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One of the initial concerns driving the risk assessment of genetically 
modified organisms (GMOs) in order to address their safety for human 
health and the environment has been the question whether techniques 
of genetic engineering and their molecular processes are inherently 
causing more unintended effects compared to those involved in 
traditional biotechnologies (e.g. breeding, chemical mutagenesis 
or radiation). In the context of genetically modified (GM) food and 
feed, a major guiding tool to address potential differences between the 
existing food/feed and the corresponding GM product is the concept 
of ‘substantial equivalence’ [1]. Based on the consideration that 
non-GM plants have a long history of safe use, genetically modified 
plants are compared to their non-genetically modified counterparts 
(parental or near-isogenic lines) in order to identify differences 
which are subsequently assessed for their impact on human health 
and the environment. With this approach, not only differences due 
the acquisition of the new desired trait (intended by the genetic 
modification) are assessed, unintended changes (i.e. those which 
go beyond that of the original genetic modification such as altered 
expression of untargeted genes or metabolic effects of the novel gene 
product) are also considered. 

The term “Omics” refers to studies involving different profiling 
techniques such as genomics (the quantitative study of genes, regulatory 
and non-coding sequences), transcriptomics (RNA and gene expression 
proteomics (protein expression) and metabolomics (metabolites 
and metabolic networks).Technical aspects in collecting ‘omics’ data 
set are continuously improving and profiling techniques now serve 
several distinct purposes. ‘Omics’ have for example the potential to 
provide complementary or additional tools to compare and study 
potential intended or unintended differences at the compositional and 
nutritional level between GMOs and their comparators (e.g. detecting 
differences in levels of nutrients, anti-nutrients, endogenous toxicants 
or allergens) or to characterize the GMO responses to environmental 
factors. Alongside with the progress in the area of ‘omics’ tools, the 
question has been raised whether there is a need for implementing 
molecular profiling techniques as a standard prerequisite in the risk 
assessment (environmental or food/feed assessment) of genetically 
modified organisms [2-5]. 

Over the last few years, several studies have been conducted to 
analyze the transcriptome profile of GMOs. For example, Coll et al. [6] 
have reported that the transcriptome profiles of commercial GM maize 
(MON810) and comparable non-GM maize varieties cultured in the 
field were very similar and that variability was greater between varieties 
of conventional lines. In another study investigating transcriptome 
alterations in both transgenic rice and rice lines obtained through 
chemical mutagenesis, Batista et al. [7] have shown that the acquisition 
of the traits is accompanied by modifications in transcript levels of 
untargeted stress-related genes in both lines. Moreover, the number 
of differentially expressed genes appeared to be larger in mutant lines 
compared to transgenic lines suggesting that crops with new traits 
obtained by ‘traditional’ mutation techniques are also prone to genetic 
alterations and/or rearrangements, which could lead to unintended 
effects.

While transcriptomics has the advantage to provide relatively 
reproducible data, differences revealed by transcriptome analysis 
may not be equally reflected in differences in the proteome and/
or metabolome and as such in the plant’s physiology. Therefore 
observations in alterations in a broad spectrum of metabolites could 
provide information that is complementary to the information 
obtained by transcriptomics or proteomics [8]. For example, metabolite 
profiling has been applied to compare several GM maize lines with their 
near-isogenic lines for several growing locations over several years [9]. 
From this study it was revealed that the impact of the environmental 
factors on the metabolomic profile was more pronounced than that of 
the genetic background. The applicability of the metabolite profiling 
approach has also been demonstrated to distinguish between changes 
induced by natural variability and by genetic modification in crops 
grown at different locations and/or growing seasons [10,11]. 

Implementing several profiling techniques in parallel to assess 
comparatively GM crops and their natural cultivars may offer a more 
holistic approach. For example, transcript profiling, metabolome 
profiling and metabolic fingerprinting have been used in parallel in 
order to assess the effects of transgene expression in transgenic barley 
relative to the influence of genetic background and the effect of plant 
interaction with mycorrhizal fungi [12]. Principle component analysis 
of the differentiately regulated genes (microarray data) and metabolite 
profiling indicated that, in contrast to the transcriptome, alterations in 
metabolites were observed. The results also pointed to a higher impact 
of environmental factors (mycorrhization) in terms of metabolite 
differences compared to the effect of the introduction of transgenes 
or the effect of introgression of genes by classical breeding techniques. 
The conclusion that environmental factors cause more variation in the 
transcript / protein / metabolite profiles than the different genotypes 
has also been suggested by another study where transgenic maize lines 
were compared with the respective control line [13].

Out of the above-mentioned studies it appears that profiling 
techniques may provide new information for the safety assessment 
of GMOs by offering a holistic comparative approach relying on a 
broad screening, in a non-selective and unbiased manner. However, 
apart from the considerations on the costs of these approaches, the 
abundance of information generated could also raise challenges as 
regards the extraction of information with discernable biological 
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meaning. From several studies, including those performed on 
organisms obtained through traditional plant breeding techniques, 
it becomes clear that transcriptional, proteomic and metabolite 
alterations may have different causes, including environmental and 
agronomical factors. Therefore, observed differences between GM 
plants and their comparators should be assessed for their relevance 
to the safety assessment in light of the natural plant variability, 
encompassing variability associated with genetic background (e.g. 
commercial available cultivars) and environmental impacts. This 
assessment is currently made difficult due to the lack of knowledge 
and information on the natural variation within and between given 
plant cultivars. For comparative purposes and in order to discern the 
bandwidth of natural plant variation under selected circumstances, it 
would be interesting to establish a database with a sufficient amount of 
samples, to develop standardized methods and to perform multivariate 
modeling of data [9,13]. In addition, some of the above-mentioned 
studies show that unintended changes may also occur with organisms 
obtained by traditional biotechnologies (such as breeding, chemical 
mutagenesis or radiation). Hence, it could be questioned on which 
basis genetically modified organisms obtained via transgenesis should 
be prioritized over those obtained by conventional breeding to identify, 
detect and assess potential adverse effects. 

Last but not least, despite the continuous improvement in 
robustness and reproducibility of profiling techniques, the lack of 
homogeneity in experimental design and methodology is another factor 
that could hamper the development of feasible, large-scale methods 
that can be internationally certified and accepted. However, though 
standardization and validation of profiling techniques would facilitate 
the evaluation of the generated data on a routine basis within the 
context of comparative risk assessment of GMOs, it should be noticed 
that internationally agreed and certified standard procedures are also 
lacking for other types of experiments that are currently included in 
the biosafety dossiers of GMOs and that contribute to the overall risk 
assessment of GMOs. 

Recent publication of several “omics” studies has shown the 
potential benefits and limits of the use of ‘omics’ tools in relation to 
the safety assessment of GMOs. Risk assessors should be aware of 
these developments and their possible application, including for risk 
assessment of plants that contain several different transgenes (‘stacked 
events’), for GMOs of the second generation (such as plants that are 
intentionally designed to be physiologic or nutritionally significantly 
different), or for GM animals or micro-organisms.

Ideally, in order to optimize the beneficial use of profiling 
techniques in the risk assessment (and more particularly the hazard 
identification) of GMOs, it will be crucial to tackle the potential gaps 
of data and to identify the appropriate questions, in other words to 
distinguish what is ‘nice to know’ from what is ‘need to know’. This 
approach would allow addressing the possible added-value of gathering 
molecular ‘profiling techniques’ data on a case-by-case basis and to 
take benefit of the progress in ‘omics’ technologies. 

The open access model becomes has been launched for several 
high-impact journals now. Open source methods has delivered clear 
benefits as end users including scientists, students and policy makers 
can have immediate access to latest research findings throughout the 
world. It offers perspectives in areas where scientific research may lack 
funding or where the return on investment is perceived low. Moreover, 
open access can facilitate and improve the exchange of information in 
a multidisciplinary field such as that of biosafety. OMICS Publishing 
Group strongly supports this open access initiative and all articles 

published by OMICS Publishing Group are freely accessible to everyone 
immediately after publication. Some of the special features of OMICS 
group journals include digital formatting, audio listening, language 
translation and ability to share views on articles via social networking. 

Acknowledgments

The author thanks Philippe Herman, Didier Breyer and Martine Goossens 
(Scientific Institute of Public Health, Belgium) for critical reading of the manuscript.

References

1. (1993) Safety Evaluation of Foods Derived by Modern Biotechnology: Concepts 
and Principles. OECD, Paris. 

2. Chassy BM (2010) Can-omics inform a food safety assessment? Regul Toxicol 
Pharmacol 58: S62-S70.

3. Davies HV (2010) A role for ‘‘omics” technologies in food safety assessment. 
Food Control 21: 1601–1610.

4. Pauwels K, Breyer D, De Schrijver A, Goossens M, Herman P (2010) 
Contributions from scientific research to the risk assessment of GMOs. 
Lessons learned from a symposium held in Brussels, Belgium, 21-22 October 
2010. Environ Biosafety Res 9: 113-121.

5. Heinemann JA, Kurenbach B, Quist D (2011) Molecular profiling --a tool for 
addressing emerging gaps in the comparative risk assessment of GMOs. 
Environ Int 37: 1285-1293.

6. Coll A, Nadal A, Collado R, Capellades G, Kubista M, et al. (2010) Natural 
variation explains most transcriptomic changes among maize plants of 
MON810 and comparable non-GM varieties subjected to two N-fertilization 
farming practices. Plant Mol Biol 73: 349-362.

7. Batista R, Saibo N, Lourenço T, Oliveira MM (2008) Microarray analyses 
reveal that plant mutagenesis may induce more transcriptomic changes than 
transgene insertion. Proc Natl Acad Sci U S A 105: 3640-3645.

8. Davies HV, Shepherd LV, Stewart D, Frank T, Röhlig RM, et al.  (2010) 
Metabolome variability in crop plant species-when, where, how much and so 
what? Regul Toxicol Pharmacol  58: S54-S61.

9. van Dijk JP, Leifert C, Barros E, Kok EJ (2010) Gene expression profiling 
for food safety assessment: examples in potato and maize. Regul Toxicol 
Pharmacol 58: S21-S25.

10. Frank T, Nörenberg S, Engel KH (2009) Metabolite profiling of two novel low 
phytic acid (lpa) soybean mutants. J Agric Food Chem 57: 6408-6416.

11. Röhlig RM, Engel KH (2010) Influence of the input system (conventional versus 
organic farming) on metabolite profiles of maize (Zea mays) kernels. J Agric 
Food Chem 58: 3022-3030.

12. Kogel KH, Voll LM, Schäfer P, Jansen C, Wu Y, et al.  (2010) Transcriptome and 
metabolome profiling of field-grown transgenic barley lack induced differences 
but show cultivar-specific variances. Proc Natl  Acad Sci U S A 107: 6198–6203.

13. Barros E, Lezar S, Anttonen MJ, van Dijk JP, Röhlig RM, et al. (2010) 
Comparison of two GM maize varieties with a near-isogenic non-GM variety 
using transcriptomics, proteomics and metabolomics. Plant Biotechnol J 8: 
436-451.

http://dbtbiosafety.nic.in/guideline/OACD/Concepts_and_Principles_1993.pdf
http://www.ncbi.nlm.nih.gov/pubmed/20580918
http://www.sciencedirect.com/science/article/pii/S0956713509000759
http://www.ncbi.nlm.nih.gov/pubmed/21851803
http://www.ncbi.nlm.nih.gov/pubmed/21624662
http://www.ncbi.nlm.nih.gov/pubmed/20349115
http://www.ncbi.nlm.nih.gov/pubmed/18303117
http://www.ncbi.nlm.nih.gov/pubmed/20627114
http://www.ncbi.nlm.nih.gov/pubmed/20600454
http://www.ncbi.nlm.nih.gov/pubmed/19601673
http://www.ncbi.nlm.nih.gov/pubmed/20151648
http://www.ncbi.nlm.nih.gov/pubmed/20308540
http://www.ncbi.nlm.nih.gov/pubmed/20132517

	Title
	Corresponding author
	Acknowledgments
	References



