Plant biotechnology and ethics

Alvaro Standardi

Department of Environmental and Agricultural Sciesic
Faculty of Agriculture — University of Perugia

Borgo XX Giugno, 74 — 06121 Perugia (Italy)

Doru loan Marin

Faculty of Agriculture

University of Agricultural Science and Veterinargdiicine Bd. Mar ti, no.59, Sector 1,
011464 Bucharest (Romania)

1. Biotechnology

Biotechnology is a relatively recent term that agrpé for the first time around 1960. Its origin is
the Greek wordio meaning life, and’ echnologywhich appeared in the French language in 1656
meaning the "study of tools, machines and raw ra$ér Although the etymology is fairly precise,
its definition is a little more wide-ranging, ande@ subjective at times (Bhojwani, 1990).

The use of living organisms and their productsdmmmercial purposes is a broad definition. The
first wine and bread makers could have been destréds biotechnologists before the tenas
coined A more restricted understanding of the term biotebbgy would link it to the
achievements of the last sixty years, includingrailitro culture techniques and the many facets of
molecular genetics, such as gene cloning, sequgmeid genetic engineering. Similarly, there are
two possible definitions of the term plant bioteglugy: one,in sensu latqor traditional), defines
plant biotechnology as human intervention on pfaaterial by means of technological instruments

in order to produce temporary effects (Fig. 1).



Figure 1. (Traditional definition) Plant biotechnology asrhan intervention on plants by means of

technological instruments in order to produce teraporeactions (from the Authors).




The other definition,in sensu stricto(or modern), defines plant biotechnology as human
intervention on plant material by means of techgal instruments in order to produce permanent
effects (which are transferable to the progeny)d amcludes genetic engineering and gene

manipulation to obtain transgenic plants (Fig. 2).

Figure 2: (Innovative or advanced definition) Plant bioteclogy as human intervention on plants

by means of technological instruments in orderrt@lpce permanent reactions and then

Plant genetic engineering is used to produce néweritable combinations by introducing external
DNA to plant material in an unnatural way. The tesare Genetically Modified Plants (GMPSs) or
transgenic plants.

The key instrument used in plant biotechnologyhes Plant Tissue Culture (PTC) technique which

refers to then vitro culture of protoplasts, cells, tissues and orglrsonsists of culturing tissues



or cells in totally artificial conditions; unfortately, not all factors can always be fully congadll

and it is not always possible to reproduce evenyitro procedure. Nevertheless, the PTC technique

involves the following steps:

- the growth of microbe-free plant material in asegsterile) conditions, such as a closed test
tube or container. Great care is taken to mainttmct aseptic conditions during the
manipulation and culture of plant material,

- the use of sterile and well-known media becauseynrarganic and organic components are
involved in thein vitro culture of plant material;

- the use of a growth room in which the environmdigh{ and temperature) is controlled
(Fig. 3).



Figure 3: Growth room in which sterile vessels, containptgnt material and nutrient formulation,

are cultured in controlled light and temperatureditbons (from the Authors).
- -—

There has been incredible progress in the developmi PTC technology over the past four
decades. In fact, although at the beginning of2t& century Haberlandt introduced the culture of
single plant cells, his experimentation never pdoweiccessful. After attempts by White and
Gautheret, the person who initiated meristem celtachnology was Morel in 1960.

Steck and his colleagues were the pioneers ofirtheitro PTC technique for production of
phytochemicals in 1970, and in recent years thé aéture system has been used to produce
compounds of medicinal importance.

Studies related to plant regeneration from celiurak were started by Reinert in 1959 and somatic
embryos were obtained in 1993. In 19W0vitro protoplast technology, an instrument for plant
breeding, had resulted in the cell division stafiee technology became innovative when gene
transfers betweein vitro-cultured plant material were carried out (Augéal, 1995).



To carry out then vitro PTC technique properly, a laboratory and speedjuipment are required.
Nowadays PTC is the main instrument for plant wbielogy and is used in:

- plant propagation or vegetative multiplication doreng (Micropropagation), in addition to
traditional methods used in nursery activity (greyft cutting, layering, division) (Fig. 4),

Figure 4: In vitro culture as a plant biotechnology instrument fogetative propagation (from the
Authors).




- plant material and genotype conservation or plaatenmal storage (Fig. 5),

Figure 5: In vitro culture as a plant biotechnology instemhfor plant material conservation




- improvement in plant health quality (plant recovegm virus) (Fig. 6),

Figure 6: In vitro culture as a plant biotechnology instrument fomplaealth recovery (from the
Authors).




- production of useful substances in pharmacologycalgure and industry (Fig. 7),

Figure 7: In vitro culture as a plant biotechnology instrument fafuksubstance production (from
the Authors).




- plant breeding by somaclonal variation, selectivespure, the haploidy method, protoplast

fusion and transfer of foreign DNA (Fig. 8),

Figure 8: In vitro culture as a plant biotechnology instrument fanpbreeding (from the Authors).

- research in plant biochemistry, plant physiologg pfant morphology.

Crossing and selection are the methods traditipnedéd in plant breeding programmes. For about
half a century, then vitro culture technique has been widely used in plaeéeding, and also in
genetic engineering.

Initially the in vitro PTC technique was used to support the traditionadlomventional breeding
procedure in order to save time and/or to acceleitag evaluation of new genotypes. For some
decades now, the use of this technique in breegmgrammes has been increasing and it is
actually considered more as a follow-on method tteaback up traditional ones. As a breeding
techniquejn vitro culture can be divided into two groups (Tetjial, 2002):

1. the first group is defined as traditional or corv@mal because it induces variation or mutation

in plant tissue by chemical and/or physical proess®y choosing the initial explant and the
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culture conditions (nutritive and environmental). these procedures there is no addition of
external or new DNA to plant tissue and, consedyewariation is due to the new combination

of DNA contained within the tissue. At present,ethrprincipal techniques are available to
induce variation or mutation in plants:

- protoplast fusion,

- haploidy methods,

- somaclonal variation.

Nevertheless, two types of somaclonal variationpagsible: heritable and epigenetic. The first
is stable through the sexual cycle or repeateduatgxegetative) propagation and may be
defined as a mutation because it results in héeitalberation in the genotype due to a change
in the structure of the genetic material of theolwed plant tissue (i.e., DNA base sequence).
Epigenetic variation is unstable, even when aséxualopagated, and disappears in the
progeny or when the cause of variation stops.

2. the second group oh vitro breeding techniques includes those in which the gewetic

combination is the consequence of deliberate amétunal insertion of external DNA into the
original plant genome by technological instrumehisother words, foreign DNA is inserted into
plant material, which becomes transgenic. To trarigpe DNA from donor biological material
to host plant tissue, different biological vectoas be used (i.eAgrobacterium plasmids, virus)
as well as chemical and physical methods (bioligystem, protoplast fusion, somatic
hybridisation, electroporation, electrofusion, miajection). Regenerated plants from the new
genome combination obtained by these innovativwatro culture techniques, also called genetic
engineering, are known as GMPs, which are includedhe larger category of GMOs
(Genetically Modified Organisms).

Without considering the vector used to transfer DNétween biological (plant) material, the

general procedure for obtaining and using tranggetants involves the following steps (Rosu,
1999):

gene location and isolation from donor,

gene cloning,

gene insertion into the host plant tissue,

transgenic plant regeneration,

genetic characterisation and marker-assisted gatect

placing on the market procedure (including effeats the environment and on animal and
human health),

commercial development.
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Therefore it is first necessary to have an effectprocedure for plant regeneration from the
modified callus of the species involved in the lirg programme. In some cases, plant
regeneration from tissue with recombined DNA ispdifficult.

In 2004, approximately 8.2 million farmers from aller the world grew genetically modified crops
on more than 81 million hectares. The United Stakme cultivated 47.6 million hectares.
Genetically modified crops cover about 85-90% ofasbeans, and 80% of cotton. Argentina ranks
second, with a surface of 16.2 million hectare004, Canada cultivated 5.4 million hectares with
GMOs, Brazil 5 million hectares, and China 3.7 ioillhectares. The rest of the 'transgenic surface'
was cultivated by 12 other countries, — South Adridustralia, India, Romania, Spain, Uruguay,
Mexico, Bulgaria, Indonesia, Columbia, Honduras @smany. In European countries, very little
land is used to grow genetically modified crop2%0). This is largely the result of consumer
rejection of GMOs (James, 2005).

In vitro PTC is an extraordinary tool for physiology andlbgy studies. Organs and/or tissues can
be separated from the influence of other parts plaat and also from environmental constraints.
Furthermore,in vitro studies are more responsive to chemical stimub-t8sts and bioassays
carried out using the PTC technique could be censdian efficient method for evaluating:

- agrochemical disturbance to crops (i.e., herbigigemwth regulators, pesticides),

- effects of the environment on plant growth and fioeliam,

- response of plants to various stimuli.

2. Agricultural biodiversity and transgenic plants

Agricultural management has a considerable impatctt badiversity. Many components of
biodiversity directly depend on, or co-exist withigricultural systems. Agricultural production
should be intertwined with biodiversity conservatio

Agriculture is an important source of biologicavelisity through the preservation of various genes,
biotypes, populations and species adapted to diffehabitats. Agricultural biodiversity or
"agrobiodiversity" includes all the components @fltgical diversity — plants, microorganisms,
animals — that are important for food and agria@tlOver time, the preservation of the genetic
diversity of the grown species has led to a permiamerease in agricultural production. Genetic
diversity is the basis for the adaptability of gpedo the environment. Rich genetic diversity hssu

in the creation of new plant varieties that usediversity of the environment and thus meet human
demands for food, fibres, medicine, fodder andgnestc. (IPGRI, 1993; Isikt al,1997).
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The abandonment of agricultural land, a phenomemonrring in several European countries, may
become a threat to regional biodiversity, as variepecies, particularly birds, live on cultivated
land. Biodiversity in general is threatened by sfattiors as:

- global climate change,

- habitat destruction or fragmentation,

- agriculture and forestry exploitation,

- excessive exploitation of natural resources,

- pollution of environmental components — soil, water,

- introduction of new species — the lack of co-eviolut of species may endanger

indigenous species.

Preservation of agrobiodiversity is an importantt g EU agricultural policy, and is included in
several Community programmes stipulating immediat@asures to end biodiversity losses by
2010. An action plan in favour of agricultural bieersity was initiated in 2001. As part of the EU’s
Common Agricultural Policy and Agenda 2000 (adopteding the Berlin EU Council in spring
1999 and providing the framework for the Common i&gjtural Policy until 2006), the plan
includes the following: promotion of agriculturalgatices and systems that value the environment
and favour biodiversity both directly and indirg¢tsupport of sustainable agriculture in biodiverse
rich areas; preservation and ecological reclamatioaffected areas, and promotion of initiatives
for the conservation of animal species/varietied krtal or endangered plants. The action plan
stipulates that measures for biodiversity cons@mashould be backed by scientific research and
education.
The development of agricultural biotechnologies doyg the end of the 20th century, and the
introduction of genetically modified organisms (GB)®n the market, are an important source of
agricultural biodiversity. By means of biotechnolpgrganisms may become better adapted to the
environment or may comply with certain consumer aeds (e.g., nutritive value or chemical
composition).
Genetically modified (transgenic) plants are plants which certain genes (with the wanted traits)
have been inserted using modern genetic engine¢eciyniques which are more targeted than
traditional breeding methods.
Thus, new plant varieties or hybrids can be obthineith, for example, the following
characteristics: resistance to diseases and pgegtsr nutritive value (e.g., high content in oil,
sugar, proteins, starch, vitamins), tolerance ofiesmon-selective herbicides or stress factors such
as extreme temperatures (hot weather or frostygirip soil salinity and acidity.
The use of transgenic plants can result in (Bratérd Alston, 1990; Rosu, 1999):
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- increased productivity, through efficient weedl g@st control,

- larger profit for producers, due to lower prodotcosts,

- an overall decrease in pesticide use,

- lower dependence on conventional pesticides llage negative effects on growers' and

consumers' health,

- improved quality of surface and ground waters tug reduction in pesticide waste.
The economic advantages of genetically modifiedtplse have led to a constant increase in GMO
cultivated areas throughout the world. Since tranggplants have been introduced on a large scale
(1996), the cultivated surface has increased awgy-fold.

3. Regulation of GMOs

The overseeing of testing, use and commercialisatib GMOs — whether plants, animals or
microorganisms — requires a special regulationesgstThis system establishes the legal and
institutional framework for the control of potertreegative effects of GMOs on the environment or
human and animal health (Beanu, 2003).
In the US, transgenic plants are only introduced the environment or on the market following
approval from the following governmental agenciesponsible for environmental, and human and
animal health protection:

1. US Department for Agriculture (USDA),

2. Environmental Protection Agency (EPA),

3. Food and Drug Administration (FDA).
In the US and Canada, transgenic plants are grawihuged for human and animal food, and
separate storage and labelling are not mandatory.
Since 1990, in the European Union, special legmsiabas been drawn up, enhanced and extended,
with the purpose of providing environmental and hunhealth protection, and creating a common
market in the field of biotechnology. Thus:

- EU Directive No. 219/1990 (amended by Directive R®/1998) regulates the contained
use of genetically modified microorganisms (fore@sh and commercialisation),

- EU Directive No. 220/1990, concerning the deliberatlease of genetically modified
organisms into the environment, was the main iiviataken by the EU, and was
subsequently supplemented by several Commissioisioes (623, 811, 812, 813/2003),

- EU Directive No. 18/2001 regulates the deliberatdease of genetically modified
organisms into the environment. This Directive edpd Directive No. 220/1990. Having

come into force on 17 October 2002, Directive 18R2®oth updates and consolidates
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existing regulations. This Directive also dealshwiandatory information to the public,
the long-term monitoring of effects, labelling ab@ceability, in all stages of GMO
introduction on the market.
Two other acts have been adopted and publishedhen Qfficial Journal of the European
Communities, with respect to the Community systeinGdO traceability, the labelling of
genetically modified food and fodder, and the amnbus procedure of authorisation or introduction
of GMOs in the environment as food or fodder:
- EC Regulation No. 1829/2003 (22 September 2003p@metically modified food and
fodder, and
- EC Regulation No. 1830/2003 (22 September 2003bhentraceability and labelling of
genetically modified organisms, and GMO-based faod fodder.
These regulations amended EU Directive No. 18/2001.

4. Ethical considerations

Biotechnology has expanded the tools availablesteeticists and breeders, and the benefits derived

from the application of transgenic plants may bpliapble to human health and the environment,

e.g. reduction in pesticide and fertilizer use,ré@ase in plant production, etc. For developing

countries in particular, the use of new genotypesit@nt and/or GMP) may be particularly

important because modern agricultural technologresnot available for managing and protecting

crops in these countries.

In fact, several authors (Bhojwani, 1990; Bradfardl Alston, 1990; Gamborg, 2002) have cited

the following positive aspects of GMP use in agtime now and in the future:

- they are a valuable productivity aid, as planthwidvantageous traits such as resistance and/or
yield potential can be created,

- even more effort is being made to develop herbiogdestant crop plants, some of which are
already available,

- there was one product already on the market —ther Savrtomato. This tomato has been
genetically altered to manipulate the ripening pescso that the fruit can be left on the vine for
a longer period to improve its flavaurhis product was withdrawn from the market for vas
reasons (high production costs, poor flavour, etc.)

- crop content is also a target for human and animaédition and the production of speciality

chemicals, including biofuels,
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- soil nitrogen availability is improved by (a) usimgpcula of bacteria which fix nitrogen from
the atmosphere, (b) engineering improved efficieimcyitrogen fixation, (C) engineering crop
plants to fix nitrogen,

- plants can be engineered to use light more effilyien

- crops can be developed with tolerance to a rangenwironmental stresses, such as salinity,
drought, frost and waterlogging,

- less atrtificial fertilizer and chemicals are used ¢rop protection, which reduces use of fossil
fuels in agriculture, leading to considerable ficiahand environmental advantages.

Major reservations regarding the use of GMPs afelkmsvs:

- the risk that new genes introduced in plants caddape and be transferred to other plant
species in the ecosystem,

- some transgenic plants could promote new viruses,

- plant biotechnology may promote genetic erosian @é.reduction in biodiversity),

- introduction of new transgenic plants could be emiagical danger to other species,

- insect-resistant transgenic plants could leadgedhresistance and destroy beneficial insects,

- herbicide-resistant transgenic plants could indgedection of non cultivated plants for
resistance to herbicide,

- GMP development may lead to patent monopolies (piatg of genes and plants), which may in
turn pose other moral problems.

In any case, as a biotechnological instrument fantpbreeding, the PTC technique plays an

irreplaceable and important role because it is tised

- improve plant and seed health,

- conserve genetic resources,

- accelerate and disseminate genetic progress,

- increase the possibilities for creating varietidagted to arid or difficult climates,

- increase the possibilities for creating varietesistant to herbicides and pathogens,

- improve the quality of crops and foods,

- increase genetic diversity.

Recombinant DNA (or DNA manipulation) has huge ptitd for enhancing and extending the

advantages of conventional plant breeding, anckasing crop production and productivity to meet

the demands for food and food products in the &tdudicious application of this technology may
alleviate some of the major constraints on crogpetivity under subsistence farming conditions in

developing countries.
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However, biotechnology and, in particular GMPs, ace panacea for the many problems and
challenges that the world faces at the dawn of2tte century, such as health and environmental
problems.

When the cultivation of genetically transform#da maysvas authorised in France, the President
of the Institut National de Recherche Agronomicgeed that when introducing an innovation, care
is necessary and knowledge of the effects of inicody GMPs has to be evaluated. Moreover, he
affirmed that as an alternative to immobility amcesponsibility, there is the reasonable position
which requires the diligent evaluation of potentiaks (Augée, 1995; Mizrahi, 1998).

The pressing questions about plant biotechnologyAingée, 1995; Rosu, 1999):

1) whether the risks are properly evaluated; currdntr&gulations are inadequate because no
notion of risk or methodology of evaluation aregurébed,

2) whether the consumption of food obtained fromR&Ms dangerous for human and/or animal
health. At present, this is not sufficiently cleas conclusions from research are not
available,

3) whether using GMPs can reduce the ugesticides. Plant resistance to bacterial, fungal o
animal attacks may result in parasites becominigtee® to toxins in transgenic plants. No
scientific data is available on this subject.

Public debates on GMOs have gradually increasesbine countries. Some of these debates have
involved researchers, food producers, consumerspabtic groups, as well as decision-makers.
Moreover, the public can be influenced by non-ddfienconsiderations, but scientists, for their
part, may be influenced by naive techno-sciengfiitmism; and some non-scientific considerations
can be valuable elements in the debate about biotdagy. Scientists have no particular authority

when it comes to judging moral issues.

Many people see a close connection between GMQ@s, $afety and the environment. Consumer
concerns about GMOs mainly relate to food safetynsbmers are sometimes suspicious of the
safety of food products obtained from new technigl®gThe problems raised recently by certain
non-transgenic foods, e.g., allergens, pesticidelues, microbiological contamination and, above
all, BSE, have increased these concerns.

Another public concern involves the fact that GM@ay cause ecological imbalances. GMOs are
non-traditional products whose dissemination magultein modifications to ecosystem structure
and functionality. These modifications may not reseily correspond to the objectives sought. A

risk of "genetic pollution” exists as a result obgsbreeding between GMOs and wild species.
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The public is eager for information about GMOs usedgricultural production. Such information
should be transparent and clear, and include detdilthe risks involved. Correct labelling of
products, whether transgenic or not, is often nometil as necessary for the protection of consumer
rights. The public may want to actively participateocal, national and international debates, and
express its opinions on the direction to be taBan.at present, the public needs to make efforts to
understand the debates and make decisions on issnesrning GMOs

The debate about biotechnology applied to agriceillis one of the most vocal and passionate
debates to have taken place in recent years. Jipiobably due to the diverging beliefs that people
and governments have of the real or potential reskd benefits that agricultural biotechnology
products can bring. According to some, they wouldphto address some of the most serious
problems that people, especially poor people ireliging countries, face, such as starvation and
malnutrition. Others argue that they could creatxiosis and unpredictable health and
environmental problems and have negative econospercussions, in particular in developing
countries (Bradford and Alston, 1990).

The proliferation of domestic biosafety schemesthedelated authorisation, labelling, traceahility
and documentation obligations are likely to furtltemplicate international trade in genetically
modified plants and/or agricultural products. Faveloping countries, agro-biotechnology is a
particularly challenging phenomenon. They couldh®emain beneficiaries of it — if indeed agro-
biotechnology keeps its promises — but they coldd &e the main losers if agro-biotechnology
negatively effects biodiversity or if the patentind biotechnological products and processes
disrupts traditional practices among farmers anklasa@ccess to seeds more difficult.

Countries are free to decide how to deal with dgotechnology and biosafety at the national level,
but domestic legislation has to be consistent arsaf it affects international trade. At the same
time, this is a field where multilateral rules hdween agreed in a separate legal instrument, the
Cartagena Protocol on Biosafety (see www.biodivimogafety). The interaction between this
specific instrument and international rules addslehges to an already complex scenario.

While the developed countries have established tetional frameworks for dealing with agro-
biotechnology and biosafety by focusing primarilg domestic priorities and strategies, most
developing countries are doing so under less flexdonditions. They increasingly seem to be
expected to set up their national regulatory scisebased on the requests and expectations of their
main trading partners. For developing countriespmeiling trade interests with their responsibility
to improve the quantity and quality of agriculturahd food products made available to the

population and promote environmental preservasgoroving to be a difficult task.
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However, biosafety concerns have been raised regptide use and release of GMPs. This debate
has divided the farming and consumer communitiesr ¢the acceptability of food derived from
GMPs. There is a need for a thorough investigatbrihe effects of transgenic plants on the
environment, and their interaction with wild rel&s and non-target organisms. The production and
release of transgenic plants should be based oerierge and sound scientific reasoning. The
regulatory requirements for the use of transgerop< should be streamlined and harmonised, to
achieve sustainable food production, poverty redocand environmental protection in resource-
poor countries.

Conscientious and responsible use of GMPs andiivedkproducts is needed to avoid mistakes
that could lead to serious problems and increaseswuer reticence. But plant biotechnology
should not, and cannot, be discarded just becauadeaar of the unknown. Today’s uncertainties
should be overcome by a deepening of scientificnkeadge as well as by continuous efforts to
educate the general public and provide correctrim&ion about biotechnology. However
sociological research has shown that giving thdipuore information about biotechnology does
not necessarily lead to wider acceptance (Wynn@l1 R0

Intelligent application of plant biotechnology méyve much to contribute to agricultural and
environmental sustainability while bringing value producers, distributors and consumers.
However, the commercialisation of such applicatidres been largely hindered to date, and
additional research in both scientific and poliegras is needed before opportunities for plant

biotechnology can be expanded.
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