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Control of Bacterial
Plant Disease

Nasty side effects of copper treatments:

✓ accumulation into the topsoil

✓ negative impact on soil biology 

✓ negative impact on transformation/dynamic of 
nutrients

✓ secondary pollution in watercourses

✓ serious negative ecotoxicological effects

…last but not least

✓ increase of copper- and antibiotic-resistant 
bacteria



Restriction of Copper Use

• Council Directive 91/414/EEC of 15 July 1991 concerning the placing of plant protection products on the market. 

• Commission Directive 2009/37/EC of 23 April 2009 amending Council Directive 91/414/EEC to include chlormequat, 
copper compounds, propaquizafop, quizalofop-P, teflubenzuron and zeta-cypermethrin as active substances. 

• Regulation (EC) No 1107/2009 of the European Parliament and of the Council of 21 October 2009 concerning the 
placing of plant protection products on the market and repealing Council Directives 79/117/EEC and 91/414/EEC.

• Commission Implementing Regulation (EU) No 540/2011 of 25 May 2011 implementing Regulation (EC) No 1107/2009 
of the European Parliament and of the Council as regards the list of approved active substances. 

• Commission Implementing Regulation (EU) No 541/2011 of 1 June 2011 amending Implementing Regulation (EU) No 
540/2011 implementing Regulation (EC) No 1107/2009 of the European Parliament and of the Council as regards the 
list of approved active substances. 

• Commission Implementing Regulation (EU) 2015/232 of 13 February 2015 amending and correcting Implementing 
Regulation (EU) No 540/2011 as regards the conditions of approval of the active substance copper compounds. 







Aim



Gram-negative bacteria

Pseudomonas savastanoi pv. nerii Psn23

Gram-positive bacteria

✓ MATE pumps

✓ IAA Homeostasis

Curtobacterium flaccumfaciens pv. flaccumfaciens (Cff)

Genomic

Epidemiological

Physiological

Genomic ✓ Population Analysis

✓ Genomic Studies

Approach Studies

StudiesApproach



(Buttner and He, 2009, Plant Physiology)

(Beitelshees et al., 2018, Materials)

Quorum Sensing

Pseudomonas savastanoi pv. nerii Psn23

Type Three Secretion System (TTSS)





Indol-3-acetic acid

Detecting alternative target 







iaaL matE iaaM iaaHIS4

Multidrug and Toxic 
Compounds Extrusion 
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Mutants

Salkowski’s assay



Predicted structure of Psn23 MatE



Molecular Docking Mutants



Pathogenicity Trials Bacterial Growth in planta
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Conclusion

✓ Psn23 MatE mediates IAA efflux and homeostasis

Alternative Target for Bacterial Plant Disease Control



Gram-negative bacteria

Pseudomonas savastanoi pv. nerii Psn23

Gram-positive bacteria

✓ MATE pumps

✓ IAA Homeostasis

Curtobacterium flaccumfaciens pv. flaccumfaciens (Cff)

Genomic
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Population Analysis Genomic Studies

Curtobacterium flaccumfaciens pv. flaccumfaciens (Cff)



Isolated from dry beans

Isolated from solanaceous

Population Analysis of Curtobacterium flaccumfaciens

Virulent on dry beans

Virulent on dry beans

No virulent on dry beans

✓ Curtobacterium flaccumfaciens 
pathovars

✓ Clavibacter michiganensis 
subsp. michiganensis 



Phylogenetic Analysis



Genetic Diversity

No genetic diversity
between strains

isolated from dry 
beans and 

solanaceous plants



Screening for Arsenite Resistance



DX: the three showed overlapping             

kinetic curves

EX(D): the three strains showed   

different kinetic curves

SENSITIVEA MODERATELY TOLERANTB RESISTANTC

Al Aluminum sulfate  x
D

Cd Cadmium chloride  x

Co Cobalt chloride  x

Potassium chromate  x

Sodium dichromate  x

Chromium chloride  x

Cs Cesium chloride  x

Cu Cupric chloride  x

Fe Ferric chloride  x

Li Lithium chloride  x

Mn Manganese(II) chloride  x

Ni Nickel chloride  x

Tl Thallium(I) acetate  x

Sodium metavanadate  x

Sodium orthovanadate  x

W Sodium Tungstate  x

Zn Zinc chloride  x

Sodium m-arsenite  x (D)E

Sodium arsenate  x (D)

Boric acid  x

Sodium metaborate  x

Sb Antimony(III) chloride  x (D)

Si Sodium metasilicate  x

Te Potassium tellurite  x (D)

TOLERANCE LEVEL

CHEMICAL ELEMENT CHEMICAL COMPOUND

Cr

V

As

B

METALS

METALLOIDS

Genomic and Phenotypic Metal Resistance Profile



Potassium Tellurite 
Tollerance

Screening for metal and metalloid resistance

Isolated from Solanaceae

Isolated from Fabaceae
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arsRCff P990 arsB arsCSulfate

Reductase

Comparative Gene analysis



Comparative Genome Analysis of Curtobacterium flaccumfaciens
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Comparative genome analysis 



Comparative genome analysis 

P990 ICPM 2584 Tom827



© Wozniak et al., 2010, Nature 



Comparative genome analysis 

P990 ICPM 2584 Tom827

Conjugative Relaxase, Pilus
assembly protein, VirB4…



Plasmid Isolation

Cff



Conclusion

✓ Advance in epidemiology

✓ ArsRBC operon in P990

✓ Detect virulence determinant
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