
Summary.....................................................................................................................1 

Resumen .....................................................................................................................3 

Resum .........................................................................................................................6 

Abbreviations ..............................................................................................................9 

General introduction....................................................................................................13 

1. Plant viruses: history and characteristics ............................................................15 

1.1. A general vision of alpha-, beta-, and gammacarmoviruses ......................17 

1.1.1. Genomic organization, gene expression, and replication of alpha-, beta-, and 

gammacarmoviruses ...........................................................................17 

2. A brief description of protein multifunctionality ...................................................19 

2.1. The coat protein of melon necrotic spot virus ...........................................22 

2.2. Interaction with host factors .......................................................................23 

2.2.1. Methods for studying protein-protein interaction (PPI) ......................25 

2.3. Plant response to pathogens: a brief description of plant immunity ..........28 

2.3.1. Effector-triggered immunity: resistance proteins (R) against viruses .29 

2.3.2. RNA silencing pathway and viral coevolution ......................................29 

2.3.3. Defense mediated by plant hormones.................................................30 

2.3.4. Epigenetic regulation in plant defense: m6A RNA methylation............32 

3. The role of plant organelles in viral infection .......................................................33 

3.1. The retrograde signalling in plant cells .......................................................35 

4. Protein import pathway to chloroplasts and mitochondria ..................................37 

4.1. The translocon complexes of chloroplasts .................................................40 

4.1.1. Translocon of the outer chloroplast membrane: TOC .........................40 



4.1.2. Translocon of the inner chloroplast membrane: TIC ...........................43 

4.2. Translocon complexes of mitochondria .....................................................44 

4.2.1. Translocon of the outer mitochondrial membrane: TOM ....................44 

4.2.2. Translocon of the inner mitochondrial membrane: TIM ......................46 

Justification and objectives .........................................................................................49 

Chapter I. The mitochondrial and chloroplast dual targeting of a multifunctional plant viral protein 

modulates chloroplast-to-nucleus communication, RNA silencing suppressor activity, 

encapsidation, pathogenesis and tissue tropism ........................................................53 

o Abstract ...........................................................................................................57 

o Key words .......................................................................................................57 

o Introduction .....................................................................................................61 

o Results ............................................................................................................64 

o Discussion .......................................................................................................83 

o Experimental procedures ................................................................................89 

o Supplementary material ..................................................................................94 

Chapter II. Molecular characterization, targeting and expression analysis of chloroplast and 

mitochondrion protein import components in Nicotiana benthamiana .......................103 

o Abstract ...........................................................................................................107 

o Key words .......................................................................................................107 

o Introduction .....................................................................................................109 

o Results ............................................................................................................113 

o Discussion .......................................................................................................132 

o Experimental procedures ................................................................................138 

o Supplementary material ..................................................................................142 

Chapter III. A viral protein targets mitochondria and chloroplasts by hijacking general import 

pathways and specific receptors .................................................................................159 



o Abstract ...........................................................................................................163 

o Key words .......................................................................................................163 

o Introduction .....................................................................................................165 

o Results ............................................................................................................168 

o Discussion .......................................................................................................183 

o Experimental procedures ................................................................................189 

o Supplementary material ..................................................................................192 

Chapter IV. The interactome of a plant viral protein revealed by proximity labeling shows MAPK 

cascade and splicing components as proviral factors ................................................199 

o Abstract ...........................................................................................................203 

o Key words .......................................................................................................203 

o Introduction .....................................................................................................205 

o Results ............................................................................................................208 

o Discussion .......................................................................................................221 

o Experimental procedures ................................................................................227 

o Supplementary material ..................................................................................232 

General discussion ......................................................................................................235 

Conclusions.................................................................................................................247 

References ..................................................................................................................251 

Annex I ........................................................................................................................273 

 


