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The article presents the results of evaluating commercial methods for extracting nucleic acids from pig intestinal tissues for

the diagnosis of PED. The study was based on samples of small intestine tissues and faeces from 35 day old pigs which died
from PED. Nucleic acid extraction was performed using commercial kits with different nucleic acid separation strategies based
on: silicon-sorbent; silicate membrane fixed in a microcentrifuge column and magnetic balls. The studies were conducted in
two stages. The first was a comparison of the results of the amplification of the obtained nucleic acid extracts from the homo-
genate of the intestines of piglets by using the above-mentioned commercial kits for the extraction of nucleic acids. For this
purpose, samples of homogenate were used which in weight corresponded to the guideline for the application of the test kits.
The second step was directed to determining the efficiency of extraction of DNA and RNA from homogenate samples with a
weight of 10, 50, 100 and 200 mg. Determination of the optimal methodological strategy of nucleic acid extraction for the
diagnosis of porcine epidemic diarrhea by PCR has been investigated. The results of the PCR studies of RNA of the PED virus
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Introduction

Nucleic acid extraction is the process of separating different forms of
DNA and RNA from other biological macromolecules using a specific
sequence of biochemical and biophysical methods (Busa et al., 2016).
The first protocol for the isolation and purification of nucleic acids was
developed by Johannes Friedrich Miescher in 1869 (Greenly et al., 2015).
The process of nucleic acid extraction is a fundamentally important step in
modemn molecular genetic studies, such as polymerase chain reaction
(PCR), sequencing, restriction analysis, molecular hybridization, etc (Al
et al,, 2017; Akshara, 2018). For testing, all these methods require a solu-
tion of nucleic acids with a high degree of purification and a minimal level
of degradation of their molecules (Hardy et al., 2017).

Intracellular nucleic acids are divided into genomic (chromosomal)
and plasmid DNA as well as separate types of RNA. In general, despite
some differences in the composition of RNA and DNA (the presence of
uracil or thymine) and the unique three-dimensional conformation of
these linear biopolymers, the basic physicochemical properties of nucle-
ic acids are similar. Current methods of nucleic acid extraction have
been successfully used, with only minor modifications, both for DNA
and RNA isolation. An important difference between DNA and RNA
extraction methods is that RNA has a higher lability and sensitivity to a
wide range of RNA, which increases the risk of degradation of the ribo-
nucleic acid molecule (Chacon-Cortes, 2014).

The quality of nucleic acid extraction is one of the important steps for
molecular genetic studies, in particular polymerase chain reaction (PCR).
It directly affects the kinetics, which depend on the concentration of the
extracted nucleic acids, their degree of destruction and purification of nuc-
leic acid solution from PCR enzyme inhibitors (Chacon-Cortes et al.,
2014; Cui et al., 2015; El-Maklizi et al., 2015). PCR enzyme inhibitors are
quite important in the extraction of genetic material from samples, which
are rich in low molecular weight substances that have inhibitory properties
against enzymes, as well as enzymes that increase the destruction of nuc-
leic acids — DNA and RNA (Busa et al.,, 2016). The most common ma-
terial is faecal or intestinal specimens, which in most cases are used as an
object of research for the indication and identification of the etiology of
gastrointestinal infections by PCR (Choi et al., 2014; Carvajal et al., 2015).
For today, there is a wide range of nucleic acid extraction methods, among
which the most effective and consequently the most common are solid-
phase methods. These include modem variants of methods of extracting
nucleic acids on magnetic balls, silicate membrane, silicon sorbent, etc.
(Fong et al., 2015; Busin et al., 2016).

One of the most common diseases in pigs in Western European co-
untries and since 2014 in Ukraine is porcine epidemic diarthea (PED)
which leads to significant economic losses (Cochrane et al., 2015; Gerber
etal., 2016; Yonghyan et al., 2017; Wanitchang et al., 2019). PED is cau-
sed by the RNA genomic coronavirus and is accompanied by diarrhea in
pigs of different sex-age groups and causes high mortality (up to 100%)

Regul. Mech. Biosyst., 2019, 10(4) 477



among animals in the first week of life (Cochrane et al., 2015; Bjustrom-
Kraft et al.,, 2016; Sun et al., 2018; Yuan et al., 2019). The PCR method is
most effective for the diagnosis of PED in industrial pig production (Tun
et al,, 2016; Kao et al., 2018; Masiuk et al., 2018; Hou et al., 2019). This
method allows the detection of PED virus RNA even with minimal con-
centration of it in the test material. Taking into account the biological cha-
racteristics of the pathogen of PED, as a rule, the diagnostics procedure
requires the analysis of intestinal tissue containing undigested residues or
faeces. Intestinal tissue samples are known to contain a large number of
PCR-inhibitors substances. Therefore, the choice of a methodological stra-
tegy for the extraction of nucleic acids from intestinal tissue and faeces,
which extracts DNA and RNA in sufficient quality, and allows one to
effectively get rid of PCR inhibitors is an extremely important issue for the
diagnosis of PED. The purpose of the study is to determine the optimal
methodological strategy of nucleic acid extraction for the diagnosis of
porcine epidemic diarrhea by PCR.

Materials and methods

The study was conducted in accordance with the requirements of the
European Convention on the Protection of Vertebrate Animals (Strasbo-
urg, 1986) and the Law of Ukraine "On the protection of animals from
abuse" (2006), which was confirmed by the conclusion of the Bioethics
Commission of the Dnipro State Agrarian and Economic University.
The study was performed in the laboratory of immunochemical and mo-
lecular genetic analysis of the Scientific Research Centre of Biosafety and
Environmental Control of the Agro-industrial Complex of Dnipro State
Agrarian and Economic University. The study was carried out using the
samples of small intestine tissues and faeces from 35 days old piglets,
whose cause of death was PED. Nucleic acid extraction was performed
using commercial kits with different nucleic acid separation strategies ba-
sed on a: silicon-sorbent; silicate membrane fixed into a microcentrifuge
column and magnetic balls.

Kit 1 —"S-Sorb" (Russia). This set of reagents is intended for the ex-
traction of nucleic acids by precipitation with silicon sorbent.

Kit 2 —"FBioNucleo" (Russia). The reagent set is intended for the ex-
traction of nucleic acids by depositing them on a silicate membrane fixed
to a microcentrifuge column.

Kit 3 — "ArtBioTeh" (Belarus). The reagent kit is intended for the ex-
traction of nucleic acids by depositing them on a silicate membrane fixed
to a microcentrifuge column.

Kit 4 — "BioExtract Column" (France). The reagent kit is intended for
the extraction of nucleic acids by depositing them on a silicate membrane
fixed into a microcentrifuge column.

Kit 5 — "Viral DNA/RNA Extraction Kit" (Taiwan). The reagent kit
is designed for the extraction of nucleic acids by magnetic balls. The me-
thod is based on the automated extraction of nucleic acids using the device
"ZiXpress-32".

All studies were carried out in two stages. The first step was a com-
parison of the results of the amplification of the obtained nucleic acid ext-
racts from the homogenate of the intestines of piglets by using the above-
mentioned commercial kits for the extraction of nucleic acids. For this
purpose, samples of homogenate were used which in weight correspon-
ded to the guideline for the application of the test kits. For Kit 1 — 4
100 mg, for Kit 5 —40 mg. The second step was to determine the efficien-
cy of extraction of DNA and RNA from homogenate samples with a
weight of 10, 50, 100 and 200 mg using the same commercial kits. The elu-
tion of nucleic acids of each sample was carried out in 100 pL of elution
solution. Extraction of nucleic acids from the test samples was performed
in each kit of five repetitions.

The quality of extraction was determined for amplification by using
RT-PCR-RT kits for the diagnosis of PED from two manufacturers:
"EXOone PEDV" (Spain) and "PED RNA Detection Kit" (Russia). Re-
verse transcription, cDNA amplification, and fluorescence detection were
performed according to methodological guidelines for the respective test
systems on the CFX-96 "REAL TIME" amplifier (USA). Amplification
results are given in Threshold cycle (Ct) values. The cDNA replication
process of the PED virus was evaluated by fluorescence at a wavelength
of 520 nm for the "EXOone PEDV" test system and 557 for the "PED
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RNA Detection Kit". The process of replication of a unique pig DNA
fragment was evaluated by the fluorescence level at a wavelength of
557 nm for the "EXOone PEDV" test system and 520 for the "PED RNA
Detection Kit". PCR quality was monitored by using positive control
samples included in the kits. To control contamination, we used negative
control samples that were obtained at the stage of extraction of nucleic
acids (negative extraction control) also during the preparation of the reac-
tion mixture and introduction of samples (negative control of amplifica-
tion). Extraction of nucleic acid, preparation of the reaction mix and intro-
duction of samples were carried out in three specialized rooms, by using
laminar boxes of an abacterial environment.

Two-way analysis of variance (ANOVA), variation and statistical
processing of the obtained results were performed by using the specialized
software Statistica 6.0 (StatSoft Inc., USA). The significance of differences
was assessed after verifying the experimental data which was obtained by
using the Student t-test or its non-parametric counterpart — the Wilcoxon test.
Selective parameters presented in the work have the following designations:
"x" is the sample average; "SE" is the standard error of the average value.
Changes between extraction kits were considered to be statistically signifi-
cant at P <0.05, 0.01 and 0.001. Two-factor ANOVA analyses determined
the level of the impact of the studied methods of nucleic acid extraction
(Kit 1-5) on the threshold value (Ct) using different test systems. The crite-
rion for estimating the factor of the influence on the dependent variable of
designations is F; critical value (minimally significant) of the impact factor —
FU; the indicator of statistical significance is “P”’.

Results

Comparison of the nucleic acid extraction protocol with different
commercial kits. According to the manufacturer’s recommendations, the
shortest cell lysis time is suggested for Kit 1-5 minutes (Table 1).

Table 1
Comparison of the nucleic acid extraction protocol
with different commercial kits

Extraction . . . . .
Protocol Options Kit 1 Kit2 Kit3 Kit4 Kit5

Duration of lysis, min 5 10 10 15 12
Incubation temperature (5 5y 54 s o4 75
during lysis, °C
Proteinase - - - + +
Carrier RNA - - - + -
Th tion matrix Silicon Silicate  Silicate  Silicate Magnetic

¢ sorption ma dioxide membrane membrane membrane  balls
Number of rinsing steps 3 2 3 2 3
The volume
of the solution for elution 100 100 100 100 100
Extraction time 4550 3035 3035 3540 3540
of 1 sample, min

Kits 2 and 3 have a 2 times longer period of exposure to cell lysis in
the studied sample, compared to Kit 1. The longest incubation period
during chemical lysis is in kits 4 and 5, which are 3 and 2.4 times lon-
ger, respectively, than the period used during nucleic acid extraction
with Kit 1. The temperature of incubation during chemical cell lysis also
differs significantly between sets. For kits 2 and 4 the temperature
should be within room temperature, while for kits 1, 3 and 5 it should be
within 6575 °C, which requires special equipment. Only two commer-
cial kits contained a proteinase enzyme (kits 4 and 5), and only Kit 4 has
Carrier RNA. Sorption of nucleic acids in Kit 1 occurs with a 10% sus-
pension of silicon dioxide, in kits 2, 3 and 4 with a silicate membrane
fixed in a centrifuge column, and Kit 5 with magnetic balls. Given the
importance of rinsing the adsorbed nucleic acids from impurities, one
should note that the number of nucleic acid rinsing steps from PCR
inhibitor impurities is also different, in particular for kits 1, 3 and 5, three
detergent treatment steps should be carried out. At the same time, kits 2
and 4 have one stage less than the previous ones.

Analysis of the time for extraction of nucleic acids from 1 sample
indicates that the shortest time has an extraction protocol in kits 2 and 3,
and is the longest in Kit 1, which in the first case is associated with the
use of a silicate membrane fixed in the centrifuge column. Therefore, the
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number of rinsing steps of adsorbed nucleic acids may be less. Howe-
ver, for Kit 1 the long time is due to the use of a silicon sorbent suspen-
sion, which requires a more thorough rinsing of impurities, even against
the background of the shortest incubation period during chemical lysis.
Consequently, the longest sequence of the nucleic acid extraction pro-
cedure is offered in Kit 1, and the fastest in kits 2 and 3. Kits 4 and 5
contain more auxiliary components that are supposed to improve nuc-
leic acid extraction. At the same time, the nucleic acid extraction proto-
col in kits 4 and 2 consists of only 2 phases of foreign substance purifi-
cation, which may affect the adequacy of the PCR results.

Extraction of PED virus RNA from small intestine tissue samples
according to the manufacturer’s recommendations. The results of studies
to determine the quality of RNA extraction of the PED virus from the tis-
sues of the small intestine using the studied commercial kits according to
the instructions for their use by RT-PCR-RT showed that, when using the
"EXOone PEDV" test system, the highest values of Ct by the cDNA
detection channel of the PED virus were for kits 1 and 2 (Table 2).

Table 2
Results of cDNA amplification from RNA of the PED virus
extracted with various commercial kits, Ct (x + SE, n=15)

Extraction Test kits for PCR diagnosis of PED
kit "EXOone PEDV" "PED RNA Detection Kit"
Kit 1 2272+ 0.04° 25.19£0.07°
Kit2 22,61 +0.06" 27.64+0.05°
Kit3 17.79+0.19 20.14+0.18
Kit4 16.95+033" 18.62£0.24¢
Kit5 17.18£023° 19.71£031%

A comparative analysis of the efficiency of pig genomic DNA extracti-
on using the "PED RNA Detection Kit" showed that the amplification
results of the samples extracted with Kit 1, Kit 2, Kit 3 and Kit 5 did not
differ significantly from the above. Thus, the highest Ct value for the
porcine sample gene was found in the samples extracted with Kit 1 and
Kit 2, which range between 25 Un. The Ct values for Kit 3 and Kit 5 are
smaller than Kit 1 and Kit 2 by 1.02 and 1.49 Un, respectively. The lo-
west Ct value was detected in the samples extracted by using Kit 4,
which is likely to be less than the Ct values for Kit 1 by 2.89 Un, Kit 2
by 2.92 Un and Kit 3 at 1.89 Un (P < 0.01). Therefore all commercial
kits successfully extract genomic DNA of pigs from the small intestine
tissue homogenate. The largest amount of porcine DNA, according to
the manufacturers” recommended nucleic acid purification parameters,
is extracted using Kit 3 and Kit 5.

The analyses of the obtained results established that the choice of
nucleic acid extraction method is of great importance when using sepa-
rate kits of reagents to identify the PED virus (F = 1286.9 > FU =2.618;
P < 0.001). Moreover, the choice of test system (according to the fea-
tures of the extraction method), to a somewhat lesser extent affects the
threshold value (Ct) than the method of extraction of nucleic acids
(Kit 1-5)—-F=1093.6 > FU =4.08; P <0.001) (Table 4).

Table 4
Results of two-factor ANOVA of the effect of different methods
of nucleic acid extraction on the threshold value (Ct)

Note: different letters indicate the values significantly different one from another
within the column of the Table on the results of comparison (P < 0.05).

The corresponding index range between 22.61-22.72 Un. The Ct
values for the use of the other three kits are probably less than the 4.8
data above for Kit 3 (P <0.01), by 5.72 Un for Kit 4 (P <0.01) and 5.5
Un for Kit 5 (P < 0.01) relative to the values of the Kit 1 and Kit 2.
A similar ratio of indicators was obtained during the testing of samples
using the test system "PED RNA Detection Kit". The highest Ct values
were in the samples, the nucleic acids of which were extracted with
Kit 1 and Kit 2. The Ct in the samples extracted with Kit 3, Kit 4 and
Kit 5 was authentically lower by 5.1, 6.6 and 5.5 Un (P < 0.01) relative
to the values obtained by Kit 1 and less by 7.5, 9.1 and 7.9 Un (P <
0.01) relative to the values obtained by Kit 2. Therefore, all commercial
kits successfully extract RNA of the PED virus from the tissue homoge-
nate of the small intestine of piglets. The highest amount of PCR sui-
table for PED RNA testing, according to the manufacturers’ recom-
mended nucleic acid purification parameters, is extracted using Kit 3,
Kit4 and Kit 5.

Extraction of porcine genomic DNA from small intestine tissue
samples according to the manufacturers’ recommendations. According
to the results of studies of the efficiency of pig DNA extraction, it was
found that during PCR using the EXOone PEDV test system, the Ct
values for the Kit 1 and Kit 2 sets varied within 24-25 Un (Table 3).

Table 3
Results of amplification of a unique pig DNA fragment
extracted with various commercial kits, Ct (x + SE, n=5)

using different test systems
Source of variation ~ SS df MS F P FU
Unique fragment of the PED virus RNA
Kit 1-5 4683 4 1171 12869 1157 261
Test kits for PCR 995 1 995 10936 1.147 408
Interaction 156 4 39 48 607" 261
Internal 36 40 0091 — - -
Total 5870 49 - - - -
Unique pig DNA fragment

Kit 1-5 1126 4 281 1421 45> 261
Test kits for PCR 42 1 42 214 39° 4.08
Interaction 1443 4 361 1820 43> 261
Internal 79 40 0198 — - -
Total 2690 49 - — - —

Extraction Test kits for PCR diagnosis of PED
kit "EXOone PEDV" "PED RNA Detection Kit"
Kit 1 2434+0.16" 2504+ 035"
Kit2 2530+0.19° 25.07+0.09"
Kit3 19.54+0.15° 24.04 40.08°
Kit4 274540614 22.15+0.08
Kit5 2033 +0.39° 2357+028"

A similar pattern was found when the reagent kits were used to
identify the IPC, but this dependence was by an order less. In particular,
the effect of the method of extraction of nucleic acids on the threshold
value was — F = 142.1 > FU = 2.62; P < 0.001, and the impact of test
system choice — F =21.4 <FU =4.08; P <0.001. It should be noted that
there is a significant link between the choice of various methods of nuc-
leic acids extraction (Kit 1-5) and the application of test systems of
different manufacturers (F=42.8-182.0 > FU=2.61; P <0.001). There-
fore, selection of the method of nucleic acid extraction should take into
account the characteristics of the test system of a particular manufactur-
er, regardless of its limited specification (PEDV or IPC).

Extraction of PED virus RNA was performed from the small intes-
tine tissue homogenate of piglets with commercial kits by using a dif-
ferent weight of samples. According to the results of cDNA amplifica-
tion of the PED virus using the "EXOone PEDV" test system, the lo-
west Ct values for the Kit 4, Kit 3 and Kit 5 were detected using 10 mg
samples (Table 5).

Table 5

Results of cDNA amplification from PED RNA using the "EXOone
PEDV" test system extracted with commercial kits from samples

of homogenate of intestine of different weights, Ct (x + SE, n=15)

Note: different letters indicate the values significantly different one from another
within the column of the Table on the results of comparison (P < 0.05).

The lowest Ct values were found in the samples extracted using Kit
3 and Kit 5, which averaged 4.8 and 4.1 Un, respectively, Ct is smaller
than Kit 1 and Kit 2. The highest Ct was found in nucleic acid samples
extracted using Kit 4, which is significantly higher than the Ct for the
above kits by an average of 5.1 Un and is 27.45 + 0.61 Un (P < 0.01).

Extraction ‘Weight of sample for extraction, mg
kit 10 50 100 200
Kit1 32234021 3149+0.17° 2272+£034° 2045+0.15°
Kit2 30.59+£024° 2977021  2261£046° 21.09+0.16°
Kit3 16.74+020°  1697+0.15"  17.79+0.19" 2662+0.15
Kit4 1596+030°  1603+0.11"°  1695+033" 21.74+0.13°
Kit5 1679+0.12"  17.18+0.12"  1728+023" 2244+044°

Note: different letters indicate the values significantly different one from another
within a line of the Table on the results of comparison (P <0.05).

Regul. Mech. Biosyst., 2019, 10(4) 479



An increase in the weight of the test material contributes to an in-
crease in the Ct in the samples extracted by using Kit 3, Kit 4 and Kit 5.
However, no significant difference was found between samples weighing
10 and 50 mg when using commercial kits 3, 4 and 5. A probable differ-
ence is observed in the study of nucleic acid samples extracted from
200 mg samples. For Kit 3, the Ct value is increased by 9.88 Un (P <
0.01), for Kit 4 at 5.78 Un (P < 0.01), for Kit 4 by 5.47 Un (P < 0.01),
compared to the Ct values obtained during the study of samples extracted
from samples weighing 10 mg. The amplification results of the extracts
obtained from Kit 1 and Kit 2 reflect an inverse relationship with the re-
sults obtained from Kit 3, Kit 4 and Kit 5. Thus, the Ct values in the 10 mg
extracts for Kit 1 and Kit 2 are the highest. Increasing the weight of the
samples to be extracted with these kits decreases the Ct for cDNA of the
PED virus. It should be noted that, similarly to the aforementioned kits 3,
4, 5, no significant difference was found between the Ct values obtained
from 10 and 50 mg. Analysis of the results of cDNA amplification of the
PED virus indicates a decrease in Ct in samples with a weight of 100 and
200 mg samples. Thus, for Kit 1, the Ct value is probably less by 9.51 Un
and 11.78 Un (P < 0.05-0.01), and for Kit 2 — by 7.98 and 9.50 Un (P <
0.05-0.01). The results of cDNA amplification of the PED virus in the
samples tested with the test kit "PED RNA Detection Kit" are similar to
the previous ones. The results of studies of samples with a weight of 10
mg samples showed that Kit 1 and Kit 2 have the highest values of Ct,
and Kit 3, Kit 4 and Kit 5 the smallest (Table 6).

Table 6

The results of cDNA amplification from PED virus RNA

using the "PED RNA Detection Kit" extracted from commercially
available kits of various weights (Ct, x + SE, n=15)

Extraction Weight of sample for extraction, mg

kit 10 50 100 200
Kit 1 35.60+038  3398+041° 2519+£027° 2328+0.19
Kit2 3436+044°  3497+035 2764+015° 2587+021°
Kit3 19.83+£0.17°  20.16+0.11°  20.14+0.18  2369+028°
Kit4 17514028 17.86+0.16° 18.62+024° 2327+031°
Kit5 1825+£0.17°  19.63+0.15°  1971+031° 2504+0.52°

Note: different letters indicate the values significantly different one from another
within a line of the Table on the results of comparison (P < 0.05).

No significant difference between the PCR results of the PED RNA
samples extracted with commercial kits 3, 4, and 5 with 10, 50, and 100 mg
was found, but a tendency to increase in Ct at the same time as the weight
of the samples to be extracted should be noted. The highest Ct values were
found in samples weighing 200 mg. Thus, for Kit 3, the value in the samp-
le with a weight of 200 mg Ct is greater by 3.86 Un (P < 0.05), for Kit4 —
by 5.76 Un (P < 0.01), and for Kit 5 it was 6.79 Un (P < 0.01), compared
to the values of samples weighing 10 mg. The results of the amplification
of samples of extracted nucleic acids with kits 1 and 2 indicate a signifi-
cant difference between the Ct values obtained from the extraction of
nucleic acids from a material weighing 10-50 and 100-200 mg. Thus, the
value of Ct for Kit 1 and Kit 2 in a sample with a weight of 100 mg of
specimen is probably lower by 10.41 Un (P < 0.05) and 6.72 Un, respec-
tively (P < 0.05) compared to the values obtained from the samples by
weight of 10 mg, and accordingly by 8.79 Un (P <0.01) and 7.33 Un (P <
0.05) compared to the values obtained from samples weighing 50 mg.
The values of Ct for Kit 1 and Kit 2 in the sample with a weight of 200
mg samples are probably lower by 12.32 Un (P < 0.001) and 849 Un,
respectively (P < 0.001) compared to the values obtained from samples
weighing 10 mg and 10.7 Un, respectively (P < 0.01) and 9.10 Un (P <
0.01) compared to the values obtained from samples weighing 50 mg.

Therefore, according to the results of cDNA amplification of the PED
virus, the smallest Ct values were detected in the samples extracted with
Kit 3, Kit 4 and Kit 5 from 10 mg samples. Increasing the weight of the
samples to 200 mg increases the Ct for Kit 3, Kit 4 and Kit 5 by an aver-
age of 6.87 Un, 5.77 Un and 6.13 Un respectively, compared to the values
obtained from samples weighing 10 mg. The highest Ct values were
found in the samples extracted with Kit 1 and Kit 2 from 10 mg samples.
Increasing the sample weight to 200 mg reduces the Ct for these commer-
cial kits by an average of 12.05 Un and 8.99 Un respecttively, compared
to the values obtained from samples weighing 10 mg.
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Extraction of porcine genomic DNA from the small intestine tissue
homogenate by commercial kits of different sample weights. Analysis of
the results of amplification of a unique DNA fragment of pig extracted
from intestinal homogenate of different weights showed that Kit 1 and
Kit2 more effectively extract genomic DNA from samples weighing
200 mg, and Kit 3, Kit 4 and Kit 5 from samples weighing 10 mg (Table 7).

Table 7

The results of amplification of a unique pig DNA fragment
using the "EXOone PEDV test system" extracted

with commercial kits (Ct, x = SE, n=15)

Extraction Weights of sample for extraction, mg

Kit 10 50 100 200
Kit 1 2949+021° 2826+0.18° 2434+026° 21.19+025°
Kit2 2820+£029° 27.60+0.17° 2530019 2504+022°
Kit3 17534026  1820+034°  19.54+025° 23.12+032°
Kit4 25324028 26.12+023* 2745+061° 2851+0.15°
Kit5 1971+0.19"  1954+0.13* 2033+039° 21.30+028

Note: different letters indicate the values significantly different one from another
within a line of the Table on the results of comparison (P < 0.05).

The smallest Ct values were detected in the samples extracted from
the sample by 10 mg with Kit 3 and Kit 5. Extraction of nucleic acids
from a sample weighing 200 mg contributed to a significant increase in
the Ct for Kit 3 by 5.59 Un (P <0.01), and for Kit 5 by 1.59 Un, compared
to the values obtained from the sample by weight of 10 mg, and respect-
tively 4.92 Un (P < 0.05) and 1.76 Un, compared to the values obtained
from the sample by weight of 50 mg. Analysis of the results of pig DNA
amplification for Kit 4 indicates less efficient extraction of genomic DNA
from intestinal tissues by the method proposed by this manufacturer. This
conclusion is confirmed by the obtained results of Ct values.

The results of the amplification of a unique DNA fragment of a pig
by using the test system "Kit for detection of RNA of the PED virus"
extracted from various mass samples by using different commercial kits
are similar to the previous ones (Table 8).

Table 8

The results of amplification of a unique DNA fragment

of a pig by using the test system "Kit for detection of RNA
of the PED virus" extracted from samples of different masses
with commercial kits (Ct, x = SE, n=15)

Extraction Weights of sample for extraction, mg

Kit 10 50 100 200
Kit 1 31.73£047°  3045+031°  2504+£035° 24.05+040
Kit2 31.08+031°  3028+042° 2615+023° 2507+029°
Kit3 2140+0.14*  21.55+£005  23.19+024° 24.04+028
Kit4 1968+0.11" 2005+0.17° 22.15+038° 27.19+037
Kit5 21.04+023 21.15+0.16° 2357+028° 25.18+048

Note: different letters indicate the values significantly different one from another
within a line of the Table on the results of comparison (P < 0.05).

Thus, the highest Ct values were detected in samples extracted with
commercial kits 1 and 2 from intestinal tissue homogenate with a sam-
ple weight of 10 mg. Extraction of nucleic acids by these kits from
samples weighing 50 mg did not significantly affect the result of ampli-
fication, whereas the isolation of nucleic acids from samples weighing
100 mg significantly reduced the Ct by 6.69 Un (P < 0.05) and 4.93 Un
(P < 0.05), compared to the values obtained from samples weighing
10 mg, and accordingly by 5.41 Un (P < 0.05) and 4.13 Un (P < 0.05),
compared to the values obtained from samples weighing 50 mg.
The minimum Ct values for Kit 1 and Kit 2 are set for the extraction of
nucleic acids from 200 mg samples. They are significantly smaller at
7.68 Un (P < 0.01) and 6.01 Un (P < 0.05) compared to the values ob-
tained from the samples by weight of 10 mg, and accordingly by
6.40 Un (P < 0.05) and 5.21 Un (P < 0.05), compared to the values
obtained from samples weighing 50 mg.

The most effective extraction of genomic DNA was achieved with
Kit 3, Kit 4 and Kit 5 from 10 mg samples, as indicated by the amplifi-
cation results of a unique porcine DNA fragment that had the lowest Ct
value among all the kits tested. There was a tendency for this parameter
to increase in samples with a weight of 100 mg, which for Kit 3, Kit 4
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and Kit 5 are respectively 1.79 Un, 2.47 Un (P < 0.05) and 2.53 Un
compared to the values obtained from samples weighing 10 mg. A sig-
nificant increase in Ct was detected by nucleic acid extraction with Kit 3,
Kit 4, and Kit 5 from 200 mg samples by 2.64 Un, respectively (P <
0.05), 7.51 Un (P <0.01) and 4.14 Un (P < 0.05) compared to the valu-
es obtained from samples weighing 10 mg.

The choice of nucleic acid extraction method is determinative when
the reagent kits are used to identify both PEDV and IPC, (F = 1892—
2566 >FU =2.49; P <0.001) (Table 9).

Table 9

Two-factor ANOVA of the influence of various methods

of nucleic acid extraction on the threshold value (Ct) in the comparative
analysis of the variable homogenate volume

Source of variation SS df MS F P FU
PEDV

Kit 1-5 15120 4 3780 25658 14 249

The mass of the homogenate 1765 3 588 3994  517°% 2.72

Interaction 12945 12 1079 7322 197 1.88

Internal 118 80 0.147 — - -

Total 29947 99 - - - -
IPC

Kit 1-5 10303 4 2576 18917 257 249

The mass of thehomogenate 6.0 3 20 146 117 2.72

Interaction 3817 12 318 2336 577 1.88
Internal 109 80 0.136  — - -
Total 14288 99 - - - -

Moreover, relative to the threshold value, the selection of the mass
of the homogenate has a much greater impact when the kits of PEDV
reagents were used (F =399.4 > FU =2.72; P <0.001) than the IPC kits
(F=14.6 > FU = 2.72; P < 0.001). A significant link was established
between the choice of different methods of nucleic acid extraction
(Kit 1-5) and the mass of homogenates (10, 50, 100 and 200 mg) —
F=233.6-7322>FU=1.88; P <0.001).

Therefore, the largest amount of genomic DNA from intestinal tis-
sues is extracted with Kit 3, Kit 4, and Kit 5 from 10 mg samples.
Increasing the sample weight to 200 mg increases the Ct for Kit 3, Kit 4
and Kit 5 by an average of 4.12 Un, 5.35 Un and 2.87 Un respectively,
compared to the values obtained from samples weighing 10 mg.
The highest Ct values were found in the samples extracted with Kit 1
and Kit 2 from 10 mg samples. Increasing the sample weight to 200 mg
reduces the average Ct for these sets by an average of 7.99 Un and
4.59 Un accordingly, compared to the values obtained from samples

weighing 10 mg.
Discussion

The process of nucleic acid extraction is one of the important steps
for molecular genetic studies, in particular PCR, as it directly affects the
efficiency of PCR, which depends on the concentration of the extracted
nucleic acids of the eluate, the degree of their destruction and the level
of purification of the nucleic acid solution. Today there are many diffe-
rent methods for nucleic acid extraction and modification, on the basis
of which commercial DNA/RNA extraction kits are optimized for a
variety of research sites (Hu et al., 2014; Wang et al., 2016). Thanks to
this, the cleaning protocol of each set has its own peculiarities. At the
same time, the basic stages of extraction — cell lyses of the test samples,
sorption of nucleic acids in the solid phase, laundering of impurities and
elution to form a pure nucleic acid solution, remain the same for most
commercial kits. The results of comparative analysis of the main indica-
tors of DNA/RNA isolation showed that the shortest stage of cell lysis is
contained in the Kit 1 protocol, and the longest in the kits 4 and 5.
Longer time of the isolation is requested for hydrolyzes peptide bonds
from the carboxyl group of aliphatic, aromatic and hydrophobic amino
acids even in the presence of detergents. It should be noted that Kit 4
contains a carrier RNA component which increases the efficiency of
RNA molecules deposition and short-stranded DNA fragments.

Selective sorption of nucleic acids, their separation and concentrati-
on are interdependent steps carried out consecutively with the use of
liquid and solid phase steps. The application of these steps provides se-

lective separation of the sample molecules, which is based on the speci-
fic hydrophobic, ionic properties and polarity of the solution and the
sorption solid-phase reagent. Our test kits for extraction are based on
three major solids’ varieties for sorption of nucleic acid molecules: Kit 1 —
10% suspension of silicon dioxide, kits 2, 3 and 4 — on a silicate mem-
brane fixed in a centrifuge column and on a magnetic column — Kit 5.
The basis of the solid-phase method is to create numerous weak chemical
bonds between the sorbent and the sample DNA/RNA molecule. First of
all, nucleic acid molecules are adsorbed on the solid phase due to electro-
static and Van der Waals interactions (Biziuk, 2006; Thatcher, 2015).

For the first time in 1979, it was shown that the silicate matrix has a
high affinity for DNA molecules under alkaline pH and increased salt
concentration in the reaction mixture. Inorganic counter-ions compen-
sate for the charge of DNA molecules, reduce the size of the counter-ion
shell and promote adsorption (Siegel et al., 2017). The mechanism of
selective binding of nucleic acid molecules and the silicate matrix con-
sists in the affine interaction of negatively charged DNA and RNA mo-
lecules and positively charged silicate material, with other cell compo-
nents and chemicals being removed during the rinsing step. A desorpti-
on of nucleic acids from the surface of the silicate matrix occurs when
adding a hypoosmotic solution, in particular the nuclease-free buffer of
Tris-EDTA. To date, numerous modifications and additions have been
made to the method, which increase the efficiency of extraction of both
the total amount of nucleic acids and their individual types. Thus, the
addition of chaotropic agents leads to the denaturation of RNA enzymes
and, accordingly reduces the degree of RNA degradation. The disad-
vantage of this method is the need for centrifugation of the test solution,
which contributes to the degradation of nucleic acids by mechanical
damage to whole DNA/RNA molecules (Michael et al., 2014).

One of the most common methods for solid-phase adsorption of RNA,
genomic, plasmid and mitochondrial DNA forms is magnetic ball extrac-
tion (Merkle et al., 2014; Huckle, 2015). The method is based on the sepa-
ration of nucleic acids from the total mixture of cell components by com-
plementary hybridization (Azimi et al., 2011). This method of procedure
does not contain a centrifugation step, which reduces the risks of degrada-
tion of nucleic acids and provides alternative ways of automating the ex-
traction process. In addition to the aforementioned advantages, the method
is easy to apply and characterized by high speed, with several samples
being examined simultaneously. As we noted, the extraction time of Kit 5
is 35-40 min regardless of the number of samples tested from 1 to 32.
On the other hand, the use of other test kits for the extraction of nucleic
acids requires additional time to perform a large number of samples,
which subsequently are subject to simultaneous extraction. This signifi-
cantly distinguishes Kit 5 from the other kits, it significantly shortens the
time of the diagnostic procedure, which is important enough for laboratory
confirmation of a diagnosis of PED.

It should be noted that the purification process is especially impor-
tant during the extraction of nucleic acids from a rich material in low
molecular weight substances that have inhibitory properties against en-
zymes, as well as enzymes that enhance the destruction of nucleic acids —
DNA and RNA. The level of purification of nucleic acids, their concen-
tration and the degree of degradation of the sample molecules are the
most critical factors affecting the effectiveness of molecular genetic stu-
dies. For methods such as DNA sequencing or hybridization, determi-
ning the quality of the nucleic acid test drug is a prerequisite for analy-
sis. The use of a new extraction method or a procedure for the isolation
of nucleic acids from a material predictably containing a small number
of sample molecules in the presence of concomitant inhibitors should
also be performed with the subsequent determination of the efficiency
of the extraction process (Schrader et al., 2012).

The quality of nucleic acid extraction directly influences the level of
fluorescence in PCR-RT studies. Fluorescence registration of the accu-
mulation of amplification products entails special requirements for the
background fluorescence of the sample and the presence of impurities
denaturing the fluorescence sample within the sample. Thus, the residue
of salts in the preparation of nucleic acids extracted from urine leads to
the denaturation of fluorescent oligonucleotide samples and, accordingly,
to an increase in background fluorescence (Yamada et al., 2012; Liu
etal., 2016). In addition, the PCR method is sensitive to the residue in
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the samples of substances used in the selection: heparin or EDTA, itis a
chelating agent, which leads to a decrease in the concentration of free
magnesium in the reaction mixture and inhibition of PCR. It should be
noted that the requirements for the purity of the preparation of nucleic
acids are increased by conducting RT-PCR-RT, because the efficiency
of synthesis of complementary DNA is directly proportional to the
purity of the extracted sample of RNA.

The results of the study of the quality of RNA extraction of the
PED virus from the tissues of the small intestine by the studied com-
mercial kits by the RT-PCR-RT method for the diagnosis of PED
showed that all the tested kits extracted RNA of the virus PED and virus
genes from piglets’ intestines in sufficient quantity according to the
manufacturers’ recommended parameters of purification of nucleic
acids. The highest amount of virus RNA that is suitable for RT-PCR
studies was extracted with Kit 3, Kit 4, and Kit 5, indicating low values
of Ct, and is inversely proportional to the concentration of the sample
nucleic acid used in PCR. It was determined by the results of the study
that the high efficiency of RNA extraction of the PED virus may be due
to the adsorption properties of the matrices offered by the respective
manufacturers. In addition, high-quality nucleic acid extraction using
these kits is ensured by the presence of a proteinase that disrupts peptide
bonds of cellular and membrane components of cells and promotes the
release of large RNA/DNA molecules. It should be noted that the low-
est Ct was detected in the samples extracted with Kit 4, which may be
due to the use of carrier RNA in this kit, which, like tRNA, is an adju-
vant in nucleic acid deposition. Compared to tRNA, carrier RNA im-
mediately precipitates nucleic acid molecules, even short-chain frag-
ments, in which the number of nucleotides exceeds 15 pairs
immediately after being added to the solution.

Comparative PCR analysis of porcine DNA showed that Kit 3 and
Kit 5 allow extraction of NK from the tissues of pig intestines better ac-
cording to the manufacturers’ recommended physicochemical cell lysis
sequences, NK adsorption and purification compared to Kit 1, Kit 2 and
Kit 4. The Ct values for the samples extracted with Kit 4 in this case are
much greater than with Kit 3 and Kit 5. This is attributable to the competi-
tive use of the nucleotide polymerase of the reaction mixture to replicate
the cDNA sequence of the PED virus, which in the samples was signifi-
cantly greater than a unique porcine DNA fragment that replicates with
the cDNA of the PED virus (Lorenz, 2012). This is confirmed by the
values of Ct, which for cDNA of the PED virus is 16.95-18.62 Un, and
for the unique fragment of pig DNA ranges from 22.15-27.45 Un. Fur-
thermore, a significant link was established between the choice of different
methods of nucleic acids’ extraction (Kit 1-5) and the application of test
systems of different manufacturers, which testifies to the excellent effi-
ciency of the several methods of nucleic acids extraction using test sys-
tems of different manufacturers. Therefore, the method of extraction of
nucleic acids should be selected taking into account the features of the test
system of a particular manufacturer, regardless of whether the RNA of the
PED virus or a unique pig DNA fragment is determined.

According to the results of the second stage of studies to determine
the efficiency of extraction of nucleic acids from the tissues of the small
intestine using 10, 50, 100 and 200 mg of starting material, it was found
that the quality of nucleic acid extraction depends not only on the method
used, but also on the weight of the samples. It should be noted that the
choice of nucleic acid extraction method is essential under conditions of
using the reagent kits to identify cDNA of the PED virus or a unique
sequence of porcine DNA. Moreover, relative to the threshold value the
selection of the mass of the homogenate has a much greater impact with
the use of a PEDV reagents kit compared with IPC. We established a sig-
nificant relation between the choice of different methods of extraction of
nucleic acids and the weight of the sample, which determines the func-
tional dependence of the effectiveness of method of nucleic acids’ extrac-
tion on the fitted mass of the samples of homogenate.

Thus, according to the results of cDNA amplification of the PED vi-
rus and a unique pig DNA fragment, it was found that the highest efficien-
cy of extraction of genetic material for Kit 3, Kit 4 and Kit 5 sets was
detected by using samples weighing 10 mg, It should be noted that the
increase in mass of the material under study for these kits correlates with
an increase in Ct. Thus, these data indicate the quality of nucleic acid ext-
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raction, which depends on the level of purification of RNA and DNA
molecules from PCR inhibiting impurities. The relationship between ext-
raction efficiency and the mass of material under test using Kit 1 and Kit 2
is the opposite of the above. Thus, the results of the analysis of Ct in samp-
les with different weights of samples of the test material showed that the
highest efficiency of extraction was detected in the samples weighing
200 mg of intestinal homogenate, and the lowest — using 10 mg. The di-
rect relationship between the efficiency of nucleic acid extraction and the
weight of the starting material, using the two above kits, may be due to the
low ability of binding of nucleic acid molecules to a silicate matrix with
Kit 2 and silicon sorbent with Kit 1 and low efficiency of small fragments
due to the increased affinity of the latter to the positively charged ions on
the surface of the silicate matrix.

Therefore, the PCR studies of RNA of the PED virus and a unique
pig DNA fragment indicate that the extraction of nucleic acids by com-
mercial kits has different efficiency and depends on various factors.
The most important of these are the adsorption capacity of the solid-phase
sorbent, its configuration, and the nature that binds RNA and DNA mole-
cules, the type of sample from which the extraction takes place, its volu-
me, or the mass used for extraction.

Conclusion

The obtained results of comparative analysis of nucleic acid extrac-
tion using different protocols of commercial kits showed that all the
proposed protocols allow sufficient extract from the intestinal tissue of
RNA of the PED virus and genomic DNA of piglets for PCR studies.
The most effective PED RNA extraction is by “ArtBioTech”, “Bio Ext-
ract Column”, and “Viral DNA/RNA Extraction Kit”, and pig genomic
DNA extracts by the “ArtBioTech” and “Viral DNA/RNA Extraction
Kit” Ct. Thus, the “Bio Extract Column” adsorbent is more effective for
RNA extraction of the PED virus. At the same time, “ArtBioTech” and
“Viral DNA/RNA Extraction Kit” developed the efficacy in the extrac-
tion of genomic DNA of pigs. Moreover, the results obtained showed
that the sample weight affects the quality of extraction of RNA of the
PED virus and genomic DNA of pigs from the homogenate of pig in-
testinal tissues. For the “ArtBioTech”, “Bio Extract Column” and ““Viral
DNA/RNA Extraction Kit” kits, the sample of 10 mg homogenate is
optimal for extraction of genetic material and 200 mg for the “S-Sorb”
and “FBioNucleo” kits. Thus, the selection of the DNA/RNA extraction
methods is a critical step of PED virus diagnosis.
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