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INTRODUCTION

➣ Bacteriophages: natural predators of bacteria

➣ Are the most abundant biological entity in the biosphere with an estimated number of 1031

➣ 107 phages/mL in aquatic environment and 109 phages in sediments

➣ Up to ~ 1010 per gram of soil

➣ Human gut: 1015 particles, >100 species

➣ At least 10 times more phages than bacteria

➣ Highly variable

➣ Biological cycle: lytic vs. lysogenic

PHAGES

Lysogenic cycle Lytic cycle

Domingo-Calap et al. HLA 2016 
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INTRODUCTION

Phagoburn: E. coli and P. aeruginosa

Examples of phage therapy in EU

Listex: Listeria sp. 

E.coli P. aeruginosa Listeria sp.
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Examples of bacteriophage biocontrol experimentsINTRODUCTION

Buttimer et al., 2017. doi: 10.3389/fmicb.2017.00034 
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OBJECTIVE

To isolate specific phages
against X. fastidiosa

WP 6-TASK6.2 (IVIA)
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➤ Specific culture medium

➤ Slow growth

Double layer assays

MATERIAL & METHODS
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X. arboricola pv. juglandis (IVIA 1317-1a) 

X. axonopodis pv. phaseoli (CECT 914) 
Xanthomonas spp

➤ Specific culture medium

➤ Slow growth

Double layer assays

Surrogate host

X. arboricola pv. juglandis X. axonopodis pv. phaseoliSource: IVIA Source: EPPO

XAJ

XAP

MATERIAL & METHODS
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Vegetal samples infected by Xanthomonas spp.

Plant samples
infected by Xylella fastidiosa fromBalearic

islands and Alicante outbreaks

Soil samples from Balearic islands and Alicante 
outbreaks

River water fromBalearic islands and Alicante 
outbreaks

SAMPLES Alicante Outbreak (Spain)

MATERIAL & METHODS
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Dr. Pilar Domingo-Calap

Enviromental and biomedical viruses (EnBiVirLab) 
I2SYSBIO (UV-CSIC)

DA

Wastewater samples from Valencia

⍺49: Pinedo: entrada 22-09-2020
⍺50: Pinedo: muestra puntual 24-09-2020
⍺51: Quart-Benáger: entrada 22-09-2020

⍺52: Quart-Benáger: muestra puntual 23-09-2020

WASTEWATER SAMPLES

Vegetal samples infected by Xanthomonas spp.

Plant samples
infected by Xylella fastidiosa fromBalearic

islands and Alicante outbreaks

Soil samples from Balearic islands and Alicante 
outbreaks

River water fromBalearic islands and Alicante 
outbreaks

SAMPLES

MATERIAL & METHODS
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RESULTS

Bacteriophages present in wastewater samplesXAJ XAP
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PHAGE SAMPLE PLAQUE DATE

P1 ⍺49 C1 25/09/2020

P2 ⍺49 C2 25/09/2020

P3 ⍺49 C3 25/09/2020

P4 ⍺49 C4 25/09/2020

P5 ⍺50 C1 25/09/2020

P6 ⍺50 C2 25/09/2020

P7 ⍺50 C3 25/09/2020

P8 ⍺51 C1 25/09/2020

P9 ⍺51 C2 25/09/2020

P10-1 ⍺51 C3* 25/09/2020

P10-2 ⍺51 C3* 25/09/2020

P11 ⍺52 C1 25/09/2020

P12 ⍺52 C2 25/09/2020

P13 ⍺52 C3 25/09/2020

PHAGE SAMPLE PLAQUE DATE

P14 ⍺49 C1 25/09/2020

P15 ⍺49 C2 25/09/2020

P16 ⍺50 C1 25/09/2020

P17 ⍺50 C2 25/09/2020

P18 ⍺51 C1 25/09/2020

P19 ⍺51 C2 25/09/2020

P20 ⍺52 C1 25/09/2020

P21 ⍺52 C2 25/09/2020

X. arboricola pv. juglandis (IVIA 1317-1a) 

X. axonopodis pv. phaseoli (CECT 914) 

⍺49: Pinedo 1 entrada 22-09-2020
⍺50: Pinedo 1 muestra puntual 24-09-2020
⍺51: Quart-Benáger entrada 22-09-2020

⍺52: Quart-Benáger muestra puntual 23-09-2020

WASTEWATER SAMPLES

RESULTS XAJ

XAP

Bacteriophages isolation
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PHAGES ISOLATED IN
X. arboricola pv. juglandis

(IVIA 1317-1a) 

P1 P2 P3

P6 P7 P8P4 P5

P11 P12 P13P9 P10.1 P10.2

RESULTS
XAJ
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P14 P15 P16

P19 P20 P21P17 P18

X.7

RESULTS

PHAGES ISOLATED IN
X. axonopodis pv. phaseoli

(CECT 914)  

XAP
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500µl Bacterial OD600 0,2
500µl Bacterial OD600 0,2

+
10µl bacteriophage 2
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10µl bacteriophage

CONTROLS

RESULTS

Bacteriophage amplification
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500µl Bacterial OD600 0,2
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RESULTS
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X. arboricola pv. juglandis
(IVIA 1317-1a) 

24  h  >48 h 

X. axonopodis pv. phaseoli
(CECT 914) 

1010 108 106

24h 24h 24h

Amplified bacteriophages: 
Spot test

RESULTS

XAJ

XAP
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RESULTS
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p
. SPECIES STRAIN

Xanthomonas arboricola pv. pruni IVIA 2626.1

Xanthomonas arboricola pv. pruni IVIA 2647.1.2

Xanthomonas arboricola pv. pruni IVIA 2649.1

Xanthomonas arboricola pv. pruni IVIA 2667

Xanthomonas arborícola pv.pruni IVIA 2758.1

Xanthomonas arborícola pv.pruni IVIA 2795

Xanthomonas arboricola pv. pruni IVIA2826-1

Xanthomonas arboricola pv. pruni IVIA2826-2

Xanthomonas arboricola pv. pruni IVIA2826-7
Xanthomonas arboricola pv. pruni IVIA2826-8
Xanthomonas arboricola pv. pruni IVIA2826-9
Xanthomonas arboricola pv. pruni IVIA2826-10
Xanthomonas arboricola pv. pruni IVIA2832-4b
Xanthomonas arborícola pv. pruni IVIA2832-30a
Xanthomonas arboricola pv. pruni IVIA3767-3

Xanthomonas arboricola pv. pruni IVIA 4113

Xanthomonas arboricola pv. pruni IVIA 4165.15

Xanthomonas arboricola pv. pruni DAR 33337

Xanthomonas arborícola pv. pruni DAR 33420

Xanthomonas arboricola pv. pruni DAR 56679

Xanthomonas arboricola pv. pruni DAR 56680

Xanthomonas arboricola pv. pruni DAR 61729

Xanthomonas arboricola pv. pruni DAR 69849

SPECIES STRAIN

Xanthomonas arboricola pv. juglandis CFBP 2528

Xanthomonas arboricola pv. juglandis IVIA 2499.1

Xanthomonas arboricola pv. juglandis IVIA 3114.1

Xanthomonas arboricola pv. juglandis IVIA 3493

Xanthomonas arboricola pv. juglandis IVIA 3494

Xanthomonas arborícola pv. juglandis IVIA 4254.1

Xanthomonas citri subsp. citri XCC176

Xanthomonas alfafae pv. citrumelo IRAN 11

Xanthomonas axonopodis pv. fuscans IVIA 1518 DA

Xanthomonas hortorum carotae IVIA 9489-1

Xanthomonas hortorum carotae IVIA 9489-2

Xanthomonas arboricola pv. populi CFBP 3123

Xanthomonas euvesicatoria IVIA 4928

Xanthomonas campestris pv. campestris IVIA 2734-1

Xanthomonas oryzae XOO93

Xanthomonas arboricola pv. corylina CFBP 1846

Xanthomonas vesicatoria CECT 792

Xanthomonas arboricola pv. prunicola IVIA 3287-1

Xanthomonas arboricola pv. prunicola IVIA 3287-2

Xanthomonas arboricola pv. frgariae CFBP 6771

Xanthomonas axonopodis pv. phaseoli NCPPB 381

Xanthomonas axonopodis pv. phaseoli NCPPB 3035

Xanthomonas axonopodis pv. phaseoli NCPPB 3660

Strains susceptible to viral 
infection

Host range
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SPECIES STRAIN

Agrobacterium tumefaciens C-58

Agrobacterium rhizogenes 2649b

Agrobacterium vitis IVIA 339-26

Dickeya chrysanthemi IVIA 2048

Pseudomonas syringae pv. syringae IVIA 773.1

Pseudomonas syringae pv. syringae I015

Pseudomonas syringae pv. syringae IVIA 4419.5

Pseudomonas savastanoi pv. savastanoi IVIA 1628-3

Clavibacter michiganensis subsp. michiganensis IVIA 2686-1

RESULTS
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SPECIES STRAIN

Xanthomonas arboricola pv. pruni IVIA 2626.1

Xanthomonas arboricola pv. pruni IVIA 2647.1.2

Xanthomonas arboricola pv. pruni IVIA 2649.1

Xanthomonas arboricola pv. pruni IVIA 2667

Xanthomonas arborícola pv.pruni IVIA 2758.1

Xanthomonas arborícola pv.pruni IVIA 2795

Xanthomonas arboricola pv. pruni IVIA2826-1

Xanthomonas arboricola pv. pruni IVIA2826-2

Xanthomonas arboricola pv. pruni IVIA2826-7
Xanthomonas arboricola pv. pruni IVIA2826-8
Xanthomonas arboricola pv. pruni IVIA2826-9
Xanthomonas arboricola pv. pruni IVIA2826-10
Xanthomonas arboricola pv. pruni IVIA2832-4b
Xanthomonas arborícola pv. pruni IVIA2832-30a
Xanthomonas arboricola pv. pruni IVIA3767-3

Xanthomonas arboricola pv. pruni IVIA 4113

Xanthomonas arboricola pv. pruni IVIA 4165.15

Xanthomonas arboricola pv. pruni DAR 33337

Xanthomonas arborícola pv. pruni DAR 33420

Xanthomonas arboricola pv. pruni DAR 56679

Xanthomonas arboricola pv. pruni DAR 56680

Xanthomonas arboricola pv. pruni DAR 61729

Xanthomonas arboricola pv. pruni DAR 69849

SPECIES STRAIN

Xanthomonas arboricola pv. juglandis CFBP 2528

Xanthomonas arboricola pv. juglandis IVIA 2499.1

Xanthomonas arboricola pv. juglandis IVIA 3114.1

Xanthomonas arboricola pv. juglandis IVIA 3493

Xanthomonas arboricola pv. juglandis IVIA 3494

Xanthomonas arborícola pv. juglandis IVIA 4254.1

Xanthomonas citri subsp. citri XCC176

Xanthomonas alfafae pv. citrumelo IRAN 11

Xanthomonas axonopodis pv. fuscans IVIA 1518 DA

Xanthomonas hortorum carotae IVIA 9489-1

Xanthomonas hortorum carotae IVIA 9489-2

Xanthomonas arboricola pv. populi CFBP 3123

Xanthomonas euvesicatoria IVIA 4928

Xanthomonas campestris pv. campestris IVIA 2734-1

Xanthomonas oryzae XOO93

Xanthomonas arboricola pv. corylina CFBP 1846

Xanthomonas vesicatoria CECT 792

Xanthomonas arboricola pv. prunicola IVIA 3287-1

Xanthomonas arboricola pv. prunicola IVIA 3287-2

Xanthomonas arboricola pv. frgariae CFBP 6771

Xanthomonas axonopodis pv. phaseoli NCPPB 381

Xanthomonas axonopodis pv. phaseoli NCPPB 3035

Xanthomonas axonopodis pv. phaseoli NCPPB 3660

SPECIES STRAIN

Clavivacter michiganensis subsp. sepedoricus NCPPB 2140

Pseudomonas syringe actinidiae IVIA 3918.6

Erwinia amylovora IVIA 1892

Erwinia amylovora CFBP1430

Lonsdalea quercina IVIA 1618a

Pseudomonas syringe tomato IVIA 1001.1a

Pectobacterium carotovorum IVIA 3905.46

Xylophilus ampelinus NCPPB 2217

Strains susceptible to viral 
infection

Host range
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1 2 3 4 5 6 7 8 9 10-1 10-2 11 12 13 14 15 16 17 18 19 20 21

A

B

C

D

E

F

G

H

I

J

Bacteriophages

X
a
n

th
o

m
o

n
a
s

is
o

la
te

s

Isolate Specie

I C FBP 6771 X. arboricolapv. fragariae

J IVIA9489-1 X. hortorum carotae

Isolate Specie

E XCC 176 X. citri subsp. citri

F IVIA 4928 X. euves icatoria

G IVIA 2734-1 X. campestris pv. campestris

H XOO93 X. oryzae

Host range

RESULTS

Isolate Specie

A IVIA 1317-1a X. arboricola pv. juglandis

B C ECT 914 X. axonopodis pv. phaseoli

C IVIA 4165.15 X. arboricola pv. pruni

D IRAN 11 X. alfafae pv. citrumelo

XAJ       

XAP    
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RESULTS

Specie subespecie Strain ST Host Origin Year
Xylella fastidiosa multiplex IVIA 5901 ST 6 Almond Alicante (Spain) 2017

fastidiosa IVIA 5770 ST 1 Grapevine Mallorca (Spain) 2017

Host range

AM 18 + VA 5770 +
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RESULTS X. fastidiosa subsp. multiplex IVIA 5901

P1 P4P3P2

P5 P8P7P6

P9 P11P10-2P10-1

XAJ       

Host range
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RESULTS

P12 P15P14P13

P16 P19P18P17

P20 P21

XAJ       

XAP    

Host range
O
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0
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O
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0

X. fastidiosa subsp. multiplex IVIA 5901
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RESULTS X. fastidiosa subsp. fastidiosa IVIA 5770

P1 P4P3P2

P5 P8P7P6

P9 P11P10-2P10-1

XAJ       

Host range
O
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0
0

O
D

 6
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0
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0
0
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RESULTS

P12 P15P14P13

P16 P19P18P17

P20 P21

XAJ       

XAP    

Host range
O

D
 6

0
0

O
D

 6
0

0
O

D
 6

0
0

X. fastidiosa subsp. fastidiosa IVIA 5770
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RESULTS

Specie subespecie Strain ST Host Origin Year
Xylella fastidiosa fastidiosa Temecula 1 ST 1 Grapevine California (USA) 1998

fastidiosa IVIA 5235 ST 1 Cherry Mallorca (Spain) 2016
fastidiosa IVIA 5388 ST 1 Almond Mallorca (Spain) 2017
fastidiosa IVIA 5770 ST 1 Grapevine Mallorca (Spain) 2017
fastidiosa IVIA 5772 ST 1 Grapevine Mallorca (Spain) 2017
fastidiosa IVIA 6015 ST 1 Rhamnus alaternus Mallorca (Spain) 2017

Host range
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RESULTS

Specie subespecie Strain ST Host Origin Year
Xylella fastidiosa fastidiosa Temecula 1 ST 1 Grapevine California (USA) 1998

fastidiosa IVIA 5235 ST 1 Cherry Mallorca (Spain) 2016
fastidiosa IVIA 5388 ST 1 Almond Mallorca (Spain) 2017
fastidiosa IVIA 5770 ST 1 Grapevine Mallorca (Spain) 2017
fastidiosa IVIA 5772 ST 1 Grapevine Mallorca (Spain) 2017
fastidiosa IVIA 6015 ST 1 Rhamnus alaternus Mallorca (Spain) 2017

Host range

Strains susceptible to viral infection

Temecula1
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RESULTS ACTIVITY AGAINST Xylella fastidiosa
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RESULTS

Phage P13

PHAGE ACTIVITY AGAINST Xylella fastidiosa
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RESULTS
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RESULTS

PHAGE

P1 P8

P2 P9

P3 P10-1

P4 P10-2

P5 P11

P6 P12

P7 P13

PHAGE

P14

P15

P16

P17

P18

P19

P20

P21

X. arboricola pv. juglandis (IVIA 1317-1a) X. axonopodis pv. phaseoli (CECT 914) 

XAJ XAP

Phage purification, sequencing and genomic characterization
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RESULTS
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RESULTS
Phage sequencing and genomic characterization

P15

P18

P19

P21
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RESULTS

The evolutionary distances were computed using thep-distance method and are in the units of the number of amino acid differences per site.

Based on DNA polymerase Based on CP

Phage sequencing and genomic characterization

P15

P18

P19

P21

Family: Tectiviridae
Genus: Alphatectivirus

* *

*
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RESULTS

Electron transmission microscopy

Family: Tectiviridae
Genus: Alphatectivirus

Genomic characterization
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RESULTS

Electron transmission microscopy

Genomic characterization

Family: Tectiviridae
Genus: Alphatectivirus
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PHAGE 
PURIFICATION

SUMMARY

PHAGE 
AMPLIFICATION

VIRAL 
TITER

LIQUID 
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SPOT 
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SEQUENCING

ELECTRON 
MICROSCOPY

GENOME 
ASSEMBLY

GENOME 
ANOTATION

GENOMIC 
CHARACTERIZATION

Xanthomonasspp.

other phytopathogenic
bacteria

Xylella fastidiosa

RE-ISOLATE PLAQUES TO 
SELECT HOMOGENOUS VIRAL 

POPULATIONS

DIRECT PLATING 
ON THE 

SURROGATE HOST

SOURCE OF 
PHAGES: 

WASTEWATER 

XAJ XAP

WORKING ON
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