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UNIVERSAL PRIMERS AND FLUORESCENT
PROBE DETECT REFERENCE 18S RRNA
GENE IN ALL VERTEBRATES

Detection of target genes via real-time PCR-based test-systems requires simultaneous detection of
the internal control gene to avoid false negative results. Endogenous Internal Control genes (reference
genes) have an advantage over the Exogenous Internal Controls (IC) as they are part of the cellular chro-
mosomal DNA of an organism. Reference genes however have a disadvantage because they vary for
each biological species causing additional development of primers and fluorescent probes for each sepa-
rate biological species, which requires additional time and funds. In recent years, a significant number of
studies are devoted to development of universal sets of primers / probes capable of detecting a reference
gene in a wide range of biological objects — a whole class or even a living kingdom. Such universal sets
of primers / probes will lead to unification of gPCR-based tests used in diagnostic purposes. This paper
presents such a set for 18S rRNA reference gene determination in species included in the Vertebrata
subtype. Using the developed set, the 18S rRNA gene was detected during the study in DNA samples of
Mammals, Sauropsids, Amphibians, and Bony fishes; it showed 100% specificity. The set was also tested
in different multiplex gPCR and kept specificity and sensitivity in tetraplex assay.

Key words: Real-time PCR, 18S rRNA, reference gene, vertebrates, internal control gene.
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YHuBepcanApbl nparimepaep xaHe pAyopecU,eHTTi
30HA, 6apAbIK, oMbIpTKaAbiAapaa 18s pPHK reHiH aHbIKTaAbl

HakTbl-yakbITTarbl-[1TP Heri3iHAeri cbiHak, >yleAepi apKblAbl MakCaTTbl FEHAEPAI aHblKTay
>KaAFaH Tepic HaTMXKeAepAl GOAAbIpMay YLIIH ilWKi GakpiAay reHiH 6ip Me3riaAe aHbIKTayAbl TaAarn
eTeal. DHAOTEHAIK iWKi GakblAay FeHAEPIHIH (peepeHCTik reHAep) 3K30reHAIK ilki GakblrayAapra
(Ib) KaparaHAQ apTbIKWbIAbIFbI 6ap, BMTKEHI 0Aap aF3aHblH, >KacylwaAblK, Xxpomocomanbik, AHK Geairi
6OAbIN TabblAaAbl. PedhepeHcTik reHAepAiH Kemuliairi 6ap, enTkeHi oAap ap GUOAOTUSABIK TYP YLUiH
e3repeai, 6yA apbip xeke GUMOAOTMSABIK TYp YLIH NpanmepAep MeH (PAYOPeCUEeHTTI 30HATapAbIH
KOCbIMLLIA AaMYbIH TyAbIpaAbl, 6YA KOCbIMLIA YaKbIT MeH KapaXkaTTbl KaxeT eTeAi. COHFbl XbIAAAPbI
KernTereH 3epTreyAep GUMOAOTUSABIK, OObEKTIAEPAIH KeH ayKbIMbIHAQ — TyTac KAAccTa Hemece TinTi
Tipi MaTWaAbIKTA aHbIKTaMaAblK, F€HAI aHblKTayFa KabiAeTTi nparimepAepAiH/30HATapAbIH, embeban
>KMbIHTBIKTapbIH 83ipAeyre apHaAraH. [1parimepAepAiH/30HATAPAbIH MyHAA ambGeban >KMHaKTapbl
AMArHOCTMKAAbIK, MaKCaTTapAa KOAAAHbIAATbIH HaKTbl-yakbITTarbl-[MTP  HerisiHaeri cblHaKTapAbl
GipikTipyre okeAaeai. ByAa KyaT OMbIPTKAAbIAAP KOCAAKbl TypiHe KipeTiH Typaepaeri 185 pPHK
aHbIKTaMaAbIK, FeHiH aHbIKTayFa apHaAfaH OCbIHAAM >KMHAKTbl YCbIHAAbl. O3ipAEHreH >KMbIHTbIKTbI
namaasaHa otbipbin, 18S pPHK reHi 3epTrey 6apbiCbiHAQ CYTKOPEKTIAEPAIH, CaBPOMCUMATEPAIH,
KOCMeKEeHAIAepAiH, XXaHe cynekTi 6aabikTapAbiH AHK yAriaepiHae aHbikTaaAbl; oA 100% epekiieAiriH
KepceTTi. )KubIH COHbIMEH KaTap 8pTYPAI MYAbTUMNAEKCTI HakTbl-yakbITTarbl-I1TP-Ae CbiHaAFaH >KaHe
TETPANAEKCTIK TaAAQYAQ epPeKLLEAIK MeH Ce3iMTaAAbIK, CaKTaAAbl.

Tyiin cesaep: HakTbl-yakbiTtarbl-[MTP, 18S pPHK, pedepeHCTiK reH, OMbIPTKAAbIAAp, iLLKi
GaKblAay reHi.
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Universal primers and fluorescent probe detect reference 18s rRNA gene in all vertebrates
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YHuBepcaAbHbie npaimepbl U (PAyOpeCcL,eHTHbINI
30HA, BbisiBASOT pechbepeHTHbIH reH 18S pPHK y Bcex no3BoHOYHbIX

AeTekums reHOB-MULLEHEN C MOMOLLIbIO TECT-CUCTeM Ha ocHoBe [LIP-B-PeaAbHOM-Bpemern TpebyeT
OAHOBPEMEHHOr0 0OHAPY KEHUS reHa BHYTPEHHEr0 KOHTPOAS!, UTOObI M36e5KaTh AOXKHOOTPULIATEAbHbIX
pe3yAbTaToB. ['eHbl 3HAOreHHOro BHYTPEHHErO KOHTPOAS (peddepeHCHble reHbl) MMEIOT NPENUMYLLECTBO
nepes 3K30rMe€HHbIM BHYTPEHHUM KOHTpoAeM (BK), MOCKOAbKY OHM SBASIOTCS 4acCTblO KAETOUHOM
xpomocomHon AHK opraHmnsma. OaHako pedepeHCHble reHbl MMEIOT M HEAOCTATOK, MOCKOAbKY OHM
PaA3AMYAIOTCS AAS KQKAOMO OGMOAOIMYECKOro BMAQ, UTO MPUBOAMT K AOMOAHUTEAbHON pa3spaboTke
npanMepoB 1 (HAYOPECLIEHTHbIX 30HAOB AASI KAXKAOTO OTAEABHOTO GMOAOTMYECKOro BUAQ, UTO Tpedyer
BPEMEHM M CPEeACTB. B nocaeaHne roabl 3HaUMTEABHOE KOAMYECTBO WMCCAEAOBAHWMIA MOCBSLLEHO
paspaboTke yHMBEPCAAbHbIX HABOPOB NMPAMEPOB/30HAOB, CMIOCOGHBLIX 0BHAPYXXMBATL pedepeHCHbIi
reH B LUMPOKOM Kpyre GMOAOrMUECKMX OObEKTOB — LIEAOr0 KAACCa UAM AQXKe >XMBOTO LIApPCTBa. Takue
YHUBEpCaAbHble HaboPbl NPaNMepoB/30HAOB BEAYT K yHU(UKALMKM TECTOB Ha ocHoBe [L|P-B-PeaabHOM-
BpemeHu, MCMOAb3yeMbIX B AMArHOCTMUECKMX LieAsiX. B aaHHOM paboTe npeacTaBaeH Takow Habop
AAS onpeaeAeHus pedpepeHcHoro reHa 18S pPHK y Buaos, Bxoasimx B noatvn Vertebrata. B xoae
NCCAEAOBAHMS C MOMOLLBIO paspaboTaHHoro Habopa B o6pasuax AHK maekonuTaloumx, 3aBporncma,
amcmbuii U KoCTHbIX pbib red 18S pPHK aetektupoBaacs co 100%-HOM crneumduyuHOCTbiO. DTOT
Habop OblA Tak>Ke UCCAEAOBAH B PA3AMUHbIX MYAbTUMAEKCHbIX peakumsx [1L|P-B-PeaabHom-Bpemenu
— CneumdUUHOCTb U YYBCTBUTEABHOCTb HABOP COXPAHSIA BMAOTb AO YBEAMUEHUS YMCAQ MULLIEHEN AO

YeTbIPEX B TecTe (TeTpanAekc).

KatoueBble caoBa: NLIP-B-PeanbHoM-Bpemenn, 18S pPHK, pedepeHcHbIN reH, Nno3BOHOYHbIE, FeH

BHYTPEHHErO KOHTPOAA4.

Introduction

Currently, the vast majority of rapid diagnostic
methods for determining viral and bacterial diseases
are based on real-time PCR (qPCR). Diagnostic test
systems that use real-time PCR for their functioning
work with pico- and femtomolar amounts of matrices
(both DNA and RNA), which often leads to false-
negative results [1], especially in flow diagnostics
laboratories.

False-negative results can occur in two cases: in
the absence of the actual nucleic acid (NA) in the
sample or because of the suppression (inhibition)
of the PCR reaction [2]. The first option is possible
both due to errors in the isolation of NA, and due
to the low quality of the initial sample — there may
be a temperature regime violation of the samples
upon delivery to the laboratory, or an initially small
amount of the original sample material. The second
option is most often caused by the presence of
inhibitors in the isolated NA, or by the failure of one
of the components of the test system (possibly due
to violations of its storage and use conditions).

In order to level up the listed reasons for the
occurrence of false-negative results, the ability to
detect an additional non-target gene is usually added
to the test-systems. An additional gene is either
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the Exogenous Internal Control (IC) gene, which
is added to all samples when NA is isolated [3],
or the Endogenous Internal Control gene (aka the
reference gene), which is contained in the sample by
default, since it is part of the genome of the studied
organism.

The detection of IC cuts off only the second
variant of the qPCR failure, since IC is artificially
added to the samples it does not give an answer
whether the samples actually contain the studied
NA. At the same time, the detection of the
reference gene allows not only stating the working
status of the test-system, but also shows the
presence of the desired NA in the sample. Despite
such an advantage of the reference gene over the
IC, it is IC that is used in most commercial test-
systems, since IC is added to the sample during the
experiment and works equally well for samples of
any type and from any kind of organisms, including
environmental samples [4].

The reference genes of eukaryotic organisms
most frequently mentioned in the scientific literature
are the following: 18S rRNA, 28S rRNA, TUBA
(a-tubulin),4 CTB(B-actin),f2M (B2-microglobulin),
ALB (albumin), RPL32 (ribosomal protein L32 ),
TBP (TATA-binding protein), CYCC (cyclophyllin
C), EFIA (elongation factor 1la), GAPDH
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(glyceraldehyde-3-phosphate dehydrogenase),
HPRT (hypoxanthine phosphoribosyl transferase),
RPII (RNA polymerase II) [5]. In each individual
case of the target gene determination, its own
reference gene is selected with a species-dependent
sequence.

There are a number of commercial products
designed to identify reference genes in various types
of organisms. Thus, “Quiagen” produces a number
of products under the general name “QuantiTect
Primer Assay (200)”, designed to determine the
endogenous reference gene in the sample — these
products are produced separately for each species.
At the same time, “Eurogentec” produces the
product “18S rRNA Control kit FAM-TAMRA”,
which is designed for real-time PCR detection of the
human, rat, mouse, and rabbit 18S rRNA gene. In
addition to this kit, “Eurogentec” produces a number
of control kits that determine other reference genes,
but in a smaller number of host species — “23S
rRNA Control kit” (E. coli), “28S rRNA Control
kit” (human and mouse) and ten more kits for human
specimens only.

In research community is increasing the number
of attempts to create universal sets for determining
reference genes. In particular, a primer set was
created for SYBR-based qPCR to determine the
avian homologue of the hydroxymethylbilane
synthase (HMBS) gene, which showed universality
for a wide range of different birds’ species [6]. There
are also data on the development of a set of primers
and a fluorescent probe to determine the gene for
core subunit 5 of mitochondrial NADH:ubiquinone
oxidoreductase (MT7-NDJ5) for all species of the
Canine family [7]. The most universal set of primers
and probe, which determines the 28S rRNA gene in
all eukaryotic organisms, was successfully tested
on 43 animal species belonging to insects, fish,
mammals, and plants [8].

The reference gene for a universal set must
meet certain requirements — it must not only be
present in all organisms belonging to the target
group, but also be present in their genomes
in several copies. Such a multicopy cluster
organization is characteristic of ribosomal RNA
(rRNA) genes in absolutely all living cells [9].
One 45S rDNA cluster can contain several dozen
copies of the 18S and 28S rRNA genes; Thus,
the average number of copies of an individual
ribosomal gene in homothermal animals is about
200 [10], while the average human genome
contains from 200 to 600 copies [11].

A number of patents is known regarding the 18S
rRNA gene as a reference gene. In particular, the

patent [12] specifies a number of reference genes
for Chinese spruce, including the 18S rRNA gene.
In the patent [13], the 18S rRNA gene is included
in the combination of reference genes (along with
28S, GAPDH, HSP90, HSP70, RP49) to determine
the stable expression of a number of proteins in the
Asian ladybug. In the patent [14], the expression of
the 18S rRNA gene (along with the IP-10 and CD3¢
genes) is considered as a target for the detection
of rejection states in renal transplantation. In the
patent [15], the 18S rRNA gene is proposed as an
endogenous internal control gene, which expression
level is stable before and after hypoxic stimulation
of ovarian cancer cells. But at the moment there is
not a single study devoted to the development of a
universal set of primers and a fluorescent probe for
the detection of 18S rRNA.

The aim of the proposed work is to design
primers and a TagMan fluorescent probe that
are universal for 18S rRNA gene sequence of all
organisms belonging to the Vertebrata subtype,
which will make it possible to use this universal set
of primers / probe as an endogenous internal control
for a wide range of diagnostic and research test-
systems.

Materials and methods

Bacteria cultivation. B. cereus and B. subtilis
strains were obtained as vegetative cells of
cultivation controls “CultiControl” (“Liofilchem”,
Italy). E. coli (DH-5a)) and 4. tumefaciense (EHA-
101) strains were present in the laboratory. All
bacteria were plated on sterile LB agar medium
without antibiotics in a biosafety cabinet (class II).
Plates were cultured at 37°C for 16 hours.

Isolation of total bacterial DNA. Isolation
of DNA samples was carried out by the standard
method of phenol-chloroform extraction according
to [16]. The determination of the nucleic acids
amount was carried out by measuring ultraviolet
absorption on a ‘“NanoDrope 2000” (“Thermo”) at
a wavelength of 260 nm.

Samples for eukaryotic DNA isolation. Total
DNA of eukaryotic organisms was isolated from
blood samples of the following animal species: cow
(Bos taurus), sheep (Ovis aries), goat (Capra hircus),
chicken (Gallus gallus), duck (4nas platyrhynchos),
camel (Camelus dromedarius), pig (Sus scrofa).
DNA samples of the muscle tissue were isolated
for: edible frog (Pelophylax esculentus), salmon
(Salmo salar), pollock (Theragra chalcogramma).
Animal blood samples were obtained in the
framework of cooperation from the Almaty branch of
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the “National Center for Biotechnology” (“NCB”).
Muscle tissue samples were taken from commercial
food samples purchased from supermarkets.

Total eukaryotic DNA isolation. DNA
samples were isolated using the “M-sorb-
OOM” (“Synthol”) isolation kit according to the
manufacturer’s instructions. Muscle tissue samples
were homogenized after freezing in liquid nitrogen
by grinding in a mortar.

Primers and TaqMan fluorescent probe.
The primers and the probe were synthesized
in the organic synthesis laboratory of “NCB”.
The primers and probe for 18S rRNA gene
detection had the following  sequence:
CCGGACACGGACAGGATTG (forward primer),
CGCTCCACCAACTAAGAACG (reverse primer),
ROX-ACGGCCATGCACCACCACC-BHQ2
(TagMan probe).

Real-time PCR (qPCR). qPCR was carried
out on “QuantStudio 5” and “QuantStudio 6
Pro” instruments (“Applied Bioscienses”) in the
following mode: 1) 95°C 7 min, 1 cycle; 2) 95°C
10 sec, 59°C 30 sec (data acquisition), 72°C 10
sec — 40 cycles. For real-time PCR, HotStart-
Taq polymerase (“SibEnzyme”) was used with a
standard HS-Taq buffer (“SibEnzyme”) additionally
containing 0.15 mg BSA (“Thermo”), 0.5 mM dNTP
(“SibEnzyme”), 2 mM MgCl, (“SibEnzyme”).
Primers and TagMan probe were added at 250 nM
and 180 nM, respectively. From 10 pg to 10 ng of
total DNA was used as a template in the reaction.

Results and discussion

Computer analysis of the 18S rRNA gene
sequence

BLAST analysis of the reference 18S rRNA
gene was carried out for the presence of minimal
polymorphism among vertebrates (Vertebrata). For
each of the classes of modern chordates, a separate
BLAST analysis of a selected region of the 18S
rRNA gene was performed (the original sequence
belonged to the human 18S rRNA gene). The
generalized results of the analysis of the selected
region of the 18S rRNA gene in six classes of
modern vertebrates are shown in Figure 1.

As can be seen from the results of the BLAST
analysis, the selected sequence of 18S rRNA gene
showsthe greatestpolymorphisminthe Cyclostomata
class, however, the primers were selected in such a
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way that there was only one nucleotide substitution
in the forward and reverse primer sequences (along
with a non-homologous insertion in some species).
The region of the 18S rRNA gene complementary to
the fluorescent probe for all classes of vertebrates was
the most conservative: there were no polymorphic
variants in it. Also, polymorphisms were absent in
the sequence complementary to the reverse primer
(with the exception of Cyclostomata class). As
for the forward primer, its sequence had a single
nucleotide substitution (SNP — single-nucleotide
polymorphism) in most representatives of the
classes of cartilaginous and bony fish, amphibians,
and reptiles.

Thus, we determined the region of the 18S
rRNA gene sequence with the minimum possible
polymorphic variants: SNPs for the mammals
and birds (as part of the class Sauropsida [17])
were absent; for the cartilaginous and bony fishes,
amphibians and reptiles, one SNP was present in
the forward primer; for the cyclostomes, one SNP
was presented in the forward and reverse primers.
BLAST analysis of the sequences of the selected
primers and samples among prokaryotic organisms
(separately for each class) showed a complete
absence of homologous sequences.

All primer sequences were selected (“Vector
NTI Suite 11.0”) so that the average annealing
temperature (Therm.Tm) was from 59°C to 60°C,
and for the TagMan probe it was 61°C. In the
“RNAstructure 5.0” program, an analysis of forming
duplexes both between primers and between the
probe and primers (singly) was made; the results of
the analysis are shown in Figure 2. The maximum
allowable duplex size was limited to 5 bp, with free
energy not higher than -7 kJ.

Specificity and sensitivity determination

To analyze the specificity of the selected primers
and probe, we used DNA samples isolated both
from vertebrate animals (cow, sheep, goat, chicken,
duck, camel, pig, edible frog, salmon, pollock) and
from prokaryotic organisms (E. coli, B. cereus,
B. subtilis, A. tumefaciense). Graphical results of
real-time PCR of all DNA samples from vertebrates
(in one repetition) are shown in Figure 3.

Graphical data of real-time PCR for all replicates
of prokaryotic DNA samples are presented in Figure
4. Generalized data (the number of repeats n= 10) for
the specificity study of the set for the determination
of 18S rRNA are presented in Table 1.
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Note: several of the most characteristic representatives are shown for each class. In the upper part
of the figure, on the target sequence of 18S rRNA are shown: forward primer (primer
F), reverse primer (primer R), and fluorescent probe (probe).

Figure 1 — Results of BLAST analysis of the 18S rRNA gene region for some vertebrate species
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Note: forward primer and probe (A), forward and reverse primers (B),
reverse primer and probe (C).

Figure 2 — Double-stranded interactions between oligonucleotides designed
for 18S rRNA gene detection
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Note: Numbers indicate DNA samples of the following ani-
mals: 1 — cow, 2 — sheep, 3 — goat, 4 — chicken, 5 — duck,
6 — camel, 7 — pig, 8 — pollock, 9 — edible frog, 10 — salmon.

Figure 3 — qPCR results for the reference 18S rRNA gene
on DNA samples from a number of vertebrates.
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Figure 4 — RT-PCR results for the reference 18S rRNA gene
on DNA samples from prokaryotes organisms

Table 1 — The results of qPCR specificity study for the primer
and probe set

Species Ct value, cycle number
cow 20.52 £2.28
sheep 26.72 +4.46
goat 22.15+3.10
chicken 28.40 £2.95
duck 28.65 +3.01
camel 30.97 +1.33
pig 24.65+1.25
pollock 24.08 +1.04
edible frog 25.89 +3.66
salmon 26.08 +£2.64
E. coli —_—
B. cereus _—
B. subtilis —_
A. tumefaciense _—
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Thus, the specificity of the primers and
probe set for the 18S rRNA gene detection in a
number of vertebrates turned out to be absolute
(the desired sequence was detected in 100% of
the studied samples). Moreover, there were no
problems with the determination of the 18S rRNA
gene for the species from the classes of Bony fish
(salmon, pollock) and Amphibians (edible frog),
despite the fact that their sequence of the 18S
rRNA gene complementary to the forward primer
contains SNP (Figure 1). At the same time, in
chromosomal DNA samples of both gram-positive
(B. cereus, B. subtilis) and gram-negative (E. coli,
A. tumefaciense) bacteria, the 18S rRNA gene was
not detected in 100% of cases either.

To calculate the efficiency of the qPCR
reaction and the sensitivity of the developed set of
primers / probe, a series of dilutions of domestic pig
genomic DNA (Sus scrofa) was used, a graphical
representation of the results in the form of Ct is
shown in Figure 5.

hmpasla e Fid

Figure 5 — qPCR results for the 18S rRNA reference gene on a
series of dilutions of domestic pig DNA samples

According to [18, 19], the size of the domestic
pig genome is about 2.7 Gbp, which made it possible
to convert the dilutions of DNA samples into the
number of whole genome copies and construct a
standard curve shown in Figure 6.

Data analysis was performed in the Q-Gene
program according to [20]. The sensitivity of the
developed set of primers / probe determined by
us was 10 fg of total pig chromosomal DNA. In
terms of the genomes number [18], the sensitivity
limit was 1.64 genomes. Thus, we have shown
that the linear dynamic range (LDR), at which the
approximation coefficient R* was equal to 0.99,
had a length from 1.64 to 1642.5 genome copies
per reaction [21]. The efficiency of the qPCR
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reaction ranged from 87% to 113% (slope = -3.68)
according to [22]. The exact number of copies of
the 18S rRNA gene in the pig genome has not yet
been established [23]; the number of 45S clusters

is known to be from 4 to 6 [24, 25], which, by
analogy with the human genome, which has 10
clusters, limits the number of copies of the pig 18S
rRNA gene within 300 per genome.
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Figure 6 — qPCR data of the series of dilutions of domestic pig chromosomal DNA samples. Q-Gene program.

In order to determine the possibility of using
primers and a probe for the 18S gene in a multiplex
reaction, we carried out qPCR in parallel with the
detection of several porcine genes most often used as
reference: f-actin (TagMan probe labeled with FAM),
23S ribosomal protein (TagMan probe labeled with
JOE), GAPDH (TagMan probe labeled with Cy5).

The obtained results are presented in Table 2, where
the first row shows the average threshold cycles for
the singleplex reaction, from second to fourth rows
show different variations of the duplexes, and the fifth
row shows the tetraplex. There were no significant
differences between the results for the 18S rRNA
gene in different variations of qPCR.

Table 2 — Comparative analysis of qPCR performed in singleplex and multiplexes

. Average values of threshold cycles (n = 5) from fluorescence detection channel
qPCR variants -
ROX (18S) FAM (B-actin) JOE (RPS23S) Cy5 (GAPDH)
1 22.13+£0.89 - - -
2 22.20+£0.91 (0.90) 35.04 +£0.60 - -
3 22.14+1.05 (0.99) - 36.46 +0.58 -
4 22.00 £ 1.10 (0.83) - - 36.99 +0.53
5 21.45+1.35(0.32) 34.25+0.30 37.16 £0.33 36.96 + 0.44

Note: In brackets is the actual t-test calculated in Microsoft Excel as a two-sample t-test with unequal variances and two-tailed
distribution; the number of measurement repetitions was 10 or more (each of the multiplexes was compared with a singleplex).
The significance level, indicating that the difference between the samples is significant, was taken as p < 0.05.
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Universal primers and fluorescent probe detect reference 18s rRNA gene in all vertebrates

Since the use of multiplex real-time PCR
may be associated with the selection of optimal
conditions for the operation of all components of
the multiplex, we studied the working range of 18S
primers / probe depending on the concentration
of Mg?* (Figure 7). Previously, we established
the optimal concentration of Mg?* equal to 2
mM. The study was conducted on DNA samples

from domestic chicken; the minimum established
working concentration of Mg?* was 1.2 mM, the
maximum was 3 mM. At a concentration of Mg*
below 1.2 mM, the qPCR reaction did not occur;
at a concentration above 3 mM, the specificity of
the reaction decreased. Thus, to select the reaction
conditions in the multiplex, it is possible to vary
the concentration of Mg?* within 1.8 mM.

Amplification Plot
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Figure 7 — qPCR results with varying Mg?* concentrations on samples of chicken DNA.

Conclusion

The set of fluorescent probe, forward and
reverse primers that we constructed showed 100%
specificity for the eukaryotic 18S rRNA gene. DNA
samples of cow, sheep, goat, chicken, duck, camel,
pig, pollock, edible frog and salmon were examined
— the reference gene was detected in all samples. At
the same time, the 18S rRNA gene was not detected
in the DNA samples of prokaryotic organisms,
both gram-negative (E. coli, A. tumefaciense) and
gram-positive (B. cereus, B. subtilis) bacteria. The
versatility of the developed set for the detection
of 18S rRNA in vertebrates from the classes of
mammals, sauropsids (including birds), amphibians,
and bony fishes was confirmed by the conducted
qPCRs. The detection limit of the set, measured on
the genome of the domestic pig, was 1.6 genomes
(about 450 copies). The developed set can be used
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in multiplex qPCR without reducing sensitivity to
the reference 18S rRNA gene, the number of target
genes could be increased up to four. We also showed
the possibility for varying the reaction conditions of
the qPCR by the concentration of Mg*" within 1.8
mM (from 1.2 mM to 3.0 mM) without reducing the
specificity of the set.
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