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Abstract 
The discovery of the DNA structure in the middle of the last century revolutionized the way we 
understand life and promised to change the practice in modern society. The following discovery of a 
recombinant DNA technique opened the gateway for recombinant DNA technology. Genetic 
engineering offered a window into the previously impossible - the mixing of traits between totally 
dissimilar organisms. Creation and use of genetically modified organisms has sparked significant 
controversy in many areas, including possible safety issues, ecological concerns, and economic 
concerns. However, to date not a single instance of harm to human health or the environment has 
been documented and benefits of gene technology have been widely accepted. The sequencing of the 
human genome which was followed by announcement of the draft sequence in 2000 was the next 
scientific milestone, with a major impact on research across the life sciences and application in 
numerous medical and commercial developments over the last decade. As the cost of DNA 
sequencing is constantly falling, and new full genome sequencing technologies are emerging, more 
and more genome sequences continue to be generated. In parallel, machines for the synthesis of 
DNA sequences are continuously improving and by 2010 DNA synthesis reached the length of 1 
million bp, while up to 2015 generation of 100 million or more bp sequences is expected. In 2010 a 
creation of bacterium was published that has an artificial genome which meant creation of a living 
organism with no physical ancestor. The way to design an entire genome and get it to work was open, 
from abstract information to physical, living DNA design. Synthetic biology is starting to be big 
technological deal, with promises of new crops, new fuels, new ways of investigating diseases and 
new drugs to treat them. However, like all technologies it can be used for bad as well as for good. The 
world’s databases are filling up with genomic information from every part of the tree of life. Parts of 
genomic sequences can be synthesized and pasted together with greater and greater ease. Is it 
possible that by analogy to software viruses, hackers of the future may turn to synthetic biology and 
turn out real viruses? And “garage biotechnology”, can it appear and provoke big disturbance in what 
nature evolved in billions of years? Is it true that creating life is no longer the prerogativeof gods? 
  
*Correspondence to: , Ph.D. 
Tel: +386 1 543 7662; Fax: +386 1 543 7641 
E-mail: radovan.komel@mf.uni-lj.si 
  
Keywords: Asilomar, artificial genome, biohazard, cloning, DNA sequencing, functional 
genomics, gene technology, gene therapy, genetic information, genetic screening, genetically 
modified organism, human genome,  modern biotechnology, molecular medicine, recombinant 
DNA, stem cell research, synthetic biology, systems biology, transgenic 
   
 
Genomics and biotechnology - historical background: Biotechnology in its purest form involves 

(micro) biology, biochemistry and engineering to the use of living organisms, their parts or their 

products to modify human health and the environment. However, modern biotechnology in the end of 

the last century specified having its roots in the use of genetic engineering as well as cell- and tissue 

culture technologies. In contrast to traditional biotechnology which harnesses the potential of 

processes performed by living organisms, such as fermentation, modern biotechnology manipulates 

the genes of organisms and inserts 
them into other organisms to acquire the desired trait. At the beginning and in its narrow sense, it 

referred to industrial production, but later-on the definition was upgraded with the use of modified 

organisms, their 
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products as well as the new methods and tools in agriculture, environment and medicine (Thieman and 

Palladino, 2008). 
In principle, roots of modern biotechnology were established already in 1944 when Avery, 

MacLeod, and McCarty demonstrated that DNA is the genetic material (Avery et al.,1944). However, 

modern history started in 1953 when James Watson and Francis Crick determined the structure of 

DNA (Watson and Crick,1953). In 1966, the entire genetic code was deciphered (Sulek, 1969), in 

1970 the first restriction enzyme was isolated which proved to be efficient “molecular scissors” for 

cutting DNA (see Roberts, 2005), and in 1973 Boyer and Cohen performed the first experiment of 

molecular cloning a DNA fragment and established recombinant DNA technology (Cohen et al., 

1973). In 1976 in San Francisco in California, USA, Genetech, first company for commercial 

production of recombinant products 
was established, and in 1978 first recombinant protein, human insulin was produced in E.coli 

(Genentech, 1978). In the following years A. M. Chakrabarty, working for General Electric, had 

developed a recombinant Pseudomonas bacterium capable of breaking down crude oil, and he 

requested a U. S. patent for the bacterium but was refused, because the law dictated that living things 

were not patentable. However, in 1980 U. S. legal authorities overturned the decision following the 

idea a live, human-made micro-organism is patentable subject including “anything under the sun that 

is made by man” (Diamond and Chakrabarty, 1980). First functional gene transfer between 

mammalian species was performed in 1981 at Ohio University in Athens when researchers 

successfully produced rabbit genes in mice (Heartland Science, 1981). Since the term transgenic was 

first used, there has been rapid development in the use of genetically engineered animals with an 

increasing number of applications for the technology. In 1982 when the first recombinant DNA 

pharmaceutical, Genentech’s recombinant human insulin was approved for sale in the USA and United 

Kingdom, also first animal vaccine produced by recombinant DNA technology was approved for use 

in Europe (see Sasson, 1998). Since then, there has been an exponential increase in the number of 

marketable recombinant products, a trend that continues in the twenty-first century. A major 

breakthrough came in 1983 when Kary Mullis developed the polymerase chain reaction (PCR), a 

scientific technique in molecular biology to amplify a piece of DNA across several orders of 

magnitude, generating thousands to millions of copies of a particular DNA sequence (Mullis et al., 

1986). PCR became indispensable technique used in genomic and related medical research and 

application. In biology it enabled easier and fast cloning for DNA sequencing, DNA-based phylogeny, 

and, with further progress, also functional analysis of genes. In medicine it widely opened the door for 

fast advance in molecular medicine including diagnosis of hereditary diseases and genetic 

malformations, identification of genetic fingerprints in forensic medicine, and detection and diagnosis 

of infectious diseases. In 1984 Robert Sinsheimer at the University of California in Santa Cruz 

launched the idea of maping the unexplored territory of the human genome and in 1989 the 

interinstitutional academic Human Genome Project was established by US NIH and DOE. It formally 

started in October 1990, as the international 13-year effort with the aim to determine the complete 

sequence of the 3 billion DNA subunits and discover all the estimated 20,000-25,000 human genes 

and make them accessible for further biological study (The Human Genome Project, 1994). A parallel 

project was conducted outside of government by the Celera Corporation, which was formally launched 

in 1998. Most of the government-sponsored sequencing was performed in universities and research 

centers from the United States, the United Kingdom, Japan, France, Germany, and China. Maping and 

sequencing studies were also carried out on selected model organisms such as the bacterium E.coli 

(Blattner et al., 1997), baker’s yeast S. cerevisiae (Goffeau et al., 1996), small flowering plant A. 

thaliana (AGI, 2000), nematode C. elegans (The C. elegans Sequencing Consortium, 1998), fruit fly 

D. melanogaster (Adams et al., 2000), zebrafish D. rerio (Broughton et al., 2001) and mouse M. 

musculus (Mouse Genome Sequencing Consortium, 2000), which helped in developing the technology 

and interpreting human gene function. First bacterial genome (H. influenzae) was 



sequenced in 1995 (Fleischmann et al., 1995), genetic maps for human and mouse were completed in 

1996 (Dib et al., 1996; Dietrich et al., 1996), furthermore the first eukaryotic genome (the yeast; 

Saccharomyces cerevisiae) was sequenced in 1996 (Goffeau et al., 1996), and, after draft genome 

sequences published in 2001 (Venter et al., 2001; Lander et al., 2001), in 2003 the human genome 

sequencing was reported to be completed, the sequence of the human genome was released, and the 

postgenomic era »officially« began. 
  
Imapact and consequences of the genomic era on society: Immediately after the first gene cloning 

trials in the early 1970s it came clear that research on molecular basis of genetics will fully advance 

just by using gene technology. However, in July 1974, Paul Berg published in Science a letter 

claiming voluntary arrest of experiments on recombinant DNA technology until science will be able to 

assess the risk of technology and its application (Berg et al., 1974). His fear was based on using viral 

DNA fragments in his cloning experiments and that cloned SV40 DNA might escape into the 

environment and infect laboratory workers who could then 
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become cancer victims. Berg was one of the key organizers of the international forum on recombinant 

DNA technology, the Asilomar Conference, which took place in February of 1975 at the Asilomar 

Conference Center on California’s Monterey Peninsula. One hundred leading scientists met at the 

conference to discuss the potential risks of gene-splicing experiments. The conclusion was that most 

rDNA work should continue, but appropriate safeguards in the form of physical and biological 

containment procedures should be put in place (Berg et al., 1975). To limit the spread of recombinant 

DNA, biological barriers should include bacterial hosts unable to survive in natural environments as 

well as nontransmissible vectors (plasmids, bacteriophages, or other viruses) able to grow in only 

specified hosts. Additional safety factor as proposed was physical containment, e.g. the use of hoods, 

limited access or negative pressure laboratories etc. Important safety factor was also the strict 

adherence to good microbiological practices, which would limit the escape of organisms from the 

experimental situation. Certain types of experiments were forbiden which included the cloning of 

recombinant DNA from highly pathogenic organisms or DNA containing toxin genes. Also forbidden 

were experiments that involved the production of more than 10 liters of culture using recombinant 

DNA molecules that might render the products potentially harmful to humans, animals, or plants. 

Additionally, the education and training of all personnel involved in the experiments was included as 

essential to effective containment measures (Berg et al., 1975). The Asilomar Conference resulted in 

the NIH Guidelines for Research Involving Recombinant DNA Molecules which were published a 

year later (NIH, 1976). A Recombinant DNA Advisory Committee (RAC) was set up in order to 

exercise the control over a U. S. federally funded research on rDNA. At the beginning guidelines were 

stricter than those set out at Asilomar. However, critics still contended that they did not go far enough. 

Important questions arose regarding the ethics of a group of individuals regulating themselves, the role 

and competences of the boards in controlling other than federal funded research (e.g. private industry) 

etc. Therefore original RAC membership of scientists from molecular biology, genetics, virology and 

microbiology, was expanded to members from other scientific disciplines as well the general public 

(McClean, 1997). Guidelines for research involving recombinant DNA represented a milestone of 

responsible self-regulation in science, and served as a template for national and international 

regulation and further legislation in this field. There were several long-term impacts of the fact that 

governments became involved in regulating the research and that the policy was arising from both 

private and public debate. The very positive outcome was that other scientists than those directly 

involved in rDNA technology and also non-scientists are now on local, national and international 

review boards. This non-scientist representation is a direct result of public debate. It is also important 

to note that Asilomar was the first time that research was halted by scientists themselves until the 

potential hazards could be assessed, and the debate at this level was later continued also through the 

human genome project, and is nowdays in place with the development of extremely potent new 

technologies related to stem cell research and synthetic biology. 



In the late 1980s it came clear that the research was less dangerous than originally thought. 

Gene technology was recognized as save, provided being performed in accordance with good 

laboratory practice. Safety rules were considerably relaxed and as the result of easing the containment 

requirements for routine experiments, the use of rDNA technology became more prevalent and 

flourished. In countries where public opinion reflects good education system and well informed, 

balanced and objective public media, it was widely recognized the gene technology fulfilled the 

expectations. Namely, the development of the recombinant DNA technology has not just opened up 

research areas that previously were not possible, but also enabled big breakthrough of modern 

biotechnology which produced a number of pharmaceutical drugs and other natural compounds 

becoming thus accessible, cheaper, more pure and safer for general use (Marx, 1989; Luck, 2003). In 

1982 first transgenic plant was produced, using an agrobacterium transformation system (Herrera-

Estrella et al., 1983), and in 1983 first successful transfer of a plant gene from one species to another 

was realized (Murai et al., 1983). US Patent Office extended protection to genetically engineered 

plants in 1985 (see Lesser, 2009) and there were first field trials of transgenic plants (tobacco plants 

engineered to be resistant to herbicides) in 1986 in France and USA (Clive, 1996). However, first 

commercial cultivation of genetically modified plants came in 1992 in China (a virus resistant 

tobacco) (see Clive, 2006), and in 2001 there were already 52 million of hectares of land planted with 

genetically modified crops in 13 countries (James, 2002). As concerning animal biotechnology, first 

successful transfer of a gene from one animal species to another was performed in 1982 (Palmiter et 

al., 1982), in 1986 transgenic pigs carrying the gene for human growth hormone were produced 

(Hammer et al., 1986), and in 
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1988 US patent Office extended patent protection to genetically engineered animals (O’Connor, 

1993). In 1996 Dolly, the sheep appeared which represented first successful cloning of a mammalian 

species (Wilmut et al., 1997). Paradoxically, in contrast to novel pharmaceutical drugs and therapies 

that have revolutionized the treatment of serious diseases there were and still are much more doubts 

and concerns about the use of gene technology in the development of genetically modified plants and 

animals used as food. Concerns are also persisting about their possible impact on the ecosystem, 

because of their putative advantage over naturally existing concurrents. It is to note, that one of the 

long-term ramifications of Asilomar and later public debate on the potential biohazards of rDNA was 

that public discussion was often focused on “worst case scenarios” of recombinant DNA research. 

When any issue related to rDNA was discussed many “disasters” were proposed as reasons to prevent 

the research and following application from occurring. Some nations have even accepted legislation 

that prohibits genetically-modified plants and animals from entering into their food supply (Clive, 

2002; The Center for Food Safety, 2006). However, there were more and more in power the views that 

also in the field of transgenic plants and animals science should go ahead, respecting the rule that prior 

to ever transgenic release into the environment long-term and systematic research of all possible 

impact on the nature should be done, respecting ethic principles which require responsible handling of 

the animals and plants world, and ecosystems (Hill and Sendashonga, 2006; Richmond, 2008; Freese 

and Schubert, 2004). In order to achieve international harmonization regarding research and 

application on recombinant DNA technology, Organization of Economic Cooperation and 

Development (OECD) in 1986 issued Recombinant DNA Safety Considerations including a number of 

recommendations (OECD, 1986; O’Sulivan, 1986) which were largely based on the former NIH 

Guidelines for Research Involving Recombinant DNA Molecules (NIH, 1976) and served as template 

for developing a number of national legislations. In Europe the field was basically regulated through 

the EC directive 91/356/EEC on GMP (good manufacturing practice), Council Directive 90/219/EEC, 

of 23 April 1990 on the deliberate release into the environment of genetically modified organisms, and 

Council Directive 90/220/EEC, of 23 April 1990 on the contained use of genetically modified 

organisms. The main purpose of both directives on genetically modified organisms (219 and 220) was 

the protection of the population and the environment from infectious genetically modified organisms 

(WHO, 2002). 



The mapping of human genes was an important step in the development of medicines and 

other aspects of health care which rapidly advanced with the progress of the human genome 

sequencing. Huge progress in molecular biology has made diagnosis of some of the diseases (not just 

at the clinical but also prenatal and neonatal level) very sensitive, accurate 
and rapid. With the discovery of genes involved in the etiology of various diseases it became possible 

to identify those which confer susceptibility to the disease. Ethical concerns and questions appeared 

such as whether the knowledge that one is carrying the susceptibility gene could lead to more 

problems than benefits? Will it lead to discrimination in employment, 
insurance policies, social life? As concerning genetic screening questions arose such as who should be 

tested and under what circumstances, should a sample be taken from every new born baby to type the 

child genetically, and who should have access to this information? (Sequeiros and Guimarăes, 2008; 

Genetic Testing – Issues, 2009). It is generally recognized that information on genetic status of a 

person has to be kept strictly confidential, and that informed consent has to be obtained from the 

participants in genetic testing, after explaining the risks and benefits of the research or treatment 

(Bowles and Marteau, 1999; Singer et al., 2008). 
In 1990 Anderson, Blaese, and Culver reported the first approved gene therapy case which 

was performed at the National Institute of Health in USA, on a four year old girl to treat a genetic 

defect that left her with an immune system deficiency. The effects were only temporary, but successful 

(Anderson et al., 1990). Since then scientists have carried out hundreds of trials on thousands of 

patients. But only a few dozen of them have involved diseases caused by defects in single genes. Most 

researchers are working on multigene disorders such as cancers and also several nonfatal conditions. 

Some ethicists fear that multi-gene research will eventually lead to the genetic manipulation of these 

traits (New Scientist, 97). Here the question arose about what traits should be treated. What are ethics 

correcting a recessive and possible fatal gene, should it be done or we resign ourselves to biological 

fate? And the major question, should treatment only involve somatic cells and not germ cells? It is 

clear that with somatic cell gene therapy therapeutic DNA is not passed on to the offspring. However, 

it may significantly enhance the proportion of abnormal genes in the population, because individuals 

with defective genes will survive and pass these genes to their offspring. This can be avoided by 

introducing the therapeutic DNA into the germline cells. However, there are two important reasons for 

delaying decision for this approach which may represent chang- 
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ing the genetic make-up of a human being. On one side the technology needs to be improved to be 

sure that abnormal foetuses are not formed due to the germline manipulations. On the other side, there 

is not consessus about changing broader genetic make-up of a human being, and germline 

manipulation may lead to selecting ‘good’ genes for physical appearance, intelligence etc. Who will 

stop attempts to change the human race with these powerful tools? 
Similar ethical issues as in somatic and germline gene therapy in humans came with cloning of 

a sheep from an adult cell (Wilmut et al., 1997) followed in the following years by cloning other 

mammal species and acompaigned by mass media sound predictions of potential cloning of a human 

being (BBC News, 2004; Eigen, 2010). On one side, technology of nuclear transfer will surely 

contribute to our understanding of genetics and reproduction, and will be highly supportive in 

improving the process of breeding where farm animals are considered. On the other hand, serious 

ethical, moral and spiritual concerns appear when human cloning is in question. Whereas there is 

general agreement in the scientific community and society that making numerous copies of a human 

individual is abnormal way of reproduction which from the technical and ethical point of view should 

not be permitted (UN Ad Hoc Committee, 2005; Bill Text, 2009; Council of Europe, 1999; Islam QA, 

1997), opinions concerning stem cell research and therapeutic cloning are not unianimous (Kohrs, 

1999; BBC News, 2003). 
Genetic testing, gene therapy, stem cell research and cloning are regulated by most national 

and international legislations. In US where a great part of new technologies arose, there are several 

acts concerning the use of modern biotechnology in human research and medicine (e.g. Executive 

Office of the President, 2007; Administration News. 2008). In Europe national legislations in general 



are following the conclusions and recommendations of the Convention for the protection of Human 

Rights and dignity of the human being with regard to the application of biology and medicine: 

Convention on Human Rights and Biomedicine (ETS 164) from April 1997 and signed by most 

European countries, which sets out the fundamental principles applicable in day-to-day medicine as 

well as those applicable to new technologies in human biology and medicine (Council of Europe, 

1999). In the proceedings of its Tenth Conference hold in Jeddah, Saudi Arabia, in July 1997, The 

Islamic Fiqh Academy issued a Fatwa stating that human cloning is prohibited by the faith (Islam QA, 

1997). 
In conclusion, the advances in biotechnology of the genomic era present both benefits and 

risks. It has revolutionised the process of drug manufacture, and diagnosis and treatment of human 

diseases. However, it raises important ethical issues in the society and its social structures including 

families, preventive medicine, employment, health insurance etc. Therefore interaction of science with 

the general public is of high priority, in order to educate them and prepare them better for the impact 

of biotechnology. The scientific and medical communities and the whole society have great 

responsibility to use the powerful tools of genomic science for the maximum benefit of mankind. 
  
Postgenomic era and new technologies: A draft of the human genome sequence became available in 

April 2000 and was completed in 2003. Fifteeen years ago at the start of the sequencing estimates 

about the number of genes in the human genome reached up to as high as 2,000,000, whereas by the 

end of the project predictions varied from 30,000 to 40,000, and in 2004 the International Human 

Genome Sequencing Consortium announced a new estimate of 20,000 to 25,000 genes. Some say that 

in 2000 the »genomic era« was over and »post-genomic era« started. What dose it mean? First, in the 

last ten years, we have seen a dramatic increase in the amount of sequence data publicly available, 

including many whole genome sequences. Second, new interdisciplinary scientific disciplines 

appeared referred to as »functional genomics« and »systems biology«, which means biological science 

is not anymore looking at gene by gene (protein by protein) or a limited group of genes (proteins) in 

order to reveal function of a gene/protein in the body but is considering the cell being a system of 

networks of simultaneous presence of biomolecules and interplaying molecular events (at the 

transcriptomic, proteomic and metabolomic levels), and thus discovering biological functions of a cell, 

organ or organism as a whole. And third, all this progress was associated with a tremendous 

development of new powerfull technologies. 
The Human Genome Project officially started in 1990 and estimations about the cost of 

sequencing the whole genome turned around 3 billion US dollars. When James Watson co-discoverer 

of the DNA double-helix – became the first individual to have his genome sequenced, in 2007, the 

cost was around $1 million. In November 2008 a US company Applied Biosystems announced that it 

had sequenced the genome of a Nigerian man for less than $60,000. In February 2009 a third-

generation human genome sequencing company Complete Genomics, based in Mountain View, 

California, announced it can read entire human genomes at $5000 a shot (Aldhous, 2009), and in 

November the same company which in 2009 
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sequenced over than 50 genomes, lowered the price down to $1,700 (Drmanac et al., 2010). 

Worldwide, ninety genomics centres and labs when asked by Nature, estimated that at least 2,700 

human genomes would have been completed by the end of 2010, and that the total would rise to more 

than 30,000 by the end of 2011 (Nature News, 2010). 
If in 2001 the number of base pairs stored in nucelotide sequence databases turned arround 10 

billion, The International Nucleotide Sequence Database Collaboration published that by the end 2010 

this number reached up to 1000 billion and the number of complete genomes sequenced (all species) 

with information stored at 4,300 (Cochrane et al., 2011). In parallel to the advance in sequencing, also 

platforms for DNA synthesis developed, so that by 2010 it was possible with unique DNA synthesiser 

to construct a 1 million bp continuous DNA sequence, in contrast to the year 2004 when sequences up 

to 10,000 bp were accessible. Predictions for 2015 are going up to 100 million bp sequences. 

Suddenly, both technologies allow that (abstract) information (which is becoming the biggest 



technology in the world) can be transformed to the physical and even living DNA design. In May 2010 

a team of scientists at the J. Craig Venter Institute announced that they have successfully created a 

living organism (a bacterium) with a completely synthetic genome (Gibson et al., 2010). They created 

the lifeform by synthesising a DNA code and injecting it into a single bacteria cell. The cell containing 

the man-made DNA then grew and divided, creating a hitherto unseen lifeform. New discipline 

referred to as »synthetic biology« turned science fiction into science fact, and it was proved that 

human is now capable to design an entire genome from information and get it to work. Material and 

information became interconvertible. 
Dr. Venter said: ‘We are entering a new era where we’re limited mostly by our imaginations.’ But this 

breakthrough which to some opinion had changed views on the definition of life, however, opens an 

ethical Pandora’s box. Ethicists said he is ‘creaking open the most profound door in humanity’s 

history’ – with unparalleled risks. Some say that by ‘creating artificial life that could never have 

existed, he is even going towards the role of God’ (Macrae, 2010). Of course, there are big promisses 

such as creation of microorganisms which can produce novel medical drugs and vaccines, or creation 

of synthetic bacteria designed to produce clean biofuels, to mine precious metals from rocks and 

industrial waste, to digest oil slicks and render toxic spills harmless, and even (stil in the fiction 

domain) creation of organisms engineered to live on Mars and other planets. However, there is a 

company of severe environmental and ethical concerns. What would mean for the biosphere the 

creation of living beings with capacities and a nature that could never have naturally evolved? It’s 

important to remember that the wide range of diverse and complex organisms on Earth, and their 

interplay, represents the product of almost four billion years of evolution. Great danger also lies in the 

abuse these techniques to modify in silico existing viruses and make them de novo as highly 

contagious or virulent and thus the most powerful bioweapons imaginable. 
In the coming years, we can expect an ongoing debate about what defines life, both “real” and 

artificial, and what would be the consequences of the use of new powerful post -genomic technologies 

on the human society and environment. 
  
References  
  
1. Adams MD, Celniker SE, Holt RA et al. (Celera Genomics) (2000). The genome sequence of Drosophila melanogaster. 

Science 287(5461): 2185-95. 
2. Administration News | President Bush Signs Genetic Nondiscrimination Legislation Into Law. Kaiser Daily   Health Policy 

Report, Kaiser Family Foundation, May 22, 2008: 

http://www.kaisernetwork.org/daily_reports/rep_index.cfm?DR_ID=52305. 
3. Aldhous P (2009). Genome sequencing falls to $5000. NewScientist, 06 February 2009. 
4. Anderson WF, Blaese RM, Culver K (1990). The ADA human gene therapy clinical protocol: Points to Consider response 

with clinical protocol, July 6, 1990. Hum. Gene Ther. 1(3): 331-62. 
5. Avery OT, MacLeod CM, McCarty M (1944). Studies on the chemical nature of the substance inducing transformation of 

Pneumococcal types: induction of transformation by a desoxyribonucleic acid fraction isolated from Pneumococcus type III. 

Journal of Experimental Medicine 79 (2): 137–158. 
6. BBC News: Lords uphold cloning law. BBC News Online (London). 13 March 2003: 

http://news.bbc.co.uk/2/hi/health/2846265.stm. 
7. BBC News: Human cloning attempt has failed. - The attempt by US fertility expert Panos Zavos to clone a human has 

failed. BBC News, Wednesday, 4 February, 2004: http://news.bbc.co.uk/2/hi/health/3459009.stm. 
8. Berg P, Baltimore D, Boyer HW, Cohen SN, Davis RW, Hogness DS, Nathans D, Roblin R, Watson JD, Weissman S, 

Zinder ND (1974). Potential biohazards of recombinant DNA molecules. Science 185(4148): 303. 
9. Berg P, Baltimore D, Brenner S, Roblin RO, Singer MF (1975). Summary statement of the Asilomar Conference on 

recombinant DNA molecules. Proc. Nat. Acad. Sci. 72(6): 1981-1984. 
10. Bill Text, 111th Congress (2009-2010), H.R.4808.IH: Stem Cell Research Advancement US Act of 2009 — SEC. 498F. 

Prohibition Against Funding For Human Cloning. Mar 10, 2010: http://thomas.loc.gov/cgi-bin/query/z?c111:H.R.4808. 
11. Blattner FR, Plunkett G, Bloch CA, Perna NT, Burland V, Riley M, Collado-Vides J, Glasner JD, Rode CK, Mayhew GF, 

Gregor J, Davis NW, Kirkpatrick HA, Goeden MA, Rose DJ, Mau B, Shao Y (1997). The complete genome sequence of 

Escherichia coli K-12. Science 277(5331): 1453-62. 
12. Bowles BB, Marteau TM (1999). The future of genetic counseling: an international perspective. Nat. Genetics 22(2):133-

7. 
13. Broughton RE, Milam JE, Roe BA (2001). The complete sequence of the zebrafish (Danio rerio) mitochondrial genome 

and evolutionary patterns in vertebrate mitochondrial DNA. Genome Res. 11 (11): 1958–67. 
14. Clive J (1996). Global Review of the Field Testing and Commercialization of Transgenic Plants: 1986 to 1995. The 

International Service for the Acquisition of Agri-biotech Applications: 

http://www.isaaa.org/kc/Publications/pdfs/isaaabriefs/Briefs%201.pdf. 
15. Clive J (2002). Global Review of Commercialized Transgenic Crops: 2002. ISAAA Brief No. 27-2002, at 11-12. 

http://www.kaisernetwork.org/daily_reports/rep_index.cfm?DR_ID=52305
http://news.bbc.co.uk/2/hi/health/2846265.stm
http://news.bbc.co.uk/2/hi/health/3459009.stm
http://thomas.loc.gov/cgi-bin/query/z?c111:H.R.4808
http://www.isaaa.org/kc/Publications/pdfs/isaaabriefs/Briefs%201.pdf


16. Clive J (2006). The global status of the commercialized biotechnological/genetically modified crops: 2006. Tsitol. Genet. 

41(3): 10-2. 
17. Cochrane G, Karsch-Mizrachi I, Nakamura Y (INSDC) (2011). Nucleic Acids Research 39, Database issue D15–D18. 
18. Cohen SN, Chang AC, Boyer HW, Helling RB (1973). Construction of biologically functional bacterial plasmids in vitro. 

PNAS 70 (11): 3240–3244. 
19. Council of Europe (1999). Convention on Human Rights and Biomedicine: 

http://conventions.coe.int/Treaty/Commun/QueVoulezVous.asp?NT=164&CL=ENG. 
20. Diamond V, Chakrabarty A, 447 U.S. 303 (1980); Justicia, US Supreme Court Center: 

http://supreme.justia.com/us/447/303/case.html. 
21. Dib C, Fauré S, Fizames C, Samson D, Drouot N, Vignal A, Millasseau P, Marc S, Kazan J, Seboun E, Lathrop M, 

Gyapay G, Morissette J, Weissenbach J (1996). A comprehensive genetic map of the human genome based on 5,264 

microsatellites. Nature 380, 152 – 154. 
22. Dietrich WF, Miller J, Steen R, Merchant MA, Damron-Boles D, Husain Z, Dredge R, et al. (1996). A comprehensive 

genetic map of the mouse genome. Nature 380: 149-52. 
23. Drmanac R, Sparks AB, Callow MJ, et al. (2010). Human genome sequencing using unchained base reads on self-

assembling DNA nanoarrays. Science 327(5961):78-81. Epub 2009 Nov 5. 
24. Eigen LD (2010). Human Clones May Be Among Us Now! Who Is Ready? Scriptamus – A Journal for Science, Politics, 

History, Health & Medicine, January 3, 2010: http://scriptamus.wordpress.com/2010/01/03/human-clones-may-be-among-us-

now-who-is-ready/. 
25. Executive Office of the President (2007). H.R. 493 – Genetic Information Nondiscrimination Act of 2007. Office of 

Management and Budget, Washington, D.C. 20503, April 25, 2007: 

http://www.genome.gov/Pages/PolicyEthics/GeneticDiscrimination/SAPonHR493.pdf. 
26. Fleischmann R, Adams M, White O, Clayton R, Kirkness E, Kerlavage A, Bult C, Tomb J, Dougherty B, Merrick J 

(1995). Whole-genome random sequencing and assembly of Haemophilus 
influenzae Rd. Science 269 (5223): 496–512. 
27. Freese W, Schubert D (2004). Safety testing and regulation of genetically engineered foods. Biotechnol. Genet. Eng. Rev. 

21: 299-324. 
28. Genetech:  First Successful Laboratory Production of Human Insulin Announced. News Release. Genentech (1978): 

http://www.gene.com/gene/news/pressreleases/display.do?method=detail&id=4160. 
29. Genetic Testing – Issues (2009). Arguments, Ethics and Morality: 

http://victorian.fortunecity.com/wooton/414/genetest.html. 
30. Gibson DG, Glass JI, Lartigue C, et al. (2010). Creation of a bacterial cell controlled by a chemically synthesized 

genome. Science 329(5987): 52-6. Epub 2010 May 20. 
31. Goffeau A, Barrell BG, Bussey H, Davis RW, Dujon B, Feldmann H, Galibert F, Hoheisel JD, Jacq C, Johnston M, Louis 

EJ, Mewes HW, Murakami Y, Philippsen P, Tettelin H, Oliver SG (1996). Life with 6000 genes. Science 274 (5287): 546, 

563–567. 
32. Hammer RE, Pursel VG, Rexroad CE, Wall RJ, Bolt DJ, Palmiter RD, Brinster RL (1986). Genetic engineering of 

mammalian embryos. J. Anim. Sci. 63(1):269-78. 
33. Heartland Science – Ohio’s Legacy of Discovery & Innovation: http://www.heartlandscience.org/medhs/gene.htm. 
34. Herrera-Estrella L, Depicker A, van Montagu M, Schell J (1983). Expression of chimaeric genes transfered into plant 

cells using a Ti-plasmid-derived vector. Nature 303:209-213. 
35. Hill R, Sendashonga C (2006). Conservation biology, genetically modified organisms, and the biosafety protocol. 

Conserv. Biol. 20(6): 1620-5. 
36. IHGSC (2004). Finishing the euchromatic sequence of the human genome. Nature 431 (7011): 931–945. 
37. Islam QA (1997). Ruling on cloning of human beings. Islam QA, Thu 23/2/1432 - 27/1/2011: 

http://www.islamqa.com/en/ref/21582/clone. 
38. Kohrs S (1999). Pros& Cons of Therapeutic Cloning. eHow.com: http://www.ehow.com/about_5484506_pros-cons-

therapeuticcloning.html#ixzz1CERBCArI. 
39. James C (2002). Preview: Global Status of Commercialized Transgenic Crops: 2002. ISAAA Briefs No. 27. ISAAA: 

Ithaca, NY. 
40. Lander ES, Linton LM, Birren B, et al. (International Human Genome Sequencing Consortium) (2001). Initial 

sequencing and analysis of the human genome. Nature 409 (6822): 860–921. 
41. Lesser W (2009). From Penury to Prodigal: Protection Creep for U.S. Plant Varieties. Virginia Journal of Law & 

Technology 14(235): http://www.vjolt.net. 
42. Luck DN (2003). Biotechnology. Macmillan Reference USA. The Gale Group, Inc.,  Thomson Learning, Inc., 2003: 
http://www.novelguide.com/a/discover/gen_01/gen_01_00031.html. 
43. Macrae F (2010). Scientist accused of playing God after creating artificial life by making designer microbe from scratch – 

but could it wipe out humanity? MailOnline, Science & Tech, 3 June 2010.  
44. Marx JL (1989). A Revolution in Biotechnology. Cambridge, MA: Cambridge University Press, 1989. 
45. McClean P (1997). The Recombinant DNA Debate: www.ndsu.edu/pubweb/~mcclean/plsc431/.../debate3.htm 
46. Mouse Genome Sequencing Consortium (2000). Initial sequencing and comparative analysis of the mouse genome. 

Nature 420(6915): 520-62. 
47. Mullis K, Faloona F, Scharf S, Saiki R, Horn G, Erlich H (1986). Specific enzymatic amplification of DNA in vitro: the 

polymerase chain reaction. Cold Spring Harb. Symp. Quant. Biol. 51 Pt 1:263-73. 
48. Murai N, Kemp JD, Sutton DW, Murray MG, Slightom JL, Merlo DJ, Reichert NA, Sengupta-Gopalan C, Stock CA, 

Barker RF, Hall TC (1983). Phaseolin gene from bean is expressed after transfer to sunflower via tumor-inducing plasmid 

vectors. Science 222(4623): 476-82. 

http://conventions.coe.int/Treaty/Commun/QueVoulezVous.asp?NT=164&CL=ENG
http://supreme.justia.com/us/447/303/case.html
http://scriptamus.wordpress.com/2010/01/03/human-clones-may-be-among-us-now-who-is-ready/
http://scriptamus.wordpress.com/2010/01/03/human-clones-may-be-among-us-now-who-is-ready/
http://www.genome.gov/Pages/PolicyEthics/GeneticDiscrimination/SAPonHR493.pdf
http://www.gene.com/gene/news/pressreleases/display.do?method=detail&id=4160
http://victorian.fortunecity.com/wooton/414/genetest.html
http://www.heartlandscience.org/medhs/gene.htm
http://www.islamqa.com/en/ref/21582/clone
http://www.ehow.com/about_5484506_pros-cons-therapeuticcloning.html#ixzz1CERBCArI
http://www.ehow.com/about_5484506_pros-cons-therapeuticcloning.html#ixzz1CERBCArI
http://www.vjolt.net/
http://www.novelguide.com/a/discover/gen_01/gen_01_00031.html
http://www.ndsu.edu/pubweb/~mcclean/plsc431/.../debate3.htm


49. National Institutes of Health: Guidelines for Research Involving Recombinant DNA Molecules. National Institutes of 

Health, [23 June 1976]. Federal Register 41, no. 131, pp. 27911-27943 (1976). 
50. Nature News (2010). Human genome: Genomes by the thousand. Nature 467: 1026-1027. Epub 2010 Oct 27. 
51. New Scientist: Gene Therapy and its Social and Ethical Implications. New Scientist 97: 

www.dhushara.com/book/genes/gentest/geneth.htm. 
52. O’Connor KW (1993). Patents for genetically modified animals. J. Anim. Sci. 71: 34-40.  
53. OECD (1986). Safety considerations for industrial, agricultural and environmental applications of organisms derived by 

recombinant DNA techniques. OECD Recombinant DNA Saftey Considerations, p. 1-74. 
54. O’Sulivan D (1986). OECD set to issue DNA safety guidelines. Chem. Eng. News 64 (6): 22. 
55. Palmiter RD, Brinster RL, Hammer RE, Trumbauer ME, Rosenfeld MG, Birnberg NC, Evans RM (1982). Dramatic 

growth of mice that develop from eggs microinjected with metallothionein-growth hormone fusion genes. Nature 300(5893): 

611-5. 
56. Richmond RH (2008). Environmental protection: applying the precautionary principle and proactive regulation to 

biotechnology. Trends Biotechnol. 26(8): 460-7. 
57. Roberts RJ (2005). How restriction enzymes became the workhorses of molecular biology. Proc. Natl. Acad. Sci. U.S.A., 

102(17): 5905–8. 
58. Sasson A (1998). Biotechnologies applied to the production of pharmaceuticals and vaccines: a summary. AusBiotech 

8(5): 303-305. 
59. Sequeiros J, Guimarăes B (2008). Definitions of Genetic Testing. Definitions of Genetic Testing EuroGentest Network of 

Excellence Project. 2008-09-11: 

http://www.eurogentest.org/patient/public_health/info/public/unit3/DefinitionsGeneticTesting-3rdDraf18Jan07.xhtml. 
60. Singer E et al. (2008). Trends in U.S. Attitudes toward genetic testing, 1990-2004. Public Opinion Quarterly 72(3):446-

458. 
61. Sulek K (1969). Nobel prize for Marshal W. Nirnberg, Hara G. Khorana and Robert W. Holley in 1968 for deciphering 

the genetic code. Wiad Lek. 1, 22(15): 1455-6. 
62. The Arabidopsis Genome Initiative (AGI) (2000). Analysis of the genome of the flowering plant Arabidopsis thaliana. 

Nature 408(6814):796-815. 
63. The C. elegans Sequencing Consortium, Consortium (1998). Genome sequence of the nematode C. elegans: a platform 

for investigating biology. Science 282 (5396): 2012–2018. 
64. The Center for Food Safety (2006). Genetically Engineered Crops and Foods: Worldwide Regulation and Prohibition. 

CFS, 660 Pennsylvania Ave., SE, Suite 302, Washington, DC 20003, USA. 
65. The Human Genome Project – Deciphering the Blueprint of Heredity (N.G. Cooper, ed.; P. Berg, foreword). University 

Science Books, Mill Valley, CA 94941, 1994. 
66. Thieman WJ & Palladino MA (2008). Introduction to Biotechnology. Pearson/Benjamin Cummings, ISBN 0321491459. 
67. UN Ad Hoc Committee on an International Convention against the Reproductive Cloning of Human Beings (2005). 

United Nations Declaration on Human Cloning. United Nations. 18 May 2005: http://www.un.org/law/cloning/. 
68. Venter JC, Adams MD, Myers EW, et al. (Celera Genomics) (2001). The Sequence of the Human Genome. Science 291 

(5507): 1304–1351. 
69. Watson JD, Crick FH (1953). Genetical implications of the structure of deoxyribonucleic acid. Nature 171 (4361): 964–7. 
70. Wilmut I, Schnieke AE, McWhir J, Kind AJ, Campbell KH (1997). "Viable offspring derived from fetal and adult 

mammalian cells". Nature 385 (6619): 810–3. 
71. World Health Organization (2002). WHO Drug Information. WHO Drug Information 16(4): 271-311. 
  
Komel 
8 
 

http://www.dhushara.com/book/genes/gentest/geneth.htm
http://www.eurogentest.org/patient/public_health/info/public/unit3/DefinitionsGeneticTesting-3rdDraf18Jan07.xhtml
http://www.un.org/law/cloning/

