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Summary

The Society for General Microbiology is supportive of the use of genetic modification (GM)
technology in research, subject to appropriate regulation and ethical review. Its medical, industrial
and agricultural use is also supported if scientific, economic and ethical review indicates that GM
technology offers distinct advantages over other methods and is safe.

Uses of GM in microbiology

Research tool: Research microbiologists routinely use genetically-modified (or ‘engineered’) micro-
organisms, laboratory animals (primarily, mice) and genetically-modified plants in laboratory studies
of infectious disease, microbial physiology and other processes.” Examples of laboratory research
where microbiologists use GM include protein localisation with Green Fluorescent Protein; and gene
expression experiments with beta-galactosidase or luciferase. Such experiments were not possible
before the advent of GM in the 1970s and have, without doubt, spurred scientific discovery,
contributing to innovation in medicine, industry and agriculture.

Manufacturing process: Since the 1980s, manufacturing firms have employed GM bacteria and fungi
in a small number of industrial applications, mainly in the chemical, pharmaceutical and food
industries. Recombinant insulin was the first such product, marketed since 1982 by the American
pharmaceutical company Eli Lilly. Other such products have included vegetarian rennet, growth
hormone, interferon and 1,3-propanediol, a chemical used in the manufacture of polyester fibre.’

Vaccines: GM technology is used to make vaccines against infections such as human papilloma virus
and hepatitis B. The ‘FLUENZ’ influenza vaccine is one very recent development that could be vital in
a flu pandemic.? Veterinary vaccines include the oral rabies vaccine V-RG (Case study 1, below) and
vaccines against Newcastle and Marek’s diseases in poultry.*

Disease resistance ‘by design’ in crops and livestock: GM technology can, in principle, be used to
protect crops and livestock from disease (Case study 2). To our knowledge, authorities around the
world have approved 15 disease-resistant GM crop varieties for commercial growing (seven in
potato; three in papaya; two in squash; and one each in bean, plum and sweet pepper). A further ten
disease-resistant crop varieties are in advanced development for commercial use. In 2011, UK
scientists used GM technology to develop a chicken unable to transmit bird flu, but
commercialisation of the technology is many years away.’ Crops genetically modified for disease
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resistance are not grown in the EU.® There are currently no commercially-available GM livestock with
disease-resistance traits.

Environmental release

As a research tool or a manufacturing process, GM is considered to be ‘contained’ within a
laboratory or industrial premises, and there are mandatory precautions to ensure containment.
European regulatory authorities only permit environmental releases after a lengthy review, if at all.
In the case of manufactured goods, GM material is removed during the production process — hence,
the material should not be present in the finished product and does not appear in the food chain or
the environment.’

Assessing the worth of GM

Over the past 30 years, genetic modification technology has yielded products and processes that are
genuinely useful. The technology may continue to do so in the future. However, as with all
technologies, we do need good, proportionate regulation, and publically-accountable legislative,
economic and ethical review.

Claims for the worth of each new GM product need to be backed by evidence for economic, social

and/or health benefits, benchmarked against existing or next-best solutions.® Regulators should also
take into account scientific assessments of the safety of particular GM technologies for both people
and the environment. No technology should be intentionally developed to have detrimental effects.

SGM believes in upholding appropriate standards of physical and biological containment for research
on GM and non-GM micro-organisms, subject to suitable regulation and ethical review. This criterion
should also apply to the use of emerging biotechnologies such as synthetic biology.

Our two case studies (below) are intended to highlight the varied uses of GM technology, but also
the difficulties of conducting technology assessments that take into account longer-term economic
and other factors.

We are not aware of any peer-reviewed epidemiological studies showing detrimental health effects
attributable to GM crops in countries where such crops are consumed on a large scale, e.g., the USA.
However as the World Health Organization has indicated, there is also the need for continual follow-
up to ensure that we identify emerging health risks.” Monitoring over the long term is essential.

SGM will in all cases strive to inform debates about the development and use of GM technologies as
they impact microbiology, according to the highest standards of independent scientific evidence.



Case study 1 — Rabies and red foxes

Rabies is an infectious disease of wildlife, domestic animals and people. Without treatment, the
disease is fatal. Rabies circulates in an animal reservoir — primarily red foxes. Accordingly, the risk of
an outbreak can be reduced either by culling foxes or by vaccinating them.

The story begins in the 1960s when the American microbiologist George Baer and his colleagues
developed ‘attenuated’ viral vaccines that could be hidden in bait for the fox to (unwittingly)
swallow. They made these vaccines by repeatedly infecting and re-infecting cells with the rabies
virus; in the course of this ‘serial passage’, mutations in the viral genome arose naturally that
rendered the virus infective but unable to cause disease.® The first field trial occurred in Switzerland
in 1978 and proved the method effective at controlling rabies.™*

Six years later, another team of scientists — working variously at the non-profit Wistar Institute, the
US government’s National Institute of Allergy and Infectious Disease and the Strasbourg-based
biotech firm Transgéne — developed the V-RG recombinant rabies vaccine.'” Instead of relying on
natural mutations as Baer had done, they used genetic engineering methods to insert a glycoprotein-
coding gene from rabies into the cowpox (vaccinia) virus. The French vaccine maker Mérial
commercialized the product under the ‘Raboral’ trade-name.

The Belgium government was the first in the world to use recombinant vaccine. Between 1989 and
2000, they distributed (mostly by helicopter) three million vaccine doses over 10,000 square
kilometres of their own territory and adjoining countries; 92 % of the doses were GM."* Although this
Belgium programme is little-known, it was (and is) the largest dissemination of a genetically-modified
organism anywhere in Europe.™

How useful has the approach been? To evaluate the effectiveness and safety of the recombinant
vaccine, Belgium scientists conducted a series of trials.” These data convinced them that the V-RG
vaccine was more effective than existing, non-GM, vaccines. In particular, that V-RG was more heat
stable and would last longer in the bait. They also considered it less likely to transform into a
dangerous, rabies-causing type, unlike attenuated vaccine which does sometimes transform, albeit at
alow rate.’

Rabies in people, domestic animals and wildlife in Belgium declined during the GM vaccination
campaign. In 2001, both the World Health Organization and the World Organisation for Animal
Health declared Belgium ‘free of rabies’."’

Belgium, France and Luxembourg have been the only European countries to adopt the recombinant
vaccine — American and Canadian authorities have also used recombinant vaccines on a large scale.™
Nevertheless, non-recombinant vaccine has been seen as sufficient elsewhere. Italy organized a
campaign using only an attenuated vaccine and was certified ‘rabies-free’ in 1997." Disease rates
have fallen under both the attenuated and GM control regimes.*



Rises in the number of foxes, associated with reductions in disease, have led some to argue that
rabies eradication, by whatever method, might disrupt the ecological balance.” Against that, we
have to weigh the gains that control brings in terms of animal welfare and our own safety. Rabies
remains a devastating disease and, even in ‘rabies-free’ countries, sporadic cases still occur.”

Point and counterpoint
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Case study 2 — Hawaiian papayas
Papaya ringspot virus (PSV) is the major infectious disease threat to papayas worldwide, causing
chlorosis, stunting and spots on the fruit.”®

The virus became a problem in the Hawaiian papaya industry in the 1950s, leading to a crisis in
production.?® The industry relocated from the virus-infested Oahu Island to the virus-free ‘Big Island’
(Hawaii). But the virus had not gone away and, by late 1994, the re-located papaya industry
succumbed to a second crisis due to the spread of the disease.

Hawaii Department of Agriculture officials had been working on disease control measures since the
late 1970s. These included: conventional plant breeding to produce resistant varieties; ‘cross-
protection’ (akin to vaccination); and the use of the glyphosate herbicide to rapidly kill infected trees,
thus stopping spread.

In 1986, researchers at the University of Hawaii, Cornell University, and the Hawaiian agriculture
department, led by Dr Dennis Gonsalves, began work on a GM papaya that would resist the virus.
After 5 years of experiments, they succeeded in introducing a gene coding for the virus’ ‘coat’
protein into the red-fleshed ‘Sunset’ papaya variety. Based on experiments with the related tobacco
mosaic virus, they believed this would make the plant resistant — an assumption that turned out to
hold true in greenhouse tests.

The researchers then used conventional crossing to breed the transgenic Sunset type with the
yellow-fleshed ‘Kapoho’ papaya, which is grown commercially in Hawaii, producing a hybrid
‘Rainbow’ cultivar that proved resistant to the virus in field trials. Following a two-year long
regulatory assessment that ended in 1998, the GM papaya was authorized for cultivation (and sale)
in the USA.

Agricultural extension officers distributed the GM seeds free of charge.”® The researchers handed
over the patents to the Papaya Administrative Committee, an organization which represented

papaya growers.*

One problem was that transgenic papayas were not licensed for sale in Japan, a big market for
Hawaiian growers (in 1992, about 35 % of Hawaii’s papayas went to Japan — the remainder going to
the American mainland).”” Gonsalves and his colleagues designed a planting strategy, sowing ‘breaks’
of transgenic crop to halt the spread of the virus (GM fruits were then legally sold into the mainland
market). These breaks were interspersed with stands of the non-transgenic variety intended for
export to Japan.28

The majority of papayas sown on the islands are now GM.* A 2006 study by the testing company
Genetic ID, funded by the local campaign group Hawaii SEED, even picked-up the GM transgene in 50
% of ‘non-GM’ papaya seeds (from 60 papaya fruits sampled from backyards and organic farms
across the Big Island).*®



As of December 2011, the Japanese government authorized the import of GM papayas from Hawaii,
opening up a large market.*! Yet the Hawaiian papaya industry has, until now, been in long-term
decline.

US Department of Agriculture figures indicate that harvested acreage, yield per acre and production
have halved on the islands since a peak in the mid-1980s. This decline has occurred despite the
introduction of GM in 1998 — and can be attributed to long-term falls in the market price, relative to
inflation. Transgenic technology had short-term benefits in cutting rates of plant disease, but the
economic fate of the industry has more complex determinants.

Point and counterpoint

Gonsalves, D. (2004). Transgenic papaya in Hawaii and beyond. AgBioForum 7, 36-40.

Greenpeace International (2006). The Failure of GE Papaya in Hawaii.
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