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Hosts and Viruses

Abstract | Plant viruses result from a complex interaction between genetic and ecological variables that affect 
the progression of the host spectrum. Recent studies on plant-pathogen dynamics are compiled in this review, 
with a focus on the contributions of intrinsic viral traits and extrinsic environmental factors. We investigate 
how a virus’s capacity to infect a variety of host species is influenced by genetic uniqueness, adaptive trade-
offs, and virus-vector interactions. This review also looks at how ecological factors, like species cohabitation 
and community interactions, affect the dynamics of viral transmission. Because environmental heterogeneity 
makes it difficult to extrapolate trends, the interaction of ecological and genetic models is essential to com-
prehending host range evolution. Plant viruses, which are mostly biotrophic diseases, cause large losses in ag-
riculture since they depend on host cells for reproduction and spread. The review emphasizes the significance 
of taking into account both internal viral characteristics and external ecological impacts by examining genetic 
features and their adaptive implications. Predicting viral outbreaks and creating efficient disease management 
plans in agricultural settings requires an understanding of these dynamics. To improve our ability to forecast 
viral emergence and host range evolution, this review emphasizes the need for an integrated approach to the 
study of plant-virus interactions. 
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Introduction

Plant pathogens are biotrophic organisms that 
depend on their host cells to sustain their 

replication and spread. In addition to several less-
conserved proteins, the genomes of these viruses 
are usually small (between 2 and 20 kilobases) and 
contain DNA or RNA that contain the instructions 
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for several essential proteins, including the protective 
protein, movement protein, and replication-related 
enzymes (Koonin et al., 2021). Plant diseases destroy 
about 15% of the world’s agricultural yield, with viruses 
responsible for one-third of these losses on their own 
(Boualem et al., 2016; Yadav and Chhibbar, 2018). 
According to Lefeuvre et al. (2019), the majority of 
viruses lead to severe symptoms that might result 
in a variety of physiological abnormalities in plants, 
endangering agricultural production and productivity. 
Current research often focuses on either intrinsic 
genetic factors or extrinsic ecological influences 
in isolation, making it challenging to predict viral 
emergence and develop effective disease management 
strategies. There is a need to emphasize the importance 
of integrating these perspectives to better understand 
host range dynamics and their implications for 
agricultural systems. 

A variety of ecological and genetic variables combine 
to drive the complicated process of plant viral 
emergence, this results in the virus locating a new host 
adapting to it, and facilitating efficient transmission 
between individuals within the population of the new 
host (Elena et al., 2014). Host range development plays 
a crucial role in the presence of plant viruses, which 
has recently attracted significant study attention. In 
theory, the host range number of host species that 
a disease use is a straightforward statistic that is 
essential to comprehending pathogen epidemiology 
and pathogenicity (Khaleeq et al., 2024). However, 
as ecological variables like species abundance, 
distribution, and interaction define the spectrum 
of the potential host viruses that come into contact 
with them, this straightforward statistic shouldn’t be 
viewed as an unchangeable characteristic (McLeish et 
al., 2018). 

Additionally, it is challenging to determine the virus’s 
host range since it is nearly impossible to identify 
every non-host. Plant viruses may have notably little 
information on their host ranges, and research has 
mostly focused on those that infect crops, leaving 
interactions in natural environments largely unstudied 
(Roossinck and García-Arenal, 2015; Alexander 
et al., 2014). The evolution of the Host range can 
lead to host shifts and the acquisition of new hosts, 
or the loss of existing ones (Elena et al., 2014). This 
process is influenced by factors external to the virus, 
like its epidemiology and ecology, or internal factors, 
including genetic features that influence its adaptability 

across various hosts. The historical perspective on the 
host range evolution primer is initially concentrated 
on the intrinsic gene factors, recently research has 
begun to explore the importance of extrinsic factors 
and the interplay between the intrinsic and extrinsic 
influences.

Virus-innate influences in the host range of evolution
Genetic specificity: Genetic specificity, where only 
particular viruses can infect and replicate within a 
specific host, and often only certain virus genotypes 
can infect and proliferate in a specific host genotype, 
is a crucial viral-intrinsic factor in determining host 
range. This specificity has been extensively studied 
using the matching-alleles (MA) and gene-for-gene 
(GFG) models of co-evolution (Agrawal and Lively, 
2002). These models, originally developed to explain 
interactions between host and pathogen genotypes, 
have been broadly applied to examine the evolution 
of plant virus host ranges within the context of path 
systems (García-Arenal and Fraile, 2013). At the level 
of interspecies, an MA-like system facilitates shifts of 
the host, whereas a GFG-like system enables a range 
of host expansions. Studies analyzing the connection 
networks among a large number of sets of bacteriophage 
species and bacteria have shown either nested 
structures or modular structures (Latif et al., 2019). It 
was proposed that modular infection networks would 
arise from the evolution of specialization driven by 
MA-like contacts and generalism represented by the 
layered structure driven by a GFG-like interaction 
(Flores et al., 2013; Weitz et al., 2013). The structure 
among the 37 viruses and 28 plant species infected 
with the matrix was recently uncovered (Moury et al., 
2017). While the entire network displayed a nested 
arrangement, it also contained significant modules 
aligning with viruses infecting specific plant families. 
This revealed two primary viral groups: Generalists 
(multiple hosts) and specialists (specific hosts) on 
distinct hosts.

Effects of virus infection on plants as an evolutionary 
result
Virus infection alters various plant traits, including 
those related to plant-insect interactions, and some of 
these traits enhance virus transmission, the impact of 
virus infection on plant-insect interactions is commonly 
referred to as virus manipulation (Mauck et al., 2012; 
Zhang et al., 2017; Carr et al., 2018; Eigenbrode et al., 
2018). Plants are not passive spectators, though, since 
they are the most productive species on the planet 
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based on biomass. Rather, plants have evolved complex 
defense mechanisms against viruses and their vectors, 
including hormone-regulated immune-signaling 
networks (Pieterse et al., 2012). Consequently, should 
the impacts of viral infection on interactions between 
plants and insects be regarded as the consequence 
of long-term plant adaptation to viruses, or should 
they be ascribed to virus manipulation? Defense 
responses against microbial pathogens, such as viruses 
or phytophagous insects, require the redistribution 
of carbon and nitrogen resources towards defense, 
along with the activation of defense phytohormone 
pathways that trigger the expression of numerous 
genes (Iqbal et al., 2021). Because plants in agricultural 
ecosystems frequently have limited access to these 
resources, metabolic restructuring frequently results 
in the suppression of plant growth in the majority of 
cases, if not all of them. This is due to the interaction 
between growth-associated phytohormone pathways 
and defense pathways (Pieterse et al., 2012; Vos et al., 
2013; Kliebenstein, 2016). When plants are attacked, 
they often employ complex regulatory mechanisms to 
balance growth and reproduction, which can lead to 
negative ecological consequences. In such cases, the 
resistance traits that are induced in response to one 
pathogen may interfere with resistance against other 
pathogens, as resources are reallocated away from 
defense mechanisms (Vos et al., 2013). Two decades 
ago, the trade-off between herbivore and pathogen 
resistance was noted (Felton and Korth, 2000). 

Adaptive trade-offs
The idea of adaptive trade-offs of different hosts 
stems from the variability in pathogen fitness across 
different hosts due to infection specificity. A virus may 
optimize its fitness in one or another closely relevant 
host but cannot maximize fitness in all potential 
hosts, as different fitness factors are host-specific 
(Shaheen et al., 2024). When adapting to a single host 
comes at a cost to fitness in another host, it creates an 
adapted trade-off limiting host range expansion and 
promoting specialization over generalist (Wang et al., 
2024). Research into another host fitness trade-offs, 
which examines the fitness penalties incurred when 
adapting to a new host (often reflected in minimized 
fitness in the first host has become an active area of 
study, providing substantial evidence of the trade-
offs or their effects on transmitted across host species 
(Elena et al., 2014; García-Arenal and Fraile, 2013).
 

Virus-vector interactions
It’s interesting to note that there may be trade-offs 
between the two distinct hosts, such as the rice stripe 
virus’s insect vector and plant host, where the virus has 
to reproduce to finish its life cycle (Zhao et al., 2017). 
The pleiotropy of antagonistic of the host-range 
epistatic interactions and the mutations between 
them are two important mechanisms that have been 
thoroughly examined for creating host fitness across 
the trade-offs (Khaleeq et al., 2024). Recently, studies 
examined the work of epistatic, antagonistic pleiotropy 
and complex interactions among adaptive mutations 
in the evolution of the host range (Whitlock, 1996; 
Ashby et al., 2014; Bedhomme et al., 2015).

Experimental evidence
The majority of the proof for cross-host fitness trade-
offs comes from research that doesn’t explore many 
virus-host interactions. For example, a viral genotype 
that has serially passed over to a new host is tested 
in both the original and new hosts. Experiments that 
look at more interactions produce more complicated 
results, which might make predictions about the 
development of the host range more difficult. A 
study on 20 different mutants of tobacco etches virus 
(TEV) across 8 random plant species revealed a 
host depended on the frequency distribution of the 
deleterious, natural, and beneficent mutations. These 
distributes were notably similar among taxonomically 
relevant hosts (Lalic et al., 2011). A higher proportion 
of mutations proved advantageous in hosts from 
distant families, where the wild type of TEV genotype 
exhibited low fitness, whereas many mutations are 
detrimental in the first and closely relevant hosts. 
This shows that adapting to is new host can facilitate 
adapted to closely relevant hosts, promoting viral 
jumps to related species, and aligning with these 
observations (Longdon et al., 2018).

Resistance-breaking mutations
In recent studies, resistance-breaking mutations 
have been extensively investigated in various 
crops, highlighting their significance in plant-
virus interactions (Moreno-Pérez et al., 2016). 
For instance, a study examined the effects of coat 
protein modifications in the pepper mild mottle 
virus (PMMoV) on overcoming resistance alleles in 
susceptible pepper genotypes. Similar investigations 
have been conducted on other crops (Rousseau et al., 
2018). In wheat, research has focused on the evolution 
of resistance-breaking mutations in the barley yellow 
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dwarf virus. In rice, studies have explored the genetic 
mechanisms by which the rice tungro spherical virus 
adapts to overcome host resistance. Additionally, 
in tomatoes, the interactions between the tomato 
yellow leaf curl virus and host resistance genes have 
been extensively studied (Wang et al., 2024). These 
studies collectively underscore the importance of 
understanding resistance-breaking mutations across 
different plant-virus systems to develop robust disease 
management strategies. 

Complexity of predictions
These findings demonstrate that it will be challenging 
to forecast host range development based on adaptive 
trade-offs in genetically diverse, vulnerable populations 
of the host, like those a virus may meet in the wild 
(Amin et al., 2021). Because the fitness impacted by the 
mutations in the host range is influenced by extrinsic, 
variables of the environment, predictions become 
challenging when other, different realistic scenes 
of host-range development are taken into account. 
For example, many viruses often infect plants in 
nature (Mascia and Gallitelli, 2016), and interactions 
between viruses during numerous infections may 
dictate the development of viral properties including 
virulence, host range, and within-host multiplication 
(Tollenaere et al., 2016).

Co-infection may also impact the costs of expanding 
the host’s range. Therefore, the different types like 
single or multiple types of infections and a mix of 
mutants affected the scenarios or severity of the 
pleiotropic effect of the resistant breaking mutations 
on viral growth when distinct PMMoV resistant 
breaking mutants are tested in co-infection (Moreno-
Pérez et al., 2016). The result is, that environmental 
factors, whether many or single infections, influenced 
across-host trade-offs.

Fitness components
Most studies on the across-host fitness trade-offs have 
focused on how host adaption mutations influence 
viral multiplication within the host or the reproductive 
system of viral fitness. Evolutionary constraints arise 
from competing trade-offs among other fitness 
components (Goldhill and Turner, 2014). These trade-
offs could also shape host range evolution. Since host 
range changes often involve mutations in the coat 
protein gene, the reproduction-survival trade-off may 
play a crucial role in plant pathogens (García-Arenal 
and Fraile, 2013). For instance, in pepper mild mottle 

virus (PMMoV), Selection for traits unrelated to the 
plant pathogen interaction, such as enhanced particle 
stability and survival, was found to be essential for 
expanding the host range (Fraile et al., 2014).

An analysis of 9 coated proteins host adapted 
mutations showed pleiotropic on pathogen multiplied 
and particular stability. However, no correlation was 
found between viral multiplied and particular stability 
and between the traits and the host range breadth 
(Bera et al., 2017). Although our findings refute a 
trade-off between reproduction and survival, they 
do suggest that environmental factors may influence 
across-host fitness tradeoffs (Saleem et al., 2024).

Ecological factors
Gene models of host-virus co-evolution, which in 
corporate ecological components like asynchrony in 
host range and plant pathogen life cycle or spatial 
structuring of their populations, align with the limited 
experimental evidence on environmental influences 
on across-host trade-offs (Ashby et al., 2014; 
Brown and Tellier, 2011). These models highlight 
the importance of considering ecological aspects in 
host range evolution, predicting that environmental 
heterogeneity can maintain poly-morphisms for the 
host-virus specialization even in the absence of fitness 
costs (Amin et al., 2021).

Transmission of plant viruses 
The fundamental stage of a virus to survive and 
proliferate is transmission. The majority of pathogens 
are limited to a specific kind of host (Clémence et 
al., 2013), frequently result in the deaths of their 
hosts, or can spread from one plant to another plant 
mechanically or vegetatively in seeds, pollens, flies, 
insects, and pests, mites, nematodes, and other means 
(Pagán, 2022). The phylum arthropods, which spread 
plant viruses, comprise around 94% of all animal 
species (Singh et al., 2020).

However, insects are the primary means by which 
viral infections are disseminated. When it comes to 
the economic significance of the illnesses in question 
as well as the transmission of the virus, insects 
constitute the most significant category of plant viral 
vectors (Manzoor et al., 2019). A vector is an insect 
that spreads the illness. According to reports, insect 
vectors can spread more than 400 illnesses (Agrios, 
2009). Different types of organisms like aphids, 
leaf-hoppers, white flies, thrips, and scale insects are 
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among the significant insect species that contribute 
significantly to the spread of plant viruses (Sarwar, 
2020). 

Because plant surfaces are protected by materials such 
as lignin or cuticles, plant viruses cannot penetrate 
them directly and must instead enter through wounds 
in the cells (Savatin et al., 2014; Gergerich and Dolja, 
2006). When insects feed on the diseased plant, it 
acquires the pathogen through their mouth, which 
can be used to bite and chew (beetles) or pierce and 
suck (hemipteran bugs and nematodes). This virus 
is inoculated in the healthy plant by feeding on the 
specific plant-like tissue, or young leaves (Smith, 
1924; Gray and Banerjee, 1999). This incubation is 
the time frame during which the virus develops its 
infectivity within the vector (Louten, 2016).

Different viruses might take anything a few minutes 
and hours to many days to incubate. There is some 
connection between insect vectors and plant viruses. 
According to Whitfield et al. (2015), the majority of 
plant viruses that are spread by one set of vectors are 
not spread by another. For instance, the sugar beet 
mosaic virus is spread by the peach aphid (Laurent 
et al., 2023), while it is not spread by leafhoppers that 
eat the same crop (Walkey, 1991). 

Host range evolution
The fact that host range evolution depends on how 
animals interact with their surroundings is one of the 
primary reasons it is not well understood (Woolhouse 
and Gowtage-Sequeria, 2005; Jones, 2009). 
Numerous processes influenced by the patchiness 
of the interacting species lead to the formation of 
viruses and the spread of illness (Thrall and Burdon, 
1997). Given this environmental variability, viruses 
are likely to develop different resource-use strategies 
and be exposed to a variety of possibilities to change 
their host range (Woolhouse and Gaunt, 2007; Hily 
et al., 2016). Forming practical generalizations about 
the evolution of host range and its function in disease 
dynamics is significantly hampered by this variability 
(Poulin, 2007).

Resistance and susceptibility of host plant
Tomato plants are not exempt from the many 
plant illnesses brought on by viruses, which have a 
detrimental impact on plant quality and productivity 
(Moriones and Verdin, 2020). This is no cure for most 
viral diseases other than cultural and manual practices 

like prevention, the use of inorganic sprays, and the 
adoption of gene resistance to lessen the damage 
caused by viral infections in plants (Arie et al., 2007; 
Moriones and Verdin, 2020; Hanssen et al., 2010). 
The viruses are known to hijack and use the genomes 
of their plant’s host for benefit. The discovery or 
development of a host resistant to infections using 
genes and resources likely picked from land areas 
and wild areas is a crucial and ecologically friendly 
component of the sustainable management of disease 
systems due to the lack of antiviral medications (Ishaq 
et al., 2024). 

However, in various crops such as tomatoes, wheat, 
and rice, different resistance genes are often associated 
with undesirable traits that were lost during 
domestication and breeding processes (Lefebvre et al., 
2020; Hanssen et al., 2010; Campos et al., 2021; Qi 
et al., 2021; Szymański et al., 2020; Patil et al., 2020). 
For instance, tomato viruses are challenging to control 
due to their high genetic diversity, characterized by 
rapid mutation rates and spread (Hanssen et al., 2010; 
Huang, 2021). Similarly, wheat and rice face similar 
challenges with viruses like the barley yellow dwarf 
virus and rice tungro spherical virus, respectively (Table 
1). To address these issues, it is crucial to identify and 
eliminate non-redundant proteins in the host based 
on the biological characteristics of the pathogens. 
Additionally, RNA interference technology offers a 
promising approach to combat pathogens in these 
crops (Ong et al., 2020). 

Furthermore, some weeds, such as those in the 
Solanaceae family, which includes tomatoes, act 
as reservoirs for tomato viruses, therefore effective 
weed control must be taken into account 10 (Ong et 
al., 2020; Rivarez et al., 2023; Barreto et al., 2013). 
Three factors-durability, effectiveness, and spectrum 
of resistance are used to gauge host plant resistance. 
The host plant’s disease resistance is evaluated using a 
straightforward biological experiment in a controlled 
environment (Lefebvre et al., 2020). By either 
overriding the plant defense system or mimicking 
the avirulent component when detected by resistance 
protein, proteins effector modifies and change the 
cellular function of the host (Kanwal et al., 2024). To 
create another and effective R genes against viruses, 
it is possible to identify, modify, and use the majority 
of conserved effectors from a variety of pathogen 
avirulent genes (Lefebvre et al., 2020).
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Species coexistence and virus interactions
Viruses interacting with closely related or co-
existing host species are more frequent than those of 
unrelated hosts, and when significant host fitness or 
virus trade-offs are absent, species coexistence within 
a community relies on selective pressure and the 
ecological mechanisms of the community (Moury et 
al., 2017; Cronin et al., 2010; Seabloom et al., 2015). 
Both perspectives agree that environmental variables 
and community interactions shape the evolution of 
organisms resource breadth (Latif et al., 2019). In 
cases of minimal pathogen fitness trade-offs different 
available host species, factors such as stochastic changes 
in community composition (McLeish et al., 2018), local 
extinctions, and virus movement ecology (e.g., vector 
behaviour) can drive host range evolution (Elena, 2017; 
Simpson et al., 2012). Both chronic and emerging 
disease outbreaks include interactions between several 
species that are ingrained in local populations. Studies 
at the community level cover a wide range of sizes, 
from interactions at the landscape level to those that 
take place inside individual organisms. Connectivity 
between communities is linked to the landscape-scale 
process of disease onset (Yuen and Mila, 2015).
 
Importance of multiple infections
On a smaller scale, several infections in a single 
person might result in antagonistic or synergistic 
viral interactions, which can affect the dynamics of 
transmission (Mascia and Gallitelli, 2016). Disease 
epidemiology and host range evolution are made 
more difficult by the spectrum of species interactions 
involved in transmission ( Jones, 2009). Species 
phenotypes, or traits, are commonly used to measure 
interactions in community-level ecology and pathology 
investigations. These traits can be extrapolated to 
higher levels of biological organization. By separating 
the interactions between species and traits, this method 
makes variables of interest community functions that 
are not species-specific (Barrett et al., 2015).

Connectivity and its effects on biodiversity
Understanding ecological and evolutionary processes 
requires linking species interactions based on trait 
interdependencies (Bascompte, 2010). Connectivity 
between species may be used to quantify how 
the species interact, including such as predation, 
mutualism, competition, parasitism, and herbivory 
(Roossinck, 2015). The virus’s ability to spread and 
change the host range may be impacted by this 
connection, which can fluctuate with biodiversity and 

contact rates (Swei et al., 2011).

Challenges in formulating generalisations
Characteristics such as host resistance and tolerant 
(Barrett et al., 2015), susceptible (Susi et al., 2015), 
pathogenicity of the pathogen (Susi et al., 2015), and 
pathogen of the host specificity (Hillung et al., 2014) 
are often measured in ecological and evolutionary 
investigations. Attempts to rationalize and generalize 
about the origins and transmission of illness are 
complicated by the non-linear interactions among 
these and other interacting elements (Sofonea et 
al., 2017). The links between the factors thought to 
affect the spread of infections are depicted in Figure 
1. This conceptual framework emphasizes how 
ecological (such as spatiotemporal, abiotic, and species 
interactions) and evolutionary (genetic) variables, 
such as viral host range, indirectly contribute to the 
transmission of illness.

Figure 1: Impact of diseases on ecological system: A holistic approach.

Indirect interactions and their implications
Only a small number of the direct and indirect 
interactions that may contribute to the spread of 
illness are the subject of experimental research on 
the host-range evolution and risk of the diseases. 
Different ecological or evolutionary events that impact 
transmission through intricate channels give rise to 
indirect interactions between different viruses and 
animals (Raza et al., 2024). For example, independent 
of the whitefly population, transmission frequency 
was dramatically impacted by the endosymbiotic type 
of bacteria Hamiltonella in the yellow leaf curl virus 
of tomato-carrying white fly Bemisia tabaci (Su et al., 
2013). In a similar vein, variations in mosquito vector 
feeding habits among populations caused variations 
in West Nile virus transmission patterns (Hamer et 
al., 2011).
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Table 1: Impact of viral infection on crop health: Symptoms and affected species.
S. No. Name of virus Symptoms of virus Crops References
1 Barley yellow dwarf 

virus
Leaf yellowing, inhibited growth, and decreased 
grain yield

Wheat (Walls et al., 2019)

2 Cassava mosaic virus Patchy patterns, deformities, and diminished root 
yield

Cassava (Eni et al., 2021)

3 Maize dwarf mosaic 
virus

Irregular patterns, stunted growth, and streaks of 
yellow

Maize (Kannan et al., 2018)

4 Maize streak virus Yellow streaking on leaves and inhibited growth Maize (Emeraghi et al., 2021;
Shepherd et al., 2010)

5 Potato virus Y Mosaic patterns on leaves, yellowing, and tissue 
death

Potato (Gray et al., 2010; Karasev et al., 
2013)

6 Rice tungro spherical 
virus

Inhibited growth, leaf yellowing, and lower grain 
yield

Rice (Nihad et al., 2021)

7 Southern rice black-
streaked dwarf virus

Inhibited growth and black streaks on the leaves Rice (Zhou et al., 2013)

8 Sugarcane mosaic virus Mosaic patterns, yellow streaks, and stunted 
growth

Maize ( Jiao et al., 2022)

9 Sweet potato chlorotic 
stunt virus

Leaf yellowing, growth inhibition, and 
deformation.

Sweet 
potato

(Clark et al., 2012; Gutierrez et 
al., 2003)

10 Tomato yellow leaf curl 
virus

Leaf yellowing, curling, and decreased fruit set Tomato (Diaz-Pendon et al., 2010; 
Prasad et al., 2020)

Community-specific mechanisms of host range evolution
Community-specific processes facilitate host range 
development through indirect, localized impacts. 
In four distinct plant communities, the frequency 
of eleven generalist viruses in 47 host species was 
analyzed (Shah et al., 2021). The results showed 
that the viruses used specialized resources relevant 
to the community, indicating that exploitation 
techniques frequently include trade-offs with scarce 
resources (McLeish et al., 2017). In every instance, 
connectivity- which was impacted by biodiversity 
and spatiotemporal variability necessary for viral 
interactions with hosts or other species. For example, 
the community composition of vector species was used 
to explain the temporal and geographical variability 
of numerous infections by communities of lute viruses 
and polioviruses (Seabloom et al., 2009). 

Diversity of the infection by determining factors
In another research on different infection 
diversification, the co-existence of 4 distinct B/
CYDV organisms was primarily determined by their 
traits and the resources specific to particular regions 
(Seabloom et al., 2009). Depending on temporal or 
geographical variables, biodiversity’s indirect impacts 
may either raise or lower the risk of illness (Luis 
et al., 2018). Eleven plant viruses’ host ranges and 
host diversity within a habitat both have an impact 

on prevalence-diversity interactions (McLeish et 
al., 2017). Variations in realized host range across 
environments were consistent with facultative 
generalist criteria (Shipley et al., 2009). The variety 
of characteristics (such as susceptible, resistant, and 
tolerant qualities) and accessible resources to different 
viruses varies throughout time and geography, much 
as species distribution and abundance are influenced 
by different sources of variation. Numerous factors 
have both reciprocal and non-reciprocal impacts, 
suggesting that the development of host range is a 
complex process influenced by both ecological systems 
and the genetic makeup of interacting species (Raza 
et al., 2025). 

Challenges in generalizing patterns
Because of environmental variability, processes 
that determine how a virus interacts with resources 
and characteristics that are essential to host-range 
development may spread from various geographical or 
temporal scales and include a wide variety of variables. 
According to the available data, it is very difficult to 
create broadly applicable ecological patterns that can 
account for the evolution of host range and transmission 
of diseases (Papale et al., 2020). Comparison systems 
of pathogens, individuals with distinct eco-evo-devo 
traits, may lead to generalizations.
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Conclusion and Recommendations

The majority of studies on the evolution of viruses 
in the plant host range have concentrated on aspects 
inherent to the virus, namely the genetic basis of host-
specific fitness variations. That influences how resource 
utilization evolves toward specialization or generalism. 
Nonetheless, the most recent research discussed here 
shows that environmental variables affect viral fitness 
in different hosts, necessitating its inclusion in genetic 
models of host range development. Experiments may 
be used to investigate the interplay between intrinsic 
and extrinsic elements in host-range development, 
and we anticipate that additional work in this area will 
be undertaken soon. Understanding how ecological, 
non-deterministic variables affect the evolution host 
range is a most difficult task.

Analytical challenges involve multi-variate data sets 
with varying distributions, dependencies on regional 
or temporal scales, and taxonomy inconsistencies 
arising from the complexity of plant pathogen 
connection in the natural environment. Large 
datasets may be produced, for example, using high 
throughput techniques, which has led to the creation 
of techniques for integrating data to comprehend 
how the environment shapes species relationships. 
Although it is still in its infancy, the use of these 
methods to comprehend the development of the 
host range of viruses or different plant pathogens in 
particles yields insightful information. Importantly, 
to make generalizations about transmission patterns, 
infection in risk, host range development, and disease 
onset, intrinsic and extrinsic variables must be jointly 
considered, as well as the intricacy of their interactions.
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