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Introduction
Genetically modified (GM) plants, created 

using the recombinant DNA technologies, have 
been widely used all over the world since 1996. 
In 2019, 29 countries grew biotech crops on an 
area of 190.4 million hectares (Mha) [1]. The 
top producers of genetically modified plants 
are the United States (the total area occupied 
71.5 Mha), Brazil (52.8 Mha), Argentina (24 Mha), 
Canada (12.5 Mha) and India (11, 9 Mha). In 
the global world market in 2019, the share of 
GM plants accounted for 79% from the area 
under all rapeseed crops in the world, 74% 
from the area under soybeans, 31% from the 
area under corn and 27% from the area under 
cotton [1]. The leader among biotech plants in 
terms of the total planted area was soybeans, 
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which were cultivated on 91.9 Mha (while the 
area under crops in 2019 decreased by 4% com-
pared to 2018), followed by corn (60.9 Mha), 
cotton (25.7 Mha), and rapeseed (10.1 Mha). 
The International Service for the Acquisition 
of Agri-biotech Applications (ISAAA) assumes 
that the level of use of the main GM crops has 
already reached its saturation [1]. It is likely 
that global producers of biotech plants will 
continue their further expansion into the seed 
market of the aforementioned crops using 
technologies other than recombinant DNA, 
like genome editing technologies. In addition 
to the above four main biotech crops (soybeans, 
corn, cotton and rapeseed), it is worth men-
tioning other genetically modified plants culti-
vated on an industrial scale – alfalfa (the area 
under crops in 2019 was 1.3 Mha), sugar beet 
(473 thousand hectares), sugar cane (20 thou-
sand hectares), papaya (12 thousand hectares), 
sunflower (3.5 thousand hectares), potatoes 
(2.265 thousand hectares), eggplants (1.931 
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thousand hectares), as well as zucchini, apples 
and pineapples, which were grown on areas 
less than 1 thousand hectares. In general, the 
ISAAA database contains information on more 
than 300 different plants with genetically 
modified events “that have been approved for 
commercialization/planting and importation 
(food and feed)” (https://www.isaaa.org/gmap-
provaldatabase/default.asp). 

When analyzing the list of authorized GM 
plants, it should be remembered that private and 
public research centers are actively working on 
the creation of new genetically engineered va-
rieties for many plant species – rice, bananas, 
potatoes, wheat, mustard, chickpeas, peas, 
melons, flax, plums, etc., which will have vari-
ous new beneficial properties and improved 
nutritional value. In addition to countries that 
grew GM plants, 42 countries around the world 
(26 EU member states, plus 16 other countries) 
also imported biotech plants for use as food, 
animal feed and for processing in 2019. Thus, 
in 2019, genetically modified plants were ap-
proved and used for various purposes in 71 
countries of the world in total [1].

Despite the wide distribution of genetically 
modified plants, the attitude towards them in so-
ciety continues to remain somewhat wary, which 
manifests in constant discussions regarding 
the possible risks to humans and animals from 
the use of GM plants and the products obtained 
with their use. About 50 countries have also 
introduced mandatory labeling of GM feed and 
products if their content exceeds a certain 
threshold value [2]. For example, the threshold 
for labeling GM products is 0.9% in the EU, 3% 
in South Korea, 5% in Japan [2–4]. It should be 
noted that GMO labeling in no way concerns the 
issue of their safety, but only informs the con-
sumer about their presence.

Results 
In order to meet labeling requirements, ef-

ficient and sensitive methods for detecting 
many known genetic modifications in a wide 
variety of plant materials, food products and 
animal feed must be developed and standardi-
zed. The most common methods for the deter-
mination of GMOs (genetically modified orga-
nisms) are based on the detection of specific 
proteins synthesized in transgenic plants due 
to the expression of new genes in their genome, 
and on the detection of the introduced genes 
themselves by analyzing certain nucleotide se-
quences of DNA isolated from a genetically 
modified organism. The developed enzyme im-
munoassay methods allow the determination of 
proteins encoded in transgenic plants by cp4-

epsps, cry1Ab, cry1Ac, cry2A, cry2Ab, cry3A, 
cry9C, nptII, pat, gox, cpti genes [5]. Unfortu-
nately, this inventory does not completely co-
ver the entire list of GM plants currently pre-
sented on the market. Methods for the deter-
mination of GMOs based on the analysis of 
nucleic acids are the most common, since such 
methods are more sensitive and specific than 
the analysis of protein composition, and allow 
the detection of a significantly larger number 
of genetically modified plants. For the detec-
tion and monitoring of transgenic DNA, four 
main regions in the genome of a new organism 
are selected. These are specific nucleotide se-
quences characteristic of universal elements 
and marker genes that were inserted into the 
genetic cassette used for transformation; in 
fact, the newest introduced genes; genome sec-
tion on the border between universal elements 
and introduced new genes; the boundary be-
tween the nucleotide sequence in the host ge-
nome and integrated new genes [6]. The use of 
methods for detection of these four regions in 
the genome makes it possible, respectively, to 
screen a particular sample for the presence of 
genetic modifications in it; determine the spe-
cific introduced gene; reveal the structure 
used for transformation; or identify a GM 
event. With the rapid emergence of new GM 
events, the most common methods of labora-
tory analysis are routine screening and deter-
mining the presence of a new gene or elements 
of the used construction. Since the 90s of the 
last century, most detecting laboratories began 
to actively use DNA-based polymerase chain 
reaction PCR) techniques. Since then, the poly-
merase chain reaction, through which a large 
number of copies of certain regions of the ge-
nome are possible to obtain, has become a rou-
tine method of molecular biology, biotechnolo-
gy and genomics. PCR is widely used both in 
fundamental research and for solving various 
practical issues, including the detection of 
GMOs. Among the various PCR options used 
to detect genetically modified organisms, it is 
worth recalling the quantitative Polymerase 
Chain Reaction (qPCR), multiplex PCR, and 
digital drop PCR (ddPCR). Multiplex PCR at-
tracts special attention, since it allows detec-
ting several targets simultaneously. The publi-
cation [7] provides information on the use of 
multiplex PCR for the simultaneous detection 
from 4 to 9 different targets:
• 4-Plex PCR (taxon specific soybean lectin 

(lec) gene, maize zein gene, element-specific 
sequence of 35s promoter of cauliflower mo-
saic virus and nos terminator (nopaline syn-
thase gene terminator) are detected); 
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• 5-Plex PCR (taxon specific gene of the 
maize alcohol dehydrogenases (adh) and GM 
events GA21, MON810, NK603, Bt11 are de-
tected); 
• 6-Plex PCR (taxon specific acp1 gene – cot-

ton gene that encodes an acyl carrier protein) 
and GM events Bollgard, Bollgard II, RR, 
3006-210-23, 281-24-231 are detected); 
• 8-Plex PCR for the detection of 8 different 

GM events (Bt176, Bt11, HN1, RRS, T25, 
MON88913, MIR604, and MON1445) 
• 9-Plex PCR, where taxon specific hmg gene 

(highly mobile maize protein gene) and GM – 
events T25, GA21, TC1507, MON863, MON810, 
NK603, Bt176, Bt11 are determined.

Additional information on some other develo-
ped variants of multiplex PCR for GM plants 
detecting can be found in the review [5]. Fur-
ther improvement of the methods for the si-
multaneous analysis of several different DNA 
targets was obtained thanks to the develop-
ment of the so-called MPIC technologies (mul-

tiplex Microdroplet PCR Implemented Capil-
lary gel electrophoresis). This approach made 
it possible to detect simultaneously from 8 to 
24 different GM events [8].

The main advantage of molecular detection 
methods based on the analysis of nucleic acids 
is their high specificity and sensitivity. 
Among the shortcomings of the methods, it 
is worth mentioning the need for sophisti-
cated equipment that is not always available 
for laboratories with limited financial re-
sources. The advantages and disadvantages 
of some methods for the determination of 
GMOs based on the use of the PCR are shown 
in Table 1.

The need for complex and expensive PCR 
equipment prompted the development of ampli-
fication methods that can be implemented at a 
constant temperature and, therefore, are an 
alternative to PCR. First of all, we are talking 
about isothermal amplification methods imple-
mented at a constant temperature.

Table 1 
Disadvantages and advantages of various PCR variants used to determine GMOs [9]

Method Target for 
detection Advantages Disadvantages

Traditional PCR DNA / RNA Relatively cheap method The analysis is time-consuming and 
requires the use of a thermal cycler

Nested PCR DNA / RNA Highly specific method of analysis High cost, time-consuming analysis, 
requires the use of a thermal cycler

Real-time PCR DNA / RNA
Allows to reveal the relative amount of analyzed 
DNA in the studied sample; no need for further 
separation of the obtained amplicons

Time-consuming analysis. Requires the 
use of highly purified genetic material, 
requires the use of a special amplifier

Digital drop PCR 
(ddPCR) DNA / RNA Highly sensitive method, not sensitive to impurities, 

allows to determine the absolute amount of DNA
Very high cost of analysis, requires the 
use of special equipment

Their main advantage is the absence of need 
for sophisticated equipment – you only need an 
ordinary laboratory thermostat, or a water bath. 
Among the methods of isothermal amplification 
of nucleic acids, it is worth mentioning strand-
displacement amplification (SDA) [10], helicase-
dependent amplification system (HAD) [11], 
rolling circle amplification (RCA) [12], loop-
mediated amplification (LAMP), Self-sustained 
sequence replication (3SR) [13] and nucleic acid 
sequence-bases amplification (NASBA) [14] and 
which is a further improvement of the 3SR 
method, Q beta replicase amplification, etc.

Isothermal amplification methods can be 
classified into two groups depending on how 
the nucleic acid is denatured – using enzymes 
or spontaneously, thanks to specific primers or 
probes. The methods are simple in terms of 
their implementation, and some of them can be 
used even in the field, since the main differen-
ce between isothermal amplification methods 
and PCR is that the reaction can occur at a 

constant temperature. The main purpose of 
this article is to analyze the experience of using 
the LAMP reaction for detecting genetically 
modified plants.

 Loop-mediated isothermal amplification 
method was first developed by Japanese scien-
tists in 2000 [15] and is based on the unique 
feature of DNA polymerase from the bacterium 
Bacillus stearothermophillus (Geobacillus), which, 
in addition to DNA polymerase, also has a high 
revertase activity. Usually, the reaction itself 
is carried out at a temperature in the range of 
55–65 °C. LAMP reaction was first described 
using 4 primers, however, later it was found 
that the use of an additional pair of primers 
for loop formation significantly increases the 
sensitivity of the method [16].

The LAMP study can be implemented rather 
quickly, since in this amplification reaction, 
unlike PCR, there are no separate stages of 
denaturation, hybridization and synthesis. At 
the same time, the loop-mediated amplification 
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can be divided into the following conditional 
stages – initiation, cyclic amplification and 
elongation. For loop-mediated amplification 
DNA polymerase that can replace the strand 
during synthesis (B. stearothermophillus Bst 
DNA polymerase), Forward Inner Primer (FIP) 

and Backward Inner Primer, (BIP) and exter-
nal primers (F3, B3) that recognize 6 different 
regions on the target are needed (Figure 1). 
Two looping primers are needed to form a loop, 
and two pairs of stripping primers are needed 
to synthesize linear nucleic acid strands.

Fig. 1. Description of primers used in (LAMP) 

Internal primers FIP and BIP correspond to regions F2 (B2) and F1c (B1c). 
External primers are designed for regions F3 and B3. Loop forming primers are designed 

for regions between F1c (B1c) and F2c (B2c) 
(http://www.premierbiosoft.com/tech_notes/Loop-Mediated-Isothermal-Amplification.html)
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At the beginning of the reaction, the primers 
forming the loop hybridize with F2 or B2 regi-
ons in order to initiate the synthesis of com-
plementary DNA strands (Fig. 2, stage 2). Af-
ter that, primers necessary for the synthesis 
of linear strands of nucleic acids hybridize 
with loci F3 or B3, and amplification of com-
plementary DNA strands begins, which fur-
ther leads to the release of the synthesized 
chains of the molecule (stage 3).

At this stage, the single-stranded chain of 
the nucleic acid molecule already has a nucleo-
tide sequence that allows the formation of a 
loop-like structure (stage 4). The F1 and B1 
regions at the 5'-end act as primers for genera-
ting a double-stranded loop (step 5). The regi-
ons containing the loop (F1 and B1) are single 
stranded, so new primers that generate the loop 
can hybridize with these regions. 

As a result, a new complementary DNA strand 
is formed (stage 6, stage 7 and stage 8). At the 
5'-end, a loop is formed (step 9), similar to how it 
happened in step 4. The synthesis of the molecule 
from regions F2 and B2, and the synthesis, which 
is caused by primers that generate a structure in 
the form of a loop, occurs alternately (steps 9, 10 
and 11), which leads to the formation of a large-
size reaction product containing nucleotide se-
quences that correspond to the target (step 11).

 Further improvement of LAMP method was 
aimed at the development of its variants, allow-
ing the detection of RNA. As a result, condi-
tions for performing LAMP along with reverse 

transcription, (RT-LAMP) were developed. Re-
verse transcriptase is added to the reaction 
mixture in order to provide reverse transcrip-
tion, which is carried out with the participation 
of primers that form a loop and primers neces-
sary for the synthesis of linear strands of nu-
cleic acids. RT-LAMP is used primarily for the 
detection of RNA-containing viruses, while the 
«traditional» LAMP is successfully used to de-
termine various DNA-containing pathogenic 
microorganisms (viruses, bacteria, fungi) and 
parasites, to determine the sex of embryos, in 
research on the study of cancer [18].

 Using the LAMP method, a very small amount 
of target DNA can be detected; it is also impor-
tant that the amplification reaction can also oc-
cur in the presence of foreign nucleic acids. 
These circumstances make the method quite 
suitable for detecting GMOs. As in the case of 
PCR, the use of LAMP for detecting GMOs can 
be implemented in several ways: routine scre-
ening to study the presence of GMOs due to the 
detection of universal and most common regula-
tory elements, such as the 35s promoter and nos 
terminator, and the identification of a GM event, 
what requires specific primers. 

The results of the detection of many trans-
genic plants by the method of loop-mediated 
isothermal amplification have been published 
in the scientific literature (Table 2).

The minimum sensitivity of the LAMP me-
t hod in the experiments of various authors, 
which are referenced in Table 2, was extremely 
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high and made it possible to determine from 10 
to 4 copies of the target gene.

The study [32] described the structure of 
primers and reaction conditions for the LAMP 
detection of universal elements (using the exam-
ple of a reference material of transgenic soy-
bean with resistance to Roundup (Roundup ready 
soybean), which is often used to create genetic 
constructs, such as the cauliflower mosaic vi-

Fig 2. Scheme of loop-mediated DNA amplification [17]

Table 2
Examples of using LAMP for detecting various GM plants

GM culture Target for detection Literature
Cotton plant, GM events MON531, MON15985 sad1 gene, 35s promoter, FMV promoter, aadA gene, 

nptII gene, uid gene [19–21]

Corn, GM events MON810, NK603, Bt11, DAS-59122-7, 
T25, BT176, TC1507, MON863, MON89034, MIR604

35s promoter, cp4epsps gene, pat gene, Mannose-6-
phosphate isomerase gene, nucleotide sequence between 
inserted cry1Ab and cry1Ac genes, cry2Ab gene, 
cry3A gene, construct-specific sequence, phytase gene

[22–27]

Potatoes GM event EH92-527-1 GM event – specific sequence [28]
Cane sugar bar gene, cry1Ac gene [29]
Soy, GM events GTS 40-3-2, MON89788, 
DP305423 × GTS 40-3-2 s GM event – specific sequence [30, 31]
Oilseed rape, GM event RF3 GM event – specific sequence [32]
Wheat, GM events B73-6-1, MS8 GM event – specific sequence [32, 33]
Rice, GM events TT51-1 KMD1, KF6, T1C-19 10 GM event – specific sequence [34, 35]

rus (CaMV) 35S promoter, as well as the pro-
moter and terminator of the nopaline synthase 
gene from Agrobacterium spp. The authors 
also showed the possibility of detecting trans-
genic MS8 and RF3 lines of oilseed rape (Bras-
sica napus L.) using primers with affinity to a 
GM event of a specific locus. It was found that 
the sensitivity limit of the LAMP method for 
determining both the nos terminator and the 
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35s promoter was 0.01%, what is well below the 
certain limit for labeling (0.9%), declared in 
the European Union regulations. 

In publication [36], commercialized GM plants 
were analyzed and it was shown that the sen-
sitivity of the LAMP method is 10 haploid ge-
nome equivalents (HGE) for the fmv35s pro-
moter, cry1Ac gene, and pat gene. At the same 
time, when detecting the 35s promoter of the 
cauliflower mosaic virus, bar gene, nos termi-
nator, cp4-epsps and nptII genes, the sensitivi-
ty limit of the method corresponded to 5 HGE. 
The authors successfully confirmed the poten-
tial of the LAMP method for screening studies 
using samples of commercialized varieties of 
GM rapeseed, soybeans, and corn.

 In the paper [34], the possibility of visual 
detection of amplicons synthesized in loop-me-
diated isothermal amplification reaction was 
shown. For this, intercalating dyes were added 
to the reaction mixture, such as the asymmetric 
cyanine dye SYBR green, or HNB (hydroxy-
naphthol blue), which, by binding to the frag-
ments of the double DNA strand synthesized in 
the reaction, can change their color. This appro-

ach makes electrophoretic analysis of amplifica-
tion products unnecessary and significantly re-
duces the time for research. In the cited work, 
the entire experiment lasted only about one hour, 
and in some publications cited above in Table 2, 
the LAMP reaction time was even less than one 
hour. The authors applied the developed tech-
nique to detect GM events in rice KMD1, TT51-1, 
and KF6. The obtained results allowed us to 
conclude that the LAMP method was more sensi-
tive and specific in comparison with traditional 
PCR and can be used even in the field [34].

 The authors of the article [28] published the 
results of studies where the bar gene in trans-
genic sugar cane was determined by LAMP 
and traditional PCR methods. It was shown 
that the use of LAMP made it possible to detect 
the transgene in 100 cases out of 100 studied 
samples (100%) and in 97 cases out of 100 stu-
died samples (97%) in the case of PCR. 

Taking into account the high sensitivity of 
the loop-mediated isothermal amplification me-
t hod, it is logical to compare its advantages 
and disadvantages with the polymerase chain 
reaction method (Table 3).

Table 3 
Comparative analysis of PCR and LAMP methods [37]

Method Time for 
analysis

Method for detecting 
reaction products

Use of UV 
radiation

The need for 
detection equipment

Cost of 
analysis

User 
friendliness

The need for a high degree 
of DNA purification

PCR 3 h Gel electrophoresis Yes Yes High High Yes

LAMP 60 min Visual analysis, or gel 
electrophoresis No or Yes No or Yes Low Very high No

Attempts to improve the conditions for car-
rying out loop-mediated isothermal amplifica-
tion continue constantly. Thus, an attempt was 
described to use, instead of the rather valuable 
Bst DNA polymerase from B. stearothermophil-
lus, another Bsm DNA polymerase, which has 
similar properties, but is cheaper and more 
accessible to the user [38]. An example of cre-
ating a consumable device, which is able to 
maintain a constant temperature for a certain 
time, has been published, which allows further 
use of LAMP as an express method of analysis 
in the field [39]. Attempts to create biosensors 
based on the use of LAMP [40] and the search 
for new stable dyes for detecting nucleic acid 
fragments synthesized in the reaction are also 
continuing [24]. 

It should be noted that the improvement of 
existing and development of new methods for 
GMO detection concerns not only loop-mediated 
isothermal amplification. One can recall the 
introduction of capillary electrophoresis for 
amplicon analysis; the use of “peptide nucleic 
acids” (PNAs are synthetic homologues of nuc-

leic acids that contain standard DNA nucleo-
tides, but in this case the polyamide chain is 
replaced by repetitive units of N-(2-aminoethyl) 
glycine to which the nucleotide pairs are at-
tached via a methyl carbonyl linker. The neu-
tral chain in this form does not have the abili-
ty to repel when hybridized. This explains that 
PNA can bind to DNA or RNA with a high 
degree of specificity); development of various 
biosensors; application of microarray technolo-
gy and the development of DNA chips; use of 
new genome sequencing (NGS) technologies for 
detecting GMOs, etc. [5, 8, 41].

Conclusion
 Summarizing, we can say that the main 

criterion for the application of a particular 
method of GMO detection analysis is, first of 
all, its sensitivity, time of reaction, availabili-
ty and ease of implementation, the cost of rea-
gents and equipment, as well as the possibility 
for simultaneous detection of many samples. 
LAMP technologies fully meet many of these 
requirements.



57ISSN 2518-1017  Plant Varieties Studying and protection, 2021, Vol. 17, No 1

Biotechnology and biosafety

References
1. ISAAA. (2019). Global Status of Commercialized Biotech/GM 

Crops in 2019: Biotech Crops Drive Socio-Economic Develop-
ment and Sustainable Environment in the New Frontier. ISAAA 
Brief No. 55. Ithaca, NY: ISAAA. 

2. Broeders, S. R. M., De Keersmaecker, S. C. J., & Roosens, N. H. C. 
(2012). How to Deal with the Upcoming Challenges in GMO De-
tection in Food and Feed. J. Biomed. Biotechn., 2012, Art. 
402418. doi: 10.1155/2012/402418

3. European Parliament (2003). Commission regulation (EC) No 
1830/2003 of the European Parliament and of the Council of 22 
September 2003 concerning the traceability and labelling of ge-
netically modified organisms and the traceability of food and feed 
products produced from genetically modified organisms and 
amending Directive 2001/18/EC. Off. J. Eur. Union., L 268, 24–28.

4. Bean, C. E. (2015). Japan Biotechnology MAFF’s Biotech food 
labeling standards (revised). GAIN Report JA2010. USDA: GAIN.

5. Fraiture, M.-A., Herman, P., Taverniers, I., De Loose, M., Deforce, 
D., & Roosens, N. H. (2015). Current and New Approaches in GMO 
Detection: Challenges and Solutions. BioMed Res. Int., 2015, 
Art. 392872. doi: 10.1155/2015/392872

6. Holst-Jensen, A., Rønning, S. B., Løvseth, A., & Berdal, K. G. 
(2003). PCR technology for screening and quantification of 
genetically modified organisms (GMOs). Anal. Bioanal. Chem., 
375(8), 985–993. doi: 10.1007/s00216-003-1767-7

7. Salisu, I. B., Shahid, A. A., Yaqoob, A., Olawale, A. S., Amin, A. B., & 
Sunusi, M. (2021). Detection of Genetically Modified Organisms 
Through Genomics Approaches. In Comprehensive Foodomics (pp. 
245–256). Elsevier. doi: 10.1016/b978-0-08-100596-5.22706-6

8. Guo, J., Yang, L., Chen, L., Morisset, D., Li, X., Pan, L., & Zhang, D. 
(2011). MPIC: A High-Throughput Analytical Method for Multiple 
DNA Targets. Anal. Chem., 83(5), 1579–1586. doi: 10.1021/
ac103266w

9. Baldi, P., & La Porta, N. (2020). Molecular Approaches for Low-Cost 
Point-of-Care Pathogen Detection in Agriculture and Forestry. 
Fron. Plant Sci., 11, Art. 570862. doi: 10.3389/fpls.2020.570862

10. Walker, G. T., Fraiser, M. S., Schram, J. L., Little, M. C., Nadeau, J. G., & 
Malinowski, D. P. (1992). Strand displacement amplification –
an isothermal,in vitroDNA amplification technique. Nucl. Acids 
Res., 20(7), 1691–1696. doi: 10.1093/nar/20.7.1691 

11. Barreda-García, S., Miranda-Castro, R., de-los-Santos-Álvarez, N., 
Miranda-Ordieres, A. J., & Lobo-Castañón, M. J. (2017). Heli-
case-dependent isothermal amplification: a novel tool in the 
development of molecular-based analytical systems for rapid 
pathogen detection. Anal. Bioanal. Chem., 410(3), 679–693. 
doi: 10.1007/s00216-017-0620-3 

12. Gu, L., Yan, W., Liu, L., Wang, S., Zhang, X., & Lyu, M. (2018). Research 
Progress on Rolling Circle Amplification (RCA)-Based Biomedical 
Sensing. Pharmaceuticals, 11(2), Art. 35. doi: 10.3390/ph11020035

13. Mueller, J. D., Pütz, B., & Höfler, H. (1997). Self-sustained se-
quence replication (3SR): an alternative to PCR. Histochem. 
Cell Biol., 108(4–5), 431–437. doi: 10.1007/s004180050183

14. Compton, J. (1991). Nucleic acid sequence-based amplifica-
tion. Nature, 350(6313), 91–92. doi: 10.1038/350091a0

15. Notomi, T. (2000). Loop-mediated isothermal amplification of 
DNA. Nucl. Acids Res., 28(12), e63. doi: 10.1093/nar/28.12.e63

16. Nagamine, K., Hase, T., & Notomi, T. (2002). Accelerated reaction 
by loop-mediated isothermal amplification using loop primers. 
Mol. Cell. Probes, 16(3), 223–229. doi: 10.1006/mcpr.2002.0415

17. Sakurai, A., & Shibasaki, F. (2012). Updated Values for Molecular 
Diagnosis for Highly Pathogenic Avian Influenza Virus. Viruses, 
4(8), 1235–1257. doi: 10.3390/v4081235

18. Fu, S., Qu, G., Guo, S., Ma, L., Zhang, N., Zhang, S., Gao, S., & Shen, 
Z. (2010). Applications of Loop-Mediated Isothermal DNA 
Amplification. Appl. Biochem. Biotechnol., 163(7), 845–850.              
doi: 10.1007/s12010-010-9088-8

19. Randhawa, G. J., Singh, M., Morisset, D., Sood, P., & Žel, J. (2013). 
Loop-Mediated Isothermal Amplification: Rapid Visual and Real-

Time Methods for Detection of Genetically Modified Crops. J. Ag-
ric. Food Chem., 61(47), 11338–11346. doi: 10.1021/jf4030085

20. Randhawa, G. J., Chhabra, R., Bhoge, R. K., & Singh, M. (2015). 
Visual and Real-Time Event-Specific Loop-Mediated Isother-
mal Amplification Based Detection Assays for Bt Cotton Events 
MON531 and MON15985. J. AOAC Int., 98(5), 1207–1214.           
doi: 10.5740/jaoacint.14-269

21. Singh, M., Bhoge, R. K., & Randhawa, G. (2018). Loop-Mediated 
Isothermal Amplification for Detection of Endogenous Sad1 
Gene in Cotton: An Internal Control for Rapid Onsite GMO Testing. 
J. AOAC Int., 101(5), 1657–1660. doi: 10.5740/jaoacint.18-0016

22. Zahradnik, C., Kolm, C., Martzy, R., Mach, R. L., Krska, R., Farnleit-
ner, A. H., & Brunner, K. (2014). Detection of the 35S promoter 
in transgenic maize via various isothermal amplification tech-
niques: a practical approach. Anal. Bioanal. Chem., 406(27), 
6835–6842. doi: 10.1007/s00216-014-7889-2

23. Takabatake, R., Kagiya, Y., Minegishi, Y., Yeasmin, S., Futo, S., 
Noguchi, A., Kondo, K., Mano, J., & Kitta, K. (2018). Develop-
ment and evaluation of rapid screening detection methods for 
genetically modified crops using loop-mediated isothermal 
amplification. Food Chem., 252, 390–396. doi: 10.1016/j.food-
chem.2017.12.036

24. Hardinge, P., Kiddle, G., Tisi, L., & Murray, J. A. H. (2018). Optimised 
LAMP allows single copy detection of 35Sp and NOSt in transgenic 
maize using Bioluminescent Assay in Real Time (BART). Sci. Rep., 
8(1). Art. 17590. doi: 10.1038/s41598-018-36207-4

25. Chen, L., Guo, J., Wang, Q., Kai, G., & Yang, L. (2011). Develop-
ment of the Visual Loop-Mediated Isothermal Amplification 
Assays for Seven Genetically Modified Maize Events and Their 
Application in Practical Samples Analysis. J. Agric. Food Chem., 
59(11), 5914–5918. doi: 10.1021/jf200459s

26. Huang, X., Chen, L., Xu, J., Ji, H.-F., Zhu, S., & Chen, H. (2014). Rapid 
visual detection of phytase gene in genetically modified maize 
using loop-mediated isothermal amplification method. Food 
Chem., 156, 184–189. doi: 10.1016/j.foodchem.2014.01.102

27. Li, F., Yan, W., Long, L., Qi, X., Li, C., & Zhang, S. (2014). Deve-
lopment and Application of Loop-Mediated Isothermal Ampli-
fication Assays for Rapid Visual Detection of cry2Ab and cry3A 
Genes in Genetically-Modified Crops. Int. J. Molec. Sci., 15(9), 
15109–15121. doi: 10.3390/ijms150915109

28. Tu, Y.-K., Lin, Y.-C., Feng, Y.-W., Tseng, Y.-Y., & Chen, H.-W. 
(2020). Visual, sensitive and rapid event-specific detection 
of genetically modified potato EH92-527-1 by loop-mediated 
isothermal amplification method. Biosci. Biotech. Biochem., 
84(1), 43–52. doi: 10.1080/09168451.2019.1661766

29. Zhou, D., Wang, C., Li, Z., Chen, Y., Gao, S., Guo, J., Lu, W., Su, Y., Xu, 
L., & Que, Y. (2016). Detection of Bar Transgenic Sugarcane with 
a Rapid and Visual Loop-Mediated Isothermal Amplification As-
say. Front. Plant Sci., 7, Art. 279. doi: 10.3389/fpls.2016.00279

30. Cheng, N., Shang, Y., Xu, Y., Zhang, L., Luo, Y., Huang, K., & Xu, W. 
(2017). On-site detection of stacked genetically modified 
soybean based on event-specific TM-LAMP and a DNAzyme-
lateral flow biosensor. Biosens. Bioelectron., 91, 408–416.                          
doi: 10.1016/j.bios.2016.12.066

31. Guan, X., Guo, J., Shen, P., Yang, L., & Zhang, D. (2010). Visual and 
Rapid Detection of Two Genetically Modified Soybean Events 
Using Loop-mediated Isothermal Amplification Method. Food 
Analyt. Meth., 3(4), 313–320. doi: 10.1007/s12161-010-9132-x

32. Lee, D., La Mura, M., Allnutt, T. R., & Powell, W. (2009). Detection 
of genetically modified organisms (GMOs) using isothermal 
amplification of target DNA sequences. BMC Biotechn., 9(7), 
Art. 7. doi: 10.1186/1472-6750-9-7

33. Cheng, Y., Zhang, M., Hu, K., Sun, F., Tao, R., Gao, X., & Luan, F. 
(2013). Loop-Mediated Isothermal Amplification for the 
Event-Specific Detection of Wheat B73-6-1. Food Analyt. Meth., 
7(2), 500–505. doi: 10.1007/s12161-013-9718-1

34. Chen, X., Wang, X., Jin, N., Zhou, Y., Huang, S., Miao, Q., Zhu, Q., & 
Xu, J. (2012). Endpoint Visual Detection of Three Genetically 
Modified Rice Events by Loop-Mediated Isothermal Amplifica-



58 ISSN 2518-1017  Plant Varieties Studying and protection, 2021, Т. 17, №1

Á³îòåõíîëîã³ÿ òà á³îáåçïåêà

tion. Int. J. Molec. Sci., 13(12), 14421–14433. doi: 10.3390/
ijms131114421

35. Zhang, M., Liu, Y., Chen, L., Quan, S., Jiang, S., Zhang, D., & Yang, 
L. (2012). One Simple DNA Extraction Device and Its Combina-
tion with Modified Visual Loop-Mediated Isothermal Amplifi-
cation for Rapid On-Field Detection of Genetically Modified Or-
ganisms. Anal. Chem., 85(1), 75–82. doi: 10.1021/ac301640p

36. Wang, C., Li, R., Quan, S., Shen, P., Zhang, D., Shi, J., & Yang, L. (2015). 
GMO detection in food and feed through screening by visual loop-
mediated isothermal amplification assays. Anal. Bioanal. Chem., 
407(16), 4829–4834. doi: 10.1007/s00216-015-8652-z

37. Almasi, M. A., Aghapour-ojaghkandi, M., Bagheri, K., Ghazvini, 
M., & Hosseyni-dehabadi, S. M. (2015). Comparison and Evalu-
ation of Two Diagnostic Methods for Detection of npt II and 
GUS Genes in Nicotiana tabacum. Appl. Biochem. Biotechn., 
175(8), 3599–3616. doi: 10.1007/s12010-015-1529-y

38. Postoenko, V. O., Sorochynsky, B. V., Sapachova, M. A., Karpu-
lenko, M. S., Karcymon, V. V., & Gerilovich, A. P. (2003). Opti-
mization of conduct isotermal amplification of nucleic acids 
of avian influenza virus H5N1. Naukovo Tekhnichnii Bulleten 
Instytutu biologii tvaryn ta Derzhavnogo kontrolnogo instytutu 
veterynarnyh preperativ ta kormovih dobavok [Scientific and 
Technical Bulleten of the Institute of animal biology and State 
control institute of veterinary drugs and feed addditives], 
13(3–4), 325–330. [in Ukrainian]

39. Wu, H., Zhang, X., Wu, B., Qian, C., Zhang, F., Wang, L., Ye, Z., & Wu, 
J. (2020). Rapid on-site detection of genetically modified soy-
bean products by real-time loop-mediated isothermal amplifi-
cation coupled with a designed portable amplifier. Food Chem., 
323, Art. 126819. doi: 10.1016/j.foodchem.2020.126819

40. Ahmed, M. U., Saito, M., Hossain, M. M., Rao, S. R., Furui, S., Hino, A., 
Takamura, Y., Takagi, M., & Tamiya, E. (2009). Electrochemi-
cal genosensor for the rapid detection of GMO using loop-
mediated isothermal amplification. Analyst, 134(5), 966–972.                              
doi: 10.1039/b812569d

41. Sekan, A. S., & Sorochynskyi, B. V. (2011). Current methods for 
molecular analysis of genetically modified plants. Biotechnol. 
Acta, 4(1), 106–114. [in Ukrainian]

Âèêîðèñòàíà ë³òåðàòóðà
1. Global Status of Commercialized Biotech/GM Crops in 2019: 

Biotech Crops Drive Socio-Economic Development and Sus-
tainable Environment in the New Frontier. ISAAA Brief No. 55. 
Ithaca, NY : ISAAA. 2019. 22 p.

2. Broeders S. R., De Keersmaecker S. C., Roosens N. H. How to deal 
with the upcoming challenges in GMO detection in food and 
feed. J. Biomed. Biotechn. 2012. Vol. 2012. Art. 402418.                     
doi: 10.1155/2012/402418

3. European Parliament. Commission regulation (EC) No 1830/2003 
of the European Parliament and of the Council of 22 September 
2003 concerning the traceability and labelling of genetically 
modified organisms and the traceability of food and feed prod-
ucts produced from genetically modified organisms and 
amending Directive 2001/18/EC. Off. J. Eur. Union. 2003. Vol.  
L 268. P. 24–28.

4. Bean C. E. Japan Biotechnology MAFF’s Biotech food labeling 
standards (revised). GAIN Report JA2010. USDA : GAIN, 2002. 21 p.

5. Fraiture M.-A., Herman Ph., Taverniers I. et al. Current and New 
Approaches in GMO Detection: Challenges and Solutions. Bio-
Med Res. Int. 2015. Vol. 2015. Art. 392872. doi: 10.1155/ 
2015/392872

6. Holst-Jensen A., Rønning S., Løvseth A., Berdal K. PCR techno-
logyfor screening and quantification of genetically modified 
organisms (GMOs). Anal. Bioanal. Chem. 2003. Vol. 375, Iss. 8.  
P. 985–993. doi: 10.1007/s00216-003-1767-7

7.  Salisu I. B., Shahid A. A., Yaqoob M. et al. Detection of Geneti-
cally Modified Organisms Through Genomics Approaches. Com-
prehensive Foodomics. Elsevier, 2021. P. 245–256. doi: 10.1016/
b978-0-08-100596-5.22706-6

8. Guo J., Yang L., Chen L. et al. MPIC: A High-Throughput Ana-
lytical Method for Multiple DNA Targets. Anal. Chem. 2011.            
Vol. 83, Iss. 5. P. 1579–1586. doi: 10.1021/ac103266w

9. Baldi P., La Porta N. Molecular Approaches for Low-Cost Point-
of-Care Pathogen Detection in Agriculture and Forestry. Front. 
Plant Sci. 2020. Vol. 11. Art. 570862. doi: 10.3389/fpls. 
2020.570862

10. Walker G., Fraiser M., Schram J. et al. Strand displacement am-
plification – an isothermal, in vitro DNA amplification tech-
nique. Nucl. Acids Res. 1992. Vol. 20, Iss. 7. P. 1691–1696.            
doi: 10.1093/nar/20.7.1691

11. Barreda-García S., Miranda-Castro R., de-Los-Santos-Álvarez N. 
et al. Helicase-dependent isothermal amplification: a novel 
tool in the development of molecular-based analytical sys-
tems for rapid pathogen detection. Anal. Bioanal. Chem. 2018.              
Vol. 410, Iss. 3. P. 679–693. doi: 10.1007/s00216-017-0620-3 

12. Gu L., Yan W., Liu L. et al. Research Progress on Rolling Circle 
Amplification (RCA)-Based Biomedical Sensing. Pharmaceuti-
cals. 2018. Vol. 11, Iss. 2. Art. 35. doi: 10.3390/ph11020035

13. Mueller J., Pütz B., Höfler H. Self-sustained sequence replica-
tion (3SR): an alternative to PCR. Histochem. Cell Biol. 1997. 
Vol. 108, Iss. 4–5. P. 431–437. doi: 10.1007/s004180050183

14. Compton J. Nucleic acid sequence-based amplification. Nature. 
1991. Vol. 350, Iss. 6313. P. 91–92. doi: 10.1038/350091a0

15. Notomi T. Loop-mediated isothermal amplification of DNA. Nu-
cleic Acids Res. 2000. Vol. 28, Iss. 12. Art. e63. doi: 10.1093/
nar/28.12.e63

16. Nagamine K., Hase T., Notomi T. Accelerated reaction by loop medi-
ated isothermal amplification using loop primers. Mol. Cell Probes. 
2002. Vol. 16, Iss. 3. P. 223–229. doi: 10.1006/mcpr.2002.0415

17. Sakurai A., Shibasaki F. Updated values for molecular diagno-
sis for highly pathogenic avian influenza virus. Viruses. 2012.           
Vol. 4, Iss. 8. P. 1235–1257. doi: 10.3390/v4081235

18. Fu S., Qu G., Guo Sh. et al. Applications of Loop-Mediated Iso-
thermal DNA Amplification. Appl. Biochem. Biotechnol. 2011. 
Vol. 163, Iss. 7. P. 845–850. doi: 10.1007/s12010-010-9088-8

19. Randhawa G. J., Singh M., Morisset D. et al. Loop-mediated 
isothermal amplification: rapid visual and real-time methods 
for detection of genetically modified crops. J. Agric. Food 
Chem. 2013. Vol. 61, Iss. 47. P. 11338–11346. doi: 10.1021/
jf4030085

20. Randhawa G., Chhabra R., Bhoge R. K. Singh M. Visual and Real-
Time Event-Specific Loop-Mediated Isothermal Amplification 
Based Detection Assays for Bt Cotton Events MON531 and 
MON15985. J. AOAC Int. 2015. Vol. 98, Iss. 5. P. 1207–1214. 
doi: 10.5740/jaoacint.14-269

21. Singh M., Bhoge R., Randhawa G. Loop-Mediated Isothermal 
Amplification for Detection of Endogenous Sad1 Gene in 
Cotton: An Internal Control for Rapid Onsite GMO Testing. J. 
AOAC Int. 2018. Vol. 101, Iss. 5. P. 1657–1660. doi: 10.5740/
jaoacint.18-0016

22. Zahradnik C., Kolm C., Martzy R. et al. Detection of the 35S promo-
ter in transgenic maize via various isothermal amplification 
tech niques: a practical approach. Anal. Bioanal. Chem. 2014. Vol. 
406, Iss. 27. P. 6835–6842. doi: 10.1007/s00216-014-7889-2

23. Takabatake R., Kagiya Yu., Minegishi Ya. et al. Development and 
evaluation of rapid screening detection methods for geneti-
cally modified crops using loop-mediated isothermal amplifi-
cation. Food Chem. 2018. Vol. 252. P. 390–396. doi: 10.1016/ 
j.foodchem.2017.12.036

24. Hardinge P., Kiddle G., Tisi L., Murray J. Optimised LAMP allows 
singlecopy detection of 35Sp and NOSt in transgenic maize us-
ing Bioluminescent Assay in Real Tim (BART). Sci. Rep. 2018.            
Vol. 8, Iss. 1. Art. 17590. doi: 10.1038/s41598-018-36207-4

25. Chen L., Guo J., Wang Q. et al. Development of the visual loop-
mediated isothermal amplification assays for seven geneti-
cally modified maize events and their application in practical 
samples analysis. J. Agric. Food Chem. 2011. Vol. 59, Iss. 11.                     
P. 5914–5918. doi: 10.1021/jf200459s



59ISSN 2518-1017  Plant Varieties Studying and protection, 2021, Vol. 17, No 1

Biotechnology and biosafety

26. Huang X., Chen L., Xu J. et al. Rapid visual detection of phytase 
gene in genetically modified maize using loop-mediated iso-
thermal amplification method. Food Chem. 2014. Vol. 156.               
P. 184–189. doi: 10.1016/j.foodchem.2014.01.102

27. Li F. W., Yan W., Long L. K. et al. Development and Application 
of Loop-Mediated Isothermal Amplification Assays for Rapid 
Visual Detection of cry2Ab and cry3A Genes in Genetically-
Modified Crops. Int. J. Mol. Sci. 2014. Vol. 15, Iss. 9. P. 15109–
15121. doi: 10.3390/ijms150915109

28. Tu Y.-K., Lin Y.-Ch., Feng Yu-W. et al. Visual, sensitive and rapid 
event-specific detection of genetically modified potato 
EH92-527-1 by loop-mediated isothermal amplification meth-
od. Biosci. Biotech. Biochem. 2020. Vol. 84, Iss. 1. P. 43–52.                    
doi: 10.1080/09168451.2019.1661766

29. Zhou D., Wang C., Li Z. et al. Detection of Bar Transgenic Sug-
arcane with a Rapid and Visual Loop-Mediated Isothermal 
Amplification Assay. Front. Plant Sci. 2016. Vol. 7. Art. 279.                          
doi: 10.3389/fpls.2016.00279

30. Cheng N., Shang Y., Xu Y. et al. On-site detection of stacked ge-
netically modified soybean based on event-specific TM-LAMP 
and a DNAzyme -lateral flow biosensor. Biosens. Bioelectron. 
2017. Vol. 91. P. 408–416. doi: 10.1016/j.bios.2016.12.066

31. Guan X. Y., Guo J.C., Shen P. et al. Visual and Rapid Detection 
of Two Genetically Modified Soybean Events Using Loop-Me-
diated Isothermal Amplification Method. Food Analyt. Meth. 
2010. Vol. 3, Iss. 4. P. 313–320. doi: 10.1007/s12161-010-
9132-x

32. Lee D., La M. M., Allnutt T., Powell W. Detection of Genetically 
Modified Organisms (GMOs) Using Isothermal Amplification of 
Target DNA Sequences. BMC Biotechn. 2009. Vol. 9, Iss. 1. Art. 7. 
doi: 10.1186/1472-6750-9-7

33. Cheng Y., Zhang M. H., Hu K. et al. Loop-Mediated Isother-
mal Amplification for the Event-Specific Detection of Wheat 
B73-6-1. Food Analyt. Meth. 2013. Vol. 7, Iss. 2. P. 500–505.                
doi: 10.1007/s12161-013-9718-1

34. Chen X. Y., Wang X. F., Jin N. et al. Endpoint Visual Detection 
of Three Genetically Modified Rice Events by Loop-Mediated 
Isothermal Amplification. Int. J. Molec. Sci. 2012, Vol. 13,                       
Iss. 11. P. 14421–14433. doi: 10.3390/ijms131114421

35. Zhang M., Liu Y. N., Chen L. et al. One Simple DNA Extraction 
Device and Its Combination with Modified Visual Loop-Media-
ted Isothermal Amplification for Rapid On-Field Detection of 
Genetically Modified Organisms. Anal. Chem. 2013. Vol. 85, Iss. 1. 
P. 75–82. doi: 10.1021/ac301640p

36. Wang C., Li R., Quan Sh. et al. GMO detection in food and feed 
through screening by visual loop-mediated isothermal ampli-
fication assays. Anal. Bioanal. Chem. 2015. Vol. 407, Iss. 16.              
P. 4829-4834. doi: 10.1007/s00216-015-8652-z

37. Almasi M., Aghapour-ojaghkandi M., Bagheri K. et al. Compari-
son and evaluation of two diagnostic methods for detection 
of npt II and GUS genes in Nicotiana tabacum. Appl. Biochem. 
Biotechnol. 2016. Vol. 175, Iss. 8. P. 3599–3616. doi: 10.1007/
s12010-015-1529-y

38. Ïîñòîºíêî Â. Î., Ñîðî÷èíñüêèé Á. Â., Ñàïà÷îâà Ì. À. òà ³í. 
Îïòèì³çàö³ÿ óìîâ ïðîâåäåííÿ ³çîòåðì³÷íî¿ àìïë³ô³êàö³¿ 
íóêëå¿íîâèõ êèñëîò â³ðóñó ïòàøèíîãî ãðèïó Í5N1. Íàóê.-òåõí. 
áþë. ²í-òó á³îë. òâàðèí ³ Äåðæ. íàóê.-äîñë. êîíòð. ³í-òó âåò. 
ïðåïàð. òà êîðì. äîáàâîê. 2013. Âèï. 14, ¹ 3–4. C. 325–330.

39. Wu H., Zhang X., Wu B. et al. Rapid on-site detection of geneti-
cally modified soybean products by real-time loop-mediated 
isothermal amplification coupled with a designed po r table am-
plifier. Food Chem. 2020. Vol. 323. Art. 126819. doi: 10.1016/j.
foodchem.2020.126819

40. Ahmed M., Saito M., Hossain M. et al. Electrochemical genosen-
sor for the rapid detection of GMO using loop-mediated iso-
thermal amplification. Analyst. 2009. Vol. 134, Iss. 5. P. 966–
972. doi: 10.1039/b812569d

41. Ñåêàí À. Ñ., Ñîðî÷èíñüêèé Á. Â. Ñó÷àñí³ ìåòîäè ìîëåêóëÿðíîãî 
àíàë³çó ãåíåòè÷íî ìîäèô³êîâàíèõ ðîñëèí. Biotechnol. Acta. 
2011. Ò. 4, ¹ 1. C. 106–114.

ÓÄÊ 57.088
Ñîðî÷èíñüêèé Á. Â. Äåòåêòóâàííÿ ãåíåòè÷íî ìîäèô³êîâàíèõ ðîñëèí ç âèêîðèñòàííÿì òåõíîëîã³é LAMP 

(ðåàêö³ÿ àìïë³ô³êàö³¿, ùî îïîñåðåäêîâàíà ÷åðåç ïåòëþ). Plant Varieties Studying and Protection. 2021. Ò. 17, 
¹ 1. Ñ. 51–59. https://doi.org/10.21498/2518-1017.17.1.2021.228209

Óêðà¿íñüêèé ³íñòèòóò åêñïåðòèçè ñîðò³â ðîñëèí, âóë. Ãåíåðàëà Ðîäèìöåâà, 15, ì. Êè¿â, 03041, Óêðà¿íà, 
e-mail: bsorochinsky@gmail.com

Ìåòà. Ïðîàíàë³çóâàòè ñâ³òîâèé äîñâ³ä çàñòîñóâàííÿ 
ðåàêö³¿ àìïë³ô³êàö³¿, ùî îïîñåðåäêîâàíà ÷åðåç ïåòëþ 
(LAMP), äëÿ äåòåêòóâàííÿ ãåíåòè÷íî ìîäèô³êîâàíèõ ðîñ-
ëèí. Ðåçóëüòàòè. Íàâåäåíî çàãàëüíó ³íôîðìàö³þ ùîäî 
ñó÷àñíîãî ñòàí ³ ïîøèðåííÿ ãåíåòè÷íî ìîäèô³êîâàíèõ 
ðîñëèí. Ïîïðè çíà÷íå ïîøèðåííÿ ãåíåòè÷íî ìîäèô³-
êîâàíèõ ðîñëèí, ñòàâëåííÿ äî íèõ ó ñóñï³ëüñòâ³ é äîñ³ 
çàëèøàºòüñÿ äåùî íàñòîðîæåíèì. Ïðèáëèçíî 50 êðà¿í 
çàïðîâàäèëè îáîâ’ÿçêîâå ìàðêóâàííÿ ÃÌ êîðì³â òà ïðî-
äóêò³â çà óìîâè, ùî ¿õí³é óì³ñò ïåðåâèùóº ïåâíå ïîðîãîâå 
çíà÷åííÿ. Äëÿ òîãî, ùîá âèêîíàòè âèìîãè äî ìàðêóâàííÿ, 
ïîòð³áíî ðîçðîáèòè òà ñòàíäàðòèçóâàòè åôåêòèâí³ é ÷óò-
ëèâ³ ìåòîäè âèçíà÷åííÿ â³äîìèõ ãåíåòè÷íèõ ìîäèô³êàö³é 
ó ð³çíîìàí³òí³é ðîñëèíí³é ñèðîâèí³, õàð÷îâ³é ïðîäóê-
ö³¿ òà êîðìàõ äëÿ òâàðèí. Íàéïîøèðåí³øèìè ï³äõîäàìè 
äî äåòåêòóâàííÿ ãåíåòè÷íî ìîäèô³êîâàíèõ îðãàí³çì³â 
(ÃÌÎ) º âèçíà÷åííÿ ñïåöèô³÷íèõ á³ëê³â, ùî ñèíòåçóþòüñÿ 
ó òðàíñãåííèõ ðîñëèíàõ, òà äåòåêòóâàííÿ íîâèõ ïðèâíå-
ñåíèõ ãåí³â. Ìåòîäè âèçíà÷åííÿ ÃÌÎ, çàñíîâàí³ íà àíàë³-
ç³ íóêëå¿íîâèõ êèñëîò, º ïîøèðåí³øèìè, îñê³ëüêè ìàþòü 

á³ëüøó ÷óòëèâ³ñòü òà ñïåöèô³÷í³ñòü ïîð³âíÿíî ç àíàë³çîì 
á³ëêîâîãî ñêëàäó. Îñíîâíèì ìåòîäîì àíàë³çó íóêëå¿íîâèõ 
êèñëîò, ùî çàðàç âèêîðèñòîâóºòüñÿ äëÿ äåòåêòóâàííÿ ÃÌÎ, 
º ìåòîä ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿ (ÏËÐ). Àëüòåð-
íàòèâîþ ìåòîäó ÏËÐ óáà÷àºòüñÿ ðåàêö³ÿ àìïë³ô³êàö³¿, ùî 
îïîñåðåäêîâàíà ÷åðåç ïåòëþ (LAMP), ÿêà ìîæå â³äáóâàòè-
ñÿ çà ïîñò³éíî¿ òåìïåðàòóðè é òîìó íå ïîòðåáóº âèêîðèñ-
òàííÿ êîøòîâíîãî îáëàäíàííÿ. Ïðîàíàë³çîâàíî íàóêîâ³ 
ïóáë³êàö³¿, ùî ñòîñóþòüñÿ âèêîðèñòàííÿ ðåàêö³¿ LAMP äëÿ 
äåòåêòóâàííÿ ãåíåòè÷íî ìîäèô³êîâàíèõ ðîñëèí. Îïèñàíî 
ïåðåâàãè òà íåäîë³êè ìåòîä³â ïîë³ìåðàçíî¿ ëàíöþãîâî¿ 
ðåàêö³¿ òà àìïë³ô³êàö³¿, ùî îïîñåðåäêîâàíà ÷åðåç ïåòëþ. 
Âèñíîâêè. Îñíîâíèì êðèòåð³ºì äëÿ çàñòîñóâàííÿ òîãî ÷è 
³íøîãî ìåòîäó àíàë³çó ÃÌÎ º, íàñàìïåðåä, éîãî ÷óòëèâ³ñòü, 
òðèâàë³ñòü ðåàêö³¿, äîñòóïí³ñòü òà ïðîñòîòà âèêîíàííÿ, 
âàðò³ñòü ðåàãåíò³â ³ îáëàäíàííÿ, à òàêîæ ìîæëèâ³ñòü çä³éñ-
íþâàòè îäíî÷àñíå äåòåêòóâàííÿ ÿêîìîãà á³ëüøî¿ ê³ëüêîñ-
ò³ çðàçê³â.

Êëþ÷îâ³ ñëîâà: ãåíåòè÷íî-ìîäèô³êîâàí³ îðãàí³çìè; 
ì³øåí³ äëÿ äåòåêòóâàííÿ; ÏËÐ; LAMP; ìåæà ÷óòëèâîñò³.
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