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In the article the wide review of genetically modified crops with new traits was presented. On the basis of the collected data the description of main traits that attended in biotech crops is pointed: herbicide tolerance, insect resistance, viral disease resistance et al. The analysis of data showed that all new genes built-in in plants had a bacterial, plant or viral origin. The genetically modified lines of maize and soybean have been got the most distribution in the world.
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Raising of problem. Biotechnology, including creation of the genetically modified, so-called biotechnological crops, is one of perspective directions of modern science that develops swiftly. Similar wave of new GM plants approved for commercialization and planting certainly causes certain disturbances in societies, some agrarians, politicians and science representatives. Therefore, only skeptical long-term analysis is able to quiet consumers and to produce clear norms for introduction of products of the genetic engineering in the world. As well as for the entire countries of the world, for Ukraine there is a requirement in determination of principles of public policy in the question of biosafety of growing GM crops and permission of products that contain GM components.  

Analysis of basic researches and publications. According to supporters of genetic engineering technologies, necessity of growing GM crops dictated by increasing food production in connection with hunger problems on the planet, and also by the increase of demand on food cultures for the production of biofluel [14]. Up to 2050 the amount of people that suffer from hunger will be doubled and will present 1,8 milliards [11]. All the more, new GM plants have strong resistance to drought and pests that can provide the stable yields of GM crops even under global climatic changes.

The genetically modified organism is an organism whose genotype has been altered using genetic engineering techniques. Genetic material is carried from one organism in other using technology of recombinant DNA. First GM plant was a tobacco with resistance to viral infection that got in the USA in 1983. In 1994 the first GM products appeared at USA market after passing of all tests on toxicity, allergic response etc. These were the tomatoes of variety “Flavr Savr” created by a firm Calgen, which have new trait – delay ripening. Also Monsanto presented herbicide tolerated GM soybeans for the market that year [3].

Modern science can decide such tasks by the creating GM plants: а) improvement of the product quality (metabolism of carbohydrates and fat acids, delay of ripening, cost reduction of processing); b) resistance to pests (bacteria, fungi, viruses, insects); c) agronomical parameters (drought resistance, herbicide tolerance, reduction of requirement in nitrogen feed, salinity resistance, resistance to temperature factors); d) ecological biotechnology; f) synthesis of pharmaceutical preparations and other products: synthesis of vaccines, hormones, pharmaceutical proteins and homogeneous antibodies, monomer synthesis of the biodegenerative plastic [7,8].

Large-scale production of GM plants in the world began in 1996 and occupied 1,7 million hectares [1]. For period 1996 - 2013 the area of GM crops growing increase to 170 million hectares A record 175.2 million hectares of biotech crops were grown globally in 2013, at an annual growth rate of 3%, up 5 million from 170 million hectares in 2012. Thus, since 1996 the world production of GM crops has been increasing, in 100 times for 18 years of growing. 27 countries grew GM crops in 2013, 8 of them are developed countries, 19 are developing. Among 10 countries that have greatest areas of GM crops growing 8 countries are developing. Latin America, Africa and Asia grow 94 million hectares in common, or 54 % of world volume of GM crops growing [10].

Undoubtedly, the USA continued to be the lead producer of biotech crops globally with 70.1 million hectares (40% of global), with an average adoption rate of ~90% across its principal biotech crops. On the second place is Brazil, that grow mainly three GM crops – soybean, maize and cotton on an area 40,3 million hectare. Argentina has 24,4 million hectares of soybean, maize and cotton; India grows GM cotton on 11 million hectares. Canada grows soybean, maize, canola, sugar beet and other crops on an area 10,8 million hectares, completes five of leaders. Other countries, such as China (4,2 million ha), Paraguay (3,6 million ha), South Africa (2,9 million ha), Pakistan (2,8 million ha) are actively increased area of GM crops. Five EU countries, especially Spain (136,962 ha), planted 148,013 hectares of biotech Bt maize in 2013. It should be noted in the EU countries the process of implementation of GM crops passes slowly in the agrarian industry. For example, Germany refused growing of GM potato in 2013; Portugal, Czech Republic and Slovakia decreased sowing areas of Bt maize.

Aim and task of the research. The aim of this research is an analysis of GM crops distribution in the world and an overview of new traits and genes of  the new biotech plants. It is necessary to present the real information about all GM crops approved to growing and distribution. The main task of this research was to analyse all GM crops approved to growing by the new traits and also to describe their genetic nature.

Materials and methods of the research. The official information sources have been used in this research with the aim to present the reliable data about implementation and distribution of the new GM crops. Such sources are electronic resources of International Service of the Acquisition of Agri-biotech Applications (ISAAA), Food and Agriculture Organization of the United Nations (FAO), other foreign and home scientific publications and also Laws of Ukraine about biosafety of the application of new genetic engineering technologies.

Results of the research. For today over 340 genetically modified lines that present 27 crops registered and approved for planting in the world (table. 1). The most GM events were registered for maize (132 lines, 38 % from a general amount), cotton (49 lines, 15 %), canola (30 lines, 9 %), potato (31 line, 9 %) and soybean (29 lines, 8 %) [12]. The genomes of these GM lines content the alien genes from bacteria, plants or viruses. These genes control various traits which are difficult to insert in plant genom using the traditional breeding methods. For today it is known 36 new traits which occur in the GM lines both single and in complex.

Table 1

Crops, the GM lines of which approved for planting
	Alfalfa (Medicago sativa)

Argentine canola (Brassica napus)

Bean (Phaseolus vulgaris)

Carnation (Dianthus caryophyllus)

Chicory (Cichorium  intybus)

Cotton (Gossypium  hirsutum L.)

Creeping Bentgrass (Agrostissto lonifera)

Eggplant (Solanum melongena)
Flax (Linum  usitatissumum L.)

Maize (Zea mays L.)

Melon (Cucumis  melo)

Papaya (Carica papaya)

Petunia (Petunia hybrida)

Plum (Prunus  domestica)
	Polish canola (Brassica rapa) 

Poplar (Populus sp.)

Potato (Solanum  tuberosum L.)

Rice (Oryza sativa L.)

Rose (Rosa hybrida)

Soybean (Glycine max L.)

Squash (Cucurbita  pepo)

Sugar beet (Beta vulgaris)

Sugarcane (Saccharum  sp.)

Sweet peper (Capsicum annuum)

Tobaco (Nicotiana  tabacum L.)

Tomat (Lycopersicon  esculentum)

Wheat (Triticum  aestivum)


Analysis of most widespread GM crops

Soybean. One of the first crops in the world with a introduced alien gene was soybean (Glycine maх L.) [1, 3]. For today 93 % of soybean areas in the world are occupied with GM soybeans [13]. The tolerance to glyphosate herbicide is the first trait passed to soybean that is controlled of cp4 epsps gene from Agrobacterium tumifaciens strain CP4. Glyphosate inhibit the 5-enolpyruvil-shikimate-3-phosphate synthase (EPSPS) enzyme that plays an important role in the synthesis of three aromatic amino acids (phenylalanine, tyrosine and tryptophan) and some other important components of plant. Plants will perish with glyphosate action. Transgenic glyphosate tolerant soybean have the bacterial gene cp4 epsps that control synthesis of the insensitive to glyphosate enzyme [2,7]. Most counties in the world give a permit for the import and the using in food industry of GM soybean. Nevertheless same countries still forbid the planting and the using GM soybeans. A great number of GM lines of soybean are registered in the USA (19), Mexico (15) and New Zealand (12). Other countries grow a limited range of the GM soybean lines. Thus, in Russia only 5 lines of GM soybean are registered, in the EU - 7 lines, Uruguay - 4 lines, Colombia - 1 line [12].
In this research all approved for planting GM lines of soybean have been studied by the new GM traits. It is shown that among 29 approved soybean lines 25 lines have a tolerance to different herbicides (glyphosate, glufosinate et al.); 3 lines have a Lepidopteran insect resistance; 7 lines have trait of the modified fat acids. Thus, some lines can carry a few alien genes in their genomes and, accordingly, combine a few new traits. For example, line DP305423 x GTS40-3-2 had in the genome three alien genes which provide tolerance to two types of herbicides and modified quality composition of seed. Transformation method with using the Ti-plasmide was applied for seven GM soybean lines, microparticle bombardment of plant cells or tissue (biolistic) method was applied for 17 lines [12].

Maize (Zea mais L.) is one of main cereals in the world next to wheat and rice. In this case, the stable and high yield level of this culture is impotent for many countries [11]. Genetic engineering methods are great part of the modern breeding of maize. For today 86 % sowing areas of maize in the world are occupied by GM maize. The most  registered GM lines in the ISAAA database (132) are GM lines of  maize [10]. Also the number of the GM maize lines planted in different countries vary: the USA - 38, Canada - 58, the EU - 39, Australia - 21, China - 16, Russia - 11 [12].

Most of the GM maize lines are herbicide tolerant and insect resistant. The cry genes control synthesis of the delta-endotoxin (CRY protein) in plant cells that provide the insect resistance for GM plants. CRY protein is a product of Bacillus thuringiensis. CRY proteins are toxic for insects. Different strains of bacterium produce specific toxins to the certain species of insects [2, 9]. Using the genetic engineering methods allows to transfer cry genes into plant genome for creating insect resistant GM plants of maize, potato, cotton, tobacco [8, 12].

In GM maize the cry1a gene controls the synthesis of CRYI proteins that are toxic for the Lepidoptera insects and their larvae. The cry3 gene controls the synthesis of CRYIІІ proteins that are toxic for the Coleoptera insects and their larvae [2, 7]. Thereby Bt-plants do not need insecticide treatment during their vegetation. It is known that only 5 % insecticides work on purpose and 95 % get in the environment that contaminate water sources and destroy useful insects [11].

Modern directions of genetic improvement of maize genome are drought resistance that can provide the stable yields of maize in the conditions of global climate changes, and also modified amino acid, modified alpha amylase, male sterility [14].

We have analyzed all approved for growing and using GM lines of maize by new GM traits. Among 132 registered lines more than 100 lines have genes of tolerance to different types of herbicides (glyphosate, glufosinate et al); 90 – Lepidoptera insect resistance genes; 65 - Coleoptera insect resistance genes; 25 – antibiotic resistance genes; 6 - male sterility genes; 4 – drought resistance genes; 8 – modified alpha amylase genes and 2 lines have the modified amino acid genes (Pic.1) [12].

The most applied transformation methods are the Ti-plasmide using (15 GM lines) and microparticle bombardment of plant cells or tissue (biolistic) (20 GM lines), and also traditional hybridization of different GM lines with futher selection (86 registered GM lines). The most part of GM lines have a few GM traits. Thus, 7 lines contain only one alien gene; 27 – 2 alien genes; 47 lines – 3 alien genes; 26, 12 and 4 lines, accordingly, 4, 5 and 6 new alien genes [12]. 
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Picture 1. The new traits of GM maize (by ISAAA database, 2014).

New traits of GM soybean and maize give an opportunity to facilitate technology of growing of these crops and also to increase herbicide tolerance of plants, insect resistance, to change the quality composition of seed by applying genetic engineering methods. Nevertheless, providing a food safety need a careful analysis of the new GM lines during long-term period.

Basic signs inherent to the biotechnological cultures are analysed in this work. In the extended table 2 the given description of these signs, described them genetic nature, product that is synthesized under control these foreign genes, and function that they carry out in a plant.
Table 2

Characteristics of main traits of GM crops, their genetic nature and physiologycal effect
(by the ISAAA database, 2014)

	Gene
	Gene source
	Product
	Function
	Crop, total number of approved GM lines

	1. Herbicide tolerance:
1.1.   Glyphosate

	cp4epsps


	Agrobacteri-um tumefaciens 

strain CP4
	5-enolpyruvil-shikimate-3-phosphate synthase (EPSPS) enzyme 

	decreases binding affinity for glyphosate, thereby conferring increased tolerance to glyphosate herbicide
	Alfalfa – 3, 

Argentine canola – 4, Soybean – 11, 
Cotton – 9, Maize – 41, 
Polish canola – 3, Potato – 4, Wheat – 1,
Sugar beet – 2

	gat4621


	Bacillus

licheniformis
	glyphosate N-acetyltransferase enzyme
	catalyses the inactivation of glyphosate, conferring tolerance to glyphosate herbicides
	Argentine canola – 2 

Maize – 4 



	goxv247


	Ochrobactrum

anthropi 

strain LBAA
	glyphosate oxidase
	confers tolerance to glyphosate herbicides by degrading glyphosate into aminomethylphosphonic acid (AMPA) and glyoxylate
	Argentine canola – 3 

Maize – 5 

Polish canola – 3 

Sugar beet – 1

	mepsps


	Zea  mays
	modified 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) enzyme
	confers tolerance to glyphosate herbicides
	Maize – 27 



	1.1. Glufosinate herbicide tolerance

	bar


	Streptomy-ces  hygroscopi-cus
	phosphinothricin N-acetyltransferase (PAT) enzyme
	eliminates herbicidal activity of glufosinate (phosphinothricin) herbicides by acetylation 
	Argentine canola – 16, Chicory – 3, Cotton – 12, Rice – 3, Maize – 7, Soybean– 2

	pat
	Streptomy-ces  viridochro-mogenes
	phosphinothricin N-acetyltransferase (PAT) enzyme
	eliminates herbicidal activity of glufosinate (phosphinothricin) herbicides by acetylation 
	Maize – 73, 
Soybean – 9

Sugar beet – 1

	1.2. Dicamba

	dmo


	Stenotrophomonasmaltophilia 

strain DI-6
	dicamba mono-oxygenase enzyme
	confers tolerance to the herbicide dicamba (2-methoxy-3,6-dichlorobenzoic acid) by using dicamba as substrate in an enzymatic reaction
	Cotton – 1

Soybean – 2



	2. Insect resistance:
2.1. Coleopteran insect resistance

	cry34Ab1

+

cry35Ab1


	Bacillus  thuringien-sis

 strain PS149B1
	Cry34Ab1 

delta-endotoxin 


	confers resistance to coleopteran insects particularly corn rootworm by selectively damaging their midgut lining
	Maize – 33 


	cry3A


	B.  thuringien-sis 

subsp. tenebrionis
	cry3A

delta-endotoxin 
	like preceding one
	Potato – 30 

	cry3Bb1
	B. thuringiensis 

subsp. kumamotoen-sis
	Cry3Bb1 

delta-endotoxin 
	like preceding one
	Maize – 17 



	2.2. Lepidopteran insect resistance

	cry1A
	Bacillus  thuringien-sis
	delta-endotoxin of the Cry1A group
	confers resistance to lepidopteran insects by selectively damaging their midgut lining
	not available lines 

	cry1A.105
	B. thuringiensis subsp. kumamotoensis
	Cry1A.105 protein
	like preceding one
	Maize – 17 

	cry1Ab 
	B. thuringiensis subsp. kurstaki
	Cry1Ab 

δ- endotoxin
	like preceding one
	Cotton – 7, Rice – 2

Maize – 47

	cry1Ac
	B. thuringiensis subsp. Kurstaki strain HD73
	Cry1Ac 

δ-endotoxin


	like preceding one
	Cotton – 22, Rice – 2

Eggplant – 1, Soybean – 3, Maize – 1

Poplar – 2, Tomato – 1

	cry1Fa2
	synthetic form of gene cry1F from Bacillus  thuringiensis  var. aizawai
	modified Cry1F protein
	like preceding one
	Maize – 40



	cry2Ab2
	B. thuringiensis  subsp. kumamotoen-sis
	Cry2Ab 

δ-endotoxin


	like preceding one
	Cotton – 6

Maize – 17

	vip3Aa20
	B. thuringiensis strain AB88
	vegetative insecticidal protein (vip3Aa variant)
	like preceding one
	Maize – 14

	pinII
	Solanum  tuberosum
	protease inhibitor protein
	enhances defense against insect predators by reducing the digestibility and nutritional quality of the leaves
	Maize – 1

	2.3. Multiple insect resistance

	API 
	Sagittaria  sagittifolia 
	arrowhead protease inhibitor protein A or B
	confers resistance to a wide range of insect pests
	Poplar – 1

	CpTI
	Vigna  unguiculata
	trypsin inhibitor
	confers resistance to a wide range of insect pests
	Cotton – 1

	ecry3.1Ab
	synthetic form of genes Cry3A and Cry1Ab from B.  thuringiensis
	chimeric (Cry3A-Cry1Ab) delta endotoxin protein
	confers resistance to coleopteran and lepidopteran insects by selectively damaging their midgut lining
	Maize – 3



	3. Viral disease resistance

	ac1  
	Bean Golden Mosaic Virus (BGMV)
	sense and antisense RNA of viral replication protein (Rep)
	inhibits the synthesis of the viral replication protein of the Bean Golden Mosaic Virus (BGMV)
	Bean

	cmv_cp
	Cucumber Mosaic Cucumovirus (CMV)
	coat protein of cucumber mosaic cucumovirus (CMV)
	confers resistance to cucumber mosaic cucumovirus (CMV) 
	Squash – 1, 
Tomato – 1

Sweet peper – 1 

	plrv_orf1 
	Potato Leaf Roll Virus (PLRV)
	putative replicase domain of the PLRV
	confers resistance to potato leaf roll virus (PLRV) through gene silencing mechanism
	Potato – 7 

	ppv_cp
	Plum pox virus (PPV)
	coat protein of plum pox virus (PPV)
	confers resistance to plum pox virus (PPV) through "pathogen-derived resistance" mechanism
	Plum

	prsv_cp
	Papaya ringspot virus (PRSV)
	coat protein (CP) of the papaya ringspot virus (PRSV)
	confers resistance to papaya ringspot virus (PRSV) through "pathogen-derived resistance" mechanism
	Papaya – 3 

	pvy_cp
	Potato Virus Y (PVY)
	coat protein of the potato virus Y (PVY)
	confers resistance to potato virus Y (PVY) through "pathogen-derived resistance" mechanism
	Potato – 7 

	wmv_cp
	Watermelon Mosaic Potyvirus 2 (WMV2)
	coat protein of watermelon mosaic potyvirus 2 (WMV2)
	confers resistance to watermelon mosaic potyvirus 2 (WMV2) through "pathogen-derived resistance" mechanism
	Squash – 2 

	zymv_cp
	Zucchini Yellow Mosaic Potyvirus (ZYMV)
	coat protein of zucchini yellow mosaic potyvirus (ZYMV)
	confers resistance to zucchini yellow mosaic potyvirus (ZYMV) through "pathogen-derived resistance" mechanism
	Squash – 2 

	4. Delayed fruit softening

	pg
	Lycopersicon  esculentum
	transcription of the endogenous enzyme is suppressed by a gene silencing mechanism
	inhibits the production of polygalacturonase enzyme responsible for the breakdown of pectin molecules in the cell wall, and thus causes delayed softening of the fruit
	Tomato – 4

	5. Delayed ripening/senescence

	acc truncuted
	Lycopersicon  esculentum
	modified transcript of 1-amino-cyclopropane-1-carboxylic acid (ACC) synthase gene
	suppresses the normal expression of the native ACC synthase gene, resulting in reduced ethylene production and delayed fruit ripening
	Tomato – 1 

	acc truncuted
	Dianthus  caryophyllus
	modified transcript of 1-amino-cyclopropane -1-carboxylic acid (ACC) synthase gene
	causes reduced synthesis of endogenous ethylene through a gene silencing mechanism and thus delayed senescence and longer vase life
	гвоздика – 1

	6. Drought stress tolerance

	cspB
	Bacillus  subtilis
	cold shock protein B
	maintains normal cellular functions under water stress conditions by preserving RNA stability and translation
	Maize – 4  

	7.  Modified flower color

	5AT 
	Torenia  sp.
	anthocyanin 5-acyltransferase (5AT) enzyme
	alters the production of a type of anthocyanin called delphinidin
	Rose – 2 

	bp40 (f3'5'h) 
	Viola  wittrockiana
	Flavonoid 3',5'-hydroxylase (F3'5'H) enzyme
	catalyzes the production of the blue-coloured anthocyanin pigment delphinidin and its derivatives
	Carnation – 8

Rose – 2

	dfr
	Petunia  hybrida
	dihydroflavonol-4-reductase (DFR) hydroxylase enzyme
	catalyzes the production of the blue-coloured anthocyanin pigment delphinidin and its derivatives
	Carnation – 14



	hfl (f3'5'h)
	Petunia  hybrida
	Flavonoid 3',5'-hydroxylase (F3'5'H) enzyme
	catalyzes the production of the blue-coloured anthocyanin pigment delphinidin and its derivatives
	Carnation – 6




Biosafety. The scales of researches and application of GMO grow from year to year, that requires creation of the national and international systems of biosafety in work with genetic modified organisms with the aim of prevention of them out-of-control distribution and use. On this account the Cartagena Protocol  of  Biosafety”  was set in 1999. It is an international agreement about events and procedures, necessary for the safe moving through state boundaries, processing and applications of products of modern biotechnology. Countries that signed her are under an obligation to guarantee that in the process of treatment, packing and transporting of GMO adhere to all safety measures. Implementation of positions of Protocol sent to maintenance biodiversity and biosphere. From the scientific point of view, GM organisms are not enough studied with respect to interaction  with other natural ecosystems. That why they are potentially dangerous for the biosphere of Earth and human health. Replacement of traditional crops and wild plants by GM plants and transpollination of wild relative plants by pollen of GM plants are possible, thus alien genes can go out in wild nature.

In relation to fears of consumers about the danger of the use of products with GM components it is necessary to mark that average statistical man consume a 0,1 - 1 g of DNA every day with meals (data of ФАО) [11]. Products such as potato or wheat contain litlle emount of DNA. The refined sugar does not contain or contains the track amounts of DNA. Quite a bit DNA is contained in meat, mushrooms, bacteria [2]. The reports of European Commission "EC-Sponsored research on safety the genetically modified organisms" (1985 - 2000) and "A decade of EU-funded GMO research" did not educe scientific proofs that would associate GМО with higher risks than risks are from traditional vegetable and living organisms [11, 14]. 
Adjusting of activity of GМО applications is inculcated in the USA and in Europe. In the countries of "third world", in Asia, Africa and Latin America, entered a national legislation in relation to adjusting, freeing and marking of genetically modified plants both for a commercial aim and for scientific aims. Practically all countries-neighbours of Ukraine have a legislatively-normative base that regulates genetic-engineering activity and rules of behavior with GМ organisms. Unfortunately, Ukraine is not in this list now. 
In Ukraine admittance of GМ products is regulated by Law "On the state system of biosafety at creation, test, transporting and use of genetically modified organisms" [4] and Law "On the protection of consumers", namely the Article 15. p. 5, where marked, that information about products must contain: mark about a presence or absence of genetically modified components in food products [5]. Ukraine became the first state in the world that obliged producers and importers of food products to specify denotation "Without GМО" in marking of all without an exception  food products, even those, in what GМО it can be neither in theory, nor practically.
As a result of the illegal and out-of-control growing genetically modified crops spread on all territory of Ukraine. Experts consider that about one million hectares of Ukrainian fields are under GМ cultures from that over 50 % is soybean, 20 % maize, other - potato and sugar beets. Marking of products on a presence of GМО is a requirement within the framework of law. However such step appeared unreliable in Ukraine, where officially GМ crops do not grow.

Conclusion. We can assert about irreversible process of application GМ plants in world crop production. Although the Law on prohibition of growing and distribution GМ crops and products with GM components operates in our country, however we can observe a general tendency to increasing of areas under GМ crops (170 millions ha) in a world crop production? expansion of GМ lines list, search of new genes, new traits. It is marked, that a substantial difference at approved GM crops between countries. The most widespread GМ crops are maize (over 100 registered lines) and soybean (over 20 registered lines).
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