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PHYLOGENETIC ANALYSIS
OF PHYTOPATHOGENIC BACTERIA
AFFECTING WALNUTS (JUGLANS SP.) IN UKRAINE

Walnuts (Juglans sp.) are affected by a wide range of bacterial pathogens belonging to different taxa, and their accurate
identification is necessary for understanding both the etiology of diseases and the development of effective control mea-
sures. Phylogenetic analysis based on the analysis of the 16S rRNA gene is widely used in bacterial taxonomy. However,
taxonomic studies of pathogens of bacterial diseases of walnuts in Ukraine are poorly known. The aim of this study was to
determine the taxonomic position of phytopathogenic bacteria isolated from walnuts (Juglans sp.) in Ukraine using com-
parative analysis of nucleotide sequences of the 16S rRNA gene. Methods. The 16S rRNA gene was amplified by universal
primers pA and pH. Sequence assembly, editing, and alignment were performed using Multalin and Sequence Manipu-
lation Suite software. The rate of the 16S rRNA gene nucleotide sequences similarity of isolated strains with homology
nucleotide sequences of typical strains located in GenBank was established using the BLASTN program. Phylogenetic
relatedness was established and graphically displayed using the MEGA program. Results. Phylogenetic analysis of 16S
rRNA gene sequences showed that isolated Agrobacterium spp. strains have the highest percentage of nucleotide sequence
similarity (99.4—99.9%) with Agrobacterium tumefaciens LGM 196. Nucleotide sequences of the 16S rRNA gene of
isolated Xanthomonas spp. strains are 98.51—99.65% related to the identical sequence of Xanthomonas arboricola pv.
juglandis NCPPB 411. Pseudomonas spp. isolates are phylogenetically related (98.31—99.51%) to Pseudomonas syringae
pv. syringae UCM B-1027" and P. syringae pv. syringae ATCC 19310. Conclusions. The high level of similarity of the 16S
rRNA gene sequences isolated from the type strains confirms their taxonomic affiliation to these taxa and emphasizes
the importance of phylogenetic analysis in the taxonomy of walnut pathogenic bacteria. Comparative analysis of the 16S
rRNA gene sequences in combination with phenotypic characteristics confirms that the bacteria isolated from walnut
belong to the species Agrobacterium tumefaciens, Xanthomonas arboricola, and Pseudomonas syringae.
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Phytopathogenic bacteria represent some of
the most damaging pathogens affecting walnut
(Juglans regia) cultivation. Among them, Xan-
thomonas arboricola pv. juglandis, the causal
agent of bacterial blight, brown apical necrosis,
and vertical canker, is highly aggressive and in-
fects both young and mature orchards, leading to
harvest losses up to 40—60% (Giovanardi et al.,
2015; Ilicic et al., 2021; Kim et al., 2021). Over
the past decade, additional bacterial species
not previously recognized as walnut pathogens
have been reported in various regions world-
wide (Giovanardi et al., 2015; Gasic et al., 2012;
Kim et al., 2021; Osdaghi, 2022; Temperini et al.,
2017). The increasing diversity of walnut-asso-
ciated bacterial pathogens may be linked to in-
tensified anthropogenic pressure on ecosystems,
globalization of the agricultural sector, and the
introduction of new cultivars with reduced lev-
els of natural defense compounds. Walnuts are
also susceptible to polyphagous bacteria such as
Agrobacterium tumefaciens, the etiological agent
of crown gall, and Pseudomonas syringae pv. sy-
ringae, which causes bacterial leaf spot (Rouhrazi
& Rahimian, 2014; Keshtkar, 2016). In our study;,
the observed disease symptoms corresponded to
the typical manifestations of bacterial infections.
Infections caused by X. arboricola pv. juglandis
were characterized by necrotic lesions with pale
margins on leaves and fruits, which progres-
sively coalesced, resulting in premature defolia-
tion (Bansal et al., 2020). Infection by P. syringae
pv. syringae manifested itself by chlorotic and
water-soaked spots that rapidly expanded under
humid conditions, forming extensive necrotic
areas (Pasche et al., 2024). Damage to the root
system and stems of young trees by A. tumefa-
ciens was accompanied by the formation of tu-
morous galls, impairing root absorptive capacity
and potentially causing plant death at early de-
velopmental stages (Miller et al., 1975).
DNA—DNA hybridization has long been used
as a reference method for species delineation in
prokaryotic taxonomy. For many years, a DNA-
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DNA hybridization relatedness value of 70% was
accepted as the standard threshold for defining
bacterial species (Wayne et al., 1987). However,
this method is technically demanding, time-con-
suming, and characterized by limited reproduc-
ibility, which restricts its routine application.

As a result, alternative molecular approaches
have been developed. Among them, comparative
analysis of the 16S rRNA gene has become one of
the most widely used tools in bacterial systemat-
ics. A strong correlation between 16S rRNA gene
sequence similarity and DNA-DNA hybridiza-
tion values was demonstrated by Stackebrandt
and Goebel (1994), supporting the use of 16S
rRNA gene sequences for taxonomic purposes.
On this basis, a sequence similarity threshold of
97% was initially proposed as corresponding to
the 70% DNA-DNA hybridization boundary and
was broadly adopted (Stackebrandt et al., 1994).

Subsequent studies showed that the 97% cut
oftf may underestimate species diversity in some
bacterial groups. Therefore, higher threshold
values, typically between 98.2% and 99.0%, were
later suggested to improve species-level resolu-
tion (Stackebrandt & Ebers, 2006). This revision
was further supported by genome-based studies
demonstrating a close relationship between 16S
rRNA gene similarity and average nucleotide
identity (ANI), with a proposed boundary of
98.65% (Kim et al., 2014).

To identify the causative agents of bacterial
diseases of walnut, surveys were conducted in 12
regions of Ukraine, including areas located close
to the frontline (Dnipropetrovsk, Kherson , and
Kharkiv regions). Based on morphological, cul-
tural, and biochemical characteristics, the isolat-
ed strains showed close similarity to representa-
tives of the genera Agrobacterium, Pseudomonas,
and Xanthomonas (Dankevych et al., 2024). The
most aggressive isolates were selected for further
molecular analysis.

Isolates preliminarily assigned to the genera
Agrobacterium, Pseudomonas, and Xanthomonas
were compared with corresponding type and

ISSN 1028-0987. Microbiological Journal. 2026. (1)



Phylogenetic Analysis of Phytopathogenic Bacteria Affecting Walnuts (Juglans sp.) in Ukraine

reference strains, including Agrobacterium tu-
mefaciens, Pseudomonas syringae pv. syringae,
and Xanthomonas arboricola pv. juglandis, in or-
der to clarify the species composition of walnut-
associated bacterial pathogens in Ukraine.

The aim of this study was to determine the
taxonomic position of phytopathogenic bacteria
isolated from walnut (Juglans regia L.) in Ukraine
using comparative analysis of the 16S rRNA gene
nucleotide sequences.

Materials and Methods. Strains isolated
from infected walnut trees in different regions
of Ukraine were included in the study: Agrobac-
terium spp. — lgor, 3gor, 8gor; Xanthomonas
spp. — lor, 3or, 6nut, 8nut, 14nut, 17nut; Pseu-
domonas spp. — 4n, 5n, 9nut, 10nut, 16nut. For
comparative analysis, collection strains of spe-
cies known to infect walnuts were used: Agro-
bacterium tumefaciens — UCM B—1000, UCM
B—1002, UCM B—1003"; Xanthomonas arbori-
cola pv. juglandis — 8665, 8666, 8865. The col-
lection strains were obtained from the collection
of the Department of Phytopathogenic Bacteria
at the D.K. Zabolotny Institute of Microbiology
and Virology, National Academy of Sciences of
Ukraine (IMV NASU), a part of the Ukrainian
Collection of Microorganisms (UCM).

For the 16S rRNA gene analysis, bacteria were
cultivated on potato dextrose agar for 24 hours.
DNA was extracted from the one-day culture
using a BIOCORP reagent kit according to the
manufacturer’s recommendations (BIOCORP
LTD, Ukraine). The concentration of the isolated
DNA was measured using a spectrophotometer
NanoDrop (Thermo Fisher Scientific, USA). The
16S rRNA gene was amplified by universal prim-
ers pA (5-AGAGTTTGATCCTGGCTCAG-3;
positions 8—27 according to E. coli) and pH
(3’-AAGGAGGTGATCCAGCCGCA-5,  posi-
tions 1542—1523 according to E. coli) (Edwars
et al.,, 1989). Amplification was performed on
a Veriti 96-Well Thermal Cycler 9902 (Applied
Biosystems, USA) under the following condi-
tions: initial DNA denaturation at 96 °C for 6

ISSN 1028-0987. Microbiological Journal. 2026. (1)

min, next denaturation at 94 °C for 15 s, primer
annealing at 65 °C for 15 s, and elongation at
72 °C for 5 min. The 16S rDNA amplicons were
sequenced from both the 5" and 3’ ends using an
automatic 3130 Genetic Analyzer (Applied Bio-
systems, USA).

The sequence size of the 16S rRNA gene was
determined by comparative analysis with the se-
quences of E. coli ATCC 11775T (X80725) and
representative strains of the genera Xanthomon-
as, Pseudomonas, and Agrobacterium. Reverse
complements were generated using the Sequence
Manipulation Suite (http://www.bioinformat-
ics.org/sms2/), and sequences were edited and
aligned with Multalin (http://multalin.toulouse.
inra.fr/multalin/). Nucleotide sequence similar-
ity to typical strains of the studied genera was as-
sessed using BLASTN (http://www.ncbi.nlm.nih.
gov/BLAST/). The MEGA 12.1 program (https://
megasoftware.net/download_form) was applied
to construct the phylogenetic relationships den-
drogram (Tamura et al., 2021). The dendrograms
were inferred applying the Neighbor-Joining
method with Kimuras two-parameter model
based on 100 replicates of the “bootstrap” assay.

Results. At the initial stage of identification,
the isolated strains 1gor, 3gor, and 8gor were
assigned to the genus Agrobacterium based on
morphological, cultural, and biochemical char-
acteristics. A comparative phylogenetic analy-
sis of their 16S rRNA gene sequences was then
conducted against the type and reference strains
of various Agrobacterium species. The highest
sequence identity (99.4—99.9%) was observed
between the isolates 1gor, 3gor and 8gor and the
type strains Agrobacterium tumefaciens UCM
B—1000, UCM B—1002, and UCM B—1003",
confirming their close phylogenetic relationship
with A. tumefaciens LGM 196 (Table 1).

Comparison with other Agrobacterium spe-
cies revealed varying levels of nucleotide simi-
larity. For example, the isolates showed 99.1—
99.9% identity with A. arsenijevicii NCPPB
4602 and A. nepotum 39/7, while lower similar-
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ity (95.5—97.3%) was found with species such
as A. fabacearum CNPSo 675 and A. cavarae
ICMP 9759. Moderate sequence identity (97—
99.3%) was observed with species including A.
cucumeris 0132, A. divergens R-31762, A. larry-
moorei ICMP 15237, A. leguminum MOPV5, A.
pusense CFBP 5875, A. rosae NCPPB 1650, A.
rubi LGM 17936, A. salinitolerans CFBP 5507,
A. skierniewicense Ch 11, A. tomkonis SM_84,
and A. vaccinii B7.6, reflecting the phylogenetic
diversity within the genus (Table 1).

The dendrogram shows that the isolated
strains, the collection strains, and the type strain
A. tumefaciens UCM B—1003 formed two main
clusters closely related to typical representatives
of A. arsenijevicii, A. nepotum, A. tumefaciens,
and A. fabacearum. Notably, A. nepotum and A.
fabacearum are saprophytic species, which clear-
ly distinguishes them from the isolated strains.
Both A. arsenijevicii and A. tumefaciens are plant
pathogens; however, due to the lack of evidence

for tumor formation on walnut trees by A. arseni-
jevicii, the isolates are most likely attributable to
A. tumefaciens (Fig. 1).

At the first stage of identification, the isolat-
ed strains Xanthomonas spp. 17nut, 8nut, 6nut,
14nut, lor, and 3or were assigned to the genus
Xanthomonas based on morphological, cultural,
and biochemical characteristics.

A comparative phylogenetic analysis of their
16S rRNA gene sequences was then conducted
against the type and reference strains of differ-
ent Xanthomonas species. The highest sequence
identity (98.51—99.65%) was observed between
isolates 17nut, 8nut, 6nut, and 14nut and the
type strain Xanthomonas arboricola pv. juglandis
NCPPB 411, confirming their close phylogenetic
relationship with the walnut bacterial pathogen
(Table 2). Comparative analysis with other Xan-
thomonas species revealed a wide range of nu-
cleotide similarity. For example, isolates lor and
3or showed 99—99.7% identity with X. hortorum

Table 1. Identity of nucleotide sequences of the 16S rRNA gene
of isolated strains of Agrobacterium sp. and the collection strains A. tumefaciens
with the nucleotide sequences of the 16S rRNA gene of the type strains stored in the GenBank database

Species, strain, and accession numbers Sequence identity
Strain of 16S rRNA gene nucleotide sequences of type strains of the studied strains
in the GenBank database (%)

Agrobacterium sp., 1gor, 3gor, 8gor A. arsenijevicii NCPPB 4602, CP166104.1 99.3—99.9
A. tumefaciens UCM B—1000, A. cavarae ICMP 9759, PP103276.1 96.6—97.3
UCM B—1002, A. cucumeris 0132, CP080388.1 98.5—99.2
UCM B—1003 A. divergens R-31762, AM403584.1 98.1—-98.7
A. fabacearum CNPSo 675, NR_174322.1 95.5—99.9
A. larrymoorei ICMP 15237, AY626382.1 98.2—99.0
A. leguminum MOPV5, NR_181087.1 98.1—98.8
A. nepotum 39/7, NR_117203.1 99.1—99.9
A. pusense, CFBP 5875, CP039894.1 97.0—98.3
A. rosae NCPPB 1650, D14506.1 97.7—98.3
A. rubi LGM 17936, NR_114990.1 97.8—98.5
A. salinitolerans CFBP 5507, CP109969.1 97.5—98.4
A. skierniewicense Ch 11, NR_118035.1 97.9—98.7
A. tomkonis, SM_84, PQ344191.1 98.5—99.3
A. tumefaciens LGM 196, X67223.1 99.4—99.9
A. vaccinii, B7.6, CP054150.1 98.8—99.7
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Fig. 1. Dendrogram of phylogenetic (16S rRNA gene analysis) relationships between isolated
strains of Agrobacterium sp., collection strains, and type representatives of the Agrobacterium

genus

LMG 733 and X. campestris ICM 21080, while
lower similarity (94.73—97.57%) was found with
species such as X. albilineans LGM 4947, X. bo-
nasiae FX16, and X. sacchari LMG 4717, which
excludes their assignment to these taxa (Table 2).

According to the phylogenetic tree, both the
isolated Xanthomonas spp. strains and collection
strains of X. arboricola pv. juglandis formed two
clusters closely related to the type strain X. arbo-
ricola pv. juglandis NCPPB 411. This group also
includes X. hortorum, which causes leaf spot and
lettuce rot. In contrast, X. euroxanthea, isolated
from walnut (Juglans regia) and comprising both
non-pathogenic and pathogenic strains for wal-
nut, is phylogenetically distant from the isolated
Xanthomonas spp. strains (Fig. 2).

At the preliminary stage of identification, the
isolated strains 4n, 5n, 9n, 10nut, and 16nut
were assigned to the genus Pseudomonas based
on morphological, cultural, and biochemical
characteristics. A comparative phylogenetic
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analysis was conducted against the type and
reference strains of various Pseudomonas spe-
cies. The highest sequence identity (98.31—
99.51%) was observed between the isolates 4n,
5n, and 9nut and the type strain Pseudomonas
syringae pv. syringae UCM B-10277, confirming
their close phylogenetic relationship with this
species (Table 3).

Comparison with other Pseudomonas species
revealed different levels of nucleotide similar-
ity. For example, the isolates showed 97.75—
99.51% identity with P. cerasi 58 LMG 28609,
P. congelans DSM 14939T, P. syringae ATCC
19310, and P cannabina CFBP 23417, while
lower similarity (96.35—97.74%) was found
with species P. cichorii ATCC 10857 and P
viridiflava CFBP 1590.

Moderate sequence identity (97.19—99.35%)
of gene 16S rRNA was observed with P. avel-
lanae NCPPB 3481, P. amygdali LMG 21237,
P. meliae MAFF 301463, P. savastanoi ATCC
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13522, P. ficuserectae JCM 2400, P. caricapa-
payae ATCC 33615, and P. caspiana FBF102,
reflecting the phylogenetic diversity within the
genus (Table 3).

Phylogenetic analysis placed the walnut iso-
lates (Pseudomonas spp. 4n, 5n, 9nut, 10nut,

16nut) in a well-supported cluster together with
type strains of P. syringae pv. syringae UCM B-
10277, P. syringae ATCC 19310, and P. cannabina
CFBP 2341T. This indicates that the studied iso-
lates most likely belong to the P. syringae group.
Other type strains, such as P. cerasi 58 LMG

Table 2. Identity of nucleotide sequences of the 16S rRNA gene
of isolated strains of Xanthomonas spp. and the collection strains of X. arboricola pv. juglandis
with the nucleotide sequences of the 16S rRNA gene of type strains in the GenBank database

Species, strain, and accession numbers Sequence identity
Strain of 16S rRNA gene nucleotide sequences of type strains of the studied strains
in the GenBank database (%)
Xanthomonas spp. 17nut, 8nut, X. albilineans LGM 494", NR_026316.1 94.73—97.57
6nut, 14nut, lor, 3 or X. arboricola pv. juglandis NCPPB 411, NR_113167.1 98.51—99.65
X. arboricola pv. juglandis 8665, | X gxonopodis NCPPB 557, CP167232.1 95.44—99.45
8666, 8865 X. bonasiae FX16, NR_181928.1 94.73—97.57
X. bromi LMG 947, NR_026390.1 96.66—99.37
X. campestris ICM 21080, CP012145.1 97.27—99.65
X. cassavae LMG 673, NR_026389.1 97.20—99.58
X. cissicola ATCC 33616, NR_112071.1 97.13—99.51
X. citri LMG 696, CP066343.1 97.20—99.65
X. codiaei LMG 8678%, NR_026391.1 98.09—99.23
X. cucurbitae ATCC 23378, CP033326.1 97.34—99.72
X. dyei ICMP 12167, NR_104949.1 97.32—99.72
X. euroxanthea CPBF 424, LR994544.1 97.27—99.65
X. euvesicatoria NCPPB 2372, CP167216.1 97.15—99.58
X. floridensis ICMP 21312, MT760339.1 96.97—99.42
X. fragariae LMG 708T, NR_026318.1 96.86—99.16
X. hortorum LMG 733, NR_026386.1 97.40—99.79
X. hyacinthi ICMP 189, MT760330.1 95.42—97.72
X. hydrangeae LMG 31884, NR_179491.1 97.13—99.65
X. maliensis M97, NR_136457.1 96.73—98.31
X. melonis NCPPB 3434, NR_113169.1 95.09—99.44
X. nasturtii ICMP 21313, MT760340.1 97.24—99.71
X. oryzae NCPPB 4346, CP036253.1 97.34—99.72
X. phaseoli ATCC 49119, CP094243.1 97.13—99.51
X. pisi LMG 847T, NR_026385.1 97.27—99.65
X. populi LMG 57437, NR_026320.1 97.06—99.44
X. prunicola CFBP 8353, NR_179860.1 97.20—99.58
X. sacchari LMG 4717, NR_026392.1 95.70—97.83
X. theicola LMG 86847, NR_113168.1 95.07—97.19
X. translucens NCPPB 3711, CP076255.1 95.02—97.01
X. vasicola LMG 7367, NR_026383.1 97.27—99.65
X. vesicatoria ATCC 35937, CP018725.1 97.13—99.45
8 ISSN 1028-0987. Microbiological Journal. 2026. (1)



Phylogenetic Analysis of Phytopathogenic Bacteria Affecting Walnuts (Juglans sp.) in Ukraine

95— X. arboricola pv. juglandis 8665
— Xanthomonas sp. 14nut
— Xanthomonas sp. 17nut

— Xanthomonas sp. 6nut

— Xanthomonas sp. 8nut
— X. arboricola pv. juglandis NCPPB 411

X. hortorum LMG 733

— X. arboricola pv. juglandis 8666
— Xanthomonas sp. 1or
— X. arboricola pv. juglandis 8865
— Xanthomonas sp. 3or

93— X. bromi LMG 947

95 X. cassavae LMG 673
\—{ﬂE X. nasturtii ICMP 21313
X. pisi LMG 847-T
93— X. maliensis M97

L X. oryzae LMG 5047-T
X. fragariae LMG 708-T

— X. codiaei LMG 8678T

L— X. prunicola CFBP 8353

X. cissicola ATCC 33616
Ar';E X. phaseoli ATCC 49119

X. citri LMG 9322

X. floridensis ICMP 21312

X. vasicola LMG 736 T

X. fuscans LMG 826

X. euvesicatoria NCPPB2968

100

X. axonopodis NCPPB 467
X. sacchariLMG 471 T

X. bonasiae CFBP 8703

X. albilineans LGM 494T
X. hyacinthi LMG 739 T

X. melonis LMG 8670-T

X. translucens LMG 876

X. cucurbitae LMG Y10760

93
98

X. campestris LMG 568-T
X. theicola LMG 8684 T
84 X. euroxanthea CPBF 424
90 X. vesicatoria LMG 911
89— X. hydrangeae LMG 31884
X. populi LMG 6743-T

0.4 0.3 0.2 0.1 0

X. dyei ICMP 12167

Fig. 2. Dendrogram of phylogenetic (16S rRNA gene analysis) relationships between isolated strains of
Xanthomonas spp., collection strains, and type representatives of the Xanthomonas genus

28609, P. congelans DSM 14939T, and P. viridi-
flava CFBP 1590, were positioned at phylogene-
tic distances, further confirming that the walnut
isolates are more closely related to P. syringae
than to the other Pseudomonas species (Fig. 3).
All nucleotide sequences obtained in this stu-
dy were deposited in the GenBank database. The
Pseudomonas syringae pv. syringae isolated stra-
ins 4n, 5n, 9nut, 10nut, and 16nut were assigned
accession numbers PV202554—PV202558. The
Agrobacterium tumefaciens strains UCM B—

ISSN 1028-0987. Microbiological Journal. 2026. (1)

10037, UCM B—1002, UCM B—1000, 1gor,
3gor, and 8gor were deposited under accession
numbers PV203509—PV203514. The Xantho-
monas arboricola pv. juglandis isolated strains
lor, 3or, 6nut, 8nut, 14nut, 17nut and collection
strains 8665, 8666, 8865 were assigned accession
numbers PV203615—PV203623.

Discussion. The 16S rRNA gene is widely used
for preliminary identification of phytopatho-
genic bacteria, providing reliable genus-level
assignment. However, its resolution is limited
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when distinguishing closely related species or
pathovars. In Agrobacterium, 16S rRNA gene
sequences are highly conserved, and pathogen-
ic and non-pathogenic strains can share nearly
identical sequences (Costechareyre et al., 2010;
Hordt et al., 2020; Farrand et al., 2003). Original-
ly, the genus Agrobacterium comprised only a few
bacterial species associated with rhizogenic and
tumorigenic plant diseases, together with several
non-pathogenic strains. With the introduction of
molecular approaches, the number of described
taxa increased, and the genus currently includes
more than 30 species, although only 19 have val-
idly published names (List of Prokaryotic names
with Standing in Nomenclature). Phylogenetic
analyses based on 16S rRNA gene sequences
have shown that Agrobacterium is a heteroge-
neous genus that includes both pathogenic and
non-pathogenic lineages (Hordt et al., 2020). Be-
cause of the high phylogenetic similarity within
the family Rhizobiaceae, the taxonomic status of
Agrobacterium was debated in the early 2000s.
At that time, it was proposed to merge the genus

Agrobacterium with the genus Rhizobium, as-
suming that Agrobacterium represented a group
defined mainly by pathogenicity (Young et al.,
2003). However, later studies based on combined
genotypic and phenotypic data supported the
recognition of Agrobacterium as a distinct genus
(Farrand et al., 2003; Ramirez-Bahena et al., 2014;
Lassalle et al., 2017). Currently, the genus in-
cludes plant-pathogenic species, non-pathogenic
environmental strains, and bacteria that may act
as opportunistic pathogens in humans (Flores-
Félix et al., 2020). Our research has shown that
both the isolated Agrobacterium spp. and the type
strains of Agrobacterium tumefaciens are closely
related to several phytopathogenic species of the
genus Agrobacterium. The level of 165 rRNA gene
sequence similarity among these species is high
and reaches 98—99%. The closest related species
include Agrobacterium arsenijevicii, Agrobacte-
rium larrymoorei, Agrobacterium vaccinii, Agro-
bacterium cucumeris, and Agrobacterium tume-
faciens. At the same time, some species within
this group differ markedly in their ecological

Table 3. Identity of nucleotide sequences of the 16S rRNA gene
of isolated Pseudomonas spp. strains and collection strain of P. syringae pv. syringae
with the nucleotide sequences of the 16S rRNA gene of type strains stored in the GenBank database

Strain

Pseudomonas spp. 4n, 5n, 9nut,
10nut, 16nut
P syringae pv. syringae UCM B-10277

Species, strain, and accession numbers Sequence identity
of the 16S rRNA gene nucleotide sequences of type strains | of the studied strains,
in the GenBank database %
P cerasi 58 LMG 28609 NR_146827.1 97.89—99.51
P. congelans DSM 14939T AJ492828.1 97.89—99.51
P. syringae ATCC 19310 KP211411.1 98.31—99.51
P avellanae NCPPB 3481 CP091143.1 98.31—98.73
P. cannabina CFBP 2341T NR_025550.1 98.31—99.23
P amygdali LMG 2123T Z76654.1 97.75—99.35
P. meliae MAFF 301463 NR_178225.1 97.75—99.30
P, savastanoi ATCC 13522 NR_024707.1 98.31—99.27
P, ficuserectae JCM 2400 NR_040798.1 97.75—99.01
P caricapapayae ATCC 33615 AJ288304.1 97.60—98.31
P, asturiensis LPPA 221 NR_108461.1 97.61—98.53
P, viridiflava CFBP 1590 LT855380.1 97.19—97.99
P, cichorii ATCC 10857 NR_112070.1 96.35—97.74
P caspiana FBF102 NR_152639.1 97.75—99.00
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Fig. 3. Dendrogram of phylogenetic (16S rRNA gene analysis) relationships between isolated
strains of Pseudomonas spp., collection strains, and type representatives of the «Pseudomonas

syringae» group

and biological characteristics. Agrobacterium
nepotum and Agrobacterium fabacearum are con-
sidered saprophytic bacteria (Delamuta et al.,
2020; Shams et al., 2013). Their lifecycle and lack
of pathogenicity significantly distinguish them
from the isolates obtained in this study. There-
fore, these species can be excluded from further
consideration. In contrast, Agrobacterium arseni-
jevicii and Agrobacterium tumefaciens are well-
known plant pathogens (Kuzmanovié et al., 2015;
De Cleene et al., 1978). According to the litera-
ture, A. arsenijevicii is capable of inducing crown
gall formation on raspberry (Rubus iddeus) and
cherry plum (Prunus cerasifera) (Kuzmanovic et
al., 2015). However, there are no published data
indicating that representatives of this species
cause tumor formation in walnut (Juglans regia).

The genus Xanthomonas comprises over 30
species, the majority of which are phytopatho-
genic (List of Prokaryotic names with Standing
in Nomenclature). About 94% of these species

ISSN 1028-0987. Microbiological Journal. 2026. (1)

infect more than one plant host. Phylogeneti-
cally, the genus is considered stable, with only
22% of species described in the last five years.
Based on analyses of the 16S-ITS-23S rRNA op-
eron, several phylogenetically related clusters
within the genus are recognized (Martins et al,,
2020; Vauterin et al., 1995). Nevertheless, the
species composition of the genus Xanthomonas
continues to be actively revised, since new taxa
are described and existing species are reclassi-
fied based on comparative genomic analyses and
extended phenotypic characterization (Hordt et
al., 2020; Martins et al., 2020; Bansal et al., 2022).
Vauterin et al. (1995) and Young et al. (2008)
highlighted that pathovars of X. campestris, X.
axonopodis, and X. arboricola are essentially in-
distinguishable by the 16S rRNA gene, despite
clear differences in host range and symptoms.
Parkinson et al. (2007) demonstrated that analy-
sis of several housekeeping genes — gyrB, rpoD,
dnaK, and atpD — provides a much clearer reso-
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lution. More recently, Martins et al. (2020) de-
scribed X. euroxanthea, a species closely related
to X. arboricola, which cannot be differentiated
using the 16S rRNA gene sequence data only.
According to the phylogenetic analysis made by
us, both the isolated Xanthomonas spp. strains
and the collection strains of Xanthomonas arbo-
ricola pv. juglandis cluster closely with the type
strain X. arboricola pv. juglandis NCPPB 411,
indicating a high level of genetic relatedness. A
close relationship was also observed with X. hor-
torum, a species known to cause leaf spot and rot
in lettuce (Dia et al., 2022). In contrast, X. euro-
xanthea, a species isolated from walnut (Juglans
regia) and reported to include both pathogenic
and non-pathogenic strains, forms a distinct and
phylogenetically distant cluster, clearly separated
from the Xanthomonas spp. isolates analyzed in
this study (Martins et al., 2020). Therefore, we
were able to identify the microorganisms iso-
lated from walnuts at species level.

According to modern taxonomy, the genus
Pseudomonas comprises over 140 species, most
of which are saprophytic. Phytopathogenic Pseu-
domonas species are genetically, ecologically,
and pathologically diverse. The Pseudomonas sy-
ringae group includes 15 recognized species and
more than 60 pathovars. Accurate classification
and identification are essential for understand-
ing their ecology and managing plant diseases.
Recent phylogenetic studies have refined the
taxonomy of this group, distinguishing several
genetic clusters: Group I (P. cerasi, P. congelans,
P. syringae), Group II (P. avellanae, P. tomato),
Group III (P. cannabina, P. coriandricola, P. coro-
nafaciens), Group IV (P. amygdali, P. meliae, P.
savastanoi, P. ficuserectae, P. caricapapayae),
Group V (P, asturiensis, P. viridiflava), and Group
VI (P, cichorii, P. caspiana) (Gomila et al., 2017).
Phylogenetic analysis of the Pseudomonas strains
isolated from walnut showed high sequence sim-
ilarity (98—99%) with species in Groups I, III,
and 1V, including P. cerasi, P. congelans, P. syrin-
gae, P. cannabina, and P. savastanoi.
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Overall, these results confirm a general pat-
tern in phytopathogenic bacteria: 16S rRNA
gene sequencing provides a useful step for spe-
cies-level assignment but are insufficient for
pathovar-level identification (Hordt et al., 2020;
Gomila et al., 2017; Loper et al., 2012). Integra-
tion of phenotypic characteristics and host spec-
ificity is essential to distinguish among closely
related species and to confirm the likely identity
of walnut-associated pathogens such as A. tume-
faciens, X. arboricola pv. juglandis, and P. syrin-
gae pv. syringae. Accurate identification remains
critical for understanding disease etiology and
developing targeted management strategies for
walnut bacterial diseases in Ukraine.

Conclusions. Comparative phylogenetic
analysis of 16S rRNA gene sequences allowed
the taxonomic affiliation of bacterial strains
isolated from walnut trees to be clarified at
the genus and, in most cases, species level.
The studied isolated strains Agrobacterium
spp. showed a high level of nucleotide se-
quence similarity to A. tumefaciens LGM 196,
supporting assignment of them to this spe-
cies. Considering the high 16S rRNA gene se-
quence similarity, phenotypic properties, and
host specificity, the isolates obtained in this
study most likely belong to the species Agro-
bacterium tumefaciens.

Isolated strains preliminarily assigned to the
genus Xanthomonas based on phenotypic char-
acteristics clustered predominantly with the
strain X. arboricola pv. juglandis NCPPB 411,
confirming their close phylogenetic relationship
with the causal agent of walnut bacterial diseas-
es. At the same time, high sequence similarity
with several other Xanthomonas species high-
lights the conserved nature of the 16S rRNA
gene within the genus and its limited discrimi-
natory power at pathovar levels. Based on 16S
rRNA gene sequence analysis, phenotypic char-
acteristics, and known host specificity, these
isolates belong to the species X. arboricola and
most likely pv. juglandis.
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Isolated strains Pseudomonas spp. formed a
well-defined phylogenetic cluster with Pseudo-
monas syringae pv. syringae ATCC 19310, while
also exhibiting variable degrees of similarity with
other closely related species of the genus, reflect-
ing substantial intragenic diversity. However,
based on 16S rRNA gene analysis, the isolates
formed a distinct cluster most closely related
to P. syringae, while representatives of the other

tool for confirming species-level affiliation and
identifying phylogenetic relationships among
walnut-associated bacterial pathogens. Howev-
er, the high level of sequence conservation ob-
served within the genera Pseudomonas indicates
the necessity of additional molecular markers for
precise species or pathovar differentiation. These
findings contribute to a better understanding of
the phylogenetic diversity of bacterial pathogens

species were more distant.
Opverall, the obtained results demonstrate that
16S rRNA gene sequence analysis is a reliable

affecting walnut trees in Ukraine.
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InctutyT Mikpob6iosnorii i Bipycomnorii im. JI. K. 3a6onorHoro HAH Ykpaiun,
By AkazieMika 3abonoTHoro, 154, Kuis, 03143, Ykpaina

OUIOTEHETUYHNN AHAI3 ®PITOIMATOTEHHNMX BAKTEPI,
IO YPAXKYIOTDH BOJIOCBKII TOPIX (JUGLANS SP.) B YKPATHI

Bonocwkmit ropix (Juglans sp.) ypakyeTbcs MUPOKUM KOTOM OaKTepiaTbHUX 30YIHUKIB, 1IJ0 HalIeXaTh 4O PisHUX
TaKCOHIB, 1 IX TOYHa iffeHTU}IKaLliI € HeOOXiHOIO I PO3yMiHHA eTioNoril 3aXBOPIOBaHb i po3p0oOKM eeKTUBHIX
3axofiiB 60poTb6M. DioreHeTHYHMII aHATI3, 3aCHOBaHMII Ha aHatisi reHa 16S pPHK, mmpoko BUKOPUCTOBYETLCA Y
TakCOHOMiI 6akTepiit. [TpoTe TAKCOHOMIYHI FOCTIKeHHs 30YAHUKIB 6aKkTepia/IbBHIUX XBOPOO TOPiXy BOTOCHKOTO B
VkpaiHi € manoBifomMumu. MeTo¥0 LbOro fOCIiIKEHHA 6yno BM3HAYNTY TAKCOHOMIUHY IIPMHAIEXHICTD ¢iTomaro-
FeHHUX O6aKTepilt, i30/IbOBaHNUX i3 BOTIOCHKOTO Topixa (Juglans sp.) B YkpaiHi, 3a JOIIOMOT0I0 IOPiBHAIBHOTO aHATI3Y
HYKIeoTUAHMX nocaigoBHocTelt reta 16S pPHK. Metopu. Ten 16S pPHK ammitidikysanu 3a gormomorowo yHiBep-
canbHUX npariMepiB pA ta pH. 36ipKy, pegaryBaHHs Ta BUPIBHIOBAHH ITOCIIJOBHOCTEN BUKOHYBA/IN 3a IIPOrpa-
mamu Multalin Ta Sequence Manipulation Suite. BcraHOB/IEHHS CHOPiIZHEHOCTI HYKIEOTUIHUX MOCTiOBHOCTEN
reHa 16S pPHK pocnimkyBaHMX MITaMiB 3 aHAJIOTIYHMMY HYK/IEOTUIHMMM TTOCTiIOBHOCTAMM TUIIOBYX IITaMiB i3
GenBank, 3piiicHioBanu, BuKopucroByiounu nporpamy BLASTN. dinoreneryyni 3B’ 43Ky BCTaHOBMIIOBA/IN i rpadiy-
HO BiffoOpakanu 3a gonomorowo nporpamu MEGA. Pesynpraru. ®ioreHeTndHMit aHami3 MOCIiZIOBHOCTEN IreHa
16S pPHK mokasas, 1110 i3o/mpoBani urramu Agrobacterium spp. MaroTh HallBUIINIL BiICOTOK MOAIOHOCTI HYKIeOTH -
HMX HOCioBHOCTeIt (99.4—99.9%) 3 Agrobacterium tumefaciens LGM 196. HyxmeorypHi mocimigoBHocTi resa 16S
pPHK i3onpoBanux mramis Xanthomonas spp. ciopigseni (98.51—99.65%) 3 ileHTUYHOIO TTOCTiOBHICTIO MITaMa
Xanthomonas arboricola pv. juglandis NCPPB 411. Isonsatu Pseudomonas spp. pinoreHeTndHo cnopifHeHi (98.31—
99.51%) 3 Pseudomonas syringae pv. syringae UCM B-1027" Ta P. syringae pv. syringae ATCC 19310. BucnHoBkmu.
Bucokuii piBenb cnopigHeHocTi HocifjoBHOCTel reHa 16S pPHK i30/1b0BaHMX IITaMiB 3 TUIIOBUMMY IITaMaMU IIifi-
TBEPIPKYE IXHIO TAKCOHOMIYHY IIPMHAJIEKHICTD 1O IaHUX TaKCOHIB Ta IiKPeCTIOe BaXX/IUBICTh BiIOreHeTUYHOTO
aHa/Ii3y B TAKCOHOMII [TATOT€HHNUX /IS TOPIXy BOIOCHKOTO GakTepirt. IIopiBHsIBHMIT aHAII3 TTOC/IIJOBHOCTEN reHa
16S pPHK B noenHaHHi 3 peHOTUIIOBMMI O3HAKAMI IiATBEPAXKYE, 1110 6aKkTepil, BUAiNEH] 3 ropixa BOTOCHKOTO, Ha-
nexarsb o BupiiB Agrobacterium tumefaciens, Xanthomonas arboricola ta Pseudomonas syringae.

Kntouoegi cnosa: zer 16S pPHK, ¢inocenemuunuii ananis, 36yoHuxu 6axkmepianvHux x60po6 eopixa 60710cvko20, Pseu-
domonas syringae, Xanthomonas arboricola, Agrobacterium tumefaciens.
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