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Purpose. Analysis of the current state and experience on the loop-mediated amplification (LAMP) use to detect
genetically modified plants. Methods. Literature search and analysis. Results. General information on the current state and
use of the genetically modified plants is provided. Despite the wide distribution of genetically modified plants, the attitude
towards them in society continues to remain somewhat wary. About 50 countries have introduced mandatory labeling of GM
feed and products, provided that their content exceeds a certain threshold. In order to meet labeling requirements, effective
and sensitive methods for detecting known genetic modifications in a variety of plant materials, food products and animal
feed must be developed and standardized. The most common approaches to the detection of genetically modified organisms
(GMOs) are the determination of specific proteins synthesized in transgenic plants and the detection of new introduced
genes. Methods for the determination of GMOs based on the analysis of nucleic acids are more common, since such methods
have greater sensitivity and specificity than the analysis of protein composition. Polymerase chain reaction (PCR) method
is the main method of nucleic acid analysis, which is now wide used for the detection of GMOs. Loop-mediated amplification
(LAMP), which can occur at a constant temperature and therefore does not require the use of expensive equipment may be
an alternative to the PCR. Scientific articles about the use of the loop-mediated amplification (LAMP) for the detection
of genetically modified plants were analyzed. Advantages and disadvantages of the polymerase chain reaction and loop-
mediated amplification are compared. Conclusions. The main criteria for applying a method of GMO detection analysis are
as follow: its sensitivity, time of reaction, availability and ease to use, cost of reagents and equipment, and the possibility

for simultaneous detection of many samples.
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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, crylAb, crylAc, cry2A, cry2Ab, cry3A,
cry9C, nptll, 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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e 5-Plex PCR (taxon specific gene of the
maize alcohol dehydrogenases (adh) and GM
events GA21, MON810, NK603, Btll are de-
tected);

¢ 6-Plex PCR (taxon specific acpl 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, Btll, 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, MONS810,
NK603, Btl176, Btll 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]
Target for .
Method detection Advantages Disadvantages
Traditional PCR | DNA / RNA | Relatively cheap method The a}nalys1s is time-consuming and
requires the use of a thermal cycler
. . . High cost, time-consuming analysis,

Nested PCR DNA / RNA | Highly specific method of analysis requires the use of a thermal cycler

Allows to reveal the relative amount of analyzed |Time-consuming analysis. Requires the
Real-time PCR | DNA / RNA | DNA in the studied sample; no need for further | use of highly purified genetic material,

separation of the obtained amplicons requires the use of a special amplifier
Digital drop PCR DNA / RNA Highly sensitive method, not sensitive to impurities, | Very high cost of analysis, requires the
(ddPCR) allows to determine the absolute amount of DNA 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
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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.

F3c F2c  Flc Target DNA BI B2 B3
3 I N I B 5'
5' . | 3
F3 F2 R Blc B2c B3c
F3c F2c Fic v B1 B2 B3
3 I N il BN 5
' B s 3
5 F2 F1 Blc B2c B3c
Fic

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

Internal primers FIP and BIP correspond to regions F2 (B2) and Flc (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)

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 Bl
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-
thod in the experiments of various authors,
which are referenced in Table 2, was extremely
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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, [19-21]
nptil gene, uid gene
Corn, GM events MON810, NK603, Bt11, DAS-59122-7, | 35s promoter, cp4epsps gene, pat gene, Mannose-6-
T25, BT176, TC1507, MON863, MON89034, MIR604 phosphate isomerase gene, nucleotide sequence between
. [22-27]
inserted cry1Ab and cry1Ac genes, cry2Ab gene,
cry3A gene, construct-specific sequence, phytase gene
Potatoes GM event EH92-527-1 GM event - specific sequence [28]
Cane sugar bar gene, crylAc gene [29]
Soy, GM events GTS 40-3-2, MON89788,
DP305423 x 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]

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-

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, crylAc 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 nptIl 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-
thod, 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 Method for detecting Use of UV The need for Cost of User The need for a high degree
analysis reaction products radiation | detection equipment | analysis | friendliness of DNA purification
PCR 3h | Gel electrophoresis Yes Yes High High Yes
.| Visual analysis, or gel
LAMP | 60 min 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.
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Meta. [poaHanisyBaTh CBiTOBMI AOCBifL 3aCTOCYBaHHA
peakuii amnnidikauii, wo onocepegkoBaHa yepe3 nemio
(LAMP), pns peteKTyBaHHA reHeTUYHO MofudikoBaHUX poc-
nuH. Pesynbtatu. HasepeHo 3aranbHy iHdopmauiio wono
CY4aCHOTO CTaH i MOWMPEHHA TEHETUYHO MOLUQIKOBAHMX
pocnuH. lonpu 3HauyHe MNOWMUPEHHA TeHeTUYHO Mopudi-
KOBaHWUX POCIWH, CTaBfEHHA [0 HWX Yy CycninbCTBi W poci
3a/IUWAETbCA AelWo HacTopoxeHuM. MpubnusHo 50 KpaiH
3anpoBaguan 060B'A3KoBe MapkyBaHHa M Kopmie Ta npo-
AYKTiB 32 YMOBY, L0 TXHi/ YMiCT NepeBuILYE NEeBHE NOpPOroBe
3HayeHHs. [InA Toro, Wob BUKOHATU BUMOTW 1O MApPKYBaHHS,
noTpibHO po3pobuUTH Ta CTaHJAPTU3YBATU eDEKTUBHI i UyT-
JINBi METOLM BU3HAYEHHS BIAOMUX FEHETUYHUX MoaUdiKaLin
y Pi3HOMaHITHI POCAMHHIN CUMPOBMHI, Xap4oBiit MpoayK-
Ui Ta Kopmax Ans TBapuH. HalnowwupeHiwumn nigxogamu
[0 [ETEKTYBaHHA TeHETUYHO MOAM(iIKOBAHMX OpraHiamiB
(TMO) € BM3HAYeHHSA cneundiyHuX 6inKiB, WO CMHTE3YIOTbCA
y TPQHCFeHHMX POC/INHAX, Ta [ETEKTYBAHHA HOBUX MpUBHE-
ceHux reHie. Metoau BusHavyeHHs MO, 3acHOBaHi Ha aHani-
31 HYKNeTHOBMX KMCOT, € MOWMPEHILWMMHM, OCKiIbKM MatoTb

6inbly YyTMBicTb Ta cneuudiyHicTb NOPiBHAHO 3 aHaNi3oM
6inkoBoro cknapy. OCHOBHUM METOAOM aHani3y HyKNeiHOBMUX
KWUCI0T, WO 3apa3 BUKOPUCTOBYETLCA ANA fAeTekTyBaHHA MO,
€ meToj, nonimepasHoi naHutorosoi peakuii (MJIP). Anbtep-
HaTuBoto MeToay MNJIP ybauaeTbes peakuis amnnidikauii, wo
onocepefkoBaHa Yepes nemio (LAMP), ska moxe Bigbysatu-
A 3a NoCTiiiHOT Temnepatypu i ToMy He noTpebye BUKOPHUC-
TaHHA KOWTOBHOrO 06nafHaHHA. MpoaHanizoBaHo HayKoBi
ny6nikauii, Wwo cTocyloTbCA BUKOPUCTAHHA peaklii LAMP gns
LETeKTYBaHHS reHEeTUYHO MoAMdiKoBaHNUX pocanH. OnucaHo
nepeBaru Ta HELONIKW MeTOLiB nosniMepasHoi naHuorosoi
peakuii Ta amnnicikauii, wWo onocepefkoBaHa Yyepes nemio.
BucHoBKU. OCHOBHUM KpUTEPiEM ANl 3aCTOCYBAHHA TOMO YM
iHworo meTtofy aHanisy 'MO €, Hacamnepep, Oro YyTIUBICTb,
TpUBaNicTb peakuii, AOCTYNHICTb Ta NPOCTOTA BUKOHAHHS,
BapTiCTb peareHTiB i 0671afHaHHS, @ TAKOX MOXIUBICTb 34iiic-
HIOBATM OLHOYACHE [ETEKTYBaHHA iIKoMora 6inbwoi Kinbkoc-
Ti 3paskis.

Kntouosi cnosa: zeHemu4Ho-MoOUGTKOBAHT OpeaHi3mU;
miweHi 0na demexkmysanHsa; [1/1P; LAMP; mexa 4ymnusocmi.
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