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Abstract Selectable marker gene systems are vital

for the development of transgenic crops. Since the

creation of the first transgenic plants in the early

1980s and their subsequent commercialization

worldwide over almost an entire decade, antibiotic

and herbicide resistance selectable marker gene

systems have been an integral feature of plant

genetic modification. Without them, creating trans-

genic crops is not feasible on purely economic and

practical terms. These systems allow the relatively

straightforward identification and selection of plants

that have stably incorporated not only the marker

genes but also genes of interest, for example

herbicide tolerance and pest resistance. Bacterial

antibiotic resistance genes are also crucial in

molecular biology manipulations in the laboratory.

An unprecedented debate has accompanied the

development and commercialization of transgenic

crops. Divergent policies and their implementation

in the European Union on one hand and the rest of

the world on the other (industrialized and develop-

ing countries alike), have resulted in disputes with

serious consequences on agricultural policy, world

trade and food security. A lot of research effort has

been directed towards the development of marker-

free transformation or systems to remove selectable

markers. Such research has been in a large part

motivated by perceived problems with antibiotic

resistance selectable markers; however, it is not

justified from a safety point of view. The aim of this

review is to discuss in some detail the currently

available scientific evidence that overwhelmingly

argues for the safety of these marker gene systems.

Our conclusion, supported by numerous studies,

most of which are commissioned by some of the

very parties that have taken a position against the

use of antibiotic selectable marker gene systems, is

that there is no scientific basis to argue against the

use and presence of selectable marker genes as a

class in transgenic plants.
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Introduction and Background

In the developing world 840 million people are

chronically undernourished, surviving on fewer than

2,000 calories per day (Pinstrup-Andersen et al.

1999; FAO 2001; Christou and Twyman 2004).

Many more people, perhaps half of the world’s

population in total, suffer from diseases caused by

dietary deficiencies and inadequate supplies of

vitamins and minerals (Graham et al. 2001). It is

therefore not surprising that contemporary plant

biotechnology stands to benefit huge numbers of

people in the developing world to a much greater

extent than consumers in the affluent West. Perhaps

this is one of the reasons why well-fed Europeans,

who enjoy very high living standards and quality of

life, can afford to reject in the short term technol-

ogies on the basis of ideology and vested economic

and political interests.

Many excellent accounts of the economic, envi-

ronmental and health benefits of transgenic or

genetically modified (GM) crops have been published

(Huang et al. 2002; Toenniessen et al. 2003; James

2005; Ferry et al. 2006; Christou et al. 2006). In the

US, the six biotechnology-derived crops planted in

2003 (canola, corn, cotton, papaya, squash and

soybeans) produced an additional 5.3 billion pounds

of food and fiber, and increased farm income by $1.9

billion. These biotechnology-derived crops also

reduced the use of pesticides by 46.4 million pounds

(Huang et al. 2005; Christou et al., 2006). The current

status of Bt rice, which is expected to be commer-

cially released in China in the near future is reviewed

by High et al. (2004). Farm surveys of randomly

selected households cultivating insect resistant trans-

genic varieties demonstrate that when compared with

households cultivating non-transgenic rice, small and

poor farm households benefit from adopting trans-

genic rice by both higher crop yields and reduced use

of pesticides, which also contribute to improved

health. For cotton, the key documented benefits are a

70% reduction in insecticide applications in Bt cotton

fields in India, resulting in a saving of up to US$30

per hectare in insecticide costs, with an increase of

80–87% in yield of harvested cotton (Huang et al.

2002) and a dramatic reduction in pesticide applica-

tions in Bt cotton fields in China. The same survey

revealed that the percentage of farmers with pesticide

poisoning was reduced from 22% to 4.7% (Brookes

and Barfoot 2005; http://www.ncfap.org/40CaseStud-

ies.htm; http://www.ncfap.org/Europe.htm).

The objective of this review is to focus on key

aspects of the science underpinning the evaluation

and risk assessment for the safety of transgenic crops

that contain selectable marker genes. We will

emphasize mostly antibiotic and to a lesser extend

herbicide resistance genes only, as these are the most

widely used markers and therefore have been the

subject of much attention. We argue for broader

acceptance of selectable marker genes in general

based on safety data; there does not appear to be a

major issue at present with herbicide tolerance genes

as targets for elimination in transgenic food or feed

crops. An excellent and comprehensive review on

selectable marker genes in transgenic plants has been

published (Miki and McHugh 2004). This review

provides an in depth discussion of approximately 50

such marker genes, and sets the background for our

review which focuses exclusively on marker gene

systems used for transgenic crops that are currently

on the market.

Regulatory practitioners often face the reality that

governments apply non-scientific standards to their

decision-making. This unfortunate fact places severe

limits on the molecular tools for creating transgenic

food and feed crops that require global regulatory

approvals. A major objective of this review is to

address this dichotomy, and we acknowledge that the

arguments we put forward here focus solely on the

science-based safety rationale for continued use of

selectable marker genes.

We start by reviewing the scientific principles

behind the regulations for the safety assessment for

transgenic crops. These are generic in nature and

apply to all foreign genes, including selectable

markers. We focus on a number of key aspects of

the assessment process namely: whether heterologous

proteins that detoxify antibiotics, or herbicides used

together with selectable marker genes expressed in

crop plants, are inherently toxic or allergenic; the

likelihood and consequences of horizontal gene flow

to microorganisms; vertical gene flow through pollen

transfer and its consequences; and the digestive fate

of recombinant marker DNA and proteins. We

particularly discuss transgenic crops used in animal

feed, as the overwhelming majority of such crops

currently grown worldwide are used for this purpose.

In the course of this analysis we discuss additional

262 Transgenic Res (2007) 16:261–280

123



relevant issues such as the concept of substantial

equivalence as a cornerstone for a meaningful and

practical risk assessment evaluation.

General principles in the safety assessment of

transgenic crops

All transgenic plants are required to undergo thor-

ough and rigorous safety and risk assessments before

commercialization. A risk assessment consists of

hazard identification, hazard characterization, expo-

sure assessment and risk characterization (EC 2002;

Codex Alimentarius 2001). Regulatory justifications

for these assessments differ between countries,

although they require similar tests. In the US for

example, the process is based on the determination of

substantial equivalence, whereas Europe has passed

regulations based more on certification of the process

rather than of the product, and Canada regulates the

product itself, irrespective of the process used to

generate it. In the US and Europe no such formal

assessment is required for products obtained with

conventional methods. In Europe transgenic plants

are subject to special regulations including a hori-

zontal directive (EC 2001) that commences from

research and development through release onto the

market, and vertical rules governing specific areas

including food safety and traceability (EU Regulation

1829/2003).

In 2003, the Codex Alimentarius published guide-

lines for the conduct of food safety assessment of

foods derived from recombinant-DNA plants (CAC/

GL 45-2003) in which it specifically commented on

the use of antibiotic resistance marker genes (Section

5—Other Considerations, page 8). Codex also pub-

lished a companion document (CAC/GL 46-2003) on

food safety assessment of foods derived from

recombinant-DNA microorganisms. One of the rec-

ommendations stipulates that: ‘‘Alternative transfor-

mation technologies that do not result in antibiotic

resistance marker genes in foods should be used in

the future development of recombinant-DNA plants,

where such technologies are available and demon-

strated to be safe.’’ This is an unfortunate general

statement since the Codex Alimentarius is recognized

as the international standards setting organization for

food safety and its pronouncements carry substantial

weight in international trade matters under the World

Trade Organization. Such statements mostly harm

developers of products and technologies in the

developing world where individual laboratories might

not have the luxury of carrying out cosmetic research

and development that most likely is covered by

intellectual property.

The risk assessment process for transgenic plants

consists of two steps: (i) a comparative analysis

(substantial equivalence) to identify potential differ-

ences with their non-engineered counterpart(s), fol-

lowed by (ii) an assessment of the environmental and

food/feed safety or nutritional impact of any identi-

fied differences. The risk assessment process requires

clear identification of any differences between the

transgenic and non-transgenic crop(s), including

management and usage, and is meant to focus on

the significance and implications of any differences

(EFSA 2004a).

Substantial equivalence

The concept of substantial equivalence is based on

comparisons of transgenic plants and products with

their non-transgenic counterparts. If a new plant/food

product is found to be substantially equivalent in

composition and nutritional characteristics to an

existing plant/food product, it can be regarded as

being as safe as the conventional food; however, in

practice extensive safety testing still gets done even

for those transgenic crops that are considered sub-

stantially equivalent (FDA 1992; OECD 1993; Mar-

yanski 1995). Evaluation of substantial equivalence

includes considerations of the characteristics of the

transgene and its likely effects within the host;

measurements of protein, fat and starch content;

amino acid composition and vitamin and mineral

equivalency, together with levels of known allergens

and other potentially toxic components. Such plants

or products can either be substantially equivalent to

an existing counterpart, substantially equivalent

except for defined differences (on which further

safety assessments would then be focused on), or

non-equivalent, which would imply that more-exten-

sive safety testing might be necessary (FAO/WHO

1996; Royal Society 2002). However, safety testing

might be more challenging as whole foods cannot be

tested with the high-dose strategy that is currently

used for single chemicals to increase the sensitivity in

detecting toxic endpoints (MacKenzie 1999; Royal
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Society of Canada 2001). Substantial equivalence has

therefore been suggested by some as the starting point

of the safety assessment (Kok and Kuiper 2003).

Even though this has some merit, it is becoming

clearer that further assessment requirements proposed

in certain quarters make little practical sense and are

not justified in view of the collective knowledge

accumulated on the subject over the past two decades.

An issue arises in that risk factors have generally not

been established for plant varieties developed using

conventional technologies and it is for this reason that

limited baseline information exists about the envi-

ronmental and other risks associated with their

introduction. Perhaps this should be an area of

high-priority research, i.e., to build databases that

will facilitate the evaluation of substantial equiva-

lence, rather than investing heavily in the develop-

ment of even more-sensitive analytical capabilities,

which thus far have given regulators few additional

tools for a rational safety assessment in return. The

International Life Sciences Institute has established

such a database, which is available online at

www.cropcomposition.org.

It is important to recognize that the nutritional

composition of crops is also influenced by environ-

mental and other factors, which include time of

harvesting, post-harvest storage conditions and pro-

cessing. In a recently published study, the substantial

equivalence of field-grown transgenic wheat was

evaluated using metabolic profiling. The conclusion

of this study was that the environment affects the

metabolome, and any differences between transgenic

lines and controls are generally within the same range

as the differences observed between the control lines

grown on different sites and in different years (Baker

et al. 2006). Baudo et al. (2006) determined that

transgenesis had less impact on the transcriptome of

wheat grain than conventional breeding. Differences

observed in gene expression in endosperm and leaves

between conventionally bred materials were much

larger in comparison to the differences between

transgenic wheat plants expressing high-molecular-

weight glutenin subunits and the bar marker gene and

untransformed lines exhibiting the same comple-

ments of gluten subunits. It is not unreasonable to

expect that, if the same stringent testing criteria as

those required for transgenic crops were to be applied

to crops produced conventionally, many such crops

with a history of safe use may be shown to be unsafe

(Pastorello et al. 1998; MRC 2000). Toxins (for

example carcinogens such as mycotoxins) can be

produced by fungi before harvesting or during storage

(reviewed in Halford and Shewry 2000) and may thus

render the crop unsafe for consumption. As outlined

above, the introduction of new types and varieties of

food crops produced by conventional breeding

requires no specific testing for the presence of

allergens and toxins, although genes may have been

introduced from exotic varieties or related wild

species. The concept of substantial equivalence

requires the comparison of the GM crop to its

appropriate safe comparator; however with the com-

parator’s safety identity unknown in many cases, this

approach may frequently be confounded. Thus, GM

foods are at least as safe as foods derived from non-

GM varieties.

Consensus issues in the safety assessment process

OECD countries and the United Nations Food and

Agriculture Organisation (FAO)/World Health Orga-

nisation (WHO) through a process of expert consul-

tations have arrived at a consensus on the specific

safety issues that should be considered when evalu-

ating a novel food (OECD 2000). These include: (i)

description of the host organism that has been

modified, including information on nutrient compo-

sition, known anti-nutrients, toxicants and allergenic

potential, and any significant changes in these that

may result from normal processing; (ii) description of

the donor organism, including any known associated

toxicities and allergenicities, and the introduced

gene(s); the gene products should pose no significant

risks to human health or non-target organisms, and

none of the inserted sequences should be known to

have any pathogenic or harmful characteristics; (iii)

molecular characterization of the genetic modifica-

tion, including a description of the modification

process and the stability of the introduced trait; a

detailed description of the molecular characteristics

of the transgenic plant is required in order to

demonstrate that the developer has critically analyzed

the plant and its products, including all novel genes

and novel proteins; the inheritance, stability and

expression of each introduced trait that is functional

in the transformed plant must be demonstrated over a

number of generations; (iv) identification of the

primary and any secondary gene products, including
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a description of the characteristics of the inserted

gene; (v) evaluation of the safety of expected novel

substances in the food, including an evaluation of any

toxins produced directly by the modification; (vi)

assessment of the novel food-potential allergenicity;

and (vii) evaluation of unintended effects on food

composition, including: assessment of changes in the

concentration of nutrients or naturally occurring

toxicants, identification of anti-nutrient compounds

that are significantly altered in novel foods, and

evaluation of the safety of compounds that show a

significantly altered concentration.

Selectable marker systems in the development of

transgenic crops

The creation of transgenic plants is a very long, labor-

intensive, costly and inherently inefficient process.

This is particularly the case when one moves away

from model laboratory species to the more important

agricultural crops (Stoger et al. 2002; Christou et al.

1991; Christou 1996; McCabe et al. 1988). The use of

selectable marker gene systems facilitates the trans-

formation process and allows the relatively straight-

forward recovery of transgenic crop plants. Without

them, the few plant cells that take up and stably

integrate the foreign DNA would simply be lost in an

ocean of wild-type cells, which would certainly

overgrow these transformed cells in the absence of

an effective selection against them. There are two

major classes of such genes: antibiotic and herbicide

resistance genes. Antibiotic resistance genes are used

in two important phases of transgenic plant produc-

tion: (i) pre-plant transformation to select bacteria

during routine molecular biology operations to

manipulate transgenes and create expression vectors,

and (ii) during the transformation process itself, to

select cells and plants that have stably integrated

introduced transgenes (selectable marker and gene(s)

of interest).

The key issues

Issues frequently raised in this context with respect to

antibiotic resistance genes include: (i) effects on the

therapeutic efficacy of clinically used antibiotics, i.e.,

concerns that antibiotic resistance gene products in

transgenic crops or products might render clinically

important therapeutic antibiotics ineffective; (ii)

potential for horizontal gene transfer, i.e., concerns

about the potential transfer of the antibiotic resistance

marker genes to intestinal and soil microorganisms.

For herbicide resistance genes, the issues are

somewhat different: (i) gene flow—in by which new

genes can spread by normal out-crossing to wild or

weedy relatives of the engineered crop; this becomes

an issue only if the new trait(s) confers a fitness

advantage after it becomes stably introgressed into

the recipient relative and the recipient relative itself

becomes invasive; (ii) weediness—the potential for a

crop or its sexually compatible wild relatives to

become established and to persist and spread into new

habitats as a result of newly introduced genes; (iii)

toxicity and allergenicity—an issue associated with

human health and the safety of novel foods and

potential negative effects on non-target organisms.

Origin of the commonly used selectable marker

gene systems in commercialized transgenic crop

plants

All commonly used antibiotic and a number of

herbicide resistance genes are derived from bacteria

that are ubiquitous in nature. Humans, plants and

animals are exposed to them daily through direct

contact and diet. The nptII (aph(30)II) kanamycin

resistance gene originates from transposon Tn5 of

Escherichia coli K12 (Garfinkel et al. 1981). Kana-

mycin, the antibiotic which nptII inactivates, is rarely

used in medicine because of its considerable side

effects and its use has been superseded by more-

effective aminoglycoside antibiotics that are not

substrates for aph(30)II (Nap et al. 1992). Twenty to

forty percent of naturally occurring bacteria in animal

or human digestive tracts are already resistant to

kanamycin (EFB 2001).

The hygromycin resistance (hph) gene originates

from Escherichia coli W677. Two major genes

encoding the protein have been characterized, one

from Streptomyces hygroscopicus (Leboul and Da-

vies 1982; Malpartida et al. 1983) and the second

from E. coli (Rao et al. 1983; Kuhstoss and Rao

1983) and Klebsiella pneumoniae (Gritz and Davis

1983). For the most part, the hph gene used in

transgenic plants is derived from E. coli. Hygromycin

is not in human clinical use.
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The streptomycin resistance aadA gene originates

from E. coli and is ubiquitous among Gram-negative

bacteria (Shaw et al. 1993). It has been cloned from

several transposons, including the multi-resistance

transposon Tn1331 in Klebsiella pneumoniae (Tom-

alsky and Crosa 1987). Plasmids carrying streptomy-

cin resistance genes are very common and can be

found at high frequency in naturally occurring

bacterial populations (Shaw et al. 1993). Streptomy-

cin has been replaced by newer, more effective

antibiotics for human applications. The chloramphe-

nicol resistance CmR gene is also an E. coli gene

(Proctor and Rownd, 1982). Microorganisms resistant

to chloramphenicol are widely distributed in nature

(Murray and Shaw 1997). The ampicillin resistance

gene, ampr, has also been isolated from E. coli. The

original plasmid with its transposon Tn3 and the beta-

lactamase gene (ampr, bla(TEM�1)) were originally

isolated from a hospital bacterium isolate TEM in

1963 (Jacoby and Medeiros 1991). Ampicillin resis-

tant bacteria are normally found in the human

intestine and are also present in high concentrations

in broilers, cattle and pigs (DANMAP 2001). Ampi-

cillin resistance occurs in up to 10% of bacteria in the

environment (EFB 2001).

Bacteria have to compete in nature with other

microorganisms for their very survival, including

other bacteria and fungi. They have developed very

sophisticated mechanisms to produce antibiotics to

eliminate competitors and assure their own survival.

Simultaneously with their ability to produce such

compounds, bacteria also need to have a defense

against the compounds they themselves produce to

eliminate their competitors, in the form of resistance

genes. Over time, target bacteria counter the effects

of antibiotics produced by other bacteria through

resistance mechanisms. Rather than developing their

own resistance mechanisms, bacteria frequently

acquire antibiotic resistance genes that are already

present in the bacterial pool surrounding them (EFB

2001). Bacteria have well-developed mechanisms to

accomplish this (Bennett et al. 2004). The presence of

an antibiotic confers an advantage to a resistant

bacterium and as a consequence, the development of

resistance and spread increases (EFB 2001).

Bennett et al. (2004) questioned whether the

transfer of a number of commonly used antibiotic

resistance genes in plant molecular biology, if it were

to take place in bacteria, would pose a threat to public

health. The authors first provided a very comprehensive

and in-depth analysis based on the current knowledge

of bacterial DNA transfer mechanisms and recombi-

nation systems. Following this analysis and after

concluding that such transfer is highly unlikely, at

best, under natural conditions, they examined whether

any potential transfer would have any consequences.

They focused on the blaTEM, aph(30) and aadA genes.

These genes are very common in many bacteria in

nature and also among the Enterobacteriaceae, and are

located on mobile genetic elements that have moved

extensively between DNA molecules and bacterial

cells. The authors correctly point out that this gene

mobility has ‘‘already severely compromised clinical

use of antibiotics to which resistance is conferred’’.

They therefore conclude that ‘‘the argument that

occasional transfer of these particular resistance genes

from transgenic plants to bacteria would pose an

unacceptable risk to human or animal health has little

substance’’.

In a recent study, D’Costa et al. (2006) surveyed a

wide range of spore-forming soil-dwelling bacteria

from urban, agricultural and forest samples. A library

of 480 strains was constructed and screened against

21 clinically relevant antibiotics covering a wide

range of structural complexity. The antibiotics

encompassed all major bacterial targets and included

drugs that have been on the market for decades, as

well as recently approved compounds. Without

exception, every strain in the library was found to

be multi-drug resistant to 7–8 antibiotics on average,

with two strains resistant to 15 of 21 drugs. The

authors reported reproducible resistance to most of

the antibiotics, regardless of origin and almost 200

different resistance profiles were seen, exemplifying

the immense genetic and phenotypic diversity of the

collection of bacteria. The authors acknowledge that

their study does not provide evidence for the direct

transfer of resistance elements from the soil resistome

to pathogenic bacteria; however, it does demonstrate

an unprecedented density and concentration of envi-

ronmental antibiotic resistance. The level and diver-

sity of resistance that their studies uncovered is

underestimated because only spore-forming bacteria

were studied and these represent only a fraction of

soil-dwelling bacteria.

The European Food Safety Authority (EFSA)

adopted an opinion on many of the issues surrounding

the use of antibiotic selectable markers in transgenic
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plants (EFSA 2004b). The opinion is relevant in the

context of Directive 2001/18/EC (EC 2001) which is

targeted towards ‘‘identification and phasing out

antibiotic resistance marker genes in genetically

modified organisms (GMOs) which may have

adverse effects on human health and the environ-

ment’’ (emphasis added). It is interesting to note that

the EU directive does not mention, in any way, the

elimination of all antibiotic selectable marker genes

from transgenic plants. Rather it focuses on those that

may have adverse effects. The EFSA considered the

vast body of evidence in the scientific literature and

concluded that the antibiotic markers that are now

present in transgenic plants on the market present no

inherent risk to human health, veterinary medicine or

the environment, because of the wide prevalence and

high frequency of these genes in natural bacterial

populations. The conclusion by the EFSA was that,

even if there were gene transfer between transgenic

plants and bacteria, this event would be completely

inconsequential. An illustrative example is provided

by an analysis focusing on the nptII gene. The rate of

DNA transfer between bacteria under optimal condi-

tions in nature is in the range of 10�2 to 10�5. The

estimated frequency of uptake of the same gene from

transgenic plants to bacteria under optimal conditions

is 10�17, an infinitesimal number. The nptII gene

corresponds to only 0.00004% of the total maize

genome and thus would have to compete with the rest

of the DNA for uptake by the bacterium. The

availability of free transgenic plant-derived DNA in

the rumen or the gastro-intestinal tract is further

limited due to rapid digestion by pancreatic fluids and

acid saliva. The contribution of the nptII gene from

transgenic plants to the overall pool of kanamycin

resistant bacteria appears to be insignificant when

compared to the large pool of genes providing

resistance towards kanamycin that already exists in

bacteria. Therefore, a bacterium is several orders of

magnitude more likely to acquire a resistance gene

from another bacterium, rather than from the DNA of

the transgenic crop (EFB 2001).

Transgenic crops used as animal feed

Feeds derived from transgenic crops comprise a large

percentage of the daily diet of animals, often for the

complete lifespan of the animal. There are three key

issues in developing a unified approach to the safety

assessment of transgenic crops used as animal feed

(reviewed in Aumaitre et al. 2002):

(i) Substantial equivalence is important for the

nutritionist since it provides the basis for con-

cluding on the absence/presence of any unin-

tended effects introduced by the genetic

modification process; the key issues for animal

nutritionists are: are nutritional equivalence and

substantial equivalence synonymous, or is one

evidence of the other? Should nutritional param-

eters always be considered in establishing

substantial equivalence for a transgenic plant

used as an animal feedstuff?

(ii) The safety of the introduced gene products for

humans and animals requires acute toxicity

studies on laboratory animals; feeding of the

whole plant (or part thereof) to farm animals at

normal dietary levels during safety assessments,

is open to debate (OECD 2000). There is the

need to extrapolate from the responses induced

in animals, to evaluate the likely impacts on

human health. Animals can be used for the

identification of acute toxicity, by administra-

tion of a large single dose followed by 14 days

of observation. Animals are thus exposed to

high doses of purified gene product that exceed

human exposure levels by several orders of

magnitude (Entransfood 2004). Some feel that

whole-food testing should be allowed in order

to answer the question of whether unintended

adverse effects (e.g., insertion of the new gene

that might increase levels of endogenous protein

expression) might occur. Others however, feel

that tests on the introduced gene product, which

represents only a small fraction of the total diet,

cannot easily be performed when the ingredi-

ents to be tested normally account for 20 to 90%

of the diet. The detection of potential adverse

effects and relating these conclusively to an

individual characteristic of the food (feed) can

therefore be extremely difficult (FAO/WHO

2000; Codex 2001).

(iii) The assessment of the safety of products

derived from animals raised on feeds of

transgenic origin is not specifically addressed

in legislation. This fact in no way reflects a

lack of oversight by the regulators. The
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expression of heterologous proteins or the

absorbance of newly expressed proteins by

animal products is considered to be unlikely

(CAST 2006). It is therefore not considered

necessary to routinely test for the presence of

introduced genes or their products unless their

characteristics suggest cause for concern (EC

2003). Data dealing with the effect of GM

crops in animal nutrition on the quality of end

product are rather scarce in the literature, and

no country currently requires the labeling of

eggs, meat and milk from animals fed with GM

feed.

The safety assessment of a novel livestock feed

considers the molecular, compositional, toxicological

and nutritional characteristics of the novel feed

compared to its conventional counterpart. Safety

considerations focus on the animal eating the feed,

consumption of the animal product(s), worker safety

and any other environmental aspects that might arise

from use of the feed. Indirect effects of the

consumption of feeds include: the likelihood that

transgenes or recombinant proteins will be transferred

to, and accumulate in, food products (milk, meat,

eggs, and fish); and whether the consumption of

animal products will lead to adverse health effects in

humans. These issues are addressed by considering

the normal digestive fate of DNA and proteins

present in all foods, the digestibility of new proteins

expressed in transgenic plants, and investigating the

occurrence of transgenic DNA and proteins in food

products of animal origin (summarized in MacKenzie

and McLean 2002). Results of assessments focusing

on these and other issues are discussed in detail in

subsequent sections.

In order to determine the nutritional significance of

a transgenic crop used as animal feed, substantial

equivalence studies on the chemical components such

as crude protein, fat or other extract, fiber, starch,

amino acids, fatty acids, ash and sugar, depending on

the nature of the plant and its major components, are

carried out (Aumaitre et al. 2002). Other analyses are

based on determining the levels of anti-nutrients.

Nutritional data (for example from oilseed obtained

from the transgenic crops used for producing meals

for farm animals) can be also important as they can

affect the fatty-acid composition of the animal tissue

(Aumaitre et al. 2002; FSANZ 2003). Feeding value

trials should be carried out with representative target

animals on a case-by-case basis when substantial

equivalence is not demonstrated in a GM crop. It is

also recommended that comparative growth studies

are conducted with a fast-growing livestock species

such as the broiler chick, where the growth rate is

particularly sensitive to the presence of toxic ele-

ments in their feed (EC 2003). However some

feeding value trials have been carried out purely to

provide additional data to confirm the safety of the

GM crop feedstuff, even when the crop was shown to

be substantially equivalent to its counterpart. Studies

have been published on both substantial equivalence

and livestock feeding with the transgenic crops used

as feed, with specific reference to selectable marker

genes (Table 1). It is important to recognize that these

crops contain genes other than marker genes, and

consequently the assessment encompasses more than

the marker genes. All these studies have concluded

that the transgenic crops were substantially equiva-

lent to their conventional counterparts, and had no

deleterious effect on animal health or performance,

when animals were fed with these crops.

Animal feeding trials are sometimes prescribed to

confirm that the digestibility of transgenic crops used

in animal feed is not adversely affected. Genes and

recombinant proteins coding for insect resistance and

herbicide tolerance have been fed without any

adverse effects to rodents in acute toxicity tests at

very high doses, typically in excess of 1,000 times the

level at which humans or animals would consume

these (Harrison et al. 1996).

Several reviews summarizing the results of studies

in many species have concluded that animals fed with

GM crops show no differences in performance

compared to animals consuming non-GM varieties

(Aumaitre et al. 2002; Clark and Ipharraguerre 2001;

Flachowsky and Aulrich 2001; Wu 2006). Addition-

ally, no studies have shown deleterious effects on

livestock performance resulting from the consump-

tion of commercially grown GM crops. A benefit

resulting from feeding of GM crops has been noted in

the case of insect resistant corn. Molds that often

grow at the site of insect damage can produce several

fungal toxins, including the deadly fumonisin. There-

fore, since insect resistant corn sustains less insect

damage, it is less susceptible to contamination by

these toxins and the resulting corn is safer for both

livestock and human consumption (Munkvold et al.
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1997; Munkvold et al. 1999; Flachowsky and Aulrich

2002). Animals digest proteins from transgenic crops

in the same way as they digest proteins from non-

transgenic crops. Dietary DNA and proteins are

degraded during the digestive process. A number of

studies indicate that introduced DNA or proteins from

transgenic crops are not detected in milk, meat, or

eggs from animals that consume feed components

derived from these crops (Einspanier et al. 2001;

Flachowsky and Aulrich 2002; Phipps et al. 2002;

Phipps et al. 2003). Plant DNA has been detected in

the muscle, liver, spleen and kidneys of broilers and

layers, although not in eggs. However, no fragments

of transgenic DNA or its expressed protein have been

found to date in poultry meat or eggs or in any other

animal tissues examined (Chesson and Flachowsky

et al. 2003).

Experiments performed by Chambers et al. (2002)

demonstrated that the blaTEM marker gene (present in

a transgenic maize product used as animal feed) was

very unlikely to be transformed into bacteria found in

the lower gut flora of chickens, for ampicillin

resistance. The conclusion from this study was that

animals fed with transgenic feed are unlikely to be

vectors for horizontal gene transfer from transgenic

plant material to the gut microflora, including signif-

icant human pathogens.

Digestive fate of recombinant DNA and proteins

DNA present in any food can find its way into cells of

humans/animals that consume the food/feed at some

low frequency. In the unlikely event that the DNA is

recombined into a host chromosome, the probability

that it will exert any biological effect in the whole

organism is even more remote. Even in this highly

unlikely hypothetical scenario, there is no obvious

mechanism through which a mammalian or human

cell with altered biological properties due to foreign

DNA uptake could transmit this effect to other cells,

or affect the germ line of the host organism (The

Royal Society 2002).

The digestive fate of new proteins introduced into

transgenic crops, have been evaluated by examining

their in vitro digestibility in simulated gastric and

intestinal fluids (Entransfood 2004; Sharma et al.

2004; Bertrand et al. 2005; Fuchs et al. 1993;

Wehrman et al. 1996), and by testing for the

occurrence of these proteins (or their fragments) in

food products from livestock animals (Aulrich et al.

2002; Aumaitre 2004; FASS 2006; Jennings et al.

2003; Phipps et al. 2005; Faust and Miller 1997; Ash

et al. 2000). The outcome of these studies is that

novel proteins expressed in transgenic crops used in

livestock feed are rapidly degraded by the acid and

the enzymes in the stomach and in the intestine, into

single amino acids and short peptides. This means

that they are not available as whole protein and they

are not detectable in food products derived from these

animals (MacKenzie and McLean 2002). Several

studies have been conducted and these failed to detect

such recombinant proteins in poultry (muscle, liver,

egg whites, egg yolks, mid gut tissue) or ruminants

(milk, muscle, spleen). Consistent with these results,

a sensitive ELISA test did not detect the CP4 EPSPS

protein in whole eggs, egg whites, liver, or feces from

laying hens fed a diet containing glyphosate-tolerant

soybean over their seven-week productive life (Ash

et al. 2003). Cows that were fed on a diet containing

one of two glufosinate herbicide tolerant and insect

resistant corn hybrids, did not show any adverse

effects and produced the same volume and compo-

sition of milk as cows fed on a control diet (Faust and

Miller 1997; CAST 2006). There was no evidence for

the presence of the transgenic proteins, Cry1Ab or

phosphinothricin-N-acetyltransferase (PAT), in the

milk.

Sharma et al. (2006) investigated the passage of

transgenic DNA through the ruminant and nonrumi-

nant (monogastric) digestive tracts using lambs and

pigs fed with transgenic glyphosate tolerant canola

meal, under conditions typical of commercial live-

stock production. Native and transgenic DNA exhib-

ited similar stability and persistence in the

gastrointestinal tract. Fragments of both DNA types

were detected in intestinal digesta, available for

uptake into animal tissue. The techniques used

enabled demonstration of uptake of low-copy endog-

enous and transgenic DNA fragments in gastrointes-

tinal tract tissues of both lambs and pigs, and for the

first time, uptake of transgene fragments into visceral

tissue (kidney, liver) in pigs was also observed. The

study suggests that the likelihood of uptake of

transgenic plant DNA into organ tissues of ruminant

or monogastric animals, although possible, is low.

These authors further state that there was no evidence
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to suggest that recombinant DNA would be processed

in the gut in any manner different from endogenous

feed-ingested genetic material. Such data therefore

add to the growing body of evidence supporting the

conclusion that it is highly unlikely that intestinal

bacteria will acquire genes from plants, including

genes that confer resistance to antibiotics. It is

important to reiterate that, even if intestinal bacteria

were able to acquire such antibiotic resistance genes,

the consequences would be insignificant.

Studies using sensitive polymerase chain reaction

(PCR) amplification techniques did not detect even

small fragments of cp4 epsps gene in products

obtained from animals fed diets containing herbicide

tolerant soybean. Transgenic DNA could not be

detected in milk from cows receiving up to 26.1% of

their diet as herbicide (glyphosate)-tolerant soybean

meal (Phipps et al. 2002). The transgene was detected

in the solid phase of rumen and duodenal digesta

from lactating dairy cows fed GM soybean meal (cp4

epsps gene for Monsanto Roundup Ready Soybean

event GTS 40-3-2), but it was not detected in liquid

phases of ruminal and duodenal digesta, milk, faeces

or blood indicating the rapid degradation of DNA in

these environments (Phipps et al. 2003).

Barriers to the transfer and expression of

transgenes in other organisms

Gene transfer of exogenous integrated DNA in plant

genomes to other organisms is highly unlikely to

occur because of a multitude of biological barriers

that exist in nature. Free DNA is rapidly degraded by

nucleases and even if some were to survive digestion

and were transferred, integrated and expressed in an

unintended mammalian/human host, epithelial cells

are short lived and would slough off to be replaced by

untransformed cells (McAllan 1980, 1982). There is

no recognized mechanism through which foreign

genes, including antibiotic resistance genes integrated

in plants, could be transferred from the plant genome

to gut microorganisms, even if they could survive

digestion. Several deliberate attempts have been

made to transform naturally competent bacteria with

transgenic plant DNA from different plants, but no

gene transfer has been found to occur from geneti-

cally modified plants to soil bacteria despite the

detection of the transgene in the soil (de Vries et al.

2003; Dale et al. 2002; Kay et al. 2002; Gebhard and

Smalla 1998, 1999; Nielsen et al. 1998).

Bennett et al. (2004) considered bacterial DNA

transfer systems and mechanisms of recombination

that jointly might transfer antibiotic resistance genes

from transgenic plants to bacteria. The processes of

bacterial conjugation, transduction and transforma-

tion are the only known mechanisms through which

bacteria might take up foreign DNA. In combination

with homologous recombination, transposition, site-

specific recombination and DNA repair, these three

DNA transfer systems provide the only theoretical

mechanisms for such transfer. The authors categor-

ically state that ‘‘it is not possible to identify a

credible scenario whereby new drug-resistant bacteria

would be created’’. Furthermore, the potential trans-

fer of genes from transgenic plants to microorganisms

is strongly restricted by biological and physical

barriers (Bertolla and Simonet 1999). These barriers

include: degradation by acid and nucleases in the

stomach and intestines (Jonas et al. 2001); restriction

and modification systems in bacteria that destroy

foreign DNA that enters the cell (Frank 1994);

absence of homologous ends for efficient integration

into the bacterial genome (Fink and Moran, 2005)

and lack of selective pressure. In addition, when any

DNA (including antibiotic resistance genes) is inte-

grated into the plant genome, the codon usage may

have been altered for more-efficient expression in the

plant and the gene may have picked up methylation

patterns of the plant. If this DNA is now taken up by a

bacterium, it would be recognized as foreign and

degraded by the microorganism’s restriction endo-

nucleases, thus making integration into the bacterial

genome and subsequent expression even more

unlikely.

When a transgene is introduced into a plant cell, it

will not be expressed unless the appropriate promoter

and terminator sequences accompany the transgene.

Additionally, it is common practice to include introns

in genetic constructs for enhanced levels of transgene

expression in plants, in particular cereals crops such

as rice, wheat, corn, barley, etc. Thus, these genetic

elements when introduced together will render the

expression of an integrated transgene nonfunctional

and thus useless in bacteria, as these elements are

specific for expression in plants.

A number of studies have looked for evidence for

the transfer of antibiotic resistance genes from
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transgenic plants to bacteria. No evidence has been

documented to demonstrate such transfer, at least

from nuclear transformants (Smalla et al. 2000;

Syvanen 1999). In the laboratory and under highly

favorable conditions that are unlikely to be repro-

duced naturally, transfer of antibiotic resistance genes

from transplastomic plants was reported (Kay et al.

2002; Tepfer et al. 2003). This however, is not

surprising if one considers the prokaryotic origin of

plant chloroplasts. Therefore, even though such

transfer was demonstrated, it is inconsequential in

practical terms, as the genes involved are already

widely distributed in natural bacterial populations. In

addition, the FDA takes the following into consider-

ation when evaluating the use of antibiotic resistance

marker genes in crops: (i) is the antibiotic an

important medication; (ii) is it frequently used; (iii)

is it orally administered; (iv) is it unique; (v) will

there be selective pressure for transformation to take

place; and (vi) what is the level of resistance to the

antibiotic present in bacterial populations in nature

(FDA/CFSAN 1998)? Marker genes that encode

resistance to clinically important antibiotics should

not be and are not used in transgenic plants. Based on

these considerations, the kanamycin resistance gene

nptII used in transgenic crops was approved by the

FDA and has since then, become the most common

antibiotic resistance gene occurring in commercial

transgenic crops (FDA 1998).

Case studies

Neomycin phosphotransferase II [NPTII or

APH(30)II]

An acute gavage mouse study confirmed that the

NPTII protein (conferring resistance to kanamycin)

caused no deleterious effects when administered by

gavage at a cumulative target dosage of up to

5,000 mg/kg of body weight. This dosage correlates

to at least a million-fold safety factor relative to the

average daily consumption of potato or tomato,

assuming all the potatoes or tomatoes consumed

contained the NPTII protein. In this study, it was also

demonstrated that the NPTII protein is highly sensi-

tive to in vitro enzymatic hydrolysis. These results

along with previously published information, confirm

that ingestion of genetically engineered plants

expressing the NPTII protein, poses no safety con-

cerns (Fuchs et al. 1993). Additionally, Calgene Inc.

conducted a thorough review and analysis on the use

of the kanr gene and gene product, aminoglycoside 30-
phosphotransferase II (APH(30)II), for use as a

selectable marker in FLAVR SAVRTM tomatoes, in

BXNTM cotton and oil-modified rapeseed (Food

Additive Petition 3A4364, 1993; Redenbaugh et al.

1994). The data in the review supports the conclusions

that NPTII protein is not a toxin or allergen; that the

kanr gene is highly unlikely to move from the plant

genome into microorganisms via horizontal gene

transfer; that if such transfer were to occur, the

impact would be minimal; and that NPTII protein in

transgenic plants will not compromise antibiotic use

in humans or animals (Redenbaugh et al. 1994). The

nptII gene product was similarly determined to be

nontoxic for human or animal consumption (Nap et al.

1992; Flavell et al. 1992). This gene and its gene

products when expressed in tomato plants, underwent

similar toxicological tests to determine its safety:

heating steps in commercial processing and cooking

methods denatured and inactivated the gene product;

the tomato DNA ingested by humans was degraded in

the stomach and small intestine; and in processed

tomatoes, the pH is 4.6 or lower, which is far below

the pH optimum of NPTII protein (reviewed in Food

Additive Petition 1993). Additionally, human in vivo

toxicity studies demonstrated that the kanamycin

resistance gene and gene product had no adverse

effects on human health (Kasid et al. 1990; Blaese

et al. 1990; UNDP 2001; Gay and Gillespie 2005).

5-enolpyruvylshikimate-3-phosphate synthase

(EPSPS)

The EPSPS enzyme is naturally present in foods

derived from plant and microbial sources. The safety

of consuming the CP4 EPSPS protein was established

based on its similarity to the structure and function of

the naturally occurring plant EPSPS enzymes; the

lack of toxicity or allergenicity of EPSPS proteins

from plants, bacteria and fungi; and by direct

laboratory studies on the toxicity and characteristics

of the CP4 EPSPS protein (Brake and Evenson 2004;

Burks and Fuchs 1995; Hammond et al. 2004;

Harrison et al. 1996; Teshima et al. 2000; Tutel’ian

et al. 1999; Zhu et al. 2004).
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In glyphosate resistant soybean for example, the

cp4 epsps bacterial transgene was introduced for

resistance to the herbicide, glyphosate. To test its

potential allergenicity, it was determined that the

transgenic enzyme EPSPS is not homologous with

any allergens; it is easily broken down, has no

glycosylation sites in common with allergens and is

not glycosylated in plants; makes up 0.02% of total

protein; and is susceptible to heat. This analysis

demonstrated the protein to be non-allergenic on the

basis of ‘‘weight of evidence’’ (Padgette et al. 1996a;

Duggan et al. 2000; Einspanier et al. 2001). Although

in vitro tests with glyphosate resistant soybeans

demonstrated that transgenic DNA had the potential

to survive passage through the gut, the Quantitative

Competitive PCR (QC-PCR) assay used in the study

employed relatively short target sequences so it is

likely that the DNA would be in such small fragments

as to be of limited biological significance (Martin-

Orue et al. 2002). Additionally, Sharma et al. (2006)

demonstrated the uptake of low-copy endogenous and

transgenic DNA fragments in gastrointestinal tract

tissues and visceral tissue from transgenic canola

(discussed earlier) and suggested that the likelihood

of uptake of transgenic plant DNA into organ tissues

of ruminant or monogastric animals is low.

Harrison et al. (1996) examined the acute toxicity

of CP4 EPSPS protein by acute administration of CP4

EPSPS to mice by gavage at a high dosage of

572 mg/kg body weight, which exceeds the estimated

consumption level for food products containing CP4

EPSPS protein by 1,000-fold. No adverse effects

occurred in the mice dosed with CP4 EPSPS protein.

Their body weight, cumulative body weight, and food

consumption did not show significant differences

between the control and CP4 EPSPS protein treated

groups. Additionally, Lee et al. (2001) performed an

in vitro test on mice to determine the toxicity of the

CP4 EPSPS protein in maize. A high dose of 45.6 mg

of transgenic EPSPS protein per kg body weight

(BW) was administered orally each day for 90 days.

There was no observed toxicity from the protein.

Chang et al. (2003) subjected Sprague Dawley rats to

a toxicity test by orally administering 0.5 or 2.0 mg

per kg BW of CP4 EPSPS protein in saline solution

three times per week for three weeks. The dosages of

CP4 EPSPS protein in this study were considered to

be the approximate amounts of EPSPS protein in

soybean consumed annually by humans. No toxicity

was observed when compared to the saline control.

These results were expected since the CP4 EPSPS

protein is readily digested in gastric and intestinal

fluids in vitro and the protein is from a ubiquitous

family of proteins with a history of safe consumption

and no biological mechanism of toxicity to animals.

The protein did not show meaningful amino acid

sequence similarity when compared to known protein

toxins (reviewed in Nair et al. 2002).

The assessment of allergenic potential using the

aforementioned criteria was performed on the same

Roundup Ready soybean event 40-3-2. The amino

acid sequence of the CP4 EPSPS protein was found

not to be homologous to any of the known allergens

(Fuchs 1996). Additionally, this protein was shown to

have no glycosylation sites in common with allergens

and was not glycosylated in the plant (reviewed in

Nair et al. 2002). The CP4 EPSPS protein was present

at low levels, approximately 0.08% of the total

protein, in whole Roundup Ready soybean seed

(Padgette et al. 1994) and was susceptible to heat.

Passive cutaneous anaphylaxis reaction of the

purified EPSPS protein was not observed in the

Sprague Dawley rat system, whether administered

orally or subcutaneously (Chang et al. 2003). Fur-

thermore, addition of the EPSPS protein to cultures of

sensitized peritoneal mast cells, or unsensitized but

antisera-labeled mast cells, showed neither a remark-

able change in histamine release nor any cytokine

production, including interleukin-4 (IL-4) and tumor

necrosis factor-a (TNF-a). Thus, Chang et al. (2003)

concluded that the EPSPS protein in transgenic

soybean did not exhibit any significant allergenicity.

By using standard in vitro methods and a skin prick

test for the determination of allergenicity, it was not

possible to detect any significant difference in the

allergenic potency between transgenic (CP4 EPSPS)

and wild-type soybeans in soybean-sensitized pa-

tients (Sten et al. 2004).

In a lamb’s gastric system, the half-life of CP4

EPSPS protein produced by glyphosate-tolerant

canola was less than 15 s, and in the intestinal

system it was less than 10 min. The human stomach is

estimated to empty 50% of solid food in 2 h, and

liquid empties in 25 min. This indicates that, if the

CP4 EPSPS protein does not degrade in the human

gastric system, it would most likely degrade in the

intestinal system. The CP4 EPSPS protein was also

inactivated by heating at 658C for 15 min (Stanford
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et al. 2003). These authors observed complete

digestibility of the CP4 EPSPS protein in gastric

fluid in 60 s. In vivo, in vitro, and ex vivo tests were

performed on Sprague Dawley rats using glyphosate-

tolerant soybean seeds. All three tests gave negative

results, indicating that the allergenic potential of the

CP4 EPSPS protein is very low. The CP4 EPSPS

protein shows no homology with known allergens;

therefore, glyphosate-tolerant crops containing the

novel protein have low potential to cause allergies

among humans and other animals. Native EPSPS

proteins are normally present in foods and feeds

derived from plant and microbial sources and the CP4

EPSPS protein is similar to these (Stanford et al.

2003).

Protein extracts prepared from transgenic maize

(events MON810, Bt11, T25 and Bt176) and

soybean (Roundup Ready) samples and from non-

transgenic control samples were tested in skin prick

in two sensitive groups: (i) children with food and

inhalant allergy, and (ii) individuals with asthma-

rhinitis. IgE immunoblot reactivity of sera from

patients with food allergy to soybean (Roundup

Ready) and maize (MON810, Bt11, Bt176) samples,

as well as to the pure transgenic proteins (CryIA[b]

and CP4 EPSPS) was evaluated. None of the

individuals undergoing tests reacted differentially

to the transgenic and non-transgenic samples under

study. None of the volunteers tested exhibited

detectable IgE antibodies against pure transgenic

proteins (Batista et al. 2005).

Bar or phosphinothricin acetyl transferase (PAT)

Hérouet et al. (2005) concluded that no harm results

from the inclusion of PAT proteins in human food or

in animal feed, because PAT is highly specific and

does not possess the characteristics associated with

food toxins or allergens, i.e., it has no sequence

homology with any known allergens or toxins; it has

no N-glycosylation sites; it is rapidly degraded in

gastric and intestinal fluids; and it is devoid of

adverse effects in mice after intravenous administra-

tion at high doses. For PAT protein, a study was

performed in which mice received 5,000 mg PAT/kg

body weight (equivalent to 6,000 mg test material/

kg). No effect on body weight and gross pathology

was noted after two weeks. Bacterially produced

recombinant PAT protein showed the same electro-

phoretic mobility as PAT expressed in maize event

1,507 developed for protection against lepidopteran

pests. Levels of PAT protein were not quantifiable in

kernels of 1,507 maize because they were below the

limit of detection. For all these reasons event 1,507

was found to be safe (EFSA 2005). Similarly, the

phosphinothricin acetyl transferase (PAT) protein

conferring glufosinate tolerance to maize proved to

be heat labile and highly and quickly degraded in

simulated human and animal gastric fluid assays

(Wehrman et al. 1996).

Wang et al. (2000) evaluated the safety of the bar

gene in transgenic rice. They carried out acute

toxicity experiments, mutation experiments and a

30-day feeding test. Rats consuming 16.32 and 64 g/

kg BW grew/developed normally during the 30-day

feeding trial. No abnormalities were detected in body

weight, food utilization, blood components, ratio of

organ to body weight, and pathohistological param-

eters at a dosage of �64 g/kg of transgenic rice

consumed.

Conclusions

Man has been practising genetic modification of

crops since the transition from hunter/gatherer to

farmer. Conventional plant breeding involves the

indiscriminate transfer of entire genomes from one

plant to another without much control of the outcome.

Admittedly, it is not often that conventional plant

breeding breaks the species barrier, even though there

are examples of this, e.g. Triticale, Tridordeum.

Nonetheless, the effects of creating new cultivars

through conventional methods, including ionizing

radiation or chemical mutation, are largely unknown.

It is not uncommon to employ cultivars with

unknown characteristics in terms of toxins, and

nutritional or allergenic components in conventional

crop improvement programs. Yet despite this uncer-

tainty, society views this type of genetic manipulation

as acceptable and safe. There are many examples that

demonstrate that products of conventional breeding

can be unsafe and problematic, for example a

conventionally produced potato variety that accumu-

lated high levels of solanine in cool weather (Van

Gelder et al. 1988) or an insect resistant celery
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variety that was also produced using conventional

technologies that accumulated high levels of psoralen

inlight, causing skin burns (Ames and Gold 1999).

Transgenic plant releases and commercialization

are governed by draconian rules unparalleled else-

where in any other sector. The European Union in a

report following a 15-year study (1985–2000) involv-

ing 400 public research institutions, at a cost of 70

million Euros stated ‘‘... genetically modified plants

and products derived from them present no risk to

human health or the environment......these crops and

products are even safer than plants and products

generated through conventional processes’’ (EC

Research 2001). The claim that antibiotic resistance

genes in transgenic plants will escape into natural

bacterial populations that will subsequently become

resistant to them, thus creating super-bacteria is at

best odd, as these genes are already present in the

bacterial population in nature. It is worth remember-

ing that the selectable marker genes were isolated

from these very naturally occurring bacteria in the

first place, for use in the laboratory.

Technology developers must make choices about

product design, including transformation technolo-

gies and selectable marker systems, in order to

maximize worldwide acceptability of the resulting

products. Sometimes that means foregoing the use of

antibiotic resistance marker genes for technologies

with fewer burdens. Unless and until industrial

technology developers agree to fight for acceptance

of antibiotic resistance selectable marker systems,

this fight belongs solely to academics, who have the

luxury of arguing for their use based on safety studies

alone (Scott Thenell, personal communication).
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