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Aim

The aim of this report is to provide a current review on the use of existing and
emerging DNA technologies with respect to their application for determining
the geographical point of origin of food stuffs. This review evaluates the
performance of DNA based techniques which could be utilised for the
traceability of food products and as an aid in enforcement of EU regulation
1169/2011 for food labelling compliance. Example applications of country of
origin labelling are provided, as well as the potential advantages and
disadvantages of each of the DNA based technologies.

Executive summary

Recent changes in EU legislation have highlighted the requirement for the
traceability of food produce. The recently implemented EU Regulation 1169/2011
stipulates that all fresh and frozen meat and fish products must be clearly labelled
with their geographic origin as of December 2014. Although both elemental and
isotopic based measurements have provided the basis for much of the information
pertaining to the point of origin of food products during the last decade, alternative
rapid and cost effective methodologies will be required in order to assist the relevant
authorities with enforcement of the new labelling requirements (e.g. for Government
Chemist referee cases). Molecular biology approaches focusing on DNA-based

techniques are increasingly being evaluated for use in traceability studies, as is



evident from the number of national and international traceability projects now in

existence.

DNA based approaches for country of origin labelling include Cleaved Amplified
Polymorphisms (CAPS), microsatellites, species specific PCR amplification, Single
Nucleotide Polymorphisms (SNPs), and DNA sequencing (e.g. targeting the nuclear
genome or the metagenome). CAPS often require prior DNA sequence knowledge of
the target species genome, and incomplete amplicon restriction can result in the
generation of ambiguous fingerprints. Microsatellites have been shown to be highly
reproducible and informative, but somewhat limited in their throughput and can be
resource intensive. Species specific PCR amplification can be rapid, robust and cost
effective, but again is dependent upon the availability of prior accurate DNA
sequence information of the species of interest. SNPs have a high frequency of
occurrence, are highly reproducible and the analysis can be automated. With the
advent of modern DNA sequencing approaches, barcoding mitochondrial targets can
be cost effective, and there is broad acceptance for the use of this approach for
speciation analysis by the general scientific community. Metagenomics (sequencing
the population of microbial genomes associated with a sample) may have the
greatest potential for country of origin labelling, but requires a large investment of
resources in databasing, bioinformatics and dedicated IT expertise in order to

support this new and evolving area.

As with those approaches based on chemical and isotopic composition of a sample,
the accuracy of many of these DNA based methods will only be as good as the
accuracy of available databases detailing the correct information. Chemical and
isotopic measurement techniques are likely to remain the definitive methods of
choice with respect to determining the geographical point of origin of a broad
spectrum of biological and non-biological substances, but DNA based methods can
serve as a means for either screening a sample of interest, or as an adjunct to

conventional analytical methods.



Introduction

In today’s modern society, consumers demand clear and accurate information about
the food they consume in order to enable them to make informed decisions
regarding their diet and the nature of the food they purchase. The reasons for this
are numerous, but decreased public confidence in food quality and safety,
particularly for those products which are produced outside of the UK or EU, rank
highly. Many of these concerns have been shown to be as a result of the number of
food associated health scares that have recently come to the public attention, which
have included concerns about bovine spongiform encephalopathy (BSE) [1], the UK
2007 foot and mouth disease outbreak [2], and the 2013 EU horse meat issue [3, 4].

Prior to 2015, UK food regulation was legislated for by the 1996 food regulation act,
[5] and EU directive 2000/13/EC [6] which required that the food supplied to a
consumer must be exactly what was stated on the product label, or in its description.
As of December 2014 this legislation was extended with the implementation of EU
council regulation 1169/2011 EU which made it obligatory that all fresh and frozen

meat, as well as fish produce, be clearly labelled with the point of origin.

In the majority of cases, the existence of conventional paper traceability and tagging
systems are likely to assist in improving consumer confidence. However, due to
modern widespread transportation of food products across international borders,
numerous opportunities now exist for the unscrupulous relabelling of products by the
criminal fraternity. As a consequence, there exists a growing requirement from the
enforcement agencies, for access to rapid and reliable analytical methods that can
verify the validity of source of origin labelling. This requirement will provide a
significant driver to the scientific community to assist with the development of new
techniques and assays which will enhance current capability in the determination of

point of origin for many food products.

Determination of the point of origin of food and food products is an analytically
challenging problem, and one that is currently the focus of global scientific attention,
particularly in Europe and the United States. A number of different techniques have
been evaluated for the purpose of addressing this question, of which the majority
have been focused on the use of mass spectrometry based techniques. These fall

into three broad categories including those which employ the analysis of elemental



composition, particularly methods based on inductively coupled plasma atomic
emission spectroscopy (ICPMS) [7], those which analyse stable isotope ratio’s, such
as isotope ratio mass spectrometry (IRMS) [8], or those based on a combination of

the two approaches [9].

Recent publications in the field have highlighted a number of studies that have
examined a range of alternative approaches. These have included methods based
on the technique of nuclear magnetic resonance spectroscopy (NMR) [10], near and
infrared spectroscopy (NIR)[11-13], multispectral imaging (MSI) ([14]) and nucleic

acid sequence composition [15, 16].

DNA based technologies

Although conventional analytical approaches such as IRMS and ICPMS are capable
of providing a good indication as to the likely geographical origin of a sample,
instrumentation and running costs, plus the requirement for highly trained analysts,
and a protracted workflow, make their use for routine sample analysis difficult. With
lower cost implications, and an increasing number of nucleic acid based assays
becoming available for food authenticity testing, DNA-based molecular methods
have experienced a rapid uptake by many enforcement agencies. Recent technical
advances with nucleic acid based marker systems have made the exploitation of
genetic variation, where present, possible, and which can be used to provide an
indication as to where a product may have originated. A number of techniques have

been, or are currently in the process of being evaluated for this purpose [17-19].

Three characteristics of DNA make it an extremely useful tool for food authenticity
testing. Firstly it is an extremely stable and durable bio-molecule that can be
recovered from a variety of biological materials including those that have been
subject to non-optimal storage conditions. Secondly, it is found in all biological
tissues or fluids that contain nucleated cells (or non-nucleated with respect to
mitochondria or plastids). And thirdly, DNA can provide more information than other
bio-molecules owing to the degeneracy of the genetic code and the presence of

significant stretches of non-coding regions.

Numerous technical advances within the field of molecular genetics have enabled

the routine analysis of genetic variation to be performed in many food testing



accredited laboratories. Current molecular methods are quick, precise and reliable,
and as a result the analysis of genetic variation has rapidly become the method of
choice for a number of applications including that of food authenticity. Many of the
DNA-based approaches used for authenticity testing have the potential to be applied

to determining a sample’s point of origin.

The choice of DNA technology is principally governed by sample DNA quality and
integrity. For example, Quinteiro et al [20] found that attempts to detect gene specific
fragments above 299 bp were unsuccessful when analysing DNA isolated from
canned processed tuna. DNA degradation in raw meat, as verified by comet assay
[21], has been reported to progress at relatively slow rates at temperatures below
4°C [22]. However, on exposure to high temperatures and pressure as would be
experienced during the canning process, DNA tends to degrade rapidly. For
example, the high temperature and pressures used during sterilization procedures
have been shown to degrade DNA into fragments of 500 bp or less [7]. In addition,
treatment with heat or acid can also result in the depurination of DNA [23] which
would preclude its use with many amplification, or ligation based technologies [24].

Cleaved Amplified Polymorphic Sequences (CAPS)

The cleaved amplified polymorphic sequence method (CAPS), is an extension of the
restriction fragment length polymorphism (RFLP) approach. RFLPs are based on a
technique which exploits previously characterised DNA sequence variation existing
between two samples, and which has led to the modification of a DNA restriction
enzyme recognition sites at, or close to, a locus of interest. The technique involves
the fragmentation of a DNA sample using a restriction enzyme or enzymes, followed
by the size separation of the resulting DNA fragments using agarose gel or capillary
electrophoresis. An RFLP occurs when the length of a detected fragment varies
between two individuals, and the resulting pattern of fragments detected can be used
as a means of identification [25]. CAPS works on the principle that genetic
differences between individuals can create or abolish restriction endonuclease
restriction sites, and that these differences can be detected in the resulting DNA
fragment length following digestion of the amplicon with an appropriate
endonuclease restriction enzyme. The method offers several key advantages over
the original RFLP method, including: simplified workflow, high through-put capacity,
and robust data generation [26]. The technique has been widely applied for the
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analysis of plant [27, 28] meat [18, 29], and fish [20, 30] based samples, and has
been reported as being used for identification of the possible geographical source of
numerous species, including: beef [31], swordfish (Xiphias gladius) [32], papaya [33],
and coffee [34]. However, the technique requires some prior sequence knowledge of
the amplicon or target species genome, and suffers from problems associated with
incomplete amplicon restriction which can result in the generation of ambiguous
fingerprints. Despite these limitations this method is one of the most frequently used
molecular approaches for point of origin analyses [35].

Microsatellites

Microsatellites, or simple sequence repeats (SSRs), are tandemly repeated units of
short nucleotide motifs. They are typically co-dominant and have been routinely used
for kinship, population and other speciation based studies. However, they can also
be used for studies of gene duplication or deletion, with marker assisted breeding
selection, or for genetic fingerprinting. Historically, microsatellites were first used
using DNA hybridisation based techniques. However, with the development of PCR
technology the marker system is now primarily performed with use of amplification
technology. By designing primers to the regions flanking the microsatellite locus, an
amplicon can be generated which reflects the number of repeats present at a locus
of interest. Variation in amplicon size can be visualised with use of gel or capillary
electrophoresis which can aid with maximising sample throughput. Because the
regions flanking microsatellite loci can provide specificity at both the genus and
species level [36, 37], their use can be used to provide an indication as to point of
origin.

Microsatellite analysis has been shown to be an effective tool for individual
assignment as well as genetic variation analysis [38, 39], and have been used to
identify the point of origin of numerous commercially important species. For example,
Yuan et al, [40] have reported on the use of a panel of 12 Dendrobium derived
microsatellite markers to differentiate between Dendrobium species (Orchidaceae)
originating from different geographical locations. In Traditional Chinese Medicine
(TCM), an important class of medicine is produced from the stems of various
Dendrobium species (Orchidacea), and medicinal practitioners hold the consensus
that herbs grown in different geographical locations vary in their curative effects [41-

43]. Selecting an appropriate population of medicinal herbs is therefore a key factor
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in the modernisation of TCM [43] and Yuan et al conclude that availability of marker
data will assist in the authentication of Dendrobium TCM products. Microsatellites
have also been reported in the literature as being used to identify: cultivars of apple
[44, 45], as well as breeds of goat [46, 47], cattle[48, 49], geese [50, 51], and sheep
[52, 53]. Microsatellite analysis has been shown to be highly reproducible and
informative, but the throughput can be limiting compared to more modern DNA
approaches, as well as sometimes being technically challenging and needing a large

number of consumables in the laboratory environment.

Species-specific PCR primers

With the availability of high quality sequence information for an increasing number of
plant, animal and microbial species, it is now possible to identify phylogenetically
informative molecular markers for a number of important species including Atlantic
sturgeons (Acipenser sturio, Acipenser oxyrinchus) [54], truffle (Tuber magnatum
Pico) [55], and Barley (Hordeum.vulgare L) [56] .The availability of such
comprehensive sequence information can enable the PCR assays to be designed
that under suitable reaction conditions will lead to the synthesis of an amplicon only
in the presence of DNA from the target species. This approach has been applied to
point of origin studies for a number of plant, animal and fish species, including:
wheat and barley [57], chicken, turkey, pig, cow and sheep [58], and oyster
(Crassostrea ariakensis) [59]. The approach is rapid, robust and cost effective, and
has the added advantage that it can be adapted to provide quantitative estimates of
target abundance when utilising quantitative real-time PCR (QPCR). These attributes
have collectively resulted in gPCR becoming the gold standard method for species

determination and quantification.

Single Nucleotide Polymorphisms (SNPs)

SNPs have been reported as being the most frequently occurring form of DNA
sequence polymorphism [60]. Due to their frequency of occurrence, comparatively
dense and uniform distribution in genomes, SNPs provide an important source of
variability for use in a number of applications, including the identification of species
and cultivars [61, 62]. Although individual SNPs are less informative than many other
marker types because of their biallelic nature, they have several key advantages
which include: high frequency of occurrence, associated ease of automation, low-



scoring error rates and high levels of SNP assay reproducibility both within and
between laboratories [63]. Initial development of SNP based assays were based on
microarray hybridisation technology [64]. This is still the case where high throughput
genome wide association studies are required to be performed [64], however in
many instances where small subsets of SNPs are required the use of hybridisations
has been replaced with amplification based assays. This format has been applied for
traceability studies to: beef samples [65-67], fish [68, 69], and olive oil [70].

DNA sequencing

Technical advances in the field of molecular biology has seen some of the previously
mentioned DNA based methods for species identity superseded by the introduction
of more efficient DNA based sequencing approaches. The DNA sequencing of an
organism’s genome is theoretically the definitive means of identification. Although
Next Generation Sequencing (NGS) technology has made possible the high
resolution sequencing of an individual or population of organisms [71, 72], the
approach is currently too expensive and time consuming for use in routine testing of
food samples. However, the adoption of alternative sequencing strategies which
include sequence analysis at single or multiple loci (DNA Barcoding) [73-75] or of
microbial communities present on the surfaces of food samples, could prove

valuable in the determination of a samples geographical point of origin.

DNA sequencing of mitochondrial targets (DNA Barcoding)

DNA barcoding has been proposed as a universal means for species determination
[73] as well as for the identification of geographical origin [76]. The rational
underlying the approach is that the barcode sequence should unequivocally
correspond to an individual species [77]. The method is both rapid and cost effective
to implement, and has been broadly accepted by the scientific community as being
the definitive method for species identification as demonstrated by the existence of
multiple international barcoding projects (e.g., iBOL, PolarBOL, FISHBOL and
BIOTRACER).

In practice, DNA barcoding employs the sequencing of, short, standardised DNA
sequences, which can then function as a molecular tag in the classification of an

organism [73]. The DNA sequence of the CO1 mitochondrial gene in animals, and



rbcL or matK genes in plants, have been shown to exhibit sufficient sequence

variation to allow accurate discrimination at the species level.

Animal DNA barcoding has recently been successfully used for the authentication of
numerous types of food sample. For example, in the seafood industry, barcoding has
been used to expose the fraudulent substitution of premium fish species (e.g., Red
snapper, Sea bass and Alaskan halibut) with cheaper samples (e.g., Lavender
jobfish, Stripped bass, Skate, and Atlantic halibut) [74, 78-80] and was sufficiently
sensitive to give an indication of the likely point of geographical origin based on the
natural distribution of global stocks. DNA barcoding has also been used in the meat
industry where it has been used to verify the authenticity and likely point of origin of

bushmeat [81], wild game [82], and domesticated pork [83].

Tillmar et al [72], have reported on the use of NGS for species identification of
mammals from mixed samples. The sequencing of single copy nuclear genes has
also been investigated as one possible approach for determining the geographical
origin of plant, animal and microbial derived samples. For example, use of sequence
analysis of the amylose biosynthesis gene Waxy (Wx) has been reported by Olsen
and Puruggana as being used for the determination of glutinous rice samples (Oryza
sativa var. glutinosa) [84]. Similarly, sequence variation in the puroindoline b gene
has been reported to have been used to distinguish between European hard wheat
species by Lillemo and Morris [85]. However, the technique requires extensive prior
sequence knowledge of the target sequence, and selection of an appropriate target
needs to be performed on a case by case basis. In the case of plant material,
extensive optimisation of the primer sequence is frequently required in order to
accommodate problems associated with poly and aneuploidy genomes which are

likely to contain multiple orthologous copies of the target.

DNA sequencing of microbial flora (Metagenomics)

With the introduction of commercial NGS services, microbial community profiling is
currently being evaluated across many fields of interest, including industry [86],
clinical [87], and environmental microbiology [88]. The surfaces of most objects,
including food and feedstuffs, are populated by a variety of microorganisms, or their
fragments. The variety and abundance of these microbes is dependent upon a

variety of environmental factors (e.g. climate, soil ecology, spoilage, insects, disease



etc.), as well as through the activities of man and animals [89], and are indicative of
a sample’s point of origin. Sequencing of the entire or specific regions of these
microbial genomes (often referred to as metagenomics sequencing) can be used to
give an indication of the likely point of origin of a sample. Microbial complement
shotgun sequencing has previously been used as means of determining the
geographical origin of samples for a number of studies, from determining the
patterns of modern human migration [90, 91] to the determination of fruit origin [92],
but also for identifying the source of Belgian sourdoughs [93] and artisanal Zlatan
cheeses [94]. In contrast to shotgun sequencing approaches, a number of optional
sequencing targets have been described in the literature, and have included the 26S
rDNA sequence of yeast communities [92], hyper variable regions of the 18S rRNA
gene [95, 96], and the 5’ region of the mitochondrial cytochrome ¢ oxidase subunit 1
[73]. However, adoption of the technique would require the establishment of a global
microbial distribution database as well as extensive use of NGS technology. Both of

these attributes currently preclude its use on a day to day basis.

Conclusions

From December 2014, the European Union required that all fresh and frozen meat,
as well as fish produce, be clearly labelled with their geographical point of origin
(Council regulation1169/2011 EU). Although the existing paper traceability and
tagging systems may help towards providing consumer confidence in the
geographical origin of foods on sale in the retail market, this form of traceability has
be shown to be easily subject to criminally fraudulent activity. There is a growing
requirement for Enforcement Agencies to have access to reliable analytical methods
that can be used to verify point of origin labelling.

Currently, traceability of the geographical origin for food and food products relies on
the use of a variety of chemical and isotopic measurement technigues. These have
included analysis of mineral composition, analysis of elemental isotope ratio’s;
nuclear magnetic resonance spectroscopy (NMR); Near and Infrared Spectroscopy
(NIR); and the analysis of nucleic acid sequence composition.

Molecular biology approaches that target DNA are being increasingly used for

geographical traceability, since they tend to be relatively quick, precise and reliable.
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DNA based approaches for country of origin labelling include Cleaved Amplified
Polymorphisms (CAPS), microsatellites, species specific PCR amplification, Single
Nucleotide Polymorphisms (SNPs), and DNA sequencing (e.g. targeting the nuclear
genome or the metagenome). A summary of example applications in the area of
country of origin labelling, along with potential advantages and disadvantages of
these approaches, is presented in Table 1. However, with use of any of these
methods, DNA integrity is a critical factor in predicting the probability of a successful
outcome. This limitation becomes particularly prominent when working with highly
degraded DNA, such as that isolated from highly processed foods. In these
instances the choice of approach and likelihood of success become progressively

restrictive with increased levels of sample degradation.

The major limitation of all of the methods reviewed here, with the exception of
microfloral sequencing, is that they infer geographical origin from identifying those
individuals, particularly with respect to elite cultivars and breeds, most likely to be
genetically suited to exist at a particular geographical location (e.g. adapted to local
environmental conditions, resistant to disease etc.). This does not take into account
the practicing of modern day methods where domesticated animals or plants are
frequently reared at a considerable geographical distance from their natural point of
origin. Exceptions to this are seen with wild game [97] and various wild medicinal
plant cultivars [98], but primarily with open sea or ocean fish stocks, where SNP
genotyping approaches in particular [99] have been used to identify the origins of

trawler catches.

Recent developments in the field of DNA sequencing, particularly with respect to the
technical advances in the field of next generation sequencing (NGS), will see the
development of means for determining the diversity of microbial microflora present
on the surface of a sample (the metagenome). This form of approach would most
likely involve amplicon sequencing in order to reduce data complexity, and is likely to
become a practical technical reality in the future. As such it would provide an
alternative means for identifying the geographical point of origin for a sample. As with
those approaches based on chemical and isotopic composition however, these
methods will also rely on the availability of databases detailing the natural distribution

of micro-organisms throughout the world.
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Chemical and isotopic measurement techniques are likely to remain the definitive
methods of choice with respect to determining the geographical point of origin of a
broad spectrum of biological and non-biological substances. However, even these
approaches are limited by the availability of appropriate databases describing the
global distribution of minerals and isotopic elements. Currently therefore, DNA-based
methods are likely to serve as the means of a primary screen of a sample, or as an

adjunct to conventional analytical methods.
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DNA based approach References Examples Advantages Potential disadvantages
Microsatellites [44, 100, 101] | Medicinal herbs High specificity Large consumable requirement

[40, 44, 102] Apple cultivars High reproducibility Moderate throughput

[45, 48, 49] Wild boar Highly informative Limited targets

Cattle breeds Technically challenging

CAPS [18, 28, 34] Plants Simple technique Moderate throughput

[20, 30] Animals High specificity Erroneous results from partial digestion

Fish High reproducibility

SNPs [65] European beef Highly informative Moderate throughput

[103] Chinese pork Adaptable method Relatively expensive

[104] Basmati rice Technically challenging
Species specific PCR [54] Atlantic sturgeon High reproducibility Limited target availability

[56] Barley Relatively simple technique Technically challenging
DNA sequencing [105] Olive oil
(Barcoding) Highly informative Requires careful primer design
DNA sequencing of [84, 85] Glutinous rice Reproducible Moderate throughput
nuclear genes Bread wheat
DNA sequencing [94, 106] Fermented Soya bean Highly informative Technical!y challenging

Adaptable Current high cost
(Metagenome) Zlatan Cheese . : .
Reproducible Resource intensive

Table 1. Summary of example DNA-based methods applicable to the determination of geographical point of origin

13




Bibliography

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Lord Phillips of Worth Matravers, M.J.B.C., Professor Malcolm Ferguson-Smith FRS, (The BSE
inquiry). London: The Stationery Office, 2000. (2000, The stationary Office: London.

Foot and Mouth Disease confirmed in cattle, in Surrey, DEFRA, Editor. 2007.

Elliott, C., Elliott Review into the Integrity and Assurance of Food Supply Networks — Final
Report. 2014.

Walker, M.J., M. Burns, and D.T. Burns, Horse meat in beef products—species substitution
2013. Journal of the Association of Public Analysts, 2013. 41: p. 67-106.

Goverment, U., 1996 food labelling regulation act 1996.

2011, E.P.a.0.t.C.0.0., on the provision of food information to consumers, amending
Regulations (EC) No 1924/2006 and (EC) No 1925/2006 in Council Regulation (EU) No
1169/2011, E. Parliament, Editor. 2011, Official Journal of the European Union.

Udoessien, E. and C. Aremu, Mineral composition of selected Nigerian foodstuffs. Journal of
Food Composition and Analysis, 1991. 4(4): p. 346-353.

Anklam, E., A review of the analytical methods to determine the geographical and botanical
origin of honey. Food chemistry, 1998. 63(4): p. 549-562.

Kelly, S., K. Heaton, and J. Hoogewerff, Tracing the geographical origin of food: The
application of multi-element and multi-isotope analysis. Trends in Food Science &
Technology, 2005. 16(12): p. 555-567.

Gall, G.I, I. Colquhoun, and M. Lees, NMR spectroscopy in food authentication. Food
authenticity and traceability, 2003: p. 131-155.

Osborne, B.G., Near - infrared spectroscopy in food analysis. Encyclopedia of analytical
Chemistry, 2000.

Liu, L., et al., Preliminary study on the application of visible—near infrared spectroscopy and
chemometrics to classify Riesling wines from different countries. Food Chemistry, 2008.
106(2): p. 781-786.

Woodcock, T, et al., Geographical classification of honey samples by near-infrared
spectroscopy: A feasibility study. Journal of agricultural and food chemistry, 2007. 55(22): p.
9128-9134.

Gowen, A,, et al., Hyperspectral imaging—an emerging process analytical tool for food quality
and safety control. Trends in Food Science & Technology, 2007. 18(12): p. 590-598.
Galimberti, A., et al., DNA barcoding as a new tool for food traceability. Food Research
International, 2013. 50(1): p. 55-63.

Opara, L.U., Traceability in agriculture and food supply chain: a review of basic concepts,
technological implications, and future prospects. Journal of Food Agriculture and
Environment, 2003. 1: p. 101-106.

Chauhan, T., Rajiv, K., Molecular markers and their applications in fisheries and aquaculture.
Advances in Bioscience and Biotechnology, 2010. 1, 281-291: p. 281-291.

Woolfe, M. and S. Primrose, Food forensics: using DNA technology to combat misdescription
and fraud. Trends Biotechnol, 2004. 22(5): p. 222-6.

Lockley, A.K. and R.G. Bardsley, DNA-based methods for food authentication. Trends in Food
Science & Technology, 2000. 11(2): p. 67-77.

Quinteiro, J., et al., Use of mtDNA direct polymerase chain reaction (PCR) sequencing and
PCR-restriction fragment length polymorphism methodologies in species identification of
canned tuna. Journal of Agricultural and Food Chemistry, 1998. 46(4): p. 1662-1669.
Collins, A.R., The comet assay for DNA damage and repair: principles, applications, and
limitations. Mol Biotechnol, 2004. 26(3): p. 249-61.

14



22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

Cerda, H. and G. Koppen, DNA degradation in chilled fresh chicken studied with the neutral
comet assay. Zeitschrift fir Lebensmitteluntersuchung und-Forschung A, 1998. 207(1): p. 22-
25.

Marguet, E. and P. Forterre, DNA stability at temperatures typical for hyperthermophiles.
Nucleic acids research, 1994. 22(9): p. 1681-1686.

Sibson, D.R. and F.E. Gibbs, Molecular indexing of human genomic DNA. Nucleic Acids Res,
2001. 29(19): p. E9S.

Kim, H. and R. Ward, Patterns of RFLP-based genetic diversity in germplasm pools of common
wheat with different geographical or breeding program origins. Euphytica, 2000. 115(3): p.
197-208.

Girish, P, et al., Meat species identification by polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) of mitochondrial 12S rRNA gene. Meat Science,
2005. 70(1): p. 107-112.

Spaniolas, S., et al., Toward the Authentication of Wines of Nemea Denomination of Origin
through Cleaved Amplified Polymorphic Sequence (CAPS)-Based Assay. Journal of Agricultural
and Food Chemistry, 2008. 56(17): p. 7667-7671.

Bazakos, C., et al., A SNP-based PCR—RFLP capillary electrophoresis analysis for the
identification of the varietal origin of olive oils. Food Chemistry, 2012. 134(4): p. 2411-2418.
Partis, L., et al., Evaluation of a DNA fingerprinting method for determining the species origin
of meats. Meat Science, 2000. 54(4): p. 369-376.

Carrera, E., et al., Salmon and trout analysis by PCR - RFLP for identity authentication.
Journal of food science, 1999. 64(3): p. 410-413.

Chen, S.-Y., Y.-P. Liu, and Y.-G. Yao, Species authentication of commercial beef jerky based on
PCR-RFLP analysis of the mitochondrial 125 rRNA gene. Journal of Genetics and Genomics,
2010. 37(11): p. 763-769.

Chow, S., et al., Genetic stock structure of the swordfish (Xiphias gladius) inferred by PCR-
RFLP analysis of the mitochondrial DNA control region. Marine Biology, 1997. 127(3): p. 359-
367.

Van Droogenbroeck, B., et al., Phylogenetic analysis of the highland papayas (Vasconcellea)
and allied genera (Caricaceae) using PCR-RFLP. Theoretical and Applied Genetics, 2004.
108(8): p. 1473-1486.

Spaniolas, S., et al., Authentication of coffee by means of PCR-RFLP analysis and lab-on-a-
chip capillary electrophoresis. Journal of agricultural and food chemistry, 2006. 54(20): p.
7466-7470.

Rastogi, G., et al., Species identification and authentication of tissues of animal origin using
mitochondrial and nuclear markers. Meat Sci, 2007. 76(4): p. 666-74.

Lowe, A.l,, et al., Transferability and genome specificity of a new set of microsatellite primers
among Brassica species of the U triangle. Molecular Ecology Notes, 2002. 2(1): p. 7-11.
Baruah, A, et al., Isolation and characterization of nine microsatellite markers from Coffea
arabica L., showing wide cross - species amplifications. Molecular Ecology Notes, 2003. 3(4):
p. 647-650.

Cao, Q,, et al., Genetic diversity and origin of weedy rice (Oryza sativa f. spontanea)
populations found in north-eastern China revealed by simple sequence repeat (SSR) markers.
Annals of botany, 2006. 98(6): p. 1241-1252.

Craft, K.J., J.D. Owens, and M.V. Ashley, Application of plant DNA markers in forensic botany:
Genetic comparison of< i> Quercus</i> evidence leaves to crime scene trees using
microsatellites. Forensic science international, 2007. 165(1): p. 64-70.

Yuan, Y.H., et al., Identification of the geographic origin of Dendrobium thyrsiflorum on
Chinese herbal medicine market using trinucleotide microsatellite markers. Biological and
Pharmaceutical Bulletin, 2011. 34(12): p. 1794-1800.

15



41.

42.

43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.
61.

62.

Liu, L., et al., Geographic classification of Spanish and Australian Tempranillo red wines by
visible and near-infrared spectroscopy combined with multivariate analysis. Journal of
agricultural and food chemistry, 2006. 54(18): p. 6754-6759.

Chen, F, et al., Genetic diversity and population structure of the endangered and medically
important Rheum tanguticum (Polygonaceae) revealed by SSR Markers. Biochemical
Systematics and Ecology, 2009. 37(5): p. 613-621.

Sucher, N.J. and M.C. Carles, Genome-based approaches to the authentication of medicinal
plants. Planta Med, 2008. 74(6): p. 603-23.

Testolin, R. and O. Lain, DNA extraction from olive oil and PCR amplification of microsatellite
markers. Journal of food science, 2005. 70(1): p. C108-C112.

Hokanson, S., et al., Microsatellite (SSR) variation in a collection of Malus (apple) species and
hybrids. Euphytica, 2001. 118(3): p. 281-294.

Yang, L., et al., Determination of genetic relationships among five indigenous Chinese goat
breeds with six microsatellite markers. Animal Genetics, 1999. 30(6): p. 452-455.

Rout, P.K., et al., Microsatellite-based phylogeny of Indian domestic goats. BMC genetics,
2008.9(1): p. 11.

Dalvit, C., et al., Genetic traceability of meat using microsatellite markers. Food Research
International, 2008. 41(3): p. 301-307.

Machugh, D.E., et al., Microsatellite DNA variation within and among European cattle breeds.
Proceedings of the Royal Society of London. Series B: Biological Sciences, 1994. 256(1345): p.
25-31.

Li, H.-F.,, et al., Evaluation of genetic diversity of Chinese native geese revealed by
microsatellite markers. World's Poultry Science Journal, 2007. 63(03): p. 381-390.

Scribner, KT., et al., Phylogeography of Canada geese (Branta canadensis) in western North
America. The Auk, 2003. 120(3): p. 889-907.

Mukesh, M., M. Sodhi, and S. Bhatia, Microsatellite - based diversity analysis and genetic
relationships of three Indian sheep breeds. Journal of Animal Breeding and Genetics, 2006.
123(4): p. 258-264.

Arranz, J., Y. Bayon, and F.S. Primitivo, Genetic relationships among Spanish sheep using
microsatellites. Animal Genetics, 1998. 29(6): p. 435-440.

Tiedemann, R, et al., Atlantic sturgeons (Acipenser sturio, Acipenser oxyrinchus): American
females successful in Europe. Naturwissenschaften, 2007. 94(3): p. 213-217.

Mello, A., et al., Tuber magnatum Pico, a species of limited geographical distribution: its
genetic diversity inside and outside a truffle ground. Environmental Microbiology, 2005. 7(1):
p. 55-65.

Malysheva-Otto, L. and M. Rdder, Haplotype diversity in the endosperm specific 8-amylase
gene Bmy1 of cultivated barley (Hordeum vulgare L.). Molecular Breeding, 2006. 18(2): p.
143-156.

Shan, X., T. Blake, and L. Talbert, Conversion of AFLP markers to sequence-specific PCR
markers in barley and wheat. Theoretical and Applied Genetics, 1999. 98(6-7): p. 1072-1078.
Herman, L., Determination of the animal origin of raw food by species-specific PCR. Journal of
Dairy Research, 2001. 68(03): p. 429-436.

Wang, H. and X. Guo, Identification of Crassostrea ariakensis and Related Oysters by
Multiplex Species-Specific PCR. Journal of Shellfish Research, 2008. 27(3): p. 481-487.
Brookes, A.J., The essence of SNPs. Gene, 1999. 234(2): p. 177-86.

de Moraes, A.P., W. dos Santos Soares Filho, and M. Guerra, Karyotype diversity and the
origin of grapefruit. Chromosome Research, 2007. 15(1): p. 115-121.

Lijavetzky, D., et al., High throughput SNP discovery and genotyping in grapevine (Vitis
vinifera L.) by combining a re-sequencing approach and SNPlex technology. BMC genomics,
2007. 8(1): p. 424.

16



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Helyar, S.J., et al., Application of SNPs for population genetics of nonmodel organisms: new
opportunities and challenges. Molecular Ecology Resources, 2011. 11(s1): p. 123-136.
Perkel, J., SNP genotyping: six technologies that keyed a revolution. Nat Meth, 2008. 5(5): p.
447-453.

Negrini, R., et al., Traceability of four European Protected Geographic Indication (PGl) beef
products using Single Nucleotide Polymorphisms (SNP) and Bayesian statistics. Meat Science,
2008. 80(4): p. 1212-1217.

Olsen, K., SNPs, SSRs and inferences on cassava’s origin. Plant Molecular Biology, 2004. 56(4):
p. 517-526.

Negrini, R., et al., Traceability of four European protected geographic indication (PGl) beef
products using single nucleotide polymorphisms (SNP) and Bayesian statistics. Meat science,
2008. 80(4): p. 1212-1217.

Ogden, R., et al., SNP-based method for the genetic identification of ramin Gonystylus spp.
timber and products: applied research meeting CITES enforcement needs. Endangered
Species Research, 2009. 9(3): p. 255-261.

Hess, J., A. Matala, and S. Narum, Comparison of SNPs and microsatellites for fine - scale
application of genetic stock identification of Chinook salmon in the Columbia River Basin.
Molecular Ecology Resources, 2011. 11(s1): p. 137-149.

Rabiei, Z. and S.T. Enferadi, Traceability of origin and authenticity of olive oil. 2012: INTECH
Open Access Publisher.

Lindeque, P.K., et al., Next generation sequencing reveals the hidden diversity of zooplankton
assemblages. PLoS One, 2013. 8(11): p. e81327.

Tillmar, A.O., et al., A Universal Method for Species Identification of Mammals Utilizing Next
Generation Sequencing for the Analysis of DNA Mixtures. PLoS ONE, 2013. 8(12): p. e83761.
Hebert, P.D., et al., Biological identifications through DNA barcodes. Proc Biol Sci, 2003.
270(1512): p. 313-21.

Wong, E.H.-K. and R.H. Hanner, DNA barcoding detects market substitution in North
American seafood. Food Research International, 2008. 41(8): p. 828-837.

Li, M., et al., Identification of herbal medicinal materials using DNA barcodes. Journal of
Systematics and Evolution, 2011. 49(3): p. 271-283.

Liu, S.-Y.V,, et al., DNA Barcoding of Shark Meats Identify Species Composition and CITES-
Listed Species from the Markets in Taiwan. PLoS ONE, 2013. 8(11): p. €79373.

Galimberti, A., et al., DNA Barcoding for Minor Crops and Food Traceability. Advances in
Agriculture, 2014. 2014.

Nicole, S., et al., DNA barcoding as a reliable method for the authentication of commercial
Seafood Products. Food Technol. Biotech, 2012. 50: p. 387-398.

Lago, F., J. Vieites, and M. Espifieira, Authentication of gadoids from highly processed
products susceptible to include species mixtures by means of DNA sequencing methods.
European Food Research and Technology, 2013. 236(1): p. 171-180.

Griffiths, A.M., et al., DNA barcoding unveils skate (Chondrichthyes: Rajidae) species diversity
in 'ray' products sold across Ireland and the UK. Peerl, 2013. 1: p. e129.

Lorenz, J.G., et al., The problems and promise of DNA barcodes for species diagnosis of
primate biomaterials. Philosophical Transactions of the Royal Society B: Biological Sciences,
2005. 360(1462): p. 1869-1877.

Fajardo, V., et al., A review of current PCR-based methodologies for the authentication of
meats from game animal species. Trends in Food Science & Technology, 2010. 21(8): p. 408-
421.

Ali, M.E., et al., Species authentication methods in foods and feeds: the present, past, and
future of halal forensics. Food Analytical Methods, 2012. 5(5): p. 935-955.

Olsen, K.M. and M.D. Purugganan, Molecular evidence on the origin and evolution of
glutinous rice. Genetics, 2002. 162(2): p. 941-50.

17



85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Lillemo, M. and C. Morris, A leucine to proline mutation in puroindoline b is frequently
present in hard wheats from Northern Europe. Theoretical and Applied Genetics, 2000.
100(7): p. 1100-1107.

Whiteley, A.S. and M.J. Bailey, Bacterial community structure and physiological state within
an industrial phenol bioremediation system. Applied and Environmental Microbiology, 2000.
66(6): p. 2400-2407.

Frank, D.N., et al., Molecular-phylogenetic characterization of microbial community
imbalances in human inflammatory bowel diseases. Proceedings of the National Academy of
Sciences, 2007. 104(34): p. 13780-13785.

Frias-Lopez, J., et al., Microbial community gene expression in ocean surface waters.
Proceedings of the National Academy of Sciences, 2008. 105(10): p. 3805-3810.

Sodeko, 0.0., Y.S. lzuagbe, and M.E. Ukhun, Effect of different preservative treatments on the
microbial population of Nigerian orange juice. Microbios, 1987. 51(208-209): p. 133-43.
Falush, D., et al., Traces of human migrations in Helicobacter pylori populations. science,
2003. 299(5612): p. 1582-1585.

Wirth, T., et al., Distinguishing human ethnic groups by means of sequences from
Helicobacter pylori: lessons from Ladakh. Proceedings of the National Academy of Sciences
of the United States of America, 2004. 101(14): p. 4746-4751.

El Sheikha, A.F., et al., Determination of fruit origin by using 26S rDNA fingerprinting of yeast
communities by PCR-DGGE: preliminary application to Physalis fruits from Egypt. Yeast, 2009.
26(10): p. 567-73.

Scheirlinck, I., et al., Influence of geographical origin and flour type on diversity of lactic acid
bacteria in traditional Belgian sourdoughs. Applied and environmental microbiology, 2007.
73(19): p. 6262-6269.

Terzi¢-Vidojevié, A., et al., Characterization of lactic acid bacteria isolated from artisanal
Zlatar cheeses produced at two different geographical location. Genetika, 2009. 41(1): p.
117-136.

Van de Peer, Y. and R. De Wachter, Evolutionary relationships among the eukaryotic crown
taxa taking into account site-to-site rate variation in 185 rRNA. J Mol Evol, 1997. 45(6): p.
619-30.

Nelles, L., et al., Nucleotide sequence of a crustacean 18S ribosomal RNA gene and secondary
structure of eukaryotic small subunit ribosomal RNAs. Nucleic Acids Res, 1984. 12(23): p.
8749-68.

Gaubert, P, et al., Bushmeat genetics: setting up a reference framework for the DNA typing
of African forest bushmeat. Molecular ecology resources, 2014.

Tang, S.-Q., et al., Assessment of genetic diversity in cultivars and wild accessions of
Luohanguo (Siraitia grosvenorii [Swingle] AM Lu et ZY Zhang), a species with edible and
medicinal sweet fruits endemic to southern China, using RAPD and AFLP markers. Genetic
resources and crop evolution, 2007. 54(5): p. 1053-1061.

Ogden, R., Fisheries forensics: the use of DNA tools for improving compliance, traceability
and enforcement in the fishing industry. Fish and Fisheries, 2008. 9(4): p. 462-472.

Gu, S, et al., Isolation and characterization of microsatellite markers in Dendrobium
officinale, an endangered herb endemic to China. Molecular Ecology Notes, 2007. 7(6): p.
1166-1168.

Shen, J., et al., Intersimple Sequence Repeats (ISSR) Molecular Fingerprinting Markers for
Authenticating Populations of <i>Dendrobium officinale</i> K<small>IMURA</small>
<i>et</i> M<small>IGO</small>. Biological and Pharmaceutical Bulletin, 2006. 29(3): p. 420-
422.

Conyers, C.M., et al., Development of a microsatellite-based method for the differentiation of
European wild boar (Sus scrofa scrofa) from domestic pig breeds (Sus scrofa domestica) in
food. Journal of agricultural and food chemistry, 2012. 60(13): p. 3341-3347.

18



103.

104.

105.

106.

HongYu, G. and L. JiaDong, Genetic diversity analysis of three Guizhou local pig breeds using
microsatellite DNA markers. Agricultural Science & Technology-Hunan, 2009. 10(1): p. 77-80.
Archak, S., V. Lakshminarayanareddy, and J. Nagaraju, High - throughput multiplex
microsatellite marker assay for detection and quantification of adulteration in Basmati rice
(Oryza sativa). Electrophoresis, 2007. 28(14): p. 2396-2405.

Kumar, S., T. Kahlon, and S. Chaudhary, A rapid screening for adulterants in olive oil using
DNA barcodes. Food Chemistry, 2011. 127(3): p. 1335-1341.

Jeyaram, K., et al., Molecular identification of dominant microflora associated with
‘Hawaijar’—a traditional fermented soybean (Glycine max (L.)) food of Manipur, India.
International journal of food microbiology, 2008. 122(3): p. 259-268.

19



