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Multipartite viruses have a segmented genome encapsidated in

different viral particles that, in principle, propagate

independently. Current empirical knowledge on the molecular,

ecological and evolutionary features underlying the very

existence of multipartitism is fragmented and puzzling.

Although it is generally assumed that multipartitism is viable

only when propagation occurs at high multiplicity of infection,

evidence indicates that severe population bottlenecks are

common. Mathematical models aimed at describing the

dynamics of multipartite viruses typically assign an advantage

to the multipartite form to compensate for the cost of high

multiplicity of infection. Since progress in the theoretical

understanding of the evolutionary ecology of multipartitism is

strongly conditioned by empirical advances, both aspects are

jointly revised in this contribution.
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Introduction
Among multicomponent viruses, multipartite viral spe-

cies stand as the most puzzling ones. The need for

complementation demands a high multiplicity of infec-

tion (MOI) that does not seem to be always guaranteed

under propagation in the wild. Also, the advantages of

multipartite viral species with respect to potentially com-

peting monopartite forms are unclear. Still, current evi-

dence supports that multipartitism has emerged indepen-

dently a number of times along evolution, representing

over 16% of viral species described to date [1��]. As an

adaptive strategy, it undeniably yields highly successful

viruses which, however, seem to be strongly biased

towards infecting plants, followed by fungi [2].

The very existence of multipartite viruses poses many

more questions than answers. Which are the specific

advantages conferred by multipartitism? Are those advan-

tages enjoyed by all such species? Which are the qualita-

tive and quantitative differences between multipartite

viruses and segmented viruses? How is the loss of infor-

mation due to population bottlenecks overcome? Which

are the features of the ecological niche occupied by this

strategy? All these questions, though important not only

to understand multipartitism, but to the adaptive and

evolutionary processes overall, have received limited

attention in the literature. However, the interest of the

community has been stirred thanks to new empirical

results and fresh conceptual viewpoints. First, the host

range of multipartite species has been extended signifi-

cantly [3], suggesting that transmissibility costs need to

be reconsidered; secondly, the unbalanced presence of

the different segments in the host, which can be seen in

some early experiments [4,5], has been carefully quanti-

fied, leading to challenging hypotheses regarding its

adaptive meaning [6�,7,8]. Finally, new models which

address the evolutionary strategy deployed by multipar-

tite viral species in an ecological context hint at possible

advantages of opportunistic behaviour [9].

Empirical observations
As of today, quantitative data on multipartite viruses and

their adaptive advantages is meagre, and to a large extent

regard the molecular properties of those viruses [10,11].

Main empirical findings are summarized in this section

and in Table 1. We do not intend to be exhaustive, rather

focusing on the observations that improve our under-

standing of the evolutionary and adaptive mechanisms

behind multipartitism.

Multipartite viruses were indirectly detected through

experiments showing a relationship between viral dose

and number of local lesions steeper than predicted by the

independent-action hypothesis model [12], which

assumes that different viral particles do not interact

during the infection process. A nice summary of this

initial discovery and the additional research it triggered

can be found in [13]. Only three families (seven genera) of

multipartite viruses, all having ssRNA genomes of posi-

tive polarity, were known in the early 1980s. The first

multipartite virus with DNA genome described was a

begomovirus [14], and few years later a bipartite ophio-

virus with an ssRNA genome of negative polarity was the

first example with a filamentous nucleocapsid [15].
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A major leap in the quantitative characterization of multi-

partitism arrived with a cell culture experiment with an

unsegmented animal virus [16]. After a long number of

serial passages at high MOI, two defective and comple-

mentary viral genomes spontaneously emerged. Compe-

tition experiments between the evolved bipartite form

and the wild, parental type, demonstrated the superiority

of the former under high MOI conditions, while the wild

parental type re-emerged through recombination as soon

as the population was subjected to bottlenecks. Eventu-

ally, it was shown that defective complementary particles

were more stable between infection events, this advan-

tage sufficing to displace the parental wild type [17�].

The unequal abundances of fragments qualitatively pres-

ent in early experiments [4,5] have been recently

detected and quantified in other multipartite viruses

[6�,7,8]. Nanoviridae is a multipartite viral family with

species having up to eight independent segments.

Though they manage to maintain all those segments in
vivo, it has been shown that some of the segments are

actually dispensable in vitro [18]. This is a puzzling

observation considering the cost imposed by any
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Table 1

Main properties of mathematical models dealing with different features of multipartite virus (white background) and main empirical

highlights (green background). For the former, we show the nomenclature used to name the multipartite viruses (there is no unique term

used in the literature), the factor that each model introduces to reinforce the segments versus the monopartite type in order to

compensate for the disadvantage of complementation, the model type and the main novelty of each work; for the latter, we explain

the main observation and list the viruses used in the experiments
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