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Abstract

The real-time quantitative PCR (qPCR) calibration curves are highly reproducible and allow the generation of specific,
sensitive, and reproducible data that can be used for gene quantification. However, it is important to rigorously validate the
external calibration curve model in qPCR since absolute quantification is dependent on the standards used. We present a
method for standardising qPCR-based quantification of the p-parvalbumin (-pvalb) gene of Lophius piscatorius, a major fish
allergen, using a plasmid DNA (pDNA) calibrator. In parallel experiments, standard curves were generated and compared
from the genomic DNA (gDNA) isolated from L. piscatorius and pDNA carrying the target, pvalb. The commutability of
pDNA and gDNA calibrators for the quantification of f-pvalb was assessed by employing a TagMan qPCR, targeting the
second intron of the pvalb gene of L. piscatorius. Higher PCR efficiencies, good linearity, and lower standard deviation
(S.D.) values were observed with pDNA instead of gDNA calibrants. pDNA calibrants exhibited a lower bias in terms of
closeness to the expected value of unknown samples than their genomic counterparts. The assay was specific and sensitive,
where the limit of detection (LOD) and limit of quantification (LOQ) were five copies and ten copies per reaction. The short-
term stability study of the pDNA calibrants indicated its stability for 60 days at —20 °C and 30 days at 4 °C. The efficient
results indicated a plasmid calibrator as a potential tool for absolute quantification of the pvalb gene and an alternative to
conventional gDNA standards.
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Introduction

Quantitative PCR is currently the gold standard for nucleic
acid quantification. There are various PCR-based quanti-
fication methods like qPCR, competitive PCR, and digital
PCR. qPCR is the most precise and widely used method
for gene quantification [1]. It is used for identification,
quantification, and recombinant DNA (plasmid DNA)
analysis, covering many medicine and food safety appli-
cations. In qPCR, the basic principle is the computation
of DNA amplification through the level of fluorescence
emitted during the synthesis of amplified double-stranded
DNA (dsDNA). Although simple, there are some specific
issues in qPCR, like standard selection, to achieve reliable
quantification [2]. In this study, we constructed a plasmid
DNA (pDNA)-based calibrator for absolute quantification
of the B-pvalb gene in anglerfish (Lophius piscatorius), an
important commercial fish.

Parvalbumins (Pvalbs) are heat-stable proteins from the
calmodulin family, primarily found in the muscular tis-
sues of vertebrates. A small acidic protein with high Ca*
binding affinity comprising 108—109 amino acid residues
with a molecular mass of 12 kDa is a major fish allergy-
eliciting protein in humans [3, 4]. Prevention of adultera-
tion is the commonly accepted reason for the development
of detection tools that bypass the lack of morphological
traits after processing fish meat. Less perceived, but not
less important, is the factor associated with the whole-
someness of food, as in some consumers, consuming fish
meat can trigger an allergic reaction. The scale of this
reaction can start from mild symptoms, but it can reach, in
extreme cases, life-threatening, severe conditions. Despite
the general reactivity of such predisposed consumers to
fish per se [5-8], in some individuals, their reactivity is
limited to certain fish species [7, 9-11]. Especially for this
reason, proper qualitative and quantitative determination
of processed fish meat plays a role in public health.

Absolute quantification qPCR using a standard curve
method is the most widely used technique in environmen-
tal and food microbiology [12-14]. The standard curve
can be constructed by amplifying serial dilutions of known
concentrations of standard templates, followed by linear
regression of the logarithm of the DNA concentrations
of the standard templates versus the threshold cycle (Ct).
This method assumes that the sample's efficiency and
standard are the same [2, 14, 15]. In practice, efficiency
may not be similar, affecting accuracy. To overcome the
efficiency fluctuations, both the standard dilutions and
the unknown samples are amplified via the same proto-
col using the same amplification properties [16]. There-
fore, the reliability and validity of the standard curve are
of importance [17]. It also depends on the design and
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manufacture of the standard control, measurement of the
exact concentration and long shelf life [18, 19].

The standard control or calibrator can be constructed
using purified PCR amplicons, plasmid, genomic, cDNA
or synthetic oligonucleotides. Recombinant pDNA and
genomic DNA (gDNA) cloned together produce reproduc-
ible standard curves due to their high stability [19-21]. As
various studies support the use of plasmid standard curves
for absolute qPCR quantification, we also compare pDNA
and gDNA standards. The advantages of plasmid calibrants
are that they are relatively easy to construct, stable for
extended periods when frozen, and can be manufactured,
scaled up, and purified in large quantities over a broader
working range [21].

An issue with DNA-based calibration curves is that they
only undergo the PCR step, unlike the unknown mRNA sam-
ples in transcriptions studies, which must first be reverse
transcribed. This increases the potential for variability in
qPCR results, and the amplification results may not accu-
rately compare to the results from the unknown samples
[17, 18]. Substitution of the gDNA extracts by plasmid one
fully addresses such technical challenges [22—24]. A stretch
of DNA, like an amplicon originating from endpoint PCR,
can be cloned into bacterial vectors. By action of enzymes
ligases, an initial linear molecule of plasmid vector is circu-
larised by adoption and a covalent bond connection with this
DNA stretch [25]. The resulting clones are mainly selected
by antibiotic resistance and screened for only those carrying
inserted fragments utilising, e.g. the blue-white selection
approach [26].

To find an alternative to the standard curve made from
gDNA in quantitative PCR, an experiment using both
genomic and cloned plasmid DNA needs to be performed
[27]. The aim of this study was to confirm that the recom-
binant calibrator can be used in future plasmid assessments
of the concentration or fraction of certain fish species in
complex samples, reducing dependence on gDNA from spe-
cific fish species and standardising quantification abilities
worldwide.

This article describes the successful cloning of L. piscato-
rius region of the second intron of the protein-coding part of
the pvalb gene into a bacterial plasmid vector, pPGEM-T Easy
pvalb, and it is employed as a standard for quantification of
pvalb. The resulting constructed pDNA was compared with
the gDNA of L. piscatorius as standards for absolute gPCR
assay. We also investigated the short-term stability of the
plasmid standards against the gDNA standards, providing
a tool in qPCR where the plasmid calibrator can substitute
gDNA, which is the traditionally used assay.
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Materials and methods
Sample collections and preparation

Fish samples of L. piscatorius (Lophiiformes, Lophiidae)
were obtained from local fisheries and food stores in Prague,
Czech Republic. Taxonomical identification was made from
the label and was confirmed by ichthyologists from the Fac-
ulty of Science, Charles University. Fish tissue was stored in
50 ml tubes at —20 °C for further downstream applications.

Isolation and quantification of DNA

The fish tissue was thawed and homogenised using a mor-
tar before the extraction. gDNA extraction was performed
using the NucleoSpin® Tissue kit (MACHEREY-NAGEL
GmbH & Co. KG, Diiren, Germany). The extractions were
carried out according to the user manual procedures pro-
vided by the kit supplier. The reference samples from the
panel of fishes were also extracted with the same kit. gDNA
was eluted in 100 pl of elution buffer E. pDNA was iso-
lated by PureYield™ Plasmid Miniprep System kit accord-
ing to the manufacturer's instructions (Promega, Wiscon-
sin, USA). After the chemical lysis of protein structures
of bacteria, pDNA was eluted using the principle of silica
membrane minicolumn. Samples were quantified spectro-
photometrically using a NanoDrop (Miinchen, Germany).
The A260/280 absorption ratio assessed the purity of the
isolated DNA, wherein a value of 1.8 was considered pure.

Oligonucleotide primers

The primer pair targeting the second intron of f-pvalb of L.
piscatorius was used as defined by Mukherjee et al. [28].
The primer pair was used to amplify the target region. Posi-
tive amplicons were purified and sequenced (SeqMe, Dobfis,

DAS-F

Czech Republic). Obtained sequences were visualised and
processed in BioEdit Sequence Alignment Editor, version
7.0.9.0 (California, USA) and used to design the probe
(software Primer3Plus, Boston, USA) (Fig. 1) [29]. Prim-
ers (DAS F and DAS R) and probe (DAS_Probel) used in
the Tagman qPCR assay were as reported in Table 1. Prim-
ers and probe (Table 1) were synthesised by Generi Biotech
(Hradec Kralove, Czech Republic).

Construction of target plasmid vector

Primers (DAS F and DAS R) were designed to clone into
bacterial plasmid vector pGEM-T Easy Vector System,
3.2 kb (Promega, Wisconsin, USA) carrying the targeted
region of the second intron of pvalb gene (196 bp) specific
to L. piscatorius.

The thermal cycling conditions for PCR amplification
were 95 °C, 5 min followed by 40 cycles of 94 °C, 30 s;
60 °C, 40 s; 72 °C, 60 s and a final extension of 72 °C,
7 min in Veriti™ Thermal cycler (Applied Biosystems,
California, USA). The PCR products were analysed by
agarose gel electrophoresis and purified using a PCR prod-
uct purification kit (Qiagen GmbH, Hilden, Germany). The
PCR amplicon concentration was assessed by NanoDrop
(Miinchen, Germany). The PCR amplicons were direction-
ally cloned into bacterial plasmid vector pGEM-T Easy
Vector System and resulting product was designated as
pGEM-T Easy pvalb (3.2 kb) (Promega, Wisconsin, USA).
T4 DNA Ligase was used to create covalent bonds. Insert:
vector molar ratio was kept 1:1. The plasmid was incorpo-
rated into E. coli IM109 High-Efficiency Competent Cells
by heat shock according to the manufacturer's instructions
(Promega, Wisconsin, USA). Selection of transformants
was done on L.B. agar plates (SERVA Electrophoresis
GmbH, Heidelberg, Germany) containing antibiotics,
ampicillin with a final concentration of 100 pg/ml, with
the addition of 0.5 mM IPTG (Carl Roth GmbH + Co.,
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Fig. 1 Location of primer and probe with respect to f-pvalb gene of L. piscatorius [30]

Table 1 Primers and probes

R k Oligo name
used in this study

Sequence (5'-3' direction)

References

DASF
DAS R
DAS Probel

ACAACTTTCCCCGAGAAGC
ACAACATCACAGTTTAAGTTTTGC
FAM-TGCTCTCTATGACAGCTGTCTCGTC-BHQ1

Mukherjee et al. [28]

This study
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Karlsruhe, Germany) and 80 ug/ml X-gal (Carl Roth
GmbH + Co., Karlsruhe, Germany), cultivated at 37 °C.
White colonies carrying insert were picked up by sterile
toothpick and inoculated in 2 ml L.B. medium contain-
ing antibiotic ampicillin (SERVA Electrophoresis GmbH,
Heidelberg, Germany) and was incubated at 37 °C to OD
A600 of 2.0-4.0. [27, 31] (Fig. 2). Verification of inserted
product was confirmed by Sanger’s dideoxy sequencing
(Generi Biotech, Hradec Kralove, Czech Republic).

Preparation of genomic DNA and plasmid standards

Genomic DNA extracted from L. piscatorius tissue was
used to prepare a five-step serial dilution as standard with
a copy number of 10°~10'. No carrier DNA was used for
the preparation of gDNA standards.

Linearised plasmid with cloned intron segment, pPGEM-
T Easy pvalb (196 bp, Fig. 2) was used to prepare a five-
step serial dilution as standard with copy numbers ranging
from 10° to 10"

The copy number was calculated based on the genome
size of L. piscatorius gDNA of 747.36 Mb and pDNA of
3.2 kb, with the formula described below (1) as proposed
by Lee et al.[13]
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The standards were used to construct standard curves and
compare gDNA and pDNA PCR efficiency, linearity and
regression coefficient. The results were used to derive and
validate a plasmid-based calibrator for absolute quantifica-
tion of L. piscatorius by qPCR.

qPCR

A StepOne plus™ gPCR system (Applied Biosystems, Cali-
fornia, USA) was used to quantify the DNA by TagMan
assay (Applied Biosystems, California, USA) using prim-
ers and probes reported in Table 1. StepOne software V2.3
(Applied Biosystems, California, USA) was used to design
the experiment and analyse the experimental data.

The reaction mix contained 10 pl of 2 X TagMan™ Uni-
versal Master Mix 2 with UNG (Uracil-N-glycosylase) (Life
Technologies, California, USA), which contained ROX Ref-
erence Dye (glycine conjugate of 5-carboxy-X rhodamine,
succinimidyl ester) as a passive reference dye, primers
(Table 1) at a final concentration of 0.4 mmol/l. 0.1 mmol/l
probes (Table 2), 2 ul of template DNA (gDNA and pDNA)
and nuclease-free water, the total reaction volume being

(ML3fwd)

T7 pramater
s
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Fig.2 Genetic map of A pGEM®-T Easy plasmid transformed into B pGEM®-T Easy p-pvalb (3.2 kb) carrying the pvalb target gene of L. pisca-

torius
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Table 2 Comparison of qPCR efficiencies generated using pPDNA and
L. piscatorius gDNA as standards

Standards pGEM- Lophius gDNA
T Easy
pvalb
Mean PCR efficiency 100.64 104.18
Mean SD (=) 0.24 1.07
Mean coefficient of determination (R%) 0.996 0.992
Single-factor ANOVA (p value) 0.51N8 0.17N8

Mean+SD (N=3, n=3),
Ns non-significant

20 pl. The following thermal cycle profile was used: initial
holding step at 50 °C for 2 min, initial denaturation and
polymerase activation at 95 °C for 10 min, 35 cycles with
denaturation at 95 °C for 15 s and annealing with polymeri-
sation at 60 °C for 1 min. All PCR reactions were carried
out in triplicates in three parallels.

Determination of limit of detection (LOD) and limit
of quantification (LOQ)

LOD and LOQ are the most important parameters of a qPCR
assay, referring to the lowest quantity of the target that can
be reliably detected and quantified with a probability of
>95% [32, 33]. Both LOD and LOQ are essential param-
eters in analytical chemistry and are used to determine the
sensitivity and precision of analytical methods and instru-
ments. The absolute limit is the lowest number of initial
template copies that can be detected and quantified. The
absolute LOD and LOQ of the TagMan qPCR assay were
determined by serially diluted pDNA and gDNA. All PCR
runs were evaluated as cycle parameters described above.

Short-term stability study

The experimental design for the stability study of L. pisca-
torius gDNA and pGEM-T Easy pvalb pDNA was based on
previously reported stability studies for plasmid calibrators
[26]. Three tubes of each serial dilution of linearised pGEM-
T Easy pvalb pDNA and gDNA standards were stored at
4 °C and —20 °C. Aliquots of the gDNA and pDNA stand-
ards in triplicate were withdrawn after 0, 15, 30 and 60 days
and evaluated as described above. PCR efficiency, regres-
sion coefficient and three parallel tests were performed in
triplicates.

Statistical analysis
The PCR efficiency for the target-specific qPCR method and

the linearity of corresponding regression lines calculated
based on serial dilutions of the pPDNA and gDNA calibrant

were compared and statistically analysed using single-factor
ANOVA. Statistical tests were performed using Microsoft
Excel software (Analysis ToolPack for Microsoft Excel
2020).

Results and discussion

In the present work, we demonstrate the successful use of
a plasmid-based (pGEM-T Easy pvalb) calibrator for abso-
lute quantification of the B-pvalb gene targeting the second
intron of pvalb of L. piscatorius. We used it as a model
organism. DNA from L. piscatorius tissue was extracted
using the NucleoSpin® Tissue kit. Nanodrop quantification
was reported to be 412 + 6 pg/ul. The primer set (DAS F
and DAS R) is designed for gDNA amplification amplified
Lophius samples.

Construction of pGEM-T Easy pvalb plasmid

The process of constructing the plasmid pGEM-T Easy pvalb
involved inserting a 196 bp fragment of the second intron of
the B-pvalb gene from L. piscatorius into the pPGEM-T Easy
vector (Fig. 2). This resulted in the formation of the plas-
mid pGEM-T Easy pvalb, as shown in Fig. 2B. The DNA
sequence of pGEM-T Easy pvalb was then confirmed to con-
tain the 196 bp pvalb sequence.

qPCR

A TagMan qPCR assay targeting the second intron of the
pvalb gene in the plasmid DNA forms the foundation of the
present study. The TagMan assay was used to detect both
gDNA and pDNA independently. The standard curve was
generated with a fivefold dilution ranging from 10° to 10’
copies of gDNA and pDNA per reaction. The C; value was
plotted against the log of copy number for both calibrants
(Fig. 3). Simple linear regression (least squares analysis) was
applied to each data set comprising the calibration curve to
give the best fitting straight line accommodating all the data
points. A multi-parametric approach was adopted wherein
the correlation coefficient (R%) and PCR efficiencies of the
pDNA and gDNA system calibration curves were compared.

Comparison of PCR efficiency of the calibrants

PCR efficiency, a measure of how closely the majority of the
PCR cycles in a given run approximate a perfect duplica-
tion of product, is one of the most important parameters in
determining the reliability and performance of an assay [2].
An efficient qPCR has an efficiency close to 100%; however,
if the efficiency is low, it can lead to inaccurate quantifica-
tion, as the relationship between the starting template and

@ Springer
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351 y =—3.307x + 33.64 351 y = —3.226x + 31.19
R*: 0.996 R?: 0.992
Efficiency: 100.64% Efficiency: 104.18%
30+ 30
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Fig.3 Standard curves for qPCR of L. piscatorius targeting the second intron of B-pvalb gene. A Standard curve obtained from qPCR of fivefold
dilution series of extracted pPDNA (pGEM-T Easy pvalb); B standard curve obtained from qPCR of serial dilutions of the gDNA

amplified product becomes non-linear. The mean amplifi-
cation efficiency of pDNA and gDNA was reported to be
100.64% and 104.18%, respectively. Three parallel tests
were performed in triplicates, and a single-factor ANOVA
indicated no significant statistical difference amongst indi-
vidual calibrants (Table 2). Results were in the optimal effi-
ciency acceptance range of 90—-110%, according to MIQE
guidelines. The correlation coefficient (R?), demonstrating
how well experimental data fit the regression line, was also
observed in the acceptable average value of R*>0.98. No
significant statistical difference was observed between R>
values between the standard curve obtained from gDNA
(R*=0.992) and pDNA (R*=0.996). The results with rea-
sonable efficiency, good linearity, sensitivity and accuracy
were observed for both standard curves, making them suit-
able as calibrants for the pvalb quantification. However, as
expected, pDNA PCR efficiency was significantly better
than the gDNA calibrator efficiency (p =0.01). Pvalb is a
significant allergen identified in fish products making it an
essential gene target for quantification. Owing to the expo-
nential nature of PCR amplification, minor differences in
PCR efficiencies can generate more significant differences in
copy number estimation [34]. This can have serious implica-
tions for the quantitative determination of allergens present
in the food. As the amount of amplified DNA is proportional
to the amount of allergen present in the sample, lower effi-
ciency can result in inaccurate quantification and, conse-
quently, non-compliance with regulations regarding allergen
labeling. Therefore, pDNA calibrant with an efficiency of
100.64% appears more suited for quantification than gDNA.

Repeatability and reproducibility of qPCR assay
using pDNA and gDNA standards

The repeatability and reproducibility of the qPCR assay were
tested using linearised pGEM-T Easy pvalb pDNA and L.

@ Springer

piscatorius gDNA as calibrators. As shown in Table 3, the
results indicate that the assay has good repeatability with SD
and bias values below 25% and within the ENGL acceptable
range [35]. The results indicated that the pDNA calibrant was
better than the gDNA calibrant in calculating the experimen-
tal copy numbers of B-pvalb. Thus, the qPCR assay employ-
ing the pGEM-T Easy pvalb calibrator is reliable and suitable
for quantifying pvalb, and its performance is comparable to a
gDNA calibrant.

The accuracy of the quantitative results was evaluated as the
bias between the observed copy number and achieved value.
The precision of the assay was assessed in terms of RSD. The
RSD and bias values (Fig. 4) using plasmid calibrants were
within the acceptable range of <25% [35]. Higher RSD and
bias values were observed with gDNA calibrants. RSD and
bias values obtained in this study are similar to those previ-
ously reported [36—38] and demonstrated that the choice of
the calibrant impacts the reliability and accuracy of the analy-
sis. Observations in this study indicate that the constructed
PGEM-T Easy pvalb was reliable and credible for quantify-
ing B-pvalb. Our results indicate that gDNA calibrators tend
to underestimate the pvalb content. Underestimation of the
samples using gDNA calibrants is probably due to the low
PCR efficiency of the gDNA calibrants compared to pDNA
calibrants (Table 2). pDNA calibrants displayed better perfor-
mance characteristics in terms of closeness to the expected
value than their genomic counterparts (Fig. 4). This agrees
with the superior performance characteristics associated with
single and multiple target plasmid calibrants reported for the
quantification of food allergens [38].

Determination of limit of detection (LOD) and limit
of quantification (LOQ)

LOD and LOQ of qPCR assay are defined as the lowest
quantity of the target gene that can be detected and quantified



European Food Research and Technology (2023) 249:3165-3174 3171

Table 3 I.Qeip'eatability and Actual copy number Mean CT* Mean SDP RSD¢ Mean experimental Bias %4

reProdu01b111ty of the C . values copy number

using pGEM-T Easy pvalb and

L. piscatorius gDNA pDNA
100,000 17.12 0.17 1.02 99,188.67 —0.81
10,000 20.44 0.23 1.15 9806.93 -1.93
1000 23.76 0.24 1.03 972.53 —2.75
100 27.00 0.40 1.50 101.52 1.52
10 30.21 0.22 0.73 10.59 5.94

gDNA

100,000 15.09 0.14 0.93 97,881.49 -2.12
10,000 18.51 0.20 1.08 8522.44 —14.78
1000 21.62 0.34 1.57 926.25 -7.37
100 24.72 0.49 1.98 101.73 1.73
10 27.77 0.38 1.36 10.74 7.40

*Mean CT (N=3, n=3)
**Mean standard deviation
‘Relative standard deviation

9Bias =[(mean experimental copy number — actual copy number)/actual copy number] x 100

20
M pDNA

[ gDNA
10 g

Bias %
o
L
|
{
|

f

I
B
|

- | U

T T T
1000 100 10

Actual Copy number

T T
100000 10000

Fig.4 Bias between the observed value and true/assigned value

with more than 95% probability. To test the LOD and LOQ
of plasmid pGEM-T Easy pvalb in the qPCR, fivefold dilu-
tions of concentrations (100, 50, 25, 10 and 5 copies/pL)
were prepared. According to ENGL [35], the acceptance
criterion of LOD and LOQ should be less than 25 copies and
50 copies, respectively. In the assays, the results determined
that the LOD and LOQ were 5 copies and 10 copies per
reaction for pPGEM-T Easy pvalb, whilst the LOD and LOQ
of L. piscatorius gDNA were 10 copies and 25 copies per
reaction, respectively. Both pGEM-T Easy pvalb and gDNA
could be detected seven times in nine repeated reactions.
LOD and LOQ are critical for evaluating the performance
of analytical methods and instruments and ensuring that data
are reliable and accurate. In many fields, including environ-
mental analysis, food safety, and pharmaceuticals, regula-
tory agencies set minimum LOD and LOQ requirements for
analytical methods to ensure accurate and meaningful results

[38]. The high sensitivity of the assay indicates its suitabil-
ity to quantify allergenic proteins, even in small amounts,
which is important for detecting trace amounts of allergens
in processed foods and meeting current global labelling
legislations.

Short-term stability study of pGEM-T Easy pvalb

The stability of pDNA and gDNA standards stored at 4 °C
and —20 °C was tested for 60 days, standard curve con-
struction was performed on the Oth, 15th, 30th and 60th day
and PCR efficiency was compared. Plasmid DNA, pGEM-T
Easy pvalb, showed PCR efficiency better than that of gDNA
calibrants over a period of 60 days (Fig. 5). PCR efficiency
of pDNA was within the acceptable range for 60 days at
—20 °C whereas PCR efficiency was within the acceptable
range for 30 days at 4 °C. Similarly, gDNA standards were
also stable for 60 days at —20 °C, however, with a lower
efficiency than pDNA standards. Also, at 4 °C, the standards
showed some partial degradation with more than 110% PCR
efficiency.

pDNA can be conveniently stored at —20 °C and trans-
ported around the world in cold packs or dry ice. Whilst
DNA degradation is expected during storage and transporta-
tion, an ideal reference material should be resistant to loss
and degradation. The correlation coefficient (R?) showed a
linear regression with values of >0.99 observed at —20 °C
for 60 days with no significant statistical variation, indicat-
ing a stable target with no dilution error. The results also
suggest that the PCR assay could still detect and quantify
a significant amount of pvalb, even after being stored for
a prolonged period. This is important because it indicates
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Fig.5 PCR efficiency obtained
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that the sample was preserved in a way that allowed for
the PCR to produce reliable results even after a significant
amount of time had passed. This can be particularly useful
in situations where the samples need to be stored for long
periods before analysis, as it shows that the sample can be
reliably preserved and used for PCR analysis later. These
results are also in agreement with previously reported stud-
ies [16]. The results confirm that plasmid reference material
can be stored for 60 days, increasing present knowledge of
plasmid calibrant stability. Further, whilst we used linearised
pDNA, non-linearised plasmids can also be used for 14 days
at —20 °C due to their high stability [39].

The advent of real-time qPCR has greatly improved the
use of molecular biomarkers to diagnose and monitor human
diseases, quantitative determination of GMO ingredients,
and analysis of microbial communities [14, 40, 41]. The
use of qPCR protocols may offer an advantage in quantify-
ing potential allergens, although further evaluation is neces-
sary to draw definitive conclusions. Fish species often con-
tain both a- and f-pvalb, with multiple f-pvalb isoforms
expressed by most species, exhibiting significant variation in
amino acid composition and sequence [37, 42—44]. Such het-
erogeneity adds complexity to the diagnosis of fish allergy
and the detection of allergenic parvalbumin, as an individual
may have a stronger reaction to one p-pvalb isoform than
another [37]. Our assay, hence, targeted the p-pvalb gene
due to allergenic nature.

gPCR has become the favoured method of widespread use
due to its reliability, high sensitivity, good reproducibility, a
large dynamic range of quantification with a small amount
of starting material, relatively low costs, and short analysis
time [16, 45].

Absolute and relative quantification are two quantifica-
tion strategies, each with advantages and disadvantages.
Whilst the absolute method quantifies the concentration
of the target gene by relating the Ct value to a stand-
ard curve, the relative method uses a reference sample
with reference genes for quantification [46]. One of the

@ Springer

significant drawbacks of using reference samples is that
they cannot be normalised worldwide, resulting in a dif-
ferences between inter-laboratories results. Hence, there
is an effort to establish a standardised biomolecule cali-
brator approach between laboratories. This is often the
case in immunodiagnostics, where some protein molecule
plays the role of the standard as the calibrator [47]. Even
though DNA-based diagnostics and detections took place
in the first attempts to bring some interlaboratory stand-
ards, the International WHO standard for establishing the
Epstein—Barr virus was announced in 2016 [48] Despite
using cloned fragments of the virus as one of the alter-
native calibrators within a particular laboratory, whole-
genome DNA of the EBV was used as the international
standard. Regarding the scale of variance between labo-
ratories, the context from EBV viral load determination,
more than two orders difference between laboratories
seems to be common in these assays [48]. To circumvent
the limitations, quantification using plasmid calibrators is
used. Whilst plasmid construction can be time-consuming,
it is straightforward to reproduce once constructed. As our
data highlighted, plasmid DNA can generate highly repro-
ducible standard curves with high stability up to 60 days
of storage. Due to this, pDNA are easy to distribute world-
wide, normalising reference material.

The presented assay standardises PCR-based detection
of L. piscatorius pvalb by introducing a plasmid standard. It
provides an inevitable aid in substituting a calibrator based
on DNA isolate from a particular specimen with a plasmid
one. The variation, SD and RSD of obtained value between
individual experiments are within one order, which is satis-
factory in the context of interexperimental variance in other
DNA-based qualitative assays. In the present study, we dem-
onstrated using a plasmid calibrator to quantify the pvalb
gene of L. piscatorius by cloning the target into a plasmid
(pGEM-T Easy pvalb). We also compared the standard curve
of both genomic and plasmid and demonstrated the stability
of plasmid standards over 60 days.
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Conclusion

The current work aimed to check the reliability of a plasmid-
based calibrator for detecting and quantifying the p-pvalb
gene in Lophius piscatorius. The developed plasmid was
successfully cloned with our target gene (second intron of
pvalb; 196 bp) and showed high efficiency, repeatability
and stability. The plasmid DNA calibrator performed better
compared with the gDNA calibrator. The study contributes
to the increasing knowledge of the profound use of plasmid
calibrators for quantitative detection. The alternate option
of using a plasmid instead of isolated gDNA can be a help-
ful tool and a step towards standardising fish identification
amongst laboratories. We have used L. piscatorius as a
model organism. However, the results can be implemented
and transferred to other organisms, establishing an essential
tool in fish identification, and creating a database for the
pvalb content of different fish species.

Acknowledgements The authors are obliged to Miroslav Svatora
(Charles University, Prague, Czech Republic) for his help and advice
concerning the morphological determination of fish samples.

Author contributions Conceptualization: SM, EC; methodology: SM,
EC, PH and KZ; analyses: SM, EC, PHa and PHo; writing—original
draft preparation: SM, EC, KZ and ZM; writing—review and editing:
SM, KZ, DJ, PHa, PHo and ZM; supervision: PHa, PHo and KZ; pro-
ject administration, PHa, KZ, PHo. All authors have read and agreed
to the published version of the manuscript.

Funding Open access publishing supported by the National Techni-
cal Library in Prague. This research was financed by the Ministry of
Agriculture of the Czech Republic, grant No. QK1910231 and Food
research institutional support, MZE-RO0323. Morphological determi-
nations were supported from project SVV-260434/2017—Integrative
biology of animals (Charles University, Prague, Czech Republic).

Data availability The datasets generated during and/or analysed during
the current study are available from the corresponding author upon
reasonable request.

Declarations
Conflict of interest The authors have no conflict of interest.

Compliance with ethics requirements This article does not contain
any studies with human participants or animals performed by any of
the authors.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in

the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Zentilin L, Giacca M (2007) Competitive PCR for precise nucleic
acid quantification. Nat Protoc 2:2092-2104. https://doi.org/10.
1038/nprot.2007.299

2. Ballari RV, Martin A, Gowda LR (2013) A calibrator plasmid
for quantitative analysis of insect resistant maize (yieldgard
MON 810). Food Chem 140:382-389. https://doi.org/10.1016/j.
foodchem.2013.02.067

3. Friedberg F (2005) Parvalbumin isoforms in zebrafish. Mol Biol
Rep 32:167-175. https://doi.org/10.1007/s11033-005-2334-4

4. Berchtold MW, Epstein P, Beaudet AL, Payne ME, Heizmann
CW, Means AR (1987) Structural organization and chro-
mosomal assignment of the parvalbumin gene. J Biol Chem
262:8696-8701. https://doi.org/10.1016/s0021-9258(18)
47470-4

5. Hansen TK (1995) Clinical reactivity to fish studied by multiple
double-blind placebo-controlled food challenges (DBPCFC). J
Allergy Clin Immunol 95:328

6. Helbling A, Haydel R Jr, McCants ML, Musmand JJ, El-Dahr
J, Lehrer SB (1999) Fish allergy: is cross-reactivity among fish
species relevant? Double-blind placebo-controlled food challenge
studies of fish allergic adults. Ann Allergy Asthma Immunol
83:517-523. https://doi.org/10.1016/s1081-1206(10)62862-1

7. Helbling A, McCants ML, Musmand JJ, Schwartz HJ, Lehrer
SB (1996) Immunopathogenesis of fish allergy: identification
of fish-allergic adults by skin test and radioallergosorbent test.
Ann Allergy Asthma Immunol 77:48-54. https://doi.org/10.1016/
s1081-1206(10)63479-5

8. Pascual C, Martin Esteban M, Crespo JF (1992) Fish allergy: eval-
uation of the importance of cross-reactivity. J Pediatr 121:29-34.
https://doi.org/10.1016/s0022-3476(05)81403-9

9. Aas K (1996) Studies of hypersensitivity to fish. Int Arch Allergy
Immunol 30:190-208. https://doi.org/10.1159/000229805

10. Bernhiselbroadbent J, Scanlon S, Sampson H (1992) Fish hyper-
sensitivity *1, *2I. In vitro and oral challenge results in fish-aller-
gic patients. J Allergy Clin Immunol 89:730-737. https://doi.org/
10.1016/0091-6749(92)90381-b

11. de Martino M, Novembre E, Galli L, de Marco A, Botarelli P,
Marano E et al (1990) Allergy to different fish species in cod-aller-
gic children: In vivo and in vitro studies. J Allergy Clin Immunol
86:909-914. https://doi.org/10.1016/s0091-6749(05)80154-x

12. Benedetto A, Abete MC, Squadrone S (2011) Towards a quantita-
tive application of real-time PCR technique for fish DNA detec-
tion in feedstuffs. Food Chem 126:1436-1442. https://doi.org/10.
1016/j.foodchem.2010.11.131

13. Lee C, Kim J, Shin SG, Hwang S (2006) Absolute and relative
QPCR quantification of plasmid copy number in Escherichia coli.
J Biotechnol 123:273-280. https://doi.org/10.1016/j.jbiotec.2005.
11.014

14. Brankatschk R, Bodenhausen N, Zeyer J, Biirgmann H (2012)
Simple absolute quantification method correcting for quantitative
PCR efficiency variations for microbial community samples. Appl
Environ Microbiol 78:4481-4489. https://doi.org/10.1128/ AEM.
07878-11

15. Mackay IM (2004) Real-time PCR in the microbiology laboratory.
Clin Microbiol Infect 10:190-212

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/nprot.2007.299
https://doi.org/10.1038/nprot.2007.299
https://doi.org/10.1016/j.foodchem.2013.02.067
https://doi.org/10.1016/j.foodchem.2013.02.067
https://doi.org/10.1007/s11033-005-2334-4
https://doi.org/10.1016/s0021-9258(18)47470-4
https://doi.org/10.1016/s0021-9258(18)47470-4
https://doi.org/10.1016/s1081-1206(10)62862-1
https://doi.org/10.1016/s1081-1206(10)63479-5
https://doi.org/10.1016/s1081-1206(10)63479-5
https://doi.org/10.1016/s0022-3476(05)81403-9
https://doi.org/10.1159/000229805
https://doi.org/10.1016/0091-6749(92)90381-b
https://doi.org/10.1016/0091-6749(92)90381-b
https://doi.org/10.1016/s0091-6749(05)80154-x
https://doi.org/10.1016/j.foodchem.2010.11.131
https://doi.org/10.1016/j.foodchem.2010.11.131
https://doi.org/10.1016/j.jbiotec.2005.11.014
https://doi.org/10.1016/j.jbiotec.2005.11.014
https://doi.org/10.1128/AEM.07878-11
https://doi.org/10.1128/AEM.07878-11

3174

European Food Research and Technology (2023) 249:3165-3174

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Taylor SC, Nadeau K, Abbasi M, Lachance C, Nguyen M, Fen-
rich J (2019) The ultimate qPCR experiment: producing publica-
tion quality, reproducible data the first time. Trends Biotechnol
37:761-774. https://doi.org/10.1016/j.tibtech.2018.12.002
Formisano-Tréziny C, de San FM, Gabert J (2012) Development
of plasmid calibrators for absolute quantification of miRNAs by
using real-time qPCR. J Mol Diagn 14:314-321. https://doi.org/
10.1016/j.jmoldx.2012.02.008

Pfaffl MW, Hageleit M (2001) Validities of mRNA quantification
using recombinant RNA and recombinant DNA external calibra-
tion curves in real-time RT-PCR. Biotechnol Lett 23:275-282
Pfaffl MW (2004) Quantification strategies in real-time PCR. AZ
Quant PCR 1:89-113

Pfaffl MW (2019) Quantification strategies in real-time polymer-
ase chain reaction. In: Polymerase chain reaction: theory and tech-
nology. Caister Academic Press, Poole

Boulter N, Suarez FG, Schibeci S, Sunderland T, Tolhurst O,
Hunter T et al (2016) A simple, accurate and universal method
for quantification of PCR. BMC Biotechnol 16:27. https://doi.org/
10.1186/512896-016-0256-y

Glick BR (2003). In: Glick BJ, Pasternak JJ (eds) Molecular bio-
technology: principles and applications of recombinant DNA, 3rd
edn. American Society for Microbiology, Washington, D.C
Khan S, Ullah MW, Siddique R, Nabi G, Manan S, Yousaf M et al
(2016) Role of recombinant DNA technology to improve life. Int J
Genomics 2016:2405954. https://doi.org/10.1155/2016/2405954
Woolfe M, Primrose S (2004) Food forensics: using DNA tech-
nology to combat misdescription and fraud. Trends Biotechnol
22:222-226. https://doi.org/10.1016/j.tibtech.2004.03.010

Dean D (1981) A plasmid cloning vector for the direct selection of
strains carrying recombinant plasmids. Gene 15:99-102. https://
doi.org/10.1016/0378-1119(81)90108-6

Lerner CG, Inouye M (1990) Low copy number plasmids for regu-
lated low-level expression of cloned genes in Escherichia coli with
blue/white insert screening capability. Nucleic Acids Res 18:4631.
https://doi.org/10.1093/nar/18.15.4631

Padmanabhan S, Banerjee S, Mandi N (2011) Screening of bac-
terial recombinants: strategies and preventing false positives. In:
Molecular cloning—selected applications in medicine and biol-
ogy. InTech, Rijeka

Mukherjee S, Hanak P, Jilkova D, Musilova Z, Horka P, Lerch
Z et al (2023) Simultaneous detection and quantification of two
European anglerfishes by novel genomic primer. J] Food Compost
Anal. 115:104992. https://doi.org/10.1016/j.jfca.2022.104992
Untergasser A, Nijveen H, Rao X, Bisseling T, Geurts R, Leunis-
sen JAM (2007) Primer3Plus, an enhanced web interface to
primer3. Nucleic Acids Res 35:71-74. https://doi.org/10.1093/
nar/gkm306

Biomatters, Geneious version 2022.1 (2023) Biomatters, Geneious
version 2021.2. https://www.geneious.com. Accessed 6 Jan 2023
Li C, Wen A, Shen B, Lu J, Huang Y, Chang Y (2011) Fast clon-
ing: a highly simplified, purification-free, sequence- and ligation-
independent PCR cloning method. BMC Biotechnol. https://doi.
org/10.1186/1472-6750-11-92

Klymus KE, Merkes CM, Allison MJ, Goldberg CS, Helbing
CC, Hunter ME et al (2020) Reporting the limits of detection
and quantification for environmental DNA assays. Environ DNA
2:271-282. https://doi.org/10.1002/edn3.29

Forootan A, Sjoback R, Bjorkman J, Sjogreen B, Linz L, Kubi-
sta M (2017) Methods to determine limit of detection and limit
of quantification in quantitative real-time PCR (qPCR). Biomol
Detect Quantif 12:1-6. https://doi.org/10.1016/j.bdq.2017.04.001
Svec D, Tichopad A, Novosadova V, Pfaffl MW, Kubista M (2015)
How good is a PCR efficiency estimate: recommendations for
precise and robust qPCR efficiency assessments. Biomol Detect
Quantif 3:9-16. https://doi.org/10.1016/j.bdq.2015.01.005

@ Springer

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

European Network of GMO Laboratories (ENGL) (2015) Defini-
tion of minimum performance requirements for analytical meth-
ods for GMO testing. http://gmo-crl.jrc.ec.europa.eu/doc/MPR%
20Report%20Application%2020_10_2015.pdf. Accessed 25 Sept
2022

Miyazaki A, Watanabe S, Ogata K, Nagatomi Y, Kokutani R,
Minegishi Y et al (2019) Real-time PCR detection methods for
food allergens (wheat, buckwheat, and peanuts) using reference
plasmids. J Agric Food Chem 67(19):5680-5686. https://doi.org/
10.1021/acs.jafc.9b01234

Houhoula D, Dimitriou P, Mengjezi G, Kyrana V, Lougovois V
(2015) Quantification of parvalbumin in commercially important
Mediterranean seafood species using real time PCR. Czech J Food
Sci. 33(2):143-147. https://doi.org/10.17221/390/2014-cjfs
Luber F, Demmel A, Herbert D, Hosken A, Hupfer C, Huber I
et al (2014) Comparative assessment of DNA-based approaches
for the quantification of food allergens. Food Chem 160:104-111.
https://doi.org/10.1016/j.foodchem.2014.03.077

Dhanasekaran S, Doherty TM, Kenneth J, TB Trials Study Group
(2010) Comparison of different standards for real-time PCR-based
absolute quantification. J] Immunol Methods 354:34-39. https://
doi.org/10.1016/j.jim.2010.01.004

Gandellini P, Profumo V, Folini M, Zaffaroni N (2011) MicroR-
NAs as new therapeutic targets and tools in cancer. Expert Opin
Ther Targets 15:265-279. https://doi.org/10.1517/14728222.2011.
550878

Caprioara-Buda M, Meyer W, Jeynov B, Corbisier P, Trapmann S,
Emons H (2012) Evaluation of plasmid and genomic DNA cali-
brants used for the quantification of genetically modified organ-
isms. Anal Bioanal Chem 404:29-42. https://doi.org/10.1007/
500216-012-6104-6

Mukherjee S, Barto§ O, Zdenkova K, Hanak P, Horka P, Musilova
Z (2021) Evolution of the parvalbumin genes in teleost fishes
after the whole-genome duplication. Fishes 6:70. https://doi.org/
10.3390/fishes6040070

Mukherjee S, Horka P, Zdenkova K, Cermakova E (2023) Parval-
bumin: a major fish allergen and a forensically relevant marker.
Genes 14:223. https://doi.org/10.3390/genes 14010223

Sun M, Liang C, Gao H, Lin C, Deng M (2009) Detection of
parvalbumin, a common fish allergen gene in food, by real-time
polymerase chain reaction. J] AOAC Int 92:234-240. https://doi.
org/10.1093/jacac/92.1.234

Cermakova E, Lencova S, Mukherjee S, Horka P, Vobruba S,
Demnerova K et al (2023) Identification of fish species and tar-
geted genetic modifications based on DNA analysis: state of the
art. Foods 12:228. https://doi.org/10.3390/foods12010228

YuY, Lee C, Kim J, Hwang S (2005) Group-specific primer and
probe sets to detect methanogenic communities using quantitative
real-time polymerase chain reaction. Biotechnol Bioeng 89:670—
679. https://doi.org/10.1002/bit.20347

Klueber J, Costa J, Randow S, Codreanu-Morel F, Verhoeckx K,
Bindslev-Jensen C et al (2020) Homologous tropomyosins from
vertebrate and invertebrate: recombinant calibrator proteins in
functional biological assays for tropomyosin allergenicity assess-
ment of novel animal foods. Clin Exp Allergy 50:105-116. https://
doi.org/10.1111/cea.13503

Fryer JF, Heath AB, Minor PD, Collaborative Study Group (2016)
A collaborative study to establish the 1st WHO International
Standard for human cytomegalovirus for nucleic acid amplifi-
cation technology. Biologicals 44:242-251. https://doi.org/10.
1016/j.biologicals.2016.04.005

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/j.tibtech.2018.12.002
https://doi.org/10.1016/j.jmoldx.2012.02.008
https://doi.org/10.1016/j.jmoldx.2012.02.008
https://doi.org/10.1186/s12896-016-0256-y
https://doi.org/10.1186/s12896-016-0256-y
https://doi.org/10.1155/2016/2405954
https://doi.org/10.1016/j.tibtech.2004.03.010
https://doi.org/10.1016/0378-1119(81)90108-6
https://doi.org/10.1016/0378-1119(81)90108-6
https://doi.org/10.1093/nar/18.15.4631
https://doi.org/10.1016/j.jfca.2022.104992
https://doi.org/10.1093/nar/gkm306
https://doi.org/10.1093/nar/gkm306
https://www.geneious.com
https://doi.org/10.1186/1472-6750-11-92
https://doi.org/10.1186/1472-6750-11-92
https://doi.org/10.1002/edn3.29
https://doi.org/10.1016/j.bdq.2017.04.001
https://doi.org/10.1016/j.bdq.2015.01.005
http://gmo-crl.jrc.ec.europa.eu/doc/MPR%20Report%20Application%2020_10_2015.pdf
http://gmo-crl.jrc.ec.europa.eu/doc/MPR%20Report%20Application%2020_10_2015.pdf
https://doi.org/10.1021/acs.jafc.9b01234
https://doi.org/10.1021/acs.jafc.9b01234
https://doi.org/10.17221/390/2014-cjfs
https://doi.org/10.1016/j.foodchem.2014.03.077
https://doi.org/10.1016/j.jim.2010.01.004
https://doi.org/10.1016/j.jim.2010.01.004
https://doi.org/10.1517/14728222.2011.550878
https://doi.org/10.1517/14728222.2011.550878
https://doi.org/10.1007/s00216-012-6104-6
https://doi.org/10.1007/s00216-012-6104-6
https://doi.org/10.3390/fishes6040070
https://doi.org/10.3390/fishes6040070
https://doi.org/10.3390/genes14010223
https://doi.org/10.1093/jaoac/92.1.234
https://doi.org/10.1093/jaoac/92.1.234
https://doi.org/10.3390/foods12010228
https://doi.org/10.1002/bit.20347
https://doi.org/10.1111/cea.13503
https://doi.org/10.1111/cea.13503
https://doi.org/10.1016/j.biologicals.2016.04.005
https://doi.org/10.1016/j.biologicals.2016.04.005

	Development of plasmid calibrators for absolute quantification of the β-parvalbumin gene in Lophius piscatorius
	Abstract
	Introduction
	Materials and methods
	Sample collections and preparation
	Isolation and quantification of DNA
	Oligonucleotide primers
	Construction of target plasmid vector
	Preparation of genomic DNA and plasmid standards
	qPCR
	Determination of limit of detection (LOD) and limit of quantification (LOQ)
	Short-term stability study
	Statistical analysis

	Results and discussion
	Construction of pGEM-T Easy pvalb plasmid
	qPCR
	Comparison of PCR efficiency of the calibrants
	Repeatability and reproducibility of qPCR assay using pDNA and gDNA standards
	Determination of limit of detection (LOD) and limit of quantification (LOQ)
	Short-term stability study of pGEM-T Easy pvalb

	Conclusion
	Acknowledgements 
	References




