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GeneWatch UK is a not-for-profit organisation based in the United Kingdom. This is our second
submission containing further comments on two aspects we did not cover in our first submission: (i)
the issue of horizontal gene transfer (HGT) and its implications for antibiotic resistance; and (ii) the
use of a multifunctional human viral domain from HSV1.
The risk of HGT provides an additional mechanism for the spread of antiobiotic resistance which
should have been considered in the EA, alongside the risk of the selection of antiobiotic resistant gut
bacteria in the GE diamondback moth (DBM) during mass breeding (considered in our first
submission). Antiobiotic resistance in bacteria might have serious implications for human health, for
example, consumption of the GE larvae by mice might risk the transfer of resistance to bacteria such
as Borrelia burgdorferi, which causes Lyme disease. Doxycycline is the standard treatment for Lyme
disease, so there is a risk that this could be rendered ineffective.
The implications of the use of HSV1 are unclear but raise some additional questions to be
investigated.
Failure to correctly consider these potential risks are additional omissions from the environmental
assessment (EA) which add further weight to our view that the EA is incomplete and that the
application should be refused.
1. Horizontal gene transfer and implications for antibiotic resistance
1.1 Requirement to consider horizontal gene transfer
In our first submission we highlighted the EFSA Guidance which outlines the evidence that Oxitec
would need to provide for its GE insects to be placed on the EU market (placing on the market
means making available to third parties, whether in return for payment or free of charge).1 This
Guidance is relevant because it is the only guidance adopted worldwide for the risk assessment of
GE insects and because Oxitec must supply an environmental risk assessment which meets EU
standards prior to exporting GE diamondback moth eggs to the USA for open release (under
Regulation 1946/2003/EC2). This notification must include a prior, existing environmental risk
assessment which meets EU standards.
The EFSA Guidance includes Horizontal gene transfer (HGT) (Section 4.2.2), defined as “any process
in which an organism incorporates genetic material from another organism into its genome without
being the offspring of that organism”. The Guidance states: “The evaluation of the impact of
HGT from GM insects includes analysis of the potential of exposure and transfer of recombinant DNA
from GM insects and further dissemination to other organisms. Furthermore, if HGT can occur, the
consequences of such transfer events for human and animal health and the environment must be
evaluated.”
There is no specific guidance for the environmental assessment of GE insects in the USA. However,
the importance of HGT is recognised in other international documents such as the proceedings of a
joint IAEA/FAO technical meeting on GE insects held in 2002.3 This notes that “Concerns related to
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horizontal transmission and impact on biodiversity will be at the forefront of interactions between
scientists, regulatory authorities and various interest groups”.
1.2 Horizontal gene transfer and the piggyBac element
The gene transfer technology used by Oxitec relies on the piggyBac transposase. In relation to the
piggyBac element, the IAEA/FAO proceedings state: “The possibility remains for instability and
horizontal transmission” (page 10).
The USDA-APHIS-2008 report relied on in the EA cites concerns that HGT may pose a risk, particularly
concerns raised by Handler (2004) that transgene movement into intermediary symbionts or
infectious agents could occur during mass rearing, allowing rapid movement into other hosts after
release. 4 The paper by Handler (2004) specifically cites concerns that the piggyBac transposon used
by Oxitec to create its GE insects appears to have recently traversed insect orders by HGT and that
this transposon has demonstrated the ability to transpose into an infectious baculovirus. USDAAPHIS-2008 dismisses these concerns on the basis that this has not been demonstrated outside the
laboratory. However, this conclusion is out of date as Gilbert et al. (2014) has demonstrated5. These
recent results provide strong support for the role of viruses as vectors of transposable element
horizontal transfer between animals: the authors call for a systematic evaluation of the frequency
and impact of virus-mediated horizontal transfer on the evolution of host genomes. In this paper,
PiggyBac transposase was detected in insect viral genomes. Viruses appear to have the potential for
greater rates of HGT than bacteria.6 Other observations confirm the likelihood that inter-species
movements of genes (and piggyBac in particular) can occur by viral vectors.7,8
The recent publication by Gilbert et al. (2014) demonstrates that, in the field, transposase can not
only move from on insect genome to a baculovirus but also from the virus to another insect. This
confirms Dr Handler’s concerns, which were wrongly dismissed by USDA-APHIS-2008. The EA should
have considered this new evidence and placed greater emphasis on the likelihood of HGT. We
consider further below how HGT could pose risks to human health and the environment.
1.3 Oxitec’s false claim that TTAV is negatively selected in bacteria
The company Oxitec considers HGT to micro-organisms, including the gut micro-biota of predators of
the GE insects, on page 99 of the Oxitec report appended to the EA. However, this includes the false
statement that: “The inserted traits confer a strong negative selection, therefore it is unlikely that
they would be capable of persisting in the gut flora of any predator or in the environment”. This
statement is incorrect because it confuses the toxic phenotype conferred by overexpression of the
tTAV in certain eukaryotes (mosquitoes, diamondback moth) and the primary drug-dependent
transcriptional regulatory function of the TetR domain when it is expressed in bacteria.
Specifically, the tTAV allele inserted in the Diamondback Moth genome is composed of a N-terminal
TetR domain; a functional bacterial transcriptional repressor fused to a VP16 trans-activating
tegument protein derived from Human Herpes virus 1 (HSV1). In this configuration the TetR domain
remains a functional bacterial tetracycline resistance determinant. In fact the TetR Gene is under
strong positive selection in bacteria with a chromosomal copy of one of the Tet (A,B,C,D) efflux
mechanisms.9,10,11,12,13
The killing mechanism due to overexpression of tTAV in some organisms is not fully understood and
this adds additional uncertainties. 14
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1.4 Role of the tTAV allele as an antibiotic resistance marker gene (ARMG) for tetracycline and its
derivatives
Since there are genuine concerns about horizontal gene transfer from the GE insects to microorganisms and on to other hosts, it is important to be aware that antibiotic resistance could be
transferred via this mechanism. This is a particular concern because tetracycline and its derivatives
(oxytetracycline and doxycycline) are widely used in both medicine and agriculture.15 Amongst many
other uses, doxycycline is the standard treatment for Lyme disease (caused by infection with the
bacteria Borrelia burgdorferi) which is spreading throughout New York State.16 Lyme disease is
transmitted to humans from a natural reservoir among rodents by ticks that feed on both sets of
hosts.17
In the absence of the efflux system the TetR protein does not confer resistance to any antibiotics,
but when the repressor gene is associated with the efflux mechanism in one loci they remain
selected as a drug resistance cluster. 18 This occurs even in the absence of selective pressure through
the use of the antibiotic tetracycline (concerns about the use of tetracycline in mass breeding were
discussed in our earlier submission). Thus HGT may act as an additional mechanism for the spread of
antibiotic resistance, with adverse implications for human health and the environment.
Lin et al. (2014) have recently demonstrated that the use of tetracycline during the breeding of
Diamondback Moths selects for specific bacterial flora.19 The risk of selecting for antibiotic resistant
bacteria should therefore also have been considered in the EA.
For comparison, a scenario of transfer from tetracycline resistance determinants from GE crops to
soil bacterial communities was studied by the FDA in 1996.20 The FDA report argues that ARMGs for
the antibiotics neomycin and kanamycin may be acceptable in GE plants because they are
infrequently used antibiotics, neither is unique for any use, they are rarely are administered orally,
and they are not used in agriculture or aquaculture to any great extent. Thus, the report argues,
selective pressure would be minimal for development of resistant bacteria because the drugs are not
used in humans or in animals to any great extent. The FDA report goes on to state: “However,
different circumstances may apply to other antibiotics. For example, with regard to the presence or
absence of selective pressure, streptomycin and oxytetracycline may provide selective pressure in the
environment because of their use as pesticides in agriculture”.
It is surprising that USDA-APHIS appears willing to allow the use of a tetracycline resistant marker
gene in GE insects, when this clearly contradicts the industry guidance for GE plants issued by the
FDA. This issue has not been dealt with correctly in the EA and should have led to refusal of the
application.
1.5 Summary of concerns about Horizontal gene transfer (HGT) and implications for antibiotic
resistance
In summary:
 The EA has failed to take account of recent evidence that highlights the potential for
horizontal transfer of the genetic construct from the GE insects to viruses and other
organisms;
 The EA has wrongly relied on a false statement from Oxitec that claims that any transferred
genetic trait would be under negative selection: in reality positive selection of the antibiotic
resistant trait can be expected in bacteria;
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The EA has failed to take account of FDA Guidance on the use of antibiotic resistant marker
genes that warns against the use of markers resistant to antibiotics widely used in
agriculture, such as tetracycline and its derivatives.

These important failings add weight to the arguments in our previous submission that the
application should be refused.
2. The use of a multifunctional human viral domain from HSV1
It is important to consider tTAV as a chimeric protein that results from the fusion of a bacterial
resistant determinant with Herpes virus derived tegument protein C-terminal domain. The human
herpes virus 1 VP16 tegument protein nomenclature is synonymous with; UL48, alpha TIF, ICP25,
Vmw65. The BLAST-P protein sequence homology analysis shows 100 % identity between the tTaV
and HSV1 VP16 (residues 363 to 490). The VP16 C–terminal acidic region of viral tegument protein
confers to the TetR-VP16 fusion (tTA or tTaV) the transcription activator capacity in eukaryotes. The
DNA sequence encoding the gene is an exact match to the human viral gene.
The implications of the use of HSV1 are unclear but raise some additional questions to be
investigated.
As result of selective pressure, VP16 is a complex multifunctional protein which is also a key
tegument structural component of HSV1 virus. The C-terminal transactivation domain of VP16
present on tTAV is also a VP22 interacting domain. HSV1 tegument assembly involves the interaction
of the C-terminal domain of VP16 with VP22 and the VP22/VP16 protein interacting residues are
well conserved among many herpes viruses.21,22,23,24,25,26,27 This suggests that VP16 can interact with a
large family of VP22 and we can conclude that the viral domain present in the tTAV allele of the GE
Diamondback Moth (or any other tTaV transgenic organism) conserves its capacity to interact with
major viral tegument VP22 protein originating from wide variety of herpes viruses. The VP16
parental organism herpes virus is a pathogen that infects 30 to 40 % of human population. The
domain used in the tTAV retains not only the regulatory function but moreover the minimal
structural element to recruit herpes virus tegument protein VP22.
It is clear that the DBM will not be infected by HSV1 but if VP16 moves to any species that can host
herpes, VP16 would interact with its VP22 homologues.
This gives rise to two potential risks:
(i)
Can the tTAV allele be transduced to another host? This might occur if the tTaV allele is
transferred from insects to vertebrates by HGT. The tTaV (TetR-VP16) protein present
during herpes virus cycle (infection and assembly) will be recruited by VP22 protein and
could be packaged as part of the tegument. The assembled herpes virus could
potentially transduce the tTAV protein to the new host.
(ii)
What is the likelihood and hazard of trans-complementation between the Vp16
domain and the herpes virus? Trans-complementation is a process in which a viral
protein, often expressed from an integrated transgene, supports or enhances infection
by an invading virus. Concerns about trans-complementation have previously been
raised in the context of GE plants.28,29 Questions remains about the risk of transcomplementation when a gene or part of viral gene derived from human pathogens is
used in GE insects.
In summary, USDA-APHIS has not considered any potential risks associated with the use of a
multifunctional human viral domain from HSV1 in the genetic construct. These issues should have
4

been included in the EA. In particular, regulators must actively consider and determine the question
of whether the active domain of a human viral chimeric gene should be released in the environment
as part of genetically engineered insect, and this issue should have been part of the public
consultation.
3. Conclusion
The EA has failed to correctly consider the risks associated with:
i)
the issue of horizontal gene transfer (HGT) and its implications for antibiotic resistance
and;
ii)
the use of a multifunctional human viral domain from HSV1.
These are additional omissions from the environmental assessment (EA) which add further weight to
the view expressed in our first consultation response that the application should be refused.
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