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            Key Points

                	
                  Geminiviruses constitute a large family of plant-infecting DNA viruses. They cause severe disease and significant losses in diverse crops worldwide and contribute to food insecurity in developing countries.

                
	
                  Because of their small genomes and limited coding capacities, geminiviruses rely heavily on host machineries for infection. They interact with a wide range of plant proteins and processes to support viral DNA replication, gene expression and trafficking, and to counteract host defences. Many of these interactions affect plant developmental pathways, resulting in symptoms that include stunting, leaf deformation and suppression of fruit production.

                
	
                  Geminviruses reprogramme plant cell cycle controls to induce the synthesis of host DNA replication enzymes, which are recruited to viral DNA by interactions with viral proteins.

                
	
                  Geminiviruses interact with multiple plant protein kinases and hormone pathways to modulate host signalling networks.

                
	
                  Some geminivirus proteins can interact with or modify components of the host ubiquitylation and sumoylation machinery, resulting in global or targeted changes in host protein modifications.

                
	
                  Plants use a combination of transcriptional gene silencing and post-transcriptional gene silencing as defences against geminivirus infection. Geminiviruses encode viral suppressors of RNA silencing that interfere with both of these pathways.

                


              

Abstract
The family Geminiviridae is one of the largest and most important families of plant viruses. The small, single-stranded DNA genomes of geminiviruses encode 5â€“7 proteins that redirect host machineries and processes to establish a productive infection. These interactions reprogramme plant cell cycle and transcriptional controls, inhibit cell death pathways, interfere with cell signalling and protein turnover, and suppress defence pathways. This Review describes our current knowledge of how geminiviruses interact with their plant hosts and the functional consequences of these interactions.
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                    Figure 1: The begomovirus life cycle.[image: ]


Figure 2: Reprogramming plant cell cycle and methyl cycle controls.[image: ]


Figure 3: Modulation of ubiquitylation and ubiquitylation-like pathways.[image: ]


Figure 4: Silencing pathways targeting geminiviruses.[image: ]
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Glossary
	Disease complexes
	
                  A mixture of viral species, isolates and DNA satellites that together cause a disease. The genomic sequences of viral species differ by â‰¥89%, whereas isolates show â‰¤89% sequence variation.

                
	Vector
	
                  An insect that acquires virions during feeding on an infected plant and subsequently transmits the virions to a healthy plant during feeding.

                
	Satellite DNAs
	
                  A DNA or RNA episome that affects disease aetiology and depends on a virus for its replication and/or transmission.

                
	Phloem
	
                  The plant tissue responsible for the transport of nutrients.

                
	Rolling-circle replication
	
                  A DNA replication mechanism that starts with nicking of one strand of a double-stranded DNA template and that can produce multiple single-stranded DNA copies.

                
	Recombination-dependent replication
	
                  A DNA replication mechanism that depends on the recombination of homologous DNA sequences and leads to the production of single-stranded and double-stranded DNA copies.

                
	Enations
	
                  Leaf-like structures that form on leaves during some viral infections.
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