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Abstract 
 

The degradation of the environment has become a subject of public concern and 

awareness during the past decades, and has been exacerbated in the public’s mind by the 

deliberate release into the environment of Genetic Modified Organisms (GMOs) for 

commercial purposes. Particularly in Europe, it has provoked broad public discussion and 

demands for scientific safety assurance and clear legislation rules. Based on this, the new 

scientific domain of “biosafety” has appeared. Biosafety is strongly influenced by large 

amounts of data, both scientific and non-scientific, including from molecular biology, 

plant pathology, agronomy, government policy, legislation, sociology and socio-

economic issues. The perceived negative aspects derived from the development of 

modern biotechnology and its application in agriculture has increased scepticism and 

fears among consumers and public authorities. In Europe, the environmental release of 

GMOs has become a symbol of controversy and public resistance. For instance, Non-

Governmental Organisation (NGO) activists regularly conduct protest actions, such as 

blocking or even destroying experimental field trials of GM plants. Additionally, the 

governments of several countries have announced national bans on GM products that 

have already been approved elsewhere, or even by departments within their own 

government. 

In order to elucidate why these views and actions may have come about, and to 

better understand the various interactions, correlations and influences in the biosafety 

domain, it was proposed to assess and exploit reliable resources related to the biosafety 

of GMOs found on the Internet, and to analyse them with the aid of advanced statistical 

techniques (data-mining). 

In this thesis, important online databases relevant to GM plants have be identified 

and described in order to highlight the current situation with regards to biosafety 

knowledge. The results demonstrate that a large number of biosafety online resources are 

mostly dedicated to policy-makers, regulators, and academics, rather than being in a 

format easily accessible to the population at large. 
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To investigate the extent of biosafety knowledge further, it was decided to 

analyse biosafety research output with the use data-mining techniques. This pioneering 

investigation employed a scientometric study of peer-reviewed scientific publications 

selected and stored in the online Biosafety Bibliographic Database (BBD) maintained on 

the International Centre for Genetic Engineering and Biotechnology (ICGEB) webpages. 

The study identified substantial regional biases in country-driven approaches towards 

GMOs between the USA, the EU and China. The EU is associated with biosafety, human 

health, food safety and consumer protection, where the USA and China are more 

concentrated on transgenic plants technology development and application. The results of 

keyword association analyses emphasised particular biosafety concerns related to specific 

GM plants. Our results suggest that biosafety research is strongly correlated with public 

opinion, public attitudes, government policy and law. 
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Sintesi 
 

Nell’ultimo decennio il degrado ambientale è diventato oggetto di crescente 

preoccupazione nell’opinione pubblica e l’uso degli organismi geneticamente modificati 

(OGM) è considerato dal grande pubblico come una ulteriore fonte di degrado. 

Particolarmente in Europa la commercializzazione degli OGM è alla base di un 

contenzioso che ha portato a chiedere a gran voce rassicurazioni, in particolare 

scientifiche, sull’innocuità di tali organismi ed una legge che ne regoli la diffusione 

nell’ambiente. Come conseguenza di questa posizione del grande pubblico è nata una 

nuova disciplina scientifica che chiamiamo “biosafety” (biosicurezza nel campo degli 

OGM). Questa si basa su una grande quantità di dati e sull’integrazione di differenti 

discipline: biologia molecolare, patologia vegetale, agronomia, politiche ambientali e di 

sviluppo, legislazione, sociologia e socio-economica. La percezione negativa che deriva 

dallo sviluppo della biotecnologia e dalla sua applicazione in agricoltura ha incrementato 

lo scetticismo e le paure tra i consumatori e le pubbliche autorità tanto che in Europa la 

diffusione degli OGM nell’ambiente è diventato un simbolo di avversione verso la 

scienza e un motivo di pubblica resistenza. Ad esempio le organizzazioni non 

governative (NGO) promuovono con insistente regolarità attività di protesta distruggendo 

campi sperimentali di OGM e devastando laboratori di ricerca. I governi di molti paesi 

hanno messo al bando molti prodotti OGM anche se approvati altrove. 

Per capire l’evoluzione della ricerca sugli OGM e la posizione della “biosafety” 

questa tesi si è proposta di effettuare una analisi delle ricerche sulla biosafety presenti in 

internet mediante tecniche statistiche e di “data-mining”. In particolare la tesi si occupa 

delle piante geneticamente modificate usate in agricoltura. 

La tesi identifica le più importanti banche dati in linea che raccolgono 

informazioni sulle piante geneticamente modificate. Quindi le interroga per capire la 

situazione corrente delle conoscenze sulla “biosafety” ad esse relative. I risultati 

dimostrano che la gran parte delle informazioni in linea sono dedicate ai politici, a coloro 

che stabiliscono regole e agli accademici piuttosto che essere accessibili al grande 

pubblico. Le tecniche di “data-mining” sono state applicate in modo originale alle banche 

dati contenenti pubblicazioni scientifiche soggette a revisione (peer-reviewed articles). 
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Lo studio “scientometrico” applicato, basato su tecniche di analisi multivariata alla co-

occorrenza di parole chiave negli articoli scientifici, ha messo in evidenza che gli studi 

sono fortemente condizionati dalle politiche dei governi influenzate dalle opinioni 

pubbliche, differenze notevoli sono state trovate infatti tra gli studi effettuati in Europa, 

USA e Cina. 

Gli studi Europei sono più legati alla salute pubblica e alla protezione dei 

consumatori, mentre, in misura diversa, ma sia negli USA che in Cina c’è maggior enfasi 

sull’aspetto tecnologico e applicativo per l’incremento della produzione. Dai nostri 

risultati si evince che la ricerca nel campo della “biosafety” è strettamente correlata 

all'opinione pubblica, al comportamento del pubblico, alla politica del governo e alla 

legislazione. 
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1. Introduction 
 

 

During the past decades negative impacts for example on the environment, 

logging of virgin rainforests, global warming, etc., have become a focus of concern. This 

was one of the reasons behind the drafting of the Convention on Biological Diversity 

(CBD) of 1992 that stated its aims as being “the conservation of biological diversity, the 

sustainable use of its components and the fair and equitable sharing of the benefits 

arising out of the utilisation of genetic resources” (CBD, 1992). 

That tendency has become even stronger following the deliberate release into the 

environment of Genetically Modified Organisms (GMOs), creating broad public 

discussion and demands of scientific safety assurance and clear legislation rules. Based 

on this, the new scientific domain of “biosafety” has appeared, encompassing knowledge 

and expertise from a wide range of scientific disciplines, including molecular biology, 

plant breeding, genetics, plant pathology, agronomy, weed science, and ecology. 

Biosafety is described in several ways, for instance as “ the avoidance of risk to human 

health, safety, and to the conservation of the environment, derived from the use of GMOs 

for research and the commerce” (Zaid et al., 2001) or as stated in the introductory 

documents accompanying the Cartagena Protocol on Biosafety (CPB) as “efforts to 

reduce and eliminate the potential risks resulting from modern biotechnology and its 

products” (CBD, 2000). 

Rapid expansion of the application of biotechnology and its products, such as 

transgenic plants (Twardowski and Kwapich, 2001), has increased scepticism and fears 

among consumers and public authorities except in a limited number of societies. For 

example, the USA and Canada represent a high level of acceptance for modern 

biotechnology. However, in Europe, GMOs have become a symbol of controversy and 

public resistance (Falkner, 2000). The controversy over the use of modern biotechnology 

has centred primarily on commercial releases into the environment (Figure 1), rather than 

use in laboratories for research, contained use in industry, or use in the production of 

pharmaceuticals and veterinary products (Kinderlerer, 2004). 
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Figure 1. Protest against the deliberate release of GMOs during the Environmental Ministers council 

meeting of the European Union (EU), Brussels, Belgium, December 2006. Source: Greenpeace 

 

Figure 1 is a good example of how information can be misinterpreted or 

misunderstood by public opinion and protestors. This show how important is base a 

personal outlook on credible information. In this case, the word “invasion” is associated 

with Non-Governmental Organisations (NGOs) protests against war and globalisation, 

with the same phrase being used to characterise GMOs (Bauer et al., 2001; Cook et al., 

2006). 

 

1.1. GMO - scientific background 
 

 Through the ages, a large number of methods have been invented and used by 

plant breeders to making their work more effective, creating new varieties with improved 

characteristics of quality, as well as pest and herbicide resistances. 

 Through traditional breeding, plant characters and their genes have been 

transferred and selected. A much-used traditional method for introducing new genes or 

traits in crop germplasm is by creating hybrids between cultivated varieties and wild 
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species. This method is followed by repeatedly backcrossing the generated hybrids with 

the cultivated parent in order to eliminate unwanted characteristics and leaving only those 

deemed useful. These programmes take many plant generations to accomplish and it is 

difficult to assess prior to initiating the work whether the anticipated results will be 

successfully achieved. 

 Molecular biological techniques, as opposed to traditional plant breeding 

methods, are developing rapidly. Modern methods are being used in the identification of 

plant varieties and other organisms, as well as for the isolation and study of individual 

genes and research into organisms function. 

 Through the technique of genetic modification (GM), also called genetic 

engineering, individual genes can be transferred from one organism to another, even 

across species barriers. Genetic engineering primarily uses Agrobacterium bacteria for 

transformation, as well as particle bombardment and direct DNA uptake into cells. 

 

The inserted sequences often consist of: 

• A gene coding for a desired characteristic, 

• Auxiliary sequences that contribute to the introduction of the gene and its 

expression, 

• Marker genes that make it possible to select those plant cells that have 

incorporated the foreign genes. 

 

In order to insert foreign genes several techniques can be applied e.g. by 

(Agrobacterium tumefaciens and Agrobacterium rhizogenes) (Figure 2), electroporation, 

particle bombardment, PEG-mediated DNA uptake, liposome fusion and microinjection. 

The genetically engineered cells are regenerated into whole organisms, which are 

propagated in turn. The most suitable organisms (plants) after positive selection are 

qualified for further experimental field trials. These are referred to as Genetic Modified 

Organisms (GMOs), GM plants, GM varieties, GM crops, biotech crop, transgenic 

plants, etc. In this way, the development period is shortened with respect to the 

traditional breeding and crossing programmes, and species barriers can be overcome. 
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Subsequently, the individual GM plant varieties/lines must be subjected to a number of 

experimental trials for safety testing before a decision can be made regarding possible 

commercialisation. 

 
Figure 2. Creation of GMO with the use of vector technique (not typical agro-mediated 

transformation technique) (Weidner and Furelaud, 2004) 

 

1.2. Global area of GM crop 
 

Many countries worldwide implement “green biotechnology” (explained in 

paragraph 1.3) and commercialised transgenic plants. The major biotech producers on the 

global market are consecutively the USA, Argentina, Brazil, and Canada. 

The total area of approved GM plants in 2006 has increased up to 104 million 

hectares, from 90 million hectares in 2005 (James, 2005). Developing countries 

cultivated 40 million hectares which was equivalent to 40% of the total grown in 2006.  
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GM soybean is the predominant transgenic crop - in 2006, 58.6 million hectares (57%) 

were grown, followed by maize with 25.2 million hectares (25%), cotton with 13.4 

million hectares (13%) and oilseed rape 4.8 million hectares (5%) of global biotech crop 

area (James, 2006). 

In 2006 the only genetically modified crop grown in the European Union (EU) 

was maize, specifically in Spain, France, Portugal, the Czech Republic, and Germany. 

GM maize accounted for 8% of the EU's total maize production (Table 1). The EU's 

transgenic maize is used exclusively for animal feed. In that year, plantings of GM maize 

have continued to increase, with the greatest gains posted in France, the Czech Republic, 

and Germany (Commission-of-the-European-Communities, 2006). 

 

Country Area (hectares) 

Spain >  60,000 

France 5,000 

Czech Republic 1,290 

Portugal 1,250 

Germany 950 

 
Table 1. Total cultivated area of GM maize in the EU in 2006 at http://www.gmo-compass.org 

 

 The total number of different GM crops authorised in 1997/98 for production in 

the EU was three GM maize lines (events Bt176, MON810, T25). Like all new cultivars, 

however, they were approved and registered according to cultivar laws. Numerous 

cultivars derived from MON810 have been given the final approval in many countries. 

Some have been entered into the "common catalogues" for cultivars in the EU. In some 

cases, the release of certain GM lines has been stalled at this final step (Commission-of-

the-European-Communities, 2002). 

Herbicide tolerance has been the predominant trait transferred to transgenic plants 

since 1996, followed by insect resistance (based on inserted (Bt) gene), and lastly 

transgenic plants with these two traits stacked (Figure 3). Bt plants have inserted gene 

http://www.gmo-compass.org/


17 

sequence derived from bacterium Bacillus thuringiensis (Bt), which produce Cry toxins 

what make plant resistance to insects. 

In 2006, herbicide-tolerant soybean, maize, oilseed rape, cotton and alfalfa 

occupied 68% or 69.9 million hectares of the global area 102 million hectares, with 19.0 

million hectares (19%) planted to insect resistant (Bt) crops and 13.1 million hectares 

(13%) to stacked traits of Bt and herbicide tolerance combined. GM plants with stacked 

genes was the fastest growing trait group between 2005 and 2006 with growth around 

30%, followed by insect resistance (17%) and herbicide tolerance (10%) (James, 2006). 

 
 

Figure 3. Global Area of GM plants by traits in years 1996 – 2006 (James, 2006). 

 
 

There are many experiments around the world dedicated to the formation of new 

transgenic varieties of plants. However, till now, the most significant economically are 

those GM plants expressing herbicide resistance (Twardowski et al., 2003). 
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Main characteristics of GM plants under development: 

 

• Increased tolerance to drought, frost and salt 

• Changed chemical composition of the plant product, e.g. proteins, lipids, starch 

and vitamins for industrial use or as improved foods 

• Production of drugs, e.g. vaccines. hormones and enzymes 

• Materials such as: wood pulp, lignin and plastics 

• Inducible characteristics, which are not activated until desired, such as insect 

resistance and no flowering or seed-setting 

• Bioremediation - traits for decontaminating polluted soil and effective use of 

plant nutrients 

• GM plants without natural toxic and allergenic substances 

 

1.3. Biotechnology, Biosecurity and Biosafety 
 

Biotechnology can be defined as the application of biological knowledge and 

techniques to develop products. The term encompasses classical methods used for plant 

and animal breeding, for example, fermentation and enzyme purification. It also refers to 

modern biotechnological methods to modify the genetic material of living cells so that 

they produce new substances or new functions (Tencalla, 2006) . 

 

 Modern biotechnology is a very wide concept and may be discussed in at least 

four different fields, quite often labelled by colours (Twardowski, 2005): 

 

• Green: used in the agriculture and food industries; the commonly-used name is 

agrobiotechnology. Biosafety of transgenic plants mainly refer to this concept. 

• Red: medicine, pharmacy and diagnostics are covered within this field. 

• White: industrial biotechnology. 

• Violet: legislation and socio-economic effects; this field of biotechnology can not 

be separated from the previous three because legal and social aspects are common 

for any application of modern biotechniques (Twardowski, 2005). 
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Biosecurity and biosafety is misunderstand and misused, mainly because very 

often from English to other languages is translated as the same word e.g. in Italian -

biosicurezza. 

Biosecurity encompasses all policy and regulatory frameworks (including 

instruments and activities) to manage risks associated with food and agriculture 

(including relevant environmental risks). Biosecurity is composed of three sectors, 

namely food safety, plant life and health, and animal life and health. These sectors 

include food production in relation to food safety, the introduction of plant pests, animal 

pests and diseases, the introduction and release of genetically modified organisms 

(GMOs) and their products, and the introduction and safe management of invasive alien 

species and genotypes (FAO, 2001). 

 Biosecurity thus has direct relevance to food safety, the conservation of the 

environment (including biodiversity), and sustainability of agriculture. 

A separate, but linked, concept biosafety is as applied to regulation of genetically-

modified organism (GMO) use and release. The Cartegena Protocol on Biosafety refers 

to the regulation of the release and transboundary movement of GMOs. Biosecurity in 

food and agriculture must respect the provisions of the Cartegena Protocol, as well as 

national legislation. Biosecurity is broader term than biosafety, because biosafety is 

focused only on GMOs (FAO, 2003). 

 Worldwide, strict harmonised regulatory frameworks (König et al., 2004) are in 

place in many countries to ensure that all candidate GM crops are evaluated according to 

the latest standards of scientific knowledge for impacts on human health, animal health, 

and the environment before authorizations for marketing are granted (Tencalla, 2006). 

 Biosafety is also a broad and vibrant domain comprising many human activities, 

but a science-based approach should be the essential foundation of national and 

international safety assessment of GMOs (Tepfer et al., 2002). 

Biosafety research of transgenic crops is focused mostly on recognised risks, such as the 

possible instability of the genetic modification, “gene escape” to related plants, potential 

for increased weediness, possible non-target effects. It also focuses on the development 

of risk management strategies, including procedures and methods to minimise the risks 
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and their possible consequences that may arise from the cultivation of transgenic crop 

varieties (Jia and Peng, 2002). 

 One of the major problems with the current public debate on GMOs relates to 

informational limitations. Most of the available scientific information regarding GMOs is 

held by corporate organisations and research institutions whose motives are sometimes 

questioned, as they are viewed as having a strong private interest. 

 

1.4. The aim of the thesis 
 

Biosafety is strongly influenced by a large amount of scientific and non-scientific 

data, and as such, this thesis aims to evaluate and compare credible and scientific-based 

information in an ordered and accessible way, towards create a balanced view on the 

field. The aim of the present thesis was to investigate in detail a clearer and systematic 

view over the situation in the scientific field of biosafety. The thesis is composed by two 

main parts: 1) mapping of biosafety Internet resources, 2) and application of data-mining 

techniques. 

We have assessed the coverage of biosafety research in the scientific press 

selected and stored in the Biosafety Bibliographic Database (BBD). On the other side, we 

have performed scientometrics analysis to visualise and better understand interactions, 

correlations and influences in the biosafety domain. Scientometrics techniques were 

applied as a pioneer in the field of the biosafety research. Using these methods we tried 

to provide socio-geographical maps of the biosafety indicating how the field and topics 

are associated with countries and to find relation of particular transgenic plants with the 

safety concerns. 

 

1.4.1. Mapping of biosafety Internet resources 
 

The first chapter is based on (Lewandowski et al., 2006a), a complete translation 

of which can be found in Appendix 4. 

Due to development of modern biotechnology and its applications in agriculture, 

there is a public demand to accurate information on several different aspects, especially 

on safety of GMOs released into environment and the risk derived from their use as a 
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food and feed. As a consequence the number of Internet resources has risen, but quality 

of information provided is problematic – this aspect is discussed in the first part of the 

thesis. 

The chapter also focuses on the current situation of the most important online 

biosafety databases of particular relevance to genetically modified plants. For this 

analysis, a wide range of online databases was assessed, offering a comprehensive view 

and facilitating access to appropriate information for different stakeholders involved in 

the field of biosafety. Databases were characterised with respect to their content, aims 

and limitations. 

Today the Internet is used in all spheres of life for exchange of information (Ding 

et al., 2000a) as well as medium for relevant public activity like fora, chats, blogs, 

communicators and e.t.c. Sites on the World Wide Web offer several advantages over 

conventional mass-media for disseminating information on a fast-changing technical 

topic, including their global accessibility and their ability to update information 

frequently, incorporate multimedia formats, and link to networks of other sites (Byrne et 

al., 2002). Therefore in attempts to reach the highest number of recipients, many 

organisations provide free access to online databases of biosafety information which is 

collected from diverse sources. Public databases or inventories of information on GM 

products, government notifications and permits, or current research and development 

projects should be, and in most cases are, open to public scrutiny (Lewandowski et al., 

2006b). 

A database is a collection of data arranged for ease and fast search. Unfortunately 

because of many reasons, which will be discuss in following part many databases quickly 

become limited in their accessibility and utility. 

 

1.4.2. Data-mining elaboration 
 

The second part of the thesis involves scientometrics analyses of records 

contained in the comprehensive bibliographic database – Biosafety Bibliographic 

Database (BBD) (Bartsch and Schuphan, 2002) – selected after evaluation in the previous 

part of the study. This database is maintained by the Biosafety Unit of the International 



22 

Centre for Genetic Engineering and Biotechnology (ICGEB), and covers articles relevant 

to biosafety published by peer-reviewed scientific journals. 

 

1.4.2.1. ICGEB Biosafety Bibliographic Database (BBD) 
 

The ICGEB Biosafety Bibliographic Database (BBD) 

(http://www.icgeb.org/biosafety/bsfdata1.htm) is a scientific bibliographic database 

collecting studies on biosafety and risk assessment in biotechnology, available for on-line 

searching and hosted by the ICGEB (http://www.icgeb.org/biosafety/) (Figure 4). 

 
Figure 4. Biosafety Webpage of the International Centre for Genetic Engineering and Biotechnology 

(ICGEB), http://www.icgeb.org/biosafety/ 

 

 

 Articles are chosen by using specific keywords (Appendix 1) related to the mater 

of biosafety and GMOs. They are extracted from the internationally renowned applied 

life sciences database the AgBiotechNet / CAB International (CABI) (Degrassi et al., 

2003). Every records contains a detailed informative summary along with the full 

bibliographic data from research papers (including research from developing countries), 

http://www.icgeb.org/biosafety/bsfdata1.htm
http://www.icgeb.org/biosafety/
http://www.icgeb.org/biosafety/
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books and conference proceedings, and has been indexed using a controlled vocabulary 

(CAB Thesaurus) (AgBiotechNet, 2007). 

Furthermore all articles are selected and classified by ICGEB scientists in 

accordance with the main issues arising from the environmental release of GMOs, so-

called “Topics of concern” (Appendix 2) including; food/feed safety, allergies, GMO 

detection issues and methods, the persistence of transgenes in the environment, non-

target effects, development of resistance in target organisms, horizontal (trans)gene 

transfer, ethical issues, public perception, legislation, and monitoring (Tepfer and 

Ripandelli, 2005). 

 The BBD is updated monthly, and those updates distributed in E-newsletter 

format to members (subscription is free of charge). As of September 2006, the database 

contained 5,959 records of scientific articles published mostly in international, peer-

reviewed, journals since 1990. To assist access to the full version of an article, each 

record contains the corresponding author’s E-mail address and/or a DOI (Digital Object 

Identifier - a unique string, stored on the website of the CrossRef organisation 

[http://www.crossref.org/] which allows the identification of pieces of intellectual 

properties on the web. 
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Figure 5. The query webpage of the ICGEB Biosafety Bibliographic Database, 

http://www.icgeb.org/biosafety/bsfdata1.htm 

 

The BBD is also fully accessible through the Biosafety Clearing House (BCH), 

the main portal for internet-based information developed by the Secretariat of the CBD in 

the framework of the Biosafety Protocol (Tepfer and Ripandelli, 2005). 

 

1.5. Data-mining 
 

Data-mining or “Knowledge Discovery in Databases” is concerned with 

extracting useful information from databases (Fayyad, 1997). The term “data-mining” 

has historically been used in the database and statistics community, but not always in a 

scientific context. Any algorithm that enumerates patterns from, or fits models to, data is 

a data-mining algorithm. The view presented in the thesis of data mining is a single step 

in a larger process, called “Knowledge Discovery in Databases” (Sotolongo-Aguilar et 

al., 2001). 

Data-mining techniques has previously been applied in the field of biotechnology 

with regards to the measurement of British and American mass-media coverage of GMOs 

issues and how they are perceived by the public (Marks et al., 2003; Cook et al., 2006). 

http://www.icgeb.org/biosafety/bsfdata1.htm
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Simple statistic methods has been used to measure a scientific activity in the field of 

plant biotechnology (Vain, 2005, 2006, 2007). Bibliometrics or scientometrics are 

commonly applied in data-mining and have been successfully used to measure trends in 

ecology (Nobis and Wohlgemuth, 2004) or biotechnology in general (Dalpé, 2002). This 

thesis aims to presents results of scientometrics studies in the field of GM crops biosafety 

research - some preliminary investigation has been done by (Bonneuil et al., 2004). 

 

1.5.1. Bibliometrics / scientometrics 
 

 Otlet (1934) had previously employed the term “bibliometrie” defined as “the 

application of mathematical and statistical methods to books and other media of 

communication”. In 1969, Vassily V. Nalimov and Z. M. Mulchenko formed the Russian 

equivalent of the term “scientometrics” (“naukometriya”). As the name would imply, 

this term is mainly used for the study of all aspects of the literature of science and 

technology. 

Each of these terms has a particular historical origin which is generally well 

documented. In addition, each of these terms has a range of definitions that have been 

applied to them by the authors who are working in this field. However, much of 

scientometrics is indistinguishable from bibliometrics, and much bibliometric research is 

published in the journal, Scientometrics. These definitions indicate considerable overlap 

in meaning of the terms (Hood and Wilson, 2001) and for the purpose of this thesis are 

interchangeable. 

Scientometric methods are use to analyse bibliographic or patent databases (Noll 

and Schiebel, 2000), with co-word analysis as a common applied technique. 

Scientometrics has been successfully used in several different applications, such as to 

predict trends, to analyse future developments (Hörlesberger et al., 2002), to track 

relations between technological innovations, to check practices of researchers, to map the 

socio-organisational structures, to define research and development management, to 

describe the role of science and technology in the national economy, to compare 

governmental policies or even to predict upcoming technologies. Scientometrics analyses 
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are used also for data visualization useful for decision support systems as well as for 

daily work in Research and Development (Noll et al., 2002). 

As the research field is represented by journal articles, the chosen methods can 

provide socio-geographical maps of the research field and indicate, e.g., who is 

conducting this research, and how the field and topics are associated with countries. 

BibTechMonTM (version 4.6.7) is computer software developed by the 

Department of Technology Management of the ARC Seibersdorf research GmbH, Wien, 

Austria (Kopcsa and Schiebel, 1998). The software package was used for scientometrics 

studies presented in the data-mining part of this thesis. This tool facilitates the analysis 

and visualisation of a great amount of literature data, to assist in the creation of a broad 

and balanced overview (Noll et al., 2002). A number of knowledge maps resulted from 

the application of this tool to analyse the BBD, allowing the extent of biosafety research 

to be shown, along with its various interactions. 
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2. Introduction to Chapter 1 
 

During the latter quarter of the 20th Century heightened global environmental 

awareness and concern over accelerating ecological degradation resulted in a desire by 

the international community to push the protection of the environment higher up the 

political agenda. This was given due recognition in 1992 when the Convention on 

Biological Diversity (CBD) came into force. Its objectives include “the conservation of 

biological diversity, the sustainable use of its components and the fair and equitable 

sharing of the benefits arising out of the utilisation of genetic resources” (Secretariat-of-

the-Convention-on-Biological-Diversity, 1992). During the elaboration of the 

Convention, negotiators recognised that biotechnology could contribute to achieving 

these objectives, if developed and used with adequate safety measures for both the 

environment and human health. Accordingly, procedures were developed to address the 

safe transfer, handling and use of any LMO (“living modified organism”; used 

interchangeable with “genetically modified organism” [GMO] in this paper) resulting 

from biotechnology that may have an adverse effect on the conservation and sustainable 

use of biological diversity (Article 19.3, CBD). These procedures formed the Cartagena 

Protocol on Biosafety (Secretariat-of-the-Convention-on-Biological-Diversity, 2000), 

which came into force in 2003 and now has 124 signatory countries (July 2005). Parties 

lacking a cohesive biosafety policy undertook, or are currently undertaking, a number of 

initiatives to put a national framework in place in order to comply with the CPB. This has 

resulted in a great demand for biosafety-related information, training programmes, and 

capacity-building projects. 

This period of heightened political activity in environmental protection coincided 

with a concomitant rise in genetically modified (GM) crop cultivation. Since 1996, the 

global area of GM crops under cultivation has grown at more than 10 % per annum. In 

2004, the estimated total global cultivated area of approved GM crops was 81.0 million 

hectares (200 million acres), up from 67.7 million hectares (167 million acres) in 2003. 

Further, more than one-third (34 %) of the 2004 total, equivalent to 27.6 million hectares, 

was grown in developing countries (James, 2004). Among the top 10 GM crop-growing 

countries by area, neither the USA, Argentina, Canada, Uruguay, nor Australia, each 
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growing between 0.2 – 47.6 million hectares of GM crops in 2004, are currently parties 

to the CPB. At the same time, many developing countries that have ratified the CPB are 

still in the process of elaborating a regulatory framework governing the import or 

cultivation of GM crops. This has led to the current situation where different strategies 

and standards have been adopted at the national level, caused by the different 

infrastructures available in developed and developing countries, and has resulted in much 

confusion and difficulty in harmonising environment and trade agreements and 

regulations. 

Biosafety in the context of the CPB is used to describe efforts to reduce and 

eliminate the potential risks resulting from biotechnology and its products. It has 

similarly been defined as “the avoidance of risk to human health and safety, and to the 

conservation of the environment, as a result of the use for research and commerce of 

infectious or genetically modified organisms” (Zaid, 2001). For the purposes of the CPB, 

biosafety is based on the precautionary approach, whereby “the lack of full scientific 

certainty should not be used as an excuse to postpone action when there is a threat of 

serious or irreversible damage”. 

Relevant scientific disciplines that underpin biosafety studies include molecular 

biology, plant breeding, genetics, plant pathology, agronomy, weed science, entomology 

and ecology, among others. Therefore a large amount of scientific knowledge and data 

has a direct impact on biosafety, and it can be a difficult process to collate this 

information in a credible way in order to create a balanced view. One of the major 

problems within the scientific debate on GMOs relates to informational limitations. Most 

of the available scientific information regarding GMOs is held by corporate organisations 

and research institutions whose motives are sometimes questioned, as they are viewed as 

having a strong financial interest in ensuring that GMOs are perceived as positive 

contributions to human well-being. On the other hand, some of the most well publicised 

opposition to GMOs has sometimes taken the form of high profile press announcements 

that do not stand up under scrutiny (Young, 2004). It seems apparent that, whilst the 

basic underlying science remains in dispute, there is a continuing need for impartial 

organisations to play a role in compiling, coordinating (making systems similar or 

consistent with each other), and making available unbiased and reliable information on 
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biosafety from different countries. Such widespread dissemination of scientific 

information should be a prerequisite in all biosafety undertakings. 

Some useful sites concerning biotechnology and biosafety databases have been 

recently reviewed, with descriptions and comments on the information provided 

(Degrassi et al., 2003). This chapter aims to augment that review in light of the recent, 

seemingly exponential, growth of online biosafety activity, including a revision of 

website content and address where necessary. It should be noted that this review is not 

intended to be a complete listing of all biosafety-related databases, but has concentrated 

on those found by the authors to be extremely useful in their day-to-day biosafety 

activities. All websites mentioned in this chapter are available through links present on 

the ICGEB Biosafety website. 

 

2.1. Online databases as tools for disseminating information 
 

Many organisations take advantage of the global reach of the Internet to provide free 

access to databases of biosafety information collected from diverse sources. Public 

databases or inventories of information on GM products, government notifications and 

permits, or current research and development projects should be, and in most cases are, 

open to public scrutiny. Countries with good information and communication 

technologies (ICT) infrastructure also make these available over the Internet (Institute-of-

Development-Studies, 2003). However, it should be noted that not all stakeholders have 

the same level of Internet access. An evaluation of access to the on-line CBD Biosafety 

Clearing House (BCH) in 196 signatory countries was made from information related by 

respondents to a questionnaire (UNEP-GEF, 2003). It concluded that Internet reliability 

varied among regions of the world. The availability of continuous (24h/7d) Internet 

access was lowest in the regions of Asia/Pacific and Africa where slightly less than half 

(47%) of respondents had complete access to the Internet, whilst the highest availability 

was in “not developing countries” (NDCs) and Central and Eastern Europe (CEE) where 

it was total (100 %) or comprehensive (81 %), respectively. 

A database is a collection of data arranged for ease and speed of search and 

retrieval, and can also be called a databank. The major goal of any database is the correct, 
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safe, efficient and permanent management of data. Data are usually much longer lived 

than all of the application programs that use them, therefore it is more important for a 

good database to have a long-term structure for the data, than to have an eye-catching 

implementation scheme. With the continual evolution of database managements systems 

(DBMS), constructing databases so that they have a conceptual schema that can be 

implemented in different DBMS (e.g. Inprise InterBase or MS Access,), with all 

redundancies eliminated, that is, facts should only be integrated once (Lindenmeyer et al., 

1999) is a major advantage. Without this foresight during the construction phase, many 

databases quickly become limited in their accessibility and utility.  

More than half of the respondents of the UNEP-GEF Questionnaire (UNEP-GEF, 

2003) were familiar with data management or database software (53.8%), with 34.5% of 

them having previously been involved in designing a database, and 27.3% with 

experience in inserting data into biosafety databases. Of all respondents, 41.9% were 

familiar with various GMO and biosafety-related databases, although this percentage was 

lower in Africa (17.6%) and the Asia/Pacific region (23.8%). Furthermore, 76.1% of 

respondents reported the intention of their countries to set up a national biosafety 

database, very often as an activity under the UNEP-GEF project on the development of 

national biosafety frameworks (http://www.unep.ch/biosafety/about.htm). A third of the 

respondents also indicated that there were GMO databases already existing in their 

country, half of which were available on the Internet. 

Therefore, it would appear that there is sufficient familiarity in the use of 

databases at the global level to give support and impetus to the provision of information 

on biosafety issues, primarily on the Internet, thereby widening access to an increasing 

number of stakeholders. A fundamental proviso to all this activity, however, is that in 

order to maintain the effectiveness of any database (or inventory), long-term funding for 

the input and management of data is critical, as is apparent from the evaluations of the 

currently available databases concerned with the various aspects of biosafety outlined 

below. 

 

 

 

http://www.unep.ch/biosafety/about.htm
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2.2. Websites hosting multiple databases (‘One-Stop Shops’) 
 

Several websites offer useful entry-points to a diversity of biosafety data. These 

“one-stop shops”, contain huge collections or listings of relevant informatic tools and 

links to other sites. The availability of information on these websites is often exhaustive 

and so comprehensive that this chapter will focus only on the databases that they host, 

and the reader is advised to visit the relevant homepage so that they may explore further 

the additional biosafety information provided. 

 

2.2.1. Central portal of the Biosafety Clearing-House (CBD-BCH) 
 

The central portal of the Biosafety Clearing House (BCH) (http://bch.biodiv.org/), 

hosted by the CBD and in full operation since February 2004, is a major repository of 

biosafety information. The BCH claims to be “an information exchange mechanism 

established by the CPB to assist Parties to implement its provisions and to facilitate 

sharing of information on, and experience with, LMOs”. To be of use to all parties, the 

portal is available in all official UN languages, which comprise Arab, Chinese, English, 

French, Spanish and Russian. However, English is the predominant language. To date, a 

number of relevant national, regional and international databases (the first three of which 

are further outlined below) are interoperable with the CBD-BCH. These are the 

Organisation for Economic Cooperation and Development (OECD) BioTrack Product 

Database, the International Centre for Genetic Engineering and Biotechnology (ICGEB) 

Biosafety Database, the United States Regulatory Agencies Unified Biotechnology 

Website, and the BCHs of Belgium, South Korea and Switzerland. This interoperability 

facilitates the searching of these combined databases, totalling over 7000 records, 

through a unified search mechanism (Search Biosafety Clearing-House; 

http://bch.biodiv.org/database/search.aspx). Information is searchable under the 

following themes: biosafety information resources, national contacts, laws and 

regulations, decision and declaration information (including risk assessment documents), 

capacity-building initiatives and a roster of experts. The Central Portal is organised in 

such a way that targeted searches can also be carried out within these themes by use of 

their “sub-databases”, by following the relevant links on the homepage, under “Finding 

http://bch.biodiv.org/
http://bch.biodiv.org/database/search.aspx
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Information” and “Resources”. On the same webpage as the above search mechanism, it 

is also possible to conduct a simple search on the text of the pages of the Biosafety 

Clearing-House web site, or to choose a category of linked web sites to search (Search 

Web Pages; http://bch.biodiv.org/database/search.aspx). Information in the BCH is 

owned and updated by the users themselves, thus ensuring its accuracy. Authorised 

“National Focal Points” can enter, supplement and update their national information in 

the Central Portal through the support of the BCH’s “Management Centre”. This 

intermediary allows for the screening and verification of information before it is made 

available online. 

As with any undertaking of this magnitude, problems have been encountered 

regarding the timeliness of the portal content. The CBD Secretariat undertook an internal 

review of the BCH in 2004, based on a user survey together with database statistics and 

an analysis of the fully-operational version of the website (Secretariat-of-the-Convention-

on-Biological-Diversity, 2005a). A key finding was that “the usefulness of the 

information available in the Biosafety Clearing-House is […] somewhat constrained by a 

lack of certainty regarding its completeness. [G]iven that it is widely known that some of 

the missing information is currently available, it seems reasonable to assume that there 

may be internal constraints delaying the timely provision of information to the Biosafety 

Clearing-House that should be addressed at a national level”. Regardless of these 

apparent ‘teething-troubles’, as an introduction to current global biosafety activity the 

website is unparalleled. 

 

2.2.2. International Centre for Genetic Engineering and Biotechnology (ICGEB) 
 

Another comprehensive biosafety website is hosted by the International Centre 

for Genetic Engineering and Biotechnology (ICGEB; http://www.icgeb.org/biosafety/). 

Among the range of useful biosafety information available on this site are three 

informatic tools. The first, a Biosafety Bibliographic Database, is maintained at 

http://www.icgeb.org/biosafety/db/biosafety.html and is available for on-line searching. 

The database is a collection of scientific studies on biosafety and risk assessment in 

biotechnology and is updated monthly, with updates distributed to members (subscription 

http://bch.biodiv.org/database/search.aspx
http://www.icgeb.org/~bsafesrv/
http://www.icgeb.org/biosafety/db/biosafety.html
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is free). As of July 2005, the database contained more than 5000 records (full reference 

with abstracts) of scientific articles published in international, peer-reviewed, journals 

since 1990. To assist access to the full version of an article each record contains the 

corresponding author’s Email address and/or a DOI (Digital Object Identifier - a unique 

string, stored on the website of the CrossRef organisation [http://www.crossref.org/] 

which allows the identification of pieces of intellectual properties on the web). All 

articles are selected and classified by ICGEB scientists in accordance with the main 

topics of concern for the environmental release of GMOs, including; food/feed safety, 

allergies, GMO detection issues and methods, the persistence of transgenes in the 

environment, non-target effects, development of resistance in target organisms, 

horizontal (trans)gene transfer, ethical issues, public perception, legislation, and 

monitoring. As mentioned above, the database is interoperable with the CBD-BCH. 

Although each national regulatory authority may have their own online databases 

for storing and disseminating risk assessment (RA) documents (see below), it is a 

difficult and time-consuming activity to collate documents from different nations. With 

this in mind, ICGEB also maintains a second informatic tool, the Risk Assessment 

Search Mechanism (RASM; www.icgeb.org/biosafety/rasm.html), provides access to 

the largest up-to-date online collection of RA documents related to official government 

decisions concerning the commercial release of GMOs, irrespective of the individual 

authority’s CBD signatory status. To date, it contains 475 records of risk assessment 

documents, relating to 122 different transgenic events from 14 plant species issued by 18 

official authorities, of which more than 70 % of records are from non-CPB party 

authorities. Typical government sources include national/regional food standard 

authorities, environmental protection agencies and departments of agriculture. 

Documents pertaining specifically to South American authorities include those from the 

Argentinian Comisión Nacional Asesora de Biotecnología Agropecuaria (CONABIA; 

http://siiap.sagyp.mecon.ar/new/0-0/programas/conabia/index.php) and the Brazilian 

Comissão Técnica Nacional de Biossegurança (CTNBio; http://www.ctnbio.gov.br/).  

A third tool, the GMO RES COM database 

(http://www.versailles.inra.fr/europe/gmorescom/), developed as a result of a European 

initiative to enhance communication regarding GMO biosafety research started in 2003, 

http://www.icgeb.org/biosafety/rasm.html
http://siiap.sagyp.mecon.ar/new/0-0/programas/conabia/index.php
http://www.ctnbio.gov.br/
http://www.versailles.inra.fr/europe/gmorescom/
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which involved ICGEB and partners in France, Germany and Hungary. The project was 

funded under the 5th European Framework Programme and created a web-based, public-

access database of past and current projects in GMO biosafety research. The database 

provides access to information for all worldwide stakeholders, including the general 

public, industry, and national and international agencies. In addition, it is helping to 

improve communication within the scientific community, as well as between researchers 

and the public at large. Following the initial phase, when project details were uploaded 

by GMO RES COM participants only, the database is now public and biosafety research 

project leaders worldwide are encouraged to enter their projects directly into the 

database. It currently holds descriptions of 50 biosafety research projects. 

 

2.2.3. Organisation for Economic Cooperation and Development (OECD) 
 

BioTrack Online was created in 1995 as the pioneer OECD website in the field of 

environmental, food and feed safety issues relating to modern biotechnology. The home 

page focuses on the regulatory oversight of modern biotechnology products in OECD 

member countries, which includes information related to major legislative developments 

(including details of the relevant regulatory authorities), a number of free documents 

(including consensus documents), links to other related web sites, and online databases of 

modern biotechnology products, as well as field trials. 

The Database for Products Derived Using Modern Biotechnology 

(http://www2.oecd.org/biotech/) is a new version of the earlier Product Database.  This 

updated version was necessary in order to add an OECD Unique Identifier to some of the 

older transformation events, and to remove those events no longer supported. The 

purpose of the unique identifier is as a key to accessing information in the OECD product 

database and interoperable systems for the products of modern biotechnology approved 

for commercial application. With nearly 100 records, the aim of the database is to share 

information of GM crops/transformation events approved, or in the process of being 

approved, for commercialisation. This useful database allows full text searching, and also 

for search results of listed organisms to be sorted by the OECD Unique Identifier, 

organism, company, or country of the approval. Links included with each record (where 

http://www2.oecd.org/biotech/
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available) are the relevant OECD “biology” or “food/feed” consensus documents, and 

websites of the approval authorities and their decisions. The database relies on data 

provided on a voluntary basis, both by authorities in OECD member countries and by 

certain institutions that either have developed or are currently developing products. This 

leads to a few omissions in the inventory, but otherwise provides a comprehensive 

picture of currently available GM crops. 

BioTrack Online also includes the OECD's Database of Field Trials (currently 

under revision at http://webdomino1.oecd.org/ehs/biotrack.nsf) which contains more than 

10,000 records of GMO field trials carried out up to 1999, both in OECD member 

countries and elsewhere (external data provided through UNIDO's BINAS - below). 

Information of field trial undertaken after 1999 must still be gleaned from the relevant 

websites acting as national databases. 

 

2.2.4. United Nations Industrial Development Organisation (UNIDO) 
 

The Biosafety Information Network and Advisory Service (BINAS) is a 

service of the UNIDO to monitor global developments in regulatory issues in 

biotechnology (http://binas.unido.org/binas/home.php). It contains searchable lists of 

relevant laws and regulations from responsible ministries, agencies and contact points in 

OECD and UNIDO member countries. It would appear that it is in need of some critical 

updating, especially regarding the links to both OECD’s Biotrack Product Database and 

BIOBIN. This is crucial for their aspirations of working together towards a common 

resource on harmonisation in biotechnology, as BIOBIN (http://www.oecd.org/BioBin) 

had been specifically designed to allow navigation between the BioTrack database and 

BINAS. The last entry in the news section is from August 2004, whilst for the events 

section, the latest entry is from 2002. This may very well be an example of a database 

slowly becoming redundant due to the lack of ongoing support (managerial, financial or 

otherwise). 

 

 

 

http://webdomino1.oecd.org/ehs/biotrack.nsf
http://binas.unido.org/binas/home.php
http://www.oecd.org/BioBin
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2.2.5. Food and Agriculture Organisation of the United Nations (FAO) 
 

FAO is involved in assisting its member countries, particularly developing 

countries, to reap the benefits derived from the application of new technologies, 

including biotechnology, in agriculture, forestry and fisheries. The Organisation also 

assists developing countries to participate more effectively and equitably in international 

commodities and food trade. Additionally, FAO provides technical information and 

assistance, as well as socio-economic and environmental analyses, on major global issues 

related to new technological developments. 

With all of these in mind, the FAO has developed the FAO-BioDeC database 

(http://www.fao.org/biotech/inventory_admin/dep/default.asp). It plays a pivotal role in 

gathering, storing, organising and disseminating updated baseline information on the 

state-of-the-art of crop biotechnology products and techniques that are either in use or in 

the pipeline in developing countries. The database comprises around 2000 entries from 

70 developing countries, including countries with economies in transition. Entries were 

compiled from published literature, surveys carried out by the International Service for 

National Agricultural Research (ISNAR), as well as information collected by FAO 

through fact-finding missions and expert consultations. The main objective of the 

database is to give an overview of the different stages of adoption and development of 

these biotechnologies in the different countries and regions. Information on GMOs, and 

other biotechnological products such as those obtained by micropropagation, in vitro 

regeneration, embryo rescue, RFLP (random amplified polymorphic DNA), AFLP 

(amplified fragment length polymorphism), and in vitro germplasm conservation and 

exchange, is available in the database. Records can be searched using a combination of 

selected fields such as product or technology, trait or technique used, species, country, 

region, institution and status of the development process (that is, experimental phase, 

field trials, or commercialisation). Although its aim is to “assist in identifying needs and 

gaps in agricultural research, whilst at the same time offering the opportunity to have a 

closer look at programmes in neighbouring countries to identify potential partners for 

collaborative undertakings”, the records lack any contact information, and it is therefore 

left to the visitor to track it down from other sources. Other than this slight criticism, the 

http://www.fao.org/biotech/inventory_admin/dep/default.asp
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efforts expended in establishing such a database are commendable. In its present form, 

the database is limited to research, testing and commercialisation of specific crop 

technologies and products in developing countries only, that is, no incorporated studies 

have been carried out in developed countries, regardless of any intention for subsequent 

use or adoption in developing countries, nor if carried out in international research 

centres located in developing countries. To make the inventory as dynamic and up-to-

date as possible, it has been regularly verified and updated by a network of national 

biotechnology correspondents. An expansion of the database is planned in the near future 

to include the animal, fisheries and forestry biotechnology sectors. 

Efficient communication and discussions at the intergovernmental level, along 

with the dissemination and sharing of information, can often be hampered by the use of 

inappropriate terminology, especially with regard to GMOs. In addressing the problem, 

FAO has also developed the “FAO Glossary of Biotechnology for Food and 

Agriculture” (http://www.fao.org/biotech/index_glossary.asp), a useful tool for acquiring 

general information and consolidating terminology in biotechnology. The glossary is 

available in multi-language versions and contains a searchable tool providing a 

comprehensive and accessible list of terms and acronyms used regularly in biotechnology 

in food and agriculture. With its 3,196 terms and related definitions, it is a convenient 

reference source for researchers, students and technicians. Additional glossaries are listed 

later in this review. 

 

2.2.6. European Union (EU)’s Joint Research Centre (JRC) “Biotechnology & 
GMOs” Information website 

 

The EU has mandated the Joint Research Centre (JRC) to provide scientific 

support for the development and implementation of the EU biotechnology regulations, 

within which the Centre plays a leading role in the harmonisation of technical GM issues. 

This latter role is implemented at the Biotechnology and GMOs Unit at JRC, which 

undertakes various activities such as: the reception of all summary notifications of 

deliberate field trial releases (SNIFs); weekly updating of the SNIF database 

(http://gmoinfo.jrc.it/); and participating as a nominated expert in the development of an 

operational Biosafety Clearing House. The database is the repository of all notifications 

http://www.fao.org/biotech/index_glossary.asp
http://gmoinfo.jrc.it/
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(and related assessment reports when available) from across the EU after 17 October 

2002 when the new Council Directive 2001/18/EC came into force. All notifications 

carried out under the previous Council Directive 90/220/EEC, that is, from 21 October 

1991, can be found at http://biotech.jrc.it/deliberate/gmo.asp. Permission to release a 

GMO is authorised following a favourable evaluation of risk assessment documents by 

individual member countries competent authorities. The data contained in these RA 

documents are supplied by the applicant and published on the JRC website. The database 

is structured so that SNIFs can be found under the relevant ‘pending’, ‘authorised’, 

‘withdrawn’, or ‘transferred to GM food and feed regulation”, sub-section. The purpose 

of the JRC website is not only to publish information, but also to receive comments from 

the public on the SNIFs, as part of its open and transparent decision-making process. 

An additional database was elaborated from the results of a 3-year project EU 

entitled “Development of Methods to Identify Foods Produced by Means of Genetic 

Engineering (DMIF-GEN; http://www.bats.ch/dmif-gen/)”. The project aimed first to 

develop and standardise detection methods for the identification of foods containing 

GMOs. The establishment of DNA extraction methods for raw, processed and complex 

foodstuffs was the second aim. The third aim was to perform the validation of six 

selected detection methods, to study possible means of enhancing the efficiency of 

sample throughput and analysis, then finally to develop a database containing data on 

GM food worldwide. At the end of the project period, these efforts were extended at the 

JRC, under their project "Development of a GMO register consisting of a database and 

accompanying bioinformatics tools designed for monitoring purposes as required under 

Directive 90/220/EEC” (Bonfini et al., 2001). This GMO Methods database 

(http://biotech.jrc.it/methodsdatabase.htm) has been designed to allow direct and user-

friendly access to information regarding methods of GMO analysis, and is organised into 

three sections; 1) General information on the GMO and the corresponding method 

(matrix, producer company, plant species, etc), 2) When available, specific information 

on the proficiency of the method and its validation status (specificity, sensitivity, LOD, 

linearity, working range, etc); and 3) Essential technical information regarding the 

method (primer sequences, amplicon length, apparatus, control primer sequences, use of 

certified reference materials, method of amplicon verification, etc). 

http://biotech.jrc.it/deliberate/gmo.asp
http://www.bats.ch/dmif-gen/
http://biotech.jrc.it/methodsdatabase.htm
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2.2.7. Belgian Biosafety Server 
 

The Belgian Biosafety Server website (http://www.biosafety.be/) is managed by the 

Division of Biosafety and Biotechnology (SBB) at the Scientific Institute of Public 

Health for the Belgian government and was one of the first to act a national BCH. It is a 

comprehensive website hosting information on all legal aspects, reports of the meetings 

of working groups, and authorisations of deliberate releases (UN-ECE, 2000). The 

website contains a keyword-based search function 

(http://www.biosafety.be/Search.html) to help gather information from within its pages. 

Three databases are amongst the many tools and services the website also provides. The 

first, the Database of Deliberate Releases of Transgenic Plants in the Period 1999-

2004 (http://biosafety.ihe.be/DTB/SearchTP.html) contains relevant information 

pertaining to 41 field trials undertaken in Belgium. These trials involved seven different 

types of GM plants, in combination with 13 different traits. Data can be retrieved 

according to the year of approval, organism, trait inserted and institute or company 

responsible for the release. The second, the Database of Deliberate Releases of GMO-

Medicinal Products in the Period (1997-2003) 

(http://biosafety.ihe.be/DTB/SearchGT.html), contains only seven records, whilst for the 

third database covering the subsequent Period 2004 

(http://biosafety.ihe.be/DTB/action.lasso?-Search&-Database=ER_BEL.fp3&-

Layout=ListGT&-Response=hitlistGT2004.html&Flag=Gen2004), only two records are 

hosted. The last two databases each contain information relating to the transformed 

organism, the transgene, a short description, and with further links to SNIFs and other 

useful documentation. The information in these databases have since been replicated and 

collated with records from other EU countries, and can be found at the EU’s JRC 

webpage, above. 

 

 

 

 

 

http://www.biosafety.be/
http://biosafety.ihe.be/DTB/SearchTP.html
http://biosafety.ihe.be/DTB/SearchGT.html
http://biosafety.ihe.be/DTB/action.lasso?-Search&-Database=ER_BEL.fp3&-Layout=ListGT&-Response=hitlistGT2004.html&Flag=Gen2004
http://biosafety.ihe.be/DTB/action.lasso?-Search&-Database=ER_BEL.fp3&-Layout=ListGT&-Response=hitlistGT2004.html&Flag=Gen2004
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2.2.8. AGBIOS and PlantBiotech Projects 
 

Databases and other information-sharing tools have also been developed by non-

governmental sources to address the information needs of different user communities 

such as consumers, industry and universities. 

AGBIOS is a Canadian company dedicated to providing public policy, regulatory 

and risk assessment expertise for products of biotechnology. The company works with 

federal departments and agencies, as well as other private companies, on issues of policy 

and regulation pertaining to GM and other novel foods, crops and forest tree species. 

Their website (www.agbios.com) is data-rich, both well-structured and well-managed, 

and offers free access to information on the implementation of biosafety systems, 

including case studies for food and environmental safety assessments. Also provided on 

the website are two databases. The first, GM Crop Database 

(http://www.agbios.com/dbase.php) is a database of safety information on all GM plant 

products that have received regulatory approval. Each record describes a transformation 

event, and contains the unique OECD LMO identifier, a descriptor, a synopsis of 

regulatory approvals, and product-specific background information. Links are given to 

the relevant authority’s legal and decision documents, as well as contact information. The 

second database is a searchable library of biosafety-related citations in key topic areas 

(Bibliographic Database; http://www.agbios.com/biblio.php) and is similar to that of 

ICGEB. The records can either be accessed through an alphabetic index of authors, or 

through a search based on a range of topics, including food safety, livestock feed safety, 

environmental safety, intellectual property, labelling and traceability, regulation, cost 

benefit, foreseeable science, consumer acceptance and crop plant. A full citation is given 

for all records, whilst for a limited number the abstract and sometimes full article (pdf 

format) is also provided. AGBIOS also make biosafety information available through 

their “Essential Biosafety” CD-ROM, which can be ordered online. As can be clearly 

seen from the layout, design and content, AGBIOS was instrumental in constructing the 

AgBiosafety website (http://agbiosafety.unl.edu/) and database 

(http://64.26.172.90/unl2/dbase.php) hosted at the University of Nebraska, USA. 

http://www.agbios.com/
http://www.agbios.com/dbase.php
http://www.agbios.com/biblio.php
http://agbiosafety.unl.edu/
http://64.26.172.90/unl2/dbase.php
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The PlantBiotech Projects website 

(http://www.pbpubs.com/plantbiotech/index.htm), which came online in November 2004, 

hosts a fully up-to-date searchable database covering all major sections of plant 

agricultural biotechnology. Since PlantBiotechProjects was developed and is managed by 

a private company, costs are recouped by restricting access to paying subscribers. 

PlantBiotechProjects contains: (i) data profiles for transgenic events; (ii) worldwide 

coverage of all major sectors of plant biotechnology; (iii) products currently under 

research and development, commercialised and discontinued products; (iv) data profiles 

reviewed and expanded by the relevant organisations; and (v) the aforementioned 

database, which is continually updated and published quarterly. Their Core Modules 

contain data profiles covering the following areas: (i) Input traits - herbicide, disease and 

pest resistant transgenic plants. This is the area representing current commercial activity 

in the crop protection sector; (ii) Crop production - transgenic plants with traits that 

improve crop production, such as increased yield, altered ripening, altered tolerance to 

various types of stress, and male sterility; (iii) Quality traits - transgenic plants with 

qualities that either offer health benefits to the consumer or facilitate processing of plant 

products for industry. This includes plants with modified fatty acid composition, altered 

sugar or starch contents, increased nutrient levels, and hypoallergenic plants; and (iv) 

Plants as Factories - transgenic plants that act as resources to make new products, such as 

antibodies, vaccines, pharmaceutical and industrial enzymes, and polymers. A database 

of significant patent publications is also available to subscribers, as is the CD-ROM 

version of PlantBiotech Projects. 

 

2.2.9. Information System for Biotechnology (ISB) 
 

ISB was established in 1988 as part of the National Biological Impact Assessment 

Program (NBIAP), a program administered by the American USDA's Cooperative State 

Research, Education, and Extension Service (CSREES). It is funded on an annual basis 

through a grant to the Agricultural Experiment Station at Virginia Tech, USA. The web 

page (www.nbiap.vt.edu/othersites/indexlinksdblevel1.cfm) is continuously updated, and 

offers free subscription to the ISB Monthly News Report. Amongst the services provided 

http://www.pbpubs.com/plantbiotech/index.htm
http://www.nbiap.vt.edu/othersites/indexlinksdblevel1.cfm
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is a database, the Annotated Database of WWW Sites Pertaining To 

Agricultural/Environmental Biotechnology 

(www.nbiap.vt.edu/othersites/indexlinksdblevel1.cfm). Some of the 86 listed sites are 

true databases aimed at storing data, documents and other information, with a retrieval 

system that allows easy and efficient access to stored data, while others simply contain 

general information. The ISB site also offers a searchable Environmental Releases 

Database (http://www.isb.vt.edu/CFDOCS/fieldtests1.cfm) of information on 

applications for US field tests of genetically modified organisms maintained by the 

Animal and Plant Health Inspection Service (APHIS) of the US Department of 

Agriculture. The Database contains records and environmental assessments (EAs) for all 

field tests conducted under permit, notification or in the petition process for deregulation 

(http://www.isb.vt.edu/CFDOCS/biopetitions1.cfm). These latter petitions are also 

available directly from the US Regulatory Agency Review Database (below), and the 

aforementioned RASM. Information in the database is updated in a timely fashion. 

Additionally, the ISB site provides a series of links to international field trial sources 

(http://www.nbiap.vt.edu/cfdocs/globalfieldtests.cfm), as well as a link to the AGBIOS 

GM Crop Database (above). 

 

2.2.10. Biosafety Files 
 

Wageningen University and Research Centre, the Netherlands, recognised that 

several of the first biosafety databases to appear online were not systematic and thus were 

difficult to search. They were also limited to either environmental or food safety aspects, 

or were linked to information that was clearly biased towards promoting the widespread 

use of GMOs. The Centre began working on a user-friendly system, based on 

scientifically reviewed information only and containing as much raw data as possible to 

make it independent of bias caused by the results of earlier analysis (Louwaars et al., 

2002). This system was made available as the Biosafety Files (http://www.biosafety.nl/) 

and consists of three interlinked databases accessible through a side menu (Gene Files, 

Botanical Files and Food Files), thereby combining knowledge on the DNA-level, the 

crop level and the final product level. Gene Files is a database with background 

http://www.nbiap.vt.edu/othersites/indexlinksdblevel1.cfm
http://www.isb.vt.edu/CFDOCS/fieldtests1.cfm
http://www.isb.vt.edu/CFDOCS/biopetitions1.cfm
http://www.nbiap.vt.edu/cfdocs/globalfieldtests.cfm
http://www.biosafety.nl/
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information, and is limited to seven genes regularly appearing in GM crops. Food Files 

contains information on food safety aspects of a few GM crops, including composition 

analysis (on one GM maize crop only), animal tests (of two variants of cpsps protein in 

either GM soybean or maize), potential allergenicity of novel proteins (only one in silico 

study, of cp4-epsps protein), and stability of foreign DNA and proteins (only two records 

available, both from one study of cp4-epsps protein stability in vitro gastric and intestinal 

fluid). Botanical Files provides data on the possibility of crop species outcrossing with 

wild and weedy relatives, and with conventional landraces and other varieties of the same 

crop plant. These latter files, developed for sugar beet and maize in Europe only, are 

based on maps that were established by local botanists using their national or regional 

flora and information from researchers (especially breeders). An earlier review of The 

Botanical Files has been undertaken (Conner et al., 2003). As a concept, the Botanical 

Files has to be applauded for its remit, however in its present state without the input of 

fresh data, its coverage of currently available GM crops is insufficient and outdated, 

thereby relegating the content to historical documentation.   

 

2.3. Websites hosting single databases 
 

2.3.1. Websites acting as national databases 
 

The CBD-BCH contains a sub-database of “National Biosafety Websites and 

Databases” which can be searched at http://bch.biodiv.org/contacts/databases.aspx. Here 

can be found websites, some still under development, which act as, or similar to, national 

biosafety clearing houses (N-BCHs). Recent websites have resulted from activities 

funded either by the Global Environment Facility (GEF), coordinated through the UNEP, 

UNDP, World Bank, and AGBIOS, or by USAID and coordinated through Program for 

Biosafety Systems (PBS). 

The JRC provides a list of European member states national websites at 

http://gmoinfo.jrc.it/links_ms.asp. Additional to these is the BioSearch database 

(http://www.bba.de/gentech/genright.htm) maintained by the Federal Biological Research 

Centre for Agriculture and Forestry, Germany. BioSearch is aimed at collecting and 

storing information on field releases of GMOs in Germany and other EU member states. 

http://bch.biodiv.org/contacts/databases.aspx
http://gmoinfo.jrc.it/links_ms.asp
http://www.bba.de/gentech/genright.htm
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Data are displayed in tables with numbers of field releases by country, crop, and 

modification characteristic. Although the database outline and tables are well designed 

and simple to consult, the website is only in German, except for an English glossary and 

essential information on regulations and releases, which limits the accessibility of the 

information.  

The United States Regulatory Agencies Unified Biotechnology Website 

http://usbiotechreg.nbii.gov disseminates information, inter alia, related to capacity-

building and to the assistance it offers to countries and interested parties regarding the 

implementation of National Databases, as required by the CPB. It also contains sections 

dedicated to national laws and regulations, and the roles of governmental agencies with 

contacts details. Additionally, the website hosts the US Database of Completed 

Regulatory Agency Reviews  (http://usbiotechreg.nbii.gov/database_pub.asp) of GM 

crop plants intended for food or feed, with appropriate approval and risk assessment 

documents of the US government agencies responsible for the safety evaluation. These 

agencies are the U.S. Department of Agriculture's Animal and Plant Health Inspection 

Service (USDA-APHIS), the US Environmental Protection Agency (EPA), and the 

Department of Health and Human Services' Food and Drug Administration (FDA). 

According to United States law, depending upon the product characteristics, each GM 

crop may be subject to review by one or more of these agencies. 

In Australia, the Office of the Gene Technology Regulator at the Department of 

Health and Ageing, oversees the national scheme for regulating GMOs 

http://www.ogtr.gov.au/gmorec/ir.htm. It aims to protect the health and safety of 

Australians and their environment by identifying risks posed by, or as a result of, gene 

technology, and at managing those risks by regulating certain GMOs. Additionally, data 

regarding field trial sites, post-harvest monitoring, protocols, compliance and risk 

assessment reports, and GM products being used in the country can also been found. 

Using an innovative approach, each GM field trial site can be located by searching a 

database (http://www.maps.ogtr.gov.au/jsp/) under differing categories; state, local 

government area, GMO crop type, licence or map. The results are then graphically 

represented on a map, showing the precise trial location along with relevant nearby 

environmental, geographical, and physical features (for example, rivers, roads, towns and 

http://usbiotechreg.nbii.gov/
http://usbiotechreg.nbii.gov/database_pub.asp
http://www.ogtr.gov.au/gmorec/ir.htm
http://www.maps.ogtr.gov.au/jsp/
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land use). These maps allow farmers to be aware of any trials in proximity to their fields. 

In addition, there are records of the sites undergoing post-harvest monitoring. 

 

2.3.2. GMO labelling 
 

The International Service for the Acquisition of Agri-biotech Applications 

(ISAAA) provides an information service, “Global Knowledge Center on Crop 

Biotechnology (CropBiotech Net) available at http://www.isaaa.org/kc/, regarding the 

global status of crop biotechnology, products and issues, regular news, communication 

materials and links to other information sources. Worthy of a visit on this site is the 

section dedicated to “International Approaches to Labelling” 

(http://www.isaaa.org/kc/Publications/htm/articles/Labeling/countries.htm). The current 

labelling policies of several countries can be found here, complete with relevant links to 

key documents. Global Status of Biosafety Regulations is also described at 

http://www.isaaa.org/kc/Global%20Status/biosafety.htm.  

 

2.3.3. Bt toxin specificity database 
 

Another source of data that could be used by scientists and risk assessors is 

related to GM crops specifically designed to be resistant to insects, and to the role played 

by Bt toxin genes in the development of these crops. Insect resistance conferred by Bt 

genes represents the second most popular introduced trait, after herbicide tolerance, in 

GM crops such as maize, cotton and potato. The ongoing discovery of new Bt toxin 

genes and the rapid accumulation of information on their insecticidal activities prompted 

the Canadian Forest Service to construct a database on Bt toxin specificity to make this 

information accessible in a searchable format. The database is hosted at the website 

http://www.glfc.forestry.ca/bacillus/ and the search engine allows information retrieval 

on either Bt toxin bioassays or genes. The outcome of the search is a list table including 

the insect species used for the bioassay of the specified toxin, the method used for the 

bioassay and its result, and the bibliographic reference for each bioassay/toxin gene. 

 

 

http://www.isaaa.org/kc/
http://www.isaaa.org/kc/Publications/htm/articles/Labeling/countries.htm
http://www.isaaa.org/kc/Global Status/biosafety.htm
http://www.glfc.forestry.ca/bacillus/
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2.3.4. Trade database 
 

 BASF Plant Science, Bayer CropScience LP, Dow AgroSciences LLC, Monsanto 

Company, Pioneer (a Dupont Company), and Syngenta Seeds, Inc. provide information 

regarding the commercial status of all their agricultural biotechnology products to the 

Biotechnology Industry Organisation (BIO). With this data, BIO has developed the 

Commercial Status of Certain Agricultural Biotechnology Products database 

(http://www.biotradestatus.com/) making it available as a public service, that is, for 

informational purposes only. The information in the database is updated at regular 

intervals, however the regulatory status of each of the products listed in the database 

should be confirmed with the appropriate governmental authorities before taking any 

commercial or other action. Products have been classified into one of the following three 

categories; (i) Commercialised - available for sale in at least one country, (ii) Last Seed 

Sales - this is the last year that seed for this product was sold for commercial use, and 

(iii) Never Commercialised – the product has never been made available for sale. The 

retrieval mechanism allows records to be selected according to company, crop, OECD 

Unique Identifier, and event name. One minor criticism is that unfortunately, there is no 

information regarding the specific country(ies) where the GMOs were actually 

commercialised. 

 

2.3.5. Non-Governmental Organisation database 
 

Although GM crops were grown on over 80 million hectares in 2004, there is no 

worldwide monitoring system. Due to this gap in knowledge, GeneWatch UK and 

Greenpeace International launched a joint initiative to record all incidents of 

contamination arising from the intentional or accidental release of GMOs, the GM 

Contamination Register (http://www.gmcontaminationregister.org/). It also includes 

illegal plantings of GM crops and the negative agricultural side effects that have been 

reported. The site is intended to be a resource for individuals, public interest groups and 

governments. The register can be searched to see where, when and how contamination 

has taken place. Only publicly documented incidents are recorded in the database, which 

has more than 70 records. It includes information about, and links to, sources as well as 

http://www.biotradestatus.com/
http://www.gmcontaminationregister.org/
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other useful sites. These sources include peer-reviewed scientific articles, national 

newspapers and media, and press releases from governments, industry and NGOs. 

 

2.4. Databases supporting biosafety activity 
 

As has been stated previously, biosafety activities rely heavily upon information 

and expertise from a wider range of scientific disciplines. Some of the databases stated 

earlier provide information on genetic elements used in the process of genetic 

modification of organisms, on releases of modified organisms into the environment, and 

on the risks deriving from the release of GMOs. Although the following databases have 

not been specifically designed with biosafety in mind, they contain potentially useful 

information in the decision-making process. 

 

2.4.1. Patent sites 
 

Patents represent another important source of information on different aspects of 

new biotechnology and could be an important tool in the decision-making process and 

risk assessment. In fact, the increasing use of intellectual property in Life Sciences has 

resulted in a growing number of patents protecting the outcomes of new biotechnological 

R&D, not only the product itself, but also the biotechnological methods, DNA constructs, 

and processes for production of biological products. Several on-line databases have been 

established to allow access to patent information.  

The CAMBIA-BIOS Patent Resource site has a wealth of information on 

agricultural biotechnology patents. It was developed by the Australian non-profit group 

CAMBIA and includes a free full-text life science patent database 

(http://www.bios.net/cgi-bin/cipr/TT3_bios/simple.cgi) and an analysis of major patent 

positions on Agrobacterium-mediated transformation of plants. The resource comprises a 

fully text-searchable patents database, which was greatly expanded in 2004 and now 

contains over 1,500,000 life science patents and patent applications from the Patent 

Cooperation Treaty (PCT), United States Patent and Trademark Office (US-PTO), 

Australian, and European Patent Office (EPO) databases. Additional patent databases, 

not specific for biotechnological products, have been developed worldwide, such as the 

http://www.bios.net/cgi-bin/cipr/TT3_bios/simple.cgi
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Intellectual Property Digital Library at the World Intellectual Property Organization 

(WIPO; http://www.wipo.int/ipdl/en/), the Japanese Patent Office 

(http://www.jpo.go.jp/) and the Canadian Patent Database at the Canadian Intellectual 

Property Office (CIPO) (http://patents1.ic.gc.ca/intro-e.html). 

Another useful electronic resources for patent searchers, the DNA Patent 

Database (DPD) at http://dnapatents.georgetown.edu/, allows free searching of full text 

and analysis of all DNA patents issued by the US PTO. This database enables users to 

search the full text of the patents and delimited fields. The DPD is being developed with 

a particular focus on issued claims to enable relevant empirical studies of actual DNA-

based patents. Patents included in the DPD were identified by virtue of PTO 

classification and the presence of keywords such as “DNA” within the body of the patent.  

  

2.4.2. Biodiversity database 
 

The Global Biodiversity Information Facility (GBIF) is an international non-

profit organisation which provides free and universal access to data regarding the world's 

biodiversity. GBIF created a prototype portal (http://www.gbif.net/portal/index.jsp) 

which provides access to a collation of data from a number of countries and organisations 

under two categories; (i) Taxonomic names. The “Electronic Catalogue of Taxonomic 

Names” is currently under development, but already includes and makes available data 

for over 486,000 scientific names and 217,000 common names, with more to be added, 

and (ii) Specimens and Observations, providing access to over 40 million records of 

occurrences of different organisms. Wherever possible these records include information 

about the locality where the organisms were found and are used to generate maps of the 

distribution of these occurrences. 

 

2.4.3. Crop composition database 
 

Risk assessment of GM plants requires a detailed assessment of the modified plant, 

including a comparison with the plant from which it has been derived. In such an 

evaluation, the receiving plant species characteristics serve as a baseline with which the 

transgenic plant is compared. Information obtained from food and feed crop composition 

http://www.wipo.int/ipdl/en/
http://www.jpo.go.jp/
http://patents1.ic.gc.ca/intro-e.html
http://dnapatents.georgetown.edu/
http://www.gbif.net/portal/index.jsp
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studies is used to assess similarities and differences in important nutrients and anti-

nutrients. The International Life Sciences Institute (ILSI) task force of biotechnology 

companies was formed to develop a publicly accessible database of crop composition 

data by compiling their existing analytical data. The database is designed to be a high 

quality, comprehensive and easily accessible source of data for assessing the 

compositional equivalence of new crop varieties as well as documenting the broad 

natural variability in the composition of crops. The crop composition database 

(http://www.cropcomposition.org/) provides up-to-date information on the natural 

variability in the composition of conventional crops. The database has 70,000 data points 

on 102 nutritionally important analytes (for example, amino acids, carbohydrates, fatty 

acids, fibre, minerals, vitamins, etc.) for maize, cottonseed and soybean samples obtained 

from controlled field trials in multiple worldwide locations. The database is searchable, 

via a web-browser-based interface, on a number of attributes including analyte, matrix, 

year of harvest, and field location. 

 

2.4.4. Protein allergenicity databases 
 

One of the risks needing to be addressed is the potential allergenicity of proteins 

derived from GMOs. Allergen sequence databases have become essential tools used in 

bioinformatic analyses during the safety assessments of GM foods.  

The oldest of these databases is the Bioinformatics for Food Safety (BIFS) 

database (http://www.iit.edu/~sgendel/fa.htm) at the National Centre for Food Safety 

and Technology (Gendel, 1998). This database takes a broad approach to sequence 

inclusion because it was initially constructed to support allergenicity assessments for GM 

foods and as a tool for testing and validating query methods. One of the unique strengths 

of this database is the comparison of accessions between the three repository databases 

that were used as sources. The database is structured to allow the identification of 

complete, non-redundant data sets for food and non-food allergens. The online database 

has been updated several times in the last few years. The current update includes links to 

the Pfam protein structural database. 

http://www.cropcomposition.org/
http://www.iit.edu/~sgendel/fa.htm
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The Food Allergy Research and Resource Program (FARRP) Protein Allergen 

Database (http://allergenonline.com/) contains a list of publicly known allergens, but is 

not intended as a resource of clinical data relating to allergies. As with the BIFS 

database, each entry is identified by the source organism, protein name, allergen 

designation (if available) and is linked (through a Gene Identifier number) to an 

accession in Entrez (at NCBI, described below). FARRP, which requires free registration 

prior to access, was also the first to allow users to compare a sequence to an allergen 

database on-line (using FastA). The database contains a comprehensive list (1191 

sequence entries) of unique proteins of known and putative allergens (food, 

environmental and contact) and gliadins that may cause celiac disease. Some entries are 

from publication of peer reviewed studies demonstrating clear clinical cause and effect 

for some individuals with a history of allergy to the source material, whilst others are 

where the authors of an abbreviated note or a sequence database entry claim that protein 

is an allergen or binds IgE without published proof. However, proteins that are merely 

similar in sequence to an allergen (homologues) were not included in the database. 

Other resources for allergy related issues are the American Academy of Allergy, 

Asthma and Immunology society (http://www.aaaai.org/), The European Academy of 

Allergology and Clinical Immunology (http://www.eaaci.net/), and the Food Allergy & 

Anaphylaxis Network (http://www.foodallergy.org/).  

 

2.4.5. Molecular databases 
 

The Flanders Interuniversity Institute for Biotechnology (V.I.B) is a non-profit 

scientific research institute which hosts a section of its website dedicated to 

Biotechnology and safety of GMOs 

(http://www.vib.be/InfoEdu/EN/Biotechnology+and+safety/). This contains information 

relating to safety legislation, safe work with GMOs, and the safety of GMOs on the 

market. It is also possible to download educational materials, such as the “Biosafety In 

The Laboratory” instruction booklet. Its Bioinformatics@VIB page 

(http://www.vib.be/Research/EN/Tools/Bioinformatics/BioInformatics+At+VIB.htm) 

includes software and databases developed by VIB-researchers. Some currently hosted 

http://allergenonline.com/
http://www.aaaai.org/
http://www.eaaci.net/
http://www.foodallergy.org/
http://www.vib.be/InfoEdu/EN/Biotechnology+and+safety/
http://www.vib.be/Research/EN/Tools/Bioinformatics/BioInformatics+At+VIB.htm


52 

databases of interest to academics involved in protein analysis that may impinge on GM 

biosafety are, (i) The Sequence Platform for the Phylogenetic Analysis of Plant 

Genes (SPPG, http://bioinformatics.psb.ugent.be/cgi-bin/SPPG/index.htpl). This is an 

integrated sequence repository that combines EST sequence data with protein 

information from 32 different plant species (Vandepoele and Van de Peer, 2005). SPPG 

allows searching based on individual genes, gene families, gene families combined with 

their phylogenetic tree, and sequence similarity (BLAST); and (ii) PlantCARE 

(http://oberon.fvms.ugent.be:8080/PlantCARE/index.html). This latter database is 

dedicated to plant cis-acting regulatory elements, containing various search engines to 

pool results from searching 435 different plant transcription sites (149 from monocots, 

281 from dicots, and an additional 5 from other plant types), and describing more than 

159 plant promoters. It is also possible to store visitor-provided plant transcription sites 

in the database, as well as consensus and matrices described in the literature, in addition 

to running sophisticated queries on the data, for example looking for sites linked to a 

specific function. By submitting a sequence to the website, a program will look for all 

transcription sites known by PlantCARE present in the sequence (Lescot et al., 2002) 

Engines such as Sequence Retrieval System [SRS] of the EMBL nucleotide 

sequence database (http://www.ebi.ac.uk/embl/), Expert Protein Analysis System 

[ExPASy] of the SwissProt annotated protein sequence database 

(http://www.expasy.org/), the Life Sciences Search Engine (Entrez] of the GenBank 

Nucleotide Sequence database 

(http://www.ncbi.nlm.nih.gov/Genbank/GenbankSearch.html) and Getentry of the DNA 

Data Bank of Japan (http://www.ddbj.nig.ac.jp/) provide access to sequence data and 

are thus crucial for the detection, identification, or risk assessment of GMOs. Similarly, 

there are numerous databases that address general toxicological issues (e.g. U.S. National 

Library of Medicine, http://www.toxnet.nlm.nih.gov/), and the “Bad Bug Book”, 

http://www.cfsan.fda.gov/~mow/intro.html). Although they were not initially created to 

reflect potential toxicity resulting from a genetic modification, they are particularly 

relevant to food safety.  

Another website, 123 Genomics (http://www.123genomics.com/) is incredibly 

comprehensive, and provides a large number of links related to genomics and 

http://bioinformatics.psb.ugent.be/cgi-bin/SPPG/index.htpl
http://oberon.fvms.ugent.be:8080/PlantCARE/index.html
http://www.ebi.ac.uk/embl/
http://www.expasy.org/
http://www.ncbi.nlm.nih.gov/About/index.html
http://www.ddbj.nig.ac.jp/
http://www.toxnet.nlm.nih.gov/
http://www.cfsan.fda.gov/~mow/intro.html
http://www.123genomics.com/
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bioinformatics, most of them freely available on the Internet. The bookmarks are grouped 

into 18 major categories. One such category is Sequence Databases 

(http://www.123genomics.com/files/databases.html), which itself is divided into DNA & 

RNA, Protein, Carbohydrate, and Model Organisms. Another category is Other 

Resources (http://www.123genomics.com/files/others.html), which provides links to 

patent information, biology- and chemistry-related topics, as well as dictionaries, 

encyclopedias, and thesaurus, amongst many others. 

 

2.4.6. Literature reference sites 
 

An additional bibliographic database to those of ICGEB and AGBIOS described earlier is 

hosted at the University of California, USA. The Scientific Database 

(http://ucbiotech.org/) holds nearly 1000 scientific publications with summaries or 

abstracts that can be searched by author or a keyword in the title or abstract. Also 

included are links to the actual articles, but access is limited to specific journal 

subscribers only. The content of the summaries and the choice of literature in the 

database are the sole responsibility of Dr. Peggy G. Lemaux at the University of 

California, Berkeley. 

Additional online glossaries dedicated to biotechnology terms, which are 

complementary to that of the FAO above, include one developed by the Colorado State 

University, USA. Their website, “Transgenic Crops: An Introduction and Resource 

Guide” (http://www.colostate.edu/programs/lifesciences/TransgenicCrops/index.html) is 

available in two language versions, English and Spanish, and is itself worthy of further 

exploration by the reader. A glossary is made available here in each language, and can be 

found by following the relevant links. Another available glossary is the online version of 

Technomic Publishing’s “Glossary of Biotechnology Terms” (http://biotechterms.org/). 

This is only available in English, and is intended as a general introduction to assist 

individuals who seek to gain an understanding of the terminology as it is currently used. 

 

 

 

http://www.123genomics.com/files/databases.html
http://www.123genomics.com/files/others.html
http://ucbiotech.org/
http://www.colostate.edu/programs/lifesciences/TransgenicCrops/index.html
http://biotechterms.org/
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2.4.7. Putative databases in the pipeline 
 

A search on the Internet for “biosafety databases” can also result in the discovery 

of projects that are currently underway, but for which no fully developed product is yet 

publicly available. Some projects of interest to biosafety, and at various stages of 

development, are described below, and may very well be available by the time this 

chapter is published. 

The Biosafety Forecast Service is to be a free-to-the-public database devoted to 

spreading information from the elite scientific and technical literature to policy and 

regulatory officials in government, NGOs, the interested public and specialist researchers 

in academia, government and industry. The Forecast Service is expected to be launched 

in 2006, and will be accessible to those of all training and knowledge backgrounds, to 

assist the user in finding the research relevant to their specific risk assessment and 

management needs (Secretariat-of-the-Convention-on-Biological-Diversity, 2005b). It is 

a component of the GE/GMO Biosafety Capacity-Building Program and run under the 

auspices of The Norwegian Institute of Gene Ecology (GenØk) Biosafety Capacity-

Building Programme (http://www.genok.org/), in cooperation with UNEP. The GE/GMO 

Program is aimed at assisting developing countries to respond to their capacity-building 

needs in biosafety, including scientific and technical capacity for biosafety assessment 

and regulation.  

The European Network of GMO Laboratories (ENGL) Molecular Register 

(http://biotech.jrc.it/act_bioinformatics.htm), expected to have gone online in April 2003, 

is the outcome of a collaboration with CNR, Italy and RKI, Germany, and is to be an 

information system aimed; (i) at storing molecular information on GMOs and providing 

restricted access to it, and (ii) allowing further analysis to be performed, based on a suite 

of bioinformatics tools and local access to selected publicly available databases. It will be 

organised around a central database storing GMO molecular details, including elements 

on the associated detection method. Restricted and controlled access was to be via the 

Internet, with links to analysis tools and publicly available molecular biology databases, 

such as the EMBL databases. It is not obvious, by July 2005, whether the current lack of 

direct access is intentional, or whether the register is still to be launched. Once available, 

http://www.genok.org/
http://biotech.jrc.it/act_bioinformatics.htm
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it is stated that the ENGL Molecular Register “will provide a one-stop shop for 

participating laboratories and will be most helpful in providing a reference point for 

retrieval of the most up to data scientific and technical information on the available 

GMOs”. 

The European Food Safety Agency (EFSA) has recommended the launch of a 

harmonised food database across the EU to shed light on the favourable and adverse 

effects food ingredients may have on human health (EFSA, 2005). Data relating to the 

consumption of different foods have been collected at the national level in most EU 

member states. There are, however, differences between those data, e.g. food 

categorisation may be different between the countries, therefore making comparison 

difficult. To address this, the establishment of a harmonised food consumption database 

in the EU has been proposed. The EU’s Scientific Committee has recommended that 

initially data for a limited number of broad food categories covering the whole diet be 

collected from member states to form a EU Concise Food Consumption Database, 

which could be extended at a later stage to a more detailed and comprehensive database. 

This “concise database” is to be a collection of homogeneous data from as many 

European countries as possible in a “concise” number of categories of food (e.g. fish and 

seafood, fruits, meat and meat products, cheese and other milk products, etc; 

(EFSAnews, 2005). 

EUROSTAT, the Statistical Office of the European Communities, has started a 

project to create food safety statistics with a global database and statistical indicators for 

food safety. The scope of these statistics and the database will be to include the following 

information collected from member states: information on control and monitoring 

activities (e.g. BSE, residues, zoonoses, number of controls, results of controls), food 

consumption data, data on consumer’s health (e.g. food borne diseases), products with 

distinctive marks (GMOs, organic products etc., PDO, PGI, STG), volume of 

manufacture and sales of food products, data on packaging, transport, research and 

development expenditure, prices, data on actors in the food chain (number of farms, food 

business operators, fishing vessels etc), data on primary production (number of animals, 

crop production, fishing activities), and inputs in agriculture (feedstuffs, seeds, fertilities, 

pesticides consumption). Information concerning this project can be found in the 



56 

following report -

http://www.efsa.eu.int/advisory_forum/adv_meetings/465/update_zoonoses_data_af09_d

oc06_en1.pdf  

 

2.5. Conclusion 
 

It is generally agreed that the public should play a more active role in the 

biosafety decision-making process, but this is highly dependent upon a number of 

contributing factors, most importantly of which are; the access to and availability of 

relevant biosafety information, knowledge-sharing in suitable formats to allow for an 

understanding by a non-technical audience, and the raising of science education standards 

so that people are capable of making informed decisions. 

The web-based databases, portals and gateways outlined above are all accessible 

to anyone who has efficient access to the internet, and all play a significant role in raising 

biosafety awareness and the dissemination of information. However, generally speaking, 

these resources are primarily conceived and publicised as tools for use by policy-makers, 

bureaucrats, academics and companies rather than for the population at large. To date, a 

limited number of attempts have been made to make the information more accessible to a 

wider audience, for example by publicising the biosafety resources more widely, or by 

explaining the practical implications of particular rules, using less technical language, or 

including glossaries of key terms. Although Internet access is becoming more feasible 

and universal each year due to the invention, implementation and spread of novel 

technologies, free large-scale access still represents a problem in certain regions, 

especially in the developing world. Internet-based sources of information are often of 

little use to policy-makers and bureaucrats, let alone ordinary citizens, in countries that 

have a poor ICT infrastructure. In such countries, information needs to be available via 

appropriate technologies that may include paper documents by mail and fax or a 

telephone hotline as well as CD-ROM and web-based information (Lasseur, 2000; Zaid 

et al., 2001). For this reason, several biosafety database providers seek alternatives to the 

Internet for the dissemination of information, such as printed or published materials 

diskettes or CD-ROMs (see CBD-BCH, AGBIOS, and PlantBiotech Projects above).  

http://www.efsa.eu.int/advisory_forum/adv_meetings/465/update_zoonoses_data_af09_doc06_en1.pdf
http://www.efsa.eu.int/advisory_forum/adv_meetings/465/update_zoonoses_data_af09_doc06_en1.pdf
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Global public opinion, on the whole, seems to be either ambivalent towards, or 

accepting of, the benefits (potential and real) brought about by biotechnology, apart from 

in Europe where it seems to be aggressively against GMOs (and in particular GM crops). 

European anxiety and the resultant scepticism have derived from the deeper structural 

and institutional problems of biotechnology development (Parr, 2005). An analysis of 

public disquiet over the prospect of GM food in five European countries concluded that 

this scepticism seemed to have its origins in similar attitudes despite national cultural 

differences. The attitudes were not driven by “risk” in the scientifically understood sense 

of hazard and probabilities, but were much more about institutional and cultural 

responsibilities (Marris et al., 2001)  The level of education, religion, socioeconomic 

factors, pressure by non-governmental organisation (NGO) environmental groups, and 

government policy all play a role in shaping public opinion concerning biotechnology. 

Society must have a large number of knowledgeable people, who are able to understand 

and appreciate different aspects of biotechnology, thus necessitating incorporation of 

appropriate public awareness programmes into the educational system for developing the 

needed manpower. This calls for a significant revision of curricula and reorganisation of 

academic departments related to life sciences and biotechnologies. Urgently needed is 

active interdisciplinary cooperation in research and development, both in universities and 

industries, cooperation involving biochemists, bioengineers, mathematicians, 

computational scientists, systems analysts and specialists in bioinformatics. Bio-scientists 

and biotechnologists must acquire more sensitive awareness of civil societal concerns 

and the ability to communicate with private citizens, politicians and the media (Hulse, 

2004). Scientific literacy, scientific proof of the non-sustenance of presumed risks, 

informal dissemination of information through the public media, clear standards, food 

labelling, reducing the extent of exaggerated expectations, allowing the public to be part 

of the decision-making process, and reliability of information are all equally important in 

order to have a clear picture of the benefits and risks of biotechnology (Sharma et al., 

2002). 
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Field of expertise/Name URL 

General Portals  
Biosafety Clearing House (BCH) http://bch.biodiv.org/ 
International Portal on Food Safety Animal and Plant 
Health 

http://www.ipfsaph.com/ 

ICGEB Biosafety Bibliographic WebPages http://www.icgeb.org/biosafety/db/biosafety.html 
OECD BioTrack http://www.oecd.org/biotrack 
JRC SNIF database  http://gmoinfo.jrc.it/ 
JRC GMO Methods database  http://biotech.jrc.it/methodsdatabase.htm 
Information Systems for Biotechnology (ISB) http://www.nbiap.vt.edu/ 
GMO Compass http://www.gmo-compass.org/ 
  
Research  
FAO-BioDeC database  http://www.fao.org/biotech/inventory_admin/dep/default.asp 
GMO RES COM database http://www.versailles.inra.fr/europe/gmorescom 
GMO Safety http://www.gmo-safety.eu/en/safety_science/ 
  
Human & Animal Health  
Crop Composition Database  http://www.cropcomposition.org/ 
Bioinformatics for Food Safety (BIFS) database http://www.iit.edu/~sgendel/fa.htm 
Allermatch™ http://www.allermatch.org/ 
Structural Database of Allergenic Proteins (SDAP) http://fermi.utmb.edu/SDAP/ 
Protein Allergen Database (FARRP) http://allergenonline.com/ 
  
Biodiversity and Environment  
The Global Biodiversity Information Facility (GBIF) http://www.gbif.net/portal/index.jsp 
USDA PLANTS database http://plants.usda.gov/ 
Botanical Files database http://www.biosafety.nl/ 
CFS Database on Bt Toxin Specificity http://www.glfc.forestry.ca/bacillus 
GM Contamination Register  http://www.gmcontaminationregister.org/ 
  
Agricultural  
AGBIOS GM Crop Database  http://www.agbios.com/dbase.php 
Commercial Status of Certain Agricultural Biotech 
Products database 

http://www.biotradestatus.com/ 

Worldwide Herbicide Resistant Weeds Database http://www.weedscience.org/ 
University of California Statewide Integrated Pest 
Management Program (UC IPM) 

http://www.ipm.ucdavis.edu/PMG/crops-agriculture.html 

Database of Arthropods Resistant to Pesticides http://www.pesticideresistance.com/ 
  
Bibliographic  
ICGEB Biosafety Bibliographic Database http://www.icgeb.org/biosafety/db/biosafety.html 
AGBIOS GM Crop Library http://www.agbios.com/biblio.php 
Database of the Benefits and Safety of Biotechnology http://croplife.intraspin.com/ 
Union of German Academies of Sciences and 
Humanities 

http://www.akademienunion.de/publikationen/literatursammlung_
gentechnik/english.html 

  
Glossaries  
FAO Glossary of Biotechnology for Food and 
Agriculture 

http://www.fao.org/biotech/index_glossary.asp 

Glossary of Biotechnology Terms http://biotechterms.org/ 
Transgenic Crops: An Introduction and Resource Guide http://www.colostate.edu/programs/lifesciences/TransgenicCrops 

 
 
Table 2. Examples of useful databases in the biosafety research. Scientific information websites 
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Field of expertise/Name URL 

Molecular 
 

Sequence Platform for the Phylogenetic Analysis of 
Plant Genes (SPPG) 

http://bioinformatics.psb.ugent.be/cgi-bin/SPPG/index.htpl 

123 Genomics http://www.123genomics.com/ 
  
Patents  
Life Science Patent Database http://www.bios.net/patentlens/simple.cgi 
Agricultural Biotechnology Intellectual Property  http://www.ers.usda.gov/data/AgBiotechIP 
DNA Patent Database (DPD) http://dnapatents.georgetown.edu/ 
PIPRA Agricultural IP Database http://pipra.m-cam.com/ 
  
Regulations  
Risk Assessment Search Mechanism (RASM) http://www.icgeb.org/biosafety/db/rasm.php 
International Approaches to Labelling  http://www.isaaa.org/kc/Publications/htm/articles/Labeling/count

ries.htm 
International Portal on Food Safety, Animal and Plant 
Health 

http://www.ipfsaph.com/ 

 
 
Table 2. Continued 

http://bioinformatics.psb.ugent.be/cgi-bin/SPPG/index.htpl
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3. Materials and methods 
 

 

3.1. ICGEB Biosafety Bibliographic Database (BBD) 
 

The Biosafety Bibliographic Database (BBD) in September 2006 contained 5.959 

records of articles published mostly in international peer-reviewed journals since 1990. In 

period 1990 to 1994 records was chosen manually from different databases like: 

AGRICOLA and FSP BIOGUM. Updates of the ICGEB BBD from these sources 

occurred only in the initial phase of the database. This way of selection posed a risk of 

inconsistency and unintended omissions thus in 1994 started collaboration with the CAB 

International (CABI), which maintain life science database – AgBiotechNet which reflect 

the majority of plant transgenic science papers published in literature (Vain, 2005). The 

CABI is providing selected records extracted according defined descriptors (Appendix 1) 

related to the mater of biosafety and GMOs. Second step including selection and 

classification by ICGEB scientist all of articles according to biosafety issues related to 

the Environmental Release of GMOs, so-called “Topics of Concern” (Appendix 2). The 

BBD contain records of scientific research articles, book chapters, reports and conference 

proceedings. Each record of the BBD contains bibliographic information such as: 

accession number, title, author, institution, source, publication year, descriptors, category 

of risk (according topic of concern) and the abstract, but not the full text (Figure 6). 
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Figure 6. Typical record of the Biosafety Bibliographic Database. 

 

Scientometrics evaluation was carried out in two ways, including: 1) descriptors 

and 2) keywords. 

For the purpose of the keywords elaboration only peer-review publications were a 

matter of data-mining analysis, because peer-review process is authoritative an the most 

widely accepted by the Scientific Community for selecting and assessing excellence 

(Roberts, 1999). Peer-review is typically a qualitative assessment of research 

performance. Scientometrics analyses discussed in this thesis represent the quantitative 

side (Van Raan, 2003). 

 

3.2. Peer-review selection 
 

Peer review is a process whereby an article submitted to a journal is sent by the 

Editors to experts in that particular field of research for critical assessment. Following 

this procedure the Editorial Board will decide whether or not to publish the paper. Peer 

reviewed articles are authoritative because they have been judged by specialists to offer 
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important findings about a particular issue or discipline (The-University-of-Melbourne, 

2003). 

The BBD collecting abstract from 2.014 different publications sources including 

scientific journals, magazines conference proceedings and books. In order to focus 

scientometrics studies only on original research publications, peer-review selection was 

conducted according to a research guide of The University of Melbourne, Australia 

(2003). The guide specify common characteristics which peer-reviewed journals may 

include e.g.: articles contain an abstract and is finished with a reference list; the 

appearance of the journal is often text based and advertising is limited to academic 

products and services; the format of the article usually follows established research 

principles and methodology (it may include sections such as a literature review, 

methodology, results, discussion and a conclusion). The Publisher of the journal may be a 

university, professional organisation or another recognised research authority. After this 

preliminary investigation editorial policy of selected journals was verified on theirs web-

sites. Several journals (including those from developing countries) published articles in 

their original languages and lack of theirs online websites increased difficulties in 

verification process. To resolve inquiries comparison with The Register of Refereed 

Journals (listed on The Commonwealth Department of Education Science and Training, 

Australia) was carried out. 

Abstract’s records derived from 1.023 peer-review journals were selected for 

further statistical evaluation. 

 

3.3. Descriptors/keywords extraction 
 

There is a relevant difference between keywords and descriptors. Descriptors are 

chosen and classified by CABI specialists based on their own compiled hierarchical 

thesaurus (AgBiotechNet, 2007). For each record, the CABI mostly lists approximately 

twenty five descriptors. Keywords for purpose of this research means terms extracted 

with the use of BibTechMon (version 4.6.7 - university licence) scientometric software 

(from titles and abstracts of the BBD records. BibTechMon contains an automatic 
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keywords generation module which allows the computer based generation of the relevant 

keywords or phrases. 

Descriptors were exported from the BBD in July 2006, therefore period of sixteen 

years between 1990 and 2006 were chosen for statistical analyses. The year 2006 was not 

considered for further elaboration because number of publications would change due to 

delay of data submission by publishers to the CABI. 

Descriptors were exported into TXT file with tabulators due to be legible by the 

Microsoft Office Excel 2003 for Windows XP. Thereafter using Excel Text Import 

Wizard option, each tabulator was indicated as a separator what allowed to distinguish 

each descriptor and to put it into the Excel cell. Microsoft Office Access 2003 for 

Windows XP database was build towards creating descriptor’s and article’s frequency 

table. 

Because descriptors are selected and classified by the CABI specialists, to 

eliminate inconsistency or unintended human errors another more sophisticated method 

was applied. This process was based on automated keywords extraction from titles and 

abstracts. The BibTechMon software contains an automatic keywords generation module 

which allows the computer based generation of the relevant keywords. Those key-terms 

are the input for the co-word analysis and for calculating the co-occurrences. The co-

word maps can show a network structure of more than thousand points and more than 

hundred thousand lines. Co-word maps allow the representation of networks on the basis 

of different objects. In general different networks are calculated and separately used 

(Noll et al., 2002). To conduct keywords elaboration bibliographic data was extracted in 

September 2006. Records from only one provider – the CABI were chosen; toward 

obtain records according requirements focused in Appendix 1. This step reduced period 

of scientific activity measurement to eleven years (1994-2005) because collaboration 

with the CABI started in 1994. 

 

3.4. Standardisation 
 

In order to be able to apply the bibliometric analysis with the BibTechMon and 

the SPSS, (2003) software all the data had to be unified with respect to different spelling. 
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In addition, synonyms and abbreviations were standardised (Widhalm et al., 2001). 

Characters «!?%"#$&()[]/:\*+/,’.;<>=» were treated as white space and separators. 

Plurals of words were treated as singulars. In consequence, words were reduced by the 

ending «s», the same procedure was applied for words ending in «y» and «ies». 

American and British spellings were unified (Nobis and Wohlgemuth, 2004). 

After this initial phase advance standardisation was applied. Synonyms and 

abbreviations were standardised (Genetic Modified Organism – GMO). For this part of 

the investigation the following groups of keywords was eliminated: Numbers, algebraic 

and grammatical signs and remainders; adjectives with generic meaning (general, whole), 

words with temporal meaning (as: year, day, period, month), words with geographical 

meaning but with general sense, (as: area, zone, locality, situate); words regarding the 

methodological aspect but with a generic sense, (not identify a particular methodological 

analysis) (as: points, indices, interval, observation, accuracy, value, shift); seasons and 

months (Appendix 3). 

 

3.5. Data proceeding 
 

Extracted keywords were stored in an Access file in which each record describes 

a relation between one publication to one keyword and it is constituted by two fields: the 

numeric code of the paper and the keyword. In this file publications codes and keywords 

are repeated because of the relation many-to-many between them. In fact in one 

publication many keywords are found and one keyword can be found in many 

publications. From this file a table with the sorted decreasing frequency values for each 

keyword in all papers was obtained by a query. Subsequently a binary data matrix 

(CrossTab matrix) with “m” rows corresponding to “m” papers and “n” keywords (Kw) 

corresponding to the more frequent keywords was created by a cross-table query. This 

table represents the starting point for all the statistical applications of the co-word 

analysis. Applying a similarity index between all the keywords (columns) of this matrix, 

a symmetric square matrix (Figure 7) was created. This is the basis of the various 

mathematical methods of multivariate data analysis like cluster analysis in order to locate 

aggregations of words defining themes and ordination methods as multidimensional 
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scaling to reduce the multidimensional problem in a two-dimensional knowledge map 

with minimum aberrations to the original system. This map represents a well structured 

graphic rendition of information (Zartl et al., 2002). Two ways of statistical elaboration 

was applied in order to confirm data visualisation. 

 

3.5.1. First way of elaboration 
 

The first way of elaboration was applied for both: 1) descriptors and 2) keywords, 

but only one term “keyword” is used in the text of this section. 

In the first way, a similarity matrix (Figure 7) was created and this was directly 

used for classification and ordination of descriptors and keywords. Squared symmetric 

matrix of dimensions Kw x Kw was calculated from CrossTab matrix by similarity 

algorithms producing different similarity values. 

 

 

 

CrossTab matrix  Similarity matrix 

 Kw1 Kw2 … Kwn  Kw1 Kw2 … Kwn 

Paper1 n11 n12 … n1n Kw1 s11 s12 … s1n 

Paper2 n21 n22 … n2n Kw2 s21 s22 … s2n 

Paper3 n31 n32 … n3n … … … sii… … 

… … … nij … Kwn sn1 sn2 … snn 

Paperm nm1 nm2 … nmn 

 

     

 
Figure 7. Matrices created in the first way 

 

To be more precisely, on the CrossTab matrix was applied co-occurrence index to 

measure number of times (frequency) when two keywords occurred together. Since co-

occurrence depends of the rows number in the CrossTab matrix, co-occurrence matrix 

was standardised with the use of the algorithms described below (Figure 8), which 

relatives co-occurrence value of two key-terms in proportion to both of the key-terms 

occurrences. 

kw (kw+1) 

2 
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In them, the symbolism of two-way contingency tables (Sokal and Rohlf, 1969), 

describing present-absence of two terms in a set of publications, was used: “a” refers to 

number of publications where two keywords are occurred together, “b” and “c” are the 

number of papers where only one of the two keyword occurs and “d” is the number of 

papers where both of terms are absent. Factor “d” is considered only in some similarity 

coefficient (e.g. correlation coefficient) and, usually, it is not considered in data-mining. 

 

  
KW 

2 

 + - 

+ a b 
K

W
 1

 
- c d 

 

 

• co-occurrence        a 

 

• Jaccard 

 

• Dice  

 

• Cosine, Czekanowski, Ochiai, Salton 

 

 
Figure 8. Contingency table, with indices 

 

In data-mining terminology cosine or Czekanowski or Ochiai index is also called 

Salton index from the author’s surname who for a first time used it to reduce negative 

effect of over-frequented keywords aggregation (Salton, 1989; Noyons and van Raan, 

1998). 

 

 

a 

(a+b+c)

2a 

2a/(2a+b+c)

a 

(√(a+b)√(a+c))
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3.5.2. Second way of elaboration 
 

The second way was applied on keywords evaluation only, not on descriptors. 

This method was conducted in order to be sure of considering terms with similar concept 

or the same semantic value (synonyms). From the CrossTab matrix was calculated co-

occurrence matrix which was transformed into a correlation matrix by using the Pearson 

correlation coefficient (Ding et al., 2000c) after to have considered missing the diagonal 

values (Figure 9) (McCain, 1990). 

 

CrossTab matrix 

 Kw1 Kw2 … Kwn 

Paper1 n11 n12 … n1n 

Paper2 n21 n22 … n2n 

Paper3 n31 n32 … n3n 

… … … nij … 

Paperm nm1 nm2 … nmn 

 

 
 

Co-occurrence matrix  Correlation matrix 

 Kw1 Kw2 … Kwn  Kw1 Kw2 … Kwn 

Kw1 s11 s12 … s1n Kw1 1 s12 … s1n 
Kw2 s21 s22 … s2n Kw2 s21 1 … s2n 
… … … sii… … … … … 1 … 
Kwn sn1 sn2 … snn 

 

Kwn sn1 sn2 … 1 

 
Figure 9. Matrices created in the second way 

 

In other words, the similarity between two words was calculated on the basis of 

all co-occurrence frequency that these two words have with all the other items in the 

same matrix. In this case we do not obtain a direct similarity of two individual words in 
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term of co-occurrence frequency, but an indirect similarity based on the similarity of co-

occurrences profiles within the whole matrix (Ding et al., 2000a). In this way high 

positive and negative correlation coefficients indicate respectively high similarity and 

dissimilarity of each keyword pair. Besides two items that do not co-occur with each 

other (synonymous) are still considered similar if their co-occurrences profiles are similar 

(van Eck et al., 2005). 

 

3.6. Multivariate analysis: classification, ordination and visualisation 
 

Data visualisation was conducted on similarity matrix (first way) and correlation 

matrix (second way) applying multivariate classification and ordination by Principle 

Component Analysis (PCA) (Nobis and Wohlgemuth, 2004) and Multidimensional 

Scaling (MDS) (van Eck et al., 2005) by the SPSS statistical software (SPSS, 2003). 

MDS and PCA are the most commonly used methods for multivariate data analyses for 

ordination purposes (Sotolongo-Aguilar et al., 2001) and was successfully applied for 

discovering relationships in the scientometry field (Faba-Pérez et al., 2003). Both the 

methods reduce the dimensionality of the multidimensional space, so that the relation 

between object and variables can be represents and visualized in a space of two or three 

dimensions. 

Algorithms of hierarchical classification were applied on the similarity matrixes (first 

way) and correlation matrix (second way) to group keywords in clusters and to visualize 

them and their relation by dendrograms. 

Several algorithms were applied in the second method to confirm trends. If the 

classifications obtained by different algorithms suggest similar composition of clusters, it 

is a good reason to assume that there is some real tendency in the data towards grouping. 

Nevertheless, hierarchical classifications alone are insufficient representations of data 

structure, because good-looking dendrograms may be obtained from data without group 

structure (Podani, 1994). 
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3.6.1. Principal Component Analysis (PCA) 
 

According to (Bailey and Gatrell, l995), principal component analysis 

methodology is designed to represent complex relationships among large number of 

variables, measured on a set of objects, by simpler relationships among fewer variables. 

Specifically, it is a linear transformation which modifies a set of correlated variables into 

uncorrected factors. These orthogonal factors can be shown to extract successively 

maximal part of the total variance of the variables. This reduction in the number of 

variables, without loss of details about the variation, should make complex relationships 

more comprehensive. PCA is one of the most widely used techniques whose basic 

premise is that the best way to represent the linear relationship between two variables is 

by means of a straight line regression (Faba-Pérez et al., 2003). 

 

3.6.2. Multidimensional Scaling (MDS) 
 

Multidimensional scaling refers to a class of techniques. The techniques use 

proximities among any kind of objects as input. A proximity is a number which indicates 

haw similar or how different two objects are, or are perceived to be, or any measure of 

this kind. The chief output is a spatial representation, consisting of a geometric 

configuration of points, as a map. Each point in the configuration corresponds to one of 

the objects. This configuration reflects the “hidden structure” in the data, and often 

makes the data easier to comprehend. Reflecting the data structure mean that the larger 

the dissimilarity (or the smaller similarity) between two objects as shown by their 

proximity value, the further apart they should be in the spatial map (Kruskal and Wish, 

1978). 

 

3.7. BibTechMon approach 
 

In order to reduce the efforts for structuring and sorting information, the 

Department of Technology Management of the ARC Seibersdorf research GmbH has 

developed the software tool BibTechMon for structuring, visualising and analysing large 

amounts of information (Noll et al., 2002). As a reasonable compromise, a graphical 
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mapping methodology based on a spring model (Kopcsa and Schiebel, 1998), where the 

multidimensional problem is reduced to a 2-dimensional knowledge-map with minimum 

aberrations to the original system (Widhalm et al., 2001). 

Each keyword is represented by a circle having a size proportional to the total 

frequency and is connected with other points by forces (spring) correlated to Jaccard 

index. The mass points are positioned randomly as a starting position and then move 

driven by forces. This is done by iteration of the respective n-dimensional differential 

equation system (Zartl et al., 2002). 

 

3.7.1. Interpretation of the BibTechMon knowledge maps 
 

The more often two keywords are used together in documents the closer the 

relation between them. To enrich the content of such maps additional information is 

appended by colouring the objects to visualise other parameters of interest as for instance 

the belonging to a theme as defined by the cluster analysis (Widhalm et al., 2001). The 

size of a circle symbolises the occurrence of the word that means, how often a considered 

keyword turns up. The width of the lines shows how closely a couple of objects are 

connected, or in other words, how often the considered couple of objects turns up 

together. The circles find their position in the network on the basis of their relationship to 

all other circles. Therefore the position of a circle shows the relation to all others (Kopcsa 

et al., 2003). The position of the circle is relative, which means there is no coordinate 

plane and it does not matter whether the objects are in the northern or southern part of the 

map. Only the relative position of objects to each other is important and also the position 

of the circle on the map whether it is in the center or on the edge. Objects that are close 

together have a close relation to each other represented by co-occurrence in different 

articles. Such a close relation can also be represented by a line, which shows the 

connections between objects. Objects that occur together in different articles but in 

different context with unequal keywords will not be placed next to each other because 

they have a different surrounding area pictured by their keywords (Zartl et al., 2002). 

In order to facilitate the interpretation and analysis of the map, a statistical cluster 

analysis is performed in addition which allows the identification of the subtopics. This 
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information is visualised by colouring the objects (Noll et al., 2002). A cluster analysis 

using Pearson correlation and Ward linkage was performed with the Jaccard matrix as 

input (Kopcsa and Schiebel, 1998) to group objects in a objective way and to check the 

clusters. In the beginning five main clusters were determined shows the results, colour 

code is according to clusters (Zartl et al., 2002). The words with high Pearson correlation 

coefficient are located together in the map, and those words located together in the map 

have high similarity in terms of co-occurrences profile within the whole matrix. 
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4. Results 
 

 

4.1. ICGEB Biosafety Bibliographic Database (BBD) 
 

The recent sixteen years (1990- 2005) were chosen for the data-mining analyses 

on the Biosafety Bibliographic Database (BBD) records of scientific literature. The year 

2006 was not examined, because of incompleteness at the time. Data was collected up to 

July 2006 for the descriptor evaluation and up to September 2006 for the keywords 

elaboration. 

 

4.2. The offline database 
 

The offline version of the BBD was crafted in the FileMakerPro - version 5 (Sun 

Microsystems Inc., USA). For the propose of the data-mining study, the offline database 

was modified (Figure 10). This amendment was necessary to export bibliographic data 

such as descriptors, topics of publications and abstracts in legible format for software 

used in scientometrics elaboration.  

 
Figure 10. Biosafety Bibliographic Database (BBD) stored in the File Maker Pro Database 
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The Microsoft Office Excel 2003 and the Microsoft Office Access 2003 for 

Windows XP were used for the creation descriptor’s frequency table (paragraph 4.4). The 

BibTechMon (version 4.6.7) software developed by the Department of Technology 

Management of the ARC Seibersdorf research GmbH, Wien, Austria was utilised for 

keywords generation and visualisation co-word’s maps (paragraph 0). 

 

4.3. Coverage of biosafety research in publications 
 

Basic statistical analyses were applied in order to generate annual patterns of 

biosafety publications. Data was collected up to September 2006 and comprised 5,768 

records (without the year 2006). The first graph (Figure 11) represents number of 

publication per year. From 1990 to 1994 has been observed sharp growth. After peak of 

349 publications in year 1994, thereafter the number of articles slowly decreased to 270 

articles in 1995 with tendency to stabilisation. Since 2000 rapid grow occurred to peak 

671 papers in 2004. In recent year 2005 number of records again decreased. This may be 

explained as a delay of publishers with submission of bibliographic information to the 

CAB International. 
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Figure 11. Annual publication pattern encompassing period from 1990 to 2006. Number on graph 

represents number of publication per year. The graph represents status of BBD in September 2006 

 

 

This visualisation of data from the BBD allows trends related to biosafety topics 

of concern to be tracked over time (Figure 12). Topic of concern (Appendix 2) is criteria 

used by ICGEB scientists to classified all BBD articles accordance with the main issues 

arising from the environmental release of GMOs including; Human (and Animal) Health, 

Environment, Agriculture, Horizontal Transfer, General Concerns, Genetic Modified 

Micro-organisms (GMM) and Aquaculture (ACQ). Of course one publication could be 

classified for more than one topic. 

During sixteen years, a significant number of records regarding “General 

Concerns” have been classified, and year 2000 was identified as being a turning point. 
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Figure 12. Annual publication pattern according “Topics of concern”, encompassing period from 

January 1990 to September 2006 

 

 

Human Health exhibited a peak in 2002 and thereafter declined in successive 

years. This could be a sign that the topic became well explored and scientific consensus 

was found. Aquaculture of GM fish is the least explored topic, with the consistently least 

number of publications over the period of analysis. A larger interest in Genetic Modified 

Micro-organisms (GMM) is noted in the first years of the database with a peak in 1994 of 

128 records, but thereafter publications in the topic became minimal. Records related to 

Horizontal Transfer sustainable grew up to 103 in 2004, whereas those concerned with 

the Environment and Agriculture essentially increase over the period. 
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Another way to present the specify number of publications divided per year 

according to main biosafety field of interest (Topics of Concern) is illustrated in Table 3 

 

Year Total nr of 
Publications 

Human 
Health 

Environ
ment Agriculture Horizontal 

Transfer 
General 
Concern GMM ACQ 

1990 81 10 31 9 13 52 33 0 
1991 190 46 55 39 16 120 56 2 
1992 168 40 63 42 17 98 52 2 
1993 243 57 73 79 27 151 73 2 
1994 349 116 140 130 59 137 128 12 
1995 270 73 99 108 51 89 75 15 
1996 281 88 74 133 48 76 84 8 
1997 245 54 76 53 48 119 45 4 
1998 219 33 51 41 66 107 29 1 
1999 237 50 68 60 73 116 11 6 
2000 426 99 142 110 77 205 25 9 
2001 543 172 186 110 66 291 41 11 
2002 626 195 207 112 64 333 35 10 
2003 670 179 214 97 91 320 27 15 
2004 671 135 237 107 103 347 26 13 
2005 549 90 202 122 99 315 23 8 

Sum: 5768 1437 1918 1352 918 2876 763 118 

 
Table 3. Publications divided according “Topics of Concern”. From January 1990 to September 2006 

 

General Concern is the largest and vibrant biosafety issue as it merges many 

different aspects, such as public opinion, regulation, policy, coexistence, GMO 

detection, ethical issues, public perception, legislation, and monitoring, amongst 

many others. The number of articles related to Environment is also very high, 

whereas Agricultural and Human and Animal safety aspects are less emphasised in 

in recent years. 
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4.4. Descriptors approach 
 

4.4.1. Data extraction 
 

This kind of basic statistics was limited because cannot provide a broad 

explanation of biosafety research activity, and was not sufficiently sophisticated to 

highlight complex trends and associations. 

The sixteen years (1990 – 2005) were chosen for descriptor’s scientometric 

analyses. Data was collected from the BBD up to July 2006. 

To present a wider overview it was necessary to employ data-mining methods, 

including advance statistical evaluations. Initially it was crucial to export the descriptors 

from the FileMakerPro database into a text file, with tabulators delineating each, 

allowing the data to be accessible using Excel (Figure 13). 

 

 
Figure 13. Descriptors extraction 

 

Thereafter using Excel Text Import Wizard option, each tabulator was indicated as 

a separator allowing each descriptor to be distinguished as a cell in Excel file. This 

process generated 91.917 descriptor’s units. An Access database was crafted for the 
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creation of frequency table for descriptors and articles (Figure 14). A table with a total 

number of 7,053 different descriptors was obtained. 

 
Figure 14. Table of frequency - articles and descriptors before unification 

 

4.4.2. Data standardisation 
 

Further analysis using the SPSS software required all data to be standardised. The 

role of descriptors is to characterise each article in a clear and precise manner. In this part 

of the study standardisation was less restrictive than in the second part regarding text-

mining but still standardisation was a time consuming process. 

American and British spellings were unified. Latin and English species names 

were also unified. In addition, synonyms and abbreviations were standardised (EU – 

European Union). 

After standardisation, the original number of 7,053 terms and phrases decreased 

to 6,863 (Figure 15) suitable for further statistical analysis. 
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Figure 15. Table of frequency - articles and descriptors after unification 

 

The frequency descriptor table (Table 4) represents the scope of the BBD in 

particular with regard to biosafety related to plant biotechnology. These safety issues are 

characterised by the descriptors “biosafety”, “risk assessment” and “food safety. It means 

that BBD well fit the biosafety field. The high frequency of word related to developed 

countries and regions: OECD countries, the USA and Europe - shows that safety issues 

of modern biotechnology during last sixteen years seem to be somehow connected with 

them rather than with developing countries. 
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Descriptor Articles 

Count 
Total 

frequency 
Plants 3175 4130 
Transgenic plants 3099 3100 
Biotechnology 2141 2142 
Genetic engineering 2059 2060 
Angiosperms 1633 1633 
Spermatophyta 1596 1596 
Biosafety 1586 1587 
Genetic transformation 1496 1496 
Dicotyledons 1262 1262 
Animals 1046 1056 
Insects 745 985 
Developed Countries 873 876 
OECD countries 816 817 
Bacteria 714 757 
Genes 729 729 
USA 583 685 
Risk assessment 677 677 
Food safety 654 655 
Prokaryotes 650 650 
Transgenics 620 620 
Insect pests 610 611 
Arthropods 576 607 
Maize 591 592 
Gene expression 585 586 
Plant pests 582 582 
Reviews 572 573 
Bacillus thuringiensis 561 562 
Invertebrates 559 562 
Zea mays 560 560 
Poaceae 544 554 
Europe 518 536 

 
Table 4. Descriptors Top 30 

Articles count – represents descriptor occurrence in number of publications 
 

 

4.4.3. Advanced statistics methods 
 

The next approach was to employ advanced statistical methods. To do so, only 

those descriptors with a frequency of 100 or greater were selected, resulting in the 

generation of 147 descriptors. It is mean that were chosen descriptors present in at least 

5% of scientific publications. Therefore was created the CrossTab binary matrix with 

4961 papers per 147 descriptors. Ochiai similarity matrix was calculated (147 descriptors 
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per 147 descriptors) to proceed Multidimensional Scaling (MDS) (Figure 16), Principle 

Component Analysis (PCA) (Figure 17) and dendrogram using average linkage (within 

group) with Ochiai index were carried out (Figure 18) using the SPSS software. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
Figure 16. Multidimensional Scaling (MDS) with descriptor’s frequency ≥100 (SPSS) 

 

On the Multidimensional Scaling (MDS) knowledge map (Figure 16) several 

species names are presented together with their family names and descriptors which 

indicating issues related to those species for example: a) Nicotiana tabacum, -Nicotiana 

with plant viruses – plant transformation mostly applied for this group; b) Gosypium 

hirustum - Gosypium with pollen c) Beta vulgaris with fatty oils, glufosinate, glyfosate; 

d) Brasica napus – Brasicacae with herbicide, herbicide resistance and wild relatives. 
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Interesting is also group related to developed Countries and regions like, America, North 

America, USA, OECD Countries, Europe, West Europe, the European Union. Interesting 

is association the USA with biosafety which can be explained as a critical view or 

presentation of voice in discussion. The EU is associated with typical biosafety concerns 

and approaches presented in scientific literature like: labelling, regulation, legislation, 

genetic modified food. Precisely the UK is associated with GMOs, public attitudes and 

ethics. On the right bottom part of the diagram is located group representing developing 

countries indicating regions and continent: Asia, Latin America with terms related to 

them: conferences, biodiversity and release. This association may suggest that in these 

regions were held many conferences dedicated to biodiversity issues. 
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Figure 17. Principle Component Analysis (PCA) descriptor’s frequency ≥100 (SPSS). Axis Y is 

dividing graph on two parts: A) Human, and B) Plant 
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Figure 17 shows interesting results, left part of the graph is orientated on human 

animal issues, where right part of the diagram is concentrated on plant’s aspects. Left part 

of the PCA map includes broad human concerns like ethics, public attitudes, safety and 

biodiversity. On the right are emphasise Genetic Modified species and their wild relatives 

or cultivars. In this part are also presented descriptors associated with concern related to 

several plant species like: non target effects, herbicide resistance, pest resistance or pest 

control. 
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OCHIAI Index tabcross100 
 
 
* * * * * * H I E R A R C H I C A L  C L U S T E R   A N A L Y S I S * * * * * * 
 
                      
 Dendrogram using Average Linkage (Within Group) 
 
                         Rescaled Distance Cluster Combine 
 
                        C A S E      0         5        10        15        20        25 
                      Label     Num  +---------+---------+---------+---------+---------+ 
                                  
                     Hominidae   70   òûòø 

                      Primates  113   ò÷ ùòòòòòòòòòòòòòø 

                          homo   71   òòò÷             ó 

                      Chordata   25   òûòòòø           ùòòòòòø 

                   vertebrates  140   ò÷   ùòòòòòø     ó     ó 

                       mammals   85   òòòòò÷     ùòòòòò÷     ùòòòø 

                       animals    5   òòòòòòòòòòò÷           ó   ùòòòø 

                     allergens    2   òòòòòòòòòòòòòòòòòòòòòòò÷   ó   ùòòòø 

                          food   48   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó   ùòø 

                       reviews  119   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ùòø 

                        fishes   47   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ùòø 

     genetically modified food   58   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó 

                        safety  123   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó 

                       Muridae   90   òûòòòòòø                                 ùòòòòòòòø 

                       rodents  122   ò÷     ùòòòòòòòòòòòòòòòø                 ó       ó 

                          mice   86   òòòòòòò÷               ùòòòòòø           ó       ó 

                 gene transfer   52   òòòòòòòòòòòòòòòòòòòòòòò÷     ùòòòòòø     ó       ó 

                   transgenics  135   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ùòòòòò÷       ó 

             transgenicanimals  133   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷             ó 

                  Betavulgaris   12   òòòòòòòòòûòòòòòòòòòòòòòòòòòòòòòòòòòòòø           ó 

 Betavulgaris var saccharifera   13   òòòòòòòòò÷                           ùòòòòòø     ó 

                           GMM   57   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ó     ó 

               Plant pathogens  107   òòòòòòòòòòòòòûòòòø                         ó     ó 

                 plant viruses  109   òòòòòòòòòòòòò÷   ùòòòø                     ó     ó 

                      viruses   141   òòòòòòòòòòòòòòòòò÷   ùòòòø                 ùòòòø ó 

                     pathogens  101   òòòòòòòòòòòòòòòòòòòòò÷   ùòø               ó   ó ó 

                plant diseases  106   òòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòòòòòø         ó   ó ó 

            disease resistance   36   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ùòòòø     ó   ó ó 

             moleculargenetics   88   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòòò÷   ó ó 

                      genetics   60   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷         ó ó 

              Glycine Fabaceae   62   òòòûòòòòòòòòòø                                 ó ó 

                   Glycine max   63   òòò÷         ùòòòòòòòòòø                       ó ó 

                      Fabaceae   43   òûòòòòòø     ó         ó                       ó ó 

                       Fabales   44   ò÷     ùòòòòò÷         ùòòòòòòòø               ùòú 

                Papilionoideae  100   òòòòòòò÷               ó       ùòòòø           ó ó 

                    glyphosate   64   òòòòòòòòòòòòòòòòòòòòòòò÷       ó   ùòòòø       ó ó 

                    foodsafety   49   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó   ùòòòòòø ó ó 

                           DNA   37   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó     ó ó ó 

                          GMOs   59   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ó ó ó 

                     Nicotiana   92   òòòòòòòòòûòòòòòòòòòòòòòòòòòòòø               ó ó ó 

             Nicotiana tabacum   93   òòòòòòòòò÷                   ó               ó ó ó 

                    Solanaceae  125   òûòòòòòòòòòòòòòòòø           ùòòòòòø         ó ó ó 

                     Solanales  126   ò÷               ùòòòòòø     ó     ó         ó ó ó 

                      Solanum   127   òòòòòòòòòòòòòòòòò÷     ùòòòòò÷     ùòòòø     ùò÷ ó 

             Solanum tuberosum  128   òòòòòòòòòòòòòòòòòòòòòòò÷           ó   ùòòòø ó   ó 

       Lycopersicon esculentum   82   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó   ó ó   ó 

                    techniques  131   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ó   ó 

                   angiosperms    4   òûòòòø                                     ó ó   ó 

                 Spermatophyta  129   ò÷   ùòòòòòòòòòø                           ó ó   ó 

                  dicotyledons   35   òòòòò÷         ùòòòòòø                     ó ó   ó 

                        plants  110   òòòòòòòòòûòòòòò÷     ùòòòø                 ùò÷   ó 

             transgenic plants  134   òòòòòòòòò÷           ó   ùòòòø             ó     ó 

        genetic transformation   56   òòòòòòòòòòòòòòòòòòòòò÷   ó   ùòòòø         ó     ó 

                         genes   53   òòòòòòòòòòòòòòòòòòòòòòòòò÷   ó   ùòø       ó     ó 

                geneexpression   50   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ùòø     ó     ó 

               risk assessment  121   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ùòø   ó     ó 

                       enzymes   39   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ùòòò÷     ó 

                          risk  120   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó         ó 

                        ethics   40   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷         ó 

                      Triticum  136   òòòûòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòø             ó 

             Triticum aestivum  137   òòò÷                               ùòòòòòòòø     ó 

                      survival  130   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷       ó     ó 

                         Oryza   98   òòòûòòòòòòòòòòòòòòòòòòòòòòòòòòòø           ó     ó 

                  Oryza sativa   99   òòò÷                           ó           ó     ó 

                     Cyperales   32   òø                             ó           ùòòòø ó 

                       Poaceae  111   òôòòòòòòòø                     ùòòòø       ó   ó ó 

                monocotyledons   89   ò÷       ùòòòòòø               ó   ó       ó   ó ó 

                           Zea  146   òòòòòòòòò÷     ùòòòòòòòòòø     ó   ùòòòø   ó   ó ó 

                      Zea mays  147   òòòòòòòòòòòòòòò÷         ùòòòòò÷   ó   ó   ó   ó ó 

                        pollen  112   òòòòòòòòòòòòòòòòòòòòòòòòò÷         ó   ùòòò÷   ó ó 

               genetic markers   55   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó       ó ó 

                microorganisms   87   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷       ó ó 

                     Malvaceae   83   òûòòòòòòòø                                     ó ó 

                      Malvales   84   ò÷       ùòòòòòòòòòòòòòø                       ùòú 

                     Gossypium   65   òûòòòòòòò÷             ùòòòòòòòø               ó ó 

            Gossypium hirsutum   66   ò÷                     ó       ùòòòòòø         ó ó 

                          Asia    7   òòòòòòòòòòòòòòòòòòòòòòò÷       ó     ùòòòòòø   ó ó 

                     cultivars   31   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ó     ó   ó ó 

          environmental impact   38   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ó   ó ó 

       agricultural entomology    1   òòòòòòòòòòòòòòòòòòòòòòòòòûòòòòòòòòòø       ó   ó ó 

                      control    29   òòòòòòòòòòòòòòòòòòòòòòòòò÷         ó       ó   ó ó 

                insect control   73   òòòòòòòòòòòòòòòòòòòòòûòòòòòòòòòòòø ùòòòø   ó   ó ó 

                  pest control  102   òòòòòòòòòòòòòòòòòòòòò÷           ó ó   ó   ó   ó ó 

                    arthropods    6   òòòòòûòòòø                       ó ó   ó   ùòòò÷ ó 

                 invertebrates   77   òòòòò÷   ùòòòòòòòø               ùò÷   ó   ó     ó 

                       insects   76   òòòòòòòòò÷       ùòòòòòòòø       ó     ó   ó     ó 

                   Lepidoptera   81   òòòòòòòòòòòòòòòòò÷       ùòòòø   ó     ùòø ó     ó 

                  Insect pests   74   òòòòòòòûòòòòòòòòòòòø     ó   ó   ó     ó ó ó     ó 

                   Plant pests  108   òòòòòòò÷           ùòòòòò÷   ùòòò÷     ó ó ó     ó 

                pestresistance  103   òòòòòòòòòòòòòòòòòòò÷         ó         ó ó ó     ó 

                    resistance  118   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷         ó ó ó     ó 

                      toxicity  132   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùò÷     ó 

             nontarget effects   94   òòòòòòòòòòòòòòòòòòòòòòòûòòòòòòòòòòòòòòòø ó       ó 

           nontarget organisms   95   òòòòòòòòòòòòòòòòòòòòòòò÷               ó ó       ó 

                      bacteria   10   òòòûòòòòòòòø                           ó ó       ó 

                   prokaryotes  114   òòò÷       ùòòòòòø                     ó ó       ó 

                   Bacillaceae    8   òòòûòø     ó     ó                     ó ó       ó 

                    Firmicutes   46   òòò÷ ùòòòòò÷     ùòòòòòø               ùò÷       ó 

        Bacillus thuringiensis    9   òòòòò÷           ó     ùòòòø           ó         ó 

              Bacterial toxins   11   òòòòòòòòòòòòòòòòò÷     ó   ùòòòø       ó         ó 

            Biological control   15   òòòòòòòòòòòòòòòòòòòòòòò÷   ó   ùòòòø   ó         ó 

               natural enemies   91   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó   ùòø ó         ó 

                  Gracilicutes   67   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ùò÷         ó 

                  insecticides   75   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó           ó 

                    pesticides  104   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷           ó 

                  Brassicaceae   21   òûòòòø                                           ó 

                  Capparidales   23   ò÷   ùòòòø                                       ó 

                      Brassica   18   òòòòò÷   ùòòòòòòòø                               ó 

                Brassic anapus   19   òòòòòòòûò÷       ùòòòòòø                         ó 

     Brassicanapusvar oleifera   20   òòòòòòò÷         ó     ùòòòø                     ó 

              Fatty oil plants   45   òòòòòòòòòòòòòòòòò÷     ó   ùòòòø                 ó 

                     Gene flow   51   òòòòòòòòòòòòòòòòòòòòòòò÷   ó   ùòø               ó 

                         weeds  143   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ùòø             ó 

                wild relatives  145   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ùòø           ó 

                       hybrids   72   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ùòòòòòø     ó 

                         seeds  124   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó     ó     ó 

                plant breeding  105   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ó     ó 

              chemical control   24   òòòòòòòòòòòòòòòòòòòòòûòòòòòòòòòòòø         ùòòòø ó 

                  weed control  142   òòòòòòòòòòòòòòòòòòòòò÷           ùòòòòòø   ó   ó ó 

          herbicide resistance   68   òòòòòòòòòòòòòòòòòòòûòòòòòòòø     ó     ó   ó   ó ó 

                    herbicides   69   òòòòòòòòòòòòòòòòòòò÷       ùòòòòò÷     ùòòò÷   ó ó 

                   glufosinate   61   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷           ó       ó ó 

                  biodiversity   14   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷       ó ó 

          Developing countries   34   òòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòòòòòòòòòòòø     ó ó 

                 Latin America   79   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷             ó     ùò÷ 

                       America    3   òòòòòûòòòòòòòòòø                         ùòòòø ó 

                 North America   96   òòòòò÷         ùòòòòòòòòòòòø             ó   ó ó 

                           USA  139   òòòòòòòòòòòòòòò÷           ùòòòòòòòø     ó   ó ó 

                        Canada   22   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷       ùòòòòò÷   ó ó 

                     labelling   78   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷         ó ó 

                     biosafety   16   òòòòòòòòòòòòòòòòòòòòòûòòòø                   ó ó 

                 biotechnology   17   òòòòòòòòòòòòòòòòòòòòò÷   ùòòòòòø             ó ó 

           genetic engineering   54   òòòòòòòòòòòòòòòòòòòòòòòòò÷     ùòòòø         ùò÷ 

                       release  117   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø     ó 

                         crops   30   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø ó 

                   Conferences   27   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ó 

                        Europe   41   òòòòòòòòòòòòòòòòòûòòòø                     ó ó 

                Western Europe  144   òòòòòòòòòòòòòòòòò÷   ùòòòø                 ó ó 

           Developed Countries   33   òòòûòòòòòòòòòòòòòø   ó   ó                 ó ó 

                OECD Countries   97   òòò÷             ùòòò÷   ùòø               ùò÷ 

                European Union   42   òòòòòòòòòòòòòòòòò÷       ó ùòòòø           ó 

                            UK  138   òòòòòòòòòòòòòòòòòòòòòòòòò÷ ó   ùòòòø       ó 

       Commonwealth of Nations   26   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó   ùòø     ó 

                   regulations  116   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ùòø   ó 

                public opinion  115   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ùòòò÷ 

                   legislation   80   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó 

            consumer attitudes   28   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ 

 

 

 

Figure 18. Dendrogram using average linkage (within group) according to Ochiai index (descriptor’s frequency ≥100) 
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4.5.  Keywords approach 
 

4.5.1. Keywords generation 
 

 This part of the investigation is dedicated to scientometrics analysis using the 

BibTechMon and the SPSS software. Data previously exported from the BBD was 

updated in September 2006. The total number of records qualified for farther analysis 

was 5,768; a small difference was notified regarding trends and gradients since July 

2006 (Figure 11). Number of records between years 2002 – 2005 did not change 

much, but regarding 2006 difference occurred. Due to significant changes and 

possible future corrects in year 2006, again was excluded for further analysis. 

 

4.5.2. Data validation 
 

A restricted number of records were selected for further data-mining analyses. 

The offline BBD database (Figure 10) contains records form 2.014 peer- and not-

peer-reviewed publication’s sources, e.g.: conference proceedings, editorials, reports, 

magazine articles and non per-reviewed journals. After validation abstracts obtained 

from 1,023 different peer-reviewed journals were qualified for farther data-mining 

analysis. The twenty most represented journals were list in Table 5. 
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Nr Journal Articles 

1 Nature Biotechnology 81 
2 Journal of Economic Entomology 74 
3 Transgenic Research 64 
4 Bio/Technology 61 
5 Theoretical and Applied Genetics 56 
6 Molecular Ecology 55 
7 Environmental Entomology 50 

8 Proceedings of the National Academy of Sciences of the United States of 
America 49 

9 Applied and Environmental Microbiology 44 
10 Nature 43 
11 Environmental Biosafety Research 42 
12 Trends in Biotechnology 41 
13 Journal of Agricultural and Food Chemistry 40 
14 OCL - Oleagineux, Corps Gras, Lipides (France) 39 
15 Molecular Breeding 37 
16 Science 36 
17 AgBiotechNet 35 
18 AgBioForum 34 
19 Plant Journal 29 
20 Crop Science 28 

 
Table 5. Top 20 of peer –reviewed journals in the BBD from period January 1990 to September 

2006 

 

Unification of journal titles was not carried out for those that may have 

changed names during the period of analysis (1990-2005), for example 

Bio/Technology became evolved into Nature Biotechnology, because of difficulties in 

tracking down all changes regarding editorial policy and the scope. 

Records derived from a single provider, i.e. the CABI, were only considered 

due to automated process of selection. Articles were chosen from the CABI life 

science database with the use specific keywords (Appendix 1) related to issues of 

biosafety and GMOs. As collaboration with this provider only started in 1994, the 

coverage of the database, in terms of the number of years, decreased (1994-2005). 

Before 1994, records were selected in no such automated way from different 

databases: AGRICOLA and FSP BIOGUM. To exclude a human factor the strict 

procedure was applied. Exclusion of other sources caused change in peer-reviewed 

records in years 1994 – 2005 (Table 6, Figure 19 and Figure 20). 
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Year Total nr of 
Publications 

Human 
Health 

Environ
ment Agriculture Horizontal 

Transfer 
General 
Concern GMM ACQ 

1994 154 56 61 46 30 40 47 6 
1995 141 47 55 54 22 38 42 11 
1996 138 43 37 60 26 32 54 2 
1997 133 40 45 26 29 52 31 3 
1998 134 22 29 24 43 58 20 0 
1999 122 32 35 23 32 60 9 1 
2000 303 65 103 69 61 133 23 8 
2001 358 104 125 84 54 153 29 4 
2002 446 131 147 80 53 214 27 5 
2003 503 128 173 80 74 203 23 9 
2004 494 97 175 79 82 217 17 11 
2005 439 64 162 97 74 242 18 6 

Sum: 3.365 829 1.147 722 580 1.442 340 66 

 
 
Table 6. Publications divided according “Topics of Concern” peer-reviewed. (January 1994 to 
December 2005) 
 
 

 
 
Figure 19. Annual pattern of peer-reviewed publications. January 1994 - December 2005. 
Number on graph represents number of publication per year 
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Figure 20. Annual pattern of peer-reviewed publications selected according “Topics of Concern”. 

January 1994 - December 2005 

 

Thereupon after data validation important trends changed in biosafety 

concerns (Figure 20). It may happened mainly because reports and conference 

proceeding was excluded. Scientific conferences are usually only snapshots of current 

research activity and may not pass critical scientific analysis, and therefore not result 

in a publication in the peer-reviewed press. On other hand numerous conferences in 

the period 1994-1999 could consider also non-scientific mater like policy, legislation 

and ethics however that drafted a frame for future development of plant 

biotechnology in the next years. 

 

4.5.3. Data export 
 

First step to utilise data-mining process by BibTechMon software was 

information extraction from the offline BBD to legible TXT file (Figure 21). Each 

record contains the same bibliographic information like presented in the BBD 

(Figure 6). 
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Figure 21. TXT format readable to BibTechMon 

 
Figure 22. BibTechMon: data import 

 

 

After data importation (Figure 22) only abstract and title was chosen as 

object for broader data-mining study (Figure 23).  
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Figure 23. BibTechMon: abstract and title extraction 

 

Figure 24. Access: Total number of keywords 

 

 

BibTechMon extracted 72.783 different keywords and terms (phrases). 

Standardisation could be conducted in two ways: in Access file (To_KW) created 

by BibTechMon (Figure 24) or directly in BibTechMon active window (Figure 

25). 
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4.5.4. Standardisation 
 

Standardisation was done in order to apply the bibliometrics analysis with the 

BibTechMon (Figure 25) and the SPSS software. British and American spellings and 

names of institutions were unified. Plurals of words were treated as singulars. In 

consequence, words were reduced by the ending “s” if the resulting words already 

existed in the database, i.e. that also differently conjugated or in different tenses verbs 

were joined. The same procedure was applied for words ending in “y” and “ies”. 

Characters: “!?%"#$&()[]/:\*+/,’.;<>=” were eliminated. 

After this initial phase advance standardisation was applied. Synonyms and 

abbreviations were standardised (Genetic Modified Organism – GMO). For this part 

of the investigation the following groups of keywords were eliminated (Appendix 3): 

Numbers, algebraic and grammatical signs and remainders; adjectives with generic 

meaning (general, whole), words with temporal meaning (as: year, day, period, 

month), words with geographical meaning but with general sense, (as: area, zone, 

locality, situate); words regarding the methodological aspect but with a generic sense, 

(not identify a particular methodological analysis) (as: points, indices, interval, 

observation, accuracy, value, shift); seasons and months. 
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Figure 25. BibTechMon: Keywords unification 

 

After keywords standardisation 551 different terms were excluded with 

total occurrences of 23.945 key-terms. After the standardisation Access’s table 

To_KW contained 60.021 different key-terms and was upgraded to table To_Rel 

where each keyword corresponds to each record (publication) (Figure 26). The 

total number of 154.240 keyword’s units was generated. 

 
Figure 26. Access: To_Rel Table 

Error regarding keyword’s unit over-quota in the BibTechMon occurred. 

To fix this problem innovative new query in Access file was applied (Figure 27). 

Query allows reduction of keyword’s frequency in order to process further 
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elaboration with the use BibTechMon. Several keywords frequencies were 

chosen e. g. 10, 50, 70, 109 (Figure 28) to allow legibility of various 

scientometrics analyses. 

 

 
Figure 27. Access: Query of keywords frequency regulation 

 

 
Figure 28. To_Rel Access file with selected frequency ≥10 

Thirty most frequent keywords (Table 7) demonstrate that the ICGEB 

BBD is correlated with safety aspects of agrobiotechnology in particular 

regarding food, environment and regulations. Between table generated on 



95 

descriptors (Table 4) and table generated on keywords occurred insignificant 

difference. 

 
Keyword Total frequency 

plant 530 
study 527 
gene 475 
GMO 406 
risk 393 
transgenic plant 387 
food 358 
environment 355 
transgene 340 
Bacillus thuringiensis 320 
crop 305 
impact 282 
resistance 273 
production 269 
test 262 
expression 258 
corn 258 
USA 256 
safety 244 
field 238 
release 235 
method 230 
genetically modified crop 225 
biotechnology 222 
transgenic crop 221 
product 220 
technology 209 
research 206 
protein 202 
regulation 193 

 
Table 7. Top 30 peer reviewed keywords extracted from To_KW Access file. January 1994 - 

December 2005 

 

In order to create biosafety knowledge map 10 keywords frequency was 

chosen what generate the total number of 1.283 key-terms (Figure 28). To define 

clusters by BibTechMon, option with Person correlation and Ward linkage was 

utilised (Figure 29). 
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Figure 29. BibTechMon: Cluster Options 
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4.5.5. Knowledge maps 
 

 
 

Figure 30. BibTechMon: The Knowledge map of biosafety research freq ≥10 

 

On the BibTechMon: knowledge map names of clusters derived from most 

frequent keyword. On that map most unified is Plant Cluster because is centralised 

and dots are attached together. Clusters related to GMO and allergens are well 

correlated with the Plants one because are also located close to the centre. Clusters: 
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animals, mice, patient, female, fish, EPSPS (gene used in transgenic plants resistant to 

herbicide glyphosate) and GMM are spread and not so attached to the main 

predominant Plant Cluster. Frequency of 10 keywords generate 1.283 terms. 

BibTechMon has zooming function by decreasing number of terms and relations 

displayed on the whole knowledge map (Figure 30). To make the map more detailed 

this option was applied and is presented on Figure 31. 
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Figure 31. File BibTechMon: biosafety knowledge map (zoomed) with keyword frequency ≥109. 
Dots size represents keyword frequency, links between keywords demonstrating associations 
among terms 
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On the biosafety knowledge zoomed map (Figure 31) size of dots represents 

frequency of keyword occurrence; links between keywords demonstrating 

associations among them and also distance between dots has matter. The EU is 

closely correlated with label genetic modified consumer. Term food is correlated with 

safety, agriculture, GMO and biotechnology. Biosafety is also associated with 

biotechnology what indicate that these terms occurred in publications very often 

together. On the centre of the zoomed knowledge map, linked words are related to 

detection like: PCR and DNA. Also in the centre is located key-term USA but is 

somehow isolated not well linked with others surrounded terms. In the upper part of 

the knowledge map are associated terms related to application insect resistant plants 

with inserted Bacillus thuringiensis (Bt) gene. Also with Bt-keywords are associated 

terms like soil, pollen, survival, population and larvae what indicate safety study 

conducted on insect resistant plants. 

 

4.5.6. Visualisation methods applied by the SPSS 
 

Several other statistical evaluations were conducted in order to confirm 

relations, gradients, tendency and interactions in the biosafety research field. 

To utilise the SPSS statistics software table of keyword frequency 70 was 

applied what generate 171 terms and phrases. Keyword with this frequency 

determines 2% time occurrence in research peer-reviewed publications presented 

in the BBD. Therefore was created was created CrossTab matrix considering 

3.347 papers per 171 keywords. 

In order to confirm trends and tendency on knowledge maps generated by 

the SPSS software two ways of statistical elaboration was conducted: 

 

1) In the first ways from CrossTab matrix was calculated the 

similarity matrix (171 keywords x 171 keywords) by Ochiai, 

Jaccard and Dice. Therefore dendrograms using average 

linkage (within group) successively were carried out to indicate 

clusters. Dendrogram calculated according Dice index (Figure 

34) was chosen to indicate clusters and Multi Dimensional 

Scaling (MDS) (Figure 35) and Principle Component Analysis 

(PCA) (Figure 36) graphs. 
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2) In the second way from CrossTab matrix was calculated the co-

occurrence matrix (171 keywords x 171 keywords) by Person 

correlation coefficient with missing diagonal values. 

From this matrix was calculated by Dice index correlation 

matrix. Thus MDS graph was made (Figure 38). To indicate 

clusters Dendrogram using Ward method were applied (Figure 

37). 
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Indice di OCHIAI 
 
* * * * * * H I E R A R C H I C A L  C L U S T E R   A N A L Y S I S * * * * * * 
 
 
 Dendrogram using Average Linkage (Within Group) 
 
                         Rescaled Distance Cluster Combine 
 
                        C A S E      0         5        10        15        20        25 
                      Label     Num  +---------+---------+---------+---------+---------+ 
     Genetically modified crop   67   òûòòòòòòòòòòòòòòòòòòòø 

                       GM crop   71   ò÷                   ùòòòòòòòø 

                          crop   30   òòòòòòòòòòòòòòòòòòòòò÷       ùòòòø 

                            UK  163   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø 

                        Europe   43   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø 

                        future   62   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø 

                   cultivation   33   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø 

               risk assessment  128   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø 

                     challenge   16   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòò÷ ùòø 

             commercialisation   19   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ó ó 

                          work  169   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó 

                       country   29   òòòòòòòòòòòòòòòòòòòòòòòûòòòòòòòø               ó 

          developing countries   36   òòòòòòòòòòòòòòòòòòòòòòò÷       ùòòòø           ó 

                         world  170   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø       ó 

                        farmer   52   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø   ó 

                          Cost   27   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø ó 

                          tool  153   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó 

                   environment   40   òòòòòòòòòòòòòòòòòòòòòòòûòòòòòø               ó ó 

                  human health   80   òòòòòòòòòòòòòòòòòòòòòòò÷     ùòòòø           ó ó 

                   agriculture    3   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø       ó ó 

                        impact   83   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø     ó ó 

                  biodiversity    9   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ùòú 

          environmental impact   41   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø ó ó 

                          term  151   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòú ó 

                     knowledge   90   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó 

                     Biosafety   10   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòø       ó ó 

                 biotechnology   11   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø   ó ó 

                      research  123   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø ó ó 

                          need  102   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó ó 

                       benefit    8   òòòòòòòòòòòòòòòòòòòòòòòòòûòòòòòø           ó ó ó 

                          risk  127   òòòòòòòòòòòòòòòòòòòòòòòòò÷     ùòòòø       ó ó ó 

                    technology  150   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø     ùò÷ ó 

           genetic engineering   65   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ó   ùòø 

                        public  116   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó   ó   ó ó 

                       science  133   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòø ó   ó ó 

                potential risk  111   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòú   ó ó 

                       Concern   22   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó   ó ó 

                        nature  101   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ó 

                        animal    4   òòòòòòòòòòòòòòòòòòòòòûòòòòòòòòòø               ó ó 

                         human   79   òòòòòòòòòòòòòòòòòòòòò÷         ùòòòòòø         ó ó 

                      organism  103   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ùòòòø     ó ó 

                       example   47   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø   ó ó 

                          type  162   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòòòú ó 

                      function   61   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ó 

                            EU   42   òòòòòòòòòòòòòòòòòûòòòòòø                       ó ó 

                           GMO   73   òòòòòòòòòòòòòòòòò÷     ùòòòø                   ó ó 

                         label   91   òòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø               ó ó 

                    regulation  120   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø             ó ó 

                       product  113   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø           ó ó 

                        market   96   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø         ó ó 

                    production  114   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø       ó ó 

                       subject  146   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø     ó ó 

                       problem  112   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ó ó 

                        system  148   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó   ó ó 

                       variety  165   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòø ó ó 

                characteristic   17   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó ó 

                        health   77   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòø ó ó ó 

                   improvement   86   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòú ó ó 

                       improve   85   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùò÷ ó 

                    assessment    5   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòø ó   ó 

    genetically modified plant   69   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ó   ó 

     genetically modified food   68   òòòòòòòòòòòòòòòòòòòòòòòûòòòø               ó ó   ó 

                       GM food   72   òòòòòòòòòòòòòòòòòòòòòòò÷   ùòø             ó ó   ó 

                      consumer   25   òòòòòòòòòòòòòòòòòòòòòòòûòòò÷ ùòòòø         ó ó   ó 

                          food   58   òòòòòòòòòòòòòòòòòòòòòòò÷     ó   ùòø       ó ó   ó 

                        safety  130   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ùòø     ó ó   ó 

             safety assessment  131   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó     ó ó   ó 

                          safe  129   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ó ó   ó 

          genetic modification   66   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú ó   ó ó   ó 

                   Information   87   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø ùò÷   ó 

                   Food safety   59   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú ó ó     ó 

                       quality  117   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòú     ó 

                    evaluation   44   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú ó     ó 

                        source  139   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó     ó 

                    importance   84   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ó 

                     Bt cotton   14   òòòòòòòòòûòòòòòòòø                               ó 

                        cotton   28   òòòòòòòòò÷       ùòòòòòòòø                       ó 

                        Cry1Ac   32   òòòòòòòòòòòòòòòòò÷       ùòòòø                   ó 

                    resistance  124   òòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø               ó 

                     resistant  125   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø             ó 

                         China   18   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø           ó 

                          pest  106   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø         ó 

                     evolution   46   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó         ó 

                        insect   88   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòø       ó 

                    generation   64   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø     ó 

                     selection  135   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó     ó 

                      strategy  144   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòòòø ó 

                        Report  122   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ó 

                       Bt corn   13   òòòòòòòòòûòòòòòø                               ó ó 

                        Cry1Ab   31   òòòòòòòòò÷     ùòø                             ó ó 

        Bacillus thuringiensis    6   òòòòòòòòòòòòòòò÷ ùòòòòòø                       ó ó 

                            Bt   12   òòòòòòòòòòòòòòòòò÷     ùòòòø                   ó ó 

                        larvae   93   òòòòòòòòòòòòòòòòòòòòòòò÷   ùòø                 ó ó 

                         toxin  154   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòòòø             ó ó 

                           fed   53   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø           ó ó 

        significant difference  136   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó           ó ó 

                 significantly  137   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòø         ùòú 

                          feed   54   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø       ó ó 

                      Exposure   49   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó       ó ó 

                     treatment  161   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòø     ó ó 

                 concentration   21   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó     ó ó 

                    experiment   48   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòø   ó ó 

                    comparison   20   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó   ó ó 

                         group   74   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú   ó ó 

                      response  126   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòø ó ó 

                      activity    2   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó ó 

                         field   55   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòø       ùò÷ ó 

                    laboratory   92   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø   ó   ó 

                        pollen  108   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòú   ó 

                          rate  118   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó   ó 

                    efficiency   39   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó 

                     Detection   35   òòòòòòòòòòòòòòòûòòòòòø                           ó 

                           PCR  104   òòòòòòòòòòòòòòò÷     ùòòòòòø                     ó 

                        method   98   òòòòòòòòòòòòòòòòòòòòò÷     ùòòòø                 ó 

                        sample  132   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø             ó 

                           DNA   37   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø           ó 

                          test  152   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòòòø       ó 

                       protein  115   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø     ó 

                        design   34   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó     ó 

                     construct   24   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòòòø ó 

                     technique  149   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ó 

                          grow   75   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòòòø ó ó 

                        growth   76   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ó ùòú 

                          cell   15   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòòòø   ó ó ó 

                        strain  143   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ó   ó ó ó 

                   persistence  105   òòòòòòòòòòòòòòòòòòòûòòòòòòòø             ó   ùò÷ ó 

                          soil  138   òòòòòòòòòòòòòòòòòòò÷       ùòòòòòø       ùòø ó   ó 

                      bacteria    7   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ùòø     ó ó ó   ó 

                       release  121   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ó ó ó   ó 

                      survival  147   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòòòú ùò÷   ó 

                       monitor  100   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ó     ó 

                Transformation  156   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó     ó 

                      Evidence   45   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ó 

                         plant  107   òòòòòòòòòòòòòòòòòòòòòûòòòòòø                     ó 

              transgenic plant  160   òòòòòòòòòòòòòòòòòòòòò÷     ùòòòø                 ó 

                          gene   63   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø               ó 

                    expression   50   òòòòòòòòòòòòòòòòòòòòòòòòòòòûòòò÷ ùòø             ó 

                      transgen  157   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ó ùòø           ó 

                         study  145   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó           ó 

                      transfer  155   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø         ó 

                    transgenic  158   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú ó         ó 

                       species  141   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø       ó 

               transgenic crop  159   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú ó       ó 

                     mechanism   97   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø     ó 

                     introduce   89   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú ó     ó 

                         virus  166   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ó 

                      identify   82   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú ó   ó 

                          line   94   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó   ó 

                        factor   51   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú   ó 

                         model   99   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòòòôòø ó 

                        spread  142   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ó ó ó 

                        Hybrid   81   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòø             ó ó ó 

                Wild relatives  168   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòòòø         ó ó ó 

                       fitness   57   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø       ó ó ó 

                    population  109   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø     ó ó ó 

                     frequency   60   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ó ó ó 

                          seed  134   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø ó ó ó 

                   consequence   23   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùò÷ ùò÷ 

                       absence    1   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó 

                    glyphosate   70   òòòòòòòòòòòòòòòòòòòòòûòòòòòòòòòø               ó 

                     herbicide   78   òòòòòòòòòòòòòòòòòòòòò÷         ùòòòòòø         ó 

                          weed  167   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ùòø       ó 

                         yield  171   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòòòø   ó 

                     effective   38   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø ó 

                    management   95   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó 

                          corn   26   òòòòòòòòòòòòòòòòòòòòòûòòòòòòòòòø             ó ó 

                       soybean  140   òòòòòòòòòòòòòòòòòòòòò÷         ùòòòòòø       ùò÷ 

                           USA  164   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ùòòòø   ó 

                        potato  110   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø ó 

                   field trial   56   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùò÷ 

                     reduction  119   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ 

Figure 32. Dendrogram using average linkage (within group) according to Ochiai index (keyword’s frequency ≥70) 
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Indice di JACCARD 
* * * * * * H I E R A R C H I C A L  C L U S T E R   A N A L Y S I S * * * * * * 
 Dendrogram using Average Linkage (Within Group) 
                         Rescaled Distance Cluster Combine 
 
                        C A S E      0         5        10        15        20        25 
                      Label     Num  +---------+---------+---------+---------+---------+ 
 
    Genetically modified plant   67   òûòòòòòòòòòòòòòòòòòòòø 

                       GM crop   71   ò÷                   ùòòòòòòòòòø 

                          Crop   30   òòòòòòòòòòòòòòòòòòòòò÷         ùòòòø 

                    technology  150   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø 

                        Europe   43   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó 

                      research  123   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòø 

                       science  133   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø 

               risk assessment  128   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó 

                          need  102   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú 

                            UK  163   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòø 

                   environment   41   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó 

                   cultivation   33   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú 

                       benefit    8   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòòòòòø       ó 

                          risk  127   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷       ùòòòø   ó 

           genetic engineering   65   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø ó 

                        public  116   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ùòø 

          environmental impact   40   òòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòòòòòø       ó ó ó 

                       release  121   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷       ùòø     ó ó ó 

                   agriculture    3   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ó ó ó 

                        impact   83   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø ùòú ó 

              transgenic plant  159   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòú ó ó 

                       Concern   22   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó ó 

                  biodiversity    9   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó 

                     knowledge   90   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó 

                     challenge   16   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòòòø ó 

             commercialisation   19   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ó ó 

                       country   29   òòòòòòòòòòòòòòòòòòòòòòòòòûòòòòòòòø           ó ó 

          developing countries   36   òòòòòòòòòòòòòòòòòòòòòòòòò÷       ùòòòø       ùòú 

                         world  170   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø     ó ó 

                        farmer   52   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ó ùòø 

                        future   62   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø ó ó ó 

                     Biosafety   10   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùò÷ ó ó 

                          tool  153   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ó 

                    glyphosate   70   òòòòòòòòòòòòòòòòòòòòòûòòòòòòòòòòòø             ó ó 

                     herbicide   78   òòòòòòòòòòòòòòòòòòòòò÷           ùòòòòòø       ó ó 

                          weed  167   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ùòø     ó ó 

                         yield  171   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ó ó 

                     effective   38   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø ó ó 

                          Cost   27   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùò÷ ó 

                    management   95   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó 

                     construct   24   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòø   ó 

                        design   34   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó   ó 

                     Detection   35   òòòòòòòòòòòòòòòûòòòòòòòø                     ó   ó 

                           PCR  104   òòòòòòòòòòòòòòò÷       ùòòòòòø               ó   ó 

                        method   98   òòòòòòòòòòòòòòòòòòòòòòò÷     ùòòòø           ó   ó 

                        sample  132   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø       ùòòòú 

                           DNA   37   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø     ó   ó 

                          test  152   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ó   ó 

                       protein  115   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø ó   ó 

                          type  162   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòú   ó 

                          term  151   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó   ó 

                    efficiency   39   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó 

                            EU   42   òòòòòòòòòòòòòòòòòòòòòòòûòòòø                     ó 

                           GMO   73   òòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø                 ó 

                         label   91   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø             ó 

                    regulation  120   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø           ó 

                        market   96   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòòòø       ó 

                  human health   80   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó       ó 

                       subject  146   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòø     ó 

                       problem  112   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ó 

                        system  148   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø ó 

                characteristic   17   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó 

    genetically modified plant   68   òòòòòòòòòòòòòòòòòòòòòòòòòûòø                   ó ó 

                       GM food   72   òòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòòòòòø             ó ó 

                      consumer   25   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ùòòòø         ó ó 

                   Information   87   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø       ó ó 

                   Food safety   59   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòòòø   ó ó 

                        health   77   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó   ó ó 

                   improvement   86   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòø ó ó 

                       improve   85   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòú ó 

                          work  169   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó 

                        animal    4   òòòòòòòòòòòòòòòòòòòòòûòòòòòòòòòòòø             ó ó 

                         human   79   òòòòòòòòòòòòòòòòòòòòò÷           ùòòòòòø       ùòú 

                      organism  103   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ùòø     ó ó 

          genetic modification   66   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ó ó 

                       example   47   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø ó ó 

                        nature  101   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòú ó 

                     technique  149   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó 

                    assessment    5   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòø   ó ó 

     genetically modified food   69   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø ó ó 

                potential risk  111   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó ó 

                          food   58   òòòòòòòòòòòòòòòòòòòòòòòòòûòòòø               ó ó ó 

                        safety  130   òòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø           ó ó ó 

                       product  113   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø         ó ó ó 

                 biotechnology   11   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø       ó ó ó 

                    production  114   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø     ùò÷ ó 

                          safe  129   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ó   ó 

             safety assessment  131   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó   ó   ó 

                       quality  117   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòø ó   ó 

                    evaluation   44   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó   ó 

                       variety  165   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòú   ó 

                        source  139   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó   ó 

                    importance   84   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó 

                          cell   15   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòòòø     ó 

                        strain  143   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ó     ó 

                   persistence  105   òòòòòòòòòòòòòòòòòòòòòòòûòòòòòø             ó     ó 

                          soil  138   òòòòòòòòòòòòòòòòòòòòòòò÷     ùòòòòòø       ùòø   ó 

                      bacteria    7   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ùòòòø   ó ó   ó 

                      survival  147   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø ó ó   ó 

                        growth   76   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòú ùòø ó 

                       monitor  100   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó ó ó 

                Transformation  156   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó ó 

                         virus  166   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó 

                         model   99   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòø ó ó 

                        spread  142   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ó ó 

                        Hybrid   81   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòø           ó ó ó 

                Wild relatives  168   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòòòø       ó ó ó 

                       fitness   57   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø     ùòôòú 

                     frequency   60   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó     ó ó ó 

                    population  109   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòø   ó ó ó 

                          seed  134   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø ó ó ó 

                   consequence   23   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùò÷ ó ó 

                       absence    1   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ó 

                         plant  107   òòòòòòòòòòòòòòòòòòòòòûòòòòòòòø                 ó ó 

                      transgen  160   òòòòòòòòòòòòòòòòòòòòò÷       ùòòòø             ó ó 

                          gene   63   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø           ó ó 

                    expression   50   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòò÷ ùòø         ó ó 

                    transgenic  157   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ó ùòø       ó ó 

                         study  145   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó       ó ó 

                      transfer  155   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø     ó ó 

               transgenic crop  158   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú ó     ó ó 

                       species  141   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ó ó 

                    experiment   48   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú ó   ó ó 

                     introduce   89   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø ó ó 

                      Evidence   45   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú ó ó ó 

                     mechanism   97   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùò÷ ó 

                      identify   82   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú   ó 

                      function   61   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó 

                         field   55   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòø         ó 

                    laboratory   92   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø     ó 

                        pollen  108   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø   ó 

                          rate  118   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó   ó 

                       Bt corn   13   òòòòòòòòòûòòòòòòòø                           ó   ó 

                        Cry1Ab   31   òòòòòòòòò÷       ùòòòòòòòø                   ó   ó 

                            Bt   12   òòòòòòòòòòòòòòòòò÷       ùòòòòòø             ó   ó 

                        larvae   93   òòòòòòòòòòòòòòòòòòòòòòòòò÷     ùòø           ó   ó 

                           fed   53   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø         ó   ó 

        significant difference  136   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø       ùòø ó 

                 significantly  137   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø     ó ó ó 

                          feed   54   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó     ó ó ó 

                     treatment  161   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòø   ó ó ó 

                      Exposure   49   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó   ó ó ó 

                 concentration   21   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòø ó ó ó 

                    comparison   20   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó ó ó 

                         group   74   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòú ó ó 

                      response  126   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó ó 

                      activity    2   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó 

                          corn   26   òòòòòòòòòòòòòòòòòòòòòòòûòòòòòòòòòø             ó ó 

                       soybean  140   òòòòòòòòòòòòòòòòòòòòòòò÷         ùòòòòòø       ùò÷ 

                           USA  164   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ùòø     ó 

                        potato  110   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ó 

                          grow   75   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø ó 

                   field trial   56   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòú 

                          line   94   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó 

        Bacillus thuringiensis    6   òòòòòòòòòòòòòòòòòòòûòòòòòòòø                   ó 

                    resistance  124   òòòòòòòòòòòòòòòòòòò÷       ùòòòø               ó 

                     Bt cotton   14   òòòòòòòòòòòûòòòòòòòø       ó   ó               ó 

                        cotton   28   òòòòòòòòòòò÷       ùòòòòòòò÷   ùòø             ó 

                        Cry1Ac   32   òòòòòòòòòòòòòòòòòòò÷           ó ùòø           ó 

                         toxin  154   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ùòø         ó 

                          pest  106   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ùòø       ó 

                     evolution   46   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó       ó 

                     resistant  125   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø     ó 

                        insect   88   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú ó     ó 

                         China   18   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ó 

                    generation   64   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú ó   ó 

                     selection  135   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø ó 

                      strategy  144   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú ó ó 

                     reduction  119   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùò÷ 

                        factor   51   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú 

                        Report  122   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ 

 

Figure 33. Dendrogram using average linkage (within group) according to Jaccard index (keyword’s frequency ≥70) 
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Dendrogram using Average Linkage (Within Group), DICE index 
 
                                             Rescaled Distance Cluster Combine 
 
                        C A S E      0         5        10        15        20        25 
                      Label     Num  +---------+---------+---------+---------+---------+ 
 
     Genetically modified crop   67   òûòòòòòòòòòòòòòòòòòòòø 

                       GM crop   71   ò÷                   ùòòòòòòòø 

                          crop   30   òòòòòòòòòòòòòòòòòòòòò÷       ùòòòø 

                    technology  150   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø 

                        Europe   43   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó 

                      research  123   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòø 

                       science  133   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø 

                            UK  163   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó 

                          Need  102   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú 

                       benefit    8   òòòòòòòòòòòòòòòòòòòòòòòòòûòòòòòòòòòø     ùòø 

                          risk  127   òòòòòòòòòòòòòòòòòòòòòòòòò÷         ùòòòø ó ó 

           genetic engineering   65   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùò÷ ó 

                        public  116   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø 

                     knowledge   90   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú ó 

                   cultivation   33   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó 

                    assessment    5   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòø   ó 

    genetically modified plant   69   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòôòø 

                potential risk  111   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ó 

                   environment   40   òòòòòòòòòòòòòòòòòòòòòòòûòòòòòòòòòø           ó ó 

                       release  121   òòòòòòòòòòòòòòòòòòòòòòò÷         ùòø         ó ó 

                   agriculture    3   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø       ó ó 

                        impact   83   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø     ó ó 

              transgenic plant  159   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ó ó 

               risk assessment  128   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø ó ó 

          environmental impact   41   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùò÷ ó 

                  biodiversity    9   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó 

                     challenge   16   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòòòòòø ó 

             commercialisation   19   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷       ó ó 

                       country   29   òòòòòòòòòòòòòòòòòòòòòûòòòòòòòòòø             ó ó 

          developing countries   36   òòòòòòòòòòòòòòòòòòòòò÷         ùòòòø         ùòú 

                         world  170   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø     ó ó 

                        farmer   52   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø   ó ó 

                        future   62   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø ó ó 

                     Biosafety   10   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùò÷ ó 

                          Tool  153   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó 

                        animal    4   òòòòòòòòòòòòòòòòòòòûòòòòòòòòòòòø               ùòø 

                         human   79   òòòòòòòòòòòòòòòòòòò÷           ùòòòòòø         ó ó 

                      organism  103   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ùòø       ó ó 

          genetic modification   66   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø     ó ó 

                       example   47   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòòòø ó ó 

                        nature  101   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòú ó 

                      function   61   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó 

                            EU   42   òòòòòòòòòòòòòòòòòòòûòòòø                       ó ó 

                           GMO   73   òòòòòòòòòòòòòòòòòòò÷   ùòòòòòø                 ó ó 

                         label   91   òòòòòòòòòòòòòòòòòòòòòòò÷     ùòòòø             ó ó 

                    regulation  120   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø           ó ó 

                        market   96   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòòòø       ó ó 

                  human health   80   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø     ó ó 

                       subject  146   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ó ó 

                       problem  112   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó   ó ó 

                        system  148   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòø ó ó 

                characteristic   17   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó ó 

     genetically modified food   68   òòòòòòòòòòòòòòòòòòòòòòòûòø                   ó ó ó 

                       GM food   72   òòòòòòòòòòòòòòòòòòòòòòò÷ ùòòòòòø             ó ó ó 

                      consumer   25   òòòòòòòòòòòòòòòòòòòòòòòòò÷     ùòòòø         ó ó ó 

                   Information   87   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø     ó ó ó 

                   Food safety   59   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø   ó ó ó 

                        health   77   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø ùò÷ ó 

                       Concern   22   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòú   ó 

                        source  139   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó   ó 

                          food   58   òòòòòòòòòòòòòòòòòòòòòòòûòòòø                 ó   ó 

                        safety  130   òòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø             ó   ó 

                       product  113   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø           ó   ó 

                 biotechnology   11   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø         ó   ó 

                    production  114   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø       ó   ó 

                          safe  129   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø     ó   ó 

             safety assessment  131   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ó   ó 

                       quality  117   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó   ó   ó 

                    evaluation   44   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòø ó   ó 

                       variety  165   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòú   ó 

                    importance   84   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó   ó 

                          work  169   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó 

                          cell   15   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòòòø       ó 

                        strain  143   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ùòø     ó 

                Transformation  156   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó     ó 

                   persistence  105   òòòòòòòòòòòòòòòòòòòûòòòòòòòø               ó     ó 

                          soil  138   òòòòòòòòòòòòòòòòòòò÷       ùòòòòòø         ùòòòø ó 

                      bacteria    7   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ùòòòø     ó   ó ó 

                      survival  147   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø   ó   ó ó 

                        growth   76   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø ó   ó ó 

                       monitor  100   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùò÷   ó ó 

                     mechanism   97   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ó ó 

                     Detection   35   òòòòòòòòòòòòòûòòòòòòòø                         ó ó 

                           PCR  104   òòòòòòòòòòòòò÷       ùòòòø                     ùòú 

                        method   98   òòòòòòòòòòòòòòòòòòòòò÷   ùòòòø                 ó ó 

                        sample  132   òòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòòòø           ó ó 

                           DNA   37   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ùòø         ó ó 

                          test  152   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòòòø     ó ó 

                       protein  115   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø   ó ó 

                          type  162   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó   ó ó 

                          term  151   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòòò÷ ó 

                    efficiency   39   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ó 

                         model   99   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòø     ó 

                        spread  142   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó     ó 

                        Hybrid   81   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòø           ó     ó 

                Wild relatives  168   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòòòø       ó     ó 

                       fitness   57   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø     ùòòòø ó 

                     frequency   60   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó     ó   ó ó 

                    population  109   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòòòø ó   ó ó 

                          seed  134   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòú   ó ó 

                   consequence   23   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó   ó ó 

                       absence    1   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ó 

                     construct   24   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòø ùòú 

                        design   34   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ó ó 

                         plant  107   òòòòòòòòòòòòòòòòòòòûòòòòòòòø                 ó ó ó 

                     transgene  160   òòòòòòòòòòòòòòòòòòò÷       ùòø               ó ó ó 

                          gene   63   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòòòø           ó ó ó 

                    expression   50   òòòòòòòòòòòòòòòòòòòòòòòòòòòûò÷   ùòø         ó ó ó 

                    transgenic  157   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ó ùòø       ó ó ó 

                         study  145   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó       ùò÷ ó 

                      transfer  155   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø     ó   ó 

               transgenic crop  158   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú ùòø   ó   ó 

                       species  141   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó   ó   ó 

                    experiment   48   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø ó   ó 

                     introduce   89   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú ó ó   ó 

                      Evidence   45   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó   ó 

                      identify   82   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôò÷   ó 

                          line   94   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú     ó 

                         virus  166   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ó 

                       Bt corn   13   òòòòòòòûòòòòòòòø                                 ó 

                        Cry1Ab   31   òòòòòòò÷       ùòòòòòòòø                         ó 

                            Bt   12   òòòòòòòòòòòòòòò÷       ùòòòø                     ó 

                        larvae   93   òòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø                 ó 

                           fed   53   òòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòø               ó 

        significant difference  136   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø             ó 

                 significantly  137   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø           ó 

                          feed   54   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø         ó 

                     treatment  161   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó         ó 

                      Exposure   49   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòø       ó 

                 concentration   21   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó       ó 

                    comparison   20   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòø     ó 

                         group   74   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó     ó 

                      response  126   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòòòø ó 

                      activity    2   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ó 

                         field   55   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòø         ó ó 

                    laboratory   92   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø     ùòú 

                        pollen  108   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùòòòø ó ó 

                          rate  118   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ó ó 

                          corn   26   òòòòòòòòòòòòòòòòòòòòòûòòòòòòòòòø             ó ó ó 

                       soybean  140   òòòòòòòòòòòòòòòòòòòòò÷         ùòòòòòø       ùò÷ ó 

                           USA  164   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷     ùòø     ó   ó 

                        potato  110   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø   ó   ó 

                          grow   75   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòòò÷   ó 

                   field trial   56   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷       ó 

                    glyphosate   70   òòòòòòòòòòòòòòòòòòòûòòòòòòòòòø                   ó 

                     herbicide   78   òòòòòòòòòòòòòòòòòòò÷         ùòòòòòòòø           ó 

                          weed  167   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷       ùòø         ó 

                         yield  171   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø       ó 

                     effective   38   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø     ó 

                          Cost   27   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòòòø ó 

                    management   95   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó ó 

        Bacillus thuringiensis    6   òòòòòòòòòòòòòòòòòûòòòòòòòø                     ó ó 

                    resistance  124   òòòòòòòòòòòòòòòòò÷       ùòòòø                 ó ó 

                     Bt cotton   14   òòòòòòòòòûòòòòòòòø       ó   ó                 ó ó 

                        cotton   28   òòòòòòòòò÷       ùòòòòòòò÷   ùòø               ó ó 

                        Cry1Ac   32   òòòòòòòòòòòòòòòòò÷           ó ùòø             ó ó 

                         toxin  154   òòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ùòø           ó ó 

                          pest  106   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ùòø         ó ó 

                     evolution   46   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó         ùò÷ 

                     resistant  125   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø       ó 

                        insect   88   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú ó       ó 

                         China   18   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ùòø     ó 

                    generation   64   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú ùòø   ó 

                     selection  135   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó ó   ó 

                      strategy  144   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ ó   ó 

                     reduction  119   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòôòòòú 

                        factor   51   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòú   ó 

                        Report  122   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ó 

                       improve   85   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòûòòòø ó 

                   improvement   86   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷   ùò÷ 

                     technique  149   òòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ 

 

Figure 34. Dendrogram using average linkage (within group) according to Dice index (keyword’s frequency ≥70) 
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Figure 35. Multi Dimensional Scaling (MDS) on Dice Index, Cluster’s name: 1) Public, 2) Biosafety, 3) Organisms, 4) EU, 5) Soil, 6) Detection, 7) Seeds, 8) Plant/gene 9) USA, 10) 

Weed management, 11) China, 12) Technique improvement 1) Public, 2) Biosafety, 3) Organisms, 4) EU, 5) Soil, 6) Detection, 7) Seeds, 8) Plant/gene 9) USA, 10) Weed management, 

11) China, 12) Technique improvement 
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Twelve keyword’s clusters were indicated based on dendrogram according to 

Dice index. The European Union (EU) key-terms group is associated with ongoing 

debate regarding genetic modified organisms and labelling of their content in food like 

also regarding human or food safety. Term safety is incorporated between public and 

biosafety clusters. Some terms from the UE cluster like evaluation, concern, variety, tool 

and characteristic are far away from the group because these key-terms are generic one 

and probably were used also to describe other issues. 

In the biosafety cluster words are associated with developing countries, regulation and 

challenge. 

Between biosafety and the EU groups is located public cluster which merge broad 

European and British perspective. The United Kingdom (UK) is attached to the term 

safety assessment where this keyword is very often used to describe biosafety concept 

where the Great Britain is very close to. 

The USA seems to be on the cross road between safety issues and application of the 

biotechnology. This cluster links together all genetic modified species cultivated in the 

United States like soybean (in particular), corn and potato (except cotton). Also keywords 

related to studies to wild relatives, gene escape and technology development are 

associated with those plants. Keywords related to Bt application are also part of the 

American group. For instance China cluster is completely away from biosafety issues and 

focused mainly on technology application in particular insect resistant cotton (Bt-cotton). 

Detection cluster is located on the lower part of the graph with terms associated to 

technique application used to track GM contend like: Polymerase Chain Reaction (PCR) 

method, sample and DNA. 

On the bottom right close to the EU, public and detection terms are blended with 

technique improvement cluster. 

On the upper part of the diagram is located weed management cluster associated with 

yield, glyphosate (herbicide) and cost. 

The random character of keywords associated with organism, soil, seed and study 

clusters can be explained because of similar terminology used to describe different 

biosafety aspects. 
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Figure 36. Principle Component Analysis (PCA). Axes are dividing graph on four parts: A) Technology development, B) Technology application, C) Safety, D) Risk. Cluster’s name: 1) Bt, 

2) Cotton, 3) Application: herbicide resistance, 4) Application: virus resistance, 5) Detection, 6) Biosafety, 7) Public, 8) European Union (EU) 
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Axis is dividing the graph to four parts A) associated with technology 

development B) field trials and application C) associated with safety issues; and D) 

regarding risk and risk assessment. Generally left part of the diagram is associated with 

technology application where right part is related to broad biosafety aspects. To better 

focused association among keywords clusterisation based on Dice index was applied the 

same as used to create MDS diagram according Dice index. 

All selected keywords seem to be build gradient from technology development through 

field application to risk assessment and broad safety issues to the consumer choice on the 

end. 

This research is focused on four main players (USA, EU, UK and China) in 

biosafety domain based on keywords frequency where international debate tend to be 

more concentrate on American and European contradictions. For instance China is 

located in part A of the diagram orientated on technology development linked with insect 

resistant cotton with Bacillus thuringiensis inserted gene. The USA is almost attached 

with soybean’s key-term and is part of the same cluster mostly located on the left part of 

the diagram representing technology application. The USA is also on the same cluster 

encompassing Bt plants grew in the North America. However the United States key-term 

is located in the safety part of the diagram, what can suggest that several articles where 

published focusing also this aspect of the research or maybe voice in discussion have 

been taken. On other hand the UK is very close to words from the same cluster like 

environmental impact, biodiversity and concern all of them are located in the part of the 

graph dedicated to risk and risk assessment, what could be related to the broad public 

debate regarding possible harm of GMOs and effect into biodiversity. This could be a 

sign of the scientific response to questions raised by the public. Europe is very close 

associated with regulation food safety, safety and public opinion and this is on the border 

with the European Union cluster. The EU is on the end of the gradient close to issues 

relating to labelling, market, biotechnology safety and consumers. 
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Ward su 1-r (ps70) 
 Dendrogram using Ward Method 
 
                                     Rescaled Distance Cluster Combine 
 
          C A S E            0         5        10        15        20        25 
  Label                 Num  +---------+---------+---------+---------+---------+ 
 
  95 Cry1Ab              31   òø 

  115 larvae             93   òú 

  95 Bt                  12   òú 

  153 Bt corn            13   òú 

  320 Bacillus thuring    6   òôòø 

  94 toxin              154   òú ó 

  70 Exposure            49   òú ó 

  106 laboratory         92   ò÷ ó 

  82 fed                 53   òø ùòòòø 

  122 significant diff  136   òú ó   ó 

  111 significantly     137   òú ó   ó 

  104 treatment         161   òú ó   ó 

  115 comparison         20   òôò÷   ó 

  262 test              152   òú     ó 

  258 corn               26   òú     ó 

  89 feed                54   òú     ùòòòòòòòø 

  88 group               74   ò÷     ó       ó 

  74 glyphosate          70   òø     ó       ó 

  74 yield              171   òôòòòø ó       ó 

  71 Cost                27   òú   ó ó       ó 

  256 USA               164   òú   ó ó       ó 

  134 soybean           140   ò÷   ó ó       ó 

  109 insect             88   òø   ùò÷       ó 

  122 pest              106   òú   ó         ó 

  273 resistance        124   òú   ó         ó 

  83 resistant          125   òú   ó         ó 

  93 evolution           46   òôòòò÷         ó 

  112 Bt cotton          14   òú             ó 

  76 Cry1Ac              32   òú             ó 

  169 cotton             28   òú             ó 

  80 China               18   ò÷             ó 

  130 Detection          35   òø             ó 

  116 PCR               104   òú             ó 

  99 sample             132   òôòòòø         ùòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòø 

  109 DNA                37   òú   ó         ó                                 ó 

  230 method             98   ò÷   ó         ó                                 ó 

  88 concentration       21   òø   ó         ó                                 ó 

  132 survival          147   òú   ùòø       ó                                 ó 

  124 growth             76   òú   ó ó       ó                                 ó 

  102 strain            143   òú   ó ó       ó                                 ó 

  93 activity             2   òú   ó ó       ó                                 ó 

  96 persistence        105   òôòòò÷ ó       ó                                 ó 

  162 soil              138   òú     ó       ó                                 ó 

  90 bacteria             7   òú     ó       ó                                 ó 

  84 cell                15   òú     ó       ó                                 ó 

  81 construct           24   òú     ó       ó                                 ó 

  76 Transformation     156   ò÷     ó       ó                                 ó 

  77 fitness             57   òø     ó       ó                                 ó 

  105 frequency          60   òú     ó       ó                                 ó 

  99 Hybrid              81   òú     ó       ó                                 ó 

  84 wild relative      168   òú     ó       ó                                 ó 

  143 seed              134   òú     ùòòòòòòò÷                                 ó 

  475 gene               63   òú     ó                                         ó 

  340 transgene         157   òú     ó                                         ó 

  108 consequence        23   òôòòòø ó                                         ó 

  94 spread             142   òú   ó ó                                         ó 

  305 crop               30   òú   ó ó                                         ó 

  221 transgenic crop   159   òú   ó ó                                         ó 

  168 population        109   òú   ó ó                                         ó 

  165 species           141   òú   ó ó                                         ó 

  130 model              99   òú   ó ó                                         ó 

  112 herbicide          78   òú   ó ó                                         ó 

  75 weed               167   òú   ó ó                                         ó 

  71 management          95   ò÷   ó ó                                         ó 

  150 experiment         48   òø   ó ó                                         ó 

  192 transgenic        158   òú   ó ó                                         ó 

  126 pollen            108   òú   ùò÷                                         ó 

  527 study             145   òú   ó                                           ó 

  238 field              55   òú   ó                                           ó 

  128 Evidence           45   òú   ó                                           ó 

  83 line                94   òú   ó                                           ó 

  86 absence              1   òôòø ó                                           ó 

  148 grow               75   òú ó ó                                           ó 

  99 rate               118   òú ó ó                                           ó 

  80 effective           38   òú ó ó                                           ó 

  83 potato             110   òú ó ó                                           ó 

  92 reduction          119   òú ó ó                                           ó 

  104 response          126   ò÷ ó ó                                           ó 

  104 selection         135   òø ùò÷                                           ó 

  123 strategy          144   òú ó                                             ó 

  123 generation         64   òú ó                                             ó 

  92 mechanism           97   òôòú                                             ó 

  84 virus              166   òú ó                                             ó 

  530 plant             107   òú ó                                             ó 

  387 transgenic plant  160   òú ó                                             ó 

  258 expression         50   òú ó                                             ó 

  149 transfer          155   òú ó                                             ó 

  73 function            61   ò÷ ó                                             ó 

  156 monitor           100   òø ó                                             ó 

  235 release           121   òú ó                                             ó 

  132 identify           82   òú ó                                             ó 

  105 Report            122   òú ó                                             ó 

  111 field trial        56   òôò÷                                             ó 

  70 designe             34   òú                                               ó 

  78 efficiency          39   òú                                               ó 

  155 introduce          89   òú                                               ó 

  121 type              162   òú                                               ó 

  118 variety           165   òú                                               ó 

  202 protein           115   ò÷                                               ó 

  182 consumer           25   òø                                               ó 

  84 GM food             72   òú                                               ó 

  150 genetically modi   68   òú                                               ó 

  169 EU                 42   òú                                               ó 

  141 label              91   òú                                               ó 

  86 market              96   òú                                               ó 

  406 GMO                73   òú                                               ó 

  193 regulation        120   òú                                               ó 

  123 Europe             43   òú                                               ó 

  82 safe               129   òôòòòòòø                                         ó 

  244 safety            130   òú     ó                                         ó 

  358 food               58   òú     ó                                         ó 

  220 product           113   òú     ó                                         ó 

  93 food safety         59   òú     ó                                         ó 

  119 genetic modifica   66   òú     ó                                         ó 

  128 Information        87   òú     ó                                         ó 

  95 quality            117   òú     ó                                         ó 

  94 subject            146   òú     ó                                         ó 

  76 safety assessment  131   ò÷     ó                                         ó 

  128 assessment          5   òø     ó                                         ó 

  124 evaluation         44   òú     ó                                         ó 

  88 source             139   òú     ó                                         ó 

  80 system             148   òôòø   ó                                         ó 

  76 work               169   òú ó   ó                                         ó 

  121 Concern            22   òú ó   ó                                         ó 

  116 need              102   òú ó   ó                                         ó 

  75 knowledge           90   òú ó   ùòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòòò÷ 

  103 factor             51   òú ó   ó 

  94 term               151   òú ó   ó 

  96 importance          84   ò÷ ùòø ó 

  174 genetic engineer   65   òø ó ó ó 

  269 production        114   òú ó ó ó 

  130 problem           112   òú ó ó ó 

  90 improvement         86   òú ó ó ó 

  84 improve             85   òú ó ó ó 

  80 tool               153   òú ó ó ó 

  79 technique          149   òôò÷ ó ó 

  72 potential risk     111   òú   ó ó 

  393 risk              127   òú   ó ó 

  171 agriculture         3   òú   ó ó 

  355 environment        40   òú   ó ó 

  154 Biosafety          10   òú   ó ó 

  129 animal              4   òú   ó ó 

  112 human              79   òú   ó ó 

  73 characteristic      17   òú   ùò÷ 

  119 genetically modi   69   òú   ó 

  124 example            47   òú   ó 

  88 organism           103   òú   ó 

  75 nature             101   ò÷   ó 

  77 health              77   òø   ó 

  81 human health        80   òú   ó 

  90 public             116   òú   ó 

  93 science            133   òú   ó 

  222 biotechnology      11   òú   ó 

  129 country            29   òôòø ó 

  92 developing countr   36   òú ó ó 

  93 world              170   òú ó ó 

  95 farmer              52   òú ó ó 

  84 challenge           16   òú ó ó 

  77 commercialisation   19   òú ó ó 

  168 benefit             8   òú ùò÷ 

  209 technology        150   òú ó 

  206 research          123   òú ó 

  115 future             62   ò÷ ó 

  225 genetically modi   67   òø ó 

  125 GM crop            71   òú ó 

  74 UK                 163   òôò÷ 

  71 biodiversity         9   òú 

  75 environmental imp   41   òú 

  282 impact             83   òú 

  185 risk assessment   128   òú 

  76 cultivation         33   ò÷ 

 

Figure 37. Dendrogram using Ward method (keyword’s frequency ≥70) 
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Figure 38. Multi Dimensional Scaling (MDS) on correlation matrix, Cluster’s name: Cluster’s name: 1) Bt, 2) Cotton, 3) Application: herbicide resistance, 4) Application: virus resistance, 

5) Detection, 6) Biosafety, 7) Public, 8) European Union (EU)
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Figure 38 shows correlation between keywords and closer proximity of the points 

in the figure indicates characteristics. Clusters were identified using dentrogram and eight 

groups were indicated. The second method in particular is useful to focus synonyms or 

words with the similar concept. 

The European Union is associated with human health, food safety consumer protection. 

The USA is also a part of the grey cluster less associated with the EU. China is associated 

to the cotton cluster, what confirmed previous results. 

The United Kingdom is associated with words related to debate of usefulness – benefits 

and costs of GMOs, or commercialisation and farm aspects. Public opinion in the Great 

Britain play important role and this was also emphasised in that cluster. Europe is very 

close to biosafety domain which encompassing issues like risk assessment, biodiversity, 

concern nature and the environment. 

Clusters nr 3 and nr 4 seems to be successively orientated to technology development or 

application regarding herbicide and virus resistant plants. 

Blue cluster is related to insect resistant of transgenic plants with inserted Bt-gene. In this 

cluster is possible to find words related to safety investigations regarding persistence of 

gene elements in the soil and impact into soil bacterial flora. This cluster is also 

associated with studies regarding effects of Bt plants on non-target organisms. On the 

bottom part of the diagram is located detection cluster with terms associated to tracability 

of the GM content like: PCR method, sample and DNA. 
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5. Discussion 
 

 

5.1. The general analysis of trends and its significance in the biosafety research 
 

The ICGEB Biosafety Bibliographic Database (BBD) is updated monthly and in 

September 2006 the database contained 5.768 records of scientific articles published 

mostly in international, peer-reviewed journals since 1990. In the last decade it has been 

seen dramatically increase of biosafety scientific literature focused on transgenic 

organisms (Bartsch and Schuphan, 2002; Vain, 2006). This trend is continually growing, 

except year 2005 (Figure 11). Regarding this particular year situation would change due 

to delay of publisher’s submission of bibliographic information to the CABI. 

Modern plant biotechnology in 1986 achieved success by creating insect resistant 

transgenic tobacco and tomato with incorporated Bt-gene derived from Bacillus 

thuringiensis (Twardowski and Kwapich, 2001). In 1994 Genetech Calgen, USA for a 

first time commercialise Genetic Modified (GM) tomato FlavrSavr® with altered 

ripening trait. Companies from North-America, Australia and several European countries 

were very active in developing industrial applications from plant genetic in the mid 90’s 

(Dalpé, 2002). These facts created a scientific moderate activity, manifested in number of 

publications with slowly decreasing trend (Figure 11). Comparison of peer-reviewed and 

non peer-reviewed annual publication patterns (Figure 11 and Figure 19) emphasize 

significant difference in publications regarding years 1994-1998. This period was 

characterised in development of policy initiatives in several areas of biotechnology from 

reproductive technologies through GM foods to intellectual property rights (Gaskell and 

Bauer, 2001a). In particular European Union (EU) for this period continued to frame the 

debate surrounding biotechnology in mainly scientific and economic terms (Grabner et 

al., 2001). The Common Market project drove the EU to harmonise its rules in order to 

overcome the regulatory divergence in its member states. However, this proved to be 

more difficult than expected and inspire profoundly varied debate across Europe 

(Grabner et al., 2001). This period was fruitful for non peer-reviewed activity like 

conference proceedings and reports respect scientific publications. Numerous 

conferences considered non-scientific mater like policy, legislation and ethics however 

that drafted a frame for future development of plant biotechnology in the next years. 

The year 2000 was a turning point with explosion of biosafety scientific 

publications (Figure 19). 

This happened mainly because two controversial laboratory studies were come out: 
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Dr. Pusztai states that rat’s diet containing genetically modified (GM) potatoes had 

harmful effects on different parts of the gastrointestinal tract. Some effects, such as the 

proliferation of the gastric mucosa, were mainly due to consumed transgenes. (Ewen and 

Pusztai, 1999). 

On other hand Dr. Losey found harmful effects on a non-target species. Monarch 

butterfly larvae were harmed when their host plant was intensively dusted with Bt maize 

pollen. (Losey et al., 1999). This result focused that risk assessment evaluation must pay 

attention also to non-target organisms. 

These two studies emerged all scientific community and contribute to rapid 

growth of biosafety research activity (Figure 19 and Figure 20). Repeated investigation 

by other scientists not confirmed previous relevance. Results were discarded mainly 

because of violence to strict scientific manner. 

But these cases open a “Pandora box” therefore create a furious media debate and NGOs 

activism with antiglobalisation attitudes (Bauer et al., 2001; Cook et al., 2006). While for 

scientific society situation was clear, for the public opinion was not resolved yet. Events 

not directly related to safety of GMOs was associated with them like the Bovine 

Spongiform Encephalopathy (BSE) along with other food scandals (dioxin) or on-going 

ethical debate rose after the cloning of Dolly the sheep (Grabner et al., 2001). In 2000 the 

U.S. food supply was contaminated with StarLink® corn approved for use only in animal 

feed and UK imports of rape seeds contained GMOs, which farmers planted unwittingly 

in their fields; did not increase public acceptance to transgenic plants. 

These concerns only increased a fear which evolved into opposition and the GM debate 

became public and political. Industries and governments were held responsible by a 

sceptical public (Gaskell et al., 2003a). 

 

Media has the greatest effect on public acceptance and safety assessment is the 

most crucial part to overcoming public mistrust (Nishiura et al., 2002). 

Several studies were conducted how mass-media report agrobiotechnology and what is 

the impact to public opinion (Bauer et al., 2001; Byrne et al., 2002; Marks et al., 2003; 

Kalaitzandonakes et al., 2004; Bains, 2006; Cook et al., 2006). Media often focused on 

environmental risks rather than benefits of GM plants. The United Kingdom press 

created more critical overview on plant biotechnology than position presented in the USA 

(Marks et al., 2003). Broad and often negative media coverage of modern biotechnology 

only raised a public awareness. Data from the Eurobarometer survey carried out in 

November 1999 suggest that Europeans have become opposed to genetically modified 

(GM) foods (Gaskell et al., 2000). 
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Today also the Internet is used in all spheres of life for exchange of information 

(Ding et al., 2000a) as well as medium for relevant public activity. The results 

demonstrated in the chapter regarding mapping of biosafety Internet resources focused 

that a large number of biosafety webpages are mostly dedicated to policy-makers, 

regulators, and academics, rather than being in a format easily accessible to the 

population at large (Lewandowski et al., 2006a, 2006b). This status could also affect 

understanding and acceptance of the achievements of the modern biotechnology by the 

broad public. 

Media annual pastern shows rapid increase of biotechnology coverage after 1996 

(Bauer, 2005) and notified explosion in years 1999-2003 therefore number of articles 

decreased (Marks et al., 2003; Bains, 2006), where the scientific biosafety domain is 

continuously expanding (Figure 19). Different in annual patterns focused ephemeral 

character of daily press rather than aspiration to thoroughly recognition. 

Social values and attitudes, of course, influenced government regulations 

(Kalaitzandonakes, 2000b). Critical approach of the public opinion towards GM crops in 

the EU led to tighter regulation (Cantley et al., 1999), what also affected - directly or 

indirectly the scientific domain. The situation related to plant biotechnology could be 

influenced by variation in public funding policies and the dynamism of the private 

Agrobiotechnology sector (Vain, 2007). 

 

In the case of GM food European consumers became decisive to policy-makers both on 

the national and international level (Grabner et al., 2001). 

It was emphasised by the European Commission, offering financial support to 

conduct biosafety research projects e.g. Life Sciences in European Society. On the other 

hand public opinion forced restrictive policy and in 1998, six European member 

countries installed a “de facto” moratorium, stopping all new product approvals until the 

existing legislation governing questions relating to environmental monitoring, 

traceability, and labelling were revised (Tencalla, 2006). Today the restrictive approach 

to GM plants is continuing in some EU member countries like Austria, Italy and Poland. 

Biosafety research merges knowledge and expertise from a wide range of 

different scientific disciplines. Several peer –reviewed journals playing a pivotal role on 

the biosafety research field (Table 5) and remained deeply rooted in their original 

disciplinary community (entomology, molecular biology, population biology and 

ecology, plant breeding and genetics, microbial ecology, phytopathology, food and feed 

sciences…) that provides most of the publication space (Bonneuil et al., 2004). 
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Number of records stored in the BBD selected according to “Topics of Concern” (Table 6 

and Figure 20) confirms that biosafety consolidates maters like: Human and Animal 

safety, Environment, Agriculture, Horizontal Transfer, General Concerns, Genetic 

Modified Micro-organisms (GMM) and Aquaculture (ACQ).  

General Concern is the most numerous biosafety issue because encompass many 

different scientific and non-scientific aspects in particular public opinion, regulation, 

policy, legislation, socio-economics issues coexistence, GMO detection, and etc. 

During recent sixteen years (considered for the investigation), have been shown 

that several biosafety issues demonstrate vibrant gradients. The year 2000 was a turning 

point (GM food safety and Monarch butterfly controversy) for all topics due to rapid 

growth. In particular trend related to Human Health, after peak in 2002 activity 

successively decreased (Figure 20). Noteworthy is fact that the total number of records 

referred to environment is substantially higher than related to human and animal safety 

(Figure 20). Explanation could be that the scientific consensus regarding health safety 

was found or maybe the subject was explored enough. Topic related to biosafety aspects 

of GM fish (Aquaculture) is not wide represented in the BBD, where Genetic Modified 

Micro-organisms (GMM) notified a big interest in 1994 but thereafter publications in the 

topic became minimal. 

 

5.2. Data-mining studies on the biosafety research 
 

Our original hypothesis was that internet exploration and the use of the data-

mining techniques will allowed us/helps to better understand the interactions, correlations 

and influences in the biosafety domain. This idea was deeper generated considering the 

advanced statistical methods. 

Data-mining studies on descriptors and keywords extracted from the Biosafety 

Bibliographic Database focused biosafety research much more profoundly than simple 

statistics methods. Evaluation on descriptors was subjective because descriptors are 

chosen and classified by the CAB International and based on own controlled hierarchical 

thesaurus. To eliminate inconsistency, variation and experimental errors another data-

mining approach was employed to generate keywords by BibTechMon scientometrics 

software. But still descriptor’s investigation was valuable and complementary respect 

second - keywords approach.  
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5.2.1. Significance of descriptors approach 
 

On the Multidimensional Scaling (MDS) knowledge map (Figure 16) several 

specie’s names was associated with family names together with biosafety concerns 

related to those organisms. 

Principle Component Analysis (PCA) (Figure 17) shows interesting results dividing 

graph in two concepts: the first one is orientated into plants – flora, where the second is 

focused on human animal issues - fauna. Human part was concentrated on its activity like 

ethics, public attitudes, safety and biodiversity in general, where plants section are 

focused on technology development biosafety concerns related to genetic modified 

plants. 

 

 

5.2.2. Significance of keywords approach 
 

 The second approach was based on keywords extraction from titles and abstract 

of peer-reviewed publications stored in the BBD (Figure 23). This advanced statistical 

methods lies in the objective and automated way of analysing the information, in the 

amount of publications which can be considered at once and in the manifold possibilities 

of analysing and visualising information (Noll et al., 2002). Visualisations of keywords 

relation with the use of the BibTechMon and the SPSS software confirm trends and 

interactions among them. Several different methods and algorithms were applied. If the 

results obtained by different algorithms suggest similar composition and clusters, is a 

good reason to assume that there is some real tendency in the data towards grouping 

(Podani, 1994). Keywords approach with the use of several multivariate statistics 

methods by the BibTechMon and the SPSS software confirmed not only biosafety issues 

related to particular organisms but show also country/regional perspective. (Figure 31, 

Figure 35, Figure 36 and Figure 38) 

 

5.2.2.1. Continents / countries - potential trends and contrasts 
 

This research is focused on four main players (USA, EU, UK and China) in 

biosafety domain based on frequency of keywords co-occurrence where international 

debate tend to be mostly concentrate on American and European contradictions (Gaskell 

et al., 2001c; Murphy et al., 2006). 
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5.2.2.1.1. Europe / EU 
 

However Biosafety research shows contrasted patterns in the USA and the EU 

(Bonneuil et al., 2004). The European Union is associated with human health, food safety 

consumer protection what is an effect of several food scandals in mid 90’s in Europe, 

what generated a context of distrust towards policy-makers, industry, and scientists 

(Tencalla, 2006). Europe is very close to biosafety, regulation, risk assessment, 

biodiversity, environment and nature. 

The EU is also associated to labelling of GM content in food (Bonneuil et al., 

2004) (Figure 35 and Figure 36) The EU, Japan and Korea introduced mandatory 

labelling for agrobiotechnology products (Kalaitzandonakes, 2000a). 

Europe is very close associated with human health, safety and food safety, where extra 

research has been funded by the EU to clarify uncertainties (Levidow and Carr, 2005a). 

Public opinion plays in the EU very significant role; several scientific investigations were 

conducted including Eurobarometer activity to investigate causes of GM technology 

public resistance phenomenon (Gaskell et al., 2000; Gaskell et al., 2001b). Stimulated by 

public protest against agbiotech, several governments blocked the EU regulatory 

procedure in June 1999: in response, the EU institutions developed a new policy 

framework, incorporating more diverse accounts of expertise and scientific uncertainty 

(Levidow et al., 2005b). The EU is also associated with terms market, biotechnology, 

consumer and GMO – an acronym mostly used in European publications. 

 
5.2.2.1.1.1. United Kingdom 
 

Public opinion especially in the Great Britain play important role and this was 

emphasised also in association focused in MDS and PCA knowledge maps (Figure 35 

and Figure 36). The public debate in the UK started in 1994 as a first national consensus 

conference on plant biotechnology. Afterwards the British government on 3 June, 2003 

launched sponsored debate on genetically modified crops, “GM Nation?”, with the 

intention of promoting a wide-ranging and effective public debate that went beyond the 

often polarized views in order to find out what people really think about genetic 

modification (Gaskell et al., 2003b). 

The United Kingdom is associated with words relating to debate of usefulness – benefits 

and costs of GMOs commercialisation especially farm application. PCA (Figure 36) 

shows that the UK is linked to terms environmental impact, biodiversity, concern all of 
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them are located in part of the graph dedicated to risk. However risk aspect was strongly 

presented in British mass-media (Marks et al., 2003; Cook et al., 2006). Public survey 

conducted in the UK demonstrated that people who think that GM ingredients in foods 

pose risks or uncertainties are unlikely to be persuaded without some counterbalancing 

perception of benefits (Gaskell et al., 2003a). Several associated terms focused that the 

UK scientific approach is correspond to main question raised during public debate that 

could be a scientific feedback to public enquiries. 

 

5.2.2.1.2. United States 
 

The USA is associated with Bt plants grew in the North America like soybean, corn and 

potato, where could be a sign of study related to wild relatives, gene escape and 

technology development. Soybean is very close associated with the USA because this 

country is the major grower of transgenic soy, in 2005 was planted 26 million hectares 

(James, 2006). Keywords related to Bt application are also part of the American group. 

However in PCA (Figure 36) The USA term is located in the safety part of the diagram, 

what can suggest that several articles where published focusing also this aspect of the 

research or maybe voice in discussion have been taken. The USA is related technology 

application regarding Bt plants and concern related to those transgenic organisms. The 

United States has adopted more permissive approval policy and has not required labelling 

on GM content. Biotechnology policy in the United States has been affected by pro-

biotechnology coalition represented by producers and farmers (Bernauer and Meins, 

2003). Public attitudes could be also helpful to explain bias between Europe and the 

United States especially trust in the regulatory authorities is much higher in the United 

States than in Europe (Gaskell et al., 1999). 

However the United States in MDS evaluation conducted on correlation matrix (Figure 

38) is presented in the same cluster with the European Union (but very far), where China 

is a part the cluster related to Bt cotton. 

 

5.2.2.1.3. China 
 

China is completely away from biosafety and public aspects, focused mainly on 

technology application in particular insect resistant cotton with Bacillus thuringiensis 

inserted gene (Figure 35 and Figure 38). During the past decade was sustained expansion 

of scientific literature in North America and dramatic increase in Asia (Vain, 2005) in 

particular in China which demonstrated growth in both transgenic technology 
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development and their applications (Vain, 2006). Commercialisation of Bt cotton in 

China was very often reported as a beneficial due to increase yield per hectare, reduction 

of pesticide, time spent spraying dangerous pesticides, and illnesses due to pesticide 

poisoning (Pray et al., 2002; Brookes and Barfoot, 2006). 

In consequence of strict European political and regulatory frameworks, companies and 

even public bodies have found it to be effectively impossible to conduct research or 

development with any real prospect of bringing a product to market in Europe in a timely 

fashion. This has led to biotech companies closing their European operations and moving 

research and development (R&D) facilities to other world areas such as the USA, Japan, 

and China where long term strategies for exploiting the potential of plant genomics and 

strengthening the positions in related markets are in place (Tencalla, 2006).  

 

5.2.2.2. Other associations 
 

Detection cluster presented in MDS (Figure 35 and Figure 38) is located on the 

lower part of the graph with terms associated with technique application used to track 

GM contend like: PCR method, sample and DNA. Very low GM tolerance standards 

applied in the EU have translated into reformulation of processed foods to remove 

biotechnology products or their derivatives and to identity-preserved or traceable supply 

chains to assure the absence of such products (Kalaitzandonakes, 2000a). 

Interesting is also to find (Figure 35 and Figure 38) that similar words or terms 

representing similar concept like genetic modified food transgenic plants, transgene or 

GMO are very often associated with completely different clusters what giving an idea 

that is linked with specific terminology or countries. 

Further studies with the use of data-mining techniques would be necessary to 

deeply identify association and trends in the biosafety research. 
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5.2.3. Future trends and perspectives in the field of biosafety research 
 

This study focused regional contrast between approaches to GMOs different 

countries has different regulatory approach and different social problems. Biosafety 

research is strongly correlated with public opinion, public attitudes, government policy 

and law, but that it is extremely difficult to unambiguously state which domain drives or 

leads the others. Interactions between modern biotechnology stakeholders particularly in 

Europe were very dramatic. For instance NGOs activists block or even destroy field trials 

of GM crops; secondly regulators create national bans on GM products that had already 

gained EU-wide approval; court hearings on the legal status of regulatory decisions and 

of protest actions; food-chain operators under pressure to label products as ‘GM’ or else 

to substitute alternative ingredients; member states voting on whether to approve new 

GM products; public debates over alternative forms of agriculture and R&D priorities; 

and mass-media reports on such issues (Levidow et al., 2005b). The large number of 

biosafety online resources are mostly dedicated to policy-makers, regulators, and 

academics (Lewandowski et al., 2006a, 2006b) therefore creation of easy accessible, 

comprehensive and user friendly internet portals orientated to public may increase 

acceptance to modern biotechnology. 

However GMOs associated with controversies and public doubts still can be seen 

as a beneficial for many reasons. For instance GM technology can be advantageous to 

environment with the use of bioremediation of contaminated soils and waters may return 

wastelands to agricultural practices. Hazardous materials can be effectively degraded or 

removed from soil or water by microbial and/or plant treatment (Tengerdy and Szakacs, 

1998). 

GM plants can be also seen as way to food security for poor and developing 

countries. The global demand and potential welfare gains from agriculture biotechnology 

is great as ever. Worldwide average grain yield have stagnated in recent decade 

(Unnevehr, 2004). Successful commercialisation of GM crops in China, India and South 

America can encourage other developing countries to apply agrobiotechnology on their 

territory. 

Public-funded research in the developed world should take an active interest in 

supporting the responsible adoption of GM crops in the developing world. Each crop and 

transgene combination needs a close examination for its potential to benefit the poor. If 

this can be done, and biosafety issues are addressed, GM crops have considerable 

potential for helping to provide food security for the world’s rapidly growing population 

(Atkinson et al., 2001). 
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Even when the current biosafety debate has reached some scientific consensus, 

there will be a need for continued focus on biosafety research for at least two reasons. 

The currently available GMOs are modified for relatively simple traits, both genetically 

and phenotypically. When far more complex traits, such as resistance to salinity or 

drought, or modifications of entire metabolic pathways, are ready for evaluation, the 

scientific biosafety issues will likely be correspondingly complex. Also, public 

involvement in the decision-making process for commercial release of GMOs may 

deepen or spread to other environmental applications of biological technologies (Tepfer 

et al., 2002). 
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Appendix 1 
 

Descriptors used by the CABI to selection records for Biosafety Bibliographic 
Database (BBD) 

 
 
------------------------------------------------------------------ 
$Bios1 
$Bios2 
$Bios3 
$Bios4 
$Bios5 
 
(((#BIOS1 AND (#BIOS2 OR #BIOS3 OR #BIOS4 OR #BIOS5)) 
and not sf=p5) 
and yr=(2000 or 2001 or 2002)) 
 
DSSave:Bios 
----------------------------------------------------------------- 
Bios1 
 
DE;ET;AB=(transgene OR transgenes OR transgenic OR 
transgenics OR "genetically modified" OR 
genetically-modified  OR "genetically engineered" OR 
"genetically manipulated" OR "genetically transformed" OR 
gmo OR gmos OR "living modified" OR lmo OR lmos OR "novel 
traits" OR "novel food" OR "novel foods" OR "new food" OR 
"new foods" OR "GM food" OR "GM foods" ) 
 
DSSave:Bios1 
----------------------------------------------------------------- 
Bios2 
 
DE;ET;AB=(biosafety OR safety OR "risk assessment" OR "risk 
evaluation"  OR "hazard evaluation" OR "risk management" OR 
"environmental release" OR "environmental releases" OR 
"field release" OR "field releases" OR "deliberate emission" 
OR "deliberate emissions" OR "deliberate release" OR 
"deliberate releases") 
 
 
DSSave:Bios2 
----------------------------------------------------------------- 
Bios3 
 
DE;ET;AB=(toxic OR toxicity OR toxicology OR toxicological 
OR toxin OR toxins OR toxin-producing OR "food safety" OR 
"food quality" OR "transgenic food"  OR "transgenic feed" OR 
"health risk"  OR "health risks" OR "risk to human health" 
OR "risk to animal health" OR "health hazard" OR "health 
hazards" OR "genetic hazard" OR "genetic hazards" OR 
"environmental health" OR "environment health" OR allergy OR 
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allergies OR allergic OR allergenic OR hypoallergenic OR 
allergenicity OR allergen OR allergens OR 
"antibiotic-resistance" OR "drug resistance" OR "antibiotic 
resistant" OR  "drug resistant") 
 
DSSave:Bios3 
----------------------------------------------------------------- 
Bios4 
 
DE;ET;AB=("environmental impact" OR "environmental impacts" 
OR "environmental risk"  OR "environmental risks" OR 
invasive OR invasiveness OR persistent OR persistency OR 
persistence OR fitness OR volunteer OR volunteers OR "wild 
relative" OR "wild relatives" OR nontarget OR non-target OR 
"non target" OR "gene instability" OR "gene silencing"  OR 
"resistance management" OR "weed control" OR "weed 
management"  OR "nutritional value" OR biodiversity OR 
"field trial" OR "field trials" OR "scale trial" OR "scale 
trials" OR "field test" OR "field tests" OR labelling OR 
"substantial equivalence" OR "precautionary principle" OR 
"precautionary approach" OR "cartagena protocol") 
 
DSSave:Bios4 
----------------------------------------------------------------- 
Bios5 
 
DE;ET;AB=("horizontal gene" OR "horizontal transfer" OR 
"horizontal dna" OR "genetic pollution" OR "gene flow"  OR 
"gene exchange" OR "gene dispersal" OR "dna dispersal" OR 
"pollen dispersal" OR "seed dispersal" OR "escape" OR "dna 
uptake" OR  encapsidation OR transcapsidation OR 
heteroencapsidation OR "transgenic complementation") 
 
DSSave:Bios5 
----------------------------------------------------------------- 
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Appendix 2 
 

TOPICS OF CONCERN 
Biosafety issues related to the Environmental Release of Genetically Modified Organisms 

 
Risks for animal and human health: 

- Toxicity & Food/feed quality/safety (feed issues do not include generic GM pollen) 
- Allergies 
- Pathogen drug resistance (antibiotic resistance), impact of selectable marker 

 
Risks for the environment: 

- Persistency of gene or transgene (volunteers, increased fitness of GM crop, invasiveness) or of 
transgene products (accumulative effects) 

- Susceptibility of non-target organisms 
- Change in use of chemicals in agriculture 
- Unpredictable gene expression or transgene instability (silence gene)  
- Environmentally-induced (abiotic) changes in transgene expression 
- Ecological fitness 
- Changes to biodiversity (interference of tri-trophic interactions) 
- Impact on soil fertility/soil degradation of organic material 

 
Risks for agriculture: 

- Resistance/Tolerance of target organisms 
- Weeds or Superweeds 
- Alteration of nutritional value (attractiveness of the organism to pests) 
- Change in cost of agriculture 
- Pest/Weed management 
- Unpredictable variation in active product availability 
- Loss of familiarity/changes in agricultural practise 

 
General concerns: 

- Detection and analytical methods (food contamination/admixture ± legislation) 
- Ethical issues (labelling) 
- Substantial equivalence 
- Risk assessment/ Risk management 
- Biosafety (general view) 
- Public attitudes, perception 
- Legislation (incl. liability & redress) 
- Monitoring 
- Socio-economics (situation of poor farmers in developing countries) 
- IPR (Intellectual Property Rights) 
- GM traceability / commodity segregation 
 

Horizontal gene transfer: 
- Genetic pollution through pollen or seed dispersal & horizontal gene transfer (transgene or 

promoter dispersion) 
- Transfer of foreign gene to micro-organisms (DNA uptake) or generation of new live viruses by 

recombination (transcapsidation, complementation, etc.) 
 

Genetically Modified Micro-organisms 
 
Aquaculture 
 
 -  Co-existence – depending upon the context, could be classified as Risk for Agriculture (higher costs) 
    General Concern (legislation), or Horizontal gene transfer (gene flow) 
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Appendix 3 

 
Eliminated terms and phrases 
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Appendix 4 
 

Published version of the Chapter 1 
 
 
 
 
 

GMO Databases: An Overview and Analysis of Internet Resources 
 
 
 
 

Lewandowski R, Degrassi G, Ripandelli D, Craig W (2006a) Bancos de dados de 
OGMs: visão geral e análise dos recursos da internet. Coodetec, Cascavel, Brazil 
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