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Abstract
Biotechnology uses substances, materials or extracts derived from living cells, employing 22million Europeans in a €1.5Tn endeavour, being the premier global economic growth opportunity this century. Significant advances have been made in red biotechnology using pharmaceutically and medically relevant applications, green biotechnology developing agricultural and environmental tools and white biotechnology serving industrial scale uses, frequently as process feedstocks.  Red biotechnology has delivered dramatic improvements in controlling human disease, from antibiotics to overcome bacterial infections to anti-HIV/AIDS pharmaceuticals such as azidothymidine (AZT), anti-malarial compounds and novel vaccines saving millions of lives.  Green biotechnology has dramatically increased food production through Agrobacterium and biolistic genetic modifications for the development of ‘Golden Rice’, pathogen resistant crops expressing crystal toxin genes, drought resistance and cold tolerance to extend growth range.  The burgeoning area of white biotechnology has delivered bio-plastics, low temperature enzyme detergents and a host of feedstock materials for industrial processes such as modified starches, without which our everyday lives would be much more complex. Biotechnological applications can bridge these categories, by modifying energy crops properties, or analysing circulating nucleic acid elements, bringing benefits for all, through increased food production, supporting climate change adaptation and the low carbon economy, or novel diagnostics impacting on personalized medicine and genetic disease.  Cross-cutting technologies such as PCR, novel sequencing tools, bioinformatics, transcriptomics and epigenetics are in the vanguard of biotechnological progress leading to an ever-increasing breadth of applications. Biotechnology will deliver solutions to unimagined problems, providing food security, health and well-being to mankind for centuries to come.
The biotechnological rainbow
Biotechnology is, along with information technology, the biggest growth industry in the 21st century, with 22 million citizens employed in Europe alone, in a €1.5Tn industry, the scale of which may never have existed before.  With burgeoning numbers of new techniques, applications and potential treatments, all of the disciplines contributing to biotechnology combine to give a rainbow-like effect of many colours. From the red biotechnology of pharmaceutically and medically relevant applications, through the green biotechnology of agricultural and environmental applications, to the white biotechnology of producing process feedstocks more efficiently, all types of biotechnology are contributing to this rapidly growing marketplace.    Increasingly, rainbow biotechnology applications,  such as human vaccines produced in plants, which span or are not easily categorised as red, green or white biotechnology, are also contributing to the plethora of applications and technologies available.  In this short paper, a range of new product developments and applications of biotechnology are explored and placed in the context of our progress towards the ‘Golden Age’ of biotechnology, in which economic, environmental or health and well-being benefits are realized.  
Red biotechnology: enhancing medical and pharmaceutical science for the good of mankind
As our knowledge of the molecular and cellular mechanisms influencing gene expression, cellular processes, growth and development has increased, the range of potential applications of biotechnology to medical and pharmaceutical challenges has risen dramatically.  Detailed understanding of how the 23 pairs of chromosomes in the human genome, encompassing 20-25,000 genes interact with proteins, transcription factors and other elements in the cell, tissue and organ environments is being amassed at an unprecedented rate.  Epigenetic studies, analysing the effects of the methylation, acetylation and other forms of DNA and histone modification from the ENCODE project and the development of epigenetic factor atlases are revealing startling new insights into the complex nature of controlling gene expression and how, where regulation is defective, biochemical disorders can rapidly occur (Ecker et al., 2012; Sanyal et al., 2012).  Understanding of localised, small scale mutations leading to single gene (or monogenic) disorders (Ordonez and Goldstein, 2012) as well as more complex, polygenic disease susceptibilities and pathologies (Akbarian and Halene, 2013; Jabrocka-Hybel et al., 2013) is benefitting from dramatic reductions in the cost of genomic sequencing through new generation technologies, meaning that truly personalised medicine is just advancing over the horizon (Boyle et al., 2012; Zanker et al., 2013).  Overcoming the genetic basis of disease will also require an in-depth knowledge not just of the genetics of human disease, but also of genetic counselling strategies and their application to improving patient healthcare and the development and application of predictive diagnostic tests and therapeutic agents derived from molecular biotechnology.  Increasing longevity means that the commercial opportunities for therapeutic advances from cancer studies, mental healthneurological disorders such as Alzheimer’s or Parkinson disease and the enhanced long-term effectiveness of human immunodeficiency virus inhibitors such as azidothymidine, a nucleoside analogue reverse-transcriptase inhibitors (AZT; Werayingyong et al., 2013) to treat chronic conditions will undoubtedly increase in the years ahead, taking the marketplace for cell therapeutics  alone from an estimated $1bn in 2011 to $5bn by 2014. Progress in the science of stem cell therapy and regenerative medicine will prove vital to extending this market further.  
Experimental models, immunotherapeutics and novel vaccines
Biotechnologies have provided new tools for the study of several human and animal diseases in the last recent years [1]. Use of transgenic or knock-out mice [2], for example has led to a better comprehension of host immune response against infectious and parasitic agents, an example is represented by experimental infections in animals where genes coding for cytokines or  transcription factors have been disrupted or over-expressed, as in the case of experimental infection with nematodes where the role of eosinophils has been completely re-evaluated [3,4]. 
Understanding of the in vivo functions of human cells and tissues as well as of the human immune system has received significant advances from the development of the so called 'humanized' mouse strains. These are based on severely immunodeficient mice in which the interleukin-2 receptor common γ-chain locus is mutated, with the effect to tolerate the engraftment of a functional human immune system. [5]. 
Recombinant immunotherapeutics [6] are promising biological tools for the treatment and prevention of various diseases. Immunotherapy can be passive or active. In the first case, the success of treatment with antibody and cytokine therapeutics represent a promising future and opportunity for improvements. Efforts, such as cell engineering, antibody engineering, human-like glycosylation in yeast, and Fab fragment development, have opened the way to improve antibody efficacy while decreasing its high manufacturing costs. Both new cytokines and currently used cytokines have demonstrated therapeutic effects for different indications. As regards active immunotherapy, recently approved HPV vaccines have encouraged the development of preventive vaccines for other infectious diseases. Immunogenic antigens of pathogenic bacteria can now be identified by genomic means (reverse vaccinology) [7]. Due to the recent outbreaks of pandemic H1N1 influenza virus and related genotypes, recombinant influenza vaccines using virus-like particles and other antigens have also been engineered in several different recombinant systems [6]. 
Mucosal vaccination represents a valid perspective to control infectious diseases, it induces in fact both humoral and cell-mediated responses. In addition, the delivery of vaccines to mucosal surfaces makes immunization practice safe and acceptable [8]. In the past 100 years, vaccination has contributed immensely to public health by preventing a number of infectious diseases. Attenuated, killed or part of the microorganism is employed to stimulate the immune system against them. Progress in biotechnology has provided protective immunity also through DNA vaccines [9]. 
Another frontier is represented by transgenic plants which can be used as bioreactors for the production of mucosally delivered protective antigens. This technology shows great promise to simplify and decrease the cost of vaccine delivery. In particular, there are advantages and disadvantages of using plants for the production of mucosal vaccines against widespread infectious diseases such as HIV, hepatitis B and Tuberculosis [10].  In comparison with traditional vaccines they have advantages of low cost, greater effectiveness, and surprisingly, in certain circumstances greater safety [11].
An increasing number of vaccines have been successfully expressed in various transgenic plants [10]. The number of articles published every year on transgenic plant vaccines has increased dramatically in the last years, in fact if in 2000, according to different database systems,  they were about 800 in 2011 [11]. In recent years, nanovaccine is a novel approach to the methodology of vaccination. Nanomaterials are delivered in the form of microspheres, nano-beads or micro-nano-projections. Painless, effective and safe needle-free routes such as the intranasal or the oral route, or patches of microprojections to the skin are some of the approaches which are in the experimental stage at present but may have a great future ahead in nanovaccination [12].
Epigenomics
Influencing the many ways in which packaging of genomes is influenced by histones and histone-related proteins is a key target for epigenomics investigations aimed at novel therapeutics for a wide range of diseases from immunoinflammation to cancer studies (Burridge, 2013).  Text-mining and comparative analysis studies have identified the role of histone methyltransferases, demethylases, acetylases and deacetylases, particularly of lysine and arginine residues in acting as binding sites for transcription factors and other proteins associated with up- or down-regulating gene expression in a dynamic and reversible process (Arrowsmith et al., 2012).  Understanding the effectiveness of epigenetic signal molecules will reveal major insights into how growth, development and gene expression are controlled n both normal and abnormal physiological states.  Such understandings will doubtless provide fertile ground for discovering new pharmaco-therapeutics for preventing and ameliorating disease states.   One recent example of the success of this approach is the inhibition of the lysine specific demethylase (LSD1) to reprogramme drug-resistant leukaemia cells to once more become drug-sensitive (Schenk et al., 2012).  
Epigenetics findings are just one form of the ‘genome dividend’ whereby every dollar spent on the human genome project is estimated to have realised more than $140 in economic returns (Obama, 2013).  The dramatic effects of new sequencing technologies, including ‘454’ and next generation approaches, resulting in huge reductions in the price of sequencing individual genomes, can only realise further such gains, especially in the areas of biomarkers, personalised, predictive and preventative medicine (Kaur and Petereit, 2012).   One example of this is the declining cost of clinical exome sequencing, concentrating on the 1% of the human genome encoding proteins or associated with splicing junctions(Hegde, 2013).  85% of the more than 2,000 disease causing variants identified to date occur in the exomic 1%.  Clinical exomic sequencing and comparisons with the ‘1,000 Genomes Project’ can be used to help identify previously unspecified disorders, such as the 3-M syndrome growth disorder, at costs of less than $8,000, being less than the cost of testing for just six individual genetic disorders (Dauber et al., 2013). Whilst sequencing costs will undoubtedly continue to fall towards the $1,000 genome scan, as yet we do not have adequately effective databases or tools for interpreting  population polymorphisms to allow many of the predicted benefits of clinical exome or whole genome sequencing to be realised, for example in cancer research studies (Shute, 2012).  Achieving the potential benefits that personalised medicine can bring will require much greater coordination and standardisation of the information collected from patients and the well-public, integration of the use of this information in order to increase the numbers of healthcare applications benefitting from biomarker and population based studies (Harvey et al., 2012).  Pharmacogenetics has a vital role to play in personalised medicine, through helping to identify patients at risk of adverse effects (Li-Wan-Po, 2012), for example in tuberculosis patients where glutathione-S-transferase polymorphisms may be associated with metabolic deactivation and adverse drug reactions in the liver (Monteiro et al., 2012).  Epigenetics is also likely to play in part in adverse drug reactions, not least due to the paucity of our knowledge of gene activation/inactivation mechanisms and even diet, in a wide range of conditions, including psychotherapeutic applications (Stahl, 2012; Peedicayil, 2012).  Our fragmentary understanding of the effects of the microbiome (Jones, 2013), the microbial flora making up 90% of the cells in our bodies on responses to therapeutics and the potential consequences of disturbing the gut microflora on drug toxicity will provide significant opportunities for pharmacogenomics and epigenomics to impact on truly personalised medicine (Li-Wan-Po and Farndon, 2012).
Circulating nucleic acids as a diagnostic tool
The application of circulating nucleic acids has opened up a large field in the search for early markers of disease by non-invasive methods for use in predictive and preventive medicine as well as in monitoring treatment.  Advances in foetal and maternal plasma studies have allowed the identification of specific markers for foetal gender, foetal rhesus status, aneuploid chromosome disorders e.g. trisomy 13,18,21, a- and ß-thalassemia, haemophilia and sickle cell anaemia (Tsui et al., 2011; Barrett et al., 2012). In addition, the development of pre-eclampsia can be predicted from the first trimester.  Although an invasive procedure, analysis of DNA and RNA from amniotic fluid has revealed disorders that may permit the start of remedial treatment in utero. Furthermore, high-throughput sequencing of foetal DNA has allowed the construction of the complete foetal genome while salivary nucleic acids can be used to monitor development of premature infants (Gahan, 2013).
Although less dramatic, steady progress is being made in identifying early markers for especially cancers and diabetic related disorders, whilst markers for monitoring treatment are also emerging e.g. identifying Kras mutations for determining whether or not to use anti-EFGR therapy with colorectal cancer.  
Searching for novel antibiotics
The success of antibiotics in controlling many types of bacterial infection over the last 70 years is undisputable.  Overuse, failure to complete prescribed treatment courses and an ability to rapidly mutate has led to the evolution of multi-drug resistant (MDR) bacteria across the world.  Bacterial induced sepsis leads to the death of 350,000 citizens in Europe and the US each year (Eurobiotech News, 2013) and an increasing healthcare costs burden for those who recover from MDR infections, with European survivors of hospital acquired infections requiring ongoing treatment worth Euro 28-70,000.  The extra membrane surrounding Gram-negative bacteria can result in antibiotics being ineffective through not entering the cell, being detoxified, or actively pumped out.  MDR bacteria have themselves evolved to become extremely drug resistant (XDR) genotypes, which are susceptible to only two remaining types of antibiotics, polymyxins and tigecyclines.  These antibiotic classes themselves are only used in extremis, since they have adverse effects on kidney functions.  Biomedical scientists face increasing difficulty in finding continuing effective antibiotic treatment regimes, since only two new classes of antibiotics have entered the marketplace in the last 30 years (Cooper, 2012).  Increasingly, novel approaches to antibiotic discovery from natural products, or design from chemical synthesis, are required.  The pipeline of potential new antibiotics is however, strictly limited and may not be keeping up with the adaptive threat from  XDR Gram-negatives harbouring the plasmid-borne New Delhi metallo-B-lactamase 1 (NDM1; Butler and Cooper, 2012) and other carbapenem resistant  Klebsiella,  Escherichia and Enterobacter, capable of rapidly spreading and recently found in 30% of Belgian hospitals(Huang et al., 2013)     Big Pharma is however, finding new ways to fight back, despite global financial uncertainty, with both GSK and Astra Zeneca having novel antibiotic classes under development, potentially effective against MDRs and able to reverse physiological resistance processes.  Pharmacologists have identified 11 compounds, each representing a new antibiotic class, eight may prove effective against pseudomonads, mycobacteria and staphylococci , with a further three, under development by GSK, having a broader spectrum (Moir et al., 2012).  Metagenomic techniques, including in silico analysis of non-culturable microorganisms, use of extremophiles and the tracking of resistance gene spread in microbial communities through resistome studies are also likely to play an increasingly important part in the continuing battle against antibiotic resistance (Garmendia et al., 2012).
The BRAIN Project
Another example of the power of biotechnology is the brain research through innovative neurotechnologies (BRAIN) project, to which the US government has committed $100 million (Obama, 2013).  The development of new technologies will be accelerated, to image and map dynamic pictures of how individual brain cells process and store information, as well as how complex neural circuits are formed and reformed at lightning speeds.  The insights gained from applying new nanoscience and nanotechnology techniques will aid investigation of a wide range of neuroscience disorders and conditions, from Alzheimer’s disease to epilepsy and from traumatic brain injury to psycopathy (Parr, 2013).   
Gene Editing
Amongst the emergent technologies likely to prove particularly important for the future of biotechnology, gene editing stands out.  Two approaches to the highly precise modification of genomes through gene editing are the use of transcription activator like effector nucleases (TALENs) and zinc finger nucleases (ZFNs; Baker, 2012).  TALENs have been developed from TALE proteins injected by the bacterial pathogen, Xanthomonas spp.,  with differing DNA binding specificities, causing disease in more than 200 plant species, but based upon a common 16 base pair sequence.  By combining specific DNA recognition and binding TALE elements with the DNA cleaving domain of FokI, TALENS have been used in pairs to precisely modify human stem cells (Lei et al., 2011), and edit rat, zebrafish and worm genomes (Baker, 2012; Papaioannou et al., 2012; Chang et al., 2013).  TALENs can be designed to target almost any DNA sequence and will have major impacts for the design and testing of therapeutic agents for specific genetic diseases (Joung and Sander, 2013; Cermak et al., 2011). ZFNs offer another method to edit genomes precisely, being available commercially from Sangamo and have been used with HIV positive patients having extremely low immune cell counts, by removing CD4+ T cells, typically affected by HIV, and editing out the CCR5 gene, encoding a protein used by the HIV to enter the CD4+ cells, before adding the modified CD4+ cells back into six patients.  Five out of six patients receiving the treatment had increased immune cell numbers (Ledford, 2011; Allers, 2011).  This approach may viral spread and limit the need for lifetime antiviral drug treatment.  The gene editing approach specifically replaced a gene associated  with susceptibility to African swine fever, able to kill European pigs within 24 hours of infection,  in ‘Pig 26’ with a resistance gene from an incompatible wild African pig species, to make ‘Pig 26’ disease resistant. This  advance has been likened to the cloning of ‘Dolly the Sheep’ and has a fifteen-fold increased success rate over conventional gene insertion methods (Whyte and Prather, 2012), with applicability to all major livestock species for specific, targeted disease resistance.  TALENS and zinc finger nuclease mediated editing are likely to represent major advances in the design and application of specific regulatory elements to turn up, turn down or provide simple visual indicators of gene expression in almost any eukaryote.  As such, the potential biotechnological applications of gene editing are unbounded.   

 Green biotechnology: contributing to food security for all
The Aqua-Advantage salmon, produced by inserting a fast growth gene from a wild Chinook salmon under the control of an Ocean pout promoter, into farmed infertile, triploid female Atlantic salmon, seems likely to be the first commercially available (or deregulated) genetically modified animal for food purposes in the USA (USFDA, 2013).  A preliminary finding of ‘no significant environmental impact’ has been declared by the US food and Drug Administration, with formal approval likely to occur during 2013.  
Anti-browning apple….
Extending tree growing range through cold tolerance….
Biomass based biofuels…………….

 

White biotechnology: Feedstocks and industrial process chemicals
Bioplastics
Biotechnology is developing new types of biodegradable plastics (bioplastics) and improving the efficiency of existing bioplastics processes.  Bioplastics can make a positive contribution to reducing solid wastes and carbon dioxide emissions associated with packaging, surgical sutures and medical device materials, as they degrade without leaving polluting residues.  Amongst bioplastics, the production of polyhydroxyalkanoates(PHA) has received considerable attention, with the Gram-negative bacteria  Cupriavidus necator and Alcaligenes latus being used industrially to achieve up to 80% polyhydroxybutyrate (PHB) of bacterial dry cell weight.  Although entirely suitable for packaging, production of PHB from such Gram-negative bacteria requires an additional purification step, to remove outer membrane lipopolysaccharide endotoxins, for use in biomedical applications.  Using Gram-positive bacteria, such as Bacillus species, which lack this lipopolysaccharide facet, may prove to be more appropriate for biomedicine.  Novel Bacillus megaterium strains have recently been shown to be able to produce 59% and 60% dry weight PHB using glucose or glycerol as carbon sources in bioreactors (Lopez et al., 2012).  This approach is both economically and environmentally attractive, since low costs waste materials such as glycerol from biodiesel refining can be used under conditions which prevent sporulation.  The Gram negative Burkholderia cepacia has also been shown to produce up to 51.4% PHAs in batch systems fed with hemicellulosic wood hydrolysates (Pan et al., 2012).  Using renewable materials or industrial byproducts with such species in bioprocessing to produce PHAs should when allied to improved bioreactor design should prove valuable to produce existing and new types of biopolymers, since carbon sources can contribute up to 50% of PHA production costs (Lopez et al., 2012). 
Looking further into the future, tissue specific expression of introduced pathways has led to PHB production in soybean seed coats (Schnell et al., 2012). Although production levels were low and highly variable, these findings demonstrate that metabolic engineering using the phb A,B, C genes from Ralstonia eutropha and a seed coat peroxidase promoter can be effective in producing PHAs from heterologous systems.   This also demonstrates the potential of such  phytofactories, since >255 million tonnes of soybean are harvested annually.  
Biofiltering
Biofiltration of industrial wastes including volatile organic compounds offers a means to reduce the environmental impact of semiconductor manufacturing.  Kinetic analysis of the effectiveness of novel strains of Pseudomonas, Paracoccus and Burkholderia species in batch-fed biodegradation systems holds great promise for a biotechnological solution to this problem (Su et al., 2012).  Use of adaptive microbiomes, microbial communities acting in concert has high potential to bioremediate industrial process wastes.  Model systems for enhanced biotechnological phosphorus removal (EBPR) have been developed, based on a core microbiome including previously uncultured polyphosphate accumulators, known as ‘Accumilobacter’ (Nielsen et al., 2010). Some core microbiome constituents  can also produce PHAs under suitable conditions.  Optimisation of such EBPR microbiomes integrates knowledge from several biotechnological disciplines operating at vastly different scales, from genomic sequencing to single cell studies, to large scale bioreactor design (Albertsen et al., 2012) in what has been christened a ‘systems microbiology’ approach (Nielsen et al., 2012).  TALENS biotechnologies  may also prove highly prove valuable in biofiltration settings, through the use of sentinel plants, which will change colour or emit an easily assayed signal molecule in the presence of trigger concentrations of pollutants.

[Author XY, Author XY: Title. Journal 200X, volume:0-0.]
References
[bookmark: _GoBack]1.	Jungbauer A, Lee SY: Biotechnology's impact on sustainable development. Biotechnol J 2012, 7:1317. 
2.	Capecchi MR: Gene targeting in mice: functional analysis of the mammalian genome for the twenty-first century. Nat Rev Genet. 2005, 6:507-512.
3.	Hokibara, S. Takamoto M, Tominaga A, Takatsu K, Sugane K: Marked eosinophilia in interleukin-5 transgenic mice fails to prevent Trichinella spiralis infection. J. Parasitol. 1997, 83:1186–1189.
4.	Fabre V, Beiting DP, Bliss SK, Gebreselassie NG, Gagliardo LF, Lee NA, Lee JJ, Appleton JA: Eosinophil deficiency compromises parasite survival in chronic nematode infection. J Immunol. 2009, 182:1577-1583.
5.	Shultz LD, Brehm MA, Garcia-Martinez JV, Greiner DL: Humanized mice for immune system investigation: progress, promise and challenges. Nat Rev Immunol. 2012, 12:786-798.
6.	Huang C-j, Lowe AJ,  Batt CA: Recombinant immunotherapeutics: current state and perspectives regarding the feasibility and market. Appl Microbiol Biotechnol 2010, 87:401–410.
7.	Rappuoli R, Black S, Lambert PH: Vaccine discovery and translation of new vaccine technology. The Lancet 2011 378:360-368.
8.	Długońska H, Grzybowski M: Mucosal vaccination: an old but still vital strategy. Ann Parasitol. 2012, 58:1-8. 
9.	Ulmer JB, Wahren B, Liu MA: Gene-based vaccines: recent technical and clinical advances. Trends in Molecular Medicine 2006, 12:216-222.
10.	Lössl AG, Waheed MT: Chloroplast-derived vaccines against human diseases: achievements, challenges and scopes. Plant Biotechnology Journal 2011, 9:527–539.
11.	Guan Z-j, Guo B, Huo Y –l, Guan Z-p, Dai Y-k, Wei Y-h: Recent advances and safety issues of transgenic plant-derived vaccines. Appl Microbiol Biotechnol 2013, 97:2817–2840.
12.	Nandedkar T D: Nanovaccines: recent developments in vaccination. J. Biosci. 2009, 34:995–1003.
EuroBiotech 13?
Cooper R: The battle to discover new antibiotics The telegraph 2012
http://www.telegraph.co.uk/finance/newsbysector/pharmaceuticalsandchemicals/9010738/The-battle-to-discover-new-antibiotics.html
Butler M and Cooper M: New antibiotics: what’s in the pipeline? The conversation 2012, ????????????????????
Huang TD, Berhin C, Bogaerts P, Glupczynski Y: Prevalence and mechanisms of resistance to carbapenems in Enterobacteriaceae isolates from 24 hospitals in Belgium. The Journal of antimicrobial chemotherapy 2013: ???????????? e 
Moir DT, Opperman TJ, Butler MM, Bowlin T: New classes of antibiotics Current opinion in Pharmacology 2012, 12(5):535-544.  
McMahon MA, Rahdar,  Porteus M. Gene editing: not just for translation anymore. Nature methods 2012, 9(1):28-31. check ref in ur text
Garmendia L, Hernandez A, Sanchez MB, and Martinez L: Metagenomics and antibiotics   Clinical Microbiology and Infection 2012; 18(4):27–31.
Burridge S: Drugging the epigenome. Nature Rev. Drug Discov 2013, 12:92-93.
Arrowsmith CH, Boutra C, Fish PV, Lee K, Schapira M: Epigenetic protein families: a new frontier for drug discovery. Nature Reviews Drug Discovery 2012, 11:384-400. 
Schenk T, Chen WC, Göllner S, Howell L, Jin L, Hebestreit K, Klein HU, Popescu AC, Burnett A, Mills K,Casero RA Jr, Marton L, Woster P, Minden MD, Dugas M, Wang JC, Dick JE, Müller-Tidow C, Petrie K,Zelent A. Zelent A: Inhibition of the LSD1 (KDM1A) demethylase reactivates the all-trans-retinoic acid differentiation pathway in acute myeloid leukaemia. Nature Med 2012, 18(4):605-611.
Obama B: At the heart of the Higher Education debate State of the Union Address  2013 
Kaur JS and Petereit DG Personalized medicine: Challenge and promise. J Canc Educ 2012, 27(s1):12-17. 
Hegde MR: Marching towards personalized genomic medicine. The Journal of Pediatrics 2013, 162(1) 10-11. 
Dauber A,  Stoler J, Hechter E, Safer J and Hirschhorn JN: Whole exome sequencing reveals a novel mutation in CUL7 in a patient with an undiagnosed growth disorder. The Journal of Pediatrics 2013, 162(1):202-204. 
Shute N: Personalised medicine. Scientific American 2012, 306(5):44. 2/3p.
Parr 2013 
Baker M: Gene editing nucleases. Nature Methods 2012, 9(1):23-26.  
Lei Y, Lee CL, Joo KI, Zarzar J, Liu Y, Dai B, Fox V and Wang P: Gene editing of human embryonic stem cells via an engineered baculoviral vector carrying zinc-finger nucleases. Molecular Therapy 2011, 19(5). 
Papaioannou I , Simons JP and Owen JS: Oligonucleotide-directed gene-editing technology: mechanisms and future prospects Expert Opin. Biol Ther 2012, 12(3):329-342. 
Chang N, Changhong S, Gao L, Zhu D, Xu X, Zhu X, Xiong J-W and Xi JJ: Genome editing with RNA-guided Cas9 nuclease in Zebrafish embryos. Cell Research 2013,  23:465-472. 
Joung JK and Sander JD: TALENS: a widely applicable technology for targeted genome editing Nature Reviews Molecular Cell Biology 2013 14:49-55.  
Cermak T, Doyle EL, Christian M, Wang L, Zhang Y, Schmidt C, Baller JA, Somia NV, Bogdanove AJ, and Voytas DF: Efficient design and assembly of custom TALEN and other TAL effector-based constructs for DNA targeting. Nucleic Acids Research 2011, 39(12)e82.  
Ledford L: Targeted gene editing enters clinic. Nature 2011, 471:16
Allers 2011 
Whyte JJ, Prather RS: Cell Biology Symposium: Zinc-finger nucleases to create custom-designed modifications in the swine (sus scrofa) genome. J. Animal Science 2012, 90(4):1111-1117.
USFDA 2013  GM salmon  
López JA, Naranjo JM, Higuita JC, Cubitto MA, Cardona CA and Villar MA: Biosynthesis of PHB from a new isolated Bacillus megaterium strain: outlook on future developments with endospore forming bacteria. Biotechnology and Bioprocess Engineering 2012, 17:250-258. 
Pan W, Perrotta JA, Stipanovic AJ, Nomura CT and Nakas JP: Production of polyhydroxyalkanoates by Burkholderia cepacia ATCC 17759 using a detoxified sugar maple hemicellulosic hydrolysate J Ind Microbiol Biotechnol 2012, 39:459-469 
Schnell JA, Treyvaud-Amiguet V, Arnason JT and Johnson DA: Expression of polyhydroxybutyric acid as a model for metabolic engineering of soybean seed coats. Transgenic Research 2012, 21:895-899. 
Su T-T, Lin C-W, I Y-P and Wu C-H: Biodegradation of semiconductor volatile organic compounds by four novel bacterial strains: a kinetic analysis. Bioprocess Biosyst Eng 2012, 35:1117-1124. 
Nielsen PH, Mielczerek AT, Kragelund C, Nielsen JL, Suanders AM, Kong Y, Hansen AA, Vollertsen J:  A conceptual ecosystem model of microbial communities in enhanced biological phosphorous removal plants.  Water Res 2010, 44:5070-5088.
Nielsen PH, Saunders AM, Hansen AA, Larsen P and Nielsen JL: Microbial communities involved in enhanced biological phosphorus removal from wastewater – a model system in environmental biotechnology. Current Opinion in Biotechnology 2012 23:452-459. 
Albertsen M, Hansen LBS, Saunders AM, Nielsen PH, Nielsen KL: A metagenome of a full-scale microbial community carrying out Enhanced Biological Phosphorous Removal. ISME J 2012, 6: 1094-1106.
Alliance for new antibiotics eurobiotechnews.eu/  ……  2013 
3

