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INTRODUCTION

Protected designation of origin (PDO) and protected geographical indica-
tion (PGI) are EU quality schemes, which introduced by the EEC Reg.
2081/92 (recently substituted by EC Reg. 510/2006). Products carrying
PDO or PGl Origin EU label (PDO) protect their origin, are certified by a
full compliance with EU standards and thus, command a higher price in
global food trade.? As a result, consumers expect these valuable products
to have some particular characteristics. One of the most important char-
acteristics refers to product’s traceability and authenticity. Therefore, by
the European Union law EC No. 2065/2001, food traceability and accu-

rate labeling of products were established.®
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Abstract

Background: Food traceability and authentication had become mandatory for food
industry and global food trade. Numerous DNA-based methods could contribute against
food frauds, because of their advantages such as simplicity, accuracy, and robustness.
The aim of this study was to explore whether unique biological markers for two high
valuable and popular Greek protected designation of origin (PDO) products could be
indicated. For this purpose, “Avgotaracho Mesolonghiou” known as Greek caviar and
“Vostizza” currant were subjected to DNA-based analysis. PCR-RAPD, PCR-RFLP, and
PCR-DGGE were performed for Greek PDO products and potential biological markers
were explored, based on either genomic DNA or bacteria communities.

Results: Band profiles resulted in molecular techniques, could be used as a “barcode” to
certify the origin and authenticity of PDO products.

Conclusion: These methods are proposed, as alternative traceability tools, in order to
provide unique markers and could be the key to “farm to table” challenge. Therefore,
biological markers could be used throughout the entire commercial supply chain and pro-

tect food products, which hold a quality scheme, from adulterations.

KEYWORDS
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Moreover, food products which hold a PDO or PGI quality
scheme because of their uniqueness and economic impact become
prone to adulteration. Several independent agencies and quality
authorities are looking for reliable tools for validating food prod-
ucts’ geographical origin and authenticity. Due to this demand and
the impact befallen on public opinion when a food fraud incident
appears, researchers try to address this issue with innovative and
analytical approaches.>® Nuclear magnetic resonance, infrared
spectroscopy, isotopic methods, DNA-based techniques, mass
spectrometry, chromatographic techniques, and combinations of
these methods as well, proved to be very promising in fulfilling this

role.®
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DNA-BASED METHODS FOR GREEK PDO TRACEABILITY AND AUTHENTICATION

The highest percentage of developed DNA-based methods aim to
species authentication among a variety of foodstuff and consist on
the highly specific amplification of DNA fragments by means of poly-
merase chain reaction (PCR).”® DNA analysis present several advan-
tages regarding food authentication and food traceability, especially
when “biological” markers of food products are identified.” New
traceability strategies focus on biological markers using either DNA
genome such as plastid, chloroplast, mitochondrial, or even microor-
ganisms’ population.® PCR-Random Amplification of Polymorphic
DNA, PCR-Restriction

Denaturing Gradient Gel Electrophoresis are widely known and used

Fragment Length Polymorphism, PCR-

for food authentication purposes. PCR-RAPD method was utilized for
potential fraud of Mediterranean oregano, of seafood such as tilapia
and of beef meat.1°-12 PCR-RFLP has subsequently found widespread
use for meat and fish authentication, for example, beef, pork, deer,
cattle, canned tuna, prawn, shrimp, and salmon.*®~17 |n addition, PCR-
DGGE has applied broadly for determination of food geographical
origin and food authentication. DGGE analysis of bacteria or fungi
communities isolated from marine salts, Pangasius fish from Vietnam,
traditional Minas cheeses, traditional Wielkopolska fried ripened curd
cheese are some cases examined.'®-2! Interestingly, the majority of
the publications regarding food traceability by application of DNA
markers, target to major crops’, such as olive and grape due to their
great diffusion.2>2 Therefore, biological markers could be developed,
based on either microflora communities or specific regions of genome
of a food product.

Avgotaracho Mesolonghiou (eggs from Mugil cephalus L.) and cur-
rant Vostizza (Vitis vinifera L., var. Apyrena) are traditional and high
valuable Greek PDO products and thus, considered to be vulnerable
for counterfeit. More specific, avgotaracho Mesolonghiou, known as
Greek caviar, is semi-dried, salted ovaries of fish M. cephalus L., which
caught in lagoon system of Mesolonghi-Etolikon. Avgotaracho Mes-
olonghiou has a well-known reputation due to its unique flavor,
aroma, and its commercial price.?* This food product holds quality
scheme PDO since 1996 by EU (07/02/1996) with the code
EL/PDO/0017/0446 (EC1263/96) and therefore it is the oldest PDO
of the category of “Fresh fish, molluscs, crustaceans and products
derived there from”.24?° As far as Vostizza currants concern, their cul-
tivation and production take place in a semi-mountainous and moun-
tainous area of Aeghioin, in North Peloponesse. Vostizza currants are
sun dried vine products and according to nutrition scientists, they are
an excellent source of antioxidants, fibers, and polyphenol com-
pounds.?®?” Moreover, currants considered to provide beneficial
health effects on digestive system, on bones (preventing osteoporosis
and arthritis), on insulin levels and on cardiovascular and neurodegen-
erative diseases.?®~%° In our knowledge, there is a study regarding
quality control of Avgotaracho Mesolonghiou and Vostizza currant, by
means of Next Generation Sequencing.3! Although, this is the first
time, that these Greek PDO products analyzed by DNA-based
methods in terms of authenticity and traceability.

The main aim of this study was to investigate potential biological
markers by DNA-based tools, able to discriminate Greek PDO prod-
ucts among other samples. A DNA-based approach for studying
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bacteria microflora of food products and a DNA-based analysis of
genomic DNA were conducted and evaluated regarding food

traceability.

MATERIALS AND METHODS
Samples collection

An aquaculture Greek PDO product (avgotracho Mesolonghiou) and
an agricultural Greek PDO product (Vostizza currant) were examined
in this study. Vostizza currants PDO were collected from producers
from Aighio (Panegialios Agricultural Union), while Avgotaracho Mes-
olonghiou PDO was collected from aquaculture company in
Mesolonghi lagoon (Stefos). In order to analyze Greek PDO products
and examine whether unique biological barcodes by DNA-based tech-
niques could characterize them, we purchased same food products
from other geographical origins from producers and local market. Fish
eggs of M. cephalus from Australia and Mauritania were included in
this study in order to compared to fish eggs from Mesolonghi. Corin-
thian currants from four other districts of Greece, Kalamata, Amaliada,
Zante and Nemea, were selected for this experiment as well. Nine
samples from each geographical region were subjected to analysis by
DNA-based methods and three technical replicates were performed

(Table 1). Figures shown technical replicates.

DNA-based tools for fish eggs
PCR-RAPD for Enterobacteriaceae analysis

Ten grams of fish eggs samples were homogenized with 90 ml Buffer
Peptone Water in a BagMixer 400 W stomacher (Interscience). A
series of 10-fold dilutions of each sample was prepared and plated in
Violet Red Bile Glucose (VRBG) Agar (Oxoid) according to ISO
17025:2017. Once VRBG had solidified, an extra layer of medium was
poured onto the surface of the plate to prevent spreading growth.
Enterobacteriaceae were enumerated after 1 day of incubation at
37°C. Five purple/pink colonies were selected and plated on a non-
selective medium (Nutrient agar). Plates with Nutrient Agar were incu-
bated for 24 h at 37°C. Well isolated colonies were confirmed by
oxidase and fermentation tests. Genomic DNA from colonies of
Enterobacteriaceae was isolated by Ultraclean Microbial Kit (Qiagen),
according to manufacturers’ instructions and checked as described
above. Extracted DNA from Enterobacteriaceae of each sample was
amplified by PCR-RAPD. PCR-RAPD amplification was perfomed
using following primers: M13: 5'-GAGGGTGGCGGTTCT-3', 1247: 5'-
AAGAGCCCGT-3, 1290: 5-GTGGATGCGA-3, OPA10: 5-GTGA
TCGCAG-3', OPA15: 5'-TTCCGAACCC-3'.3273% PCR was performed
in a total volume of 50 pl and contained 1X PCR buffer, 5 mmol Lt
MgCl,, 200 umol L™t dNTPs, 2 pmol primer, 1,25 Taq polymerase
(Life Technology) and 2yl of bacterial DNA. PCR conditions were sub-
jected to initial denaturation at 94°C for 2 min, followed by 35 cycles
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TABLE 1 Number of samples of each geographical area that were
included in the study

Samples Samples Geographical
currants Geographical origin fish eggs origin

9 Aighio (PDO Vostizza) 9 Mesolonghi (PDO)
9 Kalamata 9 Australia

9 Nemea 9 Mauritania

9 Zante

9 Amaliada

of denaturation at 94°C for 1 min, annealing at 45°C for 40 s, elonga-
tion at 72°C for 2 min, and final extension at 72°C for 10 min. PCR
products were separated by electrophoresis 2% agarose gel and
100 bp DNA ladder (Lonza) was used as DNA molecular weight

marker.3?

PCR-RFLP for COI gene

For genomic DNA extraction from fish eggs, Food Merikon Kit
(Qiagen), was used according to manufacturers’ instructions and
checked by 0.8% agarose gel electrophoresis. Genomic DNA
extracted from fish eggs was subjected to PCR amplification.
Approximately 655 bp were amplified from the region of the
coi gene from mitochondrial DNA of fish eggs using primers:
FishF1 5-TCAACCAACCACAAAGACATTGGCAC-3and FishR1 5'-
TAGACTTCTGGGTGGCCAAAGAATCA-3'.3%  Amplification reac-
tions were carried out in 25 pl volumes containing 2.5 pl of 10X
PCR buffer with Mg, 0.2 uM dntps, 0.1 pM of primers, 0.5 ul MgCl,
,and 0.3 pl Taq polymerase. Using a thermocycler (Bio-Rad), these
reactions were subjected to a cycle of 2 min at 95°C followed by
30 cycles; each of which consisted of 94°C for 30 s, 53°C for 30 s,
and 72°C for 1 min and then, a final extension cycle at 72°C for
10 min. Generated PCR products were electrophoresed on 2% Gel
red (Biotium) stained agarose gels. A 100 bp ladder (Lonza) was
used to estimate the approximate molecular weight of amplicons.
Electrophoresis was performed at 100 V for 2 h, and amplification
profiles were photographed under UV light using Gel Documenta-
tion System (GDS8000; UVP).

However, in order to select restriction endonucleases that
provide a discrimination RFLP pattern among samples, we proceed
to coi gene sequencing analysis. We analyzed sequences of coi
gene by Gene Runner software. Finally, we selected restriction
enzymes, Hinfl, Alul, Pael, and Aqulll (Nippon Genetics Europe).
Each digestion was performed in 50 pl of mixture, containing 9 pl
PCR product, 3 pl of restriction enzyme, 15 pul buffer and 23 pl
sterile nuclease-free water. Reactions were performed separately
in Bio-Rad thermal cycler, set at 37°C for enzyme digestion and
finally at 65°C for 20 min or 80°C for 20 min to inactivation. RFLP
results were analyzed on 2% agarose gel electrophoresis with

GelRed staining.

DNA-based tools for currants
Genomic DNA extraction from currants

For genomic DNA extraction from currants, commercial kit, Food
Merikon Kit (Qiagen), was used. Procedure of DNA extraction of cur-
rants from all geographical regions, were according to manufactures
instructions. Furthermore, three replicates from each sample were
performed. Then, the DNA each sample was quantified spectropho-
tometry with Nanodrop™ 1000 by measuring the absorbance at
260 and 280 nm and analyzed by 0.8% (wt/vol) agarose gel electro-
phoresis, before PCR amplification.

PCR-RAPD analysis of currants

DNA extracted from currants by Food Merikon Kit (Qiagen), were
amplified by PCR-RAPD. Same primers (M13, 1247, 1290, OPA10,
OPA15) were used for PCR-RAPD amplification. PCR-RAPD protocol

for DNA from currant samples, was as described above as well.

PCR-DGGE for 16s rRNA gene

Bacterial DNA from each currant from different geographical origin was
extracted by Power Food Kit (Qiagen) and was used as template for PCR
amplification. To amplify 240bs from V3 region of 16s rRNA gene, the fol-
lowing universal primers: 338F (5'-ACTCCTACGGGGGCAGCAG, Sigma,
France), 518R (5'-ATTACCGCGGCTGCTGG; Sigma) were used.”3¢ PCR
reaction was performed in a final volume of 50 pl, containing 100 mg
DNA template, 2.5 pl buffer A with Mg, 0.5 pl dNTPs (10 mM), 5 pl
primers (0.2 pM), and 0.1 pl Taq polymerase (Kapa TAq PCR kit) (Sigma).
PCR amplification was performed using Bio-Rad thermo cycler and an
amplification program as follows: initial denaturation 95°C for 3 min,
30 cycles of denaturing at 95°C for 1 min, annealing at 55°C for 1 min,
extension at 72°C for 1 min with a final extension at 72°C for 10 min.
The resulting amplicons of PCR were checked spectrophotomatically and
by agarose gel. Then, PCR products from conventional PCR were sub-
jected to DGGE analysis on 8% polyacrylamide gel (acrylamide:
bisacrylamide, 37.5:1) with 30%-60% denaturing gradients (100% dena-
turant contained 7 mol/L urea and 40% [vol/vol] formamide).3” Therefore,
electrophoresis run was carried out in the VS20-DGGE system (Cleaver
Scientific) in 0.5X TAE buffer at 60°C, 65 V for 16 h. After electrophore-

sis, gel was stained with GelStar nucleic acid (Lonza) for 30 min.

RESULTS

PCR-RAPD analysis of Enterobacteriaceae isolated
from fish eggs

PCR-RAPD technique was carried out in replicates using DNA iso-
lated from colonies of Enterobacteriaceae. The selected primers
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amplified DNA fragments across the three samples of different
geographical locations, with the number of amplified fragments
varied from 4 to 9. Moreover, the amplicons size varied from
200 to 900 bs. All fish eggs samples were discriminated by the
presence or absence of unique DNA fragments, resulted by RAPD
analysis. Figure 1. depicts RAPD profiles of Enterobacteriaceae
extracted from each sample and carried out with OPA10 primer.
At 48% observed a cluster that includes samples of Mesolonghi
and samples from the other two regions. At 75%, samples
from Australia and Mauritania were discriminated by a second

cluster.

PCR-RFLP for COI gene

DNA was extracted from fish eggs from all regions and amplified
for coi gene. Figure 2 shows gel electrophoresis of PCR products
amplified. Figure 3 presents multiple alignment of PCR products
based on the region of coi gene of samples. High similarity in
sequence analysis of coi gene, indicates that such region had been
highly conserved during evolution. However, within the region,

there were nucleotide, that could be used in order to discriminate
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fish eggs according to their provenance. The multiple alignment of
PCR products in the region of coi obtained from fish eggs samples
revealed Hinfl, Alul, Pael, and Aqulll restriction sites which could be
used to generate distinguishable PCR-RFLP pattern (Table 2). Hinfl
and Alul generated PCR-RFLP patterns are presented in Figure 4.
More in detail, by Aqulll enzyme digestion, “avgotaracho Mes-
olonghiou” can be distinguished from the other two samples from
Mauritania and Australia (data not shown). Aqulll restriction
enzyme (GAGGAG), revealed different fragments of coi gene
among samples. Coi gene of Greek PDO was not digested by Aqulll
restriction enzyme, while the other two resulted 200-300 bp
fragments.

PCR-RAPD analysis of DNA extracted from currants

Figure 5 shows PCR-RAPD fingerprinting of DNA isolated from
currants from five different geographical origins, while Figure 6
shows cluster analysis of samples each location. Intere-
stingly, samples from each provenance resulted a unique PCR-
RAPD fingerprint. Data shown PCR-RAPD analysis with M13

primer.
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FIGURE 3 Multiple alignment of the sequences of COI gene obtained from fish eggs of Mugil cephalus from three different geographical origins

PCR-DGGE analysis of 16s rRNA from currants

The genetic diversity of bacteria in currants from five geographical
origins (Nemea, Kalamata, PDO, Zante, Amaliada) was determined and

compared by means of PCR-DGGE. PCR-DGGE patterns obtained,

revealed individual bands reflecting microorganisms present in sam-

rial communities isolated from currants.

ples from five locations. Figure 7 depicts PCR-DGGE profiles of bacte-
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TABLE 2 The predicted restriction sites of Hinfl, Alul, Pael, and Aqulll generated PCR-RFLP of coi gene in fish eggs of Mugil cephalus from

three different geographical origins

Fragments (bp) restriction sites of enzymes

Provenance of fish eggs (M. cephalus) Hinfl (GANTC) Alul (AGCT) Pael (GCATG/C) Aqulll (GAGGAG)
Australia 646 53,215,240,278,296,461,497,545 N.D 272
Mesolonghi PDO (Greece) 647 54,216,241,279,297,462,498,546 120 N.D
Mauritania 183,648 4,76,242,461,497,545 N.D 277,526,529,612

FIGURE 4 PCR-RFLP results of coi gene of two replicates of
Australia, Mesolonghi, Mauritania fish eggs. (a) Hinf1. (b) Alul

Nemea  Kalamata PDO Zante Amaliada

o

Ladder Neg

FIGURE 5 PCR-RAPD profiles analysis for genomic DNA of
currants from five different geographical origins

DISCUSSION

Several scientists have already utilized DNA-based methods in order
to analyze either bacteria or fungi communities of foodstuff or geno-
mic DNA among samples. DNA-based techniques considered to be
the most appropriate and accurate regarding food adulteration.®83?

In our study, we selected two popular Greek PDO products
(avgotaracho Mesolonghiou and Vostizza currant) and we examined if
biological barcodes could be settled in order to protect them from
counterfeits. The effort of our study was to optimize an appropriate,
rapid and accurate method for these Greek PDO products’ traceability
and authenticity. Therefore, we examine and analyze both bacteria
populations and genomic DNA of food products by DNA-based
approaches. PCR-RAPD was conducted for analyzing differences in
Enterobacteria species, present in fish eggs, while the same method

was performed for pointing out variances in genomic DNA of

currants. Furthermore, PCR-RFLP was used for analysis of mitochon-
drial coi gene fragment of fish eggs. Finally, PCR-DGGE technique
was applied in bacterial microflora of currants, in order to detect rep-
resentative strains from each provenance.

At first, in our work, we proved that populations of
Enterobacteriaceae isolated from fish eggs and genomic DNA from
currants from different geographical locations can be differentiated by
PCR-RAPD analysis. RAPD profiles of Enterobacteriaceae isolated
from fish eggs revealed genetic diversity among samples. Discrimina-
tion ability of PCR-RAPD method is unlimited because of the use of a
variety of random primers. In this study, we tested five primers
(OPA10, OPA15, M13, 1290, 1217) and finally we selected OPA10
for fish eggs samples analysis, as amplification with OPA10 primer
resulted better band profiles, while M13 primer was selected for cur-
rants DNA amplification. PCR-RAPD band profiles of currants samples
proved to be unique for each sample and can clearly be discriminated
regarding their provenance. There are several studies that have
already utilized PCR-RAPD analysis for this purpose, such as geo-
graphical origin of sea cucumber, authentication of tissues of animal
origin, authentication of plant Senna angustifolia or herb Lonicera
japonica.*°-42

Furthermore, analysis of PCR-RFLP results after digestion with
selected restriction enzymes provided a rapid discrimination tech-
niqgue among samples. This method can be applied as a tool for
improving mislabeling issues, traceability, and authentication. Deter-
mination of beef-jerky species variation, authentication of camel meat
and shrimp species are some recent applications of PCR-RFLP
method.**~#¢ In the present study, sequencing analysis of coi gene of
fish eggs, and digestion with selected restriction enzymes was per-
formed and proved to be efficient for authentication purposes. From
the above results, it is clear that Greek PDO “avgotaracho Mes-
olonghiou” can be fully discriminated from other samples by restric-
tion enzymes and PCR-RFLP protocol. More specific, the amplicons
were digested with four restriction endonucleases (Hinfl, Alul, Pael,
Aqulll) that were selected based on sequencing analysis of coi gene.
Different levels of polymorphism were detected among samples from
different geographical locations. The level of coi variation revealed
using Aqulll was sufficient to generate specific restriction profiles that
could distinguish Greek PDO, while Hinfl, Alul, and Pael generated dif-
ferent restriction profiles among samples from Mesolonghi and
Mauritania.

As far as currants traceability concerns, both PCR-RAPD and
PCR-DGGE analysis proved to be very promising for investigating
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FIGURE 7 PCR-DGGE 16s rRNA band profiles of currants for
five different geographical origins

potential biological barcodes. DGGE fingerprinting was used in this
study to determine the geographical origin of currants from five geo-
graphical origins and to indicate potential biological markers for cur-
PCR-DGGE technique has widely

demonstrated for foodstuff authentication and determination of geo-

rants’ traceability, as well.

graphical origin. Traditional Wielkopolska fried ripened curd cheese,
or marine salt, Oreochromis niloticus from lakes of Cameroon, cultured
seabass Dicentrarchus labrax are food matrixes that have analyzed by
PCR-DGGE in terms of food traceability.®2%4748 |n this study, results
highlighted the dominant species of bacteria populations present in
currants. PCR-DGGE profiles of bacteria communities of currants

could be demonstrated as possible biological markers of PDO

products. However, more studies with a greater number of samples
are necessary, in order to identify and analyze sequences of dominant
microorganisms in samples according to their geographical origin.
Considering the importance of global food trade and the eco-
nomic impact to food industry, it is essential need to address chal-
lenges regarding food authenticity and traceability. Therefore,
obtained results indicate that DNA-based tools can be applied in
Greek PDO food products and could reveal information about their
provenance by identifying unique biological markers. The present
study, reported for the first time, the application of DNA-based tech-
niques for certifying origin and identity of Greek PDO products by
means of biological markers. Thus, adoption of unique biological
markers of PDO and PGl products could be the key for “farm to table”

mission.

CONCLUSION

In summary, this was the first study to successfully applied
DNA-based methods for Greek PDO
olonghiou and Vostizza currant) traceability and authentication.

(Avgotaracho Mes-

Considering the results of this study, the adoption of DNA-
based tools seems to be very promising for determination of
food geographical origin or authentication among different sam-
ples. In terms of global food trade, the implementation of these
techniques in food industry or in quality authority’s laboratories
could provide a great impact regarding quality schemes, food
labeling, food safety, and food fraud incidents. Further DNA
analysis and application to a variety of foodstuff in a large scale,
may be the proper solution to manage adulterations and to

strengthen consumers’ confidence, as well.
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