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Abstract  

Several viruses, in particular RNA viruses, have high mutation rates and relatively short generation times. Particle 

stability during infection in nature or in laboratory triggers the evolutionary event toward different mechanisms 

such as genome segmentation, point mutation and  recombination. The frequency of mutant genomes increase and 

modify  the previous distribution, which, consequently, lead to emergence of a new infectious particle. Mutation 

and selection are the most fundamental processes in evolution. High mutation rate of RNA viruses has an important 

role in viral fitness. Therefore, it increase our understanding about molecular biology of viral infections and their 

evolution by selection, mutation could reliably  determine our ability to challenge destructive viruses. This review 

focuses on existing impressions of genetic organization and mechanisms of RNA viruses evolution.  
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Introduction 

The rise of emerging viruses is rooted in their 

evolutionary power , so they evolve much faster than 

antiviruses. The most emergent diseases are recently 

described or raised in their predominance. The RNA 

viruses are able to generate mutations for adaptation 

in new environments (e.g, new host), therefore the 

reason why most RNA viruses are most comparable 

to new diseases, originates from their basic 

evolutionary power. Viruses can jump from species 

to species which is a way to make them more virulent 

and in some cases in a new host, a new disease may 

occur. Some of the viruses have been around for a 

long time with continual threat to human health such 

as rotaviruses, and some viruses such as HIV and 

SARS are somewhat new recognized viruses. 

Although HIV has been recognized in a monkey 

infected with virus and the SARS relatives could 

infect various animals, these viruses were completely 

new when encountered human. So they are 

completely novel and it is difficult to predict what 

those are going to be [1]. Understanding the origin and 

evolution of viruses is important issue because 

evolution gives us some rules and helps to predict the 

potential risk for various diseases. If we know how 

viruses and other pathogens evolve, we are better able 

to treat them and this helps to protect us from new 

emerging diseases. Another important reason to study 

evolution is development of vaccines that prevents 

transmission and studying drug resistance strains, 

which may emerge during therapy [1-4]. 

In recent years, the interest of evolutionary 

biologists in the mechanisms, consequences and 

evolution of genetic robustness has been revived by 

new and powerful techniques that allow the tracking 

and manipulation of viruses. RNA viruses have 

elevated mutation rates to increase their adaptability. 

RNA viruses provide unique insights into the patterns 

and processes of evolutionary change in real time [1, 

2]. 

http://en.wikipedia.org/wiki/Virus
http://en.wikipedia.org/wiki/RNA_virus
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Mechanisms of virus 

evolution 

In 19th century, viruses have been extensively 

recognized as disease-causing agents. Virus-

mediated diseases have motivated molecular 

biologists to intensively study these pathogenic 

agents in order to find ways to eradicate them. As a 

result, many of the important findings of modern 

molecular biology have been derived from extensive 

work on the interaction between viruses and their 

host cells. As a known fact, understanding the 

evolution remains one of the most challenging 

problems in biology and need to prompt 

understanding of the origin of viruses [3]. Although 

the significant advances in metagenomic surveys of 

viral biodiversity and what the results might mean for 

viral origins, a more detailed exploration of the 

virosphere should certainly be a main research 

concern. It has become increasingly clear that many 

RNA viruses have the capacity to exchange genetic 

material with one another, and to acquire genes from 

their hosts [4]. In addition to production of mutations 

(raw material of evolution), these viruses also 

possess mechanisms in order to eliminate parts of 

their genomes with accumulative venomous changes 

and to create beneficial combinations of mutations in 

an efficient manner. The phenotypic similarities and 

homologies among diverse types of viruses are a 

common subject in viral origins. Fundamental 

mechanisms of viral evolution such as the error-

prone nature of RNA-based replication and what this 

means for the evolution of genome size and 

complexity, can shed light on the ancestry of viruses 

[4]. Two distinct but not mutually exclusive types of 

genetic exchange take place in RNA viruses. Firstly, 

genetic reassortment which occurs between 

multipartite viruses involves transaction one or more 

of the discrete RNA molecules of the segmented viral 

genome. The second main process, recombination, 

can occur in either segmented or unsegmented 

viruses when `donor' nucleotide sequence is 

introduced into a single, flanking acceptor' RNA 

molecule to produce a new RNA containing genetic 

information from more than one source. Both 

recombination and reassortment occur at highly 

variable frequencies in RNA viruses [4,5]. In the 

present study, we review some present opinions on the 

evolutionary aspects of RNA viruses, and focus on the 

different mechanisms and factors that might explain 

the evolutionary forces in RNA viruses. Viruses 

usually have been marginalized from evolutionary 

biology and despite advances of various aspects of 

virus evolution, tracing the origin of viruses is 

difficult. Also study of RNA viruses has direct useful 

implications in virus researches. Therefore, the 

evolution and emergence of RNA viruses might be as 

a good starting point for people with background in 

evolutionary biology [4, 6]. 

Mechanisms of RNA viruses 

recombination 

Rates of recombination vary dramatically 

among RNA viruses. Recombination has been 

associated with the expansion of viral host range, 

increase or decreases in virulence, the evasion of host 

immunity and the evolution of resistance to antivirals. 

However, the evolutionary reasons for its occurrence 

remain uncertain. Recombination is favored by natural 

selection to eliminate deleterious mutations or create 

well adapted genotypes. Recombination can take place 

either within a single genomic segment as RNA 

recombination or exchange of entire genomic 

segments between segmented viruses as reassortment. 

„Copy choice‟ recombination is the most widely 

accepted model of RNA recombination. In this 

process, RNA-dependent RNA polymerase (RdRP) in 

most RNA viruses, and reverse transcriptase (RT) in 

retroviruses switched from one RNA molecule (donor) 

to another (acceptor), by this means generating an 

RNA molecule with mixed ancestry. Various factors 

influence template switching (i.e secondary structure) 

[5, 7, 8]. RNA recombination is „homologous‟ when 

occurs between sequences with high similarity, and 

„non-homologous‟ when two non-related RNA 

molecules are involved, that often produce deleterious 

genotypes. It should be noted that defective interfering 

particles (DIP), observed in most viruses, contain 

shortened viral genomes, and are probably produced 

through a copy choice mechanism, depending on low 

processivity of RNA polymerases [7]. 
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Mutation 

RNA viruses have a high mutation rate 

between living species due to distinctive style of 

replication, especially mediating their RNA 

polymerase and reverse transcriptase which do not 

have a proofreading function. This disability 

considerably increases the number of random genetic 

changes introduced into viral genomes [3].The 

mutation rate is a feature that can be developed by 

natural selection, and explained by diverse aspects of 

viral biology, such as genomic architecture and 

replication speed. Viruses have very small and 

compact genomes, short generation times and 

extremely large populations and hypersensitivity to 

deleterious mutations which make them to be more 

potential for mutation [7, 9, 10]. Most mutations 

have harmful fitness effects, however, as a fact, by 

increasing the size of genome, the rate of mutation 

and production of beneficial mutations increase. 

There is a strongly inverse association between 

mutation rate in the time of genome replication and 

genome size, although there is evidence of 

abnormally low or high mutation rate for a specific 

genome size, which suggests that mutation rate is a 

optimized features by opposing selection pressures. 

High rate of mutation usually results in fitness loss 

while, low rate mutation is more probable to increase 

the fitness in nature [4, 7].Therefore, it is expected that 

any increase in genome size and complexity result in 

reduction of error rate or a buffering state against the 

effect of deleterious mutations (i.e., mutational 

robustness). Significantly, RNA viruses are still 

undergoing mutation and despite the application of 

chemical mutagens inducing fitness losses, error rates 

have been progressively reduced over evolutionary 

time. On the other hand, faster replication of RNA 

viruses along with rather short genomes size migh is 

favored by natural selection. The balance among the 

generation of mutants and the action of selection leads 

to a dynamic population structure, known as „quasi-

species‟ [4, 11]. 

Mechanisms of genetic 

robustness in RNA viruses 

If RNA viruses show high mutation rate, how 

do they face deleterious mutations? Although at the 

first glance, it might sound paradoxical, high rate of 

mutation results in robustness at the population level. 

The efficacy of deleterious allele elimination or 

contribution of more suitable mutations by natural 

selection depends on population size. It was shown 

that more crowded lineages might become more robust 

at the population level, while individual sensitivity to 

 

Figure 1. Co-infection of a cell by genetically distinct viral strains can lead to the generation of recombinant viruses. This process can occur in both 

non-segmented and segmented viruses. a. reassortment, b. recombination. 
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mutation is usually increased. This strategy relies on 

the efficient elimination of mutated genotypes in 

population and the preservation of the non-mutated 

genotypes. The evidence suggests that during RNA 

virus evolution, the fitness of RNA viruses increases. 

Robustness is defined as a reduced sensitivity to 

perturbations (inheritable) affecting phenotypic 

expression [8, 12]. Because a strong effect can be 

produce by mutations, in the presence of redundancy 

and buffering mechanisms as a consequence of 

adaptation, the fitness of genomes is only mildly 

affected. Robustness may occur when several copies 

of a single gene are existing such as what seen in 

retroviruses, when several genes contribute to the 

same function or through biochemical mechanisms. 

Gene duplication, rearrangement, polyploidy, use of 

alternative pathways or involvement different 

chaperone proteins may compensate the lost 

function. In principle, genetic robustness may differ 

from individual to individual and has a heritable 

basis which affects the probability of survival. In 

general, the selection pressure for increasing 

robustness depends on the rate of mutations [8, 12] . 

Beside these mechanisms, host variation and 

environmental conditions often have a strong effect 

on fitness. Differences in cell types and tissues 

within a given host, differences in host species, or the 

presence/absence of antiviral responses, seasonal 

cycles of infectious diseases all represent instances of 

host and environmental heterogeneity [8, 13]. 

Reassortment 

Reassortment is the second form of genetic 

exchange that has been described in RNA viruses. It 

is restricted to segmented viruses, as it involves 

packaging of segments with different ancestry into a 

single virion. In RNA recombination, reassortment 

requires a cell to be infected with more than one 

virus, although reassortment does not require the 

physical proximity of parental genomes during 

replication. It is hypothesized that segmented viruses 

have been arosen following co-infection of a single 

cell by two or more viruses, which through 

complementation they evolved to be functional 

together [7]. The genome packaging of different 

segmented viruses is not entirely a random process. 

Many positive-sense single-stranded RNA 

((+)ssRNA) plant viruses contained segmented 

genomes which are encapsidated into separate 

particles. To produce new progeny of viruses a 

common host must inoculated with a high multiplicity 

of infection (MOI) which leads to mixed infections. 

There is extensive variation in the rate of reassortment 

among animal segmented viruses such as influenza A, 

rotaviruses and with low frequently in Hanta and 

Lassa viruses. Reassortment between different 

subtypes of influenza viruses play a key role in the 

genetic variation and reassortant viruses ultimately 

emerged pandemic. It was supposed that a defined 

packaging signal in the different segments of genome 

results in serial packaging of genomes. Furthermore, a 

random packaging mechanism in particle size 

dependent manner is suggested. In both modeles of 

packaging, the exchange of individual segments and 

emergence of a new reassortant virus may occur [7, 9, 

14] (Figure 1). 

Conclusion 

In this review, we have outlined what we 

considered to be the main important features regarding 

the genetic composition and organization of the RNA 

viruses. The study of viral evolution has developed 

quickly in the last 30 years. Therefore must be tried 

deals with the “cause and consequence of evolutionary 

change in viruses” and links the mechanisms of viral 

evolution within their hosts to the epidemiological 

outcomes that helps to better understand evolutionary 

biology, epidemiology, ecology and population 

genetic and treatment. Viruses are a serious problem; 

however, they constitute very powerful tools for 

experimental evolution and antiviral treatments. 

Increasing our understanding of the roles of selection, 

mutation could determine our ability to contest 

harmful viruses. We need to determine the rate of 

adaptation and kind of molecular changes that are 

associated with fitness. 
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