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V-GURTSs (Terminator Technology): Design, Reality and Inherent Risks

1. Overview

This paper describes in brief the concepts andgdebehind Terminator technology @enetic Use
Restriction Technology (GURTS) in language accessible to non-scientisdetails the different elements
that are theoretically required to assemble gegeesees designed to prevent the germination okseed

Having described in brief the way in which the tealogy is intended to work, the paper then disczigise
reality of the technology having to function aartpof a biological system, this being the plams, i
molecular components and the broader ecosystenchwig inherently changeable and unpredictable. In
becoming part of the biological system and its etfohary processes, the mechanism of GURTS, along
with its molecular components, will itself becorméérently changeable and unpredictable.

With reference to GURTS, the paper outlines sonmtb®imany known problems that can occur in biolalgic
systems and details some specific factors thatgeamwrong with such a complex molecular design and
mechanism.

The paper points out that the technology standsrect conflict with two key defining charactercstiof a
living organism - its ability to reproduce and #bility to adapt. This latter point, combined withe
evolutionary tool of natural selection pressurésas questions as to whether GURTs can perforrabigli
or indeed what the consequences would be, weoeailt

Looking at both scenarios, i.e. for the technoltmgucceed or to fail, some outcomes can be fonebes it
must be emphasised that many are unpredictableeiErwthe potential impacts on agriculture areosexi
Reduced levels of germination, unpredictable varighn crop performance, and contamination of gso
with GM traits, could ultimately result in food surity. This paper concludes that GURTs cannaidmel
as a predictable or reliable technology. Rathepitcludes that the technology of inducible seedlisyeis
likely to introduce a series of new and, unpredildaroblems, with negative implications for bioeglisity,
agriculture, food security and sustainable livetitis.

2. Brief description of terminator technology (V-GURTS)

Terminator technology, technically known a&enetic Use Restriction Technology (GURTS), is designed
to render seeds sterile at harvest. To this erahtplare genetically engineered with specially giesi
sequences of genes, that allow for external comtver the activation of particular traits (e.g. tieide
tolerance, production of insecticidal compoundsit fipening, seed fertility). Such traits can létshed on
or off through the application of inducers, suclpadicular chemicals. In the case of terminatoht®logy,
the chemical treatment of seeds prior to their &afarmers is designed to trigger a genetic prodest will
allow the plant to grow and to form seeds, but eéllise the embryo of each of those seeds to predcek
toxin that will prevent its germination if repladtafter harvest. As this affects the reproductiod @ability
of a whole crop variety it is technically referréa as varietal-genetic use restriction technology (V-
GURTS).

3. Designing V-GURTSs: the concepts and the molecular components

Genes, gene constructs and transgenes

A geneis, in general, a unit of hereditary informatitrat contains the genetic code for a particularginot
Often this protein will be responsible for a pautér trait, such as the colour of flower petalguph many
traits are the result of a sequence of interactimt&een, or contributions from, a larger numbeproteins.

In its basic design a gene is made up of three ooems or sections, namely the coding sequencénand
regulatory sequences at either end. [Sgare 1)

a) A coding sequence genetic material that contains the informatiom & particular protein, e.g. an
enzyme, a hormone or a structural protein. Whengdtee is active, this information gets copied
(transcribed) into a separate molecule@NA) which acts as a template for the cell to makesphexific
protein.
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b) A promoter: which acts as a gene switch to turn the gene affathis regulatory sequence is located in
the front (to the left) of a gene. The promoteredeines when and where (in which cell or tissue
system) a gene is to be switched on or off.

c) A termination sequence: located at the end of a gene. This regulatory esgcpi contains the signal to
stop reading and copying the gene.

A gene construct is an artificial gene composed of, or based oemehts taken from various species,
including plant, human, bacteria and virus. Sorferst of the coding sequences used in commercialised
genetically modified (GM) crops originate from bexth; e.g. the insecticidal Bt endo-toxin gene, the
herbicide tolerance gengsmt (glufosinate tolerance) and EPSPS (glyphosateaiobe), male sterility
(barnase) or indeed most of the genes used in tHeTS systems. The most commonly upedmoters in

GM crops are variations of the CaMV 358omoter from a plant virus, anérminal sequences are often
derived from bacteria.

A transgene is a gene or gene construct that has been traadferto an organism such as a plant, using
genetic engineering techniques, includiransformation techniques, i.e. the process of inserting transgene
into the genetic material (DNA) of an organism.

General design and concept behind inducible seed sterility

Propagating future generations of plants from Ieteeeds is not possible and so, in order to niyltgstile
seeds for sale that will grow into plants that tpeoduce sterile seeds, there must be a mechamnisimnio
the plant that can switch it from producing feriged to producing sterile seed. The inducible stardity
system allows seed companies to produce seeddanginket before inducing sterility.

V-GURTSs is designed with three main considerations:

a) Once sold to farmers, the planted seed should m&buharvest but harvested or out-crossed GM seed
should no longer be able to germinate - (traitskeed sterility).

b) A seed company must have the ability to multiply Gbed in order to offer it for sale and so fertile
seeds are required for reproduction - (blockingesfd sterility trait).

c) The seed company must have the ability to switehsthrility trait on before the seed is sold torfars,
e.g. by spraying/treating seeds prior to saleduaible system responsive to external treatmerit eui.
chemicals).

Delta & Pine Land design

The V-GURTSs system examined here is detailed inptitent for “control of plant gene expression” held
jointly by the seed company Delta & Pine Land (DRInd the United States Department of Agriculture
(USDA). Its molecular design is detailed in the p8ent US-5,723,765, and more recently in the Ezaop
patent EP-775212B and Canadian patent CA-2196DRL (efers to their V-GURTSs system Bechnol ogy
Protection System or “TPS”). Development is said to be at the stafj@reenhouse trials. To date no
functional V-GURTSs system has been reported irptres reviewed scientific literature.

The basic design of V-GURTS, as outlined in US platg 723,765, is composed of 3 gene constructs
(Figure 2) which code for:

« a cell toxin or cell-lethal protein that will beqatuced in the late stage of embryonic development i
the setting seed.

! The CaMV 35S promoter is derived from fauliflower MosaicVirus. It has been found to be constantly active in
almost all parts of a plant. A gene placed behiisl promoter will thus constantly express (prodube)protein it is
coding for.
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The elements of choice are a cell-lettihbsome inhibitor protein (RIPY and the LEA promoterdte
embryogenesis abundant), e.g. from cotton.

For breeding purposes and seed multiplication,tébx@n gene is kept inactivated by a spacer (short
sequence of DNA) that is placed between the pronawte the coding sequence of the toxin gene. This
spacer is framed by a set of short specific DNAuseges that function as recognition sites for a
recombinase enzyme. A recombinase acts like maeadgissors; when present, it can cut the DNA
strand at the specific recognition sites and tlmsave the spacer, thus enabling the activatiomef t
cell toxin gene.

¢ arecombinase enzyme (molecular scissors) thaacivate the toxin gene by removing its spacer. To
this purpose the spacer needs to be framed byfigp@giognition sites.

At present there are four main optidrer such asite-specific recombination system that could be
employed for V-GURTSs (se€able 2). The candidate of choice in the DPL design is @ne/loxP
recombination system (derived from bacteriophagg, Rith the recombinase CRE being the
recombinase enzyme and loxP being the CRE speeifgnition sequence placed at either end of the
spacer.

During seed multiplication the recombinase genetbdse kept inactive. To this purpose, a promoter
that can be blocked (repressed) by specific reprgssteins is placed in front of the gene.

The promoter of choice is an altered CaMV 35S pr@ifiocontaining repressor binding sites. As long
as the repressor is present and binds to the peojbe gene will remain switched off.

e a repressor protein that blocks the recombinase geess an inducer is applied. To ensure the
repressor protein is continuously present, theessgor gene is placed under the control of a staodg
constantly active promoter, e.g. CaMV 35S.

The inducible expression system outlined in the Dftent is the “tetracyclin-inducible system”
derived from the bacteriBscherichia coli. This system consists of three parts, hamelyrépeessor
protein (here TetR); repressor specific bindingssiin the recombinase promoter (htsteoperator
sequences); and an inducer that can deactivateefinessor (here the antibiotic tetracycline). lis th
case, the inducer binds to the repressor resutigchange of its shape and thus forcing it tacket
from the repressible promoter.

DPL recently stated that the tetracycline inducibigression system was no longer their preferred
choice. There are other inducible expression systetnich would be based on the same principles.
Potential inducers include ethanol, hormones, gidss and metals like copper (Gatz and Lenk, 1998;
Wanget al., 2003; Padidam 2003).

As detailed inFigure 2, once the inducer (e.g. tetracycline) has beetieahpt will bind to the repressor
protein and remove it from the recombinase genenpter, so that the recombinase enzyme is produced,
which in turn will remove the spacer from the togene. This now allows the expression (productan)
the toxin in the late embryonic stage of the sdediroying the embryo and thus preventing the geatian

of the affected seed.

In theory, this is how V-GURTs works. Variants atesigned to using the same principle of “inducible
expression systems”.

In summary, V-GURTSs is composed of three interddpahexpression systems, namely a

« development specific inducible expression system: consisting of a cell lethal toxin gene (e.g. RI&)
embryogenic promoter (e.g. LEA) and a removablellg spacer.

2 e.g. saporin fronSaponaria officinalis or barnase frorBacillus amyloliquefacien

% The main four site-specific recombination systgmesently researched for various purposes areto®re/Flp/frt,
R/RS and Gin/gix (see Table 2).

* The 35S promoter in the DPL design contains tteeeperator sequences in the same location as thetibed by
Gatz et. al. (1992)
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e inducible site specific recombination system: consisting of a recombinase gene (e.g. CRE),
recombinase specific recognition sites framing ¢pacer (e.g. lox) and an inducible promoter (e.g.
CaMV 35S with additionalet operon sequences acting as binding sites for ¢iie flepressor protein).

e acondtitutive expression system (i.e. being continuously active): consisting of eng coding for a
repressor (e.g. TetR) and a constitutive promagy. CaMV 35S).

An additional component is an exterriabucer (e.g. tetracycline), that will bind to, and rempvbe
repressor protein, thereby triggering the GURTshaasm.

4. Limitations in the V-GURTSs design and performance

There are a number of design limitations in the DEtsion of V-GURTs and in V-GURTs and GURTSs in
general. Risks arising from these limitations W#l discussed in the next section.

Out-crossing is possiblein the 1% generation: The most obvious drawback in the design is th@WRTs
plants produceGM pollen capable of fertilising neighbouring crops and tedawild and weed plants.
Transgenes contained in the GM pollen and (poténtiany proteins expressed by these genes wil thel
present in cross-pollinated seed, irrespectiveladther this seed has been rendered sterile.

Operating within a living system: Other design limitations arise from the fact, tMaGURTS is operating
within, and is part of, a biological system whichdonstantly responding to stimuli and pressuresian
inherently unpredictable. Furthermore V-GURTSs isigeed to prevent reproduction, whereas all living
systems are designed to reproduce, leading to irsenselection pressures that increase the likelifiood
the technology to fail.

Complexity of the technology: V-GURTS is particularly vulnerable to ‘biologicaystem problems’ (see
below), as its design is highly complex with atsked transgenes needing to function reliably ardiately
over time in order to achieve the trait of seedil#tie

It should be noted here that no functional V-GURYstem has been reported in the peer reviewedtsicien
literature to date. Furthermore, no data has beadenavailable from greenhouse trials to date. An
evaluation of V-GURTs performance and its designititions thus relies on data reported for theehre
different expression systems and their compondihtste are a number of known events which can ierterf
with the performance of any one of the 3 componeniployed by V-GURTs. Some of these have been
directly observed in the relevant applications;eashremain theoretical or can be deduced from atreel
research.

a. Problems arising from the general biological system

Biological systems are, by definition, living angnémic systems. Overall stability is based on tygacity
of biological systems, such as organisms, to attafite surrounding environment, constantly adjgstm
changes, within certain limits.

In order to maintain this essential flexibility,ettsystem depends on a number of variables, ingudin
diversity and the ability of individual organisntsdadapt and change on the molecular level.

Evolution is the most significant manifestation owene of that capacity for change. The underlying
molecular process of any organism is thamotation, leading to permanent changes in the sequendeof t
genetic information (DNA). Mutations occur over &nin an organism and can be very small point
mutations or deletions or relocations of larger sectionthim DNA chain. As a result of selection pressure,
mutations that benefit the organism in the givemirenment will eventually become established in the
wider population of this organism. Whilst mutatioagpear to occur randomly, there are specific DNA
sequences or sequence arrangements that are roaeetpmutations than others, the discussion offwisi
beyond the scope of this paper.

Another mechanism that allows an organism to redpgonchallenges both internal and external, is the
capacity to alter gene regulation, including gefensing. Gene silencing does not alter the DNA sequence

® Point mutation refers to alterations of the genetide as small as onacleotide, that is one “letter” in the coding
system inscribed in the DNA molecule.
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(the genetic code) per se, but prevents the prammuct proteins from the information coded for thet
affected gene, thus changing traits or behaviotin@brganism.

There are a number of known mechanisms in highgaresms (e.g. plants) that have the effect of gene
silencing.Epigenetic changes, for example, are modifications on the surfacehef DNA molecule that can
de-activate promoters or block the information @feme from being copied for protein production. Ugjo

not altering the genetic code, these modificatiares thought to be inheritable and potentially reNse
over time (Scheid et al. 1998).

Gene silencing is a mechanism that appears teegically target certain DNA sequenc&\A-mediated
silencing andDNA methylation (epigenetic change) are considered to have evasqghrt of a host defence
mechanism active against “invading” viruses anagiéic DNA.

b. Common transgene problems with particular reference to V-GURTs

There are a number of problems which can affect tamysgene, including those of V-GURTs. These
include gene silencing and mutations and will lsed$sed in the following with particular referencé/-
GURTs. There are also some transgene problemsatieaimore specific to V-GURTS, these will be
discussed later on.

Gene silencing, including epigenetic changes to DNA and loss of promoter activity

As outlined above, some forms of gene silencing @mesidered to have evolved as a host defence
mechanism against “invading” genetic informatioanfr viruses and or against parasitic DNA. The same
mechanism is thought to be active against transgéag. Riddihough and Pennisi 2001, Matzke et al.,
1999). Duplication of gene sequences (e.g. promsdguences used for transgenes) is also thought to
increase the likelihood for gene silencing. Theebrtd transgene silencing is often not immediatedaun
occur after a few generations of unaffected growtere is also evidence, that some forms of steakl
contribute to the activation of the gene silenaimgchanism. Research continues to investigate tiadete
mechanisms involved in gene silencing.

To underline, gene silencing of transgenes has béserved repeatedly in transgenic plants, esgecial
under stress conditions (Broer 1996, Meza et &1120

Srivastava and Ow (2003) for example, found thatdite specific recombination systédne/lox (part of
the V-GURTSs design and referred to above) did mofgom as expected. Failing to completely remowe th
DNA target sequence from the cell, the authorsdtigated if the Cre transgene had undergone epigene
changes (here DNA methylation). Such changes veened and are thought to have contributed to tHedai
performance of the recombinase.

The relevance of gene silencing for V-GURTSs systbetomes evident when looking at the implicatiohs o
different V-GURTs components if silenced.

Risk Scenarios for V-GURTS include:

Silencing of either the recombinase, the toxin geneheir promoters would disrupt the terminator
mechanism and result in viable seeds, irrespeofivenether the inducer was applied or not. This Mou

allow for the spread of any of the transgenes piesethe V-GURTSs plant, including any additional
GM trait (e.g. herbicide tolerance, production bapnaceutical compounds, altered oil content).

Silencing of the repressor gene would result inm@erently sterile seeds. If no or too little repoess
protein is produced, the recombinase gene wouldmger be repressed but become activated, which in
turn would result in the unblocking of the cell-toxjene and the production of the toxin.

Loss or reduction of promoter activity over time has been observed in a number of getigtiengineered
systems. Loss of promoter activity has repeatedignbobserved in the tetracycline-inactivatable tTA
expression system or in the tetracycline-activatdlgtR system. This is reported to be due to gierecing
of the tet operator sequences present in the promoters eé thgstems and is presumably achieved by
methylation (Tanget al. 2004, Gatz and Lenk, 1998). In the DPL V-GURTsiglesthe promoter
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controlling the recombinase gene contaies operator sequences. Loss of promoter activity haf t
recombinase gene would result in viable seed, ibusffering gene containment.

Almost all transgene sequences used in V-GURTgdssire of bacterial or viral origin, and may thase
a heightened risk of being affected by gene sileqci

The only plant-derived component in the V-GURTsteysis the LEA (late embryogenesis abundance)
promoter. The inclusion of this promoter leads endtically to a duplication, as the plant that isnge
genetically engineered would have its own equivatérihis promoter sequence. The use of this ptemo
and its potential silencing is regarded by Dar(@002) as a main drawback of the V-GURTs desigpuas
forward by the USDA and Delta & Pine Land.

Mutations

Mutations of DNA sequences occur frequently, ydtalways with noticeable or detrimental effect. Whi
cells are equipped with a number of DNA repair nactms, these repair mechanisms can themselves
contribute to “mis-spellings” of the DNA code. & known that there are certain “mutation hot spotsi
number of genes and DNA sequences, but reseastili zut standing as to whether transgenes oiqueaair
sequences of transgenes have a higher mutatiotheatether DNA sequences.

Risk Scenarios for V-GURTSs include:

Mutations could result in permanently viable sedd®we mutations could include: alteration of the lox
sequence, such that the recombinase could not eerttey blocking spacer from the toxin gene;
alteration of the recombinase gene might changepgegificity for the lox site; any changes in the
genetic sequence of the two inducible expressi@tesys have the potential for those systems to stop
working reliably.

c. GURTSs specific problems

Mutations, and especially gene silencing, can gdlyeaffect any transgene, irrespective of trait or
expression system. There are a number of eventighhehich are specific or confined to GURTs systems
many of which are particular to their inducible egsion systems, as shown in the examples below.

Leaking promoter systems:

Many of the promoters tested so far as part of ¢illle expression systems show a low level basal
activity rather than zero basal activity (see Ta&)leFor example, leaking of the tetracycline-indie
promoter system was reported by De Veylder e2&l0Q).

In the DPL design, such leakiness would resultenils seed without induction by tetracycline.

Insufficient induction of promoter systems by inducing agent:

For the induction mechanism to work in a GURTs aystt is essential that the inducing agent reaches
all the target cells in sufficient quantity. In tB€L design of V-GURTSs, each seed must have redeive
the chemical treatment before it is planted andctiemical inducer must have penetrated the seed and
be present in the target cells at the right timewEler, there is no data available to clarify el
when the seed has to be treated. If the seedatetraveeks before sowing, the inducing agent may no
longer be present in large enough quantities witténseed when it is planted in the ground.

If the mechanism is not triggered in all seedsntslawill grow that produce viable seed and pollen
capable of giving rise to viable seeds in neighlbmgucrops and related wild or weed plants. As state
by Daniell (2002), “it will be difficult to ascerita whether all the seeds treated with the tetraogcl
inducer have triggered the gene switch (i.e. wireitteacycline has penetrated all the seeds).”
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Unspecific or unintended induction of promoter system:

Many inducible promoters can be activated by mdm@ntone external agent or by a plant’'s own
endogenous (internal) chemical agent. For exanpkAlcR based ethanol inducible system can be
inappropriately triggered by endogenously (intdg)abroduced ethanol. Many plants were shown to
produce ethanol during oxygen deprivation (anoxéag), due to flooding or water logging (Padidam
2003, Tadeget al. 1998).

If the inducible system for V-GURTs for example wi& AlcR system, the intended trait of seed
sterility could be triggered prematurely during titease of seed multiplication.

Segregation of the different transgenic components during reproduction:
Scenarios:

Segregation of any GM trait gene (e.g. herbicidlerémce, production of a pharmaceutical
compound) from the functional components of a V-GWRystem. In this scenario the GM trait
could spread unchecked as it would no longer bedirio seed sterility.

Segregation of any one of the genes involved inM@URTs system from the others: segregation
of the toxin gene from the recombinase gene orwérsa would result in permanent seed viability.

Segregation of both the toxin gene and the recoaseigene from the repressor gene would lead to
sterile seeds without induction, i.e. in seeds ihlagrited the toxin gene and the recombinase gene.
The presence of only the repressor gene would tréesupermanent seed viability, over all
subsequent generations. If an additional GM traitegghad segregated with the repressor gene, it
would now have become inheritable.

To prevent any gene escape, as well as to maititaitrait of inducible seed sterility, it appearsaial

that functional components of V-GURTs and the idireed GM trait remain securely linked during
reproduction. The strict requirement for tight ligle between all genes is regarded by some as one of
the major drawbacks of this technology (e.g. Da2ied2).

To date, no research has been published investigtite issues raised by the need for tight linkafgst
least four transgenes over generations of repramudt appears that unless all genes are arranged
one plasmid and introduced into the plant in alsitiginsformation step, segregation is likely towsc

Concluding Summary

Because V-GURTSs are designed to function as paat lmiblogical system, this technology will facearie
limitations in its ability to perform over time asquired. Gene silencing, mutations, promoter imatbn,
leaking promoter systems, insufficient or non-sfieanduction and segregation of transgenes arevadhts
common to biological systems. They have all beesenked in the context of transgenic crops and the
genetically engineered expression systems considerénclusion in V-GURTS.

This paper concludes that, despite efforts to peNeGURTSs and its expression systems, it will rema
unreliable. Living organisms are inherently charoeand unpredictable — necessarily so for theivigal.

This paper concludes that evolutionary processesnadirect conflict with V-GURTSs. Selection pressu
will inevitably lead to selection for seed viahjlii.e. any variant capable of reproduction.

5. Risk scenarios and potential consequences

From the design limitations of V-GURTS, includirfgetbiological system problems documented to date, a
number of likely risk scenarios can be deduced rezat! to be considered when contemplating the fuge o
GURTs in an agricultural or forestry context. Thbuthe list of risk scenarios given below is not
exhaustive, it clearly establishes a range of piatlear likely consequences that are in direct Gonfvith
efforts to ensure the conservation and sustainabke of biodiversity and to establish or safeguard
livelihoods, food security and food safety.
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Scenarios

Out-crossing by GM-pollen with activated terminator mechanism (intended design)
a) Resulting seed would not germinate

Where nearby fields are affected by out-crossind where farmers save seed for replanting, yield los
would occur. Over time, potential consequencesidel

Food insecurity; erosion of traditional and farmaarieties and landraces, especially if farmers tosst
and confidence in their own seeds, potentially doaimg their varieties, due to decreased germinatio
and yield.

Where the V-GURTSs crop is grown in its own centirerigin, potential consequences include:

Erosion of centres of origin especially where aldgient or uncultivated varieties are rare or wiseieh
varieties are maintained by local or Indigenous womities who might lose trust in re-sowing harveste
seed and abandon these varieties due to reduceihgdion

Where related uncultivated plants are affectecemial consequences include:

Depletion of seed bank stores; reduced propagaticelated rare plants which could endanger their
survival in the given habitat; knock on effectsc(aedary effects) to wider biodiversity, e.g. insect
birds, small mammals.

b) Resulting seed would contain all the transgeneseptein the V-GURTs plant, including other
accompanying GM trait transgenes.

Where nearby fields for food and feed productiom aifected by out-crossing, harvested seed would no
longer be GM free but contain all the transgenessqmt in the V-GURTSs plant as well as potentially
containing proteins coded for by these transgehespressed before the late embryogenic stateerfiat
consequences include:

Compromised food safety; reduced income as farmessnot be able to sell contaminated crops on the
commercial market.

Out-crossing by GM-pollen with un-activated terminator mechanism

Where seeds have not been sufficiently exposetigathiemical inducer prior to being sold to farmars
where treatment occurred within the wrong time fearthe transgenes and their traits will have become
inheritable, as cross-pollinated seed would belgidPotential consequences include:

Widespread transgene contamination of related vaw#td crops, especially if seeds are kept for
replanting. This might have serious implications fimman and animal health in the case of food and
feed crops, especially if the original V-GURTs plasontained a transgene for the production of
industrial or pharmaceutical compounds.

Erosion of farmer varieties, traditional varietaesd landraces, as farmers may stop breeding amysav
their own seeds to avoid transgene contaminatiah iem health and economic consequences. The
capacity to obtain seed sold by companies will ddpen the economic situation of farmers and the
availability of appropriate and uncontaminated séeotthermore purchased seed may not be adapted to
local conditions, unlike that which farmers’ sawee breeding.

Erosion of crop genetic diversity when the V-GURap is grown in its own centre of origin.

Widespread transgene contamination of related anldl weed plants. Depending on the additional trait
gene and the effect of the genetic engineering tesntsformation process on the genome of the V-
GURTSs plant, implications for biodiversity and egstems could be substantial.

Increased likelihood for horizontal gene transfietransgenes to, for example, soil or gut bacteria.

“Sudden death”: As the terminator mechanism i$ istiict but has not been triggered, there is tble r
of its activation in individual plants or in wholdant populations, whether these are crop plants or



UNEP/CBD/WG8J/4/INF/18
Page 11

uncultivated relatives. As outlined in the previaestion, the terminator mechanism can be triggered
by:
- a leaky promoter system (e.g. in the case ofdtracycline-inducible promoter system);

- segregation (e.g. separation of repressor traesffm recombinase and cell toxin transgenes
during reproduction);

- unspecific induction. The ethanol-inducible prderosystem for example can be induced
internally by the plants own production of ethanafhilst under normal conditions plants will not
produce ethanol, many will do so in a situatioroxygen depletion (anoxia, anerobic stress), e.g. in
a situation of flooding, water logging or submergeh Plant survival during anoxia depends on
ethanolic fermentation for energy production (Tadetgal. 1998). In this scenario, the flooding of
a whole population of plants or a whole field obms, especially young seedlings, could trigger the
terminator mechanism in all those plants that doaththe un-induced terminator mechanism (i.e.
where it had integrated).

Out-crossing by GM-pollen with silenced terminator mechanism

Where either the toxin gene with the LEA promotethe recombinase gene with the altered CaMV 35S
promoter had been silenced during seed multiptioati the terminator mechanism would no longer be
triggered by treatment with the chemical inducegaify, the transgenes and their traits will haveobex
inheritable, as cross-pollinated seed would belgidPotential consequences include:

The same risk scenarios as detailed under "Ousitrgdby GM-pollen with not-activated terminator
mechanism” are applicable, with the exception offtten death”.

If the LEA promoter had been silenced, reversathef silencing would result in sterile seed (as the
recombinase would already have removed the blociager after the original treatment with chemical
inducer).

If the recombinase promoter had been silenced,réiversal of the silencing after a number of
generations would result in plants resembling the-&ctivated” terminator mechanism and thus lead to
the same risk scenarios as detailed under thatrtggadcluding “sudden death”.

Out-crossing by GM-pollen with disabled or segregated terminator mechanism

Where either the toxin or the recombinase transgemeheir promoters have been affected by mutstion
disabling their function or where segregation hggsasated either the toxin gene or the recombinase g
from the other V-GURTS transgenes, the terminatechmanism will be permanently disabled. Potential
consequences include:

The same risk scenarios as detailed under "Ousitrgdby GM-pollen with not-activated terminator
mechanism” are applicable, with the exception offtten death”.

Unintended planting of sterile seeds

Where during seed multiplication the inducible poten of the recombinase transgene either leaked (e.
tetracycline inducible promoter) or was unintenéithntriggered (e.g. ethanol-inducible promoteggered
during water logging by plant's own production ¢tianol), the resulting V-GURTSs seeds would be Igteri
A proportion of seeds sold to farmers would thusady be sterile. Potential consequences include:

Yield loss, as only part of the crop would germénat

® Some plants are well adapted to oxygen depletiapable of using ethanolic fermentation of carbohtgs for
energy production, resulting in ethanol and CO2pobion. Rice or rice grains, for example, sungubdmergence for
a long period of time, and were found to produt¢eet! during the whole period. Barley and wheaifes) on the
other hand are less well adapted and are fountbttupe ethanol only on the first days of submergenc
(Guglielminetti et al., 2001).
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Loss of income, unless it could be proven thatdylelss was due to the supply of faulty seeds and
compensation from seed companies could be sought.

Small scale and subsistence farmers or individuatls small plots could unknowingly plant terminator
seeds supplied for food or feed purposes. Thisexample, would be the case should terminator seeds
intentionally or unintentionally present in impaitencrushed “grain” sold in local supply storesawrd aid
grains that are kept for planting to ensure foqupbufor the next season. Potential consequenchsde:

Crop failure; loss of harvest; hunger and food dnsiy.

Out-crossing by GM-pollen or spread of GM-seed with terminator mechanism in a forestry
context

Where genetically engineered trees contained a \R®&Jvariant and where the terminator mechanism
failed to result in the production of the requirell toxin (due to gene silencing, mutation or iffisient
induction), the transgenes and their traits wowdome inheritable. Potential consequences woulddec

Increasing contamination of forests with transgerees and their GM traits (e.g. lower or alterigdih
content, altered adaptation to day-light or coldjth a potential worldwide impact on forest
biodiversity, its sustainable use and its regi@mal global climate contribution.

Concluding Summary

The scenarios discussed above include risks arehfiait consequences of V-GURTSs crops in cases where
the terminator mechanism is activated, as wellnasases where it fails to function as designedodth
cases, there are potential negative impacts on $eadrity, biodiversity, livelihoods, centres ofngéic
diversity and origin, conservation of traditionaldafarmer varieties, sustainable agriculture anthdruand
animal health.

With respect to affected food and feed crops, spetitention must be given to a scenario involving
pharmaceutical V-GURTSs crops, especially if coritajrhuman genes for the production of pharmacdutica
compounds. As the capacity for out-crossing in fingt generation is part of the V-GURTs design,
contamination of neighbouring food and feed cromsild take place. Transgenes and potentially their
protein products would be present in any crossyitd seeds. This not only gives rise to foodtgafe
concerns but also to ethical concerns, as therddsspread rejection of the unintended consumpdion
human genes as part of the diet.

Another scenario to be considered is of the widempuse of V-GURTS crops. Likely consequencesatre n
only increased contamination and the erosion alrires but also the lost capacity of farmers te sheir
own seed and adapt their seed to soil and clinsatiditions and the surrounding ecosystem.

A gquestion remains concerning the locality of nplitiation of V-GURTS seeds by seed companies. As th
terminator mechanism would be blocked during thétiplication cycles, the possibilities for contaration
via pollen as well as seed are greatly increasadigbest taking this out for now — especially akomh’'t
understand the last sentence | just erased

6. Final Conclusion and Discussion

To date, no functional and complete V-GURTSs apfilicehas been detailed in the scientific literatriee
evaluation presented in this paper of the V-GUR®@sigh, its reliability and performance has therefor
relied on details contained in relevant patent doeutations and on evaluation of its envisaged corepis
as reported in the scientific literature.

Terminator technology, technically known a&enetic Use Restriction Technology (GURTS), is a complex
design of genetic engineering and molecular intemaclt is composed of three expression systems,df
which are inducible, and one chemical that willdtion as an inducer to trigger the terminator macdm.
For V-GURTSs to perform as designed, the followingstrbe realized:
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Firstly: All three expression systems must workthe right level of protein production (repressor,
recombinase and cell toxin) at the right time ia thght cell system; respond to sufficiently antiatdy to
the external as well as to the internal inducet;raspond to unspecific induction; and not becorte/a
unless induced.

Secondly: All three expression systems and theleganust stay linked and remain stable and unclkange
over generations of seed multiplication.

As detailed in this paper, neither of these abaegiirements is being met. Events, or problems, bae
been observed in either transgenic plants or iretierengineering experiments with components of V-
GURTSs include: gene Silencing and epigenetic char@feDNA; mutations; loss of promoter activity;
leaking promoter systems; insufficient induction pgbmoter systems by inducing agents; unspecific or
unintended induction of promoter systems; segregabf the different genetic components during
reproduction. Additionally, toxicity and impact ofducers and repressors on the plant, environmeat a
human and animal health will also require consitiena

A system can only be as good as its weakest prfgresent, none of the components tested for &nlyeo
possible V-GURTs systems are 100% reliable or g#fecGiven that, the individual components of V-
GURTSs offerless than 100% efficiency or rdiability, the combination of these components in one
organism will amount to still less. For example,efich of the 4 components (including the inducer)
performs to 95%, in combination their performancald reduce efficiency or reliability to as littées 81%.

Equally, future evolution of a V-GURTSs line must be taken into account. Because V-GURIrgers an
evolutionary disadvantage, selective pressure fasbur genetic or epigenetic changes that leaddble
seeds and the capacity for reproduction. As diszligs the paper, V-GURTSs stands in direct confhith

two key defining characteristics of a living orgami - its ability to reproduce and its ability toagtl This
latter point combined with the evolutionary toolratural selection pressure, call into questioratbibty of
GURTSs to perform reliably. Equally, it necessitats examination of risk scenarios and the potential
consequences of a system that would produce st&dd as well as viable transgenic seed contaiing
silent terminator mechanism.

The scenarios and potential consequences detailed in section 5 illustrate that both seedildte and
inheritable contamination with terminator transgersd additional trait transgenes could have sgriou
implications for biodiversity, agriculture, foodcsgity and sustainable livelihoods. The indicatigant to
V-GURTs exerting further strain and unpredictapilbn already vulnerable agriculture systems and
communities.

A serious drawback of V-GURTSs is that farmers grgyvconventional or traditional crops of the same
species as the V-GURTSs variety in neighbouringdBeWill find their cropscontaminated via cross
pollination. This may severely impact food security while alg®ing a problem for marketing and for food
safety, especially if the GM crops in question weharmaceutical crops or others not intended fondru
consumption. Farmers who save their traditionalaventional seeds for replanting may find a sigait
percentage do not germinate and would consequexplgrience important yield loss.

Theoretically seed sterility cannot spread, singeeahe trait is activated the seed will not be2dblgrow

and no reproduction will be possible. As shown tigio the scenarios developed here however, there is
potential for therait of seed sterility to spread to cultivated or wild relatives — albeit in a nactivated or
silenced form. If at a later stage, segregatiothef V-GURTs genes takes place, gene silencingiiggbe
reversed, or promoter leakage or unspecific induacticcurs, the trait of seed sterility would beiveated.

The impact of later generations of plants beconstagile could potentially be severe, depending han t
degree of contamination and spread of the “silemthinator mechanism.

An issue so far sidelined and not yet understosdthé impact of the genetic modification process
(transformation) on the integrity of the plant atalgenome (Wilsoret al. 2004). V-GURTSs involve the
insertion of at least 3 gene constructs, more drghare other GM traits for other purposes that are
incorporated. The products of each of these hawetiential to cause unintended alterations tgthet's
biochemistry (Schubert 2002). This is also a paémonsequence of any unintended mutations created
during their insertion (Wilsort al. 2004). Risks would consequently increase if thadgenes were not all
placed on one plasmid and inserted in one singlesformation. These additional risks, combined Wit
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uncertainties, mean that V-GURTs may create many lnesafety risks, with potentially serious impacts
for Indigenous and local communities and smallhofdemers.

7. Regarding the Convention on Biological Diversity

In accordance with the precautionary principle, agftecting that there is no indication that théestific
problems of GURTSs could be resolved, we urge &att the Working Group on Article 8(j) to suppitre
conclusions of the “Ad Hoc Technical Expert Grougpart on the potential impacts of genetic use
restriction technologies on smallholder farmers,digenous and local communities” and its
recommendations that COP reaffirm paragraph 23sofiecision V/5 Ill on GURTs and that Parties and
Other Governments consider the development of adgyl frameworks not to approve GURTS for field-
testing and commercial use.
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Annex

gene coding for a trait

Regulatory sequence: on/off switch - e.g. CaMV 355 {from virus)

Coding seguence of a gene - e.g. pharmaceutical compound (human)

or pat gene for herbicide tolerance (from soil bacteria)

% Regulatory sequence for termination and processing - e.g. from pea

Figure 1: Gene Construct (transgene)
A gene is, in general, made up of a promoter, a coding sequence and a termination sequence (see text for

details)

Table 1: Site specific recombination systems

Components: a) recombination enzyme, i.e. recombinase or invertase
b) small DNA recognition site

Recombination enzyme/ | Origin Reference

recognition site

Crel/loxP bacteriophage P1 Dale and Ow, 1990,1991; Odell et al.
1990

Flp/frt Saccharomyces cerevisiae Lyznik et al. 1993

R/RS Zygosaccharomyces rouxii Onouchi et al. 1991

Gin/gix bacteriophage Mu Maeser and Kahmann 1991
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Table 2: Inducible Expression Systems using external inducers

Expression System or Inducer

Drawbacks

Bacterial repressor-operator
systems

» Tetracyclin-inducible TetR

Leaky expression, high level of tetracycline required (short
half-life, toxic to plants in high concentrations, not
applicable to all plants)

» Tetracycline-inactivatable tTA

negative controlled system, constant tetracyclin required
to shut off expression system, loss of promoter activity
over time (methylation)

» Pristinamycin

not tested in whole plant

Fungi derived systems

» Copper inducible ACEI

copper is an essential plant nutrient, phyto-toxic in high
concentrations. Not suitable for field application.

« Ethanol inducible AlcR

photo-toxicity negligible. Low basal activity, induction rapid
and reversible. Inducer highly volatile. Risk:
inappropriately triggered by endogenously produced
ethanol (due to anoxia)

Steroid receptor based systems

* Glucocorticoid (vertebrate origin)
 Dexamethasone-inducible GR
fusions

inducible by glucocorticoid or dexamethosone. DM
sometimes causes growth defects & activation of defense
related genes. Not suitable for field application.

» Estrogen/estradiol inducible XVE

high efficiency and specificity. Might not work in species
with phyto-steroids, e.g. soybean.
Not suitable for field application.

» Ecdysone agonist

high expression levels, but relatively high background
expression. Inducer tebufonizide used as insecticide
(against lepidopteran pests).

Plant origin

» Safener-inducible in2-2

Inducer is an agrochemical. Causes growth abnormalities.
Promoter inducible by other chemicals. High base level
expression in roots.

References:

Gatz C and Lenk | (1998). Promoters that respond to chemical inducers. Trends in Plant Science,

Vol 3, Iss 9, pp 352-358

Wang RH; Zhou XF; Wang XZ (2003). Chemically regulated expression systems and their
applications in transgenic plants. Transgenic Research, Vol 12, Iss 5, pp 529-540
Pallidam M (2003). Chemically regulated gene expression in plants. Current Opinion in Plant

Biology 6:169-177




lox

18

3
0660 Gene for cell-lethal protein

T 66 (e.g. RIP) active in late

— C:;.@ embryogenic stage of seed

development.
Gene blocked by spacer

Z,
RN o%o Gene for recombinase
@ X molecular N 6‘6 enzyme (molecular
SCISSOrsy t scissors) that will cut out
MR Cp

the spacer of gene (a).
Gene blocked by repressor

Gene for repressor protein

(TetR) that will block

constantly active activity of gene (b).

Gene constantly active

here tetracycline 4 qp

B \%&g}\ﬁl}}\;
SCisSsorsy
NN

=

removal of Repressor W%

S \\\\\\\\\\\\Q
molecular N

Scissorsy
SN

production of Ribonuclease $<

removal of Spacer

production of cell Toxin

Figure 2: V-GURTSs Design.

The V-GURTSs design depicted is modelled on the Delta & Pine Land design (see text for details). The trait for
seed sterility is blocked in the upper panel, showing the interaction of the 3 gene-constructs and their products
involved. The lower panel illustrates the activation of the terminator mechanism, starting with the application of

an inducer.



