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Nine isolates of bacteriophages X. campestris pv. campestris were obtained from soil samples
collected in the fields under head cabbage crop with outbreak of black rot of brassicas. The isolates
had strong Wytic effect against 46.2—68.8% of 64 the tested X. campestris pv. campestris strains.
Microscopic characterization confirmed that all the bacteriophages were short-tailed phages with
the head diameter of 46.6+2.2 nm, with the tail length 134.7+8.3 nm, and were assigned to the
Jfamily Siphoviridae. Pre-treatment of black-rot pathogen infected seeds with the bacteriophages
resulted in significant decrease in the pathogen viable cell concentration in seed extracts, and
2.0—4.1 times reduction of disease rate of cabbage seedlings compared to the control.

Keywords: black rot of cabbage, Xanthomonas campestris pv. campestris, the bacteriophages.

Black rot (causing agent Xanthomonas campestris pv. campestris (Pammel, 1895;
Dowson, 1939) is a devastating disease of brassicas worldwide, and one of main factors
reducing cabbage production in the Russian Federation. The disease is present in all regions
of Russia where brassicas are cultivated, and can reduce the potential cabbage yield up to
100%, affect product quality, and cause significant loss of head cabbage during winter
storage [3, 10].

Biological and copper-based pesticides are the only recommended disease control
measures.

However, the emergence of strains resistant to antibiotics-based biologic pesticides
and copper ions [6, 8] encourage the search for other control measures, including
application of bacteriophages specific for X. campestris pv. campestris. The first report
about bacteriophages applied against plant diseases was dated 1926 [1]. Recent years were
characterized by the increasing interest to the use of bacteriophages for plant pathogens
control. There are many examples of successful use of bacteriophages to control bacterial
black spot (caused by X. vesicatoria complex) on tomato plants [2], and bacterial blight
(Erwinia amylovora) on apple trees [3]. However, we have not found any publications
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on practical application of bacteriophages against black rot of brassicas. The goal of our
work is to isolate bacteriophages of X. campestris pv. campestris, define their biological
properties and evaluate their potential efficiency in infected seed treatment.

Material and Methods

The laboratory and greenhouse experiments were conducted at the Laboratory of
Plant Protection, Russian Timiryazev State Agrarian University, Moscow. Experiments
were carried out in 2014-2015 with collection of strains of X. campestris pv. campestris,
other species of Xanthomonas, and the selected isolates of bacteriophages. Soil samples
for isolation of bacteriophages were collected in summer 2014 from several cabbage ficlds
where black rot epidemics were previously registered.

Isolation of bacteriophages, validation of specificity, stock concentration and point of
thermal inactivation measurement were conducted by conventional methods [1]. Identified
bacteriophage isolates were stored in SM buffer (NaCl 5.8 g, MgSO,x7H,0 2.0 g, IM Tris
HCI (pH — 7.4) 50 ml and 2% gelatin 5 ml per liter) at 4°C in darkness until future use.

Biological effectiveness of the bacteriophages in treatment of cabbage seeds F,
Kazatchok infected by black rot was evaluated in greenhouse experiments. Artificial infection
of cabbage seeds with X. campestris pv. campestris strains Tir2 and 276NZ was performed
in vacuum as previously described [7]. Then, the seeds were dried at room temperature
for 24 hours and treated with phages at a concentration of 107 plaque forming units/ml
(pfu/ml) with vacuum infiltrartion and then dried again. The control group consisted of
infected seeds without bacteriophages treatment. The pathogen was extracted from treated
seeds and control seeds on semi-selective medium using previously described method [9].
Counting of yellow mucous starch-clearing colonies characteristic of X. campestris pv.
campestris was performed two days after the incubation. Part of treated seeds and control
seeds was sown in 49-cell cassettes filled with peat substrate and moved to greenhouse with
day/night temperature 24/22°C and 16h light day. Black rot development was recorded in
30, 40 and 50 days after sowing.

Statistical analysis of the experimental data was done by MANOVA analysis with
comparison of average values by Duncan’s test.

Results and Discussion

Eleven bacteriophage isolates were obtained initially from a number of soil samples
(Table 1).

Two phage isolates — R2 and R4, lost vitality after 30 day-storage for unknown
reasons. The remaining 9 bacteriophage isolates were tested for specificity against a
collection of strains of X. campestris pv. campestris and other species of the genus of
Xanthomonas in double replication.

According to the obtained data, the isolates of bacteriophages differed in their
specificity to the pathogen strains (Table 2). None of the phages affected strains of X.
arboricola or X. campestris pv. raphani. Different isolates of bacteriophages were able to
infect from 46.2 to 68.8% of strains of X. campestris pv. campestris.

Moreover, some strains of X. campestris pv. campestris were resistant to any of the
obtained isolates of bacteriophages. This fact indicates that practical application of phages
for the black rot control can be done by application of a “cocktail” of phages that covers
nearly all pathogen genotypes, including this resistant group. For this purpose the selection
of bacteriophages that are lytic to the found resistant group of bacterial strains is required.

29



Bacteriophages isolates of X. campestris pv. campestris (Xcc)

Table 1

Bpahcatgreig- Ho:ft)%ct)r:in Source Origin of Sample
Rz | Ramt-1 | Soil e ISKiiA, Plant Protacton Lab.
R | Ramit | son [ Moseaw Moseon St Agraran Unpersty —
Tir2’ Tir2 Soill Moscow region, Lukhovitsy distr., “Soin” farm
Tir2x1 Tir2 Soill Moscow region, Lukhovitsy distr., “Soin” farm
Tir2X2 Tir2 Soill Moscow region, Lukhovitsy distr., “Soin” farm
Tir2DB1 Tir2 Soill Moscow region, Lukhovitsy distr., “Soin” farm
DB1’ DB1 Soill Moscow region, Lukhovitsy distr., “Soin” farm
T T Soil and piles | Research Institute of Agriculture, Tiraspol, Moldova
BT B1 Soil and piles | Research Institute of Agriculture, Tiraspol, Moldova
R3-1 Ram 3-1 | Soil and piles | Research Institute of Agriculture, Tiraspol, Moldova
T2 Tir2 Soil and piles | Research Institute of Agriculture, Tiraspol, Moldova
Table 2
Specificity of bacteriophage isolates tested
on the collection X. campestris pv. campestris strains (Xcc)
Bacteriophage isolates
Xece strain
Tir2 | Tir2-X1 | Tir2-X2 | Tir2-DB1 | DB1 T2 B1’ Tt R3-1
DK-1 + + + + + + + + +
DK-2 + + + + + + + + +
DK-3 + + + + + + + + +
DV-1 - - - - - - - - -
Dv-2 - - - - - - - - -
DV-3 - - - - - - - - -
Ram — 1-1 + + + + + + + + +
Ram — 1-2 + + + + + + + + +
Ram — 1-3 + + + + + + + + +
Ram — 2-1 + + + + + + + + +
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Ipooomicenue mabn. 2

Bacteriophage isolates
Xec strain
Tir2’ Tir2-X1 | Tir2-X2 | Tir 2-DB1 | DB1 T2 B1’' Tr1’ R3-1
Ram — 2-2 + + + + + + + + +
Ram — 2-3 + + + + + + + + +
Ram — 3-1 + + + + + + + + +
Ram — 3-2 + + + + + + + + +
Ram — 3-3 + + + + + + + + +
Ram — 4-1 + + + + + + + + +
Ram — 4-2 + + + + + + + + +
Ram — 4-3 + + + + + + + + +
B-1 + + + + + + + + +
B-2 + + + + + + + + +
B-3 + + + + + + + + +
Tir1 + + + + + + + + +
Tir2 + + + + + + + + +
Tir3 + + + + + + + + +
XY-1-1 - - - - - - - - -
XY 1-2 - - - - - - - - -
XY 2-1 - - - - - - - - -
XY 2-2 - - - - - - - - -
177NZ - - - - + + + + +
276 NZ + + + + + + + + +
306 NZ - - - - + + + + +
Eruca - - - - - - - - -
Xok-1 + + + + + - - - -
Tr1 - - - - - + + + +
Tr2 - - - - - + + + +
Tr3 - - - - - - - + +
Tr4 - - - - — — - + +
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Ipooomicenue mabn. 2

Bacteriophage isolates
Xec strain
Tir 2’ Tir 2-X1 | Tir2-X2 | Tir 2-DB1 | DB1 T2 B1’ T’ R3-1
Tr5 - - - - - - - - -
Tr6 - - - - - - - - -
m, - - - - - - - - -
A5 - - - - — — - + +
ex 528 — - — — — + + + +
Tlo-1 + + + + + + + + +
Tlo-2 + - + - - + + + +
Tlo-3 - - + - - + + + +
Tlo-4 + + + + + + + + +
Tlo-5 + - + - - + + + +
AF-2 - - - - - - - + +
11390 - - - - - + + + +
11392 - - - - - + + + +
042981 - - - - - - + + +
33437 + + + + + + + + +
11386 - - - - - - - - -
Bul-K - - - - - - - - -
Xn-13 + + + + + - - - +
Bun-2 - - - - - - - + +
Bel-2 - - - - - - - - -
Bel-3 - - - - - - - - -
Bel-8 - - - - - - - - -
Bel-9 - - - - - - - - -
Dasch-2 + + + + + + + + +
Xn18a +/— +/— +/— +/— +/— + + + +
SM 17 +/— +/— +/— +/— +/— — — — —
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Oxonyanue mab. 2

Xcc strain

Bacteriophage isolates

Tir2’

Tir 2-X1

Tir 2-X2

Tir 2-DB1

DB1

T2

B1’

Tr1’ R3-1

Th 266

Susceptible phage
reaction, %

50.0

46.2

51.6

46.2

50.0

57.8

50.4

67.2 68.8

11346

11348

10836

1392

3004

5001

Susceptible phage
reaction, %

Note: strains 11346, 11348, 10836 — X. arboricola, USA; strains 1392, 3004 —
strain 5001 — X. campestris pv. raphani, Russia.
“+” — susceptible reaction, “-” — resistant, “+/-” — partly susceptible.

X. arboricola, Russia,

Before the isolates of bacteriophages were applied in experiments on plant protec-
tion, we evaluated the efficient concentration of the virus. To this end it was necessary to
determine the original concentration of the stock suspensions of bacteriophages.

The obtained results show that the stock concentrations of different phages varied
from 1.2x10° to 1.3x10" pfu/ml. The temperature of inactivation for the isolates Tir2X1
and Tir2X2 was 74°C, Tir2” and DB1” — 75°C; and Tir2DB1 — 76°C (Table 3).

Table 3

Concentrations of stock suspension of bacteriophages and their temperature

of thermal inactivation

Bacteriophage Isolate Concentration in Stock, pfu/ml Termal Inactivation, °C
Tir2’ 5*1Q1° 75
Tir2X1 2*10" 74
Tir2X2 8*101° 74
Tir2DB1 1.3*10" 76
DB?1’ 1.2¥10° 75
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Electronic microscope study of the bacteriophages morphology showed that
they were tailed phages with a head diameter of 46.6+£2.2 and the length of the tail
134.7+8.3 nm. Based on these data, the phages belong to the Siphoviridae family of long
tailed phages [1].

Treatment of infected seeds of cabbage with bacteriophages resulted in a significant
decrease in the content of viable cells of the pathogen in the seed extracts. In cases of
bacteriophage seed treatment, infection of seedlings was significantly lower compared to
control plants during all three scoring times. On the opposite, the use of the seeds infected
with Tir2 strain resulted in significant disease progress on seedlings in 50 days after sow-
ing up to 86.9% of infected plants, while seed treatment with bacteriophage DB1” slowed
down the infection rate to 21.4%. The biological efficiency of treatment with bacteriophage
was about 75.4%. Similar data were obtained for seeds inoculation with strain 276NZ
(Table 4).

Table 4

Concentration of X. campestris pv. campestris in seed extracts and black rot disease rate
on cabbage seedlings F, Kazatchok after treatment of seeds by bacteriophages

Xce Number in Seed Disease Rate on See_dlings, %
Xcc Strain Phage Isolate Extract Days after Sowing
(*10*CFU/ml) 30 40 50
Tir2’ 34.0b 30.2¢ 30.2de 36.0bc
Tir2x1 42.5b 26.7bc 31.1e 44 4cd
Tir2X2 45.0b 16.6abc 23.3bcde 33.3abc
Tir2
Tir2DB1 55.5b 12.9ab 26.1cde 33.1abc
DB1’ 32.5ab 10.8ab 15.5abcd 21.4ab
control 650.0d 67.9e 81.1¢g 86.9e
Tir2’ 40.5b 6.50a 9.2ab 14.1a
Tir2x1 8.0a 9.8ab 9.8ab 23.0ab
Tir2X2 42.5b 9.8ab 9.8ab 14.6a
276Nz
Tir2DB1 43.5b 7.7a 12.2abc 14.4a
DB1’ 48.b 7.9a 7.9a 16.1a
control 106.5¢ 51.8d 51.8h 57.9d

X campestris pv. campestris has a wide range of host brassica plants and occur in
a range of climatic and soil conditions. It shows great phenotypic and genotypic diversity
between strains. Therefore, determining the host range of each bacteriophage isolate
should be done before deciding on the member isolates to be used in the phage cocktail.
Determining the host range of each phage allows to design a phage cocktail capable of
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lysing all known pathogenic strains involved in the disease. For instance, Bouzar et al.
[4] used 26 bacteriophages to type approximately 100 Xanthomonas euvesicatoria strains
isolated from various countrics in the Caribbean region including Central America, and
identified at least 26 different phage lysis patterns.

Thus, the 9 isolates of bacteriophages obtained from soil samples were specific to
multiple strains of black rot pathogen. The use of phages for treatment of contaminated
infected seeds resulted in significant decrease in the concentration of viable cells of the
pathogen and in reduced disease rate (2-4 times) comparing to the untreated control. It
will be possible to create an efficient cocktail of phages for plant protection after finding
additional isolates specific to the group of pathogen strains resistant to the already studied
9 isolates of phages. In this case, the use of bacteriophages together with the biological
pesticides based on raw antibiotic mixtures may prevent the rapid accumulation of
resistance to biopesticides among isolates of the pathogen.

The authors acknowledge Dr. P. A. Ivanov and Dr. LV, Petrunya (Lomonosov Moscow
State University) for technical assistance in electronic microscopic study of bacteriophages and
Dr. G. Monakhos (Breeding station by N.N. Timofeev, Moscow) for assistance in collecting soil
samples.
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BUOJIOTMYECKHE CBOMCTBA BAKTEPUO®AT OB BO3BYIUTEJLA
COCYIUCTOI'O BAKTEPHO3A KAITYCTHBIX
XANTHOMONAS CAMPESTRIS PV. CAMPESTRIS

BO TXM HI'OK XA!, ©.C. JLKAJIMJIOB!, A H. M'HATOB?*

(! PTAY-MCXA nvmenn KA. Tumupssesa,
2 Poccuiickuii VHUBCPCHTET APYKOBI HAPOIOB;
> Uccnenosarensckuii Lientp «@uroMmxeHepusn»)

H3 obpaszyos nouswl, norydennvix ¢ noiei, 20e HabmoOanoch CUIbHOE pasgumue cocyou-
cmozo bakmepuosa Kanycmul, gvioeneno 9 uzonamos baxmepuogazos X. campestris pv. campes-
tris. Hzonamelr 6axmepuoghazos oxaswigamy aumuyeckoe oeiicmeue Ha 46,2—-68,8% om 64 ucnwi-
MAaHHBIX Wmammos gumonamozena. OHu umeny Gopmy Xe0cmamvix pacog ¢ OUAMempoMm 20108KU
46,6x2,2, onunoti xeocma 134,7+8,3 um u 6vimu omuecenvl k cemeticmay Siphoviridae. Hcenonb-
306aHUe baxmepuopazos O NpeonocesHoll 0bPabomKL 3APAXiCEHHbIX CEMIH NPUSENO K 3HAYU-
MENbHOMY CHUIICEHUIO KOHYEHMPAYUY JICUSHECNOCOOHBIX KAEMOK NAMO2EHA 8 IKCHPAKme CeMsH
U K YMEHBULEHUIO 3APANCEHHOCHIU paccaobl cocyoucmuivm 6axkmepuoszom ¢ 2,0-4,1 paza no cpashe-
HUIO C KOHMPOTEM.

Kmoueswie cnosa: cocyoucmuiii 6axmepuos kanycmel, Xanthomonas campestris pv. campes-
tris, baxmepuogazu.
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