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CROWN GALL OF GRAPEVINE
CAUSED BY AGROBACTERIUM IN UKRAINE

Crown gall of grapes is among the diseases affecting grape plants. This is the most dangerous chronic infection of the
grapevine, caused by strains of tumorigenic bacteria Allorhizobium vitis (All. Vitis) (formerly Agrobacterium vitis) and
tumorigenic Agrobacterium tumefaciens (A. tumefaciens), which are able to remain in the plant for a certain time in
a latent state until they appear in favorable conditions for the manifestation of symptoms of this disease. The disease is
not included in the European certification system, and this is due to the fact that in such large wine-growing countries as
Italy, France, Germany, and Austria, which export a significant number of seedlings to Ukraine, they often have a latent
form, and this leads to its spread (Milkus et al., 2012). The disease is systemic and vegetative propagation of affected
bushes leads to the production of infected planting material, thereby contributing to its spread (Lehoczky, 1971; Tarbah
& Goodman, 1986). The relevance of the study is due to the spread of crown gall grapevine in the vineyards of the Odesa
and Mykolaiv regions of southern Ukraine, and for this purpose, the need for timely detection and identification of its
pathogen, sequencing the genome of selected virulent isolates to determine the type of opines and their oncogenicity to
prevent the further spread of the disease. Aim. To conduct a large-scale phytosanitary survey of grape plantations in the
south of Ukraine (Odesa and Mykolaiv regions) to determine the presence of grape plants affected by crown gall. To iso-
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late the causative agent of crown gall and its identification (All vitis) by the PCR method in samples of symptomatic and
asymptomatic material. To study the diversity of agrobacteria by the type of Ti-plasmid by means of genome sequencing
of selected virulent bacterial isolates, and to determine their oncogenicity. Methods. The research was first carried out
by visual inspection of grape plantations to determine the symptoms of the disease, and microbiological and molecular
genetic research methods were used to identify the causative agent. Results. To identify symptoms, namely tumors, vine-
yards in the Odesa and Mykolaiv regions, with a total area of 2,660 hectares, were examined from 2012 to 2020. As a re-
sult of a visual inspection of the vineyards, grapevine plants showing symptoms of crown gall were found on the varieties:
Cabernet Sauvignon, Merlot, and Chardonnay, on average, up to 25% of the total number of tested varieties affected in
the Odesa region and up to 10% in the Mykolaiv region. In 130 grape samples out of 450 selected from vineyards with a
total area of 320 hectares with symptoms of the disease, pathogenic strains of All. vitis and A. tumefaciens were detected
and identified using the primers VCF3/VCR3. 300 asymptomatic samples were taken, and the latent form of the patho-
gen was detected in 20. Grape vine (Vitis vinifera L.) and tumors that were found on different parts of the grape plant
were used to diagnose the disease. Identification of selected bacterial isolates by virulence properties was carried out
using the polymerase chain reaction (PCR) method with A. tumefaciens-specific primers. Determination of the type of
Ti-plasmids was carried out by means of genome sequencing of selected virulent bacterial isolates. It was established that
almost all of them belong to biovar 1 (BV1 A. tumefaciens). When studying the diversity of agrobacteria according to
the type of Ti-plasmid, it was found that they had the oncogenic Ti-plasmid, mainly of the octopine type, and only some
(Od) Ti-plasmid of the nopaline type. Based on the obtained data, it was concluded that in the vineyards of the Odesa
region, crown gall of grapes is caused by agrobacteria A. tumefaciens, mainly of the octopine type, and are oncogenic.

Keywords: grapevine, polymerase chain reaction, Ti plasmids, opines, virulence genes, oncogenes, crown gall, Agrobac-

terium tumefaciens, Allorhizobium vitis.

Grapes have been produced in Europe since
ancient times, and it is still the largest area of
grapevine (Vitis vinifera) production, 60 % of the
world area (in 2022, the EU had 3.2 million ha
and Ukraine 30,200 ha (20,700 ha in the Odesa
region); (https://www.ukrstat.gov.ua). Europe is
the largest producer of wine. In addition to the
use for wine production, grapes are also used
for fresh consumptio and as a component in
juices, marmalades, and distillates. Grapes are
also used in the production of oil (from seeds),
tannin, and ethanol (https://ec.europa.eu/info/
food-farming-fisheries/plants-and-plant-prod-
ucts/plant-products/wine_en).

Many pests and diseases, the latter of viral,
phytoplasmal, fungal, and bacterial origin, affect
grapes and cause significant damage to the har-
vest, life expectancy, and fertility of grapevine
plantations (Mahmoodzadeh & Baneh, 2008;
Bisztray et al., 2011a; Wilcox et al., 2015; Hao et
al., 2018; Kovaleva et al., 2022).

Among these diseases is crown gall of grapes.
This is the most dangerous chronic infection of the
grapevine, caused by strains of tumorigenic bacte-
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ria Allorhizobium vitis (All. vitis) (formerly Agro-
bacterium vitis) and tumorigenic Agrobacterium
radiobacter (formerly Agrobacterium tumefaciens),
which are able to remain in the plant for some time
in a latent state until they appear in favorable con-
ditions for the manifestation of symptoms of this
disease (Burr & Otten, 1999; Voegel & Nelson,
2018). The causative agent of crown gall affects not
only the grapevine but also hundreds of other di-
cotyledonous plants, where the causative agent is
mainly A. tumefaciens (Gohlke & Deeken, 2014).

This grape disease has been known for more
than 100 years (Burr & Reid, 1996). Back in 1897,
Cavara (Cavara 1897) in Italy reported for the
first time about its infectious nature. The caus-
ative agent of bacterial cancer of grapes was first
isolated in 1907 in the USA, and the bacterium
was named Agrobacterium tumefaciens (Smith &
Townsend, 1907). By inoculating several types
of plants, the authors showed that the bacterium
can cause tumors.

Systematics of Agrobacterium spp. changed
many times. Kerr and Panagopoulos, as well as
the results of biochemical and DNA studies by
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Ophel and Kerr, showed that Agrobacterium spp.,
which were isolated from grapevines, form a sep-
arate group and differ from other isolates isolated
from other fruit, berry, and flower plants (Kerr
& Panagopoulos, 1977; Ophel & Kerr, 1990).
Combined phylogenetic and genomic analyses
have shown that the agrobacteria Rhizobium,
Allorhizobium, Neorhizobium, Ensifer/Sinorhizo-
bium, Pararhizobium, and Shinella are related at
the genus level, called the Agrobacterium-rhizo-
bium complex (ARC) (Weisberg et al., 2020).
Within the ARC, the groups traditionally known
as Agrobacterium tumefaciens, Agrobacterium
rhizogenes, and Agrobacterium vitis are called
biovars (BV1), (BV2), and (BV3) (Kerr & Pana-
gopoulos, 1977; Ophel & Kerr, 1990). A. tume-
faciens was initially considered to qualify as bio-
var-3 (Kerr & Panagopoulos, 1977), but was later
identified as a species and named Agrobacterium
vitis (Ophel & Kerr, 1990), although sometimes
as A. radiobacter (A. tumefaciens biovar 1) and
A. rhizogenes (formerly A. tumefaciens biovar 2)
(Abdellatif et al., 2013; Genov et al., 2015).

Further molecular studies based on multi-
locus sequence analysis (MLSA) showed that
grapevine tumorigenic bacteria classified as
Agrobacterium vitis were distinct from all other
Agrobacterium/Rhizobium strains at the genus
level and were placed in the revived genus Al-
lorhizobium (Musavi et al., 2014, 2015; Habbadi
et al., 2020; Kuzmanovic¢ et al., 2022).

Recent studies have proven that the genomes
of different strains of A. tumefaciens contain dif-
ferent types of Ti and plasmids encoding the pro-
duction of different types of opines derivatives of
amino acids. Other types of Ti-plasmids encode
the synthesis of octopin and agropin (Bini et al.,
2008; Slater et al., 2009; Christie, 2014). The role
of different opinions on tumor identification is
determined only by the strain of bacteria. This
gave rise to the possibility of dividing agrobac-
teria into groups regardless of their genetic or-
igin: strains inducing octopin-containing tum-
ors have a rough surface; nopaline-containing
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tumors mostly have a smooth surface (Gordon
Jay E., & Christie Peter J., 2014). Their ability to
induce a tumor containing nopaline or octopine
depends on the presence of a certain Ti-plas-
mid in the agrobacterium strain. The exchange
of plasmids between strains is always associated
with the replacement of synthesizing capacity in
the induced tumor (Faist et al., 2023).

It was found that different species of Agrobac-
terium are represented by many strains, virulent
and avirulent (Kawaguchi et al., 2015). Virulence
is determined by a number of genes, and each
avirulent strain lost genes required for tumori-
genesis (Lacroix & Citovsky, 2013; Subramoni
et al., 2014). Virulent strains containing Ti or
Ri plasmids induce tumorigenesis (Kawaguchi
et al.,, 2015). Virulence mainly depends on the
transcription of virulence genes, involved in the
transfer of T-DNA into the genome of the host
cell. After the integration of T-DNA into the ge-
nome of a eukaryotic cell, the transformed cell
begins to synthesize opines (Gordon Jay E., &
Christie Peter J., 2014).

Crown gall is a disease that is very common
in vineyards worldwide and causes great damage
(Kuzmanovic et al., 2018), but is not included in
the European quarantine lists, although it is in-
cluded in the European Plant Protection Organ-
ization (EPPO) certification scheme. PM 4/8 (2):
PM 4/8 (2): Pathogen-tested material of grape-
vine varieties and rootstocks (EPPO, 2008). In
connection with the absence of quarantine re-
quirements for crown gall, when exporting to
Ukraine, grape vine planting material was not
previously checked for latent infection. Perhaps,
this led to an increase in the number of grape
plants in Ukraine suffering from crown gall
(Milkus et al., 2012). Detection of plants with
latent infection during import and export and
in plantations is very important to prevent out-
breaks and spread of the disease and to maintain
vineyard productivity (Kuzmanovi¢ et al., 2018).

Varieties of grapes are sensitive to crown gall to
a different degree, and the degree of their damage
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depends on the variety, the climatic zone of culti-
vation, and the variation of strains of the causa-
tive bacteria (Al vitis and A. radiobacter) (Burr,
1984; Gillings & Ophel-Keller, 1995; Burr & Ot-
ten, 1999; Kawaguchi, 2011b; Genov et al., 2019).

It has been established that the yield of grape
plants affected by crown gall decreases by 10—
20%, the sugar content of berries — by an aver-
age of 15—20%, biometric and technological in-
dicators deteriorate, and vine ripening is delayed
(Schroth et al., 1988; Burr & Otten, 1999; Yagci
& Gozener, 2018). The continental climate of
Ukraine, periodic frost, and mechanical damage
to perennial wood contribute to the manifestation
of the crown gall symptoms (up to 50%) (Milkus
et al., 2005; Milkus et al., 2012). Frost damage is
known to increase grapevine damage by this dis-
ease (Burr & Otten, 1999; Voegel & Nelson, 2018).

Crown gall is a systemic, chronic disease (Le-
hoczky, 1971; Bauer et al., 1994; Burr & Otten,
1999; Johnson et al., 2016), and the means of
protection against it are almost non-existent,
mostly it is timely detection of latent infection
with modern diagnostic methods, such as PCR
and preventive methods (Haas et al., 1995; Pop-
penberger, 2002; EPPO, 2008; Bini et al., 2008;
Bisztray et al., 2011a; Milkus et al., 2012; Farkas
et al. 2014; Lamovsek et al., 2014).

Various laboratory methods are used to diag-
nose grown gall and identify its causative agent.
For the first time, the detection of the pathogen
by enzyme-linked immunosorbent assay (ELI-
SA) was used and subsequently modified by J.
Lehoczky (Lehoczky, 1971). In his experiments,
the author used callus tissue formed at the apical
end of the cuttings planted in sterile perlite to
identify the pathogen. Serological methods were
also developed for the detection of Agrobacteri-
um vitis from xylem extracts (Bazzi et al., 1987).
This method, consisted in the identification of
Agrobacterium vitis using indirect fluorescent
staining (IFS) and polyclonal antibodies, or us-
ing direct isolation of bacteria on Roy and Sasser
medium. Further improvement of the technique
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was associated with the use of molecular biology
methods. In recent years, a molecular biological
method of polymerase chain reaction has been
developed for the identification of Agrobacteri-
um vitis strains (Haas et al.,, 1995; Dong et al.,
1992; Eastwell et al., 1995; Sawada et al., 1995;
Schulz et al., 1995; Putawska et al., 2006).

The aim of the study was to conduct a large-
scale phytosanitary survey of grape plantations
in the south of Ukraine (Odesa and Mykolaiv re-
gions) to determine the presence of grape plants
affected by crown gall , isolate the causative agent
of crown gall and identify it by the PCR method
in samples of symptomatic and asymptomatic
material, and then to study the diversity of agro-
bacteria by the type of Ti-plasmid by means of
genome sequencing of selected virulent bacterial
isolates and to determine their oncogenicity.

Materials and Methods. The field survey. To
identify the symptoms of crown gall of grapes, a
visual inspection was carried out on the vineyards
of Bolgrad, Ovidiopol, and Izmail districts of the
Odesa region with a total area of 1260 hectares and
the Berezan district of the Mykolaiv region with a
total area of 900 hectares, a total of 2160 hectares.
The vineyards were planted with both clonal and
ordinary planting material of domestic and im-
ported production. The material for research was
grape plants of the varieties: Cabernet Sauvignon
of clone origin, Merlot, and Chardonnay.

Selection of plant material for pathogen iso-
lation and PCR research. To identify the caus-
ative agent of the crown gall in the vineyards of
the Odesa region, plants with symptoms (tum-
ors) were selected to determine the presence of a
latent stage of the disease (Fig. 1 A, B, C)

To isolate the causative agents of crown gall,
we used stems, roots, and tumors of various va-
rieties of grapes long of 20—60 mm. The selected
samples (450 symptomatic materials and 300 for
latent infection) were labeled, packed in plastic
bags, and transported to the laboratory or stored
at 4 °C. Samples for the study were prepared
according to the methods of Lehoczky (1971),
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Fig. 1. Tumors on grape plants: A — a tumor at the inoculation site, Merlot variety (Odesa region, 2020); B — a tu-
mor on the trunk of a bush, Cabernet Sauvignon variety (Odesa region, 2020); C — a tumor on the sleeve of a grape

bush, Chardonnay variety (Odesa region, 2020)

Kaufmann et al. (1996), and Burr et al. (1987).
The research material was pre-washed with tap
water, sterilized with 0.5% sodium hypochlorite
solution for 5 min. and sterile distilled water. It
was dried, flambéed, cut into small pieces, 5 mm
in size, and ground in a mortar with sterile sand.

Polymerase chain reaction (PCR) analysis.
Selective sowing. The homogenate in the amount
of 100 pl was applied to Petri dishes with a semi-
selective nutrient medium Roy and Sasser (g/L):
MgS0,, 0.20; K,HPO,, 0.90; KH,PO,, 0.70; ado-
nitol 4.00; NaCl 0.20; boric acid 4.00; trimeth-
oprim 0.02; agar-agar 20 (Roy & Sasser, 1983).
The red colonies with a white border, typical for
agrobacteria, were reseeded to tubes with potato
agar, incubated for 1—2 days at 27 °C and stored
at 4—5 °C for further identification.

Isolation of DNA of agrobacteria. Identifica-
tion of isolates of agrobacteria was carried out
using PCR according to Bini et al. (2008). Isola-
tion of matrix DNA from cell suspensions was
performed according to the method (Abolmaaty
et al., 2000, Szegedi & Bottka, 2002), using col-
onies grown on potato agar. The suspension
(OD600=1,2) was prepared in sterile deionized
water and incubated for 10 min at 95 °C in wa-
ter with Triton X-100 (1.0%) and sodium azide

ISSN 1028-0987. Microbiological Journal. 2026. (2)

(0.25%); the reaction was carried out on ice.
Samples were centrifuged for 5 min at 5700 g,
and the supernatant containing nucleic acids
was used for PCR (Abolmaaty et al., 2000). DNA
samples were stored for a maximum of one week
at 5 °C or at —18 °C for a year.

DNA isolation was also performed directly
from grapevine tissue, including tumors (Sze-
gedi & Bottka, 2002). These included: tissue ho-
mogenization, DNA extraction and purification,
and PCR. Reagents that included cell lysis (SDS,
STAV, proteinase K) were used for DNA isola-
tion. 2-mercaptoethanol, phenol, and chloro-
form were used for further purification of DNA
from proteins and other contaminants, includ-
ing organic acids (tartaric, malic, and citric),
pectins, fiber, tannins, flavonoids, anthocyanins,
steroids, tocopherols, and other compounds
(Haas et al., 1995). All of these contaminants can
interfere with the subsequent PCR step.

PCR tests were performed in a Rotor-Gene
6000 thermal cycler (Corbett Research Pty Ltd.,
Australia) in a 20 pL reaction volume using the
following mixture: 1x PCR buffer (20 mM Tris—
HCI, pH 8.7, 20 mM KCl, 10 mM (NH,),80,,
2.5 mM MgCl,, 0.2 mM dNTPs, 0.4 uM of each
primer, 1 U DNA Taq DNA Polymerase (Ther-
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moFisher Scientific), and 5 uL. DNA from bac-
terial lysates or controls (PCR buffer as NC) and
DNA of control strains: Fa2, All. vitis, isolated
from grape roots; received from Dr Burr, USA);
AT1- All. vitis nopaline-containing, courtesy of
Prof. Szegedi E. (Hungary); AB3 — All vitis oc-
topine-containing, courtesy of Prof. Szegedi E.
(Hungary). The thermal profile was: 96 °C for 1
min, 34 cycles (at 94 °C for 20 s, primer-specif-
ic annealing temperature for 20 s and 72 °C for
40 s with a final extension at 72 °C for 5 min.
An annealing temperature of 54 °C was used for
virD2A/2C and PGF/R, of 60 °C for VirFF1/R2,
and 52 °C for VCF3/R3 (Tablel).

After the PCR, the samples were run on a 1%
agarose gel and stained with ethidium bromide.
The gels were photographed using the Biocom
video system, under UV light (the wavelength
was 312 nm).

Sequencing. Sequencing of the agrobacteria
isolated and lyophilized by us was carried out by
colleagues from the Department of Botany and
Plant Pathology at Oregon State University. The
Wizard DNA Purification Kit (Promega; Madi-
son, WI) was used to extract DNA from bacte-
rial cultures. DNA was quantified using a Qubit
fluorometer (ThermoFisher Scientific; Waltham,

MA). The following cultures of microorganisms
were used in the work from the Ukrainian col-
lection of microorganisms at the Institute of Mi-
crobiology and Virology (IMV), Kyiv, Ukraine:
reference cultures (8628 — Agrobacterium tume-
faciens, host unknown; 8924 — Agrobacterium
tumefaciens, host unknown; 8996 — Agrobac-
terium tumefaciens ATCC 4720 (isolated from
Rubus occidentalis in 1928); A4PC, Rhizobium
rhizogenes (syn. Agrobacterium rhizogenes) iso-
lated by A. Riker as A4, USA, 1970, host un-
known (= LMG 150); and isolates of selected
cultures of microorganisms (0d; 229; 315; 371;
387; 536; 55; 585; 6.bak; H; NSC) (Table 2).

The Oxford Nanopore Native Barcoding 24
v14 Kit (SQK-NBD114-24) was used to prepare
sequencing libraries from genomic DNA on Min-
ION or PromethION flow cells (FLO-MIN114
and FLO-PRO114M) using an Oxford Nanopore
MinION or P2 Solo with SUP basecalling. Flye
v.2.9 with the options “--scaffold --nano-hq” was
used to assemble sequencing reads (Kolmogorov
et al., 2019). Bandage v.0.8.1 was used to visual-
ize the assemblies and assess for quality (Wick et
al., 2015). Beav v.1.0 and Bakta v.1.8.2 were used
to annotate genes, characterize mobile genetic
elements and other genomic loci, and identify

Table 1. Primer origin and characteristics used in multiplex PCR in this study

Prirper Specificity of primer Primer sequence (5’-3’) Amp ficon | Annealing Reference
pair size temperature

PGEF/ Polygalacturonase GGGGCAGGATGCGTTTTTGAG 466 bp 54°C | Szegedi

PGR gene of All vitis CG49 | GACGGCACTGGGGCTAAGGAT & Bottka
(accession number: (2002)
U73161)

VirD2A/ |virD2 gene of tumo- | ATGCCCGATCGAGCTCAAGT 224 bp 54°C Haas et

VirD2C |rigenic A. radiobacter | TCGTCTGGCTGACTTTCGTCATAA al. (1995)
and R. rhizogenes

VirFF1/ |virF gene of All vitis | ATG AGA AAT TCG AGT TTG CAT GAT G| 382bp 60°C  |Binietal.

VirFR2 |octopine and nopal- | TCG TGA TGG GTA TAC GCT ACG (2008a)
ine pTi (accession
number: AF044200)

VCF3/ | virC pTiC58 GGCGGGCGYGCYGAAAGRAARACYT | 414bp 52°C | Suzaki et

VCR3 AAGAACGYGGNATGTTGCATCTYAC al. (2004)
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and classify Agrobacterium oncogenic plasmids
(Schwengers et al., 2021; Jung et al., 2024). The
NCBI datasets tool v.15.24.0 was used to down-
load publicly available genomes of strains of the
agrobacteria/rhizobia complex (Sayers et al.,
2022). Raw sequencing data and genome assem-
blies were uploaded to the NCBI GenBank un-
der BioProject PRINA1093479.

Phylogenetic analysis. AutoMLSA2 v.0.9.0
with the option “ --allow_missing 4” was used to
generate a multi-locus sequence analysis (MLSA)
phylogeny (Davis et al, 2016). The translat-
ed sequences of 23 housekeeping genes from
Sinorhizobium meliloti strain 1021 were used as
queries to identify homologs in newly sequenced
strains and the NCBI dataset (Zhang et al., 2012).
IQ-TREE v.1.6.12 with the options “--bb 1000
--alrt 1000” was used to generate phylogenetic
trees (Nguyen et al., 2015). The R package ggtree
was used to plot phylogenies (Yu et al., 2017).

Results. Upon inspection of the vineyards,
vines with symptoms of crown gall were found,
on young as well as on frui-bearing plants on Ca-
bernet Sauvignon, Chardonnay, and Merlot vari-
eties, from which samples were taken for disease

Table 2. Strains of sequenced bacteria (Ukraine)

diagnostics. From June to August, small tumors
appeared on the grape shoots, which at first were
green or pink, then gradually increased in size,
became bumpy, hard, and darkened. Tumors
created a shortage of nutrients for plant organs,
hindered the flow of sap, which led to the death
of the grape bush.

It was found that between 2012 and 2020,
there was a significant increase in the number
of plants with disease symptoms in Cabernet
Sauvignon (from 15 to 30%), Merlot (from 10 to
37%), and Chardonnay (from 5 to 23%) (Fig. 2).

As a result of a visual inspection of grape
plantations of Cabernet Sauvignon, Merlot, and
Chardonnay varieties in the Odesa and Mykolaiv
regions from 2012 to 2020, an increase in the
number of affected grape bushes of each variety
with crown gall was found. Such negative dynam-
ics is most likely associated, firstly, with diseased
planting material, and secondly, with damage to
the vine during pruning, hail damage, and low
temperatures in winter.

A specific primer set PGF/PGR was used to de-
tect All. vitis strains and differentiate them from
A. tumefaciens strains, targeting the pehA gene

Strain Host Location Ag;obacteria Oncogenic plasmid Place.
ineage of allocation
od Vitis vinifera | Odesa region, Ukraine BV1; G14 | pTiType La (nopaline) |soil between grapevine
229 Vitis vinifera | Odesa region, Ukraine BVI1; Gl pTi Type II (octopine) | grapevine
315 Vitis vinifera | Odesa region, Ukraine BV1; G4 none grapevine
371 Vitis vinifera | Odesa region, Ukraine BV1; G4 none grapevine
387 Vitis vinifera | Odesa region, Ukraine BV1; G4 none grapevine
536 Vitis vinifera | Mykolaiv region, Ukraine |BV1 pTi_Type II (octopine) |grapevine
55 Vitis vinifera | Odesa region, Ukraine BV1; Gl none grapevine
585 Vitis vinifera | Mykolaiv region, Ukraine |BV1; G7 none grapevine
8628 | Visit vinifera |collection BV1; Gl pTi Type II (octopine)
8924 | Vitis vinifera | collection BV1; G4 none
8996 | Vitis sp. collection BVI1; Gl pTi_Type II (octopine)
A4PC |Rosa sp. collection BV2 pRi Type I1I
6.bak | Vitis vinifera |Kherson region, Ukraine |BV1; G4 none grapevine
H Vitis vinifera | Kherson region, Ukraine |BV1; G4 none grapevine
NSC | Vitis vinifera |Kherson region, Ukraine |BV1; G4 none grapevine
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Fig. 2. The dynamics (in %) of symptoms of crown gall observed on the cvs. Cabernet Sauvignon, Merlot, and
Chardonnay over the years 2012—2020 in three vineyards in the Odesa region. Mean values are given + standard
error (+SEM). A two-factor analysis of variance with repetitions showed that both factors A [variety] and B [year
of study], as well as their interaction (AxB), significantly affected the percentage of affected plants (p < 0.05). This
indicates the instability of the response of varieties depending on the conditions of the year, which should be taken
into account during varietal zoning and phytosanitary forecasting

encoding the polygalacturonase All vitis CG49
(Szegedi & Bottka, 2002). Primers VirD2A/Vir2C
were used to detect the virD2 gene (Haas et al.,
1995), which allowed distinguishing tumorigenic
Agrobacterium/Allorhizobium strains from non-
pathogenic strains. Primers VirFF1/VirFR2 were
used to detect virF regions to detect common Ti
plasmid types of All vitis, which are of the no-
paline, octopine, and vitopine types (Burr et al,,
1998). Primers VCF3/VCR3 (Suzaki et al., 2004)
were used to detect the virC genes of the plasmids
responsible for the oncogenicity of Agrobacteri-
um strains. As a result of PCR analysis, it was
found that primers virD2A/virD2C consistently
detected pathogenic strains of A. tumefaciens, but
did not detect any pathogenic strains of All vitis.
Using the PGF/PGR test system, a target frag-
ment (466 bp) of the pehA gene of All. vitis was
detected in all tested samples. This suggests that
All. vitis strains are present within plant and gall
samples, though these strains may lack an onco-
genic plasmid and be non-pathogenic. The study
showed that the VCF3/VCR3 primers could de-
tect pathogenic strains of All. vitis or A. tumefa-
ciens, while the VirFF1/VirFR2 system could not
detect All vitis strains. Therefore, it was conclud-
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ed that the VCF3/VCR3 primers were the most
effective for detecting pathogenic strains of All
vitis and A. tumefaciens (Fig. 3)

As a result of the study, it was found that the
VCF3/VCR3 primers were the most effective
for detecting pathogenic strains of All. vitis and
A.tumefaciens in grapevine.

As a result of PCR testing of selected sam-
ples, it was established that out of 450 samples of
grape plants with symptoms of the disease, the
causative agent of the crown gall was detected
and identified in 130. Out of 300 selected asymp-
tomatic samples, the latent form of the pathogen
was detected in 20.

To conduct a phytogenetic analysis, sequencing
of selected Agrobacterium isolates was introduced
and compared with the genomes of the Agrobac-
terium collection. The genomes of 11 Agrobacteri-
um strains were sequenced and compared to the
genomes of known agrobacteria (Table 2).

The newly collected strains are diverse and be-
long to different species groups (so-called “geno-
mospecies”) of Agrobacterium Biovar 1 (BV1),
including G1, G4, G7, and G14 (Fig. 4). Despite
being grapevine-associated, none of the strains
are BV3 agrobacteria. Several of the strains carry
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Fig.3. Results of PCR using VCF3/ VCR3 primers: M —
marker of DNA size 100 bp DNA ladder (ThermoFisher
Scientific, USA); 1 — positive control A. tumefaciens
8628; 2, 3, 4 — pathogenic isolates in the samples (0d,
229, 536); 5, 6 — non-pathogenic isolates of agrobacte-
ria; 7 — negative control (PCR — mixture without DNA)

oncogenic plasmids, which were classified under
a previously published scheme (Weisberg et al.,
2020). The G1 strains 229, 8628, and 8996 car-
ry pTi Type II plasmids (“octopine type”), while
strain 0d carries a pTi Type La plasmid (“nopaline
type”). The BV2 reference strain A4PC carries a
pRi Type III plasmid. We failed to identify an on-
cogenic plasmid in the other sequenced strains,
and they are predicted to be non-pathogens.
Discussion. Crown gall is a dangerous disease
of grapevines, which leads to a decrease in yield,
sugar content in berries, and sometimes the death
of grape bushes. This is a chronic wound infec-
tion that can remain in the plant for a fairly long
time, without showing symptoms, until favorable
conditions arise for its manifestation. This con-
tributes to the spread of crown gall in vineyards.
To detect crown gall in vineyards in the Ode-
sa and Mykolaiv regions of southern Ukraine,
a visual inspection and sampling of grapevines
were carried out in the spring, since it is known
that the number of bacteria in plant (vascular) tis-
sues increases precisely during this period, during
sap flow, and in the fall (Bauer et al., 1994) over
2012—2020. The survey included technical vari-
eties used for winemaking: Cabernet Sauvignon,
Merlot, and Chardonnay. The reason for the in-
crease in the number of diseased plants is probably
the import of planting material with a latent lesion
form, both domestic and imported (Gillings &
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Branch support
— UFBoot > 95 & SH-aLRT > 80
Other

Fig. 4. Multi-locus sequence analysis phylogeny of the
agrobacteria/rhizobia complex. Newly sequenced strains
are indicated by red dots. Major clades of agrobacte-
ria (biovars) are shaded and labelled. Key species-level
groups within Biovar 1 are labelled. The clade containing
Rhizobium leguminosarum/etli/phaseoli is collapsed and
labelled. The tree is midpoint rooted; branch support is
indicated by color. Branches with ultra-fast bootstrap
(UFBoot) > 95% and SH-aLRT support > 80% are black,
other branches are gray

Ophel-Keller, 1995; Habbadi et al., 2020; Kawagu-
chi et al,, 2021). In addition, meteorological con-
ditions, namely hail damage and rainy summers,
as well as infection through tools during pruning
of grape bushes and other agrotechnical meas-
ures, contribute to the spread of bacterial cancer
of grapevines. Due to the genetic relationship and
recombination of agrobacteria, complementation
between different strains is possible, which leads
to tumorigenesis (Kuzmanovi¢ et al., 2015).

It is known that due to the genetic diversity of
Agrobacterium strains, the existing primers de-
veloped do not always identify certain isolates of
agrobacteria, which leads to false results, there-
fore, there is a need to use different pairs of prim-
ers for gene regions (Kumagai & Fabritius 2008).

11



Konup L.A., Weisberg A.J., Rahman A., et al.

For the identification of the selected isolates
of agrobacteria, different primer pairs were used,
namely PGF/PGR, VirD2A/VirD2C, VirFF1/
VirFR2, and VCF3/VCR3, which allow not only
to distinguish the causative agents of crown gall
among other bacterial species, but also to identi-
ty individual opine types of agrobacteria strains
(Szegedi & Bottka, 2002; Bini et al., 2008). PCR
using the PGF/PGR primer pair in 130 grape-
vine samples with symptoms of the disease
and 20 asymptomatic samples revealed All. vi-
tis. However, these could include both virulent
and avirulent strains. Using the VirFF1/VirFR2
primer pair, it was determined that the Agrobac-
terium isolates had a Ti-plasmid of the octopine
and nopaline types. Ti-plasmids are required for
export, integration, and expression of oncogenes
for tumorigenesis. The virD2A/virD2C primer
pair detected pathogenic A. tumefaciens strains
and did not detect pathogenic All vitis. In addi-
tion, it is known that All. vitis has two different
virD2 nucleotide sequences, and the use of the
virD2A/virD2C primer set may not detect path-
ogenic All. vitis strains (Bini et al., in press). In
addition, the specificity of the PCR assay used to
detect tumorigenic All vitis was further demon-
strated by the fact that the virD2 PCR product
was not amplified in non-tumorigenic strains
(Didem Canik Orel et al., 2017). Using primers
VCF3/VCR3 (Suzaki et al., 2004), pathogenic
strains of both A. tumefaciens and All. vitis were
identified, which is consistent with studies Kum-
agai Lucita and Fabritius Anna-Liisa (Kumagai
Lucita & Fabritius Anna-Liisa, 2008).

Genome sequencing of selected strains re-
vealed that, despite being isolated from grapevine,
nearly all of the newly sequenced strains belong
to A. tumefaciens biovar 1. Surprisingly, none of
the sequenced strains is All. vitis given the pos-
itive results in the PCR analysis. However, it is
possible that the galled grapevine host multiples
pathogen lineages, some of which are not BV3.
The sequenced strains are genetically diverse and
represent multiple BV1 genomospecies. Most of
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these strains carry oncogenic Ti plasmids that are
common to wide host range agrobacteria, some
of which colonize grapevine (Weisberg et al,
2020; Jewell M. Jung et al.,, 2024). Several of the
strains are closely related and carry the same on-
cogenic plasmid type, suggesting that they may be
representative of a clonal pathogen lineage. It is
not uncommon to find multiple nonpathogenic
agrobacteria in a crown gall microbial communi-
ty (Hanna Faist et al., 2016). Likewise, non-path-
ogenic All. vitis are common on grapevine, even
without tumorigenic plasmids or disease (Didem
Canik Orel et al., 2017). In those cases, some oth-
er Agrobacterium or Allorhizobium strain that was
not isolated was a pathogen. If the pathogen was
Biovar 1 Agrobacterium, we could still observe
amplification of pehA from the gall sample be-
cause non-pathogenic All vitis are also present in
the gall. Some gall infections were likely caused by
A. tumefaciens, and some potentially by All vitis,
though we did not isolate any for sequencing.

This study was conducted as part of the an-
nual monitoring of the spread of crown gall in
vineyards of the Odesa and Mykolaiv regions,
to understand the epidemiology of this disease
and the phytosanitary condition of vineyards in
southern Ukraine.

Conclusions. Visual inspection of technical
grape varieties: Cabernet Sauvignon, Merlot,
and Chardonnay in vineyards of the Odesa and
Mykolaiv regions of southern Ukraine from 2012
to 2020 showed an increase in grape bushes with
symptoms of crown gall, which is a dangerous
indicator of the further spread of the disease. The
material for diagnosing the disease was plant tu-
mors and agrobacteria isolated on artificial nu-
trient medium Roy and Sasser. Identification of
the isolated agrobacteria isolates by PCR using
different pairs of primers showed that the VCF3/
VCR3 primers were the most effective and allow
identifying pathogenic strains of both A. tumefa-
ciens and All vitis.

Genome sequencing of the selected strains
shows that, despite the fact that they were isolat-
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ed from grapevines, almost all sequenced strains
belong to biovar 1 A. tumefaciens. The sequenced
strains are genetically diverse and represent sev-
eral genomic species BV1. Most of these strains
carry oncogenic Ti-plasmids, common to agro-
bacteria of a wide range of hosts, some of which
colonize grapevines. Several strains are closely
related and carry the same oncogenic type of
plasmid, which indicates that they may be rep-
resentatives of a clonal pathogenic lineage. It
has been established that the causative agent of
crown gall in the vineyards of southern Ukraine
is agrobacteria of the species All. vitis, which
differ among themselves in the set of virulence
genes. If the pathogen was Biovar 1 Agrobacteri-
um, we could still have pehA amplified from the
gall sample because non-pathogenic Allorhizobi-
um vitis are also present in the gall. Some gall
infections were likely caused by A. tumefaciens,
and some potentially by All. vitis, though we did
not isolate any for sequencing. The results of
genome sequencing of selected Agrobacterium
isolates showed that most Agrobacterium iso-
lates belonged to the octopine type of plasmids
(pTi Type II) and only one Agrobacterium isolate
(Od) had a nopaline Ti plasmid (pTi Type La).
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BAKTEPIAJIbHUI PAK BUHOTPATHOT JIO3Y B YKPATHI, BUKJIMKAHNY ATPOBAKTEPIAMU

Cepen xBOp00, 1110 YPaXXYIOTh POCTVMHYU BUHOTPaRy, € i 6akrepianbumit pak. Lle HaliHeOe3meyHila XpoHidHa iH-
(ex1iss BUHOTpaZHOI /103M, 1[0 BUK/IMKAETbCA IITaMaMI MyXaMHuX 6axrepiit Allorhizobium vitis (All. vitis) (pa-
Hime Agrobacterium vitis) i nyxniunononiouux Agrobacterium radiobacter (pauiue Agrobacterium tumefaciens),
AKi 37aTHI 3a/MIIaTICA B pOC/IVHI IIeBHMII 9ac y JTATEHTHOMY CTaHi, IOKU He 3’AB/IATbCA CHPUATIVBI YMOBU LA
IPOsIBY CUMIITOMIB Iji€l XBOPOOH. AKTYa/IbHICTb JOCTI/KEHHS 3yMOB/IEHA ONIMPEHHM OaKTepiaTbHOTO PaKy BH-
HOTPaJHOI 71031 Ha BuHOrpagHukax Omecbkoi Ta MMKOMaiBCbKoOI o6macTeit miBaHS YKpainn, He0OXifHICTIO CBOE-
YaCHOTO BUSIBJIEHHS 1 ifjleHTHdiKanii fforo 30ygHMKa, TIPOBEEHHs CeKBEHYBAHHs reHOMY BIUOPaHUX BipyTeHTHMUX
isonATIiB /1A BU3HAYEHHA TUILY OMiHIiB Ta IX OHKOT€HHOCTi 3 METOIO 3al0biraHHs MOJA/IbIIOTO PO3IIOBCIO/KEH-
Hs xBopo6u. Mera. [TpoBectn mupoxomMacurrabHe QitocaHirapHe 06CTeXXeHHA Haca)KeHb BUHOTPaly Ha MiBIHI
Ykpainn (Opecbka Ta MukosnaiBcbka 0671acTi) /1 B3HAYEeHHA HAaABHOCTI XBOPUX Ha 6aKTepia/IbHUIT PaK POCIMH
BUHOTPafly LJLIXOM BUJi/IeHHA 30ynHMKa OakTepianbHoro paky (All vitis) Ta itoro igenTndikanii merogom ITJIP
y 3pasKaxi3 cMMITOMY XBOpOoOM Ta 63 HMX Ta BUBYMTY Pi3HOMaHITTA arpo6akrepiit 3a tunom Ti-mrasmin mia-
XOM CeKBeHYBaHHA [eHOMY BifibpaHNX BipyleHTHUX 6aKTepia/IbHMX i30/1ATiB i BU3HaYeHHAM iXHbOI OHKOTe€HHOCTI.
Metropu. [Iy1s1 BUsB/IEHHS CUMIITOMIB ypaXkKeHHs pOCINH 30yFHUKOM GaKTepia/IbHOrO PaKy IIPOBOAWIN BidyajlbHe
06CTeXXeHHs HacaXKeHb BUHOrpapy. s ineHTudikanii 36ynHm1Ka 6aKTepiaTbHOTO paKy BUKOPUCTOBYBAIN MIiKpO-
6107T0TiIHMIT Ta MOTIEKY/IIPHO-610TOTIHMIT METORY JOCTIKeHHs. [/ AiarHOCTUKY 3aXBOPIOBAHHS BUKOPUCTOBY-
Ba/u BUHOTpanHy 103y (Vitis vinifera L.) Ta myxnuHu, AKi 6y/y BUAB/IEH] Ha PiSHMX YaCTMHAX POCTUHY BUHOTPALY.
Inentudikanio BupineHnx 6axkrepiaIbHMUX 130/IATIB 3a BIPYJIEHTHUMM BJIACTMBOCTAMU IIPOBOAMIN METOLOM IIO-
niMepasHoi naniorosoi peaxuii (ITVIP) 3 Bukopuctanuam A. tumefaciens-cnenydivaux npaiiMepis. BusnadeHHs
tuny Ti-IUtasmif IpoBOAMIN NIIAXOM CeKBEHYBAHHA €HOMY BifliOpaHuX BipyleHTHUX OaKTepiaJbHUX i30/ATIB.
Pesynprari. 3 MeTOI0 BUSIBIIEHHS IIyX/INH, y Iepio 3 2012 mo 2020 pp. obcrexxeno Bunorpaguuku B OnechKiit Ta
MukonaiBCcbKiit 06/1acTsIX 3araIbHOIO IIolelo 2660 ra. Y pesy/brari Bi3ya/bHOTO OISy BUHOTPAJHUKIB BUSIBIIE-
HO KyII[i BUHOTPafly 3 CUMIITOMaMI ypaXKeHHs 30yIHMKOM 6GaKTepia/IbHOrO paKy Ha copTax BuHorpagy Kabepue
Coginbiton, Mepro ta lllapnone; B cepenaboMy B Opechkiit 06macTi ypaskeHo 1o 25% Bifj 3aranbHOi KiTbKOCTi fj0-
CITIKYBaHUX COPTiB, y MmKonaiBcbkiit — 1o 10%. ¥ 130 spaskax BuHorpajy 3 450 BifiOpaHMX Ha BMHOTPaIHMKAX
3araJIbHOIO TUTowIero 320 ra i3 cuMmToMaMm XBopo6u 6y/mo BMUABIEHO Ta 3a IONOMOro mapu mpariMepis VCEF3/
VCR3 igentudikoBano marorenHi mramu All. vitis Ta A. tumefaciens. Taxox 6yno Bifi6pano 300 6e3cMMITOMHUX
1po6 iy 20 3 HUX BUABJICHO JIATeHTHY GOpMy 30yIHUKA. Y pe3y/IbTaTi CeKBeHYBaHHA FeHOMY BUJIUICHUX INTaMiB
BCTAQHOBJIEHO, 110 MaiDKe BCi BOHM Hajiexartb #o 6ioBapy 1 (BV1 A. tumefaciens). Ilpy BuB4eHHI pisHOMAHITTS
arpobakrepiit 3a Tumnom Ti-I1a3Miay BCTAHOBJIEHO, 1[0 BOHM MAIOTh OHKOTeHHY Ti-IasMify mepeBa>kHO OKTO-
miHoBoro tumy i mumre gesiki (Op) -- Ti-mrasMify Homaminosoro Tumy. Ha mifcraBi oTpuMaHyx faHuX 3po6aeHo
BUCHOBOK, 1110 Ha BMHOTpafiHNKax Ofecbkoi 06acTi 6akTepiaIbHMIT paK BUHOTPAy BUK/INKAIOTDh arpobakTepii A.
tumefaciens, IepeBa)KHO OKTOIIIHOBOTO THITY.

Kntouosi cnosa: surozpad, nonimepasua nanyo206a peaxuiss, Ti nnasmiou, oninu, eeHu 8ipyneHmHocmi, oHKozeHU,
6axmepianvHuii pax, Agrobacterium tumefaciens, Allorhizobium vitis.
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