing seasons,
across local regions and can be affected by sod.ths discussed in the RARMP for

DIR 071/2006 and in Chapter 1, Section 5.2.7, &vlee to one abiotic stress can lead to
enhanced tolerance to environmental stressors titherthose for which they have been
modified, and therefore the expression of the thiced genes may confer additional
tolerances.

124. However, the survival of the GM wheat and barlegnd would still be limited by
temperature, low intrinsic competitive ability, nant availability, pests and diseases and
other environmental factors that normally limit g@ead and persistence of wheat and barley
plants in Australia (Slee 2003; Condon 2004). Fenrtiore, in the unlikely instance that cross
tolerance is conferred, the GM plants will moselikbe less fit as compared to other
commercially available wheat and barley varietiesduse of the potential
metabolic/physiological burdens (eg as discussdttatty 2001). For example, the wheat or
barley may have stunted growth, produce less saedshave a decreased ability to tolerate
competition from other plants.

125. The applicant has proposed limits and controlsitanrise the possibility of persistence
of the GM wheat and barley lines. They include stfarvest irrigation of the site to promote
germination of any GM seed that may be presentpastiharvest monitoring of the proposed
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site and destruction of any volunteers until no atle barley plants have been found on the
site for two years or until the site has been ctdarolunteers for one growing season.

126. The purpose of the proposed release is to condaof pf concept experiments with the
GM wheat and barley lines to assess growth and giehracteristics. Thus, any
characteristics that may impact on the survivabditthe GM plants including tolerance to
other abiotic stresses will be closely monitoredrduthe proposed trial.

127. The potential for increased allergenicity in peomi@oxicity in people and other
organisms as a result of contact with GM plant mial the encoded proteins or end
products has been considered in Event 1 and wasongtdered an identified risk.

128. Conclusion: The potential for increased weediness, allerggnanitoxicity due to
expression of the introduced genes improving theigal of the GM wheat and/or barley
plants isnot an identified risk and will not be assessed further.

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

129. Dispersal of reproductive GM plant materials, feaeple viable grain, could occur
through endozoochory, the activity of rodents ootigh extremes of weather such as
flooding or high winds. Dispersal of viable planatarial could result in increased allergic
reactions in people and toxicity to people or ottrgranisms, and persistence of the GM
wheat and barley lines in the environment. Theotdfef contact, inhalation or ingestion of
the GM wheat or barley lines have been assesdedant 1 and were not an identified risk.
The introduced genes improving survival of the Glieat and barley lines in the
environment was assessed in Event 2 and was alsd fmot to be an identified risk.

130. Seed production and dispersal characteristics@rexpected to be altered in the GM
lines compared to non-GM parental cultivars.

131. Cultivated wheat is generally considered to no értave seed dispersal mechanisms
(OGTR 2008b). However, barley seeds have spedgtlds on the spikelets structures and
seeds could potentially adhere to animals andltdthing of people (OGTR 2008a). The
proposed release site will be surrounded by a ¥cetone fence with access through a locked
gate limiting the possibility of seed dispersaldmy large animals which may be present on
the farm or by unauthorised people. Dispersal lii@ised people entering the proposed trial
site would be minimised by a standard conditioDtR licences which requires the cleaning
of all equipment used at the trial site, includahgthing.

132. Endozoochory has not been identified as a forneetiglispersal for barley or wheat in
the literature although viable wheat and barleyilsémve been detected in cattle dung. The
possibility of dispersal of GM plant materials byds was considered in detail in the previous
assessment for RARMP for DIR 071/2006 and barleyl skspersal by birds has been
considered in the ‘The Biology éfordeum vulgard.. (Barley)' (OGTR 2008a). To briefly
summarise, bird damage has been reported for vamelbarley crops although birds appear
to prefer softer plant parts, and are more likelgat the GM plants or grain on site rather
than carry them elsewhere for storage or consuméie reviewed in OGTR 2008a; OGTR
2008b).

133. Mice are known pests of grain crops (OGTR 2008aTR@008b). Different territory
sizes and movement between refuge areas and vibleatliave been estimated for mice
(Newsome 1969; reviewed in OGTR 2008a). Habitatiffeadion (for example, cultivation
and maintenance of grassland vegetation below Jthesibeen shown to reduce rodent
numbers in irrigated farming systems and macadanaizards in Australia, and in and around
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farm buildings (White et al. 1998; Central Sciehedoratory 2001; Brown et al. 2004).
Reduced plant cover has also been reported talb&earent to the movement of mice (Agri-
Facts 2002). The applicant has proposed severauresato limit and control rodent numbers
at the proposed release site. These include arodot@ared land of 5 m wide from the edge
of the proposed release and a 10 m wide mown zafj@cent to the cleared zone, in which
plant cover would be kept at or below 10 cm; theliapnt has also proposed placing rodent
baits inside the fence line.

134. Extremes of weather may cause dispersal of plaitg.gdowever, control measures
have been proposed by the applicant to minimigeedsal (see Chapter 1 Sections 3.2 and
3.3). These include locating the proposed releidsé&8 m away from natural water ways in
the event of flooding, and having a 200 m zone lictv there are no other wheat or barley
plants in the event of strong winds dispersingell

135. Conclusion: The potential for increased allergenicity, toxiaityweediness due to
dispersal of reproductive (sexual or asexual) Gdhpmaterials through various means,
including animals and extreme weather condition®isan identified risk and will not be
assessed further.

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

136. Vertical gene flow is the transfer of genetic imf@tion from an individual organism to
its progeny by conventional heredity mechanism#) bgexual and sexual. In flowering
plants, pollen dispersal is the main mode of géme {Waines & Hedge 2003). For GM
crops, vertical gene flow could therefore occursuacessful crosspollination between the
crop and neighbouring crops, related weeds or egtiants (Glover 2002).

137. Baseline information on vertical gene transfer asged with non-GM wheat and barley
plants is provided in the ‘The Biology @fiticum aestivuni. em Thell (Bread Wheat )’ and
‘The Biology ofHordeum vulgare.. (Barley)’ (OGTR 2008a; OGTR 2008b). In summary,
wheat and barley are predominantly self-pollinatmgl the chances of natural hybridisation
occurring with commercial crops or other sexuatiynpatible plants are low.

Event 4. Expression of the introduced genes and regulatory sequences in other
wheat and/or barley plants or in other sexually compatible plants

138. Transfer and expression of the introduced genesrfbanced abiotic stress tolerance,
including to drought and soil boron, in other whdxrley or sexually compatible plants
could confer a selective advantage to these plardsr conditions of environmental stress.
While it is unlikely that the GMOs will differ inhieir sexual reproduction characteristics from
the parent organism, the altered flowering timeeobsd in some lines expressing the
transcription factor gendaDREB2andTaDREB3genes could produce an advantageous
alteration in flowering synchronicity with sexualtlpmpatible plants in the area of the
proposed release.

139. As discussed in Event 2, the survival of the GM attend barley plants proposed for
release would be limited by a diverse range ofremvinental factors that normally limit the
spread and persistence of wheat and barley plaastralia. Therefore, expression of the
introduced genes in other wheat and barley plantddvalso result in plants limited by these
factors. The expression of the introduced geneshiar sexually compatible species is also
unlikely to give these plants a significant seletadvantage. The conditions that limit the
spread and persistence of any hybrids between mMnveat or barley and other sexually
compatible plants would be expected to limit theeapd and persistence of any hybrids
between the GM wheat or barley and other sexualtgpatible species.
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140. As discussed in Event 3 allergenicity to people txitity to people and other
organisms are not expected to be changed in thev@d&t and barley plants by the
introduced genes or regulatory sequences. Thideithe same if the introduced genes are
expressed in other wheat and barley plants. Silpiléithe introduced genes are expressed in
other sexually compatible species, allergenicity toxicity are not expected to be altered.

141. All of the introduced regulatory sequences are etgueto operate in the same manner
as regulatory elements endogenous to the whedatanely plants. While the transfer of either
endogenous or introduced regulatory sequences cesidt in unpredictable effects, the
impacts from the introduced regulatory elementdikedy to be equivalent and no greater
than the endogenous regulatory elements.

142. As discussed in the ‘The Biology ®fiticum aestivunL. em Thell (Bread Wheat )’ and
‘The Biology ofHordeum vulgaré.. (Barley)’, both wheat and barley are predomihasélf-
pollinating and any outcrossing occurs through waodination. Intraspecific gene flow has
been detected over much shorter distances forftfigldsize releases compared to commercial
scale, although gene flow levels are highly vagatdenerally, low levels of gene flow occur
up to 100 m for wheat with rare incidences occgranhgreater distances; barley gene flow
distances are less and gene flow has been meaguted0 m (reviewed in OGTR 2008a;
OGTR 2008b).

143. As discussed in ‘The biology dfriticum aestivuni. em Thell. (Bread Wheat)' (OGTR
2008b), there are few species outsideTthticum genus (for examplédegilops cylindrica,

A. ovata, Hordeum marinuandSecale cerea)ehat are sexually compatible with wheat and
which may be able form hybrids under natural coodg. However, any hybrids formed have
been largely sterile (see discussion in DIR 07182@hapter 2, Event 11).

144. The related species that the applicant has idedtdt or near the proposed release site
areS. cerealdrye), Triticale andHordeum leporinungbarley grass). The ability for wheat to
cross withS. cerealavas discussed in detail in DIR 071/2006 and it nated that there have
been non-peered reviewed reports of naturally ecauhybrids between wheat and rye in
Canada. Triticale is a forced hybrid of wheat ayeland to date there are no reports in the
literature of natural hybrids occurring betweetidale and wheat. A literature search did not
identify any natural or artificial hybrids of wheatdH. leporinum The weedy species
Hordeum marinunfsea barley) has also been collected in Southralissaround the
Adelaide regiof? and there is one report of possible hybridisatietween wheat and

H. marinumin nature (Guadagnuolo et al. 2001).

145. Hordeum vulgaressp spontaneuntknown as wild barley) is the only species that ca
cross with cultivated barley under natural conaisioVild barley is not found in Australia
(OGTR 2008a). There are no reports of cultivategattiorming hybrids with barley under
natural conditions (OGTR 2008b).

146. Therefore, the likelihood of gene flow from wheatiéarley (whether non-GM or GM)
to sexually compatible species and subsequent ptioduof fertile hybrids is low.

147. The applicant has proposed a number of measutsit@nd restrict the potential for
pollen flow and gene transfer to sexually compatfilbnts. These include a zone with
minimal vegetation (in which the land closest te fnoposed release is cleared of vegetation)
and a 200 m zone free of wheat and barley plantsitee removal of plants that display a
prolonged delay in flowering. The applicant haddated that for the 2008-2009 growing

' http://www.anbg.gov.au/aviifublic Access Map Search Interface accessed B&eb
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season there will be approximately 1000 m betwher@M wheat and other wheat plants
which may be planted in barley breeding trial pletsere there is insufficient barley to fill all
the required area. Any wheat plants used for thip@se would be destroyed after harvest.
The applicant also indicated that there will beareeat breeding trials planted in the 2008-
2009 growing season. The applicant proposes gairithe site after harvest to encourage
germination of any seedbank and to perform postdsamonitoring of the site for twenty

four months or until the site has been clear otimtders for one growing season; and destroy
any volunteer plants found. These proposed contvoldd reduce the already low likelihood
of gene flow from the GMOs to other wheat, barleyadated species resulting in expression
of the introduced genes.

148. Conclusion: The potential for increased weediness, allerggnanitoxicity due to
expression of the introduced genes and regulataryences in other wheat and/or barley
plants or in other sexually compatible plantadas an identified risk and will not be assessed
further.

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

149. Horizontal gene transfer is the movement of geriefarmation (DNA) between
sexually unrelated organisms (Thomson 2000). Irctreext of genetic modification, a major
concern has been whether DNA introduced into coopsd transfer into bacteria in the soll
or into the cells of organisms that may eat th@srélorizontal gene transfer has been
considered in previous RARMPs (including in detaiDIR 057/2004), which are available
from the OGTR website <http://www.ogtr.govzaar by contacting the Office. These
assessments have concluded that horizontal gemsddrdrom plants to other sexually
incompatible organisms occurs rarely and usually on evolutionary timescales. There are
no more recent reviews that alter this conclusion.

Event 5. Presence of the introduced genes, or the introduced regulatory sequences,
in unrelated organisms as aresult of gene transfer

150. The probability of transferring the introduced geaad regulatory sequences contained
in the GM wheat and barley plants is no greaten that of transferring any of the native
genes. Non-GM wheat and barley contain homologé@iel of the introduced wheat and
barley genes and the regulatory sequences aravalsspread in the environment. Therefore
these genes and regulatory sequences are alreaitibdey for transfer via demonstrated
natural mechanisms (Chapter 1 Section 5.3).

151. Reports of horizontal gene transfer from plantsaoteria occurring during laboratory
experiments have relied not only on the use oflizigimilar sequences to allow homologous
recombination to occur, but also on conditions giesdl to enhance the selective advantage of
gene transfer events (Mercer et al. 1999; Gebhatinglla 1998; Nielsen et al. 2000;

Nielsen 1998; De Vries et al. 2001). This sugg#ssthe likelihood of natural transfer is
remote.

152. The safety of the protein product(s) resulting fritv@ expression of the introduced
gene(s) rather than horizontal gene trang&rseis a key consideration in the risk
assessment process (Thomson 2000). If the protedupts are not associated with any risk
to humans, animals or the environment then, eveinerunlikely event of horizontal transfer
occurring, they should still not pose any such.riskents 1-3 (associated with the encoded
proteins or end products) were not considered ifilettrisks.

153. Conclusion: The potential for an adverse outcome as a restibofontal gene transfer
is not an identified risk and will not be assessed further.
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2.5 Unintended changes in biochemistry, physiology or ecology

154. All methods of plant breeding can induce unanti@gdachanges in plants, including
pleiotropy'® (Haslberger 2003). Gene technology has the pafentcause unintended effects
due to the process used to insert new genetic mbaberby producing a gene product that
affects multiple traits. Such pleiotropic effectayrinclude:

+ altered expression of an unrelated gene at thefitsertion

+ altered expression of an unrelated gene distatihetgite of insertion, for example,
due to the encoded protein of the introduced glaeging chromatin structure,
affecting methylation patterns, or regulating sigrensduction and transcription

+ increased metabolic burden associated with higél lexpression of the introduced
gene

+ novel traits arising from interactions of the pintencoded by the introduced gene
product with endogenous non-target molecules

+ secondary effects arising from altered substrajgaduct levels in the biochemical
pathway incorporating the protein encoded by th®duced gene.

155. Such unintended pleiotropic effects might resukhdverse outcomes such as toxicity or
allergenicity; weediness, pest or disease burdereduced nutritional value as compared to
the parent organism. However, accumulated expeziaiit genetic modification of plants
indicates that, as for conventional (non-GM) bragdgirograms, the process has little
potential for unexpected outcomes that are notctkxieand eliminated during the early stage
of selecting plants with new properties (Bradfor@le 2005).

Event 6: Changes to biochemistry, physiology or ecology of the GM wheat and
barley lines resulting from altered expression or random insertion of the
introduced genes

156. Some altered physiology has been observed in thevG&ht and barley lines under
glasshouse conditions as outlined in Chapter 1j@eb.5.2. Considerations relevant to
altered biochemistry, physiology and ecology iratien to expression of the introduced genes
have already been discussed in Events 1 to 3, anel mot considered identified risks.

157. Gene silencing, and/or reduced or no expressi@mobgenous and introduced genes,
has been observed in plants genetically modifigtl dlditional copies of endogenous genes.
In gene silencing, the introduced genes may beesspd but the messenger RNA is degraded
before protein translation (reviewed in Bruenin@8p As the proposed release is early stage
research information on the levels of expressetepras not available for all lines.

158. The barley lines expressing tBetl1gene contain a 50 kb insert of genomic DNA. This
region of genomic DNA originates from the Algeribarley landrace Sahara 3771 and
contains four putative repetitive elements whiah dpplicant indicates are common to non-
coding regions of the barley genome. It is not kndww this region of DNA will function in
the Botl expressing GM barley lines. However, it is noteoted that the introduction of this
region of genomic DNA would behave differently tdlB introduced during traditional plant
breeding.

159. The applicant has indicated that plants with aydeldlowering of more than one
month, compared to parent plants, will be removethfthe site and destroyed. The

16 pleiotropy is the effect of one particular geneotimer genes to produce apparently unrelated, pheilti
phenotypic traits (Kahl 2001).
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likelihood of any pleiotropic effects causing adseeffects is minimised by the limits and
controls outlined in Chapter 1, Sections 3.2 aldd 3.

160. Conclusion: The potential for an adverse outcome as a resalt@fed changes in
biochemistry, physiology or ecologyn®t an identified risk and will not be assessed
further.

Event 7. Altered biochemistry or ecology of the surrounding environment as a result
of growing the GM wheat and barley lines

161. Changes in the biochemistry or ecology of the surding environment could result as
an indirect effect from the expression of the idtrced genes for boron tolerance or increased
beta glucan.

162. The Botlgene which has been introduced into some of theypplants acts as an
active efflux pump in the roots of the plantsslpossible that, in areas of high soil boron
when the efflux pump is working to maintain accéddevels of boron in the plant, small
local changes in soil boron concentration may addowever, the applicant has indicated
that the soils at the proposed release site arbiglotin boron and the proposed release is a
small scale release with only three lines out eftthirty proposed for release containing the
introducedBotlgene. Boron is also commonly present in the enmirent and the soils of the
Australian wheat belt display natural variatiorboron levels (Refer to Chapter 1, Section
5.2.1).

163. After the plants are harvested it is proposeditiatesidual plant material be ploughed
into the soil. It is possible that the expressibthe introducedCsIF4, CslIFéandCsIF8genes
may alter the time taken by the remaining plantemakto decompose in the soil due to the
potentially higher beta glucan levels. Beta glusgmthesis occurs in cells during the
elongation phase and beta glucan in the cell vb&iigns to degrade when cell elongation
ends (Chapter 1, Section 5.2.4). Glasshouse #f@lw that the GM lines have 3.7 to 5.0%
(w/w) beta glucan in the leaf tissue and 5.7 t&®(&/w) beta glucan in the grains, where in
non-GM plant tissues it is 1% (w/w) and 4.6 to 5.(0®w), respectively (information
provided by the applicant). After hand harvesthef plants, the applicant proposes to plough
no more than 10 cm of stem material into the grolvhature stem stubble would be expected
to have lower levels of beta glucan than activebmgng plant tissues as the beta glucan
levels in the cells of mature stems would be exqubtd be largely degraded. Beta glucan is
not toxic as discussed in Event 1.

164. The likelihood of any adverse effects resultinganges in the biochemistry or

ecology of the surrounding environment as an irdlieéfect from the expression of the
introduced genes for boron tolerance or increas¢a glucan is unlikely. The likelihood will
be further minimised by the limits and controls &pter 1, Sections 3.2 and 3.3) proposed for
the release.

165. Conclusion: The potential for an adverse outcome as a resulhiotended changes in
biochemistry or ecology of the surrounding envir@mtisnot an identified risk will not be
assessed further.

2.6 Unauthorised activities
Event 8: Use of GMOs outside the proposed licence conditions (non-compliance)

166. If a licence were to be issued, non-compliance tighproposed conditions of the
licence could lead to spread and persistence dstevheat and barley lines outside of the
proposed release areas. The adverse outcomehithavént could cause are discussed in the
sections above. The Act provides for substantiabfiees for non-compliance and
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unauthorised dealings with GMOs. The Act also rexpithat the Regulator has regard for the
suitability of the applicant to hold a licence prio the issuing of a licence. These legislative
provisions are considered sufficient to minimisksifrom unauthorised activities.

167. Conclusion: The potential for an adverse outcome as a resulbafithorised activities
is not an identified risk and will not be assessed further.

Section 3 Risk estimate process and assessment of significant risk

168. The risk assessment begins with a hazard identdic@rocess to consider what harm to
the health and safety of people or the environmeutd arise during this release of GMOs
due to gene technology, and how it could happeopmparison to the non-GM parent
organism and in the context of the proposed recgienvironment.

169. Eight events were identified whereby the propossalidgs might give rise to harm to
people or the environment. This included considenadf whether, or not, expression of the
introduced genes could result in products that@e or allergenic to people or other
organisms; alter characteristics that may impadherspread and persistence of the GM
plants; or produce unintended changes in theim@ngstry or physiology. The opportunity
for gene flow to other organisms and its effecthi occurred was also assessed.

170. A risk is only identified when a hazard is consideredawe some chance of causing
harm. Events that do not lead to an adverse outconmuld not reasonably occur, do not
represent an identified risk and do not advancefartiger in the risk assessment process.

171. The characterisation of the eight events in retat@mboth the magnitude and probability
of harm, in the context of the control measureppsed by the applicant, did not give rise to
any identified risks that required further assesgmEhe principle reasons for this include:

. the limits on the size, location and duration & thlease proposed by The University of
Adelaide

. suitability of controls proposed by The UniversifyAdelaide to restrict the
dissemination or persistence of the GM wheat am@gyplants and their genetic
material

. limited capacity of the GM wheat and barley linespread and persist in the areas
proposed for release

. limited ability and opportunity for the GM wheatdbarley lines to transfer the
introduced genes to commercial wheat or barleysmmther sexually related species

. none of the GM plant materials or products willused in human food or animal feed

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

172. Therefore, any risks of harm to the health andtgafepeople, or the environment, from
the proposed release of the GM wheat and barleg limto the environment are considered to
benegligible. Hence the Regulator considers that the dealings involrdtis proposed
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limited and controlled release of GM wheat anddyadb not pose a significant riskto the
health and safety of people or to the environfent

Section 4 Uncertainty

173. Uncertainty is an intrinsic property of risk andoigsent in all aspects of risk analysis,
including risk assessment, risk management anccaskmunication. Both dimensions of risk
(i.e. consequence and likelihood) are always uagetb some degree.

174. Uncertainty in risk assessments can arise fromnipdete knowledge or inherent
biological variability’®. For field trials, because they involve the coridifaesearch, some
knowledge gaps are inevitable. This is one redsey are required to be conducted under
specific limits and controls to restrict the spread persistence of the GMOs and their
genetic material in the environment, rather thacessarily treating an identified risk.

175. For DIR 077/2007 which involves proof of conceaarch, uncertainty exists in
relation to the characterisation of:

+ Event 1, regarding potential increases in allerggnor toxicity through contact with
plant material containing proteins encoded by theduced genes or their end products

+ Event 2, associated with a potential for increasestival of the GMOs; and

+ Event 6, due to incomplete information on the 5@kbarley genomic DNA inserted in
the GMOs with théBotlgene.

176. Additional data including information to addresegh uncertainties, would be required
to assess possible future applications for a laggale trial, reduced containment conditions,
or the commercial release of any of these GM whadtbarley lines that may be selected for
further development.

177. Chapter 3, Section 5 discusses the additionaltdatamay be required for future
releases.

7 As none of the proposed dealings were considergdse a significant risk to people or the envirentn
section 52(2)(d)(ii) of the Act mandates a minimpemiod of 30 days for consultation on the RARMP.
However, the Regulator allowed up to 6 weeks ferrdteipt of submissions from prescribed expegsneies
and authorities and the public.

18 A more detailed discussion is contained in theuRaigr'sRisk Analysis FrameworfOGTR 2007) available
at <http://www.ogtr.gov.au/pubform/riskassessméitts> or via Free call 1800 181 030.
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Chapter 3 Risk management

178. Risk management includes evaluation of risks idieatin Chapter 2 to determine
whether or not specific treatments are requiremita@gate harm to human health and safety,
or the environment, that may arise from the progaséease. Other risk management
considerations required under the Act are alsoesded in this chapter. Together, these risk
management measures are used to inform the deosa&ing process and determine licence
conditions that may be imposed by the Regulatoeutite Act. In addition, the roles and
responsibilities of other regulators under Aus#ralintegrated regulatory framework for gene
technology are explained.

Section 1 Background

179. Under section 56 of the Act, the Regulator mustissiie a licence unless satisfied that
any risks posed by the dealings proposed to beas#u by the licence are able to be
managed in a way that protects the health andysafgteople and the environment. All
licences are required to be subject to three ciomditprescribed in the Act.

180. Section 63 requires that each licence holder infgi®evant people of their obligations
under the licence. Other mandatory statutory canmtitcontemplate the Regulator
maintaining oversight of licensed dealings. Fomegke, section 64 requires the licence
holder to provide access to premises to OGTR mmitnd section 65 requires the licence
holder to report any information about risks omiended effects of the dealing to the
Regulator on becoming aware of them. Matters rélaighe ongoing suitability of the
licence holder are also required to be reportetigédregulator.

181. It is a further requirement that the licence bgectito any conditions imposed by the
Regulator. Examples of the matters to which coodgimay relate are listed in section 62 of
the Act. Licence conditions can be imposed to lamtl control the scope of the dealings and
the possession, supply, use, transport or dispdsae GMO for the purposes of, or in the
course of, a dealing. In addition, the Regulata érensive powers to monitor compliance
with licence conditions under section 152 of the. Ac

Section 2 Responsibilities of other Australian regulators

182. Australia's gene technology regulatory system dperas part of an integrated
legislative framework avoids duplication and enlencoordinated decision making. Other
agencies that also regulate GMOs or GM produclisidecFSANZ, APVMA, Therapeutic
Goods Administration (TGA), National Health and Nt=d Research Council (NHMRC),
National Industrial Chemicals Notification and Assment Scheme (NICNAS) and AQIS.
Dealings conducted under a licence issued by tigrilREr may also be subject to regulation
by one or more of these agencies

183. The Gene Technology Act 200€quires the Regulator to consult these agencigsgl

the assessment of DIR applicatiombe Gene Technology (Consequential Amendments) Act
2000requires the agencies to consult the Regulatah®purpose of making certain
decisions regarding their assessments of prodoatsate, or contain a product from, a GMO.

9 More information on Australia's integrated regatgtframework for gene technology is containedchieRisk
Analysis Frameworkvailable from the Office of the Gene Technologg®&ator. Free call 1800 181 030 or at
<http://www.ogtr.gov.au/pdf/public/raffinal2.2.pelf
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184. FSANZ is responsible for human food safety assessnmeluding GM food. As the

trial involves early stage research, the applickets not intend any material from these GM

wheat and barley lines to be used in human foodoAtingly the applicant has not applied to
FSANZ for evaluation of any of the GM wheat lines @tise in human food. FSANZ approval
would need to be obtained before they could be irsézbd.

185. No other approvals are required.

Section 3 Risk treatment measures for identified risks

186. The risk assessment of events listed in Chapten2laded that there aregligible

risks to people and the environment from the preddsal of GM wheat and barley. The
Risk Analysis FramewoifOGTR 2007), which guides the risk assessmentiakd r
management process, defines negligible risks abatantial with no present need to invoke
actions for their mitigation.

187. These events were considered in the context cddake of the proposed release (an area
of 400 nf in one growing season, between June 2008 and2D@% on one site in the South
Australian local government area of Marion), thatainment measures (Chapter 1,

Section 3) and the receiving environment (see @ndpSection 6).

Section 4 General risk management

188. Licence conditions have been proposed to contetiesemination and persistence of
the GMOs and their genetic material in the envirentrand limit the release to the size,
location and duration requested by the applicaoth®f these considerations were important
in establishing the context for the risk assessrardtin reaching the conclusion that the risks
posed to people and environment are negligible.chmelitions are detailed in the licence and
summarised in Sections 4.1.2 and 4.1.3.

4.1 Licence conditions
4.1.1 Consideration of limits and controls proposed by The University of Adelaide

189. Sections 3.2 and 3.3 of Chapter 1 provide detéiteelimits and controls proposed by
The University of Adelaide in their application,dadiscussed in the characterisation of events
in Chapter 2. The appropriateness of these limmitsantrols are considered further below.

190. The release will be confined to one site, whichuosavithin a farm owned by The
University of Adelaide and staffed by personnel w¥ilh receive appropriate training in
practices relevant to the handling and dispos@Mfs. The release site will also be
surrounded by a 1 m high fence to restrict acae#iset site by humans and large animals
limiting both exposure to and dispersal of GM plaraterial outside the proposed release site
(Event 3).

191. The applicant does not intend to use any of thegkvit material as human food or
animal feed. This will limit the potential exposwkhumans and vertebrates to the GMOs
(Event 1) and the potential dispersal of the GMBgit 3).

192. The applicant’s proposals to limit gene flow frone tGM wheat and barley (Event 4)
include: surrounding the proposed release site avithm wide border of non-GM barley
plants to act as a physical barrier; and a 200 me #o which no wheat or barley plants are
grown.

193. In wheat, differences in pollen flow have been obse between field and commercial
trial size releases. For small scale trials, lot@saf outcrossing occur up to 100 m with rare
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occurrences up to 300 m, while at the commerciakesgene flow was found up to 2720 m
from the pollen source. In barley, differences atfign flow between field and commercial
trial size releases have also been documented. awevels of gene flow are lower than
those found for wheat. A small field scale barleglthas shown low levels of gene flow over
a maximum distance of 10 m and at the commercéaésg to 60 m.

194. Field trial releases of GM wheat in Canada reqaiB® m isolation distance between the
GM plants and other wheat plants, while in the ehiStates the isolation distance is reduced
to 20 feet (approximately 6.1 m) (USDA-APHIS 19@4gnadian Food Inspection Agency
2006). In both Germany and Italy trials with GM vali@lants are required to be surrounded
by a 5 m strip of plants, and in addition Germagyuires a separation distance of 20 m
(Directorate General for the Environment & Europ€ammission 2004b; Directorate
General for the Environment & European Commissiod4e; Directorate General for the
Environment & European Commission 2006). A fieidltrelease of GM barley in Iceland
requires a separation distance of at least 30@m 6@ther barley fields (Directorate General
for the Environment & European Commission 2004a).

195. Both basic and certified wheat and barley seedustialia is separated from other
cereals by at least a two metre strip or a phy&iaaier such as a fence to prevent any
mixture of seed during harvest (Smith & Baxter 2002e acceptable level of off-types or
other cultivars of the same species are 0.1% fsiclseed and 0.3% for certified seed. Basic
seed allows no contamination from other cerealisgaghile in certified seed other cereal
seeds may be present at a level of one seed ig Bverthousand (Smith & Baxter 2002).
The OECD rules relating to the production of basid certified seed from self-pollinated
cereal state the same requirements (OECD 2008)Unfted States federal seed regulations
do not specify an isolation distance for either ath@r barley used for seed production.
However, for hybrid seed production a distanceQff &et (approximately 100 m) is
specified for both wheat and barley (Code of Fddeegulations 2006).

196. When considering the scientific literature, intdromaal containment measures for GM
wheat and barley trials, and the rules for prodydiasic and certified seed, a 200 m isolation
zone should minimise gene flow from the GM wheat barley plants to other wheat and
barley plants (Event 4).

197. The 1 m wide border of non-GM barley plants proplosg the applicant is suggested as
a physical barrier. Relatively high rates of geloa/f(0.8%) have been recorded for barley
plants that are in physical contact with the rdtgeme flow decreasing when separation
distance increases (OGTR 2008a). However, the fuskysical barrier plants is not expected
to effectively reduce pollen dispersal by wind. fidfere, the requirement of a 1 m wide
physical barrier is not imposed as a licence caydis it is considered that the 200 m
isolation zone is adequate to minimise gene flole &pplicant intends to use the physical
barrier plants to gather data on the level of geove from the GM barley plants. If any non-
GM plants are planted with the release they mustdaged as GM plants.

198. The zones of cleared land and mown vegetation gexpby the applicant (refer to
Figure 2 for details) will serve as a measure tatrmd rodent damage/feeding at the release
site that might result in dispersal of the GMOsd#iv3). Whilst there are differing reports
regarding the average territory size of mice, the af reduced vegetation and short grassland
vegetation have been shown to help reduce rodenbers in agricultural settings (referred to
as habit modification in Event 3). In a previousRAP (DIR 071/2006), a 10 m monitoring
zone with reduced vegetation has been consideriee &m effective measure to deter rodents
from entering the GM wheat site. Combined with madeaits placed around the perimeter of
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the release site, these control measures will fsgmitly limit the number of rodents entering
the release site.

199. The applicant has proposed a number of conditiemsinimise the persistence of any
GM wheat and barley plants at the proposed relgigsafter harvest of the proposed trial
(Event 3) via the introduction of GM wheat and bgrseeds into the seed bank. These
conditions include hand harvesting of plants toimise seed spillage, ploughing in residual
straw left after harvest, followed by a singlegation of the site a month after the final plants
have been harvested and destruction of any plamtdwvihave germinated. After the harvest of
the plants at the proposed release site, the applias proposed to monitor the proposed
release site for 24 months or until the site hanlmear of any volunteers for one growing
season. All volunteers will be destroyed by handimior by herbicide application.

200. Viable wheat seeds have been detected in thesmillonger periods under dry
conditions than under moist conditions. The minimexel of moisture necessary for
germination of wheat seeds is 35 to 45% of the ddadry weight (OGTR 2008b). In field
studies of wheat, volunteer seedlings were stikigimg 16 months after harvest and
seedlings were observed 2 years after harvest (Aadek Soper 2003). Shallow tillage after
harvest, followed by irrigation, will germinate ntuof the small grain seed lying on the
surface (Ogg & Parker 2000). However, deep cultivain certain soil types can prevent
emergence by encouraging prolonged dormancy insseed result of low oxygen
availability but can also reduce the viability biesl seeds (Pickett 1989; Ogg & Parker 2000).
Exposure to periods of rain interspersed with dnyditions may encourage germination in
grains on the soil surface.

201. It is considered that three irrigations, combinethwllage to the depth of the initial
cultivation, and monitoring for and destructionvofunteers would more effectively reduce
survival and persistence of viable wheat and basésds in the soil at the completion of the
release than a single irrigation. The initial iatign should take place at the time that residual
straw is ploughed into the soil will encourage aoef seed to germinate. The second irrigation
at least 28 days after will further assist volunteed germination. The third irrigation to
occur 10 to 18 months after the proposed triabivésted is designed to encourage
germination of any remaining viable seed that mayehbeen placed at too greater a depth for
germination to be encouraged by pervious irrigadeents. These measures will minimise the
persistence of the GMOs in the environment (Evént 2

202. As viable wheat seeds have been observed to persisil for periods greater than one
growing season the imposed licence condition fat parvest monitoring of the release site
states that after harvest of the trial plants glease site must be monitored for at least 24
months with no volunteers observed in the mostesi@ months. This monitoring period
needs to be completed before an application tisgeiction conditions no longer apply can be
made to the Regulator. These measures will minithisgersistence of the GMOs in the
environment (Event 2).

203. The applicant has stated that any plant matetkaintaff-site for experimental analysis
will be transported according to the OGTRidelines for the transport of GMOs, July 2007
(http://www.ogtr.gov.au/pubform/handbook.htm#guide$ and will be destroyed by
autoclaving or steam sterilization immediately aftealysis. These are standard protocols for
the handling of GMOs to minimise exposure of the @Gk human and other organisms
(Event 1), dispersal into the environment (Even@aBd gene flow/transfer (Event 4).
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4.1.2 Summary of measures imposed by the Regulator to limit and control the
proposed release

204. A number of licence conditions have been imposduahtib and control the release,
which are described in detail in the licence. Thaskide requirements to:

+ conduct the release at one site of up to 48rthe local government area of Marion,
South Australia, between June 2008 and June 2009

+ establish a 10 m monitoring zone around the tiialthat is free of any related species
and maintained in a manner that does not attralcddrour rodents

+ Mmaintain an isolation zone of at least 200 m arcesuch trial site free of any sexually
compatible species

+ enclose the trial site within a 1 m high fence wittkable gates and placing rodent
baits within the fenced area

+ locate the trial site at least 50 m away from retwaterways

+ harvest the GM wheat and barley plant materialdydnand separately from other
crops

+ not permit any materials from the release to bel iséduman food or animal feed
+ destroy all plant materials not required for furthealysis
+ clean all equipment, including clothing, used om site

+ after harvest, apply measures to promote germmati@any wheat and/or barley seeds
that may be present in the soil

+ monitor the site for at least 24 months and destrgywheat and/or barley plants that
may grow until no volunteers are detected for aioaous 6 month period.

4.1.3 Measures to control other activities associated with the trial

205. The Regulator has issued guidelines and policiethtransport and supply of GMOs
(Guidelines for the transport of GMOs, July 2007{i€&pon transport and supply of GMOs,
July 2005. Licence conditions based on these guidelinespatidies have been imposed
regarding transportation and storage, and to cbptssession, use or disposal of the GMOs
for the purposes of, or in the course of, the augld dealings.

206. Conditions applying to the conduct of experimeatalyses are also included in the
licence conditions.

4.2 Other risk management considerations

207. All DIR licences issued by the Regulator contamuanber of general conditions that
relate to general risk management. These includesXample:

. applicant suitability
. contingency and compliance plans
. identification of the persons or classes of persmvered by the licence

. reporting structures, including a requirement forim the Regulator if the applicant
becomes aware of any additional information abiskisrto the health and safety of
people or the environment

. a requirement that the applicant allows accessadrial sites by the Regulator, or
persons authorised by the Regulator, for the perpbsnonitoring or auditing.
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4.2.1 Applicant suitability

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

+ any relevant convictions of the applicant (bothviduals and the body corporate)

+ any revocation or suspension of a relevant licamgeermit held by the applicant
under a law of the Commonwealth, a State or agareountry

+ the applicant's history of compliance with previapproved dealings
+ the capacity of the applicant to meet the condgiohnthe licence.

209. On the basis of information submitted by the aplicand records held by the OGTR,
the Regulator considers The University of Adeladdable to hold a licence.

210. The licence conditions include a requirement ferltbence holder to inform the
Regulator of any circumstances that would affeeirtbuitability or their capacity to meet the
conditions of the licence.

211. The University of Adelaide must continue to haveess to a properly constituted
Institutional Biosafety Committee and be an acdegiorganisation under the Act.

4.2.2 Compliance and contingency plans

212. Prior to planting the GM wheat and barley linese Tniversity of Adelaide is required
to submit a plan detailing how it intends to enstompliance with the licence conditions and
to document that compliance.

213. The University of Adelaide is required to submdantingency plan to the Regulator
within 30 days of the issue date of the licences Plan would detail measures to be
undertaken in the event of any unintended presehttee GM wheat and barley lines outside
of the permitted areas.

214. The University of Adelaide is also required to pdeva method to the Regulator for the
reliable detection of the presence of the GMOstardntroduced genetic materials in a
recipient organism. This instrument is requirechmit30 days of the issue date of the licence.

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

215. The persons covered by the licence are the lickaltker and employees, agents or
contractors of the licence holder and other persdnsare, or have been, engaged or
otherwise authorised by the licence holder to uiatterany activity in connection with the
dealings authorised by the licence.

4.2.4 Reporting structures

216. The licence obliges the licence holder to immedlateport any of the following to the
Regulator:

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

. any contraventions of the licence by persons calvbyethe licence
. any unintended effects of the trial.

217. The licence holder is also obliged to submit an dairReport within 90 days of the
anniversary of the licence containing any informatiequired by the licence, including the
results of inspection activities.
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218. A number of written notices are required underlitence that will assist the OGTR in
designing and implementing a monitoring programaibficensed dealings. The notices
include:

. expected and actual dates of planting
. expected and actual dates of commencement of flogrer

. expected and actual dates of final destroying #ahing at the end of the trial.
4.2.5 Monitoring for Compliance

219. The Act stipulates, as a condition of every licernhbat a person who is authorised by
the licence to deal with a GMO, and who is requieedomply with a condition of the

licence, must allow inspectors and other persottsoaised by the Regulator to enter premises
where a dealing is being undertaken for the purpbdseonitoring or auditing the dealing.
Post-release monitoring continues until the Reguliatsatisfied that all the GMOs resulting
from the authorised dealings have been removed themelease site.

220. If monitoring activities identify changes in theks associated with the authorised
dealings, the Regulator may also vary licence dadi, or if necessary, suspend or cancel
the licence.

221. In cases of non-compliance with licence conditidhe,Regulator may instigate an
investigation to determine the nature and extemoofcompliance. These include the
provision for criminal sanctions of large fines Zardmprisonment for failing to abide by the
legislation, conditions of the licence or direcsdnom the Regulator, especially where
significant damage to health and safety of peopla® environment could result.

Section 5 Issues to be addressed for future releases

222. Additional information has been identified that mM@gy/required to assess an application
for a large scale or commercial release of anjhe$¢ GM wheat and barley lines that may be
selected for further development, or to justifyeduction in containment conditions. This
includes:

+ characterisation of the introduced genetic matamighe plants, including gene copy
number and genotypic stability, and additional infation on the 50 kb insert present in
some of the GM barley lines

+ additional data on the potential toxicity of plamaterials from the GM wheat and barley
lines

+ additional data on the allergenicity of proteins@ied by the introduced genes for
enhanced tolerance to abiotic stresses or incrdsstadylucan; and

+ characteristics indicative of weediness includingasurement of altered reproductive
capacity; tolerance to environmental stressespsehse susceptibility.

Section 6 Conclusions of the RARMP

223. The risk assessment concludes that this proposeted and controlled release of up to
30 GM wheat and barley lines on a maximum totah @fe400 M over one growing season in
the South Australian local government area of Maposesiegligible risks to the health and
safety of people and the environment as a resigené technology.

224. The risk management plan concludes that thesegitelglirisks do not require specific
risk treatment measures. If a licence were to fieeid, conditions are proposed to restrict the
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proposed release to the size, location and duragignested by the applicant as these were
important considerations in establishing the canfi@xassessing the risk

Chapter 3 - Risk management (June 2008) 45



DIR 077/2007 - Risk Assessment and Risk Management Plan Office of the Gene Technology Regulator

References

ABB Grain (2006). Flagship malting barley. AAB &ar.

Anderson, R.L., Soper, G. (2003). Review of volenteheat Triticum aestivurhseedling
emergence and seed longevity in sélked Technologl7: 620-626.

Arts, J., Mommers, C., de Heer, C. (2006). Dospaase relationships and threshold levels
in skin and respiratory allerg@ritical review in Toxicology6: 219-251.

Bhalla, P.L., Ottenhof, H.H., Singh, M.B. (2006) h@at transformation - an update of recent
progressEuphytical49 353-366.

Blattner, F.R., Plunkett, G., Bloch, C.A., Pernal NBurland, V., Riley, M., Collado-Vides,
J., Glasner, J.D., Rode, C.K., Mayhew, G.F., GregomDavis, N.W., Kirkpatrick, H.A.,
Goeden, M.A., Rose, D.J., Mau, B., Shao, Y. (199 complete genome sequence of
Escherichia colK-12. Science77. 1453-1462.

Bradford, K.J., van Deynze, A., Gutterson, N., BaW., Strauss, S.H. (2005). Regulating
transgenic crops sensibly: lessons from plant lingedbiotechnology and genomics. Nature
Biotechnology 23[4], 439-444.

Brennan, C.S., Cleary, L.M. (2005). The potentsd of cereal (1->3),(1->4)-3-D-glucans as
functional food ingredientdournal of Cereal Scienc&: 1-13.

Brennan, R.F., Adcock, K.G. (2004). Incidence ofdsotoxicity in spring barley in
southwestern Australidournal of Plant Nutritior27: 411-425.

Brown, P.R., Davies, M.J., Singleton, G.R., Crdff). (2004). Can farm-management
practices reduce the impact of house mouse popofatn crops in an irrigated farming
systemWildlife Researcl31: 597-604.

Bruening, G. (1998). Plant gene silencing reguétiProceeding of the National Academic
of Science, USA5: 13349-13351.

Buckeridge, M.S., Rayon, C., Urbanowicz, B., TiNeA., Carpita, N.C. (2004). Mixed
Linkage (1'3),(1'4)-beta-d-Glucans of Grass€sreal Chemistrgl: 115-127.

Buckeridge, M.S., Vergara, C.E., Carpita, N.C. @99 he mechanism of synthesis of a
mixed-linkage (1->3),(1->4f-D-glucan in maize. Evidence for multiple sites bfapsyl
transfer in the synthase compl&tant Physiology120: 1105-1116.

Burton, R.A., Wilson, S.M., Hrmova, M., Harvey, A.$hirley, N.J., Medhurst, A., Stone,
B.A., Newbigin, E.J., Bacic, A., Fincher, G.B. (B)0Cellulose synthase-likesIF genes
mediate the synthesis of cell wall (1,3;1,4)-3-Degins Science311 1940-1942.

Burton, R.A., Jobling, S.A., Harvey, A.J., Shirlé&y,J., Mather, D.E., Bacic, A., Fincher,
G.B. (2008). The genetics and transcriptional peefof the cellulose synthase-like HvCsIF
gene family in barleyHordeum vulgard..). Plant Physiologyl07.

References (June 2008) 46



DIR 077/2007 - Risk Assessment and Risk Management Plan Office of the Gene Technology Regulator

Caimi, P.G., McCole, L.M., Klein, T.M., Hershey,H.(1997). Cytosolic expression of the
Bacillus amyloliquefaciens SagBotein inhibits tissue development in transgeakatco
and potatoNew Phytoll36. 19-28.

Caimi, P.G., McCole, L.M., Klein, T.M., Kerr, P.8.996). Fructan accumulation and sucrose
metabolism in transgenic maize endosperm expresddagillus amyloliquefaciens SacB
gene.Plant Physioll10: 355-363.

Canadian Food Inspection Agency (2006). Addendumdims and conditions for confined
research field trials of wheatjticum aestivuni.); Terms and conditions 2006.
http://www.inspection.gc.ca/english/plaveqg/bio/eitfh/2006/triturge.shtml

Cartwright, B., Zarcinas, B., Mayfield, A. (1984)oxic concentrations of boron in a red-
brown earth at Gladstone, South Austrafiastralian Journal of Soil Resear@2: 261-272.

Cartwright, B., Zarcinas, B.A., Spouncer, L.R. (628orn toxicity in South Australian
barley cropsAustralian Journal of Agricultural Researd7: 351-359.

Central Science Laboratory (2001). Final projepbré Control of rat populations withou the
use of pesticides. Report No. VC0321, Governmeti@United Kingdom,

Chandra, G.S., Proudlove, M.O., Baxter, E.D. (1998 structure of barley endosperm - An
important determinant of malt modificatiofournal of the Science of Food and Agriculture
79 37-46.

Code of Federal Regulations (200Bgderal Seed Act RegulationéTitle 7 Agriculture,
Subtitle B Regulations of the Department of Agriatg, Chapter 1 Agricultural Marketing
Service (Standards, Inspections, Marketing Prastideart 201). 7(1)8201, 76-78 available at
http://www.access.gpo.gov/nara/cfr/waisidx_06/76fr206.html

Condon, K. (2004). Understanding frost risk by manmng on-farm temperature. Ground
Cover [49]. GRDC, http://www.grdc.com.au/growersmel9/frost.htm

DAFWA (2006). Effect of boron, soil acidity and atinium toxicity on barley.
http://www.agric.wa.gov.au/servlet/page? pageid&€844hd=portal30& schema=PORTAL
30&p start_url=/pls/portal30/docs/FOLDER/IKMP/FCHEHR/BAR/CP/BARLEY ESTAB
PADD.HTM.

De Vries, J., Meier, P., Wackernagel, W. (2001)e Tltural transformation of the soll
bacteriaPseudomonas stutzemdAcinetobactesp. by transgenic plant DNA strictly
depends on homologous sequences in the recipidatEEMS Microbiology Letter4d95
211-215.

Directorate General for the Environment and Eurap@ammission (2004a). Notification
report -Field trials with marker gene in barley, followeyg & 6 year research program
(2003-2008) - IcelandReport No. B/IS/04/01, Joint Research Centrdneffuropean
Commission, available at http://gmoinfo.jrc.it/gmmeport.aspx?CurNot=B/IS/04/01

Directorate General for the Environment and Eurapgéammission (2004b). Notification
report -Fungal resistant wheat Germany 206eport No. B/DE/03/151, Joint Research
Centre of the European Commission, available at
http://gmoinfo.jrc.it/gmp_report.aspx?CurNot=B/DB/051

References (June 2008) 47



DIR 077/2007 - Risk Assessment and Risk Management Plan Office of the Gene Technology Regulator

Directorate General for the Environment and Eurapgéammission (2004c). Notification
report -Study of the stability of the transgene and hietliéability of genetically modified
wheat under of open field conditions - ItaReport No. B/IT/04/02, Joint Research Centre of
the European Commission, available at
http://gmoinfo.jrc.it/gmp_report.aspx?CurNot=B/I#/02

Directorate General for the Environment and Eurapgéammission (2006). Notification
report -Increase of grain protein content in winter whe&@ermany Report No.
B/DE/06/178, Joint Research Centre of the Euroi&@nmission, available at
http://gmoinfo.jrc.it/gmp_report.aspx?CurNot=B/DE/078

EFSA (2004). Opinion of the scientific panel on geécally modified organisms on the use of
antibiotic resistance genes as marker genes irtigalty modified plantsThe EFSA Journal
48: 1-18.

Felsot, A.S. (2000). Insecticidal genes. Part 2ndo health hooplaAgrichemical &
Environmental New$68 1-7.

Forster, B.P. (2001). Mutation genetics of sakitahce in barley: An assessment of Golden
Promise and other semi-dwarf mutaridaphytical20 317-328.

Garlinge, J. (2005). 2005 crop variety sowing gdmeWestern Australia. Report No. 4655,
State of Western Australia,

Gay, P., Le Coq, D., Steinmetz, M., Ferrari, E.chia).A. (1983). Cloning structural gene
sacB, which codes for exoenzyme levansucrase dfliBasubtilis: expression of the gene in
Escherichia coliThe Journal of Bacteriolog¥53 1424-1431.

Gebhard, F., Smalla, K. (1998). Transformatiodoinetobactesp. strain BD413 by
transgenic sugar beet DNApplied and Environmental Microbiolo@g: 1550-1554.

Glover, J. (2002). Gene flow study: Implications fiee release of genetically modified crops
in Australia. Bureau of Rural Sciences, Australizmvernment Department of Agriculture,
Fisheries and Forestry, Canberra.

Gomez-Macpherson, H. (2001). Hordeum vulgare.
http://ecoport.org/ep?Plant=1232&entity Type=PL***&htityDisplayCategory=full

Goodman, R.E., Vieths, S., Sampson, H.A., Hill, Ebjsawa, M., Taylor, S.L., van Ree, R.
(2008). Allergenicity assessment of genetically ified crops - what makes sendé@ture
Biotechnology?6: 73-81.

Guadagnuolo, R., Savova-Bianchi, D., Keller-SenftenFebler, F. (2001). Search for
evidence of introgression of whedtiticum aestivinL.) traits into sea barleyHordeum
marinum s.strHuds) and bearded wheatgraB/fhus caninug.) in central and northern
Europe, using isozymes, RAPD and microsatellitekena: Theor Appl Genet03 191-196.

Hang, A., Obert, D., Gironella, A.I.N., Burton, C(2007). Barley amylose arfidglucan:
Their relationships to protein, agronomic traitsg @nviromental factor€rop Sciencd7:
1754-1760.

References (June 2008) 48



DIR 077/2007 - Risk Assessment and Risk Management Plan Office of the Gene Technology Regulator

Haslberger, A.G. (2003). Codex guidelines for GMds include the analysis of unintended
effects.Nature Biotechnolog®1l: 739-741.

Hayes, J.E., Reid, R.J. (2004). Boron tolerandzantey is mediated by efflux of boron from
the rootsPlant Physiologyl36 3376-3382.

Jefferies, S.P., Barr, A.R., Karakousis, A., Krateer, J.M., Manning, S., Chalmers, K.J.,
Nelson, J.C., Islam, A.K.M.R., Langridge, P. (1999ppping of chromosome regions
conferring boron toxicity tolerance in barléydrdeum vulgard..). Theor Appl Gene?8:
1293-1303.

Kahl, G. (2001)The dictionary of gene technology: genomics, trapsamics, proteomics.
Wiley-VCH, Weinheim, Germany. pp 1-941.

Kokic, P., Davidson, A., and Boero-Rodriguez, \VO@8). Australia's grains industry: factors
influencing productivity growth. Report No. ABARIEsearch report 06.22,

Lazaridou, A., Biliaderis, C.G. (2007). Moleculapects of ceredd-glucan functionality:
Physical properties, technological applications pigsiological effectslournal of Cereal
Scienced6: 101-118.

Lopato, S., Bazanova, N., Morran, S., Milligan, A.Shirley, N., Langridge, P. (2006).
Isolation of plant transcription factors using adified yeast one-hybrid systeflant
Methods2:

Lu, Y., Xu, W,, Kang, A., Luo, Y., Guo, F., Yang,,Zhang, J., Huang, K. (2007).
Prokaryotic Expression and Allergenicity Assessnwditiygromycin B Phosphotransferase
Protein Derived from Genetically Modified Planisurnal of Food Sciencé2: M228-M232.

Mantri, N.L., Ford, R., Coram, T.E., Pang, E.C.R0Q7). Transcriptional profiling of
chickpea genes differentially regulated in respdndggh-salinity, cold and drougtBMC
Genomics8: -http://www.biomedcentral.com/1471-2164/8/303

Mercer, D.K., Scott, K.P., Bruce-Johnson, W.A., ¥&g L.A., Flint, H.J. (1999). Fate of free
DNA and transformation of the oral bacteri@treptococcus gordonidL1 by plasmid DNA
in human salivaApplied and Environmental Microbiolo@p: 6-10.

Miki, B., McHugh, S. (2004). Selectable marker gemetransgenic plants: applications,
alternatives and biosafetyournal of Biotechnolog$07: 193-232.

Miwa, K., Takano.J., Omori, H., Seki, M., ShinozaKi, Fujiwara, T. (2007). Plants tolerant
of high boron levelsScience318 1417.

Newsome, A.E. (1969). A Population Study of HouseeMPermanently Inhabiting a Reed-
Bed in South Australialhe Journal of Animal Ecolod38: 361-377.

Nielsen, K.M. (1998). Barriers to horizontal geremsfer by natural transformation in soll
bacteria Acta pathologica, microbiologica, et immunologicaa8dinavical06 77-84.

Nielsen, K.M., van Elsas, J.D., Smalla, K. (2000ansformation oAcinetobactesp strain
BD413(pFG4 Delta nptll) with transgenic plant DN soil microcosms and effects of

References (June 2008) 49



DIR 077/2007 - Risk Assessment and Risk Management Plan Office of the Gene Technology Regulator

kanamycin on selection of transformamgplied and Environmental Microbiolo@6: 1237-
1242.

OECD (2008). OECD Seed Schemes 2008. Organisairdadonomic Co-operation and
Development,

Ogg, A.G. and Parker, R. (2000). Control of volenterop plants. Report No. EB 1523,
Washington State University Cooperative Extension,

OGTR (2005a)Risk Analysis Frameworldustralian Government, Canberra, ACT.

OGTR (2005b). The Biology and Ecology of Bread Wh@aiticum aestivuni. em Thell.)
in Australia. Document prepared by the Office & Gene Technology Regulator, Canberra,
Australia, available online at http://www.ogtr.gau/,

OGTR (2007). Risk Analysis Framework. Report Norsi#en 2.2, Document produced by
the Australian Government Office of the Gene Tedbgywy Regulator, available online from
http://www.ogtr.gov.au/,

OGTR (2008a). The biology ¢diordeum vulgaré.. (barley). Document prepared by the
Office of the Gene Technology Regulator, CanbeXtestralia, available online at
http://www.ogtr.gov.au/,

OGTR (2008b). The biology dfriticum aestivuni. em Thell. (Bread Wheat). Document
prepared by the Office of the Gene Technology Regul Canberra, Australia, available
online at_http://www.ogtr.gov.au/,

Okamuro, J.K., Caster, B., Villarroel, R., Van Magt,, M., Jofuku, K.D. (1997). The AP2
domain of APETALAZ2 defines a large new family of BNbinding proteins irArabidopsis
Proceedings of the National Academy of Scie@de3076-7081.

Pickett, A.A. (1989). A review of seed dormancys#if-sown wheat and barlelylant
Varieties and Seeds 131-146.

Pierce, J.C., Sauer, B., Sternberg, N. (1992). #itRe Selection Vector for Cloning High
Molecular Weight DNA by the Bacteriophage P1 Systenproved Cloning Efficacy.
Proceedings of the National Academy of ScieB8e2056-2060.

Pretty, J. (2001). The rapid emergence of genetidification in world agriculture: contested
risks and benefit&€Environmental Conservatia?8: 248-262.

Queensland Department of Primary Industries anlefiss (2007). Barley - Planting,
nutrition and harvesting.
http://www.dpi.qld.gov.au/cps/rde/xchg/dpi/hs.x6l/3514 ENA_HTML.htm#Nutrition

Reiting, R., Broll, H., Waiblinger, H.-U., Grohmann (2007). Collaborative study of a T-
nos real-time PCR method for screening of gendyicabdified orhanisms in food products.
Journal of Consumer Protection and Food Sagty16-121.

Roessner, U., Patterson, J.H., Forbes, M.G., Fmé&h®., Langridge, P., Bacic, A. (2006).
An investigation of boron toxicity in barley usingetabolomicsPlant Physiologyl42 1087-
1101.

References (June 2008) 50



DIR 077/2007 - Risk Assessment and Risk Management Plan Office of the Gene Technology Regulator

Seki, M., Narusaka, M., Ishida, J., Nanjo, T., f&yjM., Oono, Y., Kamiya, A., Nakajima,

M., Enju, A., Sakurai, T., Satou, M., Akiyama, Kaji, T., Yamaguchi-Shinozaki, K.,
Carninci, P., Kawali, J., Hayashizaki, Y., Shinoz#ki(2002). Monitoring the expression
profiles of 7000 Arabidopsis genes under drougbitj end high-salinity stresses using a full-
length cDNA microarrayPlant Journal31: 279-292.

Shinozaki, K., Yamaguchi-Shinozaki, K., Seki, MO(3). Regulatory network of gene
expression in the drought and cold stress respo@seent Opinion in Plant Biologg: 410-
417.

Slee, D. (2003). Wheat yields: 3 times better §@unthought. Ground Cover [44]. GRDC,
http://www.grdc.com.au/growers/gc/gc44/wheat_vyidita

Smith, P. and Baxter, L. (2002). South Australi@e® Certification Scheme - Procedures and
Standards Manual. Seed Services, Primary Indusrigesources South Australia, Plant
Research Centre, Hartley Grove, Urrbrae, SA 506dijable online at
http://www.ruralsolutions.sa.gov.au/ __data/assdfsfile/0005/43349/seeds_manual.pdf,

Sorensen, I., Pettolino, F.A., Wilson, S.M., DobM.S., Johansen, B., Bacic, A., Willats,
W.G.T. (2000). Mixed linkage (1->3),(1->4)-beta-Duigan is not unique to the Poales and is
an abundant component of Equisetum arvense cdi.Wale Plant JournaPostprint:

Staudte, R.G., Woodward, J.R., Fincher, G.B., StBn&. (1983). Water-soluble (1->3),(1-
>4)-3-D-Glucan from barleyHordeum vulgargendosperm. Ill. Distribution of cellotriosyl
and cellotetraosyl residugSarbohydrate Polymer3: 299-312.

Sutton, T., Baumann, U., Hayes, J., Collins, NSRi, B.-J., Schnurbusch, T., Hay, A., Mayo,
G., Pallotta, M., Tester, M., Langridge, P. (20@9ron-toxicity tolerance in barley arising
from efflux transporter amplificatiorscience318 1446-1449.

Thomson, J.A. (2000). Horizontal transfer of DNArfr GM crops to bacteria and to
mammalian cellsJournal of Food Scienogt: 188-193.

Tsuchiya, K., Urahara, T., Konishi, T., Kotake, Tohno-oka, T., Komae, K., Kawada, N.,
Tsumuraya, Y. (2005). Bioynthesis of (1->3),(1-*glucan in developing endosperms of
barley Hordeum vulgark Physiologia Plantaruni25 181-191.

US FDA (2006). Agency response letter GRAS notiee@GRN 000207. United States Food
and Drug Administration,

USDA-APHIS (1994). Environmental Assessment andifig of No Significant Impact -
application (APHIS Number 94-221-01) - field testhngenetically engineered (transgenic)
wheat {Triticum aestivurnplants. Report No. 94-221-01 available at
http://www.isb.vt.edu/biomon/releapdf/9422101r.€.p

van Gool, D. and Vernon, L. (2006). Potential impaaf climate change on agricultural land
use suitability: barley. Report No. 302, DepartmaAgriculture, Western Australia.

Vij, S., Tyagi, A.K. (2007). Emerging trends in thenctional genomics of the abiotic stress
response in crop plantBlant Biotechnology Journd: 361-380.

References (June 2008) 51



DIR 077/2007 - Risk Assessment and Risk Management Plan Office of the Gene Technology Regulator

Waines, J.G., Hedge, S.G. (2003). Intraspecifiedtow in bread wheat as affected by
reproductive biology and pollination ecology of waih@lowers.Crop Sciencé3: 451-463.

Wang, W., Vinocur, B., Altman, A. (2003). Plant pesises to drought, salinity and extreme
temperatures: towards genetic engineering forstaerancePlanta218 1-14.

White, J., Horskins, K., Wilson, J. (1998). The wohof rodent damage in Australian
macadamia orchards by manipulation of adjacentarop-habitatsCrop Protectionl7: 353-
357.

Wood, P.J. (2007). Ceregglucans in diet and healthournal of Cereal Sciencts: 230-
238.

Yamaguchi-Shinozaki, K., Shinozaki, K. (2006). Tsanptional regulatory networks in
cellular responses and tolerance to dehydratiorcalitistressefAnnual Review of Plant
Biology57: 781-803.

Yau, S.K. (2002). Interactions of boron-toxicitypdght, and genotypes on barley root
growth, yield, and other agronomic charactéusstralian Journal of Agricultural Research
53: 347-354.

References (June 2008) 52



DIR 077/2007 - Risk Assessment and Risk Management Plan Office of the Gene Technology Regulator

Appendix A Definitions of terms in the Risk
Analysis Framework used by the
Regulator

(* terms defined as in Australia New Zealand Ris&nidgement 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 everitmithagive rise to harm
I ntermediate
the negative impact is substantial
Likelihood
chance of something happening
Highly unlikely: may occur only in very rare cintistances
Unlikely: could occur in some circumstances
Likely: could occur in many circumstances
Highly likely: is expected to occur in most circstances
Quality control

to check, audit, review and evaluate the progréss @ctivity, process or system on an
ongoing basis to identify change from the perforogaievel required or expected and
opportunities for improvement

Risk
the chance of something happening that will havaratesired impact

Negligible: risk is insubstantial and there ispresent need to invoke actions for
mitigation
Low: risk is minimal but may invoke actions fortigation beyond normal practices

Moderate: risk is of marked concern requiring gation actions demonstrated to be
effective
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High: risk is unacceptable unless actions forgatiion are highly feasible and
effective

Risk analysis

the overall process of risk assessment, risk manageand risk communication

Risk analysis framework

systematic application of legislation, policiespgedures and practices to analyse risks
Risk assessment

the overall process of hazard identification aisét gstimation

Risk communication

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

Risk Context

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

Risk estimate

a measure of risk in terms of a combination of eguence and likelihood assessments
Risk evaluation

the process of determining risks that require tneaut

Risk management

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

Risk management plan

integrates risk evaluation and risk treatment whih decision making process
Risk treatment*

the process of selection and implementation of nressto reduce risk
Stakeholders*

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

States

includes all State governments, the Australian @aperritory and the Northern Territory
governments

Uncertainty
imperfect ability to assign a character state tfoirsg 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
the consultation RARMP for
DIR 077/2007

The Regulator received several submissions froregpiteed experts, agencies and authorities
on the consultation RARMP. All issues raised inraigsions relating to risks to the health
and safety of people and the environment were densd in the context of the currently
available scientific evidence that was used inlifsivag the RARMP that formed the basis of

the Regulator’s decision to issue the licence. &la@e summarised below:

Summary or issues raised

Comment

Suggested that the isolation zone be increased
from 200 m to 1,000 m due to concern over
potential pollen flow to non-GM plants.

The scientific literature referenced in the
submission was considered in the preparation of
the RARMP Events 4 & 5.

Considering the available scientific literature the
proposed isolation zone is considered to be
adequate to limit and control the trial and
minimise gene flow to non-GM plants (Ch 3,
Section 4.1).

The GMOs expressing the gene introduced for
soil boron tolerance also contain a large non
coding region of introduced DNA. Superfluous or
uncharacterised DNA sequences pose a degree
of hazard to the environment. These sequences
could facilitate unintended genomic
rearrangements or promote horizontal gene
transfer.

The large non-coding region of introduced DNA
is Hordeum vulgare genomic DNA and is not
expected to act differently from DNA transferred
through conventional breeding. It contains
putative repetitive elements that are common to
non-coding regions of the barley genome (Event
6).

Characterisation of the 50 kb insert has been
identified as information that may be required for
any possible future releases of these GM lines.

The SacB gene is not required to produce the
desired trait. The large non-coding region of DNA
inserted may contain sequences that are able to
drive the expression of the SacB gene.

The SacB gene is not expected to be expressed
in the GM plants. If the SacB gene was to be
expressed in the GM plants, the GM plants would
be expected to have reduced fitness as tissue
damage to plants expressing the SacB gene has
been reported.

2 GTTAC, State and Territory governments, Austral@mvernment agencies, the Minister for Environment,
Heritage & the Arts and the Local council where ithiease may occur.
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Summary or issues raised

Comment

Suggests several areas of further research
before future releases of the lines are
considered:

+ stability of the genotypes;

+ details of the survival of the GMOs in the
environment under the relevant abiotic
stresses;

+ metabolic and proteomic alterations due to

the presence of the introduced gene.

Noted. The RARMP identified additional
information that may be required by the OGTR to
assess an application for a large scale or
commercial release of these GM wheat or barley
lines. The additional information identified in the
RARMP is similar to the issues raised in this
submission.

Notes that if any future applications were made
that involve produce being used in food or feed
the OGTR would need to examine the potential
for altered allergenicity or toxicity, or for altered
metabolism of pesticides applied to the GM
plants. If altered metabolism resulted in changes
in the nature/quality of chemical residues a
revised Acceptable Daily Intake may have to be
established, and the definition of the herbicide
residue in and on products may have to be reset,
based on relevant toxicology and metabolism
data.

Noted. Toxicity and allergenicity of the GMOs
has been identified as a future research
requirement.

APVMA is responsible for pesticide use and
chemical residues.

Notes that the creation or breeding of plants able
to survive in bushland or wilderness areas
without intervention, due drought resistance or
seed viability changes, is a major environment
concern. This could result in weeds that are
harder to control or resistant herbicides or other
control mechanisms currently used.

Wheat and barley are not problem weeds in
Australia and lack most characteristics common
to weeds. These characteristics are not expected
to be altered by the introduced genes (Events 2,
3). Control measures have been imposed to
minimise survival and persistence of the GM
lines.

Notes that placement of GM plants with the
environment requires consideration to prevent
cross pollination, spread of weeds and “genetic
pollution” of natural plants.

Noted. The risk of weediness and an adverse
outcome as a result of gene transfer are
considered negligible for the current limited and
controlled field trial (Events 2,3,4).
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Appendix C Summary of issues raised in
submissions received from the public
on the consultation RARMP for
DIR 077/2007

The Regulator received five submissions from thiglipwon the consultation RARMP. These
submissions, summarised in the table below, wengidered in the context of currently
available scientific evidence in finalising the RMR that formed the basis of the Regulator’s
decision to issue the licence.

Issues raisedA: administrationAG: agricultural productionAR: antibiotic resistanced:
benefits of gene technologg,Cl: confidential commercial informatio@R: data
requirementsEA: expert adviceEN: environmental riskS5T: gene transfetd: human
health and safetydGT: horizontal gene transfet; labeling;M: marketing concerndlor :
moratorium;RA: risk assessment proceBd : risk managemensg: segregationyJE:
unintended effects

Other abbreviations: CCD: colony collapse disordeESANZ: Food Standards Australia
New ZealandGM: Genetically ModifiedGMO: genetically modified organisnGTR:
Gene Technology RegulatdsTTAC : the Gene Technology Technical Advisory Committee;
OSA: outside scope of assessment

Type: A: Agricultural/industry organisation(s : interest groupt: individual

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

1 | AG The use of GM crops will lead to increased | OSA. Decisions on where and when to
farming of dryland ecosystems, grow crops are primarily economic and
exacerbating the results of the green planning issues outside the scope of the
revolution. Act.

H Human health and safety is put at risk by Risk to human health and safety as a result
GM which attempts to alter the genetic of this limited and controlled release has
heritage of natural selection. been assessed as negligible.

2 IG None | Proposed release site is not within the Noted.

Local Government Area therefore no
comment is provided.

3 Administrative processes
A Concerned about administrative processes | Noted.

in the OGTR and the public service in
general.

CClI Feels that secrecy about introduced genes | The GTR considers each application for
stifles debate and “Commercial in CCl in accordance with the Act. CCl in
Confidence” claims must be justified in relation to this application was granted by
areas of public debate. the Regulator on 6 December 2007.

EA Disclosure of interests of experts and All committee members are subject to strict
advisors should be made public. disclosure of interest provisions which are

contained in the Gene Technology
Regulations 2001. OGTR staff are subject
to the same disclosure of interest
provisions as all Australian public service
employees.
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Sub. | Type | Issue Summary of issues raised Comment
No:
The GTR is being tested by applicants and [ Members of GTTAC are experts that are
assistance from the OGTR and other appointed on the basis of their skills and
experts is inadequate. GTR must seek experience in a range of subject areas
advice from unbiased, competent experts relevant to gene technology. Scientific staff
and ensure the OGTR is staffed by within the OGTR have postgraduate
competent persons who keep up to date qualifications and research experience in a
with the literature and submissions. number of subject areas relevant to gene
technology. The Office has ongoing
programs for professional development
including ensuring that staff have access to
the latest scientific information in relevant
areas of gene technology.
Horizontal Gene Transfer (HGT)

HGT | Concerned about the conclusion of the risk | The risk of HGT from the GMOs to
assessment of HGT in the current DIR microorganisms in the soil has been
077/2007 and 080/2007 RARMPs (and considered in the context of this limited and
their reference to DIR 057/2004). controlled release (Event 5).

Considers that the OGTR and its experts, A scientist on the OGTR staff has recently
advisors and committees have not dealt had a review of the risk of HGT from
appropriately with HGT and the risk GMOs accepted for publication in an
assessment is biased against HGT. international, peer reviewed journal. This
Notes that a current literature review on paper is a comprehensive review of the
HGT has not been prepared by either the current scientific, peer reviewed literature
OGTR or the applicant. on HGT and cites over a hundred
independent papers, including a number of
papers published in 2008.
GT Reasons provided for concern about HGT | The risk arising from such transfer from
H include; GMOs to microorganisms was assessed
UE |+ Genes introduced by genetic using the available evidence and was

modification are not as stable as natural
genes in genomes and are therefore
more likely to be transferred.

- A multitude of microenvironments would
exist at the trial site including conditions
that may be suitable for transformation.

- Sufficient sequence homology may exist
for homologous recombination to occur
between the DNA introduced into the
GMOs and microorganisms and for the
sequences to be expressed.

« Calculates that 10° new drought tolerant
species of microorgansims could be
produced as a result of the proposed
release for DIR 077/2007.

- Natural environmental conditions could
provide selective pressure for
microorganisms to retain abiotic stress
tolerance genes as a result of HGT.

- HGT of introduced abiotic tolerance
genes from GM plants to
microorganisms could lead to
microorganisms more tolerant to abiotic
stresses and could result in new and
tougher species of pathogens with
greater virulence, the consequences of
which may not be immediately obvious
but could have a significant impact on
human health and safety.

considered to be negligible (Event 5).

Reasons include:

« There is no evidence that the introduced
genes are unstable or more likely to
transfer to other organisms. None the
less further evidence would be required if
a larger scale release application was
made.

Transfer of plant DNA to microorganisms
is extremely rare; although examples
have been identified the genome
sequencing of bacteria shows a lack of
plant genes.

There are a large number of events that
must successfully occur before an
adverse outcome could arise as a result
of HGT, should it occur. Many of these
events are considered unlikely.

The introduced genes are from wheat
and barley. Therefore, these genes have
been in the agricultural environment and
available for transfer for a significant
amount of time.

Even so, microorganisms have
preferentially evolved other mechanisms
to deal with drought and other adverse
conditions. For example fungi develop
spores which allow them to survive dry
conditions.

The small size and short duration of the
proposed trial greatly reduce the chance
of any adverse effect occurring as a
result of HGT, should it occur.
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Sub. | Type | Issue Summary of issues raised Comment
No:
Dispersal of GM Plant Material
Bird dispersal of GM seed was not Dispersal of GM plant material has been
considered in the RARMP. Use of bird considered in detail in previous RARMPs
scarers or nets should be considered. and reference documents prepared by the
OGTR. A detailed consideration was
undertaken for DIR 071/2006 (Event 8),
and risks were considered negligible.
A recent literature search was unable to
find reports of wheat or other grain seeds
being dispersed by birds in Australia.
Bird damage has been reported for wheat
crops. However, birds appear to prefer
softer plant parts and are more likely to eat
the GM wheat or grain on site rather than
carry it elsewhere for storage or
consumption.
Dispersal of any GM seed is not expected
to result in the establishment of volunteer
plants as they would need appropriate
environmental conditions for germination,
survival and persistence. The spread and
persistence of the GMOs outside of the
trial site would be limited by multiple
factors including temperature, low intrinsic
competitive ability, nutrient availability, and
pests and diseases (Event 2).
Data Requirements
DR A number of lines are proposed for release | Some information on gene copy number
but exact information (including was provided as was information on
interpretable Southern and Northern blots) | relevant phenotypic features. This is a
on gene copy number, insertion sites, ‘proof of concept’ trial and issues to be
stability; and about phenotypic features, addressed by the applicant for future
which should have been identified in releases have been identified in the
laboratory and greenhouse trials, are not RARMP, including further characterisation
provided for each of them. of the introduced genetic material in the
plants.
Suggested experimental tests that the Risks to the health and safety of people or
OGTR should have required the applicant | the environment that might arise as a result
to undertake to test for HGT to soil of HGT from the GMOs to microorganisms
microorganisms. in the soil has been considered in the
Further data, such as context of this limited and controlled
transcription/expression in E.coli (and release (Event 5). Information suggested
possibly yeast) and colony lifts of was not required for this release.
microorganisms in soil cultured with the
construct DNA, should be required by the
OGTR.
Other concerns
B Considers that greater corporate control, Risks to the health and safety of people or

larger profits and royalties provide some
financial benefit to others but no real
benefit to the public or consumers. On the
other hand there is a significant risk of
establishing new and unpredictable
pathogenic microorganisms.

the environment that might arise as a result
of HGT from the GMOs to microorganisms
in the soil has been considered in the
context of this limited and controlled
release (Event 5). The consideration of
financial benefits of gene technology are
outside the scope of issues the GTR must
have regard to when deciding whether or
not to issue a licence.
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Sub. | Type | Issue Summary of issues raised Comment
No:
4 A M States that the Australian animal industries | Noted. Agricultural production, segregation

S have a potential market advantage over and marketing concerns are outside the
international competitors through the scope of assessments required by the act.
ability to avoid GM feed stocks. Feels that,
while beyond the scope of the current
RARMP, more research should be
conducted into improving on-farm safety
and tracking systems for segregation of
GM and non-GM feed stocks.

5 IG S States US farmers have suffered a variety | Noted. Licence conditions have been

of problems with GM seed including; imposed to restrict the release in time and

cross-pollination, seed drift, herbicide space. Plant material from the trial,

resistance and seed supply mix ups. including seed, must be harvested by hand
and separately from other crops, and
harvested material must be either
destroyed or stored in a certified facility or
other facility approved by the Regulator,
and transported according to OGTR
Guidelines.

S Expresses concern about GM wheat and Noted. Licence conditions have been
barley seed from the proposed trial being imposed to restrict seed dispersal including
unintentionally mixed with non-GM seed. harvesting by hand and separately from

other crops, and transporting according to
OGTR Guidelines.

EN States that GM pollen drift has been Risks to a range of organisms including
implicated in bee colony collapse disorder | insects (as a result of the proposed trial)
and the demise of bees would have were considered to be negligible.
adverse economic effects. Speculation that there is a link between

GM crops and CCD is not supported by
scientific evidence.

Current evidence suggests that CCD is
likely to be linked to a combination of
factors contributing to the stress of honey
bees including; viral, bacterial and fungal
diseases, parasitic mites, cultural practices
(e.g. movement of hives, in-hive chemical
use) and nutritional status of the adult
bees. GM crops are not considered a likely
cause of CCD.

H Raises several human health concerns. None of the GM plant material will be used
States that GM food crops have yet to be | in human food or animal feed.
proven safe for human consumption and The pollen from the GM plants is not
that independent scientists and expected to be any more allergenic than
professional bodies warn of a range of pollen from non-GM wheat or barley. All
risks from allergies to cancer. Also states introduced genes, with the exception of the
that overseas and Australian studies have | marker genes, were originally isolated from
resulted in adverse health effects in rats or | wheat or barley. Both selectable marker
mice. genes the used in construction of the GM
States that there is a risk that pollen from | Wheat and barley lines are widespread in
the GM plants may be inhaled by a larger | the environment and are not known
section of the population than usual as the | allergens.
proposed trial site is in close proximity to
urban housing.

L In the absence of labelling the impact of OSA. Labelling of food is the responsibility

GM consumption on human health cannot
be monitored or identified.

of FSANZ.
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AR States that there is awareness that Risks to the health and safety of people
antibiotic resistance markers may cause and environment associated with the
increased pools of antibiotic resistant selectable marker genes were assessed as
bacteria. There have been calls to avoid negligible. Both selectable marker genes
their use from certain bodies including the | the used in construction of the GM wheat
British Medical Association. and barley lines are widespread in the

environment. The hpt gene which confers
hygromycin resistance was included in a
study by the European Food Safety
Authority who concluded that inclusion of
this gene in GM plants would not
significantly affect the health of humans or
animals. The SacB gene was originally
isolated from a soil bacterium and is not an
antibiotic resistance marker gene.

RM Concerned that the proposed licence Risks associated with the dispersal of plant
condition that the site be enclosed by a material by animals were considered
1 m high fence will not stop domestic pets | negligible (Event 3). The larger area on
(cats or dogs), rabbits which inhabit the which the proposed trial site is to be
site and foxes from spreading plant located is itself surrounded by a 2 m fence
material, seeds or pollen in their fur and, which should limit entry by domestic pets
therefore, the Risk Management Plan and foxes. Licence conditions have been
appears to be inadequate. imposed to limit gene flow and seed

dispersal.
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