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Abstract

During deep technological processing, DNA of food product components (specifically, in canned foods) is subjected to strong deg-
radation, which makes the PCR-based food components identification more difficult. In this work, a primer-probe system is pro-
posed, which was selected for the multi-copy region of long terminal repeat (LTR) of soybean (Glycine max). We confirmed its high
sensitivity and specificity for soybean detection by real-time PCR. Using the selected system, we successfully analyzed the samples
of meat-and-plant canned foods and other food products subjected to deep technological processing — tofu, preserved tofu, soy
sauces, confectionary products containing soy lecithin. To compare with these samples, real-time PCR was carried out using the
primer-probe system selected for the single-copy lel gene. In terms of sensitivity, the use of the primer-probe system specific to the
single-copy region was significantly inferior to the primer-probe system specific to the LTR region. The difference in the rate of deg-

radation of these genomic DNA regions of Glycine max was found.

Introduction

Soybean and products of its processing are widely used
in the food industry. This category of raw materials is often
used for meat product falsification (replacing part of meat
raw materials or exceeding a quantity specified in TS). It is
also necessary to note that soybean is an allergen and one of
the main cultures subjected to genetic modification.

At present, several methods have been developed to
detect soybean in foods. Methods based on the polymerase
chain reaction (PCR) and enzyme-linked immunosorbent
assay (ELISA) are applied most frequently. Soy proteins are
also used in manufacturing products that have undergone
deep technological processing (canned foods, fermented
products). In this case, both DNA and proteins are sub-
jected to strong degradation, which reduces sensitivity of
these methods [1,2].

As soybean is an allergen, several authors choose the
lectin gene (lel) to develop methods for PCR identification
of soybean. The lectin gene is presented by a single copy in
genomic DNA. Therefore, sensitivity of the method can be
insufficient when analyzing certain samples. This constraint
can be overcome by digital PCR with higher sensitivity com-
pared to other PCR methods [3]. Primers specific to the lectin
gene are used mainly in multiplex test systems of quantitative
detection of GMO by digital PCR [2,4].

To increase PCR sensitivity, multicopy DNA markers
are used, in particular, DNA of organelles: mitochondrial
[5] or plastid [6]. This approach in combination with highly
effective DNA extraction enables identification of a targeted
matrix in low concentrations in deep processed samples [7].
However, in this case, time and expenditures for analysis
are increased.

Retrotransposons are promising DNA regions for primer
design when analyzing products that have undergone deep

technological processing. Their main advantage is mul-
tiple copies. For example, Ballin et al. used the elements
called the chicken repeat 1 (CR1) with the copy number
of approximately 26,650 in the chicken genome and the
trinucleotide repeat containing 5 (TNRC5) with the copy
number of approximately 100,000 in the pork genome for
comparative quantitative assessment of pork and poultry
meat in the model samples [8]. This approach had high
theoretical sensitivity of the method. However, the practical
limit of detection (LOD) was restricted to 0.01 % chicken in
pork and 1% pork in chicken. This was explained by non-
specific interspecies amplification at the last cycles. The
authors noted that predicted copy numbers of the targeted
region in the pig genome were higher than the real ones
by the order of magnitude. This was caused by nonspecific
annealing of the developed primers on other regions of the
genome. Therefore, the use of these regions was necessary
for designing a primer system.

Retrotransposons are mobile genetic elements, which are
most often represented in the eukaryotic genome by a large
number of copies. Due to an absence in their composition
of genes that are functionally significant for the organism,
retrotransposons rapidly accumulate substitutions and, con-
sequently, diversify. Moreover, part of retrotransposons are
endogenous retroviruses, which allows suggesting that its
own retrotransposon can appear in a taxon of any level due
to insertion of a retrovirus into the genome and the follow-
ing loss of its ability to develop virus particles. Because of
this, an advantage of using these regions is low probability
of non-specific annealing of primers for DNA of closely re-
lated species. To identify soybean, Yamakawa et al. [9] used
primers for the retrotransposon. Detection of amplification
products was carried out using gel electrophoresis. Specificity
was controlled using 11 related (legume) and 16 other species
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of plants. The limit of detection (LOD) of non-degraded
DNA was 0.001%. A critical factor for the development of the
PCR test-systems is a length of an amplicon. The longer an
amplicon, the higher a probability of breakage at this DNA
region under an effect of a technological process [10,11,12].
For real time PCR, a length of 100-150 nucleotide bases is
considered optimal.

In the present work, we developed a primer-probe sys-
tem for identification of soybean in products with its low
content and in products that have undergone deep thermal
processing. The primer-probe system was complimentary to
the long terminal repeat (LTR) 83118-re-1 [13]. The products
that were subjected to deep technological processing were
analyzed. For comparison, parallel analyses with primers
for the single-copy lectin gene were carried out.

Materials and methods

Objects of the research

Soy flour was used as a positive control. Flour produced
from samples of pea, kidney bean and chickpea was a nega-
tive control. The samples were taken from the collection of
the Laboratory of molecular biology and bioinformatics of
the V. M. Gorbatov Federal Research Center for Food Sys-
tems of Russian Academy of Sciences. The following food
products available in the retail chains were taken as test
samples: four articles of canned meat-and-plant pastes (code
designation P1-P4), six articles of meat-and-plant canned
foods (C1-C6). To compare an effect of other technological
processes on DNA degradation, samples of tofu, preserved
tofu and three samples of soy sauces (51-S3) were taken
as well. We also analyzed four samples of confectionary
products that contained soy lecithin (Conl-Con4) to assess
a possibility of the method to detect soybean components
that have undergone deep technological processing in food
product samples.

As a positive control of soybean degraded DNA, we
prepared a sample of soy flour that was diluted in distilled
water in a ratio of 1:4 by mass. The obtained paste was
treated in an autoclave in a glass vial at a temperature of
120 °C for 20 min.

Sampling and DNA extraction

Food products were minced in a knife mill GRINDOMIX
GM 200 (Retsch, Haan, Germany). For DNA extraction,
food product samples and control samples of 50 mg each
were taken. To extract DNA from the positive control of
degraded DNA, 200 mg were taken. After that, lysis and

Table 1. Sequences and positions of the primers used in the study

purification with chloroform were performed using the
reagent kit Sorb-GMO-B (Syntol, Moscow, Russia) accord-
ing to the instruction. The following DNA extraction was
carried out using the MagNA Pure LC2.0 isolation station
(Roche) with MagNa Pure LC DNA Isolation Kit IT (tissue)
(Roche, Mannheim, Germany).

Primer design

The primer-probe systems were complementary to the
regions of lel and long terminal repeat (LTR) 83118-re-1
(Table 1) available in the GenBank database [14]. For system
design, the programs Primer-BLAST [15] and OligoAnalyzer
v. 3 were used [16].

Real-time PCR

Real-time PCR was carried out using an amplifier ANK-32
(Syntol, Moscow, Russia). The reaction mixture with a vol-
ume of 30 pl contained primers with a concentration of
300 nM, a probe with a concentration of 150 nM, 2.5 mM
MgCI2, dNTPs with a concentration of 0.25 mM each, SynTaq
polymerase with a concentration of 2.5 activity units and
5 uL of extracted DNA. The components of the reaction
mixture were produced by Syntol. The parameters of PCR
were the following: initial denaturation at 95 °C for 7 min
and 45 cycles of amplification (60 °C, 40 s and 95 °C, 15 s).
All samples were investigated in triplicate. The obtained
data were analyzed using the software ANK-32 (Syntol).
Statistical analysis was carried out with the use of Microsoft
Excel 2016 [17].

Results and discussion

Detection of efficiency, specificity and cut-off cycles

To detect the reaction parameters and detection limit,
PCR with selected primer pairs was performed. For analysis
of primers for the lel gene, soybean DNA and its decimal
dilutions up to 0.001 % were used. For analysis of prim-
ers for the region 83118-re-1, we used a dilution of DNA
extracted from soy flour with concentration of 10 % to
0.0001%.

The limit of detection in PCR with primers for lel was
0.01% of the targeted matrix in a sample. The calculated
coefficient of correlation of PCR with primers for lel was
R2=0.99; PCR efficiency was E=85.5%. The equation of
linear regression is the following:

y = —4.295x + 49.01 1)

The calculated coeflicient of correlation of PCR with
primers for 83118-re-1 was R2=0.99; PCR efliciency was

Primer Primer sequence (5’ > 3’) Amplif}cation Amgliﬁcation
region size, bp

Lecl-F CTCTACTCCACCCCCATCCA
Lecl-R ATCTGCAAGCCTTTTTGTGTCAG
Lecl-P (FAM)-TT(C-LNA)AA(C-LNA)TTCA(C-LNA)(C-LNA)TT(C-LNA)TATGCC-(RTQ1) lel 111
Gly_MAX-F  CTCTCTATGGATTGAAGCAAGCIC
Gly_MAX-R  TCAATTCCTCCCTTCCTATACCCT
Gly_MAX-P  (FAM)-CTTGGTATGAAAGGCTAACAGAGTTCC-(RTQ1) 83118-re-1 91

bp — base pairs
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E = 98.0 %. The equation of linear regression is the fol-
lowing:

y = -3.4267x + 50.63 (2)

When using Lecl, there was no non-specific annealing
with samples of chickpea, kidney beans and pea, as well as in
the negative control without DNA. When using primers for
83118-re-1, the threshold cycle (Cq) for all negative controls
was 36.5£1.4 (presented as the mean + standard deviation,
N=18) and was equal to Cq of the reaction without DNA
addition (36.3£0.05, N=3). Therefore, the cut-off cycle for
the reaction with Gly_MAX was the 34th cycle, and the
practical limit of detection was 0.001% of non-degraded
DNA. The obtained values are comparable with the primers
used in the work of Yamakawa et al. [9].

Analysis of food products

In the world market, as a rule, food products containing
soy components are subjected to fermentative (tofu, soy
sauces) and thermal treatment (confectionary products,
bakery products). For quantitative detection of soybean
content in products of deep processing, several authors
proposed corresponding models of DNA degradation: a
temperature regime [4,10,18], enzyme treatment [19] and
combination of an impact of a temperature and pH value
[11,19]. The recipe of the model objects and temperature
regimes were selected with consideration for the baking
technology. For the Russian market, however, a study of
canned foods is topical. To assess an effect of sterilization
on DNA, DNA of soy flour after autoclaving was taken as
a positive control. The Cq values of this sample were lower
than in 1% of non-degraded DNA (Table 2). This suggests
a significant effect of sterilization regimes on DNA. When
using the primer-probe system Lecl, a difference between
values Cq (ACq) of 1% soybean DNA and 100 % degraded
DNA was 8.08 cycles, while ACq of the same samples was
2.34 when the primer-probe system Gly_MAX was used
(Table 2). Therefore, the primer-probe system Gly_MAX
has higher comparative sensitivity in analysis of samples
that have undergone technological processing. The calcu-
lated sensitivity for this model of degradation ensures the
calculated sensitivity of 0.1% soybean in a sample.

During the investigation, soybean DNA was not revealed
in the samples C3-C6, which corresponded to the declared
composition. The results of real-time PCR of other samples
are presented in Table 2. Soybean was found in the paste
samples and sample Cl with the use of both primer-probe
systems: Lecl and Gly_MAX. In these samples, soybean
was declared in the product composition, but it was not
the main component. The Cq values obtained in real-time
PCR were close to the positive control of DNA of 100 %
autoclaved soybean. In this semi-quantitative analysis, how-
ever, it is necessary to select a model of DNA degradation
that corresponds to the studied sample. When studying
the sample C2, soybean was detected with the use of the
prime-probe system Gly_MAX, while real-time PCR with
the use of Lecl gave a positive result only in two of three
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replicates. Soybean was not declared in the composition
of this product.

Table 2. The result of PCR in the control samples and food
samples with the use of the primers specific to the lel gene (Lecl)
and LTR83118-re-1 (Gly_MAX)

Result of ampification, Cq ACq between

Leql Gly_Max Iéi;q,i;[n a():
Control samples
Soybean 1% 28.14+£0.11*° 18.26%0.03* 9.88
S‘;’;‘Bﬁj‘;oll?g;"’ 36.22+0.63* 20.6%0.09° 15.62
Meat-and-planned
canned foods
P1 32.6+0.37* 20.58+0.04* 12.02
P2 33.49+£0.19° 20.68%0.11* 12.82
P3 33.63+£0.26* 21.19+0.05* 12.44
P4 34.71+£0.04 22.64+0.03* 12.07
C1 35.31+£0.3* 20.27 £0.07* 15.04
C2 37.63+0.71° 29.21+0.07°
Preserved tofu 36.16+1.43* 21.8+0.04* 14.36
Tofu 26.28+0.04 14.0+0.02 12.28
Soy sauces
S1 NR 31.9+0.15*
S2 NR 31.37+£0.11*
S3 NR 30.25+£0.02*
Confectionary
products
Conl 37.55 29.6+0.1*
Con2 28.26+1.43* 17.9+0.9* 10.32
Con3 37.80+0.02° 31.14+0.19
Con4 NR 33.3+0.38°
Con5 37.37 31.95+0.13*

The Cq values are presented as: the arithmetic mean + standard
deviation (a - N=3, b — N=2), NR — negative result

In production of tofu, soybean raw materials are heated
at 85-110 °C in the acidic environment [20]. In this pro-
cess, DNA is also subjected to significant degradation [11].
During the investigation, a decrease in a quantity of non-
degraded DNA was found (table 2). For example, the Cq
value for preserved tofu was comparable with the results
of the analysis of meat-and-plant canned foods. With that,
Yamakawa et al. failed to detect specific DNA in thermally
treated (fried) tofu [9].

Soy sauces are produced by long fermentation. This leads
to a significant degradation of DNA and proteins. A major-
ity of developed PCR and ELISA methods do not detect the
presence of soybeans in a soy sauce. With that, this product
retains its allergenicity [21]. In our work, PCR with the prim-
ers Gly_MAX gave a positive result. This is in agreement
with the data of Yamakawa et al., who used primers for the
retrotransposon region in their work [9].

In the samples of the confectionary product Con2, soy
flour was declared in the composition. Its presence was suc-
cessfully confirmed in PCR with both primer pairs. In the
samples Conl, Con2 and Conb5, soy lecithin was declared
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in the composition. In the sample Con4, soy components
were not indicated on the label. In analysis with the primers
Gly_MAX, soybean was found in all samples. In analysis
with the primers Lecl, a positive result was observed in the
samples Conl and Con5 only in one of three replicates, in
the sample Con3 in two. The result of PCR with the primers
Lecl was negative in the sample Con4.

An effect of temperature regimes on a degree of degradation
of different genome regions.

DNA degradation has a non-linear character depending
on a technological process, for example, with an increase in
time of exposure to a certain temperature [10]. Therefore,
for quantitative assessment, it is necessary to know precise
parameters of a technological process, which is impos-
sible in practice. Mano et al. developed an index of DNA
fragmentation based on the results of PCR of a targeted
product with several primer pairs giving different length
of amplicons [10]. However, the authors applied this index
only for calculating the detection limit of the reaction for
a certain sample and not for quantitative assessment of
targeted DNA.

It was found during the investigation of control samples
and products that a rate of degradation of the lel gene region
was higher than those of LTR83118-re-1. It is well seen when
comparing the difference in values Cq (ACq) obtained in
PCR of the sample with the primers Lecl and Gly_MAX
(Table 2). For example, in analysis of positive controls, ACq
for the control sample of non-degraded 1% soybean was 9.88;
while for the control sample of degraded DNA, it was 15.62.

The obtained value ACq of the control 1% soybean DNA
(9.88) was close to ACq of the sample Con2 (10.32), in which
composition soy flour was declared. In the sample C1, ACq
(15.04) was close to the control sample of degraded DNA
(15.62). It is necessary to note that exposure time of the
control sample (20 min.) was lower than in production of
meat-and-plant canned foods. The comparable degree of

DNA degradation can be explained, most likely, by the low
volume and container type, in which the sample was steril-
ized. ACq of meat-and-plant canned foods was lower and
varied in a range of 12.02 to 12.82, which is linked with dif-
ferent sterilization regimes for this product category. ACq of
tofu and preserved tofu also expectedly differed from each
other. ACq was not calculated for the samples C2, Conl,
Con3-Conb as the positive reaction with the primers Leql
was not observed in all replicates.

Therefore, ACq between the values obtained with the
primers for single-copy and multi-copy regions was higher
when the technological impact on DNA was larger.

Conclusion

We developed a highly sensitive method for soybean
detection in food samples based on selection of a multi-copy
region of genomic DNA for primer design. The samples of
meat-and-plant canned foods and other samples that un-
derwent deep technological processing were successfully
detected by this method. The method showed high sensitivity
compared to the use of the primers selected for the single-
copy DNA region: 0.001 % non-degraded soybean DNA for
the primers Gly_MAX vs. 0.01% for Leql.

During the investigation, a difference in the rate of deg-
radation of the lel gene region and LTR83118-re-1 was found.
This effect can be used for the development of a method for
assessing DNA degradation in food products underwent
deep technological processing and the following quantitative
assessment of the composition.
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