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Abstract

Cultivated grapevine (Vitis vinifera L. ssp. sativa D.C.) is one of the oldest agricultural crops, each variety comprising an
array of clones obtained by vegetative propagation from a selected vine grown from a single seedling. Most clones within a
variety are identical, but some show a different form of accession, giving rise to new divergent phenotypes. Understanding
the associations among the genotypes within a variety is crucial to efficient management and effective grapevine improve-
ment. Inter-primer binding-site (iPBS) markers may aid in determining the new clones inside closely related genotypes.
Following this idea, iPBS markers were used to assess the genetic variation of 33 grapevine genotypes collected from Russia.
We used molecular markers to identify the differences among and within five grapevine clonal populations and analysed the
variation, using clustering and statistical approaches. Four of a total of 30 PBS primers were selected, based on amplifica-
tion efficiency. Polymerase chain reaction (PCR) with PBS primers resulted in a total of 1412 bands ranging from 300 to
6000 bp, with a polymorphism ratio of 44%, ranging from 58 to 75 bands per group. In total, were identified seven private
bands in 33 genotypes. Results of molecular variance analysis showed that 40% of the total variation was observed within
groups and only 60% between groups. Cluster analysis clearly showed that grapevine genotypes are highly divergent and
possess abundant genetic diversities. The iPBS PCR-based genome fingerprinting technology used in this study effectively
differentiated genotypes into five grapevine groups and indicated that iPBS markers are useful tools for clonal selection.
The number of differences between clones was sufficient to identify them as separate clones of studied varieties containing
unique mutations. Our previous phenotypic and phenological studies have confirmed that these genotypes differ from those
of maternal plants. This work emphasized the need for a better understanding of the genotypic differences among closely
related varieties of grapevine and has implications for the management of its selection processes.
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Introduction

Grapevines (Vitis vinifera L. ssp. sativa D.C.) are one of
the world’s oldest agricultural crops, cultivated for table
fruits, dried fruits, juice and wine. The number of 6000
to 8000 grapevine varieties are exist in the world (Maul
and Topfer 2019; Maul et al. 2012, 2018), most of them
belonging to the European species Vitis vinifera L. Vitis
species is attractive for genomic research, because it is
diploid and has a small genome size of 475-500 Mb rela-
tive to other plants (it is approximately two times less than
Cannabis sativa. genome) (Thomas et al. 1993), consisting
of 19 chromosomes. The genotypes of grapevine varieties
are highly heterozygous, and nearly all modern cultivated
varieties (cultivars) are hermaphroditic, self-fertile and
out-cross easily. The large number of varieties is mostly
the result of several processes, such as domestication from
local wild Vitis sylvestris (now Vitis vinifera L. ssp. sylves-
tris (C.C. Gmel.) Hegi) vines (Arroyo-Garcia et al. 2006),
subsequent crosses between domesticated and local wild
vines, the old practice of growing seedlings from sponta-
neous crosses and conventional breeding. The crosses are
attested by the pedigree reconstitution of several varieties
such as Cabernet-Sauvignon, which is a progeny of Cab-
ernet franc and Sauvignon blanc (Bowers and Meredith
1997), and Chardonnay and Gamay, which are progenies
of Pinot and Gouais (Bowers 1999; Lacombe et al. 2013;
Myles et al. 2011; Cipriani et al. 2010; Drabek et al. 2016).

Later, the selected seedlings were multiplied by vegeta-
tive propagation, a conservative strategy used to obtain
clones of the original parental stock by cutting, layering
or grafting. This process creates clones that are geneti-
cally identical to the parent plant, provided that somatic
mutation has not occurred in the regenerative cells that
gave rise to the clone (Carrier et al. 2012). Varieties are
currently considered to consist of clones that share com-
mon morphological traits. Nevertheless, clones showing
phenotypic variations are often observed and considered as
part of the same variety within an accepted range of phe-
notypes. When clones of the same variety have phenotypes
sufficiently different to be grown for wine production, they
are grouped in different cultivars (This and Boursiquot
1999). Historical evidence combined with morphological
data (ampelography) have frequently been used to char-
acterize cultivated varieties, clones, wild forms and to
define relationships. However, conclusions based on this
evidence have been frequently questioned, leading to mis-
takes in identification and discrimination (Vujovic et al.
2017).

The advent of molecular markers has offered a powerful
tool to address these issues; these markers have frequently
been used by ampelographers and grapevine geneticists
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(Cipriani et al. 2010; Drabek et al. 2016; De Lorenzis et al.
2015). Among the many classes of molecular markers pro-
posed in the last 20 years, a relatively new universal retro-
transposon-based marker system for DNA fingerprinting,
inter-primer binding sites (iPBS), was used by Kalendar
et al. (Kalendar and Schulman 2014; Kalendar et al. 2010,
2019).

Retrotransposons are ubiquitous throughout the plant
kingdom and exist in vast numbers of copies in any plant
genome (Kalendar et al. 2019). Thus, they are a well-suited
source of genetic markers (Vuorinen et al. 2018; Mandoula-
kani et al. 2015; Smykal et al. 2011). A given retrotransposi-
tion is a unique phenomenon, and the same integration site
is not likely to be used more than once (Feschotte 2008).
The retrotransposons remain as part of the chromosome and
spread by producing daughter copies that migrate to new loci
(Kumar and Bennetzen 1999). Both retroviruses and long
terminal repeat (LTR) retrotransposons use cellular trans-
fer RNAs (tRNAs) as primers for reverse transcription dur-
ing their replication cycles. In retroviruses, primer tRNA is
selectively packaged into the virion, where it is placed onto
the primer binding site (PBS) of the viral RNA genome and
the reverse transcriptase (RT)-catalysed synthesis of minus-
strand complementary DNA (cDNA) (Kumar and Bennetzen
1999). These LTR retrotransposons and all retroviruses
contain a tRNA-conservative PBS, usually for methionine
initiator tRNA (tRNA™M®Y)_ In the retroviruses and plant para-
retroviruses, the PBS is complementary to the 3’ end of the
primer tRNA. In the case of retrotransposons, the PBS is
either complementary to the 3’ end or to an internal region of
the primer tRNA. The method, iPBS amplification, is based
on the virtually universal presence of a tRNA complement
as an RT PBS in LTR retrotransposons. The iPBS amplifica-
tion technique as such has proved to be a powerful DNA fin-
gerprinting technology without the need for prior sequence
knowledge. This method allows investigation of LTR type of
retrotransposons in any eukaryotic organism. It was shown
that primers designed to match the conserved regions of the
primer binding sequences in LTR retrotransposons are very
efficient in PCR amplification of eukaryotic genomic DNA
(Fang-Yong and Ji-Hong 2014; Kalendar et al. 2019). This
method has several advantages, compared with other retro-
transposon markers: it can discriminate among close geno-
types (Antonius-Klemola et al. 2006) without prior sequence
knowledge and are highly reproducible, due to their primer
length and the higher stringency for the annealing tempera-
ture (Guo et al. 2014; Antonius-Klemola et al. 2006). This
method also differs from previous retrotransposon-based
markers in that it is applicable not only to endogenous ret-
roviruses, but also to both the Gypsy and Copia LTR retro-
transposons (Melnikova et al. 2012). This marker system was
used to fingerprint DNA in apricot (Prunus armeniaca L.)
(Baréanek et al. 2012) and apple (Malus pumila Mill.) (Kuras
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et al. 2013), date palm (Phoenix dactylifera L.) (Al-Najm
et al. 2016), guava (Psidium guajava L.) (Mehmood et al.
2015), grapevine (Guo et al. 2014), cocoyam (Xanthosoma
sagittifolium (L.) Schott) and taro (Colocasia esculenta (L.)
Schott) (Doungous et al. 2015). Here, we investigated the
genetic relationships of 33 genotypes from the Russian Vitis
collection (full data available in the collection’s web-site:
http://azosviv.info/), using the new iPBS technique.

Materials and methods
Plant materials

The 33 grapevines genotypes (including clones and control
genotypes) of the five varieties used for iPBS analysis are
listed in Supporting Information 1. The genotypes were col-
lected at the Anapa Zonal Experimental Station (AZES) of
the North Caucasian Regional Research Institute of Horti-
culture and Viticulture (NCRRIH& V) ampelographic col-
lection. All genotypes are representatives of Cabernet Sau-
vignon (CS), Merlot (M), Pinot Blanc (PB), Riesling (R) and
Sauvignon Blanc (S) varieties. Controls are the genotypes
aimed for comparison with clones and were selected based
on their true to type phenotyping data (data not shown).

DNA extraction

Young fresh leaves were collected from the listed genotypes
(Supporting Information 1) and used for the DNA isolation.
The DNA was extracted from 200 mg of fresh leaf sam-
ples, using the cetyltrimethyl ammonium bromide (CTAB)
extraction protocol (CTAB solution: 1.5% CTAB, 1.5 M
NaCl, 20 mM trisodium ethylenediaminetetraacetic acid
(Na;EDTA), 0.1 M HEPES, pH ~ 5.3) (http://primerdigital.
com/dna.html) with RNAse A treatment. The detailed pro-
tocol for DNA isolation was submitted to protocols.io with
the digital object identifier (DOI): https://doi.org/10.17504
/protocols.io.mghc3t6 (Kalendar 2018). The DNA samples
were diluted in 1 X Tris—=EDTA (TE) buffer and the DNA
quality was checked by electrophoresis and Nanodrop spec-
trophotometer (Thermo Fisher Scientific Inc., Waltham,
MA, USA) (Kalendar and Schulman 2014).

Polymerase chain reaction protocol for inter-primer
binding sites

The iPBS analysis was conducted according to (Kalendar
and Schulman 2014), using iPBS primers (Table 1) designed
by (Kalendar et al. 2010). The analysis of the iPBS primers
was evaluated in two steps. First, about 30 primers were
amplified with all genotypes (Supporting Information 1)
to test their efficiency in the amount and quality of bands,

Table 1 Sequence information of PBS primers used to assess genetic
discrimination of grapevine Vitis vinifera L. ssp. sativa D.C. geno-

types

Primer name T, (°C)? Sequence (5'-3")

2228 50.2 5'-CATTGGCTCTTGATACCA-3’
2230 52.4 5'"TCTAGGCGTCTGATACCA-3'
2237 62.8 5'-CCCCTACCTGGCGTGCCA-3’
2415 60.9 5'-CATCGTAGGTGGGCGCCA-3'

4T, melting temperature, calculated with 1 uM concentration and
without Mg2+ (Kalendar et al. 2017a, b)

and then for the feasibility of loci being distinguished and
scored (Table 1). Polymerase chain reactions (PCRs) for
iPBS analyses were performed in a 25 pl reaction mixture,
containing: 20-25 ng genomic DNA, 1 X DreamTaq PCR
buffer, 1 puM primer, 0.2 mM each deoxyribonucleotide
triphosphate (ANTP) and 1 U DreamTaq DNA polymerase
(Thermo Fisher Scientific Inc.). Amplification was carried
out in a MasterCycler Gradient (Eppendorf AG, Hamburg,
Germany) in 96-well plates. The first step was denaturation
at 95 °C for 3 min, followed by 32 cycles of 95 °C for 15 s,
50-60 °C (see Table 1 for exact temperature) for 30 s and
72 °C for 60 s, with final elongation at 72 °C for 5 min.
Ultimately, four primers were chosen for the analysis of 33
grapevine genotypes based on feasibility, reproducibility
and clear distinguishable loci. The segregation power of
these four primers was evaluated by the number of gener-
ated bands.

Each primer was tested only once in the PCR reactions,
using genomic DNAs obtained from all genotypes. The PCR
products were separated by electrophoresis at 60 V for 8 h
in a 1.2% agarose gel (RESolute Wide Range; BIOzym Sci-
entific GmbH, Hessisch, Oldendorf, Germany) with 0.5 X
Tris-borate-EDTA (TBE) electrophoresis buffer (Kalendar
and Schulman 2014). The Thermo Scientific GeneRuler
DNA Ladder Mix, 100-10,000 base pairs (bp), #SM0332,
was used as a standard. The gels were stained with ethidium
bromide (EtBr) and scanned, using a ChemiDoc-It* Imag-
ing System (UVP, LLC, Upland, CA, USA; now Analytik
Jena AG, Jena, Germany) and PharosFX Plus Imaging Sys-
tem (Bio-Rad Laboratories Inc., Hercules, CA, USA) with
a resolution of 50 um.

Data scoring and analysis

Only clear bands were scored, while faint bands were
ignored. Variation in band intensity was not considered as
a criterion for polymorphism. Bands of the same size were
assumed to represent a single locus. For each locus, data
were recorded, using 1 for presence of a band and 0O for
absence to build a binary matrix (Supporting information 2).
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Summary statistics related to the number of bands gener-
ated by each genotype (NTT) and for each group only (num-
ber of polymorphic bands (PB), percentage of polymorphic
loci (PPL%), number of private bands (NPB), Shannon’s
Information Index (/), genetic differentiation index (PhiPT)
among populations, Nei’s genetic distance (D) and Nei’s
genetic identity (I,)) were calculated, using GenAlex 6.5
(Peakall and Smouse 2012) and genetic distance, using
minimum Jaccard coefficients, were calculated with Factor
Analysis of Mixed Data (FAMD) 1.31 (Schluter and Harris
2006). GenAlex was used to determine molecular variance
(AMOVA). The AMOVA method (Excoffier et al. 2005) was
used to calculate the genetic variability within and between
populations (9999 permutations were used). A dendrogram
for studied genotypes was constructed, based on the maxi-
mum likelihood method (Nei and Li 1979), using Molecular
Evolutionary Genetics Analysis 7 (MEGA7) (Kumar et al.
2016).

Results and discussion

DNA polymorphism for four inter-primer
binding-site primers

A total of 30 PBS primers were used for screening for PCR

amplifications, using varieties of grapevine and generated
PCR products with a varied NT1. All four primers resulted

Fig. 1 Electrophoretic pattern

of iPBS amplicons of grapevine _- %
Vitis vinifera L. ssp. sativa Gy
D.C., using PBS primer 2228. 3000 - ]

Genotype numbers (1-33)
reported in Supporting Informa- .
tion 1. M-Thermo Scientific %
GeneRuler DNA Ladder Mix
(100-10,000 bp). Polymorphic
bands indicated by black arrows
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in bright and reproducible amplification fragments. All
markers were used to assess the genetic diversity among
the genotypes in the subsequent analysis (Figs. 1, 2, 3).

Four primers (2228, 2230, 2237, 2415) were chosen
for iPBS amplification, due to the large PB they generated
(Table 2). The sizes of reproducible and scorable bands
ranged from 300 to 6000 bp. The iPBS fingerprinting pat-
tern of the 33 genotypes from primer 2228 is shown in
Fig. 1. The number of unique banding patterns among 33
grapevine genotypes validated the use of an iPBS marker
for identification of the difference between the DNA of
the clones and that of the control varieties. Furthermore,
the four primers used for DNA amplification generated a
total of 1412 (Table 2) scorable reproducible bands. The
information from these four PBS primers, including the
NTI per genotype, total number of bands, PPL%, PB and
NPB, is included in Table 2. Primers 2228, 2230, 2237
and 2415 (Figs. 1, 2, 3) produced 1412 bands, of which
618 bands (Table 2) were polymorphic. What is the big
value in comparison to previous studies and other retro-
transposon-based markers, meanwhile the percent of total
polymorphic bands was lower (Guo et al. 2014; Castro
et al. 2012).The results indicated that the iPBS marker
system used in this study for screening grapevine diversity
can be used for the identification of clones and reveal a
wide range of genomic DNA diversity, as well as it was
shown before for different species including grapevine
(D’Onofrio et al. 2010).
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Fig.2 Electrophoretic pattern
of iPBS amplicons of grapevine
Vitis vinifera L. ssp. sativa
D.C., using PBS primer 2230.
Genotype numbers (1-33)
reported in Supporting Informa-
tion 1. M-Thermo Scientific
GeneRuler DNA Ladder Mix
(100-10,000 bp)

Fig. 3 Electrophoretic pattern
of fragments of grapevine

Vitis vinifera L. ssp. sativa
D.C., using PBS primer 2415.
Genotype numbers (1-33)
reported in Supporting Informa-
tion 1. M-Thermo Scientific
GeneRuler DNA Ladder Mix
(100-10,000 bp)
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Table 2 Results of the observed

o . : No. Name of sample Code NP NTI TNB PPL (%) PB NPB

genetic diversity of grapevine

Vitis vinifera L~'SSP~ Saf‘i"a 1 Cabernet-Sauvignon_15KM_2-4_(12) C-S'1 CS 44 - - - -

bDith{fn?z?i on inter-primer 2 Cabemnet-Sauvignon_ISKM_2-4 (13) €S2 €S 43 - - - -
3 Cabernet-Sauvignon_217_2-4_(11) C-S3 CS 44 - - - -
4 Cabernet-Sauvignon_337_2-4_(9) C-S4 CS 43 - - - -
5 Cabernet-Sauvignon_5A_1-8_(19) C-S5 CS 43 - - - -
6 Cabernet-Sauvignon_control C-S control CS 46 58 2747% 16 2
7 Clone_Gramotenko_1-24_(9) M1 M 40 - - - -
8 Merlot_14mg_1-24_(49-50) M2 M 37 - - - -
9 Merlot_15_1-10_(80) M3 M 37 - - - -
10 Merlot_control M control M 42 75 67.03% 50 5
11 Pinot_Blanc_31_1-24_(53) P1 PB 40 - - - -
12 Pinot_Blanc_32_1-24_(43) P2 PB 38 - - - -
13 Pinot_Blanc_46_1-8_(11) P3 PB 42 - - - -
14 Pinot_Blanc_6_1-24_(31-32) P4 PB 41 59 40.66% 24 2
15  Riesling_2-19-6-1_1-24_(39-40) R1 R 42 - - - -
16 Riesling_3-14-11-11-1_1-24_(42) R2 R 46 - - - -
17 Riesling_3-14-20-9-2_1-24_(17-18) R3 R 40 - - - -
18  Riesling_3-14-4-11-1_1-24_(19-20) R4 R 42 - - - -
19 Riesling_34g_Anapsky_1-24_(52) R5 R 42 - - - -
20 Riesling_7-11-18-9-1_1-24_(21-22) R6 R 44 - - - -
21  Riesling_7-12-201-15-1_1-24_(15-16) R7 R 42 - - - -
22 Riesling_7-15-107-7n_1-24_(38) R 8 R 42 - - - -
23 Riesling_9-6-4_1-24_(33-34) R9 R 42 - - - -
24 Riesling_9-9-1_1-24_(29-30) R 10 R 42 - - - -
25 Riesling_Alkadar_34_1-24_(45) R 11 R 43 - - - -
26 Riesling_Alkadar_34a_1-24_(47) R 12 R 42 - - - -
27  Riesling_control R control R 45 - - - -
28  Riesling_K-830_1-24_(25-26) R 13 R 42 - - - -
29  Sauvignon_1 S1 R 44 60 34.07% 20 O
30  Sauvignon_2 S2 S 42 - - - -
31  Sauvignon_3 S3 S 53 - - - -
32 Sauvignon_4 S4 S 48 - - - -
33 Sauvignon_control S control S 49 67 4945% 33 0
- Total - - 1412 91 43.74% 618 9

NP codename of the population, N7/ number of bands per genotype, TNB total number of bands catego-
ries, PPL% percentage of polymorphic loci, PB number of polymorphic bands, NPB number of private

bands

Band polymorphisms

The total number of bands from the Merlot group was
highest (75) and that from the Cabernet-Sauvignon group
the lowest (58). The PPL% in the groups differed, among
which the Merlot group was highest (67%) and Cabernet-
Sauvignon (27%) the lowest (Table 2). The PPL% among
the populations were ranked in the following descending
order of Merlot (67%) > Sauvignon blanc (49%) > Pinot
blanc (41%) > Riesling (34%) > Cabernet-Sauvignon (27%).
In all groups, some genotypes had the same band patterns
(Figs. 1, 2, 3), because clones of the same varieties were
present. The total PPL% was 44%, or 618 out of 1412 bands
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obtained by amplification of the DNA of all the genotypes.
The five specific bands in the Merlot group were found, and
two specific bands were scored in the Cabernet-Sauvignon
and Pinot blanc groups, while the Riesling and Sauvignon
groups presented no special or private bands (Table 2).

Genetic diversity and genetic structure

Shannon’s I of all groups was ranked in the following
descending order: Merlot (0.413) > Sauvignon blanc
(0.278) > Pinot blanc (0.255) > Cabernet-Sauvignon
(0.137) > Riesling (0.098) (Table 2). The AMOVA
showed that genetic variance mostly occurred within
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Tab.le 3 Analysis of molec%ll.ar Source df SS MS Est. var. % total PhiPT P
variance in 34 grapevine Vitis
vinifera L. ssp. sativa D.C. Among groups 4 267,447 66,862 9944 60 0.601 <0.001
genotypes, based on fourinter- g oonones 28 184,674 6595 6595 40 - <0001
primer binding-site markers

Total 33 452,121 - 16,539 100 - -

Df degree of freedom, SS sum of squares, MS mean square, Est. Var. estimated variance, PhiPT genetic dif-
ferentiation index among populations, P probability (r and >data) for comparison between different popu-

lations and genotypes

Table 4 Nei’s genetic distance (below the diagonal) and Nei’s genetic
identity (above the diagonal) of natural groups of grapevines Vitis
vinifera L. ssp. sativa D.C

Groups CS M PB R S

CS - 0.799 0.747 0.646 0.780

M 0.224 - 0.830 0.693 0.826

PB 0.292 0.187 - 0.755 0.802
0.438 0.367 0.282 - 0.688

S 0.249 0.191 0.220 0.374 -

CS Cabernet-Sauvignon, M Merlot, PB Pinot Blanc, R Riesling, S
Sauvignon

groups, accounting for 40% of the total genetic variance,
and 60% among populations (Table 3). The expected vari-
ation among groups was 9.944, within a group 6.595 and
the total 16.539. The results indicated that the genetic
variance was mainly attributed to genetic diversity among
the groups and then between clones. These nearly equal
variabilities were due to the genotypes belonging to the
same ecological and geographical group of origin. These
findings highlighted the well-structured nature of the
genotypes within the groups and the ability of the marker
to detect a variance among the groups what is supported
by previous studies for grapevine and other plant species
(Al-Najm et al. 2016; Baloch et al. 2015).

The genetic distance among the genotypes (clones and
control varieties) of each pair was also calculated with
two programs: GenAlEx (Supporting Information 2),
using the Euclidean distance, and FAMD 1.31, using Jac-
card’s minimum coefficient (data not shown). The results
of the two programs were similar and correlated, show-
ing different levels of difference between different geno-
types belonging to the same varietal groups. Meanwhile,
some Riesling clones presented identical profiles, but
this means ability of the markers to distinguish varieties.
Finally, markers presented more effective results than, for
example SSR genotyping, because in every group differ-
ences were found (Imazio et al. 2002).

Genetic differentiation

The results showed that the total PhiPT of the four groups
was 0.600 (Table 3), which implies that the genetic differ-
entiation among groups was high. Nei’s and Li’s (1979) D
showed highest diversity between Cabernet-Sauvignon and
Riesling groups (0.438) and the lowest between Merlot and
Pinot blanc (0.187) groups. Nei’s I, (Table 4) showed that
the highest /7, (between 0.830 and 0.826) between Pinot
blanc and Merlot and Sauvignon and Merlot groups, while
the lowest (0.646) was found between the Riesling and Cab-
ernet-Sauvignon groups what is in agree with previous data
of Nei’s diversity.

Phylogenetic relationships of studied genotypes
from the four inter-primer binding-site primers

The phylogenetic relationships of studied genotypes of
grapevine were evaluated with the maximum likelihood
method, based on the equal input model. The dendrogram
produced, using this method, placed genotypes into two
major and smaller clusters (Fig. 4). The analysis showed
that the Riesling and Cabernet-Sauvignon groups were most
distinct what is also in agreeing with previously shown data
and studies (Terral et al. 2010). Finally, the genotypes were
included in identifiably separate clusters of different groups.

Clustering of all clones identified differences between
clonal genotypes of the varieties examined. Overall, the
generated dendrogram contains several main clusters. Due
to the introduction and selection processes of these geno-
types, we noted that some clusters contained several sub-
groups of clones, which has unique bands. Surprisingly, we
have observed five genotypes [Clone Gramotenko 1-24 (9),
Pinot Blanc 32 1-24 (43), Pinot Blanc 46 1-8 (11), Riesling
2-19-6-1 1-24 (39-40) and Sauvignon 1] that were wrong
clustered. Because of the PCR repetition and clear scorable
bands we suppose these genotypes as wrong named or wrong
plant sites presenting in the collection list. In this regard, we
have excluded them out of tree and the further investigation
should be carried out.

Genotyping, performed with iPBS markers, was an
effective method for finding differences between varieties
and their clones as well as one of the tools for grapevine
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Fig.4 Dendrogram of grape-
vine Vitis vinifera L. ssp. sativa
D.C. genotypes generated from
four iPBS primers

Riesling 34g Anapsky 1-24 (52)
Riesling 9-6-4 1-24 (33-34)

Riesling 3-14-20-9-2 1-24 (17-18)
Riesling control

Riesling 7-11-18-9-1 1-24 (21-22)
Riesling 7-12-201-15-1 1-24 (15-16)
Riesling 3-14-4-11-1 1-24 (19-20)
Riesling Alkadar 34a 1-24 (47)
<LRieinng 7-15-107-7i 1-24 (38)

99 Riesling Alkadar 34 1-24 (45)

79

_r Riesling 9-9-1 1-24 (29-30)
Riesling E-830 1-24 (25-26)
— Riesling 3-14-11-11-1 1-24 (42)

Pinot Blanc 31 1-24 (53)

Pinot Blanc 6 1-24 (31-32)

61

Sauvignon 2
Sauvignon 3

” Sauvignon 4
S

auvignon control

— Cabernet-Sauvignon 337 2-4 (9)

67

-

Cabernet-Sauvignon 217 2-4 (11)
Cabernet-Sauvignon 15El 2-4 (12)
Cabernet-Sauvignon 5A 1-8 (19)
Cabernet-Sauvignon 15EIl 2-4 (13)

Cabernet-Sauvignon control

Merlot control

-

Merlot 14mg 1-24 (49-50)

—
0.050

collection management (Butorac et al. 2018; Drori et al.
2017). Additionally, the shape of the phylogenetic tree
displayed division of its clusters into varietal groups. The
percentage of allelic variation among these varieties indi-
cates the close relation of the clonal groups examined, the
presence of shared bands and their close geographic groups.

Compared to other DNA marker systems (SSR, AFLP),
the application of PBS primers is easier to use and more
effective for detecting genetic polymorphism. This is due
to the fact that this PCR technology is based on the simul-
taneous multilocus detection of polymorphism of anon-
ymous loci located in different regions of the genome.
The PBS primed PCR-generated markers are very effec-
tive for extensive intraspecific polymorphism detecting,
including in the study of clonal variability. These prim-
ers designed to correspond with the conserved regions of

@ Springer

Merlot 15 1-10 (80)

the primer binding sequences in LTR retrotransposons are
very efficient in the PCR amplification and DNA profiling.
PCR amplification occurs between two nested PBS and
potentially consists of at least one or two LTR sequences
(Kalendar et al. 2010, 2019). The PBS sequences are
nested adjacent to each other in all eukaryotes. Most of the
retrotransposons are blended, nested, reversed or edged in
chromosomal sequences, and in all tested plant species, the
amplification process has advanced readily using conserv-
ative PBS primers. New genome integrations result from
an event at which point retrotransposon activity or recom-
bination can be exploited to discern reproductively iso-
lated plant lines. In this case, the amplified bands obtained
from new inserts or recombination will be polymorphic,
appearing solely in plant lines wherein the insertions or
recombination have occurred (Qiu and Ungerer 2018).
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Conclusion

We have successfully characterized the population group
of 33 grapevine genotypes that were mainly collected in
Russia, using iPBS markers (Supporting Information 1).
The DNA analysis of the five grapevine clonal groups
showed that these four iPBS markers can be used in the
assessment of genetic differences at the clonal and varietal
level and displaying several advantages, such as robustness
informativeness and efficiency in clonal selection.

The number of differences between clones was sufficient
to identify them as separate clonal genotypes containing
unique mutations. Our previous phenotypic, morphologi-
cal and phenological studies from 2003 to 2005 confirm
that these genotypes differ from the original maternal
clone but belong to the same group of varieties. The clones
were also tested, using six simple sequence repeat (SSR)
markers and their accession to the same groups of varie-
ties was shown (Troshin and Zviagin 2009). The data on
the clones were registered in the State Commission of the
Russian Federation for Selection Achievements Test and
Protection under the name Pinok blanc (Pinot blanc No.
31) and Rieslinalk (Rielsing Alkadar 34).

Finally, we can conclude that the clones have differ-
ences, but belong to the same varietal groups. These differ-
ences presented as genetic and phenotypic traits, as noted
in our previous research. Together, these facts are crucial,
because the movement of retrotransposons in genomes
may result in changes in the biochemical, phenotypic and
genetic traits of the clones examined, which may serve as
a basis for further research.
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