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ABSTRACT

DNA-based marker fingerprinting techniques are developed with the aim of their effective use in the identification or 
comparative studies of plant genomes. In the genus Vaccinium, DNA markers help resolve taxonomic relationships among 
the species included in it. In this study, the allergen coding genes and micro RNAs were used as DNA markers and applied 
for the characterization of the fingerprints of Vaccinium corymbosum L. and Vaccinium myrtilus L. Both techniques were 
found to be effective in distinguishing the analysed Vaccinium accessions and in the generating of polymorphism and in 
the case of Bet v 1 Based Amplicon Polymorphism and Profilin Based Amplicon Polymorphism, separated fingerprints 
were obtained for Vaccinium myrtilus L.
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ABSTRAKT

Identifikačné techniky založené na DNA markeroch sú vyvinuté s cieľom ich efektívneho využitia v identifikačných 
alebo porovnávacích štúdiách rastlinných genómov. V rode Vaccinium DNA markery pomáhajú riešiť taxonomické vzťahy 
medzi druhmi spomenutého rodu. V tejto štúdii, alergény kódujúce gény a mikroRNA boli použité ako DNA markery 
a aplikované charakterizáciu profilov Vaccinium corymbosum L. and Vaccinium myrtilus L. Obe techniky sa preukázali 
ako efektívne pri rozoznávaní analyzovaných druhov Vaccinium a tvorbe polymorfizmov a v prípade amplikónového 
polymorfizmu založeného na Bet v 1 a amplikónového polymorfizmu založeného na profilíne, boli získané rozličné profily 
pri Vaccinium myrtilus L.
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INTRODUCTION 

The genus Vaccinium, which comprises 450 species, is 
one of the tribes of the subfamily Vaccinioideae (Stevens, 
1971). It originated in North America (Rimando et al, 
2004) and is valued for its nutritional value mainly because 
of its abundant antioxidants when compared to other 
fruits (Nile and Park, 2014; Škrovánková et al. 2015). The 
importance of investigating this species is also supported 
by the platform “Genome Database for Vaccinium” 
(GDV; 2023) which provides all available information 
on the Vaccinium genomes. Vaccinium corymbosum L. 
(blueberry) and Vaccinium myrtillus L. (bilberry) belong to 
the main commercial species that are used among the 
genus Vaccinium. The genera were reported as highly 
polyphyletic (Powell and Kron, 2002; Kron et al., 2002) 
and molecular and DNA-based markers should resolve 
taxonomic relationships among the species included in 
it (Hummer et al., 2019). Breeding strategies rely mainly 
on phenotypic-based selection of desired traits, but 
genomic-assisted breeding should be incorporated into 
breeding programs, as linkage maps that identified some 
of the loci that regulate fruit quality traits were prepared 
for species within Vaccinium genus (Mengist et al., 2021).

Individual cultivars in the genus Vaccinium have 
traditionally been identified by evaluation of mainly 
morphological characters which makes distinguishing 
closely related them difficult (Cho et al., 2017), because 
of overlapping morphologies and a very high level of 
interspecific and intersectional level (Ballington, 2001). 
Further phylogenetic analysis and characterization 
of genetic resources are needed for Vaccinium genus 
(Zdepski et al., 2011). Different DNA markers were used 
to characterize the variability of blueberries as well as 
bilberries. RAPD (Random Amplified Polymorphic DNA) 
markers were applied in the first studies of genetic 
polymorphism. The estimation of genetic relationships 
of visually distinct clones of lowbush blueberries resulted 
in the amplification of consistent fragments and different 
polymorphism was reported among 26 diverse clones 
(53%) and for 26 closely situated clones (87%) (Burgher 
et al., 2002; Burgher-Maclellan and Mackenzie, 2004). 

RAPD markers have the potential to produce not only 
polymorphic banding patterns but the monomorphic 
profiles of closely related varieties obtained too by this 
technique (Arce-Johnson et al., 2002). Microsatellite-
based techniques, such as ISSR (Inter Simple Sequence 
Repeats) or SSR (Simple Sequence Repeats) followed 
RAPD markers with results of distinguishing potential 
presented very similar to RAPD (Carvalho et al., 2014; 
Gawroński et al., 2017). Their resolution power is 
generally more effective in whole genome polymorphism 
analysis (Carvalho et al., 2018) and the accuracy for the 
number of cultivars tested (Garriga et al., 2013), due 
to the highly diverse amplification patterns, that were 
identified for satellite DNAs in Vaccinium species (Sultana 
et al., 2020). Retrotransposon-based SSAP (Sequence-
Specific Amplification Polymorphism) markers indicated 
a relatively simple genetic background of forty-eight 
blueberries cultivars analyzed by the polymorphism of Ty1/
Copia and Ty3/Gypsy retrotransposons (Zong et al., 2019). 
Both types of the above-mentioned retrotransposons 
were used for RBIP (Retrotransposon Based Insertion 
Polymorphism) based variability and molecular identity of 
blueberry cultivars. Obtained RBPI fingerprints reflected 
individual types of blueberries – north-ern highbush 
blueberries, southern highbush blueberries, and rabbit-
eye blueberries (Wu et al., 2018).

Another approach to assessing genetic variability 
in plants is to apply markers of coding regions of plant 
genomes, such as genes for allergens and functional 
markers based on microRNAs sequences.

Allergen-coding genes are abundant in plant genomes 
and share high homology among individual species as 
shown by the massive accumulation of sequence data 
that are stored in public databases. They act in plants 
in many basic physiological and cellular processes, 
such as cytoplasmatic disease resistance, regulation 
of actin cytoskeleton dynamics, seed storage proteins, 
plant growth responses by interacting with the plant 
hormone auxin, etc. (Radauer and Breiteneder, 2017). 
Pathogenesis-related proteins are a group that contains 
some of the important allergens. PR-10 subgroup is one 
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of the most studied because of Bet v 1 allergen, the main 
allergen of Betulla verrucosa L. that is involved in many 
cross-reactions with its homologs. Bet v 1 is responsible 
for spring pollen-based allergenic sensitization. High 
homology in the protein structure of Bet v 1 is due to short 
amino acid sequences. These key sequences are highly 
conserved between species, resulting in a very similar 
to identical protein structure (Seutter von Loetzen et al., 
2012), despite the relatively variable remaining parts of the 
nucleotide sequence of ypr10 genes (genomic similarity 
50–>90%) (Fernandes et al., 2013). The involvements of 
allergen coding genes in basic processes combined with 
their homology allow their use not only for allergenic 
plants, what is the case of V. corrymbosum L. and V. myrilis 
L., too. Any of these two species has been documented 
to be allergenic to date, but there may be cross-reactivity, 
especially with cranberries (AAAI, 2023). High homology 
of groups of Bet v 1 and profiling families of allergens was 
a base for developing the DNA markers that can be used 
universally in the plant kingdom. Bet v 1 Based Amplicon 
Polymorphism (BBAP) provides polymorphic amplicons 
that are generated by specific forward and degenerate 
reverse primers that match homolog sequences of Bet 
v 1 allergen (Žiarovská and Zeleňáková, 2018). Profilin 
Based Amplicon Polymorphism (PBAB) is based on the 
ubiquity of the profilin gene in plant genomes and as in 
the previous technique, degenerate primers are used 
to obtain polymorphic fingerprints of profilin homologs 
(Klongová et al., 2021). Any of these techniques were 
not used before in the analysis of genetic diversity for 
Vaccinium corrymbosum L. or Vaccinium myrilis L.

MicroRNA-based markers represent a functional 
type of markers that have been used in different plants 
(Fu et al., 2013; Mondal and Ganie, 2014; Yadav et al., 
2014; Ražná et al., 2016). DNA markers corresponding 
to miRNA genomic sequences represents highly efficient, 
stable, reproducible, low-cost and protocol-transferable 
genotyping procedure within the field of marker-
based techniques (Fu et al., 2013; Yadav et al., 2014). 
MicroRNAs play an important role in plant responses 
to abiotic stresses of various natures, including low 
temperature, drought, salinity, oxidative stress, UV-B 

radiation, heavy metals, etc. (Yu et al., 2016). They are 
particularly important in plant growth and development, 
hormone regulation, organ differentiation, alternative 
assembly, and metabolite accumulation (Xu et al., 2020). 
The looped regions of miRNA precursors are relatively 
highly conserved among closely related species, resulting 
in good marker transferability. MiRNA-based primers can 
bind to different positions within the loop structure of 
miRNA molecules and thus can generate fragments of 
different lengths or can amplify regions between adjacent 
miRNAs. The observed polymorphism indicates changes 
in the sequences of miRNA loci, which may result in 
changes in target genes regulation and as a consequence 
of the genome's response to a certain factor (Fu et al., 
2013; Yadav et al., 2014). In the genome of blueberries, 
fruit ripening-related miRNAs and miRNAs with potential 
functions in abiotic stress were identified (Hou et al., 
2017; Li et al., 2022). 

The aim of this study was to apply two novel 
fingerprint techniques based on allergen coding genes 
and micro RNAs for Vaccinium polymorphism study and to 
characterize them for analysis of Vaccinium corymbosum 
L. and Vaccinium myrtilus L.

MATERIAL AND METHODS

A total of 13 blueberry genotypes (Table 1) were 
used in the analysis. They were obtained in local stores, 
immediately transported to laboratory and kept frozen 
until individual analysis were performed

Allergen coding assays have been conducted 
according to the protocol of Žiarovská and Urbanová 
(2022). Primers of BBAP assay match the coding region 
of ypr-10 gene (Žiarovská and Zeleňáková, 2016) and 
are combined with four degenerated reverse primers. 
PCR products were amplified by MasterMix Robust HS 
Elizyme (Elizabeth Pharmacon) with 2–10 ng DNA and 
400 nM of each primer. PCR profile was as follows: 95 °C 
for 5 min; 40x (at 95 °C for 45 s; 54 °C for 45 s; 72 °C for 
35 s); by final elongation at 72 °C for 10 min. Generated 
amplicons were loaded on 1.5% agar gels, separated 
by electrophoresis and stained by GelRed™ (Biotium). 
The 100 bp DNA Ladder (ThermoScientific) was used 
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Table 1. The list of analysed blueberry genotypes

Sample Order Cultivar Species Origin

1 Emerald V. corrymbosum Argentina

2 JE2 V. corrymbosum Spain

3 Biloxi V. corrymbosum Peru

4 Duke V. corrymbosum Italy 

5 - V. corrymbosum Argentina

6 - V. corrymbosum Poland

7 Elliott V. corrymbosum Poland

8 Suzi Blue V. corrymbosum Chile

9 - V. corrymbosum South Africa

10 Bluecrop V. corrymbosum Poland

11 - V. corrymbosum Slovakia

12 - V. corrymbosum Peru

13 V. myrtillus V. myrtillus -

as a size marker. Profiles of BBAP were analysed by the 
free available software GelAnalyzer (GelAnalyzer 19.1, 
2023) and binary matrices of amplicon presence were 
prepared. Nei-Li coefficient of genetic distance was used 
to calculate basic relationships among individual species 
and a dendrogram was constructed by UPGMA method.

The miRNA-based assay has been conducted 
according to the protocol of Ražná et al. (2020). 

Primers were designed according to the study Barvkar 
et al. (2013) using the database miRBase (mirbase). Type 
of microRNA molecules which are part of the regulation 
of antioxidant stresses were selected based on Bej and 
Basak (2014), Bavkar et al. (2013) and Sunkar (2010). as 
follows in sequences 5 - 3´:

miR168_F	 CAC GCA TCG CTT GGT GCA GGT

miR168_R	 CCA GTG CAG GGT CCG AGG TA

miR408a_F	 GGC TGG GAA CAG ACA GAG CAT GGA

miR408a_R	 GGG AAA AAG GCC AGG GAA GAG G

Amplification products are separated on 15% TBE-
urea polyacrylamide (PAGE) gels, running in 1× TBE 
running buffer at constant power 180 V, 30 mA for 90 
min. The 10 bp DNA Ladder (Invitrogen) was used as a 
size marker. The gels are stained with PAGE GelRed™ 
Nucleic Acid Gel stain and are visualized on G-Box 
Syngene electrophoresis documentation system. For 
the recording of loci number and their position, as well 
as the identification of unique fragments, the gels are 
analysed by GeneTools software (Syngene). Presence (1) 
or absence (0) of the individual as well as the position 
of individual miRNA loci were documented and utilized 
for binary matrix construction followed by the UPGMA 
(Unweighted Pair Group Method using arithmetic 
Averages) hierarchical cluster analysis (ref.).

The percentage of polymorphism was based on 
directly counting polymorphic and total loci. Marker index 
(MI) was calculated based on polymorphic information 
index and effective multiplex ratio: MI = PIC × (np (np/n)), 
where np is the number of polymorphic loci, and n is the 
total loci number.

RESULTS
Allergen coding assays 

A total of 69 alleles were amplified by degenerate 
BBAP primer pairs and its non-degenerated variants 
in the set of analyzed Vaccinium accessions. They were 
distributed among 14 different loci, from which the most 
abundant profile was amplified for Vaccinium myrtillus L. 
genotype. The range of the amplicon length was from 65 
bp up to 1550 bp (Figure 1). Individual positively matched 
length levels varied for analyzed genotypes of blueberries 
from two up to ten. A unique amplicon was identified 
in the Duke variety of Vaccinium corymbosum L. with a 
length of 183 bp when the degenerate primer was used.

The dendrogram constructed on the resulting binary 
matrix of BBAP amplicons distribution showed the 
separation of all blueberry accessions except for one 
genotype of V. corrymbosum from Peru and variety JE2. 
A total of four main subbranches were separated (Figure 
2) with a distinguishing of the only Vaccinium myrtillus L. 
accession used in the analysis.
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Figure 1. Obtained Bet v 1 profiles for individual primer combinations. (A) – degenerate reverse primer; (B)-(E) – variants of reverse 
non-degenerated primers L - 100 bp DNA Ladder

Figure 2. Dendrogram of Jaccard genetic similarity values among analyzed blueberry genotypes for BBAP-generated fingerprints
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Two very distinctive PBAP fingerprints were obtained 
for the analyzed accessions, where no amplicon variability 
was observed for Vaccinium corymbosum L. genotypes 
and a profile with three different amplicons was amplified 
in the case of Vaccinium myrtillus L. (Figure 3).

miRNA-based assays

The loci of both types of stress-sensitive miRNA-
based markers reflected an almost equal representation 
(miR168 – 50.8% and miR408 – 49.2%) but despite this, 
it was possible to observe genotype-specific patterns in 

Figure 3. Obtained PBAP fingerprints and dendrogram of Jaccard genetic similarity values among analyzed blueberry genotypes. 
L - 100 bp DNA Ladder

the profiles of the amplified miRNA-based loci (Figures 
4 and 5). In 13 analyzed accessions was detected 
the amplification of 66 loci by marker miR168, which 
represents approximately 5.1 locus per genotype. The 
polymorphism level reached 98.5%. Compared to the 
second marker, miR408 applied, the parameters were 
as follows: 64 amplified loci, representing 4.9 locus per 
genotype and polymorphism level 98.4%. For both used 
miRNA markers, Vaccinium myrtillus L. was not separated 
by its obtained fingerprint from Vaccinium corymbosum L. 
genotypes.
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The most pronounced amplification of miR168 loci, 
seven per genotype, was observed in genotypes from 
South Africa, Poland (Bluecrop) and Peru and in the case 
of miR408 marker, in genotype from Chile (Suzi Blue). 
Cluster analysis showed the similarity of the loci profile 
between the Vaccinium myrtillus L. genotype and the 
genotype from Argentina and at the same time showed 
the linkage at the level of miR168 and miR408 loci 
representation between the sample of Slovak origin (11) 
and genotypes from Peru (Biloxi) and South Africa.

Figure 4. Obtained fingerprints (A) and constructed dendrogram (B) based on the amplification profile of miR408 loci in analyzed 
blueberry genotypes. L - 10 bp DNA Ladder

Comparing the techniques used in the study they 
were similar in the effectiveness of distinguishing the 
analyzed blueberry genotypes (Table 2). For BBAP and 
miR168, two of the analyzed genotypes provided the 
same fingerprinting pattern and were grouped together 
in constructed dendrograms. The ability of the used 
markers to detect polymorphisms was comparable 
with the calculated values of PIC, which ranged from 
0.17 up to 0.37, but for all of the used techniques, the 
values were in the range expected for dominant marker 
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systems. Allergen-based homologs markers provide 
less effectiveness for the polymorphism-based analysis 
of blueberry genomic variability description, as their 
marker index value was lower when compared to miRNA 
markers-based techniques, but the higher discrimination 
power index was calculated for them, which corresponds 
to more different fingerprints of individual accessions, 
that were obtained.

Figure 5. Obtained fingerprints (A) and constructed dendrogram (B) based on the amplification profile of miR168 loci in analyzed 
blueberry genotypes. L - 10 bp DNA Ladder

ANOVA with posthoc Tukey HSD Test was performed 
finally for Vaccinium co-rymbosum L. genotypes only to 
compare the marker techniques used in this study (table 
3 and 4) and exclude the effect of Vaccinium myrtillus 
L., where very different fingerprints were generated 
for BBAP and miRNA assays. Allergen coding-based 
assays and miRNA-based assays generated polymorphic 
patterns that were significantly different at P < 0.01 when 
compared to themselves.
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Table 2. Characteristics of fingerprints for Vaccinium corrymbosum L. and Vaccinium myrtilus L. obtained by allergen coding and 
miRNA-based markers

Technique polymorphism PIC MI DI R

BBAP 100% 0.17 0.003 0.98 3.69

PBAP 66.67% 0.25 0.004 0.97 1.84

miR408 100% 0.37 0.04 0.66 10.25

miR168 100% 0.37 0.03 0.64 9.78

PIC – Polymorphic information content; MI – Marker index; DI - Diversity index; D – Discrimination power

DISCUSSION
The genus Vaccinium has a circumpolar distribution, 

and its species can be found in Europe, North America, 
Asia and Africa (Cho et al., 2017). In the field of DNA-
based marker fingerprinting, many comparative studies 
have been reported with the aim of developing a 
reliable technique for individual species or cultivars 
identification. RAPD markers were the first to be applied 
and were proven to be able to differentiate Vaccinium 
corymbosum L. and Vaccinium angustifolium Ait. cultivars 
by different authors (Cho et al., 2017; Burgher-Maclellan 
and Mackenzie, 2004; Arce-Johnson et al., 2007). 
Microsatellites present in the genome of Vaccinium types 
and varieties were applied in the studies of assessing 
genetic similarity and indexing of the genetic resources 
or in the studies of identification of cultivated and wild 
Vaccinium species (Carvalho et al., 2014; Gawroński et 

Table 3. Results of ANOVA for individual marker techniques used in this study to reveal polymorphism in the set of Vaccinium 
corrymbosum L. accessions

Source Sum of squares
SS

degrees of freedom 
ν

mean square
MS F statistic P-value

Treatment 12.48 1 12.48 500.07 1.1102e-16

Error 6.36 262 0.0256

Total 19.49 263    

Table 4. Results of Tukey HSD for individual marker techniques used in this study to reveal polymorphism in the set of Vaccinium 
corrymbosum L. accessions

Treatments pair Tukey HSD
Q statistic

Tukey HSD
P-value

Tukey HSD
inferfence

Allergen based markers vs miRNA- based markers 31.62 0.0010053 P < 0.01

al., 2017; Carvalho et al., 2018). Retrotransposon-based 
marker techniques provided another well-established 
source of Vaccinium fingerprinting (Wu et al., 2018) 
and using SSAP markers, southern highbush blueberry, 
northern highbush blueberry, and rabbit-eye blueberry 
were distinguished (Zong et al., 2019).

Here, two other marker techniques were used to 
analyze the specific fingerprints of Vaccinium corrymbosum 
L. when compared to Vaccinium myrtilus L. – allergen 
coding gene-based variability and microRNA coding-
based variability.

Allergen coding gene variability is well-studied across 
various plant species (Radauer and Breiteneder, 2007; 
Sinha et al., 2014; Führer et al., 2022) and provide a 
good source of marker variability detected by PCR. In 
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the current study, using both allergen coding marker-
based techniques, a total of 72 alleles were amplified 
among 13 analyzed Vaccinium accessions. This supports 
the previous studies, which summarized allergen coding 
genes to have many homologous genes that may result 
in many isoforms. In silico comparison of the amino acid 
sequences of Bet v 1 allergen shows a very variable 
identity among plant species (Breiteneder and Ebner, 
2000) which enables the use of these regions as DNA-
based markers for fingerprinting the variability of plant 
genomes. The homology of amino acid sequences in the 
region of forward primer for BBAP strategy is relatively 
high and includes the confirmed epitope for IgE [39]. 
Reverse primers amplify a relatively variable region of the 
ypr-10 gene compared to Bet v 1 and match the amino 
acid variability at position 119 of Bet v 1 protein (P15494) 
(Breiteneder and Ebner, 2000). In this study, both, BBAP 
and PBAP fingerprints resulted in the separation of 
Vaccinium myrtillus in the constructed dendrograms. 

The miRNA-based markers combine the advantages 
of relatively high polymorphism, reproducibility, and 
ease of use with predicted functionality (Fu et al., 2013; 
Mondal and Ganie, 2014; Yadav et al., 2014). As these 
markers are derived from conserved miRNA sequences, 
a high degree of species transferability is expected. As a 
result, miRNA-based markers provide an effective tool 
for comparative genome mapping and understanding 
phylogenetics among different crop species (Yadav et al., 
2014). miRNA-based primers combined with different 
sites of occurrence at the same position in a stem-
loop structure can produce fragments of useful size for 
genotyping. 

Plant miRNAs play vital roles in cell growth and 
development. In addition, they are also major regulators 
of plants’ genome responses to stress factors (Zhou et al., 
2020).

CONCLUSION

Evaluating genetic diversity and understanding the 
genetic relationships within the germplasms of Vaccinium 
can provide crucial information to address their 
characteristics and breeding problems. In the current 
study, the allergen coding genes and microRNA-based 
techniques were used to characterize the fingerprints 
of Vaccinium corymbosum L. and Vaccinium myrtilus L. 
Both technique types were found to be effective in 
distinguishing the analyzed Vaccinium accessions and 
in the generating of polymorphism and in the case of 
BBAP and PBAP techniques, separated fingerprints were 
obtained for Vaccinium myrtilus L. The results obtained 
from this study will provide valuable data for the analysis 
of the Vaccinium germplasm variability.
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