BIOCONTROL POTENTIAL OF BACTERIOPHAGE K®1

IN CONTROL OF PEPPER BACTERIAL SPOT
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INntro d U Ct| on Table 1. Host range of the bacteriophage Kd1
Bacterial spot, caused by Xanthomonas euvesicatoria (Figure 1), i1s widely spread disease of pepper in Serbia. Attempts to control SeCEE Sfpeeies SN O, (et $EEl O (el e SeleE Eﬁ’jge
this pathogen with a variety of strategies had limited success. Therefore, alternative approaches were studied in order to develop an KBILLG, KBI 117, KBI 118, KB
efficient and sustainable control strategy for this disease. Use of bacteriophages in plant protection has a great potential and could ot 123,KBI124,KBI125 KBI Capsicu annuum. 2015 - )
improve curent control measures. 120 Kol 10, Kol 191, Ko
132, KBI 133, KBl 134
5ot Xanthomonas euvesicatoria NCPPB 2968 USA, Capsicum frutescens, 1977 NCPPB +
Xanthomonas vesicatoria NCPPB 1423 T;gfary’ Lycopersicon esculentum, NCPPB
Xanthomonas gardneri NCPPB 4321 fg;k:;ia, Lycopersicon esculentum, NCPPB
Xanthomonas perforans NCPPB 881 USA, Lycopersicon esculentum, 1991 NCPPB
Acidovorax citrulli NCPPB 3679 USA, Citrullus lanatus, year unknown NCPPB
KBI 32 Serbia, Cydonia oblonga, 2013 KBI
. KBI 68 Serbia, Pyrus communis, 2014 KBI
Erwinia amylovora KFB 687 Serbia, Malus domestica, 2013 KBI
CFBP 1430 France, Pyrus communis, 2010 CFBP
g - : Serbia, Brassica oleracea var.
100nm Pectobacterium carotovorum KFB 68 capitata, 1999 KFB
: C. Ssp. carotovorum : :
Figure 1. X. euvesicatoria. Bacterial spot on pepper leaves (A) and pepper fruit (B). Figure 2. Transmission “FB 85 LSJe'.rtb ':’Qp'udm grag’ef"ens’ tl gb% "B
Natural infection. electron  micrographs  of Dickeya spp. KBI 05 ye”;reunk':fwﬁm’ olantm AhEToSUm. kg
h Ko1.
PAgES Ralstonia solanacearum NCPPB 4156 IQSSNederlands, Solanum tuberosum, NCPPB
Agrobacterium tumefaciens C58 USA, Prunus cerasus, 1958 S. Sile
M et h O d O I O g y Cl.a\lgi.bacter michiganensis ssp. CEBP 4999 Tsl;5n7gary, Lycopersicon esculentum, CEBP
_ _ ] _ o _ ] ] michiganensis,
A bacteriophage strain, designated as KP1 (Figure 2), member of the Myoviridae family, was isolated from rhizosphere Clavibactr michiganensis ssp. - ogp g inland. Solanum tuberosum. 1983 CFBP
. . . . . . . . . . sepedonicus
of the diseased pepper plants. An extensive In vitro characterization of the phage was followed by studying its efficacy In Pseudomonas syringae pv. o e catve. 2007 .
control of pepper bacterial spot in the greenhouse trials. S SR—
syringae GSPB 1142 Germany, Phaseolus sp., 1967 GSPB
Pseudomonas fruorescens B130 Jietal., 1996 AU
ReS u I tS + lysis of bacterial cells (plaque formation), - lack of bacterial cell lysis (no plague formation)
The phage showed lytic activity to all X. euvesicatoria strains tested and did not lyse other Xanthomonas neither less
related species (Table 1). The strain KO®1 is resistant to chloroform, stable in different media and buffers (Figure 3), sustain
pH 3 - 9 (Figure 4), and can be stored at 4°C at least two years without decreasing of titer. Copper compounds reduced the ) Resur:ts (]Zf I_the thr?e r_epeatfed greenhhouse eéperlmentls
phage vitality in vitro proportionally to the used bactericide concentration (Figure 5). UV light was detrimental to the phage, > ov_v_ed that foliar application of K®1 p age (10 PI_:_U_/m)
but skim milk plus sucrose formulation extended its survival in vitro (Figure 6). The phage K®1 has a double-stranded significantly reduced the symptom severity of artificially
P | | J " phag Inoculated pepper plants compared to the untreated control
46,077 bp DNA genome with GC content of 62.9% and 66 predicted open reading frames (ORFs). The average gene (Table 2).
length was predicted to be 632 nucleotides, and 90.6% of the genome consisted of coding regions. The genome of phage | | |
_ _ _ Table 2. The effect of phage KP1 treatment in pepper bacterial spot development in
did not encode any transport RNAs and does not carry toxin genes, virulence genes, or genes related to lysogeny, greenhouse conditions.
indicating itS SUitabiIity for a. phage therapy. Treatments App”cation timing Average SN MUMIZE
Experiment 1* Experiment 2 Experiment 3
Phage K®1 2 h before inoculation 237 b 302 bc 280 b
. 9 - Phage K®1 2 h before and 15 min after 157 cb 213 ¢ 182 b
. 8 - (A) Inoculation
E 3 —{— i E ;g%j_ - 2 Phage Ko1 15 min after inoculation 229 b 358 ab 294 b
- E i: —+—Nonformulated 1 —C— Copper-hydroxide* + 24 h before inoculation;
‘g o - it Eﬂ g: —+—Formulated Em —i 3; o phage K®1 2 h before inoculation o3¢ 4ld 66¢
E’n . Figure 4. _Stablhty of phage “] ) E 9 1 I?f,f':ﬁ;:m" Copper-hydroxide 24 h before inoculation 111 c 106 d 179 bc
K®1 at different pH values 0 10 20 30 4 50 6 £ —+—10 mM MgS04 Untreated control None 332 a 422 a 567 a
. _ during 24 h. Error bars Days - . + ‘{ ::;Itl:e?;hmh
123 45 ; ? 8 9 1011 12 indicate the standard error. 9 ; p e XConcentration of inoculum was 108 CFU/ml in experiments 1 and 2, and 10° CFU/ml in experiment 3.
P vame _ = ® R YAverage lesion number per plant 14 days after inoculation. Means followed by different letters within a
*é* . ——Nonformulated stk column are significantly different according to Duncan’s multiple range test, P = 0.05 level.
s ! Ul Figure 3. K&1 phage survival in different media during *Kocide 2000, DuPont — active ingredient 53.8% copper-hydroxide. Concentration 0.2%, as
g B three weeks. Error bars indicate the standard error. recommended by manufacturer was used in all experiments.
E Z —+—Copper hydroxide 0.2% Figure 5. The effect of Days
= j ~=-Copper hydrexide 2%  COPPET compounds on Figure 6. The effect of UV light on survival of KO1
ERY e e, PNAgE KO 1 survival phage. Nonformulated and formulated (0.75% skim
f: —e—Tap water (él::(l)r;gbartgriene dica\ll;/eeetlase. milk plus 0.5% sucrose) phages were stored during ]
0 standard error two months either in completely dark conditions (A) or CO n C I u S | O n
Days | were subjected to al6 h UV light/8 h dark photoperiod _ o _ o
(B). Error bars indicate the standard error. Our results showed that phage KP1 possesses high specificity and lytic activity to a range of X.
euvesicatoria strains. The host range, as well as its genomic and other characteristics, indicate that this
oo Figure 7. The genome of the bacteriophage KA1 (46,077 bp) phage could be an efficient biocontrol agent. Greenhouse trials showed that depending on application
\ | ORFs coding for proteins involved in DNA metabolism, frequency, phage treatments can be effectively used in control of pepper bacterial spot. Phage treatment
| transcription and translation are marked in red, ORFs coding _ _ _ _ _ _ _ _
H— A O COECH e @ e for proteins involved in phage particle assembly are marked In combination with copper—hydroxide resulted in enhanced disease control on pepper in the greenhouse.
DNA methylase family protein Phage capsid and scaffold  Phage terminase, large subunit [N purple and ORFs coding for enzymes are marked in green.
ORFs coding for hypothetical and conserved hypothetical
roseoxyribonuclense Rus farly oratan TSP e il et protein proteins are mgrked in yellow and QRFS of unknovyn fgnction
| | | | ol marked inwhite. Arrows Indicate the direction of This research was supported by the Ministry of Education, Science and Technological Development, Republic of Serbia, project 11146008,
DAL @ e < O —ammmmmy- 0D+ transcription and translation. The figure was generated using _ _ _ : ] ]
o | ‘ | the genome visualization program SnapGene ver. 2.3.4 and COST Action CA16107 EuroXanth: Integrating science on Xanthomonadaceae for integrated plant disease management in Europe
ytic enzym Baseplate J-like proteir_lm_aiI W N DNA primase (http://www_snapqene_com/)_
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