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1 Introduction

“Let food be thy medicine and medicine be thy food.”

— Hippocrates

Food plays an essential role in the life of every human being, every animal, and plant. It
provides nutrients and energy sustaining growth and maintenance. In an economy that grows
more and more conscious about how and most importantly what people eat catchphrases
like “healthy lifestyle” and “superfoods” gain attention. And berries, with their highly favoured
ingredients like anthocyanins and polyphenols are an easy solution for supplementing a well-

balanced diet.

As long as the label promises health benefits, most consumers will not take any effort in
scrutinizing these claims. Instead, they trust in the validity of the manufacturers’ health claims
and the correct labelling of every product they consume. These habits are justified as

manufacturers are forced by law to do so.

This is where the need for analytical methods dealing with this complex variety of problems
becomes apparent. An approach, that closes the gap between raising custumer demands
and awareness on the one hand and the need to verify the correct implementation of legal

regulations for labelling on the other hand, are DNA based methods.

1.1 Food fraud and adulteration

As food is that essential, many aspects of food production and more importantly food safety
are embedded in national law and European law as well. Nevertheless, food fraud is far from
being a symptom of modern times. Even in ancient Rome and Athens, there were laws
regulating and prohibiting the adulteration of wine with colours and flavours [1]. Germany and
France passed statutes concerning food control in the thirteenth century while in England

legislation regarding adulteration of human food was passed by Henry 1ll. (1207-1272). [2]

Current legislation in Europe also deals with potential fraud and the need for clear
declaration and authenticity. The Austrian Lebensmittelsicherheits- und
Verbraucherschutzgesetz (LMSVG) clearly regulates that it is prohibited to put foodstuff into

circulation that

- is harmful to health and therefore not safe for human consumption or

- is adulterated or lowered in value without this circumstance being clearly and
generally comprehensible [3]



This law, that became effective in 2006, aims to protect consumers and customers not only
from the intake of unsafe food. It also strictly prevents any tempering concerning marketing
and promoting food containing misleading information. This aspect of food safety gains more
and more momentum. Especially on the field of premium foodstuff, customers demand clear

and proper labelling.

In recent years many scandals linked to food fraud and adulteration were reported in the
media. In 1985 the “anti-freeze scandal” occurred, when wine was adulterated with ethylene
glycol. This substance is used as an ingredient of e.g. anti-freeze [4] and was used to make
the wine taste sweeter [5]. The ethylene was added to wines by a small number of Austrian
winemakers, for the purpose of personal financial gain [6]. In 2008 the Chinese milk scandal
caused a somewhat éclat as Chinese milk manufacturers added melamine to their products
in order to feign a higher protein content [7,8]. Apart from that being blunt fraud it also posed
a major health risk and forced authorities to react [7,9-11]. But in Europe too, there were
food scandals in their own right like the 2013 horsemeat scandal. This didn’t affect public
health but not everyone is fine with eating horsemeat when the label says it is beef [12—-14].
This scandal caused uproar throughout Europe. The quality of raw material, whether it be
plant or animal based, is central to food production [15] because of the nutritional value and
taste [16,17]. Edible plants are a necessity in human diet, so a lot of scientific effort is
directed in food safety of plants, especially traceability, and taxonomic studies [18-22].

1.2 The Vaccinium genus

Three members of the Vaccinium genus that produce red coloured fruit, are V. macrocarpon,
the American cranberry, V. oxycoccos, the European cranberry, and V. vitis-idaea, the
lingonberry. Many species of the Vaccinium genus are integrated in the human diet. As food
supply chains have become global the risks have emerged [23]. One of these risks being
economically motivated adulteration (EMA) [24]. Cheaper fruits, or imitations of more
exclusive fruits used in products is relatively recent [25,26], but common [27-29].

Vaccinium macrocarpon can be an adulterant itself, namely in Punica granatum
(pomegranate) juices [30] and, together with Vaccinium vitis-idaea, in Vaccinium myrtillus
(bilberry) products [31].

The Vaccinium genus of the Ericaceae family is widespread with more than 450 species [32].
It is fairly common in Europe and North America, and was first described by Carl Linnaeus in
the eighteenth century. The name Vaccinium derives from Latin and was originally used for

bilberry.*

! However it is not the same root as vaccinum, meaning regarding cows [33]



Table 1-1 gives an overview of the location of the Vaccinium genus amidst the tree of life.

Table 1-1: Scientific classification of the Vaccinium genus

Scientific classification

Kingdom: Plantae
Clade: Angiosperms
Clade: Eudicots
Clade: Asterids
Order: Ericales
Family: Ericaceae
Tribe: Vaccinieae
Genus: Vaccinium

The Vaccinium genus consists of many
species (such as blueberries, lingonberries,
bilberries and cranberries) and, as a large
genus, is taxonomically complex. The
evolutionary relationships within the genus
have been debated intensively [34]. Many
of these species are consumed for their
phytonutrients, especially potent
antioxidants. Most of these plants are

perennial shrubs, producing richly coloured

berries that have been gathered from the wild by indigenous people wherever they could be

found [35].

The Vaccinium species investigated in the course of this research were

e V. macrocarpon (VM) or American cranberry

e V. oxycoccos (VO) or European cranberry and

e V. vitis-idaea (VV) or lingonberry

Regarding the colour of the fruit, the leaves and the habit all three species look somewhat

alike as can be seen in Figure 1-1.

Figure 1-1: Comparison of the fruits of V. macrocarpon (left), V. oxycoccos (middle), and V. vitis-idaea

(right) [36-38]

Whereas the binomial nomenclature usually used in scientific/botanical context is very clear

and straight forward the trivial names of these species can lead to confusion (see Table 1-2).


https://en.wikipedia.org/wiki/Taxonomy_(biology)
https://en.wikipedia.org/wiki/Plant
https://en.wikipedia.org/wiki/Flowering_plant
https://en.wikipedia.org/wiki/Eudicots
https://en.wikipedia.org/wiki/Asterids
https://en.wikipedia.org/wiki/Ericales
https://en.wikipedia.org/wiki/Ericaceae
https://en.wikipedia.org/wiki/Vaccinieae

Table 1-2: Summery of the three Vaccinium species and their English and German synonyms

Binomial nomenclature English German
Vaccinium macrocarpon American cranberry, large grof3friichtige Moosbeere,
cranberry, bearberry Kranbeere, Kraanbeere,
Cranberry,

Kulturpreiselbeere

Vaccinium oxycoccos small cranberry, European gewohnliche Moosbeere
cranberry, bog cranberry,
swamp cranberry, cranberry*

Vaccinium vitis-idaea lingonberry, partridgeberry, Preiselbeere
cowberry, foxberry

*in Britain

Health promoting and therapeutic properties are attributed to the entire genus and thus being
intensely investigated [39]. Especially anthocyanins, that are shown in Figure 1-2,
proanthocyanins and flavonols are attributed a positive effect on the human health [40-42].
The anthocyanines concentration in American cranberries ranges from 0.2 to 3.6 mg/g
[43,44] with cyanidin and peonidin being the most abundant anthocyanidines [39]2. In
addition, trace amounts of delphinidin, petunidin, and malvidin have also been found [45].
These phytochemicals are rapidly produced during ripening and are typically found only in

peel tissue [46]. Also, the fruits contain high levels of pectin [47,48].

i Anthocyanidin R R!
o OH |cyanidin OH H
HO o - 1 Delphinidin OH OH
T R |Malvidin OCH; OCH;,
i OgGlycoside Peonidin OCH; H
OH Petunidin OH OCH;

Figure 1-2: Structure of anthocyanidines (left) and common anthocyanines found in fruits of the

Vaccinium genus [49]

In the past, a number of research projects dealt with the genetics and the bioactive
compounds of various Vaccinium species (see Table 1-3). For instance, Fajardo et al. [50]
used 12 single sequence repeats (SSR) which were established by Zhu et al. [51] to assess
the genetic diversity of cranberry cultivars. Mislabelled samples were observed as well as

cranberry cultivar subclone variants, but overall a differentiation between well established

2 Anthocynanines are the sugar containing counterpart of anthocyanidines.



cultivars was possible using different SSR loci. Bassil [52] too, used SSR to assess the
genetic diversity of Vaccinium species. These studies used DNA barcoding solely for the
purpose of genetic and taxonomic studies.

Kylli et al. studied Vaccinium vitis-idaea and Vaccinium microcarpon (although named
“European cranberry” in this study) by identifying their respective proanthocyanidins using
ultra performance liquid chromatography (UPLC) and liquid chromatography mass
spectrometry (LC-MS) with a focus to the antimicrobial and anti-inflammatory effects of the

proanthocyanidins [53].

Jungfer et al. [54] compared the procyanidin profiles of V. macrocarpon, V. oxycoccos, and
V. vitis-idaea with regards to authenticity. Concentrations of selected procyanidins were
evaluated using ultrahigh-performance liquid chromatography coupled to a triple-quadrupole
mass spectrometer. Although some differences could be shown by means of phytochemical

profiling, only the berries of each species were tested. No foodstuff was investigated.

In 2010 Jaakola et al. [55] approached the authenticity question using DNA barcoding with
subsequent high resolution melting. Berries from different genera (Ericaceae,
Crossulariaceae, and Rosaceae) were tested using different DNA barcoding regions (ITS,
trnL-F, and rpl36-ps8). Within the ITS region the differentiation between V. vitis-idaea and
other Vaccinium species was possible. But V. macrocarpon and V. oxycoccos were not

investigated in this study. Neither were commercial food products.

Table 1-3: Previous research concerning Vaccinium species in the context of differentiation

Aim Method Reference
Discrimination of American Cranberry PCR. SSR
Cultivars and Assessment of Clonal P Fajardo et al. 2013 [50]
genotyping

Heterogeneity Using Microsatellite Markers

Novel approaches based on DNA barcoding
and high-resolution melting of amplicons for PCR, HRM Jaakola et al. 2010 [55]
authenticity analyses of berry species

Assessing genetic diversity of wild SSR marker

southeastern North American Vaccinium . Bassil 2017 [52]
. . . . analysis

species using microsatellite markers

Comparing Procyanidins in Selected
Vaccinium Species by UHPLC MS2 with UHPLC-MSMS Jungfer et al.2012 [54]
Regard to Authenticity and Health Effects

Lingonberry (Vaccinium vitis-idaea) and
European Cranberry (Vaccinium
microcarpon) Proanthocyanidins: Isolation,
Identification, and Bioactivities

UPLC and LC-MS  Kylli et al. 2011 [53]




Concluding, the examples given show that research has been done regarding the
taxonomical relationship between the species of the Vaccinium genus. The phytochemicals
in different Vaccinium species have also been investigated with regards to differentiation and
authentication. Up to now, DNA based methods have not yet been evaluated to differentiate
between V. macrocarpon, V. oxycoccos, and V. vitis-idaea in raw material and processed
foodstuff.

1.2.1 Vaccinium macrocarpon — American cranberry

The American cranberry, Vaccinium macrocarpon (VM), is native to north-east and north
central USA and Canada, at latitudes about 39° in the northern hemisphere [56], where it has
been cultivated for commercial use and become a major industry. Cranberries were first
cultivated in Massachusetts in the 1800s and the cranberry industry has grown ever since
[57]. Nowadays, the cultivation centers around Wisconsin, New Jersey, and Massachusetts,
in the US, as well as in British Columbia in Canada [58,59]. As the name “macrocarpon”
suggests the American cranberry produces rather large fruit in comparison to other species
of the genus. V. macrocarpon is a low growing shrub that forms a dense spreading mat. It
has large seed as well as large leaves. The genome is diploid [60] with a chromosome
number of 12. The American cranberry is most closely related to the diploid form of
V. oxycoccos (VO) [61]. The fruit, that ripens in a period between late September and
November is tart in taste, and has a red skin with white flesh. The inside of the fruit bears
four hollow spaces for the seeds. This fact is used for the so called “wet-harvesting” of
cranberries as they float on water (see Figure 1-3). As fresh fruit is astringent, most of the

harvest is processed into juice and other products [62].

Figure 1-3: Wet harvesting Cranberries (left), and a cross section of a cranberry (right) showing the

aerated cavities causing the cranberries to float [63,64]



Cranberry fruits have been consumed by humans for centuries [59]. As American cranberries
are native to North America they were used in folk medicine by the natives for stomach
ailments, liver problems, and blood disorders [65]. Nowadays cranberries are associated with
the holidays of Thanksgiving and Christmas, when cranberry sauce is traditionally served in
the US. As the health promoting properties of plants gained more and more popularity, the
consumption of cranberry products increased. In addition, cranberries are highly prized for
their medicinal and nutritional attributes [66]. Especially phytochemicals with antioxidant
effects are the subject of diverse studies. A variety of health claims was investigated or has

been investigated:

American cranberries may benefit oral health [67—69]

evidence of cardioprotection by Vaccinium fruit [70,71]

- indication of cancer chemoprevention [39,72]

support of urinary tract health [73,74]

However, the European Food Safety Authority (EFSA) could not conclude, that a cause and
effect relationship could be established considering the claim of prevention of urinary tract
infections upon consuming cranberry and lingonberry products [75,76]. The claim that the
consumation of cranberries and products thereof has a positive effect on the “heart health”

and that cranberries act as “protectors of our gums” the EFSA deems non-specific [77].

1.2.2 Vaccinium oxycoccos — European cranberry

Like other Vaccinium species the European cranberry is an evergreen woody shrub, albeit
smaller in habit with leathery dark leaves (see Figure 1-4). The species name ,0Xycoccos"
derives from the sour taste of the fruit produced [78]. This Vaccinium species is highly
adapted for cold weather [60]. The species mainly consists of hexaploid and tetraploid
populations but there are some pentaploid populations in Sweden and the Czech Republic.
The less common diploid varieties are usually treated as a different species, V. macrocarpon,
respectively [79,80].



Vaccinium oxycocoos

A,
\Vacciniom macrocarpan

Figure 1-4: Comparison between the leaves of VM (left) and VO (right) showing the different size and
shape [81].

However, their natural habitat lies often within national parks, and since the berries are small
(smaller than V. macrocarpon fruit) and the fruit is sparse, it is economically uninteresting to

harvest them commercially [56].

In the United States products derived from Vaccinium oxycoccos (European cranberry) can

legally be labelled as cranberry [82].

1.2.3 Vaccinium vitis-idaea — lingonberry

The lingonberry, V. vitis-idaea (VV), is named after the Swedish lingon deriving from the
Norse term for heather. The specific part of the binominal name vitis-idaea originates from
the Latin “vitis” meaning vine and “idaeus” meaning from Mount Ida. Like the other species of
the Vaccinium genus the lingonberry forms dense clonal colonies of evergreen shrub with
leaves that are oval with a wavy margin [83]. The diploid plants (2n=24) have a resistance to
bacterial fruit rot [60] and there is the theory, that lingonberries are sort of a cranberry-
blueberry intermediate [84]. This species is widespread in the north of Europe and north
Russia but also thrives in northern Italy, the Caucasus, and the Balkans [60]. Vaccinium vitis-
idaea tolerates temperatures up to -40°C and prefers acidic soils [85]. In Europe as well as in
northern America lingonberry is commercially harvested and turned into juices, jam and

wines as well as consumed as raw fruit for its finer flavour than American cranberries.



Especially in Europe there is a long history of using lingonberries for their medicinal and
health promoting properties such as in the treatment of rheumatism or wounds [60]. Recently
also the antioxidant components of the phytochemicals produced are the subject of studies

investigating their role in cancer treatment [86].

1.3 DNA barcoding

DNA barcoding in general refers to a method using orthologous genetic markers to identify
and assign organisms to a particular species. Orthologous in this context means that genes
have been separated by a genetic event creating a new species while usually retaining the
same function. In terms of taxonomy DNA barcoding is primarily used to assign unknown
samples to a pre-existing classification [87]. DNA barcoding is a useful tool capable of
answering more than one question. The “Barcode of Life Initiative”, launched by an

international consortium, tried to summarize the applications of DNA barcoding as follows:
(1) enabling species identification, including any life stage or fragment
(i) facilitating species discoveries based on cluster analyses of gene sequences

(i) promoting development of handheld DNA sequencing technology that can be

applied in the field for biodiversity inventories and
(iv) providing insight into the diversity of life. [88]

The challenging part of DNA barcoding is finding the suitable locus. A prerequisite for each
barcoding locus is a variable sequence that differs from species to species — or even from
cultivar to cultivar — encased by conserved regions. The purpose of finding conserved
regions is to design universal primers to bind in these regions. The variable parts are the key

point in terms of differentiating and identifying species.

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

BATCcTAT T AT CTAGCTHAC TAATTETEAAACETTTAATCACT
B IilillilIlllllﬁlllllilillllC HATARATCcTABcTTAC TANTTABSANACETTTAATNT CT

Figure 1-5: Alignment of a DNA section of V. macrocarpon (U61316.2) above, V. oxycoccos
(LC168883.1) in the middle, and V. vitis idaea (AF382819.1) below. Conserved loci are denoted with

an asterisk.

Figure 1-5 shows an alignment of a segment of the matK region for VM, VO and VV. Each
asterisk in the first row depicts a congruence concerning the DNA sequence. These sections

are conserved. Within these sections there are some bases that differ in between species —

10



identified by the absence of the asterisk. These subtle differences in the genome are used to
analyse and distinguish different species.

Nowadays a variety of barcoding regions is used, depending on the analytical problem. For
animals and other eukaryotes the mitochondrial gene COX1 (Cytochrome oxidase I) is

commonly used as a barcoding region [89]. In plants, four primary barcodes are used:

0] rbcL (Ribulose-1,5-bisphosphate carboxylase/oxygenase),

(i) MatK (Maturase K),

(iii) trnH-psbA, and

(iv) ITS1 and ITS2 (Internal transcribed spacer) [90]
MatK and both ITS regions being the ones investigated within this research. In addition, the
chloroplastic region CP12, coding for the Calvin cycle protein 12, was taken into

consideration for suitable barcodes, too.

After finding a suitable locus, PCR is performed and the PCR product is analysed by e.g.

sequencing or high resolution melting analysis.

1.3.1 MatK

MatK (maturase K) is a plant gene located in the plastid and encoding for an intron maturase,
which is a protein involved in splicing introns thus maturing a protein to its bioactive form
[91,92]. The MatK region has been frequently used in e.g. plant phylogenetic analysis due to

its small size and highly conserved flanks [11] (see Figure 1-6).

Figure 1-6: Scheme of the MatK region and its surroundings, adapted from [93]

However, a major drawback using the MatK region is the low amplification rate [94].

1.3.2 ITS

Other interesting and widely used barcoding regions are the ITS (internal transcribed spacer)
regions. An internal transcribed spacer is a sequence in-between the genes coding for
ribosomal RNA (rRNA). This particular RNA is the main constituent (about 60%) of the
ribosome with the other 40% being protein. Ribosomes are essential for the biosynthesis of
proteins; they consist of a small and a large subunit each.

11



In this context a spacer is a DNA sequence that is in the first step transcribed correctly but
then cleaved. The benefit of using ITS as a barcoding region is the fact that it frequently
mutates. Additionally, there are multiple copies per genome making it less prone to false
negative results [95]. A schematic representation of the ribosomes and the rRNA can be

seen in Figure 1-7.

PROCARYOTIC RIBOSOME EUCARYOTIC RIBOSOME
708 80S

MW 2,500,000

NG o TN e

v Y

}w l,ooo,\ooo n}v 900,000 M} uoo\ooo\ MW 1,400,000
55 rRNA 23S rRNA 165 rRNA SSrRNA 28SrRNA  5.85 rRNA 185 rRNA
= ps
120 120 160
nucleotide 2900 1540 leotid > leotides 1900
icleotides nuch nucleoti
nucleotides

Figure 1-7: Prokaryotic and eukaryotic ribosomes in comparison, and the subunits they are comprised
of, modified from [96]

In phylogenetics, rRNA sequences are used for working out evolutionary relationships
among organisms because they are of ancient origin. As mentioned above and also can be
seen in Figure 1-7 prokaryotic and eukaryotic ribosomes consist of different subunits. In
eukaryotes the small subunit is the 18S rRNA whereas the large subunit contains 3 different
rRNA species. In mammals, these are the 5S, 5.8S, and 28S rRNA, and in plants the 25S
rRNA. The denomination “S” stands for Svedberg unit and reflects the size of the respective
rRNA and its sedimentation rate. The 28S/25S, 18S and 5.8S rRNAs are all encoded by a
single transcription unit and separated by two internal transcribed spacers (ITS).

[S7ETS| 185 [NITST s.8s [NS2 T 255/285 [3TETS|

Figure 1-8: Scheme of the arrangement of the ITS region, modified from [97]
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Figure 1-8 shows the position of the ITS regions within the rRNA genes for eukaryotes.
Within the scope of this research both ITS regions were investigated, but none of the

external transcribed spacer (ETS) regions.
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2 Aims

As a healthy and aware lifestyle becomes more and more important, so do the quality and
the ingredients of the products consumed. Berries of the Vaccinium genus, namely
Vaccinium macrocarpon (American cranberry), Vaccinium oxycoccos (European cranberry),
and Vaccinium vitis-idaea (lingonberry) are a part of a healthy diet and lifestyle. This trend
certainly tempts producers to replace the highly sought-after berries with cheaper or easier to
come by alternatives or bluntly substituting one berry species with another. Prior research
partly used polyphenol profiling in order to investigate food fraud, but DNA based methods
like DNA barcoding were used, too. Especially PCR with subsequent HRM DNA barcoding
previously showed to be not only capable of detecting food fraud, but also allows for the

differentiation between different species.

The aim of this research was the development of a DNA barcoding based method to
differentiate between three Vaccinium species, V. macrocarpon (American cranberry),
V. oxycoccos (European cranberry), and V. vitis-idaea (lingonberry), reflecting the
regulations and instructions of the LMSVG, as it demands correct labelling. The first goal was
to find appropriate DNA barcoding regions and to design primer sets that are capable of
differentiating between the three Vaccinium species. The DNA barcoding regions
investigated were MatK, CP12, and both ITS regions. For each primer set the PCR
conditions were optimized. The selectivity was analysed by looking into cross reactions with
other commonly used food ingredients. Additionally, the limit of detection (LOD) was

investigated using binary mixtures.

Another goal was to examine the application of the developed method to commercially
available products. Prior to testing, DNA had to be extracted in sufficient amount and
quality from highly processed foodstuff including supplements, jams, juices, dairy products,

chocolates, and tea.
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3 Theoretical part

3.1 DNA extraction

When working with DNA there is a certain need to purify the sample prior to subjecting it to
further experiments. Plants contain a high level of polyphenolic compounds and
polysaccharides [98]. These compounds have been identified as polymerase chain reaction
inhibitors, thus depletion thereof is mandatory [99—102]. A commonly used method is solid
phase extraction (SPE). SPE is a technique for sample preparation that uses the physical
and chemical properties to separate the compounds of a sample and can be used to isolate
and purify the analytes of interest [103,104]. The main driving force of the separation is —
much like in chromatography — the different affinities of certain compounds between the solid
phase and the dissolved or suspended sample. There are many types of commercial kits
available, mostly highly specialised for a small range of applications. In course of this work
the QlAamp® DNA Mini and Blood Mini Kit was used. A solid phase extraction protocol
usually consists of the same steps: after the preparation of the sample the DNA is bound to
the solid phase of the SPE cartridge subsequently washed and finally eluted (see
Figure 3-1). In the first step the DNA adsorbs selectively to the SPE material (silica) in the
presence of high concentrations of chaotropic salts provided by the buffer. These salts
disrupt the hydrogen-bonds thus making the denatured DNA more stable than its native
structured counterpart [105,106]. With the DNA bound to the silica, unbound and interfering
impurities can be washed out using the wash solutions. In the last step alkaline conditions

and a low salt concentration facilitate an efficient elution from the SPE material [107]°.

® The binding buffer and the wash solutions are part of the commercial kit. Therefore one does not
know exactly all the constituents and their concentrations, as this is a company’s secret.
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Figure 3-1: The steps to purify DNA via a commercial kit [108]

Although these commercial kits are designed for a specific application, they too are subject
to optimization when facing a specific analytical problem. During this research
polyvinylpyrrolidone (PVP) was added during sample preparation (see Figure 3-2), as it has

been shown to improve DNA extract quality [109,110].

N @

n

Figure 3-2: Structure of polyvinylpyrrolidone, a polymer made from the monomer N-vinylpyrrolidone

PVP binds to and therefore eliminates undesirable sample components like polyphenols
which occur in high quantities in plants and influence subsequent analysis with regard to

photometric measurement of DNA concentration [111,112].

3.2 Determination of the DNA concentration using spectrophotometric and

fluorometric measurements
After the purification of a DNA extract and prior to subjecting it to further experiments there is
a need to measure the concentration of each DNA extract. A commonly used cheap and

quick method is spectrophotometric measurement. In this study the Thermo Scientific™
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NanoDrop™ 2000c was used. Spectrophotometric methods are based on the Beer-Lambert
law that links the light penetrating a sample to the light transmitted.

Iy
E; = 10g10(1—)= €g*xcxd
1

The Beer-Lambert law is given above with E; being the absorbance, I, the intensity of the
incident light [Wm™], I, the intensity of the light transmitted [Wm™], €, the absorption
coefficient [m2mol™], d path length of the beam of light through the material sample [m], and ¢

the concentration [molm™].

When working with DNA extraction kits the volume of the extracted DNA is usually quite low
so the NanoDrop™ was designed to account for that as only 0.5 to 2uL of sample per
measurement is sufficient. It measures at a variable wavelength ranging from 220 to 350 nm.
With DNA having its maximum absorbance at 260 nm the NanoDrop™ measurement not
only calculates the DNA concentration of a given sample but gives information about the
purity of the sample, too. When scanning a broader range than only the vicinity of the DNA
absorption maximum, proteins (with a maximum at 280 nm) and polyphenols and
carbohydrate carryover (with a maximum of 230 nm) are detected as well (see Figure 3-3).
Thus, based on the absorbance at 230, 260, and 280 nm, two ratios are given by the
software to determine sample purity: the A260/230 ratio and the A260/280 ratio. Ideally those
ratios range between 1.8 and 2.2 to indicate purity. The dynamic range of the NanoDrop™ is
from 2ng/ul-15,000ng/pul with a limiting amount of sample at the pedestal of 2ng/uL, both for
double stranded DNA.

Protein

Absorption

Nucleic Acid

240 260 280 300 320
Wavelength (nm)

Figure 3-3: Depiction of an ideal result obtained by spectrophotometric measurement with an
absorption maximum at 260 nm for DNA and an absorption maximum at 280 nm for proteins, modified
from [113]
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A current other method to determine the DNA concentration with high specificity, is to make
use of albeit more expensive and complex fluorometric measurement. In this study the
Qubit 2 and Qubit 3 were used. Whereas the NanoDrop™ measures the absorbance non-
specifically as explained above, the Qubit system works with distinct fluorescent dyes for
DNA, RNA or protein. These dyes exhibit extremely low fluorescence when not bound but
emit a strong fluorescent signal upon binding to their respective targets. Based on two
calibration standards provided by the kit manufacture the Qubit software calculates the
concentration of the sample. The high sensitivity DNA kit for ds DNA has a quantitation range
from 0.2-100ng.

3.3 Polymerase chain reaction

As the DNA sequence is unique for each species, it is gaining more and more impact as
analytical target. One method used is the polymerase chain reaction (PCR), because it
allows for quick (almost) exponential amplification of DNA [114-116]. To explain the principle
of PCR in detail, a brief summary on DNA and its molecular structure is given first.

3.3.1 DNA

DNA consists of two strands of nucleotides with each nucleotide in turn consisting of a
nucleobase, a pentose-sugar and one phosphate group. There are four bases that can be
found in DNA (a fifth base is part of RNA, ribonucleic acid). The bases can be grouped into
purine bases (adenine and guanine) and pyrimidine bases (cytosine and thymine, and uracil
for RNA), as can be seen in Table 3-1.
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Table 3-1: Overview over the structure of the nucleobases

purine bases

pyrimidine bases

NH> NH>
N S =
N N
< |
A A
adenine (A) cytosine (C)
O 0O
H4C
aP T .
NH
P /& |
N~ N7 UNH, N0 ﬁ)\o
guanine (G) thymine (T) uracil (U)

Each base within the DNA superstructure is connected to the five-carbon sugar deoxyribose
via a beta-glycosidic linkage. These glycosylamines, called nucleosides, are adenosine,
guanosine, thymidine and cytidine. If the pentose is connected to at least one phosphate
group, the resulting moiety is called nucleotide. These nucleotides play a crucial role in
metabolism as the phosphate bond is used to store energy within e.g. a metabolic pathway.
To form single stranded DNA (ssDNA) each nucleotide is linked to its neighbouring
nucleotide via phosphodiester bonds between the third (3’) and fifth (5’) carbon atoms of the
pentose sugar, resulting in a so called 5’ end of the DNA strand with a free phosphate group

and a 3’ end with a free hydroxyl group.

DNAs most interesting property is the formation of double strands that is achieved due to
base pairing. There are two types of base pairs: adenine (A) and thymine (T), and cytosine
(C) and guanine (G). A and T share two hydrogen bonds while there are three between C
and G, as can be seen in Figure 3-4. Hydrogen bonds are not covalent which means they
are comparatively easy to break (e.g. by a rise in temperature) without altering the covalent
backbone structure. The higher the GC-content of the DNA fragment, the higher is the
temperature required to separate the two strands. This fact is used to prove the identity of

DNA strands by recording high resolution melting curves (see chapter 4.5).
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Figure 3-4: DNA structure and binding structures [117].

The very specific base pairing leads to two complementary strands, thus forming a double
helix with the two strands running in opposite directions (antiparallel). This complex structure
was first described by James Watson and Francis Crick with the help of x-ray fraction data
obtained by Rosalind Franklin. This double helix, that is most commonly right-handed in
nature, has around 10 basepairs (bp) per turn. The basepairs with their hydrogen bonds form
planar structures just like the steps of a ladder while the phosphate and sugar backbone is
directed outwards. In addition to the hydrogen bonds, pi-stacking between neighbouring

bases contributes to the stability of the structure [118,119].

3.3.2 PCR

Polymerase chain reaction was developed in 1983 by Kary Mullis, who received a Nobel
Prize for his work ten years later [120]. The goal of PCR is to amplify specific DNA regions of
interest in order to obtain sufficient amounts thereof for further analysis. At first, high
temperatures melt dsDNA into two strands, acting as template. An enzyme is used to build

complementary strands to each of these single stranded templates thus resulting in a
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doubling of DNA. So basically PCR is used to (almost exponentially) amplify a target region
of DNA. PCR is usually performed in a 3 step way. These steps are

1) denaturation
2) annealing, and
3) elongation

as is shown in Figure 3-5.

Polymerase chain reaction - PCR
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Figure 3-5: Scheme of a PCR cycle, modified from [121]

As a dsDNA template is used it has to be converted into ssDNA first by heating up the
sample. The melting temperature of a specific DNA sequence (Tm) is the temperature where
exactly half of the template is single stranded [122]. In order to melt the whole template
protocols usually use around 95°C to effectively convert all the dsDNA into single strands.
This stage lasts for 20-30 seconds. Subsequently, the temperature is dropped allowing for
primers — single stranded DNA sequences especially designed for each experiment (see
chapter 3.3.3) — to anneal, meaning to form a short double stranded sequence. The
temperature used in this step is subject to optimization as it is dependent on the primer
sequence. In fact, there are two primers for each target region; often differing in the
annealing temperature, thus finding the optimal temperature is challenging. But this is a key
step for the procedure as the DNA formation via the polymerase enzyme depends on a free
3’ end to begin assembling the complementary strand. The last step is elongation which is
performed at the temperature optimum of the polymerase used, commonly at 72°C (when a
Taq polymerase is used). This step ensures that the enzyme has enough time to synthesize
the complementary strand. The time is dependent on the size of the target region to be

amplified. The lager the amplicon the longer the elongation time is set.
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These three steps together are called cycle and are repeated 25-50 times. Furthermore,
these cycles are encased by two more steps, an initializing step when using a hot-start PCR
(see chapter 3.3.2.2) and a final elongation to ensure complete elongation of remaining
ssDNA. Lastly the final hold cools the system for an infinite time, serving as a kind of short

term storage for the PCR products [119].

The first PCR reactions were done manually using differently tempered water baths and
moving the reaction tubes in between them. Nowadays the whole process is highly
automated. The equipment used to perform PCR is called a thermal cycler, a benchtop

device that cools and heats the samples according to the protocol.

There are basically three types of thermal cyclers available. One type uses a metal block
which is heated and cooled electrically. But there are so called Peltier-elements, too. These
use the temperature change caused by a current running in one or the opposite direction. A
third method is heating and cooling via electromagnetic radiation [123]. Furthermore there is
a variety of reaction tubes to be used. One type uses a metal block holing either a reaction
plate or individual reaction tubes. On the other hand there are thermal cyclers that use so
called strip tubes positioned on a rotor spinning freely with the inside of the rotorspace being
heated and cooled. Each of these solutions have their advantages and limitations, however

this will not be further discussed.

The PCR reaction itself demands for an often called Master Mix which contains all the
chemicals needed — with the exception of the DNA to be amplified, the template, and the
specific primers. Commercially available Master Mixes already contain the right amount of
each ingredient suitable for a specific PCR protocol but everything can be purchased

separately leaving room for further experimentation and optimization.

3.3.2.1 Buffer

Generally, the chemicals in the buffer ensure optimal conditions for the polymerase to work.
Especially the magnesium concentration is crucial for the reaction as Mg?* is a cosubstrate
for the enzyme. Furthermore it builds soluble complexes with the nucleotides present in the
Master Mix and stabilizes the annealing procedure. Also, there is a direct relation between
Mg?* concentration and the melting temperature of the amplicon as the melting temperature

increases with the addition of magnesium.

3.3.2.2 Polymerase
As the name PCR suggests the enzyme used is a polymerase. A polymerase is an enzyme
that synthesizes DNA from deoxyribonucleotides (dNTPs). It adds nucleotides to the 3’ end

of the DNA strand, thus completing the complementary strand of the template.
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desoxynucleoside triphosphate + DNA,, = diphosphate + DNA, 41

A prerequisite for a polymerase used during PCR is a high activity at a temperature between
the annealing temperature and the temperature at which the DNA denaturation occurs [124].
One of these polymerases is the Taq polymerase which is named after the bacterium
Thermus aquaticus where it was originally isolated from [125]. T. aquaticus is a bacterium
living in hydrothermal vents under extreme conditions therefore the polymerase produced by
this organism is able to withstand the high temperatures during PCR. The optimum
temperature for the Taq polymerase is between 75-80°C, but studies showed that for the Taq
polymerase a single enzyme can synthesize up to 1000 bp in 10 seconds at 72°C with a half-
live of 40 minutes at 40°C [125,126] thus allowing to run PCR at higher temperatures than
before. This fact helped to reduce the synthesis of nonspecific DNA products such as primer
dimers and facilitated a higher specificity of the primers in general [127]. One downside of
the Taq polymerase is however that it does not have a so called proof reading function like
the Pfu polymerase derived from the microorganism Pyrococcus furiosus. This means that
the Pfu enzyme not only possesses the desirable 5’-3’-polymerisation activity but also a 5'-3'-
exonuclease activity [126]. This means that this enzyme checks after the incorporation of a
new base if it is correct and, if it is not, removes this last base again [128] leading to a 3-4
fold lower error rate than the error rate of the Taqg polymerase [129]. As shown above the ion
concentration in the reaction tube is a factor that needs to be taken seriously. Certain salts,
such as KCI, and ions like Mg?* act as a promoter for the enzymatic activity of the Taq
polymerase. However the proper Mg?* concentration in term depends on the nucleoside
triphosphate concentration. Yet high concentrations of the ions mentioned above have the

opposite effect and inhibit the Taq polymerase activity [130].

To ensure that the polymerase is not active ahead of time causing unspecific amplification, a
so called hot start PCR is beneficial. There are two possibilities: either the enzyme is pipetted
into the reaction tube after the first denaturation step or a specific antibody is used. This
antibody is reversibly bound to the polymerase thus inhibiting its activity. At higher
temperatures, like the initializing step at 95°C, the antibody is cleaved off, and the enzyme is

activated.

3.3.2.3 Nucleotides
In order to synthesize new DNA, the building blocks of DNA have to be available to the
polymerase. So all four of the deoxynucleoside triphosphates (dATP, dCTP, dGTP, dTTP)
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are required to be in the Master Mix in equimolar concentration usually between 0.1 and
0.3 pM [131].

3.3.2.4 Templates

A template can derive from many sources, like genomic DNA, plasmids or even viral DNA.
This DNA however contains the target sequence that is to be amplified. When using specific
primers only the target sequence gets amplified. The rest of the DNA will not be copied. The
size of the amplicon is defined by the two primer binding sites adjacent to template region of
interest. A major factor concerning the template is sample preparation to ensure complete
removal of compounds that inhibit the PCR.

3.3.2.5 Primer

Primers are essential for a PCR. These short ssDNA sequences bind to their complementary
parts on the template DNA and allow for the polymerase so start synthesizing. To achieve
good result with PCR primers have to be carefully designed.

3.3.3 Primer design

In order to obtain good results with PCR one must first design primer sets specific for the
target region. Each primer set consists of a forward primer that is complementary to the
upper (-) strand of the DNA (5’ to 3’ direction), whereas the reverse primer is complementary
to the lower (+) strand. Since the synthesis of DNA is always starting from the 3’ end, the 3’
ends of both primers point towards each other and thus determine the length of the amplicon.
Furthermore, both of the primers have to fulfil certain criteria which are important to consider
during the primer design:

- length between 17 and 28 bp

- even G/C to A/T ratio

- melting temperature between 55 and 80°C

- preferably similar melting temperature

- no formation of secondary structures like hairpins especially at the 3’ end
- no forming of dimers neither with itself nor with the second primer involved
- preferably no G/C at the 3’ end as this facilitates mispriming

- preferably no “unusual” sequence like poly(A) [131]

The software used to design primers in course of this research was the PyroMark Assay
Design 2.0 by QIAGEN. This software is able to place primers in selected areas of a DNA
sequence that are a preliminary fit to the above mentioned criteria. In addition, certain

parameters can be adjusted e.g. the length of the primer or segment of the DNA sequence it
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is complementary to. Consecutively, the software calculates potential complementary binding
sites within the selected sequence, the probability of the formation of primer dimers, and a
rough estimation of the melting temperature of the respective primer. There are many
equations dealing with the determination of the melting temperature of short ssDNA

sequences as shown below (see Equation 3.3-1 and Equation 3.3-2).

Tn=4x(G+C)+ 2x(A+T)

Equation 3.3-1: Determination of the melting temperature of a primer with less than 15 bases with G,

C, Aand T, being the number of the respective bases [132].

600

Tm =81.5 + 166(l0g10[]+] + 04‘(%0 + C) - Number of bases

— 0.63(%FA)

Equation 3.3-2: Determination of the melting temperature of a primer with 20-70 bases; with G, C, A
and T, being the number of the respective bases, and J = concentration of monovalent cations, FA =
formamide [132].

3.3.4 Real-time PCR

An enhanced setup in PCR allows for tracking of the amount of DNA formed throughout the
entire reaction progress, and is therefore called real-time PCR. Fluorescent dyes such as
e.g. SybrGreen are added to the reaction mixture. They are designed to intercalate non-
specifically” into double stranded, but exclusively into double stranded DNA via binding to the
minor groove of the double helix [116]. If these dyes are excited by short wavelength light
they emit a fluorescent signal (see Figure 3-6). This is not a continuous process for during
one cycle of PCR there is double stranded as well as single stranded DNA present. The

fluorescent signal is only emitted, and therefore only detected, during the elongation phase.

* There are other methods of using real-time PCR e.g. specifically such as fluorescent probes. But as
they weren't used in this study, the author refrains from giving more information about these.
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Figure 3-6: The mechanism of real-time PCR using fluorescent dye. The dye only binds onto dsDNA
and then emits a fluorescent signal (yellow). The more dsDNA is formed during the PCR, the higher

the overall fluorescent signal becomes.

As more and more DNA is amplified the signal increases. When looking at the accumulation

of DNA during PCR it ideally looks like Figure 3-7.

27



68

E M 1

B4
62

58
56
54
52

48
48
44
42

38
36
34
32

Fluorescence

28

C;-value

24
22

1.8
18

52| Threshold line

H H
2 4 B 8 1 12 14 16 18 20 2 24 26 28 30 2 k) £ 28 40 42 44 46 48 50
Cycle

Figure 3-7: The kinetics of a PCR reaction. In the early cycles (E), as primers search the few template
copies available, amplification is slow. During the mid cycles (M) there is almost exponential
amplification until in the late cycles (L) when the reaction plateaus as primers become the limiting

factor, modified from [116]

The amplification curve can be divided into three stages. In the early cycles (E), there is not
yet much amplification happening. The primers are rather in search of the complementary
sequence of their respective template, “effectively acting as a probe” [116] as there are few
copies of the DNA template and an excess of both primers. During the mid cycles (M) the
amplification phase is progressing. The primers find complementary binding sites much
easier now as there are more of them as the reaction proceeds. However after a certain
number of cycles the amplification slows down and eventually stops, reaching a so called
plateau in the late cycles (L). This happens because at some point primers become the
limiting factor, as each cycle consumes more and more primers, elongating them into full
copies of the target region. Furthermore the activity of the DNA polymerase decreases over

time, thus the reaction and the amplification comes to a halt [116].

When evaluating the amplification curve the threshold cycle (Ct) value is used. This value is

calculated “by determining the cycle number at which the fluorescence exceeds a threshold

28



limit” [133]. The C+-value is indirectly proportional to the initial DNA template concentration.
So the more template is present at the start of the reaction the lower the Ct-value will be thus
indicating the performance of the amplification. To determine the Cr-value the software
calculates the point of interception between the (manually input) threshold line and the

amplification curve.

There are currently a number of real-time PCR dyes commercially available like SybrGreen,
PicoGreen or EvaGreen. One can basically differ between two types of dyes. SybrGreen for
example is a non-saturating dye which means that in course of binding there are still to some
extent free binding sites left.> This fact becomes a problem when the DNA is melted as a
redistribution of the dye molecules can occur which leads to a non-reliable signal (see Figure
3-8).

Non-saturating dye Saturating dye

redistribution W %
No decrease in fluorescence or reduced
decrease in fluorescence Proportional decrease in fluorescence

Figure 3-8: Differences between non-saturating and saturating PCR dyes during the melting process,
modified from [135]

3.3.5 High resolution melting analysis

In terms of post-PCR analysis, high resolution melting (HRM) was used. This method of
amplicon analysis or rather a prototype thereof was first described by Wittwer et al. in 1996
[136]. Not only is HRM applicable to genotyping and mutation analysis, it can be used to
solve a variety of problems, because it distinguishes the amplicons by their length and
sequence [137,138]. The working group around Carl Wittwer since published various papers

dealing with the mechanism of the complex melting process [122,139-141]. The background

® When using a higher concentration of a non-saturating dye, the saturation level would rise. But these
very high concentration would inhibit the polymerase during PCR [134].
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of HRM is to make use of the DNA sequence when the double strand melts into two single
strands [142].

N(CHy), 21 (H;C),N

\ /WV\/\)J\E/\/O\/\E)J\/WN\ /

N(CHy), EvaGreen (H;C),N

Figure 3-9: Structure of the EvaGreen dye. This dye is non-toxic, non-mutagenic, and uses a
“release-on-demand” mechanism while binding thus complying not only to the needs of PCR but HRM,
too [143].

For HRM saturating dyes like EvaGreen (see Figure 3-9) are used and the decrease in the
fluorescent signal, as the double strand melts into two single strands, is monitored. This
process is not unlike the denaturation step in PCR, but the melting occurs in smaller, more
precise intervals (of 0.017°C/s to 0.3°C/s). This generates raw fluorescence data which is
plotted against the temperature and thus transformed into melting curves [139]. Although the
melting temperature can be used to characterize the melting curves, there are more precise

methods used for analysis (see Figure 3-10).

- Normalized melting curves are obtained after the removal of the background and

subsequent fluorescence normalization between 100% (dsDNA) and 0% (dsDNA),
which equals 100% ssDNA. When doing so the information about the absolute
fluorescence signal’s intensity is lost but on the other hand it facilitates comparison
between different melting curves [144-146]

- Melting plots are obtained by calculating the first negative derivative of fluorescence
with respect to temperature (-dF/dT). For symmetrically shaped curves the peak is
approximately the melting temperature. The comparison of these melting plots can be
used to assign an unknown sample to a reference [140]

- Difference plots are used when the differences between melting plots are small.

These plots are obtained by subtracting the normalized reference curve from the

sample curve [147]
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Figure 3-10: Overview over different representations of the results of an HRM experiment

The characteristic differences between melt curves derive from the length of the respective
amplicon, and the GC content, but also the general sequence of the PCR product formed

during the reaction.

3.4 Agarose gel electrophoresis

A very simple but effective method to investigate DNA fragments — so this applies to
amplicons, too — is agarose gel electrophoresis. The underlying principle of this form of gel
electrophoresis is the separation and analysis of macromolecules based on their size. This
means that in the process of developing a gel, a current is passed through horizontally. The
DNA fragments, because they are negatively charged, therefore migrate in the direction of
the anode. The larger the size of the fragments, the slower is the migration und thus the
shorter the distance the fragment migrates within a fixed time. So when the first (and
smallest) fragments reach the end of the gel, larger ones have not travelled that far, allowing
for a separation on the basis of size. By comparing the migration distance to the migration
distance of standards containing DNA fragments of known size, the length of the unknown
samples can be determined (see Figure 3-11).
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Figure 3-11: DNA ladder showing the impact in size on the velocity of migration and leads to the

formation of bands [148]

Not only the gel itself needs an auxiliary but the samples have to be processed specifically
as well. A so called “loading dye” or “loading buffer” is used to dilute and load the amplicon

solution prior to subjecting it to gel electrophoresis.

SO;

Figure 3-12: Bromophenol blue (left) and xylene cyanole FF (right), two dyes used as loading dye.

As the DNA sample migrates through the gel and is separated by size the loading buffer
allows to monitor this migration. Both of the dyes seen in Figure 3-12, are used in low
concentrations. They are negatively charged and therefore migrate in the same direction as
the DNA. Bromophenol blue migrates with the velocity of small DNA fragments whereas
xylene cyanole FF rather behaves like bigger DNA fragments due to its many methyl groups

and thereof resulting reduced hydrophilic properties [149].

As the name suggests the compound used to obtain a gel is agarose (see Figure 3-13), a
polysaccharide which is extracted from a certain type of red seaweed [150].
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Figure 3-13: Structure of agarose, a disaccharide made up of D-galactose and 3,6-anhydro-L-

galactopyranose [151].

Agarose as a powder is white and dissolves in hot water and therefore in hot aqueous
solutions. Upon cooling a gel is formed. The density of this three dimensional matrix can be
controlled via the percentage of agarose used. A buffer is used to dissolve the agarose. A
commonly used buffer is TAE (Tris-Acetate-EDTA) [152]. To allow for subsequent analysis of
the DNA in course of preparing the gel a staining reagent is added to the buffer-agarose

mixture.

Figure 3-14: Structure of ethidium bromide, commonly used in nucleic acid staining. Due to health

concerns other, less toxic fluorescent dyes are on the market.

One method of DNA staining is using ethidium bromide (see Figure 3-14). This agent can
intercalate into the DNA and — upon excitation with UV light — emits a fluorescent signal thus
making the DNA visible. The advantage of ethidium bromide, namely the selective
intercalation into DNA, is its major disadvantage as this reagent does not discern between
sample DNA and the DNA of the experimenter thus posing a high risk at exposure. Newer,
safer dyes are commercially available, like GelRed, which basically consists of two ethidium

subunits bridged by a spacer [153].
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4 Experimental part

4.1 Working with DNA

When working with DNA, contamination control is crucial. PCR is a very sensitive method,
thus even small amounts of unwanted DNA can have a huge effect on the outcome. So the
DNA extraction was done exclusively in one laboratory while pipetting the Master Mix was
performed in another one. Even adding the DNA extracts to the Master Mix was done
spatially apart in a third laboratory. In the laboratory where the DNA extraction took place, all
the surfaces, and mortar and pestle were cleaned with DNA-Exitus Plus™ IF to avoid cross
contamination between samples. Separate PCR Workstations were used (VMR Peglab) to

pipette the Master Mix and add the DNA extracts, respectively.

4.2 Samples

Commercial samples were obtained at local supermarkets in Austria, Germany and the
Czech Republic. For the positive controls plants (V. macrocarpon, V. oxycoccos, and V. vitis-
idaea) were obtained at local gardeners and nurseries, some fresh berries and leaves were
obtained from our cooperation partners of the Ss. Cyril and Methodius University Skopje,
Macedonia. From the Herbarium of the University of Vienna dried and pressed sample
specimen were obtained (see Table 4-1). The different commercial food groups were
purchased ranging from jams and juices to cereal bars and teas (see Table 4-2). Matrix
components for validation were purchased in local supermarkets and nurseries (see chapter
7.7.3).

Table 4-1: Herbarium samples and their origin

species ID | herbarium number origin date
H1 61340 Styria, Austria 01.07.2007
V. vitis-idaea H2 4823 Styria, Austria 25.10.1997
H3 4854 (ssp. Minus) | North-Siberian Lowland, Russia | 27.07.2004
H4 4883 Styria, Austria 05.07.1987
Vv H5 4237 Lichtenberg, Austria 04.06.1995
- OXycoceos H6 3114 Mitterbach, Austria 28.11.1921
H7 5824 Latvia 17.08.2013
H13 4680 Ontario, Canada 12.07.1966
V. macrocarpon | H14 319 New Jersey, USA 27.06.1948
H15 249 Londonderry, UK 1977
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The DNA of the herbarium samples was extracted during a previous study by Iva Nikolik]
using the same protocol with the exception of PVP which was not added. As the amount of
samples was limited, we decided to use the extracts even though the extraction protocol
deviated slightly.

Table 4-2: Summary of the different commercial food groups used

Food groups

Cereal bar As for the food groups a variety of foodstuff was obtained with
Chocolate

Dairy product emphasis on variations within the respective group. The group “dried
Div fruit” consists of dried berries mixed with either other berries or nuts.
Dried fruit The group “Div’ includes cranberry sauce, horseradish with
Jam . . .

Juice lingonberries, mustard, a paste made of European cranberries and a
Supplements vinegar variation.

Tea

The samples ID 3 (V. macrocarpon), ID 4 (V. oxycoccos), and ID 16 (V. vitis-idaea) were

used as main references samples throughout the study.

4.3 DNA extraction with QiAamp®DNA Mini and Blood Mini Kit
For each commercial sample, a 50 mL tube was taken as a retain sample. From this, a

representative sample of about 5 mL was taken and further prepared.

All the liquid samples were considered as homogenous and therefore they were weighed in
without further sample preparation. Solid samples were ground to a powder like consistency
or a paste with mortar and pestle, depending on the dampness of the product.
Inhomogeneous samples like cereal bars and chocolate were sorted in order to accumulate
the berry content. E.g. pieces of chocolate containing no berry pieces were not used, as well

as cereal bar pieces containing only grains.

Subsequently DNA from all samples was extracted using the QiAamp®DNA Mini and Blood
Mini Kit. The manufacturer's protocol was adapted using polyvinylpyrrolidone (PVP), for

better results [112]. The protocol used for all DNA extractions is described in chapter 4.3.1.

The main reference samples were extracted three times each (on different days) to provide

enough DNA extract for all the experiments.

4.3.1 DNA extraction protocol with polyvinylpyrrolidone (PVP)
At first, 3.6 mg PVP were mixed with 180 pL ATL Buffer and 20 pL proteinase K

(600 mAU/mL) were added. This solution was added to 25 mg of the homogenized sample
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material (see chapter 4.3) and pulse vortexed for 15 s. Afterwards the mixture was incubated
in a thermal block (Thermal Mixer, ThermoFisher Scientific) for 2 h and 15 min at 56°C and
1400 rpm. To remove drops from the inside of the lid, thereafter the tubes were centrifuged
and 20 pL ribonuclease A (RNase A; ¢=20-40 mg/mL) were added. The mixture was pulse
vortexed for 15 s and incubated at room temperature for 2 min. After being briefly
centrifuged, 200 uL AL Buffer were added and the mixture was incubated at 70°C for 10 min
in a thermal mixer. Then, 200 uL absolute Ethanol was added and the mixture was vortexed
and centrifuged again. The supernatant and possible precipitate were transferred onto the

QIAamp® Mini spin column and centrifuged at 14000 rpm for 1 min.

To purify the DNA, four washing steps were carried out. 500 pL of the Buffer AW1 was
loaded on the column and centrifuged 1 min at 14000 rpm. This step was done twice. Then
500 uL of the Buffer AW2 were loaded on the column and centrifuged at 14000 for 3 min.
This step too, was done twice. In order to avoid carry over from the washing steps, another
centrifugation step at 14000 rpm for 1 min was carried out. As the last step, the QlAamp®
Mini spin column was placed on a 1.5 mL Eppendorf tube and 100 pL elution Buffer
(AE Buffer) was added. After 5 min incubation at room temperature the DNA was eluted at

8000 rpm for 1 min.

The DNA extracts were then stored at -20°C.

4.4 Determination of DNA concentration and purity
All samples were subjected to spectrophotometric measurements to determine the purity of
the extract and the DNA concentration. In the course of the work we also determined the

DNA concentration via fluorometric measurements.

4.4.1 Spectrophotometric measurements

For all spectrophotometric measurements the NanoDrop™ instrument was used. Before
starting the measurements one measurement was taken with the AE buffer from the
QlAamp®DNA Mini Kit as a reference. Subsequently, the DNA extracts were vortexed and

1 pL per sample was loaded on the lower pedestal of the NanoDrop™.

4.4.2 Fluorometric measurements

For measurements the Qubit™ dsDNA HS Assay Kit and the Qubit™ 2 or Qubit™ 3 were
used. The sample preparation was done according to the manufacturer’s instructions: 199 uL
Qubit™ dsDNA HS buffer and 1 pL Qubit™ dsDNA HS reagent per DNA extract were mixed
together, thus forming the Qubit™ working solution. 10 uL of each of the two standards, S1
and S2, were mixed with 190 uL Qubit™ working solution. 2 — 20 uyL of each sample was

used and filled up to a total of 200uL with the Qubit™ working solution. After vortexing the
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samples and standards were incubated for 2 min at RT in the dark and afterwards analysed
with the Qubit™ 2 or 3.

45 PCR/HRM

Up until the point where we switched to fluorometric measurements as the Qubit system
became available for our working group, we diluted samples to a concentration of 5 ng/uL to
perform PCR; samples below that concentration were used undiluted. All samples were re-
measured using the Qubit system and subsequently a DNA concentration of 0.1 ng per
reaction tube (e.g. 0.05 ng/pL) was used to perform all PCR experiments. These normalized
DNA concentrations were investigated with respect to the amplification and the Cs-value

respectively.

Table 4-3: Primer sequences in different target regions used in this study

Primer Sequence 5' — 3' Target region  Amplicon length
CP12 fw TTAAATCGATAGGATAAAATCTGAT

CP12 rv GATTCTATTTGAATATACCTCGAATG CP12 214 bp
ITS 1.1 fw AAACCCGCGAACTCGTCT

ITS1.1rv GTTCGTTGTTTGACAAGCAGG ITS1 135 bp
ITS 2.1 fv TTAAACGGCACTCCAGGGTC

ITS 2.1 fw CCTGGGCGTCACGCATTG ITS2 227 bp
ITS fw ATTGTCGAAAACCTGCCA

ITS rv GAGATATCCGTTGCCGAG ITS 286 bp
ITS BB fw GCAGAAAACCCGCGAACTC

ITS BB rv CGCATCTGCTCGCAAGGG ITS 99 bp
MatK 1.2 fw  AGCGAAATTTTGTAACGTGTTAGG

MatK 1.2 rv  TCATTTTTTTTAATGATCCGCTAT MatK 140 bp
MatK 1.4 fw  TTTTTGGGGTACAATACAAAT

MatK 1.4 rv  GGAAATATTGAATGAAGTGATC MatK 155 bp
MatK 1.5 fw  GAACTAGATAGATCTCAGCAACAT

MatK 1.5rv TTTGTATTGTACCCCAAAAATTTA MatK 251 bp

For this work multiple primer sets were used. One of them was found by Jaakola et al. [55]
originally to distinguish bilberries (V. myrtillus) from other berry species (ITS fw and ITS rv).
Furthermore a modified improved primer set for the differentiation of bilberry and blueberry
(V. corymbosum) was designed in our working group (Doris Feurle) (ITS_BB fw, ITS_BB fw).
Also, specific primer sets for the differentiation of V. macrocarpon, V. oxycoccos and V. vitis-
idaea were designed in the course of this work. A compilation of these primer sets is shown
in Table 4-3.
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Apart from using each primer set alone, various combinations thereof were also tested (see
Table 4-4).

Table 4-4: Combinations of primer sets

ID Primer sets

Duplex D1 MatK 1.4, ITS

Duplex D2 MatK 1.4, ITS BB
Duplex D3 MatK 1.2, MatK 1.4
Multiplex M1 MatK 1.4, ITS, ITS_BB

45.1 Primer Design

As mentioned above new primers were designed in course of this work. To align the
sequences found in the NCBI database the MEGA7 software was used (see Figure 4-1).
Particular emphasis was placed on conserved regions identical in VM, VO and VV within the
barcoding region and significant differences in the variable part. After discerning a
reasonable locus for potential primers the PyroMark Assay Design software was used to

actually design the primers (see Figure 4-2).
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Figure 4-1: Default settings used for the automatic alignments with the MEGA7 software.

Min Primer Length [nt] 12
Max Primer Length [nt] 24
Optimal Amplicon Length From [nt] R0
Cptimal Amplicon Length To [ni] 250
Max Amplicon Length [ni] 600
Allow Primer Owver SHP r
Melting Temperature Algorithm INearest Meighbor LI
Primer Concentration [pM] 0.2
Min Melting Temperature [*C] RB&.D
Max Melting Temperature [7C] Be.0
Max Alowed Tm Difference [*C] 100
Max GC Difference [%] 30

Figure 4-2: Default settings used for the automatic primer design with the PyroMark Assay Design

software.
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Before ordering the primers, the secondary structure was checked using webservers
(oligocalc and RNA fold). All primer sets were synthesized by Sigma Aldrich, purified via
reverse-phase cartridge and quality checked by mass spectrometry. Prior to using the
primers they were diluted with RNase free water according to the manufacturer’s instruction
obtaining a primer stock solution with a concentration of 100 puM. Also, 10 pL aliquots were
prepared and stored at -20 °C. Prior to use, these aliquots were filled up to 100 pL with

RNase free water, thus obtaining a primer concentration of 10 puM.

45.2 PCRand HRM

PCR was done using the EpiTect® HRM PCR kit and the Rotor-Gene® thermal cycler. At a
later point in the research the MeltDoctor™ HRM Master Mix was used with the
QuantStudio 5 by Thermo Fisher. As described in chapter 4.1. the Master Mix was prepared
in another room. The EpiTect® HRM PCR kit was used to perform the majority of PCR
reactions and subsequent HRM analyses, as it uses a fluorescent dye (EvaGreen)
appropriate for HRM. Unless specified otherwise the volumes shown in Table 4-5 were used

to prepare the respective Master Mixes.

DNA was diluted to 5ng/pL (unless mentioned otherwise) and all samples were analysed in
technical duplicates. For the no-template-control (NTC) RNase free water was used instead
of the (diluted) DNA extract.

Table 4-5: Pipetting scheme for the EpiTect® HRM PCR Master Mix

Component Volume per
reaction
[ML]
RNase free water 7
HRM Master Mix 10
Primer forward (10uM) 0.5
Primer reverse (10uM) 0.5
Master Mix 18
DNA (5ng/pL) 2
Total 20

The Master Mixes when using the MeltDoctor™ HRM Master Mix were prepared as shown in
Table 4-6.
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Table 4-6: Pipetting scheme for the MeltDoctor™ HRM Master Mix

Component Vqur_ne per
reaction
[HL]
RNase free water 18.5
HRM Master Mix 25
Primer forward (10 uM) 1.25
Primer reverse (10 pM) 1.25
Master Mix 46
DNA (5ng/uL) 4
Total 50

Table 4-7 shows the PCR profile used for all experiments with the all different primer sets on

the Rotor-Gene® thermal cycler.

Table 4-7: PCR parameters used on the Rotor-Gene® thermal cycler

Temperature Time

Initial 95°C 5 min
Denaturation
Denaturation 95°C 10s

50x Annealing 65.7°C 30s
Extension 72°C 30s
Final Elongation 72°C 10 min
Denaturation 95 °C 1 min
Hybridization 40 °C 1 min
HRM 65 - 95°C 0.1°C per 2s

4.5.3 Optimization of PCR conditions
Optimization was done regarding annealing temperature, primer concentration and additional
Magnesium.

There are numerous online tools and formulas to calculate the optimal annealing
temperature for each primer set, yet we relied on empirical data to determine the ideal
annealing temperature. In a first step each primer set was subjected to a gradient PCR,
meaning that different annealing temperatures were investigated at the same time. The
respective annealing temperatures used started 5°C below the melting temperature of the
higher melting primer of each primer set (see Table 5-2, Table 5-7, and Table 5-9) with a
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range of 10°C. To achieve this, the BioRad iCycler was used. This thermal cycler is capable
of creating a temperature gradient allowing for PCR under the same conditions with up to 8
different annealing temperatures. But no HRM could be done with this tool. So subsequently
the PCR products were transferred to striptubes suitable for the Rotor-Gene and a HRM

analysis was performed.

Simultaneously, two different primer concentrations (250nM and 100nM) were tested for
each annealing temperature. For the MatK 1.4 primer set, the influence of additional

Magnesium was investigated with two different concentrations (1.25 pM and 2uM).

For the binary mixtures the DNA extracts of the reference samples (VM: ID 3, VO: ID 4, and
VV: ID 16) were used. The reference samples were diluted and mixed to obtain 7 binary
mixtures for each pairing (VM/VV, VM/VO, and VV/VO) with a berry DNA content of 1%,
10%, 33%, 50%, 67%, 90%, and 99%, respectively. When mixing the 1% DNA extract of one
reference samples with the 99% DNA extract of one of the other reference samples, it added

up to the 5ng/uL DNA that were used for the commercial samples.

45.4 Analysis

Analysis of the data obtained by HRM was performed via Rotor-Gene® Q software. Cr
values and amplification plots were analysed as well as normalized melting plots (see Figure
4-3) and melting plots. A threshold of 0.0085 was used for the C; value evaluation. The
amplification plots were used to evaluate the selectivity of the respective primer set for VM,
VV and VO. When investigating commercial samples the melting plot was used to
differentiate between the three berry species and subsequently to assign the tested foodstuff

to one of the berry species.
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=
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Figure 4-3: Normalisation Range and Confidence Threshold used for the analysis with the Rotor-

Gene Q Series Software
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4.6 Gel electrophoresis
Gel electrophoresis was done to discern the optimal annealing temperature and to verify the
identity of the DNA products.

4.6.1 Preparation

After amplification, the amplicon samples were prepared prior to gel electrophoresis as
follows: 5 yL of each sample to be analysed were mixed with 1.25 pL Nucleic Acid Sample
Loading Dye (5x) from BioRad. For the gel 1x TAE buffer was prepared using 50x TAE
buffer. Furthermore, a 2% agarose gel was prepared by mixing 2 g agarose in 100 mL 1x
TAE buffer while heating it up on a magnetic stirrer with heater until the solution was clear.
After the agarose was completely dissolved, 10 yL Gel Red™ Nucleic Acid Stain were
added, and the hot mixture poured into the gel caster. Air bubbles were removed with a
pipette tip. Immediately after, a comb was set into place. The gel was left to cool and firm at
room temperature for at least 30 minutes or the gel looked turbid. The gel casting equipment
was placed into the buffer tank and filled up with 1x TAE buffer until completely submerged.
At this point, the comb was removed and the gel loaded with the samples and a DNA Ladder
for reference. The buffer tank was closed and connected to the power unit. The power supply

was adjusted to 120 V, leaving the gel to develop for 1 h.

4.6.2 Gel analysis

To visualize the bands upon electrophoresis, after completing the run the gel was carefully
placed under UV light, irradiated with 312 nm (UV transilluminator UVT-20M, Herolab GmbH)
and photographed. If needed the intensity of the band can be used to determine the
concentration of the amplicons formed. During the study this method was not utilized. The
placement of the band in respect to the y-axis is an indicator of the size of the respective

amplicon.
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5 Results and Discussion

5.1 DNA extraction

DNA was extracted from commercially available foodstuff and plants as described in Chapter
3.1. Each primer set (see Table 4-3) was tested with DNA samples of the three Vaccinium
species (Vaccinium macrocarpon ID 3, Vaccinium oxycoccos ID 4, and Vaccinium vitis-idaea
ID 16) prior to application to other DNA samples.

5.2 Spectrophotometric and fluorometric measurements

At the beginning of the research the DNA concentration was determined
spectrophotometrically using the Thermo Scientific™ NanoDrop 2000c for not only gaining
information about the DNA concentration of the extracts of all samples but about their purity
as well. Results showed that for all DNA extracts (reference samples and foodstuff samples)
the 230/260 ratio was out of the accepted range of 1.8 and 2.2 (see chapter 3.2).

Additionally, the concentration of all the DNA extracts was determined using the Qubit™
dsDNA HS Assay Kit and the Qubit™ 2 or Qubit™ 3 (see chapter 7.7). The concentration of
some samples was below the LOD of the Qubit™ dsDNA HS Assay Kit. Nine of these 13

samples were juices, three were supplements and the last one a jam.

5.3 Differentiation of the berry species in the MatK Region

Different DNA barcoding regions were tested. First, the MatK region, a gene located in the
plastid, was investigated. Primers in the MatK barcoding region were designed. The
accession numbers of the sequences found in the NCBI data base and used to design the

primers are shown in Table 5-1.

Table 5-1: Accession numbers and definitions of the MatK sequences used

accession number definition

AF382819 Vaccinium vitis-idaea maturase K (matK) gene, complete cds;
chloroplast gene for chloroplast product.

KX677788 Vaccinium oxycoccos voucher HERB0235 maturase K (matK) gene,
partial cds; chloroplast.

U61316 Vaccinium macrocarpon ribosomal maturase (matK) gene, partial cds;
chloroplast gene for chloroplast product.

The alignment (see Figure 5-1) of these three sequences showed conserved regions as well
as variable ones. The goal was to design primer sets yielding amplicons of different length

and covering different sections of the gene.
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Figure 5-1: Alignment of the sequences of V. macrocarpon (above), V. vitis-idaea (middle), and

V. oxycoccos (below) in the MatK barcoding region. Variable positions are labelled.

Primers were designed using the PyroMark Assay Design software. All the primer sets were
designed to meet the criteria mentioned in chapter 3.3.3. Figure 5-2 shows where the
respective primer sets MatK 1.2, MatK 1.4 and MatK 1.5 are located. As the primer sets were
designed to bind to the conserved regions of the sequence and the conserved regions were

the same in all three sequences, only the Vaccinium macrocarpon sequence is shown here.

For the MatK 1.2 and the MatK 1.5 primer set the same reverse primer was used resulting in

a larger amplicon for the latter.
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ATTCAAAAGATATTTAGAACTAGATAGATETCAGEAAGAT G ACTTCATATATCCACTTATTTTTCAGGAGTATAT
TTATGCACTTGCTCATGATCGTGGTTTAAATAGATCTATTGTTTTTCAAAATGCAGATTATGACAATAAATCTAG
CTTACTAATTAGGAAACGTTTAATCACTCATTTAATTACTCAAATGTATCAACAGAATCATTTTCTTTTTTATACT

AATGATTTTAATCCAAATRBBTTTTTGGGGTACAATACAAAR TTTGATTCTCAAATGATATTTGAAGGATTTGCG
GTCGTTGTGGAAATTCCATTTTATCTACAATTACTATCTTTTCTAGAAGGGAAAGAAAGAGTCAAATCTCATAAT
TTACGATCACTTCATTCAATATTTCCGTTTTTAGAGGACAAATTTTCCCATTTAAATTATGTGTTAGATATACTAA
TACCTTATCCCGTCCATATGGAAATCTTGGTTCAAACTCTTCGCTACTGGGTAAAAGATCCCTCTTCTTTGCATTT
ATTACGATTTTTTCTCCACGAGTATCCTAATCGGAATAGTCTTATTACTCCAAAGAAATATAGTTTTTCTTTTTCA
AAAAGAAATCAAAAATTCTTCTTGTTCCTATATAATTTTCATGTATGTGAATACGAATCTATCTTCGTTTTTCTTC

GCAATCAATCTTCTCATTTATGCTCAATATCTTTTGAAACCTTTCTAGAACGAATCTTGTTCTATAAAAAAATAGA
ACTAGAAGTCTTTGTTAAGGATTTTAAGGGCATTCTATGGGTTTTCAAAGACCCTTTCCTGCATTATGTTAGATA
TCGAGGAAAATCCATTTTAGCTTCAAATGGTTCGTCTCTTTTGATGAATAAATGGAAATATTACCTTGTCAATTT
CTGGGAATGTTATTTTTCCATATGGGCTCAACCAAGAAGGATCCATATAAACCAATTATCCAATAATTCCTTCGA
CTTTCTGGGCTATCTTTCAAGCGTACGATTAAAACCTTCAATGGTACGGACTCAAATGATAGAAAATTCATTTCT
AATAGAGAATGCTATTAAGAAGTTCGATACTCTAGTGCCAATTACTCCAATGATTGCATCATTGTCTAARGEGA
AT TG TAACGTGTTAGG  CATCCCATGAGTAAGCCGGTCTGGAGCGGTTTATCAGATTCTGATATTATTGAA
CGATTCGGGCGTATATATAGAAATCTTTCTCATTATTATAGCGGATCATTAAAAAAAATGAGTTTGTATCGAAT

AAAGTATATACTTCGACTTTCTTGTGCTAGAACTTTGGCACGTAAACACAAAAGTACGGTACGTTCTTTTTTGAA
AAGATTAGGAGTGGGATTATTAGAAGAATTTTTTACGGAGGAAGAGCAGGTTTTTTATTTGACCTTTCAAAAA

GCTTCTTCGACTTCAAGGAAGTTATATCAAAGGCGTATTTGGTATTTGGATATTTTTTGTGTTAATGATACGGCA
AATCATGAATGA

Figure 5-2: Primer binding sites for the MatK region of V. macrocarpon (Accession number U61316),
light blue: MatK 1.2 forward, dark blue: MatK 1.2. reverse, dark pink: MatK 1.4 forward, light pink:
MatK 1.4 reverse, green: MatK 1.5 forward, dark blue MatK 1.5 reverse
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Table 5-2: Predicted melting temperatures and secondary structures of the MatK 1.2, MatK 1.4,

MatK 1.5 primer sets (see Table 4-4)

ID MatK 1.2 fw MatK 1.2 rv
Basepairs 24 24
Amplicon length 140 bp

Tm® (ThermoFisher) 63.9 61.3

Tm® (PyroMark Software) 69.5 67.0

RNA fold

ID MatK 1.4 fw MatK 1.4 rv
Basepairs 21 22
Amplicon length 155 bp

Tm® (ThermoFisher) 57.4 56.6

Tme° (PyroMark Software) 62.2 59.8

RNA fold

ID MatK 1.5 fw MatK 1.5 rv
Basepairs 24 24
Amplicon length 251 bp

Tm® (ThermoFisher) 57.3 60.0

Tme® (PyroMark Software) 62.6 65.6

RNA fold

a7




After designing and ordering the primer sets all of them were diluted according to the
manufacturer’'s data sheet. The data sheet did come with a calculation of the melting
temperature of each primer. When performing a gradient PCR (see chapter 4.5.3) to
determine the optimal annealing temperature these data were considered and the highest
annealing temperature was set to be 5°C below the lower melting temperature of the two
primers forming a set. For each temperature, a NTC (no template control) was tested as well
as DNA extracts of VM, VV and VO separately. After performing PCR (see Table 4-8) in the
BioRad iCycler iQ5, where a gradient PCR was possible, all the samples were transferred to
strip tubes and subjected to HRM using the Rotor-Gene® thermal cycler. The resulting
melting plots were investigated regarding the melting profile of the different berry species and

possible formation of primer dimers in the NTC samples (see chapter 4.5.3).

1234567 8 910111213141516 171819202122 23 242526272829

V. macrocarpon V. oxycoccos V. vitis-idaea

Figure 5-3: Agarose gel of different samples after PCR using the MatK 1.4 primer set at
different annealing temperatures. Lanes 2,3, 28, 29: NTC, lanes 4-11: VM = ID 3, lanes 12-
19: VO =ID 4, lanes 20-27: VV =ID 16 (see 7.7.1 for ID information)

Figure 5-3 shows a gel displaying amplicons formed with the MatK 1.4 primer set of VM, VV
and VO at various annealing temperatures. For all species and all annealing temperatures,
amplicons of the expected size (155 bp, see Table 4-3) were obtained. The brightness of the
band was used to decide which annealing temperature yielded highest concentration of
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amplicons. At 55.9 °C the band was the brightest so this temperature was used in
subsequent PCR/HRM analysis. As for the melting plot Figure 5-4 shows how the different
annealing temperatures influence the shape (and height) of the curve; the melting curves for
amplicons yielded by V. oxycoccos and V. vitis-idaea showed the same melting behaviour.
As all the melting curves looked very much alike the optimal annealing temperature was

solely decided by the results of gel electrophoresis.
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Figure 5-4: The influence of the annealing temperature on the melting curve of the amplicons of VM
(ID 3, see chapter 7.7.1) obtained by PCR with the MatK 1.4 primer set; the lighter the colour, the

higher the annealing temperature ranging from 58.1 to 52.0 °C. Typical results are shown.

Furthermore — as the Epitect® HRM PCR kit does not specify how much magnesium it
contains — additional magnesium was added to investigate effects of the addition of
magnesium on the amplification and melting plot. All three reference samples were tested, all

of them with similar results (see Figure 5-5).
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Figure 5-5: The influence of Mg concentration on the amplification and melting plot. Typical results
are shown. VM (ID 3), MatK 1.4 primer set, annealing temperature: 52°C (similar results for VO (ID 4)
and VV (ID 16)).

Regarding the amplification there was no improvement, as the additional magnesium did not
change the Ct value. The additional Magnesium shifted the maximum of the melting plots to
higher temperatures. The general shape of the melting curve and the peak maximum did not
change except being broader. So no further experiments were done investigating the

influence of Magnesium with other primer sets.

For all three primer sets targeting the MatK region melting curves of the PCR products of the
positive controls (VV, VM and VO) were very similar to one another with regards to the peak
shape and peak maximum. The primer set MatK 1.5 (see Figure 5-7) even yielded three
overlapping curves. The other primer sets were able to distinguish between VO and the other
two berry species (MatK 1.2, see Figure 5-6) and VM and the other two berry species
(MatK 1.4, see Figure 5-8) respectively. The latter primer set was used to investigate a few

randomly chosen DNA extracts of commercial food samples.
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Figure 5-6: Resulting melting plots for the PCR products obtained with the primer set MatK 1.2.
Reference samples: red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16).

Figure 5-7: Resulting melting plots for the PCR products obtained with the primer set MatK 1.5.
Reference samples: red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16).

T

Figure 5-8: Resulting melting plots for the PCR products obtained with the primer set MatK 1.4.
Reference samples: red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16).

The analysis of these processed food samples (see Figure 5-9) showed how difficult
differentiating between the berries species was when more complex matrices and a larger
variety of samples are involved. These results led to the conclusion that the MatK region,
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although frequently used as barcoding region for plants, was not able to differentiate

between VV, VM and VO in a manner applicable to processed food.
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Figure 5-9: Melting plots for the PCR products obtained with the MatK 1.4 primer set. Reference
samples: red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16). Dotted teal=dried cranberries (ID 7),
dotted pink=powdered cranberry (labelled V. oxycoccos, ID 11), dotted olive=horseradish with

lingonberries (ID 33). It can be seen, that no differentiation is possible.

5.4 Multiplexing approaches and the CP12 barcoding region
In course of this research a variety of combinations of primer sets (see Table 4-4) were

tested as well as another barcoding region (CP12).

In an attempt to improve the (poor) results obtained by using the MatK 1.4 primer set, this set
was used simultaneously with the ITS primer set initially used by Jaakola et al. [55]. The
target region of this particular primer set lies in the ITS1 region. The goal was to obtain two
amplicons per each DNA sample (one for each barcoding region) and thus melting curves
that lead to a more distinct differentiation. For this experiment two more Vaccinium species
were investigated, because Jaakola et. al had tested their ITS primer on different other
Vaccinium species, also. Figure 5-10 shows that use of this combination (D1) did not lead to
an improvement concerning the differentiation of the three Vaccinium species
V. macrocarpon, V. oxycoccos, and V. vitis-idaea. Although it is observable, that a distinction
between Vaccinium myrtillus (bilberry) and Vaccinium corymbosum (blueberry) is possible.

(This — in detail — was investigated within the scope of another master’s thesis.)
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Figure 5-10: Melting plot for the PCR products obtained with the primer set D1. Red= VM (ID 3),
green= VO (ID 4), light blue= VV (ID16), dark blue= bilberry (1A), ochre= blueberry (2B).

Another approach was the combination (D2) of the above mentioned primer set MatK 1.4

with the primer set ITS BB (see Table 4-7). The latter was especially designed for the

distinction between Vaccinium corymbosum and Vaccinium myrtillus in our working group by

Doris Feurle®. When testing only the reference samples, all five Vaccinium species could be

distinguished. But when this combination was used to investigate the herbarium samples

(see Table 4-1), it was unreliable concerning the distinction between different Vaccinium

species, as can be seen in Figure 5-11.

Table 5-3: Mean C values (n=2) of the DNA extracts of the herbarium samples obtained with the D2

primer set.

ID mean Ctvalue

3 18.39

4 14.69
16 13.54
H1 14.49
H2 16.00
H3 16.25
H4 16.36
H5 19.74
H6 18.79
H7 17.45
H13 27.04
H14 27.46
H15 26.48

The DNA extracts of all samples did amplify and yielded a PCR
product. The mean Cy values of the DNA extracts of the herbarium
samples were similar to the C+ values of the DNA extracts of the
reference samples (see Table 5-3). Only the herbarium samples
H13, H14, and H15 (all VM samples, see Table 4-1) had higher C+

values.

The three herbarium samples labelled as VV (H1-H3) all showed a
melting curve very similar to the VV reference sample. Of the four
herbarium samples labelled as VO (H4-H7), only the melting curve
of H4 matched the reference sample, the melting curves of the

other samples differed in shape and number of peaks. For the

® As the primer set ITS_BB was designed for the differentiation between bilberry and blueberry, these
berries too, where investigated additionally.
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herbarium samples labelled as VM (H13-H15), only the melting curve of H15 showed a
similarity to a references sample, albeit the VV samples. The melting curves of the other
samples did no share similarities to any of the reference samples. Whether this is because
the herbarium samples were mislabelled in the first place or the DNA was degraded too

much due to the samples being preserved by drying, could not be established.

1) 305 a1 ans B2 825 2] a5 B 845 =) %5 5] 865 e
C

Figure 5-11: Melting plot for the PCR products obtained with the D2 primer set. Above: reference
samples: red= VM (ID 3), green= VO (ID 4), light blue= VV (ID 16), dark blue= bilberry (1A), ochre=
blueberry (2B). Below: reference samples: red= VM (ID 3), green= VO (ID 4), light blue= VV (ID 16),
herbarium samples VV (H1-H3): dotted lines, VO (H4-H7): dashed lines, and VM (H13-H15): small

dotted lines.

Furthermore a combination the three primer sets mentioned above, namely MatK 1.4, ITS
and ITS_ BB, was investigated. This combination (M1) yielded promising results as can be
seen in Figure 5-12. The three Vaccinium species V. macrocarpon, V. oxycoccos, and
V. vitis-idaea showed different melting curves (VM and VV vs. VO) as well as a difference in

the temperature at the peak maxima (VM and VV).
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Figure 5-12: Melting plot for the PCR products obtained with the primer set M1. Red= VM (ID 3),
green= VO (ID 4), light blue= VV (ID 16), dark blue= bilberry (1A) , ochre= blueberry (2B)

So in a next step the primer set combination M1 was used to analyse the above mentioned
herbarium samples as is shown in Figure 5-13. The results were somewhat inconclusive as
the herbarium samples were difficult to assign to a distinct Vaccinium species although they
were obtained from reliable sources such as nurseries. Some of these samples were nearly
a hundred years old (see Table 4-1) and have been preserved by drying prior to extraction.
The respective DNA extracts had been in storage at -20 °C for almost a year.

Table 5-4: Mean Cy values (n=2) of the DNA extracts of the herbarium samples obtained with the M1
primer set.

ID mean C;value As can be seen in Table 5-4 the mean C; values of the DNA

3 11.42  extracts of the reference samples are lower than the ones of the

4 12.45  herbarium samples. Only the herbarium samples H13, H14, and
H16 1421(?3 H15, that were all labelled as VM had higher C; values. The DNA
H2 15.53 extracts of the herbarium samples labelled as VV (H1-H3) yielded
H3 15,51 a melting curve very similar to the respective VV reference
H4 16.16 samples, thus they were easy to assign. For the DNA extracts of
:S 1232 the herbarium samples labelled as VO the varying shapes of the
7H 15.63 Mmelting curves made it difficult to assign them to a berry species.
13H 26.76  Two of the DNA extracts of the herbarium samples labelled as VM
14H 26.76 (H13 and H14) yielded melting curves that did not match any
15H 26.18

reference sample, a third one (H15), had a melting curve very
similar to that of the VV reference sample.
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Figure 5-13: Amplification plot (above) and melting plot (below) for the PCR products obtained with
the primer set M1. Reference samples: red= VM (ID 3), green= VO (ID 4), light blue= VV (ID 16),
herbarium samples VV (H1-H3): dotted lines, VO (H4-H7): dashed lines, and VM (H13-H15): small

dotted lines.

Likewise, a combination using two primer sets designed for the MatK region were tested (see
Figure 5-2 and Table 4-7). In preceding experiments the primer set MatK 1.2 showed
potential to differentiate VV from the other two berry species (see Figure 5-6) whereas the
primer set MatK 1.4 could be used to distinct VM from VV and VO (see Figure 5-8). Our
approach was that a combination of these two primer sets (D3) may lead to an increased

differentiation.
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Figure 5-14: Melting plot for the PCR products obtained with the primer set D3. Reference samples:
red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16).

As can be seen in Figure 5-14 the PCR products for the MatK 1.2 primer set yielded very
distinct peaks around 78 °C (see Figure 5-6). The peaks obtained for the PCR products of
the MatK 1.4 primer set however at around 74 °C (see Figure 5-8) were rather unpronounced
in comparison to the other peaks. So for the next step the different primer concentrations
were adapted. The primer concentrations previously used before adaption were 100nM and
250nM (see chapter 4.5.3).

Table 5-5: Primer set combinations D4-D7

MatK 1.2 MatK 1.4

ID [nM] [nM]
D4 100 250
D5 50 375
D6 100 250
D7 50 375

Table 5-5 shows the combinations of primer concentrations used. The goal of these
experiments was the increase the amplicon yield and therefore the peak height obtained for

the amplicons with the MatK 1.4 primer set.
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Figure 5-15: Melting plots for PCR products obtained with different primer sets. Reference samples:
red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16). Above: left: primer set D4. right: primer set D5.
Below: left: primer set D6, right: primer set D7 (see Table 5-3)

This approach was successful insofar as the resulting melting plots showed two peaks of
approximately the same height (see Figure 5-15, primer set D4). Unforeseen interaction
between the two primer sets lead to a more differentiated melting profile as far as the
MatK 1.4 primer set is concerned. This resulted in three melting peaks for the three berry
species that were better distinguishable than the melting peaks that resulted from using only
the MatK 1.4 primer set. So although the combinations D4 and D6 lead to peaks of even
height we aimed for maximum differentiation. Therefore the combination D5 that had shown
the most distinguishable melting peaks was used to carry out further experiments. This

combination D5 was used to investigate processed food samples.
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Figure 5-16: Melting plot for the PCR products obtained with the primer set D5. Reference samples:
red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16). Food samples: blue dotted=pure cranberry juice
(ID 6), purple dotted=powdered cranberry (ID 11), olive dotted=powdered lingonberry (ID 12), (see

7.7.1 for more ID information).

A variety of samples was investigated using the D5 combination of primer sets at an
annealing temperature of 55.9°C. Results showed (see Figure 5-16) that the peaks obtained
with the MatK 1.4 primer set are hard to assign to a berry species as in this region there is no
difference between the melting profile of VM and VO. The commercial samples did not show
any peak expected for a PCR product obtained with the MatK 1.2 primer set (see Figure 5-6)
around 78°C. In conclusion this primer set combination did not lead to a more distinct

differentiation between the berry species.
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Figure 5-17: Developed agarose gel showing the size of the amplicons obtained with different primer
sets. Lane 2-8: primer combination D1 (NTC, ID 1A, ID 2B, ID 3, ID 4, ID 16, ID 30). Lane 9-15: primer
set D2 (NTC, ID 1A, ID 2B, ID 3, ID 4, ID 16, ID 30). Lane 17-23: primer set M1 (NTC, ID 1A, ID 2B, ID
3, ID 4, ID 16, ID 30). Lane 25-28: primer set MatK 1.4 for reference (ID 3, ID 4, ID 16, ID 30), see
Table 5-3. Different ladder volumina’ (1.88 pl, 0.94 uL und 1.24 L) were used (lane 1, 16, 30).

Agarose gel electrophoresis was used to verify the formation of different amplicons when
using more than one primer set as shown in Figure 5-17. For the combination D1 the primer
sets MatK 1.4, and ITS were used, that yielded amplicons with a size of 155bp and 286 bp,
respectively (see Table 4-3). The developed agarose gel shows (lane 9-15), that the PCR
products all match the size of amplicons obtained by the ITS primer set. The same is true for
the combination D2, which used the MatK 1.4, and the ITS_BB primer set (lane 18-23). In
this case, too, the amplicon size matched the size of PCR products obtained with the ITS_BB
primer set. When using all three of the above mentioned primer sets (combination M1, see
Table 5-5), the strongest signal derives from amplicons that match the size of PCR products
obtained with the ITS primer set. Also, no amplicon of the size matching the PCR products
obtained with the MatK 1.4 primer set could be detected. The results of these experiments
point to a bias towards PCR amplification in the ITS region over the MatK region.

A previous gel was developed using the recommanded amount of ladder (2 pl), but this lead to a
smear of the bands. So the gel seen in (Figure 5-17) was also used to determine an optimal volume
for the ladder.
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Conclusively, the primer combinations did not enhance the differentiation between the three

Vaccinium species.

Next to the barcoding regions discussed above one primer set was designed for the CP12

region (see chapter 1.3).

Table 5-6: Accession numbers and definitions of the CP12 sequences used

accession number definition

Vaccinium macrocarpon clone CP12_12-328
KU710568.1 microsatellite CP12 sequence; chloroplast

Vaccinium oxycoccos clone CP12_12-370
KU710575.1 microsatellite CP12 sequence; chloroplast

Vaccinium vitis-idaea clone CP12_12-382
KU710585.1 microsatellite CP12 sequence; chloroplast

20 40 %0 E 1w

] I i i
KU710568.1 AAG-ATTGTT TAAATTCGAT AGGATAAAAT CTGATCTTTT TTTTTTTTTA CTTAGACTTG TATCATAACA CTAATATCTA TTTAGTGGAA TATGATATAC CATGGAACTG 109
KU710575.1 AAG-ATTGTT TAAATTCGAT AGGATAAAAT CTGATCTTTT TTTTTTT--A CTTAGACTTG TATCATAACA CTAATATCTA TTTAGTGGAA TATGATATAC CATGGAACTG 107
KU710585.1 AAGGATTGTT TAAATTCGAT AGGATAAAAT CTGATCTTTT TTTTT----A CTTAGACTTG TATCATAACA CTAATATCTA TTTAGCGGAA TATGATATAC CATGGAACTG 106
2 " L 1w 2 2
KU710568.1 CGACTTTTGC CCCACCGTAA ATGAAAGAGT TCTTATGCAT AGAGAAAATG ATATATGTGC ATAGAGAAAA TGATATATGG GGAAATGCAT TCGAGGTATA TTCAAATAGA 219
KU710575.1 CGACTTTTGC CCCACCGTAA ATGAAAGAGT TCTTATGCAT AGAGAAAATG ATATATGTGC ATAGAGAAAA TGATATATGG GGAAATGCAT TCGAGGTATA TTCAAATAGA 217
KU710585.1 CGACTTTTGC CCCACCCTAA ATGAAAGAGT TCTTATGCAT AGAGAAAATG ATATATGE=E =o-tscssnts SEss-sbots G GGAAATGCAT TCGAGGTATA TTCAAATAGA 194
240 200 250
i I 1
KU7105681 ATCAAATTGG CGGATGGAAG TCTCTGTATC CATATGTATA TCGATATCTC TAGTGGGATC G 280
KU7105751 ATCAAATTGG CGGATGGAAG TCTCTGTATC CATATGTATA TCGATATCTC TAGTGGGATC G 278
KUT105851 ATCAAATTGG CGGATGGAAG TCTCTGTATC CATATGTATA TCGATATCTC GAGTGGGATC A 255

Figure 5-18: Alignment of the sequences of V. macrocarpon (above), V. oxycoccos (middle), and

V. vitis-idaea (below) in the CP12 barcoding region. Variable positions are labelled.
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Table 5-7: Predicted melting temperatures and secondary structures of the CP12 primer set

ID CP12 fw CP12 rv

Basepairs 26 26

Amplicon length 214 bp

Tm® (Thermofisher) 59.0 59.7

Tm® (PyroMark Software) | 64.7 65.4

RNA fold
AAGATTGTIRTAAATTCCATACCATAAAATCTCATCTTTTTTTTTTTTTACTTAGACTTGTATCATAAC

ACTAATATCTATTTAGTGGAATATGATATACCATGGAACTGCGACTTTTGCCCCACCGTAAATGAAAG
AGTTCTTATGCATAGAGAAAATGATATATGTGCATAGAGAAAATGATATATGGGGAAATGCATTCGAG
GTATATTCAAATAGAATCAAATTGGCGGATGGAAGTCTCTGTATCCATATGTATATCGATATCTCTAG
TGGGATCG

Figure 5-19: Primer binding sites for the CP12 region of V. macrocarpon (Accession number
KU710568), dark orange: CP12 forward, light orange: CP12 reverse

A gradient PCR was performed (54.0-59.0°C) using two different primer concentrations (see
4.5.3). The annealing temperature did not have much influence on the shape and size of the
melting curve. The lesser primer concentration yielded smaller peaks that were even more

undistinguishable as can be seen in Figure 5-20.
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Figure 5-20: Melting plots for the PCR products obtained with the primer set CP12. Reference
samples: red=VM (ID 3), yellow=VO (ID 4), green=VV (ID 16). Above: higher primer concentration

(250nM), below: lower primer concentration (100nM).

Due to these results no further attempt of using this primer set were undertaken in course of

this research.

5.5 Differentiation of the Vaccinium species in the ITS regions

In an attempt to improve the results obtained by using MatK as barcoding region and the
primer set combination M1 both ITS regions — ITS1 and ITS2 — were investigated. For
preliminary testing only the three references (VM, VV, VO) were used (see Table 5-8, Figure
5-21, Table 5-9, and Figure 5-22). A gradient PCR was performed ranging from 60.1 to
65.7°C® for both of the ITS regions. It was found that for both primer sets ITS1.1 and ITS2.1
the highest annealing temperature lead to the most distinct and distinguishable melting
curves. Figure 5-23 shows the melting plot using the ITS 1.1 primer set as well as the ITS 2.1

primer set, each with an annealing temperature of 65.7°C.

 The annealing temperatures investigated were 65.7°C, 64.9°C, 63.7°C, 62.1°C, 60.9°C, and 60.1°C.
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Table 5-8: Accession numbers and definitions of the ITS sequences used

accession number definition

Vaccinium macrocarpon internal transcribed spacer

1 5.8S ribosomal RNA gene and internal
AF382730 transcribed spacer 2 complete sequence

Vaccinium vitis-idaea internal transcribed spacer 1

partial sequence 5.8S ribosomal RNA gene

complete sequence and internal transcribed spacer
GU361898 2 partial sequence

Vaccinium oxycoccos voucher NMW3586 5.8S

ribosomal RNA gene partial sequence internal

transcribed spacer 2 complete sequence and 28S
KX167293 ribosomal RNA gene partial sequence

0 4 50 8 100
] I I | i
GU3618981 TTGCGCCTGA AGCCATTAGG CTGAAGGCAC GTCTGCCTGG GCGTCACGCA TTGCGTCACC CACCTCCCCC GCGCCCCAAG CGGGCACGTC GGTGCGTGGG CGGATATTGG 110
AF3827301 TTGCGCCTGA AGCCATTAGG CTGAAGGCAC GTCTGCCTGG GCGTCACGCA TTGCGTCACC CACCTCCCCC GCGCCCCAAG CGGGCACGTC GGTGCGTGGG CGGATATTGG 110
KX1672931 TTGCGCCTGA AGCCATTAGG TTGAAGGCAC GTCTGCCTGG GCGTCACGCA TTGCGTCACC CACTCCCCCC GCGCCCCAAG CGGGCBCGTC GGTGCGTGGG CGGATATTGE 110
1 i 18 1% Ed =
GU3618981 CCCCCCGTTC GCATCCGCGC GCGGTCGGCC TAAAAAACGG GTCCCCAATG ACGGACATCA CGACGAGTGG TGGTTGCTAA A-CCGTCGCG TCACGTCGTG CATGCCATCG 219
AF3827301 CCCCCCGTTC GCATCCGCGC GCGGTCGGCC TAAAAAACGG GTCCCCAATG ACGGACATCA CGACGAGTGG TGGTTGCTAA A-CCGTCGCG TCACGTCGTG CGTGCCATCG 219
KX1672931 CCCCCCGTTC GCATCCGTGC TCGGTCGGCC TAAAAAACGG GTCCCCAACG ACGGACATCA CGACAAGTGG TGGTTGCTAA AACCGTCGCG TCBCGTCGTG CGTGCCATCG 220
240 =
| i
GU3618981 TTTGTTGCGG GTTGGCCCAT TTGACCCTGG AGTGCCGTTT AAGTGCGGCG CCTCAACT 277
AF3827301 TTTGTTGCGG GTTGGGCCAT TTGACCCTGG AGTGCCGTTT AAGTGCGGCG CCTCAACT 277
KX1672931 TCTGTTGCGG GTTGGCCCAT TCGACCCTGG AGTGCCGTTT AACCGCGGCG CCTCAACT 278

Figure 5-21: Alignment of the sequences of V. vitis-idaea (above), V. macrocarpon (middle), and

V. oxycoccos (below) in the ITS barcoding region. Variable positions are labelled.
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Table 5-9: Predicted melting temperatures and secondary structures of the ITS1.1 and ITS2.1 primer

sets (see Table 4-4)

ID ITS1.1 fw ITS1.1rv
Basepairs 18 21
Amplicon length 135 bp

Tm® (ThermoFisher) 64.48 64.5

Tm® (PyroMark Software) | 69.8 69.9
RNA fold

ID ITS2.1 fw ITS2.1rv
Basepairs 18 20
Amplicon length 227 bp

Tm® (ThermoFisher) 71.4 66.1
Tm?° (PyroMark Software) | 76.2 71.2
RNA fold
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TCGAAAACCTGCCAAGCAGAAAACCCGCGAACTCGTCTATACTCTCGGGGAACGATGTGGGGGTCGTG
GCCCAGTTGCCTCGCCTCCCGTCTTCCCCTTGCGAGCAGATGCGCACGGAACCTCCGGGCGACGTEET
CCTCCTCCTTETCARACAACGAACCCCGGCGCAAAACGCGCCAAGGAAAATCGAACAAAGAGCGCGCG
TCCCTGCCCGTTCTCGGGCGGTGTTGGCGTCTGCAATCTTTCTTGTAACTGAACGACTCTCGGCAACG
GATATCTCGGCTCTTGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCC
CGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCTGAAGCCATTAGGCTGAAGGCACGTCTGEETGE
BCGTCACGCATTGCGTCACCCACCTCCCCCGCGCCCCAAGCGGGCACGTCGGTGCGTGGGCGGATATT
GGCCCCCCGTTCGCATCCGCGCGCGGTCGGCCTAAAAAACGGGTCCCCAATGACGGACATCACGACGA
GTGGTGGTTGCTAAACCGTCGCGTCACGTCGTGCGTGCCATCGTTTGTTGCGGGTTGGGCCATTTGAC
CCTGGAGTGCCGTTTAAGTGCGGCGCCTCAACT

Figure 5-22: Primer binding sites for the ITS regions of V. macrocarpon (Accession number
AF382730), light green: ITS1.1 forward, dark green: ITS1.1 reverse, dark purple: ITS2.1 forward, light
purple: ITS2.1 reverse

Figure 5-23: Melting plots of PCR products obtained with the ITS1.1 primer set (left) and the ITS 2.1
primer set (right), annealing temperature 67.5 °C. Reference samples: red=VM (ID 3), green=VO (ID
4), blue=VvV (ID 16).

Regarding these results we decided to use the ITS 2.1 primer set for all subsequent research
as the difference between the melting curves of the individual berries were most distinct.
Although the maxima of the peaks of the VM and VV melting curve differ in 1°C when using
the ITS 1.1 primer set, we opted for more reliable differentiation as the ITS 2.1 primer set led

to 3 different shapes of melting curves.

5.6 Optimization and Validation

Optimization was done for each of the primer sets separately. For each primer set, the
optimal annealing temperature was determined as well as the optimal primer concentration
(see chapter 4.5.3). Subsequently for the MatK 1.4 primer set the influence of an increased
Magnesium concentration was investigated (see Figure 5-5 and chapter 4.5.3). But as this
led to no improvement concerning the differentiation of the melting plots we did not
undertake more research in this direction. The same is true for different primer
concentrations that were investigated. Furthermore, a variety of primer set combinations

were tested (see chapter 5.4), equally yielding no improvement in the differentiation.
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The ITS 2.1 primer set was optimized only with regards to the annealing temperature
because previous research showed very little influence of Magnesium and primer

concentrations (see chapter 4.5.3. and Figure 5-5).

One aspect we investigated in the context of validation was the reliability of the reference
samples we used by comparing them to herbarium samples. Another thermal cycler, the
QuantStudio® 5, was used, too, to determine whether the differentiation of VM, VV and VO

was possible using other commercial available Master Mixes.

5.6.1 Matrices

A variety of matrix components were analysed. These components were chosen with
particular attention to the ingredients of the various food groups also analysed. Matrices were
investigated that were part of the processed food samples used in this study. Along with
different berries that do not share a close evolutionary relation with the Vaccinium genus a
variety of nuts was analysed. Furthermore DNA was extracted from different apple cultivars

and selected other matrices (see Table 5-10 and chapter 7.7.2).

Table 5-10: Matrix components used throughout this study

ID Name
Al almond

B1 cashew

Cc1 walnut

D1 poppy seed

El raisin

F1 grape

Gl strawberry

H1 goji

11 raspberry

J1 blackberry

K2 red currant

L1 apple
M1 pomegranate

N1 sour cherry

0] apple Evelina

P apple Gala

Q apple Granny Smith
R apple Golden delicious
S white currant leaves
T red currant leaves

U black currant leaves
Vv black currant leaves
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Figure 5-24: Amplification plot (above) and melting plot (below) of PCR products obtained with the
ITS2.1 primer set. Reference samples: red=VM (ID 3), green=VO (ID 4), blue=vV (ID 16).
Violet=cashew (ID B1), yellow= pomegranate (ID M1), magenta= sour cherry (ID N1), dark
purple=apple “Gala” (ID P). The latter did not amplify.

Of all the matrix components investigated, the DNA extracts of walnut (ID C1), raisin (ID E1),
grape (ID F1), raspberry (ID 11), all currant varieties (ID K2, S, T, U, and V) as well as three
apple varieties (ID O, Q, and R) did not amplify at all (see Figure 5-24). The DNA extracts of
the matrix components, that showed amplification, had C+ values that cluster around 40 (see
Table 5-11) whereas the mean C; values of the DNA extracts of the positive controls are
between 16 and 17. The A C; values thus ranged from 14-24. This is a strong indicator for
overall low and possible unspecific amplification (potentially cross reactivity of the primer set)

of these particular DNA extracts.
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Table 5-11: Mean Cy values (n=2) of the DNA extracts of the matrix components

ID mean Crvalue ID mean Cyvalue

Al 35.73 L1 39.22
B1 40.60 M1 40.79
c1 - N1 40.16
D1 36.41 o) -
E1l - P 41.86
F1 - Q -
G1 40.40 R -
H1 38.23 S -
11 - T -
J1 41.57 U -
K2 - V -

- ... ho amplification

100.00

90.00

80.00

70.00

60.00

50.00 M ovMm

confidence %

ovo
40.00 |

owvv

30.00 I i

20.00

10.00
Al Bl C1DlIELFLGLIHL Il JI1K2ZLIMINIO P Q R S T U V
sample ID

Figure 5-25: Confidence levels of the classification of the matrix component DNA obtained with the

ITS2.1 primer set (see chapter 4.5.2). See chapter 7.7.3 for ID information.

In order to analyse the results the Rotor-Gene Q Series Software was used. High resolution
melt analysis allows defining genotypes (the three different species) and — by calculating
similarities and differences in the melting curves — assigns the samples to the set genotypes.
In addition, an R value is given, indicating the percentage of confidence in the result.

Subsequently, these values are shown and discussed for all the different sample groups.
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Some of the DNA extracts of the samples (grapes, strawberries, some apple cultivars and
some current varieties; see chapter 7.7.3) were not amplified by the method used. A number
of matrix components showed amplification and certain level of confidence of classification

(cashews, pomegranates, sour cherries and the apple variety “gala”, see Figure 5-25).

5.6.2 Spiking experiments

In addition to the matrix components discussed above, a variety of other DNA extracts were
tested in order to investigate if these matrices would interfere with the detection of the three
berry species. These were prepared by Iva Nikolikj (ID A3B) and Doris Feurle (ID 1A, ID 2B,
ID FHD, ID COC, ID APF, ID RET, ID BAL, ID KUE) during their respective research. The
extracts were as follows: 1A — bilberry, 2B — blueberry, FHD — jam containing blueberries,
A3B — aronia, COC - chocolate, APF — apple, RET — beetroot, BAL — cereal bar, and KUE —
pumpkin. Solely the three samples containing other Vaccinium species (1A, 2B, FHD)
showed overall lower Ct values than the other samples with AC; values between 7.8 and
10.7. The AC values of the other sample extracts were between 18.00 and 28.00. None of
the PCR products of these extracts showed a melting behaviour like the three Vaccinium

species we were interested in (see Figure 5-26).
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Figure 5-26: Melting plot (below) of PCR products obtained with the ITS2.1 primer set. Reference
samples: red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16), rosé=V. myrtillus (ID 1A),
beige=V. corymbosum (ID 2B), crimson=aronia (ID 3AB), pale violet=chocolate (ID COC) no
amplification, dark red=apple (ID APF), teal=beetroot (ID RET), magenta=pumpkin (ID KUE). NTC did
not amplify.
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As can be seen in Table 5-12 none of these samples could be matched to either American or

European cranberry or lingonberry.

Table 5-12: Mean C; values (n=2) and level of confidence for other Vaccinium species and matrix

components (see chapter 7.7.3)

Confidence [%]

ID VM VO Vv mean Crvalue

1A 25.08
2B 26.61
FHD 27.92
A3B 42.61
coc 45.62
APE 38.77
RET 36.82
KUE 34.80

(COCQC), and apple (L1).

In a next step spiking experiments were
performed to investigate the amplification and
melting behaviour upon addition of a very low
percentage of DNA extracts of V. macrocarpon,
V. oxycoccos, and V. vitis-idaea. Goal was to
investigate the selectivity of the primer set
ITS2.1. In a first experiment, 1 vol% of each of
the three Vaccinium species DNA was added to

a blank cereal bar matrix (ID BAL), chocolate
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Figure 5-27: Amplification plot (above) and melting plot (below) of the PCR products obtained with the
ITS2.1 primer set. Reference samples: red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16). Sample

used for spike experiments as matrix component=cereal bar (ID BAL).

The Cs-values of the reference extracts were lower than the values for the matrix DNA
samples with an addition of 1% Vaccinium DNA. The DNA of the matrix sample cereal bar
(ID BAL) did not amplify at all. When investigating the melting behaviour it can be seen
(Figure 5-27) that the melting curves of the cereal bar DNA extract with the addition of 1% of
Vaccinium DNA matched the melting curves of the respective reference sample.
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Figure 5-28: Amplification plot (above) and melting plot (below) of the PCR products obtained with the
ITS2.1 primer set. Reference samples: red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16). Sample

used for spike experiments as matrix component=chocolate (ID COC).

The same results were acquired when instead of the cereal bar matrix DNA, chocolate
(ID COC, see Figure 5-28) and apple (ID L1, see Figure 5-29) were used. In these cases too,
matrix component DNA did not amplify, whereas the addition of 1% Vaccinium DNA lead to

an amplification (although C+r-values were higher than the values of the reference samples).
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Figure 5-29: Amplification plot (above) and melting plot (below) of the PCR products obtained with the
ITS2.1 primer set. Reference samples: red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16). Sample

used for spike experiments as matrix component=apple (ID L1).

The melting curves of the matrix component DNA samples with an additional 1% of
Vaccinium DNA matched the melting curves of the respective reference samples. This lead

to a high level of confidence of classification (see Figure 5-30).
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Figure 5-30: Confidence level for the DNA extracts spiked with 1% Vaccinium DNA extract obtained
with the ITS2.1 primer set with the matrix components BAL, CO, and L1. See chapters 7.7.2 and 7.7.3
for ID information.

So, the results showed that an addition of as low as 1% of Vaccinium DNA extract to a matrix
that did not contain any other Vaccinium DNA lead to a clear rise in confidence regarding the
classification of the respective sample. This leads to the conclusion, that the matrix
component does not affect the melting behaviour of the reference samples. In a subsequent
experiment, other matrices were investigated under the same circumstances. Matrices were
chosen that had previously lead to an amplification (see Table 5-11) (B1 — cashews, and K1
— red currant). Furthermore a matrix containing another Vaccinium species was used (FHD)

as well as M1 — pomegranate.
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Figure 5-31: Confidence level for the DNA extracts spiked with 1% Vaccinium DNA extract obtained
with the ITS2.1 primer set with the matrix components FHD, B1, K1 und M1. See chapters 7.7.2 and
7.7.3 for ID information.

As can be seen in Figure 5-31 the results for the matrices B1, K1, and M1 showed the
expected increase of the confidence level (up to 98%) upon addition of 1% Vaccinium DNA.
However, almost no change occurred when the FHD matrix was used. Although a slight
increase of the confidence level occurred upon addition of 1% VO DNA and 1% VV DNA. For
the addition of 1% VM DNA no classification could be obtained (see Figure 5-32).
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Figure 5-32: Amplification plot (above) and melting plot (below) of the PCR products obtained with the
ITS2.1 primer set. Reference samples: red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16). Sample
used for spike experiments as matrix component=bilberry jam (ID FHD). See chapters 7.7.2 and 7.7.3

for ID information.
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Figure 5-33: Amplification plot (above) and melting plot (below) of the PCR products obtained with the
ITS2.1 primer set. Reference samples: red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16). Sample

used as matrix component=Cashew (ID B1). See chapters 7.7.2 and 7.7.3 for ID information.

Figure 5-32 shows that the Cy-values of the reference samples (VM: ID 3, VO: ID 4, VV:
ID 16) are lower than the values of the matrix DNA sample with an additional 1% Vaccinium
DNA. The matrix DNA sample cashew (ID B1) was analysed — like all the samples — as a
technical duplicate (see chapter 4.5.2). One of the duplicates did not amplify, whereas the
other showed a high Ct-value (>40). When looking at the melting plot the melting curve of the
duplicate sample of the cashew matrix (ID B1) that amplified, resembles the melting curve of

a reference sample.

The matrix DNA sample with the 1% Vaccinium DNA matched the melting curves of the
reference samples of the additional Vaccinium species well. The addition of 1% of
V. macrocarpon DNA lead to an increase in the confidence level when classified as VM
(>93%).
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Figure 5-34; Amplification plot (above) and melting plot (below) of the PCR products obtained with the
ITS2.1 primer set. Reference samples: red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16). Sample

used as matrix component=pomegranate (ID M1). See chapters 7.7.2 and 7.7.3 for ID information.

Figure 5-34 shows the results for the same experiment as Figure 5-33, but the matrix
component DNA used was pomegranate (ID M1). Here too, the Ct-values of the reference
samples were lower than the values obtained by the samples with an additional 1% of

Vaccinium DNA were higher. The matrix DNA sample itself did not amplify.

When looking at the melting curves, it can be seen that the addition of 1% Vaccinium DNA
resulted in a high similarity to the melting curves of the reference samples and thus lead to a
high level of confidence in the classification (>96%).

Subsequently, it was investigated, if the addition of a higher percentage of reference DNA
(5% and 10%) would lead to a different result when using a fourth Vaccinium species,
(ID FHD?) as a matrix (as prior experiments with an addition of 1% did not shown any change
in the melting curves; see above). Furthermore, a DNA mixture containing equal parts of

each of the three Vaccinium berries DNA was also tested.

° The sample ID FHD consisted of a jam made solely out of Vaccinium myrtillus (see chapter 7.7.3).
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Figure 5-35: Amplification plot (above) and melting plot (below) of the PCR products obtained with the
ITS2.1 primer set. Reference samples: red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16). Sample

used as matrix component=bilberry jam (ID FHD). See chapters 7.7.2 and 7.7.3 for ID information.

The reference samples had a lower Cr-value than the samples containing only 1% of
reference sample DNA, as can be seen in Figure 5-35. The matrix component DNA extract
did amplify, which was expected, as previous results showed that the primer set ITS2.1 did
lead to an amplification for other Vaccinium species, such as V. myrtillus (bilberry) and V.

corymbosum (blueberry), as Figure 5-26 shows.

The melting curve of the matrix sample containing V. myrtillus (ID FHD) is clearly
distinguishable from the melting curves of the three other Vaccinium species. However, when
more than 1% DNA (e.g. 5% and 10%) of the reference samples was added, all of the
melting curves match the ones of the respective Vaccinium reference samples added. This
leads to a high level of confidence in classification, namely >96%, when 5% DNA was added,
and >93% when 10% DNA was added.
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Figure 5-36: Confidence level for the DNA extracts spiked with 1% Vaccinium DNA extract obtained
with the ITS2.1 primer set with the matrix components FHD with 5% and 10% addition of Vaccinium
DNA, and a ternary mixture of three Vaccinium species VM (ID 3), VO (ID 4), and VV (ID 16), see
chapters 7.7.2 and 7.7.3 for ID information.

When looking at the DNA mixture that contains DNA from all three Vaccinium species in
equal amounts, the highest level of confidence was found for the classification as lingonberry
(see Figure 5-36) with over 70% whereas the other two species were classified with a
confidence level of 29.9% for VO, and 25.3% for VM (also see Figure 5-37). Whether this is a
result of a bias of the ITS2.1 primer set towards the amplification of the V. vitis-idaea DNA in
the presence of other Vaccinium species or if there is another reason, could not be

determined conclusively.
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Figure 5-37: Amplification plot (above) and melting plot (below) of the PCR products obtained with the
ITS2.1 primer set. Reference samples: red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16) and the

ternary mixture consisting of equal parts of DNA extracts of the three reference samples.

Furthermore, it was investigated if it was possible to distinguish mixtures between two of the

berry species and if, at which concentrations.
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Figure 5-38: Amplification plot (above) and melting plot (below) of the PCR products for binary
mixtures obtained with the ITS2.1 primer set. Reference samples: red=VM (ID 3), and green=VO
(ID 4).

84



100 —
90
80 ]
70
60 —

40 1
30 T
20 u -

18|_—||l_—|l_ = [ ] _:H‘DW
N

VM

confidence %
i
o
|
|

avo

0 Q A Q % Q A
T Y B0 P AT
O » < s © $ o
R N R\ RN

sample ID

Figure 5-39: Confidence levels for the binary mixtures of VM and VO obtained with the ITS2.1 primer
set, see chapters 7.7.2 and 7.7.3 for ID information.

As for the binary mixture of V. macrocarpon and V. oxycoccos, 0.1 ng of DNA was used for
each PCR reaction, which equals 2 yL DNA extract with a concentration of 0.05 ng/uL (see
chapter 4.5.2). The respective concentration of the berry species DNA was ranging between
1% and 99% (see chapter 4.5.3). Clearly, the melting plot (see Figure 5-38), shows that the
melting curves of the binary mixtures match the melting curves of the references samples
according to the percentage of the respective Vaccinium DNA. As can be seen in Figure 5-39
the higher the percentage of one berry species the higher the confidence in their
classification. The graph shows an increased level of confidence for the classification as
lingonberry. Only when containing 90% or more of the V. macrocarpon DNA extract, the

classification as American cranberry was predominant.
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Figure 5-40: Amplification plot (above) and melting plot (below) of the PCR products for binary
mixtures obtained with the ITS2.1 primer set. Reference samples: green=VO (ID 4), and blue=vV
(ID 16).
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Figure 5-41: Confidence levels for the binary mixtures of VV and VO obtained with the ITS2.1 primer
set, see chapters 7.7.2 and 7.7.3 for ID information.

When looking at the results for the binary mixtures of lingonberry and European cranberry
DNA (Figure 5-40 and Figure 5-41) it is eminent too, that the melting curves as well as the
confidence level of the classification follows the increase or decrease of the respective DNA
percentage.
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Figure 5-42: Amplification plot (above) and melting plot (below) of the PCR products for binary
mixtures obtained with the ITS2.1 primer set. Reference samples: red=VM (ID 3), and blue=VvV
(ID 16).
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Figure 5-43: Confidence levels for the binary mixtures of VM and VV obtained with the ITS2.1 primer
set, see chapters 7.7.2 and 7.7.3 for ID information.

The binary mixtures of V. macrocarpon and V. vitis-idaea DNA show a slightly different result
(see Figure 5-42 and Figure 5-43). Again, the level of the DNA concentrations of the different
berries matches the level of confidence of the classification. However, this was the only
experiment conducted within this series that did not show a high confidence in assigning any
of the mixtures tested to the third berry species that was no part of the original binary
mixture. As a conclusion, it is expected that the presence of V. macrocarpon does hardly
interfere with the analysis of V. vitis-idaea and vice versa. However, as for the presence of

V. oxycoccos this is not true, neither for lingonberry nor for American cranberry.

5.6.3 Robustness — Testing QuantStudio 5 and MeltDoctor™ chemistry

To investigate the robustness of the method, a second thermal cycler, the QuantStudio 5,
and a different chemistry, the MeltDoctor™ was used. The samples analysed were the
reference samples VM (ID 3), VO (ID 4) and VV (ID 16). The MeltDoctor™ Master Mix
required 50 pL of total reaction volume and is suitable for 20 ng of DNA per reaction tube. So
we used 4 pL of the DNA extracts diluted to 5 ng/ul or undiluted when having a lower
concentration — all of these concentrations were obtained by NanoDrop™ measurements.
For the preparation of the Master Mix see chapter 4.5.2. So in total the DNA concentration
was lower than when using the EpiTect® Master Mix. The amplification plot shows (see
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Figure 5-44), that the C; values were higher than the ones obtained with the other chemistry
(EpiTect® Master Mix /Rotor Gene). This correlates well with slightly lower overall DNA

concentration used.

Amplification Plot
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2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 38 38 40 42 44 46 48 50
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Figure 5-44: Amplification plot for the PCR products obtained with the ITS2.1 primer set using the
MeltDoctor™ chemistry and the QuantStudio 5 cycler. Blue= VM (ID 3), green= VO (ID 4), ochre= VV
(ID 16).

The melting curves resemble the ones obtained with the EpiTect® Master Mix using the
Rotor-Gene® with the melting curve of V. oxycoccos being very symmetrical whereas
V. vitis-idaea yielded two peaks. The peak shape obtained by V. macrocarpon however was
slightly different in both Master Mixes. The peak maxima of the melting plots did differ, too
(see Table 5-13). Over all the peak maxima with the EpiTect® Master Mix occurred at slightly

higher temperatures than with the MeltDoctor™.

Table 5-13: Comparison of the peak maxima of the melting plots of the reference samples with the
EpiTect® and MeltDoctor™ Master Mixes.

VM VO vV
MeltDoctor™ 88.5°C 88.5°C  87.25/89.25°C
EpiTect® 90.0°C 89.4°C  88.2°C/89.9°C
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Figure 5-45: Melting plot for the PCR products obtained with the ITS 2.1 primer set. Blue= VM (ID 3),
green= VO (ID 4), ochre= VV (ID 16), MeltDoctor""

However, all the berry species could be differentiated using the melting profile which leads to

the conclusion, that the developed assay works with both thermal cyclers and both of the
different Master Mixes (see Figure 5-45).

5.7 Detection of adulteration

As the ITS 2.1 primer set showed the best differentiation between the three berry species, all

the commercial food samples (see chapter 7.7.1) were analysed using this particular primer
set.

The main objective of these experiments was the classification of the food samples, and, in a
second step the comparison of the assigned berry species with the labelled one. In order to

analyse the results the Rotor-Gene Q Series Software was used (see chapter 5.6.1).

5.7.1 Herbarium samples and fresh plant samples

The herbarium samples — as discussed above — had been extracted with a slightly different

method (without PVP) and kept in storage for an extended period of time prior to analysis
(see chapter 4.2).
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Figure 5-46: Amplification plot (above) and melting plot (below) of the PCR products obtained with the
ITS2.1 primer set. Reference samples: red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16). Dotted: VV
species (H1, H2, and H3), dashed: VO species (H4 — H7), and small dots: VM species (H13, H14, and
H15), see Table 4.2-1.

When looking at the amplification plot (see Figure 5-46) and the mean Cy values, it is
obvious that they are higher than the mean C; values of the respective references with ACt
values®® for the VV species (H1 — H3) ranging from 2.5 to 5.2. For the herbarium samples of
the VO species (H4 — H7) the ACt values range from 4.4 to 14.9 and for the herbarium
samples of the VM species (H13-H15) the ACt values range from 17.1 to 18.7 (see Table
5-14); one sample (H14) did not amplify. This is an indicator of possible degradation of the
DNA extracts (see chapter 7.7.2).

% The ACt value is obtained by subtracting the mean C+ value of all the reference samples from the
mean ACy value of the respective sample.
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Table 5-14: Mean C; values (n=2) and AC; values for the herbarium sample DNA extracts and the

reference DNA samples

ID mean Cr value ACq value
3 (VM) 17.7

4 (VO) 17.3

16 (VV) 16.6

H1 19.7 2.5
H2 22.4 5.2
H3 21.7 4.5
H4 23.4 6.2
HS 27.4 10.2
H6 32.1 14.9
H7 21.6 4.4
H13 35.9 18.7
H14 -

H15 34.3 17.1

- ... no amplification
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Figure 5-47: Confidence levels of the classification of herbarium sample DNA obtained with the
ITS2.1 primer set. H1, H2, and H3 were VV species, H4 — H7 were VO species, and H13, H14, and
H15 were VM species. (see Table 4-1).

The samples H1, H2, and H3 were labelled as V. vitis-idaea (see Table 4-1). All three of
them showed the highest accordance with the VV genotype as can be seen in Figure 5-47.

The samples H4 — H7 are all labelled V. oxycoccos, but H6 — one of the oldest herbarium
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samples, collected in 1921 — has a higher resemblance to VV than to VO. As for the last

herbarium sample group H13, H14, and H15, all labelled as V. macrocarpon, the results

showed no or little accordance with the expected VM genotype. The reason for this outcome

may be the fact, that the specimen had been dried and stored that way for an extended

period of time prior to extraction.

Table 5-15: Mean C; values (n=2) and AC; values for the sample DNA extracts labelled as

V. macrocarpon obtained by other plant parts.

ID mean Cq;value AC;value

3
27
60
61
62
65
68
73
74
75
76

17.7
18.9
22.9
17.5
17.9
20.1
17.4
21.6
16.9
20.4
17.2

1.69
5.67
0.25
0.67
291
0.21
4.41
-0.22
3.17
-0.01

Alongside herbarium samples (leaves), other plant
parts were subjected to our method. Seeds (ID 68, 76),
leaves (ID 61, 62), and fresh fruit were tested (ID 27,
60, 65, 73, 74, 75), which all were labelled as
Vaccinium macrocarpon. The Ct values were similar to
the Cr value of the reference sample (ID 3), with leaves
and seeds yielding the lowest values ACy values (see
Table 5-15).

All of the samples showed a high (>85%) level of

confidence when classified as Vaccinium macrocarpon

(see Figure 5-48). This leads to the conclusion, that for our method tested it is irrelevant of

which plant part DNA is extracted of.
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Figure 5-48: Confidence levels of the classification of seeds (ID 68, 76), leaves (ID 61, 62), and fresh
fruit (ID 27, 60, 65, 73, 74, 75) obtained with the ITS2.1 primer set.
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5.7.2 Products labelled as containing lingonberry

A variety of products that was declared containing lingonberry was analysed with regard to
verifying this claim. We obtained juices (ID 19, ID 48, ID 52), jams (ID 44, ID 45, ID 53,
ID 56), supplements (ID 12, and ID 43), a mustard (ID 51), a horseradish (ID 33), and a
cereal bar (ID 77) from various sources. Furthermore, three plant samples — apart from the

reference sample (ID 16), were investigated (ID 31, ID 34, and ID 46).

Table 5-16: Mean Cy values (n=2) and AC+ values for samples labelled as containing V. vitis-idaea

ID mean Cy value AC; value When Comparing the AC+ values obtained for
12 23.5 6.3 the DNA extracts of the samples with the
16 15.0 ones obtained by the reference samples (VM
19 33.0 15.8
31 18.2 1 ID 3, VO ID 4, VV ID 16; see Table 5-16), the
33 33.3 16.1 values were higher. This correlates with the
34 17.3 0.1 fact that the positive control samples were
43 32.9 15.7 L
taken from unprocessed plants resulting in
44 26.9 9.7 _
45 35 4 18.2 relatively pure and unfragmented DNA. When
46 17.3 0.1 extracting DNA from processed foods
48 36.8 19.6 however the level of degradation caused by
51 40.0 22.8 . ,
processing is unbeknownst to the
52 37.6 20.4
53 228 56 experimenter. Therefore, the C; values
54 25.5 8.3 obtained are a result of the fact that the DNA
55 29.3 12.1 might have been degraded before the
56 34.7 17.5 .
77 30.9 13.7 extraction on the one hand. On the other

hand, none of the products investigated
contained 100% berries. This means, that only a fraction of the extracted DNA originated

from the (lingon)berries in the product.

14 of the 17 samples show a high level of confidence when classified as V. vitis-idaea thus
correlating with their respective label (see Figure 5-49). Sample ID 33 — a horseradish with
lingonberries — shows almost the same confidence level for both, V. vitis-idaea and
V. macrocarpon. Two samples, a concentrated juice (ID 52), and a cereal bar labelled as
containing only lingonberry concentrate (ID 77), were clearly identified as containing

cranberry instead of lingonberry.
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Figure 5-49: Confidence levels for samples declared as containing lingonberry obtained with the
ITS2.1 primer set. Reference sample: ID 16. Samples: juices (ID 19, ID 48, ID 52), jams (ID 44, 1D 45,
ID 53, ID 56), supplements (ID 12, ID 43), mustard (ID 51), horseradish (ID 33), cereal bar (ID 77),
plant samples — (ID 31, ID 34, and ID 46).

96



15
:a:g reference
14 \ . 0
1 sample VV Lingonberries
15 . .
hE: with Red Wine
1.1 .
;z reference and Cinnamon
22 sample VM
En?;
907
0E5
05
05
05
045
04
035
03
05
02
s
01
05
0
5
: 82 854 S5 858 & €12 4 @6 @8 83 832 834 €36 888 B=9_ 892 894 895 898 9 902 904 906 W8 N N2 N4 N5 Y8 W@
1.5
1.2
- reference
2 sample VV
055
09
085
e reference
g0 sample VM
" 06 4
055 !
fa .. Lingonberry bar
L e
03
025 N
0.2
015
01
0,05
4 I S Y S -~ ==

86 865 a7 875 8 885 89 85 €0 905 9 a5 2
G

Figure 5-50: Melting plot of the PCR products obtained with the ITS2.1 primer set. Reference
samples: red=VM (ID 3), blue=VV (ID16). Above: lingonberries with red wine and cinnamon (ID 53),
below: lingonberry bar (ID 77).

As can be seen in Figure 5-50, the melting curve belonging to ID 53 matches the melting
curve of the reference sample of VV (ID 4), resulting in a high level of confidence (>97%),
whereas the melting curve belonging to ID 77 resembles the melting curve of the reference
sample of VM (ID 3). This results in a low confidence level when assigned to VV (<20%), but
a high level when assigned to VM (>93%).

5.7.3 Products labelled as containing European Cranberry
Of the three berry species investigated in course of this research products containing
V. oxycoccos were most difficult to obtain. Apart from one reference specimen, another plant

sold as “V. oxycoccos” turned out to classify as cranberry (1D 30).
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Table 5-17: Mean Cy values (n=2) and AC+ for samples labelled as containing V. oxycoccos

ID mean Ct value AC+ value
4 17.3

11 25.4 8.2

30 19.8 2.6

66 43.8 26.6

67 33.2 16

The DNA extract of the other plant specimen
(ID 30) showed a similar Cy-value as the
reference sample (ID 4). The DNA extracts of
the supplement (ID 11) and the juice (ID 67)
had higher Cr-values than the reference,

most likely due to fragmented DNA in course

of the processing. The DNA extract of the paste (ID 66) had the highest Cr-value, indicating

the highest grade of processing of the commercial samples labelled as containing European

cranberry (see Table 5-17 for ACt values).
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Figure 5-51: Confidence levels for samples declared as containing European cranberry obtained with

the ITS2.1 primer set. Reference sample: ID 4. Samples: other plant specimen (ID 30), supplement
(ID 11), juice (ID 67), paste (ID 66).

Two products, a paste (ID 66) and a juice (ID 67), were advertised to specifically contain

V. oxycoccos (German: Moosbeere). By using our method this could not be verified (see

Figure 5-51). Our result rather point to these products containing cranberry instead.

ID 11, a supplement named “Cranberrypulver’” (powdered cranberries) and labelled

“V. oxycoccos, Moosheere”, was classified as V. oxycoccos (see Figure 5-52). This example

shows the need for the method developed as the labelling is unclear and leads to confusion.
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Figure 5-52: Melting plots of the PCR products obtained with the ITS2.1 primer set. Reference
sample: red=VM (ID 3), green=VO (ID4). Above: powdered cranberry (ID 11). Below: juice made from

European cranberries (ID 67).

5.7.4 Products labelled as containing (American) Cranberry

The majority of commercial samples analysed were labelled containing cranberry. The
biggest portion of these samples were juices (see chapter 7.7.1), six of them containing only
cranberry (ID 5, 6, 47, 72, 82, and 83) and eight mixed ones (ID 18, 20, 22, 23, 29, 64, 81,
and 84). Furthermore, different jams were analysed (ID 17, 59, 86, 87, and 88), as well as
dried cranberry fruits accompanied by different sorts of nuts (“Fruit”, ID 2, 7, 8, 9, 24, 26, 63,
70, and 80). Other products tested were supplements (ID 10, 13, 14, and 15) and dairy (ID 1,
and ID 91), and a variety of cereal bars (ID 21, 35, 36, 50, 78, and 79). Also, seven different
chocolates (dark, milk, and white) were analysed (ID 32, 37, 57, 58, 71, 89, and 90) as well
as teas (ID 38, ID 39, ID 40, and ID 41). The category “Diverse” consisted of “one of a kind”
products, a jellied cranberry sauce (ID 28), cookies with cranberry (ID 42), a BBC sauce with

cranberries (ID 49), and vinegar with cranberry concentrate (ID 85).
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5.7.4.1 Juices

14 different juices were investigated. Nine of these samples were pure juices meaning that

no other relevant ingredients (apart from water and sugar) were present. Five juices were

mixed, either with other juices, aloe vera (ID 29), or kombucha (ID 23).

Table 5-18: Mean C; values (n=2) and AC; values for samples labelled as containing (American)

cranberry (juices)

ID mean Cr value AC; value The mean C; values of the DNA extracts
5 27.7 10.5 were higher than the one of the reference
6 30.2 13.0 samples (VM ID 3, VO ID 4, VV ID 16, see
18 33.2 16.0 o
20 38.2 21.0 Table 5-18) resulting in high ACt values, most
22 - probably due to the reasons explained above:
23 36.2 19.0 DNA degradation due to processing and
29 ) lower amount of berry DNA in the extracts
47 34.5 17.3 q her 4
64 36.1 18.9 ue to other ingredients.
72 33.9 16.7 Two of the samples, a pure juice (ID 22), and
81 29.0 11.8 . . . .
82 3.7 155 a mixed juice with aloe vera (ID 29) did not
83 34.9 17.7 show any amplification during PCR, thus a
84 31.8 14.6 classification was not possible.
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Figure 5-53: Confidence levels for juice samples declared as containing (American) cranberry

obtained with the ITS2.1 primer set.
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Four of the juices, three mixed ones (ID 18 “red fruits”, ID 20 “cranberry aronia”, and ID 23
“kombucha), and one pure juice (ID 47), were classified as containing lingonberry rather than
cranberry, as the label suggested. Interestingly, two of the juices (ID 5 and ID 6) were
classified by the method as containing V. oxycoccos. For six of the juices the labelling

matched our findings (see Figure 5-53 and Figure 5-54).
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Figure 5-54: Melting plot of the PCR products obtained with the ITS2.1 primer set. Reference
samples: red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16). Grey dotted=organic cranberry juice
(ID 5), purple dotted=multivitamin juice red fruits (ID 18).

5.7.4.2 Diverse, Fruit, Jam:

We found that dried cranberry fruits accompanied by different sorts of nuts or without any
addition were relatively common. We tested nine of these products (“Fruit”, ID 2, 7, 8, 9, 24,
26, 63, 70, and 80). Furthermore, 5 different jams were analysed (ID 17, 59, 86, 87, and 88).
The last category “Diverse” consisted of “one of a kind” products, namely a jellied cranberry
sauce (ID 28), cookies with cranberry (ID 42), a BBQ sauce with cranberries (ID 49), and

vinegar with cranberry concentrate (ID 85).
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Table 5-19: Mean C; values (n=2) and AC; values for samples labelled as containing (American)

cranberry (diverse, fruit, jam)

ID mean Ct value ACy value
28 30.94 13.7 The Cr-values for the DNA extracts of all these
42 36.27 19.1
49 34.27 17.1 products were higher than the values of the
85 35.10 17.9 reference samples (VM ID 3, VO ID 4, VvV
2 33.29 16.1 ID 16), this results in high AC; values (see
! 30.56 13.4 Table 5-19). But all of the DNA extracts of the
8 26.70 9.5
9 2815 10.9 samples did amplify and vyielded a PCR
24 22.68 5.5 product and thus a melting curve.
25 24.08 6.9
26 35.85 18.7
63 28.61 11.4
70 31.91 14.7
80 28.15 10.9
17 28.94 11.7
59 36.51 19.3
86 31.83 14.6
87 32.56 15.7
88 29.33 12.1
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R cranberry
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Figure 5-55: Melting plot of the PCR products obtained with the ITS2.1 primer set. Reference
samples: red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16). rosé=cranberry superfruits (ID 2),

pink=cranberry and blueberry jam (ID 17), brown= cookies chocolate and cranberries (ID 42).
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Only two samples of the product category “Diverse” could positively been identified as
containing cranberry, namely the BBQ sauce (ID 49), and the cranberry vinegar (ID 85). For
the cookie, the results showed a classification as V. oxycoccos, the results for the cranberry

sauce, too, showed the highest match in the level of confidence with V. oxycoccos.

Apart from ID 9, a nut-cranberry mix, and ID 25, dried cranberries, which were both classified
as V. oxycoccos by our method, the majority (ID 8, 24, 63, 70, and 80) were identified as
cranberry. ID 2, dried cranberries that were formerly mixed with a variety of other fruits such
as mulberries, pomegranate and bilberries, as well as ID 7, another variety of dried
cranberries, were classified as lingonberry. ID 26 was classified as V. vitis-idaea, too, which
is notable insofar as this sample was labelled “craisins dried cranberries”, but the term

craisins was no further clarified.

As for the jams tested ID 17, ID 87, and ID 88 were identified as positively containing
cranberries (although curiously enough the latter stated on its label “Cranberry” (Moosbeere)
with Moosbeere being the German word for V. oxycoccos). The two other jams could not be
assigned to the cranberry category as the assay identified them as containing lingonberry
(see Figure 5-55 and Figure 5-56).
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Figure 5-56: Confidence levels for diverse (ID 28, ID 42, ID 49, ID 85), fruit (ID 2, 7, 8, 9, 24, 26, 63,
70, and 80), and jam (ID 17, 59, 86, 87, and 88) samples declared as containing (American) cranberry
obtained with the ITS2.1 primer set.

103



5.7.4.3 Dairy, and Supplements

Supplements containing cranberries were also tested (ID 10, 13, 14, and 15). Furthermore,

dairy products were analysed (ID 1, yoghurt, and ID 91, skyr).

Table 5-20: Mean C; values (n=2) and ACy values for samples labelled as containing (American)

cranberry (dairy, and supplements)

ID mean Crvalue ACT value All samples did amplify and yielded a PCR
1 34.5 17.3 product. The C+-values of all these products
a1 33.6 16.4 were higher than the ones of the reference
10 39.0 21.8 samples (VM ID 3, VO ID 4, VV ID 16) thus
13 36.0 18.8
14 353 181 leading to a high AC+ value (see Table 5-20).
15 28.6 11.4 This finding can be explained by a higher
grade of processing and thus, degraded DNA.
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Figure 5-57: Confidence levels for dairy (ID 1, ID 91), and supplement samples (ID 10, 13, 14, and

15) declared as containing (American) cranberry obtained with the ITS2.1 primer set.

Both of the dairy products (ID 1, and ID 91) showed a high level of confidence concerning

their classification as cranberry (>92%), as can be seen in Figure 5-57.

None of the supplement samples could be classified as containing V. macrocarpon with our

method. Three of these samples were classified as containing V. vitis-idaea, and one (ID 15)

was classified as containing V. oxycoccos. This is an interesting finding, as it was hard to
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obtain commercial products labelled as containing V. oxycoccos.

majority this labelling could not be verified (see Figure 5-58).

Of these products, for the
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Figure 5-58: Melting plot of the PCR products obtained with the ITS2.1 primer set. Reference
samples: red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16). Blue dotted=organic cranberry yoghurt

(ID 1), teal dotted=cranberry+Vitamin C (ID 13).

5.7.4.4 Cereal bars, chocolates and tea:

Next to simple dried cranberries, a variety of cereal bars containing cranberries are

commercially available; we investigated six different ones (ID 21, 35, 36, 50, 78, and 79).
Seven different chocolates (dark, milk, and white) were analysed (ID 32, 37, 57, 58, 71, 89,

and 90). The last group tested were teas. One pure cranberry tea (ID 40) was investigated,

and three types of tea were labelled as mixed with other ingredients such as blueberry or

raspberry (ID 38, 39, and 41).
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Table 5-21: Mean C; values (n=2) and AC; values for samples labelled as containing (American)

cranberry (cereal bars, chocolates, tea)

ID mean Crvalue AC;value All samples of these three product groups did

21 33.15 15.9 amplify and yielded PCR products. All Ct-values

35 30.02 12.8 were higher than the ones of the reference

36 32.52 15.3 _

50 2733 101 samples (VM ID 3, VO ID 4, VV ID 16). This can

78 30.52 13.3 be explained by a higher grade of processing

79 28.61 11.4 and thus, degraded DNA. The mean AC values
: ' or the extracts of the cereal bars were

32 34.22 17.0 for the DNA f th | b

37 25.79 8.0 I th th AC I f th

57 41.83 246 ower than e mean r value o e

58 36.51 19.3 chocolates. The DNA extracts of the teas

71 22.42 5.2 investigated had the highest ACt value of the

89 32.21 15.0 three food groups (see Table 5-21).

90 26.07 8.9

38 36.38 19.2

39 33.87 16.7

40 25 31 8.1 As for the cereal bars all the samples show a

41 35.39 18.2 classification that matches the label “cranberry”.

Only ID 50, an organic raw bar with freeze-dried cranberries, was identified as containing

V. oxycoccos by our method.

Out of seven chocolate products tested five were classified as containing American
cranberry. ID 37 was identified as containing European cranberry (see Figure 5-59). This
particular product contained poppy seeds (which were ruled out as an interference when
testing matrix components), but also was the only product made with white chocolate. ID 57

were dried cranberries (and blueberries) coated with chocolate.

Regarding the teas that were investigated two (ID 39 and 41) were identified as labelled (see
Figure 5-60). ID 38 (a mixed tea with American cranberry and blueberry) and ID 40 —
curiously a pure organic cranberry tea — both were identified as containing lingonberry.
These results are somewhat inconclusive as for ID 38 and ID 39 both the list of ingredients

states “pieces of lingonberry” (see chapter 4.3).
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Figure 5-59: Melting plot of the PCR products obtained with the ITS2.1 primer set. Reference
samples: red=VM (ID 3), green=VO (ID 4), blue=VV (ID 16). Olive dotted=organic fruit cereal bar
(ID 21), blue dotted=cranberry poppy seed chocolate (ID 37), pink dotted=tea (cranberry and
raspberry) (ID 41).
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Figure 5-60: Confidence levels for cereal bar, chocolate, and tea samples declared as containing

(American) cranberry obtained with the ITS2.1 primer set.

As shown in Table 5-22 overall 65% of the products tested were identified by our assay

according to their respective label. This result though does not really reflect the power of the

assay as the comparison is made between the berry advertised on the label and the berry

species actually found in the product.
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Table 5-22: Summary of the labelled and assigned Vaccinium species

ID labelled assigned ID labelled assigned ID labelled assigned
1 31 vV vV 61
2 VV 32 62
3 33 63
VO VO 34 64
VO 35 65
VO 36 66

67
68
69
70
71
72

=

37
38
39
40
41
42

O 00 N O 1 b

[
o

(S
N

13 43 73
14 44 74
15 45 75

16 46 76
17 77
18 78
19 79
20 80
21 81

82
83
84
85
86
87
88
89
90

- ... no amplification 91 _

W NN NDNNDNDDNDN
O VW o NOULL b WN
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6 Conclusion

Of the primer sets investigated three primer sets designed for the MatK region, one primer
set designed in the CP12 region, and the primer set designed for the ITS1 region did not
show sufficient differentiation. Only the ITS2.1 primer set was found suitable for the
differentiation between the three species Vaccinium macrocarpon (American cranberry),

Vaccinium oxycoccos (European cranberry), and Vaccinium vitis-idaea (lingonberry).

Frequently used matrix-components such as different nuts (almond, cashew, walnut),
different other berries (strawberry, goji, raspberry, blackberry, red/black/white currant) as well
as poppy seed, raisin, grape, apple, pomegranate, and sour cherry were investigated with
regards to possible interference with the three Vaccinium species. It could be shown, that
with the ITS2.1 primer set these matrix components did not/hardly amplify, indicating a high
specificity towards V. macrocarpon (American cranberry), V. oxycoccos (European

cranberry), and V. vitis-idaea (lingonberry).

Furthermore, processed foodstuff was investigated to detect adulteration of commercial berry
products. DNA could be isolated in sufficient amounts from all the products including
supplements, jams, juices, dairy products, chocolates, and tea. Detection and differentiation
between the three Vaccinium species was possible even in highly processed foodstuff. Two
of the products (both of the cranberry juices) investigated could not be sufficiently amplified
with the ITS2.1 primer set. With the developed assay, 65% of the products investigated were
found to contain the berry species that was advertised on the label. If these findings are the

result of negligent labelling or blunt adulteration was not subject of this study.

However, future research could be directed into developing a complementary assay for
further validation of the results. Furthermore, the developed assay should be applied to a
greater variety of plants, and processed foodstuff, especially labelled as containing

V. OXyCcOoCCOS.
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7 Appendix

7.1 Abbreviations

uL Microliter

UM Micromolar

A Adenine

bp Base pairs

C Cytosine

Col Cytochrome c oxidase |

Cr Threshold cycle

dATP Deoxyadenosine triphosphate
dCTP Deoxycytidine triphosphate
dGTP Deoxyguanosine triphosphate
DNA Deoxyribonucleic acid

dNTP Deoxynucleoside triphosphate
dsDNA Double stranded DNA

dTTP Deoxythymidine triphosphate
EDTA Ethylenediaminetetraacetic acid
G Guanine

g Gram

GC Gas chromatography

HPLC High performance liquid chromatography
HRM High resolution melting

ITS Internal transcribed spacer

L Liter

LMSVG Food Safety and Consumer Protection Law
M Molar

mg Milligram

min Minutes

mL Milliliters

mM Millimolar

MS Mass spectrometry

NCBI National Center for Biotechnology Information
ng Nanogram

nm Nanometer

NMR Nuclear magnetic resonance
NTC No template control

PCR Polymerase chain reaction

PVP Polyvinylpyrrolidone

rDNA Ribosomal deoxyribonucleic acid
RNase A Ribonuclease A

rpm Revolutions per minute

rRNA Ribosomal ribonucleic acid

S Seconds

S Svedberg unit

SPE Solid phase extraction

ssDNA Singlestranded DNA

T Thymine

TAE Tris-Acetate-EDTA

TAE-Buffer Tris-acetate-ethylenediaminetetraacetic acid
Tm Melting temperature

VM Vaccinium macrocarpon

VO Vaccinium oxycoccos

\AY, Vaccinium vitis-idaea
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7.2 Abstract

The Vaccinium genus includes the species American cranberry (Vaccinium macrocarpon
Ait.), common cranberry (Vaccinium oxycoccos L.) and lingonberry (Vaccinium vitis-idaea L.).
The consumption of berries and berry products has become popular in the last years due to
the phytochemicals they contain and their association with health benefits. Commercial
foodstuff including berry products has to be safe and authentic to meet national and EU
regulations. As far as adulteration of Vaccinium products is concerned, berries are often

replaced by other berries of lower value and/or price.

Metabolic profiling or anthocyanin fingerprinting, as well as DNA barcoding are used for
identification and differentiation of (berry) species. DNA barcoding is based on the
amplification of a distinct barcoding region via polymerase chain reaction (PCR) and the
subsequent analysis of the amplicons by e.g. sequencing or high resolution melting (HRM)

analysis.

The aim of this research was the development of a DNA barcoding based method to
differentiate between three Vaccinium species, V. macrocarpon, V. oxycoccos, and V. vitis-
idaea. The first goal was to find appropriate DNA barcoding regions and to design primer
sets that are capable of differentiating between the three Vaccinium species. The DNA
barcoding regions investigated were MatK, CP12, and both ITS regions. For each primer set
the PCR conditions were optimized. The selectivity was analysed by looking into cross
reactions with other commonly used food ingredients. Additionally, the limit of detection
(LOD) was investigated using binary mixtures. Furthermore, the application of the method to

commercial food samples was investigated.

Of all the DNA barcoding regions analysed, only the ITS2 region could be used to distinguish
between the three Vaccinium species. Neither the three primer sets designed for the MatK
DNA barcoding region nor the primer sets designed for the CP12 and ITS1 barcoding region
were able to distinguish between the three berry species. The melting curves of the PCR
products obtained with the ITS2.1 primer set were different for each species. Frequently
used matrix-components such as different nuts (almond, cashew, walnut), different other
berries (strawberry, goji, raspberry, blackberry, red/black/white currant) as well as poppy
seed, raisin, grape, apple, pomegranate, and sour cherry did not/hardly amplify, indicating a
high selectivity towards V. macrocarpon (American cranberry), V. oxycoccos (European

cranberry), and V. vitis-idaea (lingonberry).

Furthermore, detection and differentiation between the three Vaccinium species was possible
even in highly processed foodstuff. With the ITS 2.1 primer set, 65% of the products

investigated were found to contain the berry species that was advertised on the label.
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However, future research could be directed into developing a complementary assay for
further validation of the results. Furthermore, the developed assay should be applied to a
greater variety of plants, and processed foodstuff, especially labelled as containing

V. oxycoccos.

7.3 Zusammenfassung

Die Gattung Vaccinium umfasst die Arten Amerikanische Cranberry (Vaccinium macrocarpon
Ait.), Européische Cranberry (Vaccinium oxycoccos L.) und Preiselbeere (Vaccinium vitis-
idaea L.). Auf Grund der in ihnen enthaltenen sekundaren Pflanzeninhaltsstoffen hat der
Konsum von Beeren und Beerenprodukten in den letzten Jahren zugenommen.
Kommerzielle Lebensmittel einschliellich Beerenprodukte miissen sicher und authentisch

sein, um nationale und EU-Bestimmungen zu erftllen.

Metabolic Profiling oder Anthocyan-Fingerprinting sowie DNA Barcoding werden zur
Identifizierung und Differenzierung von (Beeren-) Spezies verwendet. DNA Barcoding basiert
auf der Amplifikation einer spezifischen Barcoding Sequenz mittels
Polymerasekettenreaktion (PCR) mit anschlieRender Sequenzierung oder hochauflésender

Schmelzkurvenanalyse (HRM).

Das Ziel dieser Arbeit war die Entwicklung einer DNA Barcoding basierten Methode zur
Unterscheidung von drei Spezies der Gattung Vaccinium, namlich der Amerikanischen
Cranberry, der Europaischen Cranberry und der Preiselbeere. Zuerst sollte eine geeignete
DNA Barcoding Region gefunden werden. Die untersuchten DNA Barcoding Regionen waren
MatK, CP12 und beide ITS-Regionen. Fur jedes Primerset wurden die PCR-Bedingungen
optimiert. Die Selektivitdt wurde in Hinblick auf andere héaufig verwendete
Lebensmittelinhaltsstoffe getestet. Zusatzlich wurde die Nachweisgrenze (LOD) mit binaren
Mischungen untersucht, ebenso die Anwendung der Methode auf kommerzielle
Lebensmittelproben.

Von allen untersuchten DNA Barcoding Regionen war nur die ITS2 Region geeignet, um
zwischen den drei Vaccinium-Arten zu unterscheiden. Weder die drei fur die MatK Regionen
noch die fur die CP12- und ITS1- Barcoding-Regionen entworfenen Primer-Sets konnten die
drei Beerenart hinreichend unterscheiden. Die Schmelzkurven der PCR-Produkte, die mit
dem ITS2.1-Primer-Set erhalten wurden, waren fir jede Spezies unterschiedlich. Haufig
verwendete Matrixkomponenten wie verschiedene Niusse (Mandeln, Cashews, Walnisse),
verschiedene andere Beeren (Erdbeere, Goji, Himbeere, Brombeere, Rote/Schwarze/Weile

Johannisbeere) sowie Mohn, Rosinen, Trauben, Apfel, Granatapfel, und Sauerkirsche
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wurden nicht/kaum amplifiziert, was auf eine hohe Selektivitat gegenliber V. macrocarpon
(amerikanische Cranberry), V. oxycoccos (europaische Cranberry) und V. vitis-idaea
(Preiselbeere) hindeutet.

Daruber hinaus war die Detektion und Differenzierung der drei Vaccinium-Arten auch in stark
verarbeiteten Lebensmitteln moglich. Mit dem Primer-Set ITS 2.1 konnte 65% der
untersuchten Produkte den auf dem Etikett angefihrten Beerenarten zugeordnet werden.
Weitere Forschungen konnten auf die Entwicklung eines komplementaren Assays zur
weiteren Validierung der Ergebnisse gerichtet sein. Dartber hinaus sollte die entwickelte
Methode auf eine gréRere Zahl von Pflanzen und verarbeiteten Lebensmitteln angewendet

werden, insbesondere solche, die als V. oxycoccos gekennzeichnet sind.
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Figure 5-59: Melting plot of the PCR products obtained with the ITS2.1 primer set. Reference
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7.6 Equipment

7.6.1 Chemicals and kits

25 bp DNA Ladder (Invitrogen ThermoFisher Scientific)

Acetic acid; concentrated(Roth)

Agarose (Sigma Aldrich)

DNA-ExitusPlus™ IF(PanReac AppliChem ITW Reagents)
EDTA (Ethylenediaminetetraacetic acid) (Merck)

EpiTect® HRM PCR Kit (Qiagen)

Ethanol absolut EMSURE® (Merck)

Gel Red™ Nucleic Acid Stain (Biotium)

MgCl, (Magnesiumchloride) (Qiagen)

MeltDoctor™ HRM Master Mix (Applied Biosystems™)

Nucleic Acid Sample Loading Dye (5x) (BioRad)

PVP (Polyvinylpyrrolidone) (Sigma Aldrich)

Primer (Sigma Aldrich)

QiAamp®DNA Mini Kit (Qiagen)

Qubit™ 1xds DNA HS Assay Kit

RNase A (Ribonuclease A) ( Invitrogen ThermoFisher Scientific)
RNase free water (Qiagen)

Tris-base = 2-Amino-2-(hydroxymethyl)-1,3-propanediol (Trizma®base) (Sigma Aldrich)

7.7.2. Equipment/Instruments

Analytical balance AE 2000, Mettler

Centrifuge Galaxy mini, VWR

Centrifuge 5424, Eppendorf

Electrophoresis cell Wide Mini-Sub®Cell TG, BioRad

Fluorometer Qubit™ 2.0 Fluorometer, ThermoFisher Scientific

Gel tray, BioRad

Lint free laboratory wipe, Light-Duty tissue Wipers, VWR

Magnetic mixer IKA MF® RCT, IKA®-Labortechnik

Magnetic stir bar

Mortar and Pestil

PCR working station PCR Workstation PRO, VWR Peglab

Pipettes adjustable; diverse | 0.5—-10 pL Eppendorf
2-20pL

20 — 200 pL
100 — 1000 pL

Power supply PowerPac™ HV, BioRad
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Spattle

Spectrophotometer

NanoDrop 2000c

ThermoFisher Scientific

Thermomixer

comfort

Eppendorf

Thermal cycler

Rotor-Gene® Q

Qiagen

Thermal cycler

QuantStudio™ 5 Real-time
PCR System

Applied Biosystems™

Thermal cycler for gradient | iCycler iQ™5 BioRad
PCR
UV transilluminator UVT-20 M Herolab GmbH
Vortex VF2 Janke & Kunkel
IKA®-Labortechnik
Well comb Sub-Cell®GT Comb BioRad
7.7.3. Expendables/Consumables
Disposable serological 10 mL VWR
pipettes
Falcon tubes; diverse 15 mL VWR
50 mL
Filter pipette tips Biosphere® Filter Tips Sarstedt
0.,1-20pL
Filter pipette tips; diverse TipBox BIO-CERT® VWR
0.5-20puL
5-200 pL
50 - 1000 pL
Microcentrifuge tubes; 0.65 mL VWR
diverse 1.5mL
2mL
PCR tubes 200 pL VWR
Qubit™ Assay tube Invitrogen ThermoFisher
Scientific
Strip tubes + caps 100 pL Qiagen

7.7.4.
e MEGA7.0.21

Software

e PyroMark Assay Design version 2.0.1.15

e RotorGene Q — Pure Detection Version 2.3.1
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7.7

Sample-list

7.7.1 Samples

Positive controls

ID Name Food group labelled as
3 V. macrocarpon leaves Positive control VM
4 V. oxycoccos leaves Positive control VO
16 V. vitis-idaea leaves Positive control  VV
27 American Cranberry fresh fruit  Positive control VM
30 V. oxycoccos leaves Positive control VO
31 V. vitis-idaea fruits Positive control  VV
34 V. vitis-idaea "Fireballs" fruits Positive control  VV
46 V. vitis-idaea leaves Positive control  VV
60 Cranberry "Stevens" fresh fruit ~ Positive control VM
61 Cranberry "Stevens" leaves Positive control VM
62 Cranberry "Pilgrim" leaves Positive control VM
65 fresh cranberries Positive control VM
68 V. macrocarpon seeds Positive control VM
73 Cranberry "Stevens" fresh fruit  Positive control VM
74 Cranberry "Stevens" leaves Positive control VM
75 Cranberry fresh fruit Positive control VM
76 V. macrocarpon seeds Positive control VM
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Herbarium samples

ID

Species

H1
H2
H3

V. vitis-idaea

H4
H5
H6
H7

V. oxycoccos

H13
H14
H15

V. macrocarpon




Commercial food samples

ID Name Foodgroup labelled ingredients

21 organic fruit-Cereal bar Cereal bar Cranberries; 6% dried cranberries

35 Cereal Bar Cranberry Cereal bar Cranberries; 3% dried cranberries

36 FlapJack Cranberry Cereal bar Cranberries; 1% dried cranberries

50 Raw Cereal bar Acai Banana Cereal bar Cranberries; freeze dried cranberry powder
77 wild lingonberry bar with fruits Cereal bar Lingonberries; 8.2% lingonberry concentrate
78 Flapjack Cashew Cranberry Cereal bar Cranberries; 9% cranberries

79 Cereal bar forrest fruits Cereal bar Cranberries; cranberries in pineapple juice
32 Cranberry Chocolate Chocolate Cranberries; 3.5% cranberry granulate

37 Cranberry Poppy seed Chocolate Chocolate Cranberries; 3% dried cranberries

57 dried Bluberries & Cranberries coated with Chocolate Chocolate Cranberries

58 Cranberry chocolate Chocolate Cranberries; 7.7% cranberries

71 dark Cranberry chocolate Chocolate Cranberries; 2.5% cranberries

89 Cranberries coated with Chocolate Chocolate Cranberries; 40% cranberries

90 Dark Chocolate with Cranberry Chocolate Cranberries; 7% cranberries

1 rosehip & branberry organic yoghurt mild Dairy product Cranberries; 4% cranberries

91 Skyr Raspberry-Cranberry Dairy product Cranberries; 4% cranberries

28 Jellied Cranberry Sauce Div Cranberries

33 Horseradish with Lingonberries Div Lingonberries; 11% lingonberries

42 Cookies White Chocolate & Cranberry Div Cranberries; 8% cranberries

49 Cranberry BBQ Sauce Div Cranberries; 12% cranberries

51 Mustard with wild lingonberries Div Lingonberries

66 Paste made from european cranberries Div VO; 100% Moosbeeren (V. oxycoccos)

85 Grape Cranberry Vinegar Div Cranberries; 2% cranberry juice concentrate
2 Superfruits Fruit Cranberries

128



7 dried Cranberrys Fruit Cranberries; 74% dried cranberries
8 Cranberry Nut Fruit Cranberries; 25% dried cranberries
9 Cashew cranberry Mix Fruit Cranberries; 30% dried cranberries
24 dried Cranberry Medley Fruit Cranberries; dried cranberries

25 dried Cranberries Fruit Cranberries; 60% dried cranberries
26 Craisins Dried Cranberries Fruit Cranberries; dried cranberries

63 Cranberry Kokos Snack Fruit Cranberries; 7% dried cranberries
70 Organic Pumpkin Seeds Cranberry Kokos Fruit Cranberries; 24% dried cranberries
80 Cranberries Fruit Cranberries

17 cranberry and blueberry jam Jam Cranberries; 25,5% cranberries

44 wild lingonberries jam Jam Lingonberries; 50% lingonberries
45 lingonberry jam Jam Lingonberries; 70% lingonberries
53 Lingonberries with Red Wine and Cinnamon Jam Lingonberries

54 Lingonberries with Cassis and Vanilla Jam Lingonberries

55 Wild Lingonberries Jam Lingonberries

56 Wild Lingonberries Jam Lingonberries; 50% lingonberries
59 Strawberry Cranberry jam Jam Cranberries; 23% cranberries

86 Cranberry jam extra Jam Cranberries; cranberries

87 Cranberry jam Jam Cranberries; 45% cranberries

88 Cranberry (European Cranberry) Jam Cranberries; 45% cranberries

5 Organic CranberryJuice Juice Cranberries; 100% cranberry juice
6 Pure CranberryJuice Juice Cranberries; 100% cranberry juice
18 Multivitamin juice red fruits Juice Cranberries; juice from concentrate
19 pure lingonberry Juice Juice Lingonberries; 100% lingonberries
20 Syrup Cranberry-Aronia Juice Cranberries; 42% cranberry juice from concentrate
22 Cranberry juice Juice Cranberries; 26% cranberry juice from concentrate
23 Kombucha Cranberry Juice Cranberries; 5.1% cranberry juice
29 Aloe vera Cranberry Juice Juice Cranberries; 1% cranberry juice

47 Organic Cranberry Nectar Juice Cranberries; cranberry juice
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48 Scandinavic Lingonbery Juice Juice

52 Lingonberry Syrup Juice Lingonberries

64 Organic Cranberry juice Juice Cranberries; 12.5% cranberry juice

67 Juice made from european cranberries Juice VO; 100% Moosbeeren (V. oxycoccos)
69 Aronia Juice Juice

72 Cranberry Juice Juice Cranberries; 100% cranberry juice

81 Rosehip Cranberry juice Juice Cranberries

82 Cranberry Premium Nectar Juice Cranberries

83 Organic Cranberry juice Juice Cranberries

84 Cranberry juice Juice Cranberries; 27% cranberry juice from concentrate
10 Cranberry 1000 + Vitamin C Supplements Cranberries; pulverised cranberryjuice
11 powdered Cranberry Supplements VO; 100% Moosbeeren (V. oxycoccos)
12 powdered Lingonberry Supplements Lingonberries; 100% lingonberries

13 Cranberry + Vitamin C Supplements Cranberries; 50% pulverised cranberry juice
14 Cranberry capsule Supplements Cranberries; pulverised cranberry juice
15 Super strength Cranberry Supplements Cranberries

43 Lingonberry Granulate+Vitamin C Supplements Lingonberries; lingonberry extract

38 Tea (Blueberry and cranberry) Tea Cranberries; 1% lingonberries

39 Tea (Cranberry and Raspberry) Tea Cranberries; 1% lingonberries

40 Cranberry fruit Tea organic Tea Cranberries; 20% cranberries

41 Tea (Cranberry and Raspberry) Tea Cranberries; 3% cranberry pomace
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7.7.2 Concentration and purity of the DNA extracts of the positive controls,

herbarium samples, and commercial food samples

ID DNA [ng/ul] Qubit DNA [ng/ul] Nanodrop A260/280  A260/230

1 0.472 2.00 2.14 0.59
2 0.042 1.60 0.78 0.09
3 4,960 11.25 1.72 0.40
4 1.300 14.75 1.44 0.27
5 <LOD <LOD 1.63 <LOD
6 <LOD <LOD 1.40 <LOD
7 0.010 0.40 0.27 0.04
8 0.081 0.60 0.57 0.05
9 0.013 0.05 0.58 0.01
10 <LOD <LOD 1.15 0.82
11 0.070 15.15 1.45 0.18
12 0.043 6.05 1.12 0.10
13 <LOD <LOD 1.67 0.70
14 <LOD 1.10 2.03 0.22
15 0.037 24.80 1.22 0.55
16 1.250 16.25 1.16 0.29
17 0.000 7.40 1.00 0.17
18 <LOD <LOD 1.36 0.51
19 0.005 <LOD 1.65 0.80
20 <LOD <LOD 1.54 0.40
21 0.298 5.80 2.94 0.11
22 <LOD <LOD 1.89 0.57
23 0.006 <LOD 1.41 0.71
24 0.059 <LOD <LOD <LOD
25 0.016 0.60 0.66 0.04
26 0.011 0.75 0.60 0.05
27 0.360 0.95 0.60 0.04
28 0.008 0.70 0.45 0.06
29 0.006 <LOD 1.29 0.95
30 5.530 21.20 1.54 0.38
31 0.596 9.55 1.25 0.22
32 0.032 <LOD 1.44 3.85
33 0.118 4.72 0.82 <LOD
34 0.326 <LOD 1.35 <LOD
35 0.604 7.35 2.18 0.27
36 0.700 8.75 2.38 0.24
37 0.660 0.10 1.13 0.01
38 0.345 44.15 141 0.55
39 0.390 86.05 1.28 0.46
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40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

0.436
0.198
0.848
0.005
0.025
0.022
0.314
<LOD
<LOD
0.012
3.500
0.040
<LOD
0.039
0.032
0.018
0.017
0.034
0.015
0.008
0.056
1.170
0.792
0.350
<LOD
0.193
0.013
0.006
0.754
0.007
0.122
0.200
<LOD
0.119
1.890
0.088
1.050
0.688
0.768
0.358
0.010
0.005
0.005
0.006
0.007

28.55
25.00
6.60
<LOD
<LOD
9.40
2.15
<LOD
<LOD
<LOD
4.25
8.50
<LOD
<LOD
<LOD
11.65
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
0.25
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
4.25
<LOD
<LOD
21.10
<LOD
23.00
3.95
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
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0.80
1.49
1.34
1.58
<LOD
0.63
0.37
1.62
1.59
1.28
2.30
0.75
1.46
1.98
4.41
0.67
3.40
3.44
1.81
2.05
1.40
1.60
1.77
<LOD
1.48
1.48
3.77
1.52
1.49
1.55
1.63
0.77
1.40
1.47
1.48
1.37
1.15
3.86
1.14
1.22
1.74
1.59
1.52
1.61
1.59

0.13
0.44
0.13
0.52
<LOD
0.10
0.06
0.57
0.52
<LOD
0.12
0.10
0.54
<LOD
<LOD
0.12
<LOD
<LOD
<LOD
<LOD
<LOD
3.62
0.69
0.01
0.50
0.73
<LOD
0.72
0.87
<LOD
3.08
0.08
0.74
<LOD
0.18
<LOD
0.12
0.06
<LOD
<LOD
3.54
0.54
0.60
0.54
0.57



85 0.005 <LOD 1.56 0.54
86 0.011 <LOD <LOD <LOD
87 0.009 <LOD <LOD <LOD
88 0.028 24.20 0.94 0.13
89 0.047 <LOD <LOD <LOD
90 0.030 <LOD <LOD <LOD
91 0.148 <LOD 1.35 <LOD

ID DNA [ng/ul] Nanodrop 260/280 260/230

H1 12.7 1.08 0.28

H2 11.8

H3 7.3 1.02 0.23

H4 3.5 1.73 0.33

H5 6.1

H6 5.9 1.48 0.29

H7 7.1 1.62 0.37

H13 4.9 1.44 0.39

H14 4.45

H15 7.9 1.33 0.28
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7.7.3 Concentration and purity of the Matrix-components DNA extracts

DNA
DNA [ng/ul] [ng/ul]

ID Name Qubit Nanodrop A260/280 A260/230
A almond 2.440 <LOD 0.94 0.63
Al almond 3.140 <LOD 1.07 0.99
B cashew 1.860 11.55 2.30 0.29
B1 cashew 0.840 1.70 <LOD 0.09
C walnut 4.300 12.45 1.28 0.25
C1l walnut 3.920 1.10 1.22 0.11
D poppy seed 14.700 23.55 1.94 1.63
D1 poppy seed 16.900 21.10 2.06 1.76
E raisin 0.074 0.10 0.08 0.01
E1l raisin 0.284 <LOD 1.54 39.63
F grape 0.101 <LOD 1.57 0.62
F1 grape 0.177 <LOD 1.55 1.44
G strawberry 0.490 9.90 1.01 0.15
G1 strawberry 0.642 7.35 1.12 0.11
H goji 5.340 2.20 3.05 0.54
H1 goji 5.040 <LOD 0.90 0.27
| raspberry 0.836 10.50 1.15 0.22
I1 raspberry 0.298 1.80 0.81 0.07
J blackberry 0.184 <LOD 1.69 1.26
J1 blackberry 0.214 <LOD 1.74 3.42
K red currant 0.103 <LOD 1.44 0.82
K1 red currant 0.151 <LOD 1.37 0.69
K2 red currant 0.390 <LOD 1.35 0.57
L apple 0.034 <LOD 1.44 0.70
L1 apple 0.036 <LOD 1.45 0.93
M pomegranate 0.023 <LOD 151 0.65
M1 pomegranate 0.294 1.10 0.41 0.03
N sour cherry 0.066 2.40 0.53 0.06
N1 sour cherry 0.020 <LOD 3.85 <LOD

O apple Evelina 0.032 <LOD 1.32 0.75
P apple Gala 0.021 <LOD 1.32 0.99
Q apple Granny Smith 0.054 <LOD 1.37 0.80

apple Golden

R delicious 0.036 <LOD 1.22 0.89
S white currant leaves 13.600 22.4 1.95 0.75
T red currant leaves 18.700 25.25 1.94 0.80
U black currant leaves 11.200 18.65 1.95 0.56
V black currant leaves 5.800 9.6 2.00 0.33
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Other Samples

ID Name DNA [ng/ul] Qubit DNA [ng/ul] Nanodrop A260/280 A260/230
1A Bilberry 0.448 <LOD < LOD <LOD
2B Blueberry 0.172 <LOD 1.68 1.22
A3B Aronia 0.051 5.20
APF Apple 0.057 <LOD 1.15 < LOD
Cereal
BAL bar 0.484 11 3.81 0.1
Chocolate
75%
COC cocao 0.596 6.75 0.94 0.14
Bilberry
FHD jam 0.099 <LOD 2.59 <LOD
Raw
muscat
KUE pumpkin 1.210 <LOD 1.12 <LOD
RET Beetroot 0.117 <LOD 1.34 0.9
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