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Potyviruses are the largest group of plant infecting RNA viruses that cause significant losses in a wide range of
crops across the globe. The majority of viruses in the genus Potyvirus are transmitted by aphids in a non-
persistent, non-circulative manner and have been extensively studied vis-a-vis their structure, taxonomy, evolution,

diagnosis, transmission, and molecular interactions with hosts.

| 1. Introduction

A vast majority of plant viruses rely on insect vectors for their plant-to-plant spread. Aphids are arguably the most
successful vectors of plant viruses, including potyviruses, due to an array of generic and specific features they
possess . The generic features include (i) the precise delivery of virus particles (virions) through a needle-like
stylet into a host cell, (i) parthenogenetic mode of reproduction efficiently producing abundant progeny within a
short span of time, (iii) diverse modes of feeding allowing access to host plants across several families and (iv)
unique adaptations such as overwintering egg stage facilitating survival in adverse conditions and wing formation
allowing aphids and viruses to disseminate over long distances 22, The specific features of aphids that enable the
transmission of certain plant viruses over the others are a result of the co-evolution of aphids and viruses over
thousands of years I3, For instance, aphid-transmitted non-persistent viruses have unique binding sites and
strategies, transmission mechanisms, and context-specific effects on aphid biology, virus epidemics depending on
specific virus and aphid species involved 2. Aphids transmit viruses from several families including Potyviridae,
which is the largest plant infecting RNA virus family €/,

| 2. Non-Persistent Transmission

Transmission of plant viruses by insect vectors is categorized into four types: non-persistent; semi-persistent;
persistent circulative and persistent propagative based on the virus localization in the vector, the time required by
the vector for virus acquisition, retention and transmission and association of the virus with various internal organs
of the vector HIIEIE] |n non-persistent (stylet-borne) transmission, the vector requires seconds to few minutes to
acquire a virus, whereas, in semi-persistent (foregut-borne) transmission, the vector requires minutes to several
hours for acquisition. Not all semi-persistent viruses are foregut-borne; a few such as Carlavirus and Caulimovirus

are retained in the stylet tips [1%. Persistent transmission can be circulative or propagative depending on whether
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virus replicates inside insect vector. The vector requires several hours to a few days for the acquisition of
persistently transmitted viruses. Once acquired, a vector typically remains viruliferous for a lifetime. Following the
acquisition of non-persistently transmitted potyviruses, the aphid remains viruliferous only for a few feeding probes
(L1 The non-persistent mode of virus transmission has been most widely studied in the Potyvirus type species
Potato virus Y, with over 20 reported species of aphids capable of transmitting potato virus Y (PVY), including the
ones incapable of colonizing potato 1213l |n non-persistently and semi-persistently transmitted viruses, the
binding of virions to aphid stylet or foregut has been conventionally described using two strategies (Figure 1) 241, In
the capsid strategy, coat protein (CP) directly interacts with binding sites (receptors) in the aphid stylet, whereas, in
the helper strategy, additional non-structural protein (HC-Pro (helper component proteinase)) facilitates the binding
by creating a reversible “molecular bridge” between CP and aphid receptors.

Capsid strategy Helper strategy

Polywirus winon

CMV vanon
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—
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Figure 1. A model depicting two strategies of binding of non-persistent viruses to aphid receptors. The circle
represents an enlarged view of the tip of the aphid stylet, showing virion binding through capsid and helper
strategies. In capsid strategy (the left side of circle), amino acids in the coat protein of nonpersistent stylet-borne
viruses such as Cucumber mosaic cucumovirus (CMV) bind to aphid receptors (e.g., Stylin-O1 receptor of
Acyrthosiphon pisum and Myzus persicae). In helper strategy (right side of the circle), helper component
proteinase (HC-Pro) acts as a “molecular bridge” between coat protein of non-persistent potyviruses and aphid
receptors, modified from Ng and Falk & and Whitfield et al. (22!,
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| 3. Virus Epidemics

Aphid attraction, arrestment, and dispersal from potyvirus infected plants are very crucial for virus spread. Aphids
use an array of visual, volatile, and gustatory cues to find potyvirus infected plants. Non-persistent (NP) viruses
such as potyviruses are presumed to be transiently associated with their vectors, especially since their
transmission requires the very short acquisition and transmission times. The best-case scenario for potyvirus
spread, therefore, is thought to be a rapid attraction of aphid vectors by a potyvirus infected plant, quick acquisition
of virus by aphids, and rapid spread of the potyvirus to non-infected plants X817l For instance, a non-persistent
Cucumovirus CMV has been reported to induce specific biochemical changes in a plant host that modify the
alighting, settling, and probing behaviors, and fithess of its vectors A. gossypii and M. persicae (1229 The
biochemical changes in host plants include reduced host-plant quality for aphids causing rapid vector dispersal,
reduced carbohydrates and amino acids in leaf tissue and phloem, and changes in plant stress hormones.
However, a few previous studies show that this is not always the case; in fact, the opposite is true in certain
pathosystems. For instance, potyviruses PVY, TuMV, ZYMV, WMV, and PRSV reported having context-specific
effects on aphid behavior and fitness depending on the aphid species, infection status, and host plants [21/[22][23]124]
(251[26] Contrary to the popular belief, PRSV and TuMV, in particular, appear to increase the fitness of their vectors
A. gossypii and M. persicae, respectively. Certain potyviruses could use the increased fithess of their vectors to
facilitate quick vector population build-up, rapid wing development, and subsequently increased virus spread.
Therefore, establishing a large number of inoculum foci over greater distances than the rapid and fewer inoculum
foci due to quick vector dispersal. More studies on different pathosystems involving potyviruses would be helpful to

draw generic patterns on how potyviruses manipulate their vectors to encourage virus spread.

A winged (alate) form of aphids is important than a wingless (apterate) form for the spread of potyviruses in the
field 2728 winged aphids are responsible for establishing inoculum foci and secondary spread thereafter in the
farmscapes 28, Winged forms are typically produced in search of new hosts because of food source depletion and
overcrowding 29, On the contrary, wingless forms are produced when conditions are favorable throughout summer,
without significant movement between plants, rendering them insignificant vectors of potyviruses 28129 For
instance, field studies on PVY revealed a good correlation between the number of winged aphids and the spread of
potato virus YO [BYEL - Furthermore, the dispersal distance analysis suggests that PPV-infected aphids
preferentially spread PPV beyond 90 m, i.e., away from infected trees, rather than to neighboring trees—thus
subsequently encouraging the secondary spread of PPV over large orchard landscapes 22, Field surveys in Japan
showed a peak of PPV-viruliferous winged aphids occur in fall when a catch in aphid traps are smaller compared to
spring and summer 22, This could be attributed to the overall increase in the number of winged aphids feeding on
PPV-infected prunes and/or the enhanced movement of viruliferous aphids over the non-viruliferous ones in the
fall. Since virus spread is the function of the number of vector visits per plant per day 2453 PPV mediated

enhanced movement of viruliferous aphids may be a key factor in driving the virus spread.

| 4. Current Measures
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Devising effective virus and vector management tools and strategies requires a deeper understanding of viruses,
vectors, and plants, and their underlying component and community interactions. The key challenge of managing
aphids as pests is to keep the populations of wingless forms low, whereas that of managing potyvirus spread is to
prevent the formation of winged forms or to kill them before they infect healthy plants 28, The use of pesticides is
not considered an ideal strategy to mitigate non-persistent virus epidemics because of the short time aphids need
to transmit potyviruses 78I For instance, several studies reported that the use of insecticides have a low
impact on the spread of PVY as aphids transmit PVY prior to being killed by insecticides [“241142]13]  Fyrthermore,
a single winged aphid, with the very brief probing activity, is capable of transmitting one or more strains of
potyviruses such as PPV in the field conditions 28], Therefore, the failure of insecticides to wipe out the entire aphid
population and the rapid escape of winged forms from insecticide-treated plots also make insecticides a very
ineffective method of aphid and virus management in the field conditions. On the contrary, the integration of several
approaches has been proven to be an effective strategy for potyvirus and aphid management. For instance, the
use of virus-free planting material, PPV-resistant cultivars, and physical barriers, and the removal of PPV inoculum
sources including overwintering hosts appear to be effective and efficient strategies for PPV management over the
insecticide treatments (28l Similarly, the use of oil spraying, straw mulching, rouging, and intercropping as an
integrated strategy proved to be effective against PVY than insecticides for vector and virus management 29, The
use of barrier crops has been proved to be effective to control multiple potyviruses such as chilli vein mottle virus
(CVMV), PVY, bean common mosaic virus(BCMV), bean yellow mosaic virus (BYMV), SMV, and maize dwarf
mosaic virus (MDMV) in a wide range of crops 4], Reflective mulches applied at the time of cucurbit planting have
been shown to be effective in repelling aphids from plants, thereby reducing the incidence of WMV, PRSV, and
ZYMV, potyviruses commonly occurring in the U.S. farmscapes #2481 Furthermore, the use of mineral oil
individually 4728l and in combination with other treatments such as reflective mulches 2 and crop borders 22 has
been proved to be effective in the management of multiple potyviruses such as PVY and PRSV. Earlier studies
report that mineral oil modifies the feeding behavior of aphids 21 and interferes with the binding of potyvirus virions

to aphid stylets 8, making it one of the effective strategies for potyvirus management.

Breeding of resistant cultivars is also considered to be one of the best strategies to manage diseases caused by
aphid-transmitted potyviruses. For non-virus plant pathogens, natural resistance is predominantly inherited by
monogenic dominant characters 2253 However, for plant viruses, including and especially potyviruses, natural
recessive resistance appears to be more common and conferred to plants by a mutation in a recessive gene that
codes for a host of factors critical for viral replication 24/, Eukaryotic translation initiation factor (elF) 4E and elF4G
and their isoforms are the most commonly used recessive resistance genes. elF4Es-mediated resistance against
potyviruses such as PVY and lettuce mosaic virus (LMV) has been exploited in several resistant crop cultivars of
pepper, lettuce, and tomato (22/5857], Several transgenic cultivars of select agricultural crops have been developed
over the years—using multiple strategies—in an effort to tackle a number of economically important potyviruses.
Initial attempts to achieve PVY resistance in potato were based on the ectopic expression of multiple viral proteins
such as CP, Nla, Nib, and P1 8596061 The CP-mediated resistance (CPMR) has been extensively used against
multiple potyviruses with mixed success [28[62]631[64][65I[66]67I[68] For jnstance, transgenic cultivars expressing PVX

and PVY CP reported offering a variable degree of resistance against mechanical and aphid transmission of PVY
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[63164] The expression of the PRSV CP gene in tobacco offered protection against infection by a broad spectrum of
potyviruses such as TEV, PVY, and pepper mottle virus (PeMV) 9. Transgenic potato Bt6 expressing PVY CP
gene provided resistance to primary and secondary infections by PVY when transmitted by aphids 28, In Hawaii,
transgenic papaya cultivars “SunUp” and “Rainbow” carrying the CP of mild PRSV strain HA 5-1 saved the
commercial papaya industry, when other methods of PRSV control failed 9. Similarly, transgenic plum clone C5
(cv. HoneySweet) demonstrated a high level of resistance to PPV infection by graft inoculation or natural infection
through aphid vectors /L. Overall, the resistance achieved via ectopic expression appears to be variable from mild
to strong 63641 partial €1, or strain-specific 2262 with the varying degree of success depending on the
pathosystem. To date, transgenic cultivars have been the most promising approach of managing potyvirus infection
and aphid transmission in very few crops. However, the breakdown of viral resistance remains a challenge as

potyviruses have a high rate of viral mutation and recombination 7273,
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