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Abstract

Cereals are found in many foods. Testing their authenticity is necessary to comply with the rules of labeling and to
avoid unfair competition. To protect consumers, European Union (EU) law requires labeling of ingredients that cause
allergies or intolerances, especially for cereals containing gluten, such as wheat (including common wheat, durum
wheat, spelled wheat), rye, barley, oats or their hybridized strains and products thereof (OJEU, 2011; OJEU, 2014).
Thus, the identification of cereals in a product is of paramount importance, not only to prevent the risks related to food
safety in sensitive or allergic persons but also to avoid economic fraud.
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INTRODUCTION

Cereals are present in many food products.
Authenticity testing it is necessary in order to
comply to labelling norms and avoid unfair
competition.

EU regulations impose mentions on products
labels of ingredients that could induce allergies
or intolerance reactions, especially for gluten
presence in such as wheat (including common
wheat, durum wheat, spelled wheat), rye,
barley, oats or their hybridized strains and
products thereof (OJEU, 2011; OJEU, 2014).
Thus, the identification of cereals in a product
is of paramount importance, not only to prevent
the risks related to food safety in sensitive or
allergic persons but also to avoid economic
fraud (James and Schmidt, 2004).

The authenticity of cereals has been based in
recent years on high performance techniques
analyzing either protein content or DNA
(Hernandez et al., 2005; Tavoletti et al., 2009;
Bottero and Dalmasso, 2011).

The use of Real time PCR with TagMan
samples is a good alternative when specific and
sensitive detection of the smallest DNA
fragments is required, such as in processed
foods (Bottero and Dalmasso, 2011; Hernandez
et al., 2005; Tavoletti et al., 2009).
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The increased number of researches generated
the need of systematic revues (Simpkims and
Harrison, 1995). However new results make
necessary new revues.

MATERIALS AND METHODS

The present article reviews some of the main
researches in cereal authenticity, focused on
wheat. There are considered genetic studies,
different  analysis  technics, including
spectrometry or PCR. The selection considered
also a diachronic approach for PCR studies
section, in order to suggest the evolution of
researches focuses in the field.

RESULTS AND DISCUSSIONS

Luo et al. (2015), Li et al. (2016) used the
method of element analyser-stable isotope ratio
mass spectrometry, in order to discriminate the
geographical origin of wheat, d13C and d15N
values. Studies on magnetic field effect on cell
differentiation on different wheat genotypes
showed that differences between wheat
genotypes and level of magnetic fields were
significant (Kahrizi et al., 2013). Brescia et al.
(2002) established that the isotopic signature
can be used to develop reliable fingerprints for



regional determination. IR spectrometry was
used in order to develop simple, rapid
technology to determine the origin of products
(Gonzalez-Martin et al., 2014; Zhao et al.,
2013), as well as to determine wheat species
(Ziegler et al., 2016). Fuzzy chromatographic
mass spectrometry proved to be efficient in
discriminate between whole wheat and refined
wheat flours (Geng et al., 2016). Koenig et al.
(2015) used HPLC technics to classify spelt
cultivars, from ‘typical spelt’ to ‘similar to
common wheat’.

Mass spectrometry, combined with
polyacrylamide gel electrophoresis and two-
dimensional gel electrophoresis were used for a
proteomic study to characterize serpin
polymorphisms along 177 Australian and 19
foreign hexaploid as well as 6 tetraploid wheat
varieties (Wu et al., 2012).

Konieczny et al. (2005), studied the
extracellular ~ matrix surface  network
transformation during plant regeneration for
wheat anther culture. Microscopic observations
revealed two distinct types of cells on the callus
surface, arranged in multicellular clusters.
Determination of multi-element composition of
wheat proved to be effective in developing a
fingerprint of geographical origin (Zhao et al.,
2013).

Popping (2002), Pauli et al. (2014), Zorb et al.
(2009) used chemical methods to determine
authenticity of wheat, or adulterations,
including for Triticum aestivum L.

Voorhuijzen et al. (2011), developed a padlock
probe ligation and detection method, a DNA-
based multiplex detection tool to determine
traceability and authenticity for crop plant
materials, wheat included.

Mass spectrometry proves to be an effective
method in contaminants and food adulteration
detection (Gharechahi et al., 2016).

Escherichia coli expression, Western blotting
and tandem mass spectrometry were used to
identify and confirm authenticity of two novel
x-type HMW-GS from wheat line CNU608, as
possibly originated from one octapeptide
deletion and two unequal cross-over events
(Wang et al., 2016; Liang et al., 2015).

Genetic studies
Wang et al.,, 2000, contributed to the first
comprehensive analysis made of restriction
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fragment length ploimorphism of the
mitochondrial (mt) DNA of Triticum aestivum
L. This led to clarification of the nature of
mtDNA variability.

Maat, 2001, offers an overall analysis on
genetic researches and stakeholders
cooperation in wheat breeding in Netherlands,
as a best practice experience.

Genetic analysis of Russian wheat, the history
of prebreeding studies and the genetic diversity
evaluation is reviewed by Mitrifanova (2012),
Novoselskaya-Dragovich et al. (2015).

Results of some new approaches, like “systems
biology”, “genome informatics” or “computa-
tional genome science” are concentrated on
pre-mRNA splicing, organisation  of
transposable elements, identification of protein-
coding genes and RNA genes were developed
into tools by Brendel et al. (2004). Gremme et
al. (2005) proposed a software predictive tool
for gene structure in higher organisms.

The analysis of several storage protein loci,
allow differentiating Asian and European
Triticum spelta L. (Kozub et al., 2014).
Microsatellite markers and in situ hybridization
are valuable techniques in molecular analysis
of triticale lines with different vrn gene systems
(Leonova et al., 2005), as well in confirming
the authenticity of inter-varietal chromosome
substitution lines of Triticum aestivum L.
(Pestsova et al., 2000).

Schmidt et al. (2004), Kara et al. (2018), used
microsatellite SSR  markers in molecular
characterization of Triticum aestivum L.
genotype. The results demonstrate the utility of
microsatellite markers for detecting
polymorphism to estimate genetic diversity.
Similar researches were conducted by Ahmad
et al. (2018), on studying molecular diversity of
Triticum aestivum L. genotypes resistance to
rice weevi (Sitophilus oryzae L.). Results
indicated that microsatellite markers are able to
acces genetic diversity among wheat genotypes
for weevil resistance.

Genetic similarity studies with SSR markers
were conducted on 43 wheat varieties to reveal
genetic relationships in wheat varieties by
Zhang et al. (2002). Studies revealed that
genetic similarities should be based on data
from all genomes, rather than any one genome.
Assessing genetic modification impact on
allergenicity of wheat species concluded that



the differences observed between GM wheats
and their parents are within the range of
cultivated wheats (Lupi et al., 2014)

Song et al. (2002), determined the abundance
of nine different trinucleotide microsatellites in
the wheat genome, the repeat length
distributions of

each and the rates at which they could be
developed into informative markers.

The stress tolerance traits in wheat revealed
that 11 important quantitative trait loci clusters
located on chromosomes 1 BL, 1D, 2A, 2B,
4A, 6B and 7B (Zhang et al., 2014). Disease
resistance studies showed that a wheat - L.
mollis double substitution line DM96 could
induce high resistance to stripe rust and
Fusarium head blight (Zhao et al., 2013).
Influence of regional origin, harvest year and
genotypes are significant in the fingerprints of
the wheat kernels (Liu et al., 2015).

Korzun et al. (1997) showed the role of
microsatellites and their markers as a tool in
determination of wheat authenticity.

The combining ability and authentication of Fy
hybrids in Triticum aestivum L. using SSR
markers revealed that LU»6S as best general
combiner for plant height (Ahmet et al., 2012).
New progress was reported on utilization of
Golden Ball (GB) wheat cultivar and Langdon
- GB lines for genetic and genomic studies in
tetraploid wheat and for improvement of stem
solidness in both durum and bread wheat (Xu et
al., 2014).

Genetic studies on heat stress for Triticum
aestivum L. observed significant differences
among the 19 genotypes considered (Pankjj et
al., 2019).

Low-molecular-weight ~ glutenin  subunits
encoded by Glu-3 complex loci in hexaploidy
wheat, were found to impact the flour quality,
as a comprehensive study revealed. Molecular
characteristics and functional properties were
conducted (Zhen et al., 2014).

Researches on chinese wheat Triticum aestivum
L. landrace Banjiemang identified two novel
HMW-GS genes, designated as 1Bx14* and
1Bx15%*, novel allelic variations of HMW-GS
at Glu-B1 locus, which were probably
exploitable as new resources for quality
improvement of Triticum aestivum L. (Shao et
al., 2015).
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Authentication of Triticum aestivum L. lines
with specific rust resistance using molecular
markers were done for yielding -cultivars
PBW343, UP2338 and WH542, used to
incorporate multiple rust resistance genes from
winter wheat or agronomical inferior wheat
lines (Datta et al., 2008).

By wusing quantitative trait locus (QTL)
detection techniques, Cui et al. (2012), found
that though co-located QTL were universal,
every trait owned its unique QTL and even two
closely related traits were not excluded.
Chromosome sequencing techniques were used
to reveal the partitioning correlated with
meiotic ~ recombination  for  1-gigabase
chromosome 3B of hexaploidy bread wheat.
Comparative analyses indicated high wheat-
specific inter and intrachromosomal gene
duplication activities, source of variability, for
increased adaptability (Choulet et al., 2014).
Kabir et al. (2015) also used two wheat
populations in mapping QTL’s associated with
root traits. Root morphological parameters
were measured for both populations. In total,
54 QTLs for roots traits were detected.
Bagherikia et al. (2014), studied translocation
of chromosome arm 1RS (Secale cereale) to
Triticum aestivum L. improvement. 1AL.1RS
offering higher biotic and abiotic stress
tolerance.  Results 1AL.1IRS  confirmed
“Sholeh” wheat cultivar as the only cultivar
(1.5%) that carries 1AL.1RS, as a successful
translocation process result.

The full-length ¢cDNA sequence (1158 bp)
encoding a ribosomal L5 protein, designated as
TaL5, was firstly isolated from common wheat
(Triticum  aestivum L.) wusing the rapid
amplification of cDNA ends method (RACE).
Stress studies indicated that TaL5 gene was
dramatically induced by salt, drought and
freezing. These implied that TaL5 gene could
preserve function in several stress conditions in
whaet plants (Kang et al., 2012).

Molecular cloning techniques were applied to
isolate the starch-branching enzymes isoform
SBEIIl c¢DNA sequence (3,780 bp) from
common wheat (7riticum aestivum L.) using
RACE. The SBE activity of the protein
expressed in Escherichia coli (BL21) was
measured and verified. During the wheat grain
filling period, TASBEIIl was constitutively
expressed (Kang et al., 2013).



Molecular characterization using real-time
PCR method

Adulteration studies on wheat variety content
in traditional Italian pasta addressed
identification of Triticum aestivum L. presence,
as adulteration agent to Triticum durum. The
PCR of some sequences of 7. aestivum has
been optimised using two sets of primers
designed on puroindoline b gene. The analyses
showed that this method works well also on
high-temperature dried pasta (Arlorio et al.,
2003). Similar interest showed the studies of
Terzi et al. (2003). They proposed qualitative
and quantitative PCR-based methods to detect
hexaploid wheat adulteration in pasta.

PCR techniques were designed for phyloge-
netic analysis of 59 external transcribed spacers
(ETS) region of the 18S ribosomal RNA genes
for some species, including Triticeae. It was
demonstrated that the complete ETS sequences
of the Triticeae yeld coherent phylogenetic
information (Sallares and Brown, 2004).

Mafra et al. (2008), revue on main novelties on
animal products food authentication based on
PCR methods. They emphasized on the method
effectiveness in species authentication or
detection of allergens and GMOs.

PCR was revealed as most efficient method for
a rapid and specific wheat virus diagnostic tool
that also has the potential for investigating the
epidemiology of viral diseases, like dwarf
viruses or mosaic viruses (Deb and Anderson,
2008).

The method was extended in detecting also
vector leafthopper (Psammotettix — alienus
Dahlb.), by Zhang et al. (2010).

A combination of STS markers and multiplex
PCR techniques for Glu-A3 alleles in Triticum
aestivum L. The markers and multiplex-PCR
systems were validated on 141 CIMMYT
wheat varieties and advanced lines with
different Glu-A3 alleles, confirming that they
can be efficiently used in marker-assisted
breeding (Wang et al., 2010)

Specific detection and quantification of
Aspegillus flavus and Asperigillus parasiticus
in wheat flour was studied using two qPCR
assays. Both assays could detect spore
concentrations equal or higher than 106
spores/g in flour samples without prior
incubation. The assays proved to be valuable
tools to improve diagnosis at an early stagein
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all critical control pointa of food chain (Patifio
etal., 2011).

Real-time PCR was tested in quantification of
wheat contamination in gluten-free for for
celiac patients. Values obtained were compared
with those from RS ELISA. They were similar
for majority of tests; however real-time PCR
showed a better sensitivity of the DNA for
some samples. The method was proposed to be
used also as a non-immunological tool to
confirm the presence of wheat (Mujico et al.,
2011).

One hundred and eighty-two bread wheat
cultivars were characterised for low molecular
weight glutenins using SDS-PAGE and allele-
specific PCR. Data found greater consistency
between SDS-PAGE and PCR amplification
patterns for some of the alleles and less
consistency for others. More studies are needed
in order to achieve unambiguous identifications
(Ram et al., 2011)

Amar et al. (2012) studied predictive and early
detection  of  mycotoxigenic  Fusarium
culmorum in wheat. They used multiplex PCR
to detect toxigenic agent with no need of prior
DNA extraction. They concluded the method is
a suitable strategy for high throughput
screening of mycotoxigenic Fusarium.

PCR assay was used in confirming the presence
of HMW-GS in the 29 genotypes of wheat.
Differences between Arabian Australian and
American varieties were identified (Ghazi et
al., 2012).

Kutateladze et al. (2013), have developed
methods of reliable and fast detection of maize
(Zea mays L.) wheat (Triticum aestivum L.)
and soybean (Glycine max L.). They used novel
multiplex PCR techniques. New soybean and
maize specific PCR-primers were developed, as
well as a species-specific triplex PCR targeting
maize invertase gene, soybean lectin gene and
wheat low-molecular-weight glutenin subunit.
Authentication of wheat, barley, rye and oats in
food and feed was studied using four TagMan
real-time PCR assays. Three specific primers
were used. The system showed high specificity
and sensitivity in experimental flour binary
mixture. Method was further applied for 270
food and pet food products, proving to be a
effective tool in authentication of foods with
different labelling schemes, in which the
presence of the targeted cereals was either



declared, not declared or declared as possible
traces (Pegels et al., 2015).

Studies on Fusarium head blight caused by
Fusarium graminearum were performed in
order to discriminate quantitative resistance in
barley and wheat genotypes. A pathogen
inoculation and a quantitative PCR based
protocol were reported.

The method proved to be effective and could be
applied for medium to high throughput barley
and wheat breeding programmes (Kumar et al.,
2015).

Carloni et al. (2017) developed new PCR-
related techniques to detect common wheat
adulteration of durum wheat for pasta
production. They demonstrated the limits of the
method based on gliadin gene. A new
molecular method, based on DNA extraction
from  semolina and  real-time PCR
determination of Triticum aestivum L. in
Triticum spp., was validated.

The variation of high-molecular-weight
glutenin subunits in wheat was studied, based
on a combination of two techniques, PCR
amplification and digestion with
endonucleases. Data allowed detection of
allelic variations that were not clearly by one
technique alone (Wang et al., 2018).

Silleti et al. (2019), studied untargetet DNA-
based methods for authentication of ancient
wheat species and other cereals, present in
modern food products, particularly pasta, bread
and cookies. They used DNA fingerprinting
through tubulin-based species and tested a
series of commercial food products. The assay
has a sensitivity of 0.5-1% w/w in binary detect
possible adulterations.

CONCLUSIONS

There are a large variety of analytical methods
in determination and authentication of cereals.
Infrared techniques, mass spectrometry,
chromatography and chemical determinations
are however less studied compared to genetic
methods, PCR particularly. The last years the
scientists are more focussed in refining old
techniques, overcoming their limits by
developing new assays or by using complex
mixture of techniques.

282

ACKNOWLEDGEMENTS

We thank Prof. Univ. Dr. Doru Ioan MARIN
from USAMYV Bucharest for valuable support
and technical assistance.

REFERENCES

Ahmad, E., Jaiswa, J.P., Badoni, S., Akhtar, M. (2018).
Molecular Diversity of Wheat (Triticum aestivum L.)
Genotypes Resistance to Rice Weevil (Sitophilus
oryzae L.) Revealed by SSR Markers. International
Journal of Current Microbiology and Applied
Sceinces, 7(07): DOI: 10.20546/ijcmas.2018.707.093.

Abdel-Mawgood, A.L. (2008). Molecular markers for
predicting end-products quality of wheat (7riticum
aestivum L.). African Journal of Biotechnology,
7(14), 2324-2327.

Ahmed, M.S., Fhaliq, 1., Farooq, J., Awan, S.I. (2011).
Assessment of the combining ability and
authentication of F 1 hybrids using SSR markers in
wheat  (Triticum  aestivum L.). Frontiers of
Agriculture in China, 5(2), 135—140.

Amar, A.B., Oueslati, S., Ghorbel, A., Mliki, A. (2012).
Prediction and early detection of mycotoxigenic
Fusarium culmorum in wheat by direct PCR-based
procedure. Food Control, 23(2), 506—510.

Arlorio, M., Coisson, J., Cereti, E., Travaglia, F.,
Capasso, M., Martelli, A. (2003). Polymerase chain
reaction (PCR) of puroindoline b  and
ribosomal/puroindoline b multiplex PCR for the
detection of common wheat (Triticum aestivum) in
Italian pasta. FEuropean Food Research and
Technology, 216(3), 253—258.

Bagherikia, S., Karimzadeh, G., Naghavi, M.R. (2014).
Distribution of 1AL.1IRS and 1BL.IRS wheat-rye
translocations in Triticum aestivum using specific
PCR. Bioch. Systematics and Ecology, 55. 20-26.

Bildanova, L., Salina, E., Pershina, L. (2003). Specific
Features of the Nuclear Genome Recombination in
Backcross Progenies of Barley-Wheat Hybrids
Hordeum vulgare L. 2n = 14) " Triticum aestivum L.
(2n = 42). Russian J. of Genetics, 39(12), 1420—
1425.

Bottero, M.T. & Dalmasso, A. (2011). Animal species
identification in food products: evolution of
biomolecular methods. The Veterinary Journal, 190,
34e38.

Brendel, V., Xing, L., Zhu, W. (2004). Gene structure
prediction from consensus spliced alignment of
multiple ESTs matching the same genomic locus.
Bioinformatics, 20(7), 1157—1169.

Brescia, M.A., Di Martino, G., Guillou, C., Reniero, F.
(2002). Combination of the 87Sr/86Sr ratio and light
stable isotopic values (d13C, d15N and dD) for
identifying the geographical origin of winter wheat in
China. Rapid Communication in Mass Spectrometry,
16(24), 2286—2290.

Carloni, E., Amagliani, G., Omiccioli, E., Ceppetelli, V.,
Del Mastro, M., Rotundo, L., Brandi, G., Magnani,



M. (2017). Validation and application of a
quantitative real-time PCR assay to detect common
wheat adulteration of durum wheat for pasta
production. Food Chemistry, 224. 86-91.

Choulet, F., Alberti, A., Theil, S., Glover, N., Barbe, V.,
Daron, J., Pingault, L., Sourdille, P., Couloux, A.,
Paux, E., Leroy, P., Mangenot, S., Guilhot, N., Le
Gouis, J., Balfourier, F., Alaux, M., Jamilloux, V.,
Poulain, J., Durand, C., Bellec, A., Gaspin, C., Safar,
J., Dolezel, J., Rogers, J., Vandepoele, K., Aury Jm
Mayer, K., Berges, H., Quesneville, H., Wincker, P.,
Feuillet, C. (2014). Structural and functional
partitioning of bread wheat chromosome 3B. Science,
345(6194):1249721. doi: 10.1126/science.1249721.

Cui, F., Ding, A., Li, J., Zhao, C., Wang, L., Wang, X.,
Qi, X, Li, X., Li, G., Gao, J., Wang, H. (2012). QTL
detection of seven spike-related traits and their
genetic correlations in wheat using two related RIL
populations. Euphytica, 186(1), 177—192.

Datta, J.K., Bhardwaj, S.C., Prashar, M. (2008).
Development of bread wheat (7riticum aestivum L.)
lines with specific rust resistance genes and their
authentication through molecular markers. Indian
Journal of Genetics and Plant Breeding, 68(2), 113—
123.

Deb, M., Anderson, J.M. (2008). Development of a
multiplexed PCR detection method for Barley and
Cereal yellow dwarf viruses, Wheat spindle streak
virus, Wheat streak mosaic virus and Soil-borne
wheat mosaic virus. Journal of Virological Methods,
148(1-2), 17-24.

Geng, P., Harnly, J., Chen, P. (2016). Differentiation of
bread made with whole grain and refined wheat (7.
aestivum) flour using LC/MS-based
chromatographic. Journal of Food Composition and
Analysis, 47. DOI: 10.1016/j.jfca.2015.12.010.

Gharechahi, J., Zeinolabedini, M., Salekdeh, G.H.
(2016). Proteomics in Detection of Contaminations
and Adulterations in Agricultural Foodstuffs.
Agricultural Proteomics, 1, 67—85.

Ghazy, A.l, Zanouny, A.L, Moustafa, K.A., Al-Doss,
A.A. (2012). Molecular screening of high molecular
weight glutenin genes in spring bread wheat
genotypes in Saudi Arabia. Journal of Food,
Agriculture & Environment, 10(1), 157—161.

Gonzalez-Martin, M.I., Moncada, G.W., Gonzilez-
Pérez, C., Zapata San Martin, N.Z., Lopez-Gonzalez,
F., Ortega, L.L., Hernandez-Hierro, J.M. (2014).
Chilean flour and wheat grain: Tracing their origin
using near infrared spectroscopy and chemometrics.
Food Chemistry, 145, 802—806.

Gremme, G., Brendelb, V., Sparksc, M.E., Kurtz, S.
(2005). Engineering a software tool for gene structure
prediction in higher organisms. Information and
Software Technology, 47(15), 965—978.

Hernandez, M., Esteve, T., Pla, M. (2005). Real-time
polymerase chain reaction based assays for
quantitative detection of barley, rice, sunflower, and
wheat. Journal of Agricultural and Food Chemistry,
53.7003¢7009.

283

Huang, X.-Q., Bralé-Babel, A. (2011). Development of
simple and co-dominant PCR markers to genotype
puroindoline a and b alleles for grain hardness in
bread wheat (Triticum aestivum L.). Journal of
Cereal Science, 53(3), 277-284.

Huber, 1., Block, A., Sebah, D., Debode, F., Morisset, D.,
Grohmann, L. et al. (2013). Development and
validation of duplex, triplex, and pentaplex real-time
PCR screening assays for the detection of genetically
modified organisms in food and feed. Journal of
Agricultural and Food Chemistry, 61, 10293¢10301.

James, D. & Schmidt, A.-M. (2004). Use of an intron
region of a chloroplast tRNA gene (trnL) as a target
for PCR identification of specific food crops
including sources of potential allergens. Food
Research International, 37,395¢402.

Kabir, M.R., Liu, G., Guan, P., Wang, F., Khan, A.A.,
Ni, Z., Yao, Y., Hu, Z., Xin, M., Peng, H. (2015).
Sun q., Mapping QTLs associated with root traits
using two different populations in wheat (7riticum
aestivum L.). Euphytica, 206(1), 175—190.

Kahrizi, D., Cheghamirza, K., Akbari, L., Rostami-
Ahmadvandi, H. (2013). Effects of magnetic field on
cell dedifferentiation and callus induction derived
from embryo culture in bread wheat (7riticum
aestivum L.) genotypes. Molecular Biology Reports,
40(2), 1651-1654.

Kang, G., Li, S., Zhang, M., Peng, H. (2018). Molecular
Cloning and Expression Analysis of the Starch-
branching Enzyme III Gene from Common Wheat
(Triticum aestivum). Biochemical Genetics, 51(5),
DOI: 10.1007/s10528-013-9570-4.

Kang, G.-Z., Peng, H.-F., Han, Q.-X., Wang, Y.-H.,
Guo, T.-C. (2012). Identification and expression
pattern of ribosomal L5 gene in common wheat
(Triticum aestivum L.). Gene, 493(1), 62—68.

Kara, K., Rached-Kanouni, M., Mezghani, N., Mnasri,
S., Ben Naceur, M. (2018). Molecular
characterization of bread wheat genotypes Triticum
aestivum L. through microsatellites ssr markers.
SGEM Scientific Papers DataBase,
https://www.sgem.org/sgemlib/spip.php?article13341.

Koenig, A., Konitzer, K., Wieser, H., Koehler, P. (2015).
Classification of spelt cultivars based on differences
in storage protein compositions from wheat. Food
Chemistry, 168, 176—182.

Konieczny, R., Bohdaniwicz, J., Czaplicki, A., Przywara,
L. (2005). Extracellular matrix surface network
during plant regeneration in wheat anther culture.
Plant Cell Tissue and Organ Culture, 83(2), 201—
208.

Korzun, V., Borner, A., Worland, A.J., Law, C.N.,
Roder, M.S. (1997). Application of microsatellite
markers to distinguish inter-varietal chromosome
substitution lines of wheat (7riticum aestivum L.).
Euphytica 95(2), 149—155.

Kozub, N.A., Boguslavskii, R.L., Sozinov, LA.,
Tverdokhleb, Ye.V., Xynias, LN., Blume, Ya.B.,
Sozinov, A.A. (2014). Alleles at Storage Protein Loci
in Triticum spelta L. Accessions and Their



Occurrence in Related Wheat.,
Genetics, 48(1), 33—41.

Kumar, A., Karre, S., Dhokane, D., Kage, U., Hukkeri,
S., Kushalappa, A.C. (2015). Real-time quantitative
PCR based method for the quantification of fungal
biomass to discriminate quantitative resistance in
barley and wheat genotypes to fusarium head blight.
Journal of Cereal Sciences, 64. 16—22.

Kutateladze, T., Gabriadze, 1., Vishnepolsky, B.,
Karseladze, M., Datukishvili, N. (2013).
Development of triplex PCR for simultaneous
detection of maize, wheat and soybean. Food
Control, 34(2), 698—702.

Leonova, I.N., Dobrovolskaya, O.B., Kaminskaya, L.N.,
Adonina, I.G., Koren, L.V., Khotyljova, L.V., Salina,
E.A. (2005). Molecular Analysis of the Triticale
Lines with Different Vrn Gene Systems Using
Microsatellite Markers and Hybridization In Situ.
Russian Journal of Genetics, 41(9), 1014—1020.

Li, C., Dong, H., Luo, D., Xiang, Y., Fu, X. (2016).
Recent Developments in Application of Stable
Isotope and Multi-element Analysis on Geographical
Origin Traceability of Cereal Grains. Food Analitical
Methods, 9(16), 1512—1519.

Liang, X., Zhen, S., Han, C., Wang, C., Li, X., Ma, W.,
Yan, Y. (2015). Molecular characterization and
marker development for hexaploid wheat-specific
HMW glutenin subunit 1Byl8 gene. Molecular
Breeding, 35, 221: DOI: 10.1007/s11032-015-0406-
2.

Liu, H., Guo .2, Wei, Y., Wei, S., Ma, Y., Zhang, W.
(2015). Effects of region, genotype, harvest year and
their interactions on d13C, dI5N and dD in wheat
kernels. Food Chemistry, 171. 56—61.

Luo, D., Dong, H., Luo, H., Xian, Y., Wan, J., Guo, X.,
Wu, Y. (2015). The application of stable isotope ratio
analysis to determine the geographical origin of
wheat. Food Chemistry, 174. 197-201.

Lupi, R., Mascia, S., Rogniaux, H., Tranquet, O.,
Brossard, C., Lafiandra, D., Moneret-Vautrin, D.A.,
Denery-Papini, S., Larré, C. (2014). Assessment of
the allergenicity of soluble fractions from GM and
commercial genotypes of wheats, Journal of Cereal
Science, 60(1), 179—186.

Maat, H. (2001). Genetics and Plant Breeding: Wheat in
the Netherlands. The International Library of
Environ., Agricultural and Food Ethics, 117—142.

Mafra, 1., Ferreira, IM.P.L.V.O., Beatriz, M., Oliveira,
P.P.,, (2008). Food authentication by PCR-based
methods. European Food Research and Technology,
227(3), 649—665.

Mitrofanova, O.P. (2012). Wheat Genetic Resources in
Russia: Current Status and Prebreeding Studies.
Russian Journal of Genetics Applied Research, 2(4),
277-285.

Mujico, J.R., Lombardia, M., Mena, M.C., Méndez, E.,
Albar, J.P. (2011). A highly sensitive real-time PCR
system for quantification of wheat contamination in
gluten-free food for celiac patients. Food Chemistry,
128(3), 795-801.

Cytology and

284

Novoselskaya-Dragovich, A.Yu., Bespalova, L.A.,
Shishkina, A.A., Melnik, V.A., Upelniek, V.P.,
Fisenko, A.V., Dedova, L.V., Kudryavtsev, A.M.
(2015). Genetic Diversity of Common Wheat
Varieties at the Gliadin Coding Loci. Russian
Journal of Genetics, 51(3), 262—271.

Pankajj, Y.K., Vasantro, M.J., Prakash, N., Jat, R.K.,
Kumar, R., Kumar, V., Kumar, P. (2019).
Characterization of wheat (Triticum aestivum L.)
genotypes  unraveled by molecular markers
considering heat stress. Open Agriculture, 4(1), DOI:
https://doi.org/10.1515/0pag-2019-0037.

Patino, B., Gonzalez-Jaén, M., Vazquez, C., Gil-Serna, J.
(2011). Specific detection and quantification of
Aspergillus flavus and Aspergillus parasiticus in
wheat flour by SYBR® Green quantitative PCR.
International Journal of Food Microbiology, 145(1),
121-125.

Pauli, E.D., Barbieri, F., Garcia, P.S., Madeira, T.B.,
Accquaro Junior, V.R., Scarmino, I.S., Da Camara,
C.A.P., Nixdorf, S.L. (2014). Detection of ground
roasted coffee adulteration with roasted soybean and
wheat. Food Research International, 61. 112—119.

Pegels, N., Alonso, I.G., Garcia, T., Martin R. (2015).
Authenticity testing of wheat, barley, rye and oats in
food and feed market samples by real-time PCR
assays. Lebensmittel-Wissenschaft + [i.e. und]
Technologie, 60(2), 867—875.

Pereira, F., Carneiro, J. & Amorim, A. (2008).
Identification of species with DNA based technology:
current progress and challenges. Recent Patents on
DNA & Gene Sequences, 2, 187¢200.

Pestsova, E., Salina, E., Borner, A., Korzun, V.,
Maystrenko, O.1., Roder, M.S. (2000). Microsatellites
confirm the authenticity of inter-varietal chromosome
substitution lines of wheat (Triticum aestivum L.).
Theoretical and Applied Genetics, 101(1-2), 95-99.

Popping, B. (2002). The application of biotechnological
methods in authenticity testing. Journal of
Biotehnology, 98(1), 107—112.

Ram, S., Sharma, S., Verma, A., Tyagi, B.S., Pefia, R.J.,
(2011). Comparative analyses of LMW glutenin
alleles in bread wheat using allele-specific PCR and
SDS-PAGE. Journal of Cereal Science, 54(3), 488—
493.

Sallares, R., Brown, T.A. (2004). Phylogenetic analysis
of complete 59 external transcribed spacers of the
18S ribosomal RNA genes of diploid Aegilops and
related species (Triticeae, Poaceae). Genetic
Resources and Crop Evolution, 51(7), 701-712.

Schmidt, A.L., Gale, K.R., Ellis, M.H., Giffard, P.M.
(2004). Sequence variation at a microsatellite locus
(XGWM261) in hexaploid wheat (Triticum aestivum)
varieties. Euphytica, 135, 239-246.

Shao, H., Liu, T.-H., Ran, C.-F., Li, L.-Q., Yu, J., Gao,
X., Li, X.-J. (2015). Isolation and molecular
characterization of two novel HMW-GS genes from
Chinese wheat (7riticum aestivum L.) landrace
Banjiemang. Genes & Genomes, 37(1), 45-53.

Silletti, S., Morello, L., Gavazzi, F., Giani, S. Braglia, L.,
Breviario, D. (2019). Untargeted DNA-based



methods for the authentication of wheat species and
related cereals in food products. Food Chemistry,
271,410—418.

Simpkins, W., Harrison, M. (1995). The state of the art
in authenticity testing, Trends in Food Science &
Technology, 6(10), 321-328.

Song, Q.J., Fickus, W., Cregan, P.B. (2002).
Characterization of trinucleotide SSR motifs in
wheat. Theoreticla and Applied Genetics, 104(2-3),
286-293.

Tavoletti, S., lommarini, L. & Pasquini, M. (2009). A
DNA method for qualitative identification of plant
raw materials in feedstuff. European Food Research
and Technology, 229. 475e¢484.

Terzi, V., Malnati, M., Barbanera, M., Stanca, A.M.,
Faccioli, P. (2003). Development of analytical
systems based on real-time PCR for Triticum species-
specific detection and quantitation of bread wheat
contamination in semolina and pasta. Journal of
Cereal Science, 38(1), 87-94.

Voorhuijzen, M.M., Van Dijk, J., Van Hoef, A. (2011).
Development of a multiplex DNA-based traceability
tool for crop plant materials. Analytical and
Bioanalytical Chemistry, 402(2), 693—701.

Wang, C., Shen, X., Wang, K., Yanlin, L. (2016).
Molecular characterization and functional properties
of two novel x-type HMW-GS from wheat line
CNU608 derived from Chinese Spring Ae. caudata
cross. Journal of Cereal Science, 68, 16—24.

Wang, G.-Z., Matsuoka, Y., Tsunewaki, K. (2000).
Evolutionary features of chondriome divergence in
Triticum (wheat) and Aegilops shown by RFLP
analysis of mitochondrial DNAs. Theoretical and
Applied Genetics, 100(2), 221-231.

Wang, L., Li, G., Pefia, R.J., Xia, X., He, Z. (2010).
Development of STS markers and establishment of
multiplex PCR for Glu-A3 alleles in common wheat
(Triticum aestivum L.). Journal of Cereal Science,
51(3),305-312.

Wang, Z., Huang, L., Wu, B., Hu, J., Jiang, Z., Qi, P.,
Zheng, Y., Liu, D. (2018). Identification and
characterization by PCReRFLP analysis of the
genetic variation for the Glu-Alx and Glu-Blx genes
in rivet wheat (7riticum turgidum L. ssp. turgidum).
International Journal of Molecular Sciences, 19(4),
923, doi: 10.3390/ijms19040923.

Wu, M.J., McKay, S., Howes, N., Chin, J., Hegedus, E.
(2012). Identification of novel serpin isoforms and
serpin polymorphisms among Australian wheat,
Journal of Cereal Science, 55, 202—209.

Xu, S.S., Chu, C., Chao, S., Klindworth, D. (2010).
Marker-assisted characterization of durum wheat
Langdon-Golden Ball disomic substitution lines.
Theoretical and Applied Genetics, 120(8), 1575—
1585.

Zhang, H., Cui, F., Wang, H. (2014). Detection of
quantitative trait loci (QTLs) for seedling traits and
drought tolerance in wheat using three related
recombinant inbred line (RIL) populations.
Euphytica, 196(3), 313-330.

285

Zhang, X., Zhou, G., Wang, X. (2010). Detection of
wheat dwarf virus (WDV) in wheat and vector
leafhopper (Psammotettix alienus Dahlb.) by real-
time PCR. Journal of Virological Methods, 169(2),
416-419.

Zhang, X., Li, C., Wang, L., Wang, H., You, G., Dong,
Y. (2002). An estimation of the minimum number of
SSR alleles needed to reveal genetic relationships in
wheat varieties. 1. Information from large-scale
planted varieties and cornerstone breeding parents in
Chinese wheat improvement and production.
Theoretical and Applied Genetics, 106(1), 112—117.

Zhao, H., Guo, B., Wei, Y., Zhang, B. (2013). Multi-
element composition of wheat grain and provenance
soil and their potentialities as fingerprints of
geographical origin. Journal of Cereal Sciences,
57(3), 391-397.

Zhao, H., Guo, B., Wei, Y., Zhang, B. (2013). Near
infrared reflectance spectroscopy for determination of
the geographical origin of wheat. Food Chemistry,
138(2-3), 1902—1907.

Zhao, J.-X., Du, W.-L., Wu, J., Cheng, X.-N. (2013).
Development and identification of a wheat-Leymus
mollis multiple alien substitution line. Euphytica,
190(1): DOI: 10.1007/s10681-012-0772-3.

Zhen, S., Han, C., Ma, C., Gu, A. (2014). Deletion of the
low-molecular-weight glutenin subunit allele Glu-
A3a of wheat (Triticum aestivum L.) significantly
reduces dough strength and breadmaking quality.
BMC Plant Biology, 14, 367. doi: 10.1186/s12870-
014-0367-3

Zhen, S., Han, C., Ma, C., Gu, A., Zhang, M., Shen, X.,
Li, X., Yan, Y. (2014). Deletion of the low-
molecular-weight glutenin subunit allele Glu-A3a of
wheat (Triticum aestivum L.) significantly reduces
dough strength and breadmaking quality. BMC Plant
Biology, 367. DOI:10.1186/s12870-014-0367-3

Ziegler, J.U., Leitenberger, M., Friedrich, C., Longin, H.,
Wiirschum, T., Carle, R., Schweiggert, R.M. (2016).
Near-infrared reflectance spectroscopy for the rapid
discrimination of kernels and flours of different
wheat species. Journal of Food Composition and
Analysis, 51, 30-36.

Zorb, C., Betsche, T., Langenkédmper, G. (2009). Search
for Diagnostic Proteins to Prove Authenticity of
Organic Wheat Grains (Triticum aestivum L.).
Journal of Agricultural Chemistry, 57(7), 2932—
2937.

***Official Journal of the European Union (OJEU)
(2011). Commission Regulation 1169/ 2011/EC of
the European Parliament and of the Council of 25
October 2011 on the provision of food information to
consumers, amending Regulations (EC) No
1924/2006 and (EC) No. 1925/2006 of the European
Parliament and of the Council, and repealing
Commission  Directive ~ 87/250/EEC,  Council
Directive 90/ 496/EEC, Commission Directive
1999/10/EC, Directive 2000/13/EC of the European
Parliament and of the Council, Commission
Directives  2002/67/EC  and  2008/S/EC  and
Commission Regulation (EC) No 608/2004. The
Official Journal of the European Union, L304, 18¢63.



URL http://eur-lex.europa.eu/LexUriServ/LexUri
Serv.do? uri’40J: L:2011:304:0018:0063:EN: PDF
Accessed 23.01.14.

***0Official Journal of the European Union (OJEU)
(2014). Commission Regulation 78/ 2014/EC of 22
November 2013 amending annexes II and III to
Regulation (EU) No. 1169/2011 of the European

286

Parliament and of the Council on the provision of
food information to consumers, as regards certain
cereals causing allergies or intolerances and foods
with added phytosterols, phytosterol esters,
phytostanols or phytostanol esters. The Official
Journal of the European Union, L27, 7¢e8.



