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Labeling thresholds vs. safety thresholds of LMOs/GMOs

Dr. Jack Heinemann, New Zealand Institute of Gene Ecology

[This is a short and hopefully friendly primer on what monitoring thresholds mean and how they relate to issues of relevance in the Protocol.]

Many countries that restrict genetically engineered organisms (GEOs, also called GMOs and LMOs) in their food nevertheless allow some contamination. As long as the contamination was not purposeful (e.g. adventitious), and the contaminating organism(s) have been through a recognized safety assessment, then Europe’s food labeling laws permit up to 0.9% contamination to go unlabeled. Likewise, New Zealand Food Safety Standards (1.5.2) allow for adventitious contamination of food by GEOs as long as it constitutes no more than 10g/kg. For the next couple of years, even if the contaminant has not been through a safety assessment, Europe will allow up to 0.5% contamination before the product must be labeled as containing GE ingredients.

What do these thresholds mean and are they suitably precautionary with regard to human and environmental health? To answer these questions requires a brief introduction to how food contamination is measured, and an assessment of the reliability of the measurements.

The quantity of GE contamination is measured in different ways. Percent contamination can mean the proportion of food material that comes from GEOs and unmodified organisms of the same species (e.g. Bt11 corn and unmodified corn) in the final raw or processed product. Percent contamination may instead refer to the relative proportion of genomes contributed by the GEO and unmodified organism. Sometimes, the amount of contamination is extrapolated from the amount of gene product, i.e. the amount of toxin or enzyme, etc. that is produced specifically as a product of the modification. Knowing the difference is of course critical to assessing whether or not the threshold is both legal and safe.

Food safety issues.

Commonly, the amount of GEO in food and feed material is assumed to be proportional to the relative number of GEO genomes in a sample. For instance, in analyzing a consignment of corn kernels, the DNA is extracted from a small sample (say 1-5 thousand seeds). The corn genome is made of DNA and within the DNA of GE corn are specific patterns that can be used to distinguish between GE and non-GE corn. Those patterns only appear in the DNA that was inserted in the process of creating a GE plant. Each seed has many copies of the corn genome, but it is assumed that the average number of genomes in GE and non-GE corn seeds is the same. So the number of GE genomes is assumed to be proportional to the number of GE seeds.

There are two quantitative “bottlenecks” on the path to estimating genome number. When the DNA is extracted from the seeds, there is an absolute amount (measured by weight) of DNA that can be isolated. Above that amount and the procedure becomes “saturated”, that is, above that amount and no more DNA is recovered. When the DNA is analyzed by a technique called PCR (polymerase chain reaction), there is a limit on the amount of DNA that can be used in the reaction.

These two bottlenecks in the procedure can have important consequences for analyses based on estimating the quantity of GEO by counting the relative number of genomes. Reportedly, the size of genomes varies by up to 25% even between varieties of the same species {Anklam, 2002 #5}! Larger genomes (which may be the GEO genome) will be under-represented due to these bottlenecks.

The advantage of PCR monitoring is, that if applied correctly, it can be used to verify other characteristics of the GEO to raise confidence in conclusions that it is a variety that has been described and evaluated. In contrast, techniques that directly detect gene products, such as a protein made uniquely by the GEO, will not confirm that the organism is necessarily an approved or evaluated variety, only that it makes that protein.

The PCR technique has another set of assumptions that are built in which, if not verified, can lead to significantly misleading conclusions. Just as uniform genome sizes cannot be assumed, neither can the amount of protein or toxin (or whatever particular product is made uniquely by the GEO) be assumed to proportional to the number of genomes. This is because the amount of gene expression (resulting in the production of a final product like a protein or a toxin), and the stability of the final product, can vary depending on the position of the gene in the genome (which may be unknown especially in hybrids and crosses), physiology of the GEO and its environment. So if a recognized assessment was done using material at one concentration below the maximum possible concentration, the effects of consumption may not be known.

In this way, techniques that directly quantify the amount of all material made uniquely by the GEO, or made in proportions different from the unmodified variety, may be better at providing data necessary to evaluate the potential for harm from adventitious (or other) contamination. The difficulty with these techniques, however, is that all unique products or all changes in composition in the GE varieties may not be known.

Environmental issues.

Food and feed organisms that escape into the environment may or may not prosper. In theory, even a single escaped GE plant could eventually establish a large population, or spread via cross pollination or hybridization. In actuality, the potential for spread and amplification in the environment will depend on the environment (including variables created by humans, such as use of herbicides that may favor the GE plant) and the plant. Crude models can be constructed to estimate the rate of spread, but absolute numbers are largely impossible to predict.

A recently confirmed GEO escape in New Zealand was used as a basis for a simple quantitative genetic analysis to illustrate the potential amplification and threat to biodiversity that could result (Tables 1-3). This analysis was based on the assumption that the tentative identification of the escaped GEO as Bt11 corn was accurate. Using yield data from a pair of side-by-side Bt11 and non-Bt11 trials conducted in the US over consecutive years, fitness values were estimated. One year was considered a high corn-borer year and the other low. Corn borer is the pest that Bt11 corn was created to resist. As a normal part of the environment, relative resistance is expected to increase yield, increasing the proportion of GE seed from year to year.

New Zealand does not have the European corn borer, so Bt11 corn may not have a fitness advantage in the New Zealand environment. Bt11 corn has other changes in its genome which alone, or in combination, possibly could effect fitness due to variables that have not been identified. Nevertheless, this model should be considered only as illustrative of general principles and not an actual extrapolation of the New Zealand experience. If Bt11 demonstrated yield advantages in New Zealand that were reported by the US trials, the original single release, estimated to be 29,000 plants, could grow to over 50 million in approximately 100 generations (as little as 25 years) and grow to consume 2000 times the land occupied by the original contaminants. If cross-pollination were also factored in, the spread could be considerably faster.

Table 1: proportion (%) of GEO seeds in time1
	g2
	0.79
	0.84
	relative fitness3

	10
	0.5
	0.3
	

	25
	13
	4
	

	50
	74
	51
	

	75
	88
	80
	


1Start proportion was 0.0005%; 2generation; 3of non-Bt11 corn

Table 2: number of GEO plants in time1
	g2
	0.79
	0.84
	relative fitness3

	10
	0.3
	0.2
	

	50
	43
	30
	

	75
	51
	47
	

	100
	54
	51
	


1Start number estimated at 29,000, 2generation; 3of non-Bt11 corn

Table 3: factor increase in land occupied by GEO1
	g2
	0.79
	0.84
	relative fitness3

	10
	10
	7
	

	50
	1500
	1000
	

	75
	1800
	1600
	

	100
	1900
	1800
	


1from 2003, assuming growth beyond first farm, 2generation; 3of non-Bt11 corn

Conclusion

In biology, thresholds are important, biologically-relevant break-points. Thresholds are empirically determined quantitative measures. For example, a common threshold measure used in population genetics is to estimate when a disease causing organism will reach sufficient density to spread; or when a susceptible population becomes densely populated enough to support the amplification of very virulent disease-causing organisms. It appears that monitoring thresholds invoked by legislation to “trigger” labeling are unrelated to the biology of the GEO (LMO) and should not be assumed to have a basis in safety per se. That is why it remains important to consider every GEO and any derivative that was created by hybridization, breeding or subsequent additional manipulations, to be a unique GEO even if all modifications have previously been evaluated.

Appendix

A DNA XE "DNA"  duplex XE "duplex" \t "See  DNA"  is composed of two polymers, called strands XE "strands" \t "See DNA" , consisting of a linear sequence of nucleotides XE "nucleotides"  called A, T, G and C XE "A, T, G and C" \t "See nucleotides"  (abbreviations of their chemical names). DNA is normally double-stranded, with the strands bound together by bonds between complementary XE "complementary" \t "See DNA"  nucleotides. The weak bonds between nucleotides on different strands are formed optimally when A pairs with T and G pairs with C. Thus, A-T and G-C are called conical (or Watson-Crick) base pairs XE "base pairs" \t "See DNA" . It is possible to get other base pair combinations, but these destablize the helix XE "helix" \t "See DNA"  formed by the strands when they come together. Non-conical base pairs create very weak linkages and, under natural conditions, are removed by enzymes and replaced with conical pairs. 

Since maximum bond strength is achieved when all A’s are paired with T and all C’s are paired with G, the sequence of the two strands is said to be complementary, rather than identical. Note that base pairing rules provide a way for each strand to serve as a ‘template’ XE "template’"  for the production of the other strand; so each strand of DNA can independently serve to specify the re-construction of two identical duplex molecules.

These principles are the basis of the polymerase chain reaction (PCR XE "PCR" ). In the PCR, discrete and short sequences of DNA from an organism are selectively amplified by a runaway, or chain, reaction concentrated on those particular sequences. The reaction is both initiated and bounded by even shorter sequences of DNA (usually <20 nucleotides) called primers XE "primers" . Primers are synthesized to be complementary to each end of a sequence of DNA to be amplified. The match between primer and ‘template’ (organism DNA) is a critical determinant of the efficiency of the PCR reaction. The quality of the DNA and potential reaction inhibitors carried through DNA extraction can also affect resolution XE "resolution" , or the amplification threshold XE "amplification threshold"  of the reaction. Poor matches or inhibitors will require much more template DNA to yield a detectable product (e.g. 10 or 100 nanograms vs. 0.02 nanograms). Matches can be so poor as to produce no chain reaction; a false negative XE "false negative"  result.
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