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ABSTRACT 

Background/Objective. Foliar chlorosis, short internodes, and curved petioles with purple 

streaks were observed in papaya (Carica papaya) crops (North and Atlantic regions) in 

Costa Rica since 2014. Identification of a putative plant virus associated with these 

symptoms was the aim of this research. 

Experimental development. Plant material was tested by ELISA (four plant viruses and 

potyviruses group), transmission electron microscopy (TEM), RT-PCR (degenerate 

primers for plant viruses), sequencing and phylogenetics. 

Results. All ELISA tests resulted negative. Bullet-shaped particles inside nuclei, and 

reticulum endoplasmic were only observed by TEM in symptomatic plants. Amplicons of 

900 bp were consistently obtained from symptomatic samples using degenerate primers for 

plant rhabdoviruses. Nucleotide sequences showed 95.6 and 96.8% similarity to a putative 

papaya alphanucleorhabdovirus (Alphanucleorhabdovirus, Rhabdoviridae).  

Conclusion. This is the first report of a putative alphanucleorhabdovirus associated with 

symptomatic papaya plants showing streaked petiole (“pecíolo rayado”) disease in Costa 

Rica, but Koch’s postulates must be fulfilled and vector identified. 
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INTRODUCTION 

Papaya (Carica papaya) production in Costa Rica represents a high-value economic 

and social activity with an average annual growth of 5% between 2018 and 2022 (Acuña, 

2023). The main production areas are found in the Atlantic, Central Pacific and northern 

regions of the country. About 75% of papaya production is sold locally, and the remainder 

is exported. During 2022, exports were done to a total of 10 destinations, where North 

American market (Canada and USA) represented 94% of shipments, while the European 

market was 4% of Costa Rica's total exports (Acuña, 2023). 

This crop is affected by several diseases caused by plant viruses (Quito-Avila et al., 

2023) and phytoplasmas (Fiore et al., 2018), causing significant losses worldwide.  

Additionally, in some countries in the Caribbean region, an organism similar to rickettsia 

causes “papaya bunchy top” disease (PBT) (Davis et al., 1998). Farmers (mainly in 

developing countries) neither keep records of crop yield and losses, nor their association 

with diseases or specific symptoms on the plants. It is very common that farmers coexist 

with symptoms of disease until the problem is ubiquitous and challenges the plants’ 

survival. Since 2014, papaya growers in Costa Rica have reported a novel disorder locally 

designated as ‘pecíolo rayado’ (streaked petiole). This condition affects several commercial 

varieties, including Maradol, Pococí, and Tainung, as well as wild hybrids. 

Symptomatology is characterized by curved petioles exhibiting distinctive purple-colored 

streaks, accompanied by foliar chlorosis and laminar wrinkling. Progressed infections 

result in shortened internodes and significant fruit set inhibition, posing a potential threat 

to local production.  Those symptoms were observed in commercial orchards of papaya in 

North and Atlantic regions of Costa Rica. The objective of the work reported herein was to 

determine if a plant virus is associated to symptoms of streaked petiole (“pecíolo rayado”) 

disease in papaya plants in Costa Rica. 

EXPERIMENTAL DEVELOPMENT 

Leaf samples of 70 mature papaya plants (8-10 months) showing at least two 

symptoms associated to “streaked petiole” disease, including leaf petiole curved, reduced 

number of leaves in the apical meristem, cessation of fruit setting, and purple-colored 

streaks in petiole, were collected (ending 2014) from Muelle de San Carlos (Alajuela 

province), and from Guácimo and Guápiles (Limón province) in Costa Rica. Selected 

papaya orchards were free of mineral deficiencies and showed no signs of soil flooding or 

waterlogging. Samples collected were analyzed serologically by ELISA tests to detect the 

viral species Potyvirus papayanuli (papaya ringspot virus, PRSV), Potexvirus papayae 

(papaya mosaic virus, PapMV), Orthotospovirus tomatomaculae (tomato spotted wilt 

virus, TSWV), Cucumovirus CMV (cucumber mosaic virus, CMV) and with a genus-

specific antibody against potyvirus group.  The specific antibodies and positive controls to 

each virus were both supplied by Agdia Inc. (Elkhart, IN). Tests were carried out according 

to protocols and recommendations from Agdia Inc. 

Due to the negative results obtained in ELISA tests, transmission electron 

microscopy (TEM) was performed to visualize potential phytopathogens. A subset of eight 

foliar samples of symptomatic papaya plants (Muelle n=4, Guácimo n=2 and Guápiles 

n=2), and a healthy plant from a garden in the Central Valley, all of them negative to viruses 

tested by ELISA, were collected (January, 2015) and processed for TEM, according to 

Montero-Astúa et al. (2017). Lamina and petiole sections were fixed overnight using 
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Karnovsky solution buffered in cacodylate 0.05 M at 15 °C, and post-fixed with osmium 

tetroxide (1%) at room temperature after four repetitions of a washing step. Samples were 

dehydrated and then embedded by using an ethanol/propylene oxide series, followed by a 

mix of propylene oxide: epoxy resin with Spurr´s medium-hard, followed by embedding in 

pure epoxy resin, and finally, sample polymerization by heating. Thin sections were double 

stained (aqueous uranyl acetate and Sato’s lead citrate) and observed using a Hitachi H-

7100 electron microscope (Tokyo, Japan) at 100kV.  Ten pictures were selected to measure 

diameter and length of 100 viral particles, using Image J software (Abramoff et al., 2004) 

to obtain the average of both measures. 

Total RNA was extracted using RNeasy Plant Mini Kit (Qiagen, Germany) from 

those eight symptomatic plants tested by TEM, and two healthy plants. Reverse 

transcription was done with Maxima H Minus First Strand cDNA Synthesis Kit (Thermo 

Scientific, Lithuania) primed with random hexamers, according to the suppliers’ 

recommendation. To determine if bullet-shaped particles found in symptomatic leaves of 

papaya by TEM, belong to a putative nucleorhabdovirus or dichorhabdovirus, the cDNAs 

were tested for both plant viruses´ genera by end-point PCR using a pair of degenerated 

primers for plant rhabdoviruses (Rhab-R / Rhab-F) developed by Lamprecht et al. (2009) 

to amplified the L (Large) gene that encodes the viral RNA-dependent RNA polymerase 

(RdRp), and to the dichorhaviruses OFV and CiLV-N (LdF / LdR), designed by Ramos - 

González et al. (2016) to amplify a conserved region of the L gene (Table 1). Afterwards, 

a second group of 24 papaya foliar samples (collected in June, 2015) was also evaluated 

using primer pair Rhab-R / Rhab-F. 

Twelve amplicons obtained with primer pair Rhab-R / Rhab-F (Lamprecht et al., 

2009) were purified and directly sequenced (Macrogen, Korea) in both directions with the 

same primer pair used in the PCR. The contig sequence corresponding to each amplicon 

was obtained using BioEdit v7.7.1 (Hall 1999), and a similarity of sequence search was 

done using BLASTn algorithm at the GenBank (National Center for Biotechnology 

Information, USA).  Four sequences obtained for a putative alphanucleorhabdovirus were 

deposited in GenBank (PX637683, PX637684, PX637685, and PX637686). 

During 2015-2016, additionally, 193 foliar samples (126 symptomatic plants) were 

collected from fields in Muelle, Guácimo, and Guápiles and analyzed following the RT-

PCR protocol to detect plant rhabdoviruses described above. 

Table 1. Oligonucleotides (primers) and thermocycling profiles used to detect RNA plant viruses in Carica papaya plants 

analyzed in this study.  

Primer name Oligonucleotide sequence 

(reference) 

Primers pair (expected PCR product size), 

thermocycle profile(reference) 

Plant rhabdoviruses  

Rhab-R 5’GTCCABCCYTTTTGYC3´ Rhab-R/ Rhab-F (900 bp, Lamprecht et al., 

2009) 

94 ºC for 2 min; 36 cycles (94 ºC - 30 s; 37 ºC 

- 30 s; 72 ºC - 90 s); final extension: 72 °C for 

7 min (this study) 

Rhab-F 5’GGATMTGGGGBCATCC3’ 

Rhab-R / Rhab-F (Lamprecht et al., 2009) 

Dichorhavirus orchidaceae (Orchid fleck virus) and 

Dichorhavirus leprosis (Citrus leprosis virus N) 

 

LdF 5’CCYGTGAGAGAATTCYTGGATG3’ LdR/ LdF (390-400 bp) 

95 °C for 5 min, 35 cycles of (95 °C for 30 s, 

55 °C for 30 s), final extension: 72 °C for 30 

s. (Ramos - González et al., 2016) 

LdR  5’CCAGATTGGTGTARCCRAACAG3’  

LdF / LdR (Ramos - González et al., 2016) 
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To determine the phylogenetic relationship between the observed bullet-shaped plant 

virus, a phylogenetic analysis was run with four sequences obtained herein (PX637683 to 

PX637686), including for comparison 31 different plant rhabdoviruses (total of 34 

sequences due to repeated species) and Farmington virus (CT114) as outgroup; all of them 

retrieved from GenBank (https://www.ncbi.nlm.nih.gov/genbank). There were a total of 

1 099 positions in the final dataset. The 39 sequences were aligned using ClustalW 

algorithm in BioEdit and then analyzed using maximum likelihood method (General Time 

Reversible model and rate variation across sites using a gamma distribution with invariable 

sites and 1 000 permutations) in MEGA 12 (Kumar et al., 2024). 

Papaya plants exhibiting evident arrested fruit setting (Figure 1A and 1B), curved 

petioles (Figure 1B and 1E), purple-colored streaks in petioles (Figure 1D); light chlorosis 

and wrinkling of the leaf lamina, short internodes and reduced fruit petioles, were 

frequently observed (50 -70% incidence) in commercial orchards of papaya in North and 

Atlantic regions of Costa Rica. Additional symptoms were clearly observed depending on 

the plant growth stage, such as fewer flowers and fruits per plant; however, these were not 

associated with fruit abortion. Loss of fruit production is estimated at 40-50% in the crop, 

due to the irreversible cessation of fruit set in diseased plants and their eventual dieback. 

When measuring the angle of insertion of peduncles of flowers and fruits, starting from the 

apex of the trunk, the infected plants presented a smaller angle of insertion. Diseased plants 

had fewer leaves in the crown (Figure 1A and 1B), and some of these showed lamina with 

marginal necrosis. Loss of leaves and necrosis of apical new leaves caused plants to 

resemble a standing point-up pencil in the field, similar with the final step symptom of 

plants with PBT.  However, latex was present in different tissues, including fruits, contrary 

to PBT typical symptom (Davis et al., 1996). 

Different ELISA tests done (PRSV, PapMV, CMV, TSWV, and potyviruses group) 

to those symptomatic plants showed negative results for the 70 papaya symptomatic 

samples (Table 2). Only positive controls, used to each tested virus, exhibited color change 

of substrate solution after incubation time according Agdia Inc.´s protocols (data not 

shown). 

Table 2. Summary of tests performed and results obtained from foliar samples of symptomatic and 

asymptomatic Carica papaya plants collected in Costa Rica to determine whether any plant 

virus is associated with “streaked petiole” disease. 

  

 

 

 

S or A= Samples from symptomatic (S) or asymptomatic (A) plants; ELISA: tests carried out to:  

Potyvirus papayanuli, Potexvirus papayae, Orthotospovirus tomatomaculae, Cucumovirus CMV, and 

Potyvirus group; TEM: presence of bullet-shaped particles into the nuclei; RT-PCR: amplicon of 900 

bp obtained; z: samples tested included the 32 (8 and 24) symptomatic plants collected to validation 

tests using primers Rhab-R /Rhab-F; --: Not tested 
 

 

 

Region ELISA 

(positive/ n tested) 

TEM 

(positive/ n tested) 

RT-PCR  

(positive/ n tested) 

S A S A S  z A 

North 0/35 0/4 4/4 -- 60/61 0/28 

Atlantic, Guapiles 0/18 0/3 2/2 -- 48/50 1/18 

Atlantic, Guacimo 0/17 0/3 2/2 -- 42/47 0/21 

Central Valley -- -- -- 0/1 -- 0/2 

Total 0/70 0/10 8/8 0/1 150/158 1/69 
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Figure 1. Morphological alterations observed in Carica papaya plants with “streaked petiole” disease in Costa Rica. A) A 

symptomatic plant (arrow) exhibiting downward-curved petioles, leaf reduction in the apical meristem, and cessation 

of fruit set. Adjacent (slightly behind) two healthy plants (right) showing prolific fruit development and typical foliar 

architecture; B) Detailed view of upper part of a symptomatic plant showing leaf reduction in the apical meristem, leaf 

petiole curved, and poor fruit setting, behind (left) a healthy plant with normal fruit production; C) Detailed view of 

upper part of a healthy plant; D) Petioles of a diseased plant displaying purple-colored streaks; E) Comparison between 

petioles from symptomatic (top) and healthy (bottom) plants. 

Presence of particles of a plant virus in symptomatic papaya plants was showed by 

TEM results. Numerous bullet-shaped particles were observed inside distended nuclei 

(Figure 2A and 2C) and also budding through the perinuclear space (Figure 2B), and into 

vesicles scattered in the cytoplasm of cells, but only from tissue of diseased plants. The 

average diameter and length of the viral particles (n=100) were 70 nm and 260 nm, 

respectively.  No other viral inclusion or viral particles were detected in the samples. 

Preliminary RT-PCR analysis of eight symptomatic samples for the presence of plant 

rhabdoviruses and/or dichorhaviruses yielded amplicons of the expected size (900 bp) only 

with the primer pair specific for plant rhabdoviruses (Rhab-R/Rhab-F); no amplification 

was observed in healthy plants. Subsequently, an additional 24 symptomatic plants from a 

second sampling consistently produced a 900 bp amplicon corresponding to rhabdoviruses, 

whereas no amplification was detected in healthy papaya samples or in the negative control. 

Therefore, a plant rhabdovirus was associated with symptomatic plants: initially in a batch 

of eight samples, then in a batch of 24 samples, and finally in 95% (150/158) of 

symptomatic papaya samples collected in this study (2015–2016). In contrast, only 1.4% 

(1/69) of asymptomatic samples tested positive (Table 2). 
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Figure 2. Nucleus of a leaf parenchyma cell of Carica papaya symptomatic plant with “streaked petiole” disease 

observed with transmission electron microscopy. A) Bullet-shaped particles inside membranous vesicles in 

the nucleus; B) Detail of particles seen into the perinuclear space; C) Detail of viral particles into the 

packages scattered in the nucleus. C= cytoplasm, M= mitochondria, N= nucleus, Nu= nucleolus, inm= inner 

nuclear membrane, mv= membranous vesicle filled of viral particles, onm= outer nuclear membrane, vp= 

viral particles. 

The nucleotide sequences (Sanger) from 12 of the stronger amplicons obtained, 

confirmed association with a plant virus related to alphanucleorhabdoviruses available at 

GenBank. The BLASTn hits to these resulting sequences indicate 95.6 and 96.8% 

similarity to papaya alphanucleorhabdovirus 1 (PNRV-1), GenBank Acc. Nos. MN203193 

and MN203194, respectively. The phylogenetic analysis done to the Costa Rican strain 

related to PNRV-1 showed that both viruses were grouped in the main cluster containing 

all nucleorhabdoviruses included, and into the alphanucleorhabdoviruses clade (Figure 3).  
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Figure 3. Phylogenetic tree constructed with partial sequences (900 nt) of the viral RNA-dependent RNA 

polymerase (L gene) of a putative alphanucleorhabdovirus obtained from Carica papaya of Costa 

Rica (GB Acc. No. PX637683 to PX637686) with 31 different plant rhabdoviruses (34 sequences) 

and Farmington virus (GB Acc. No. KC602379) as outgroup, all of them retrieved from GenBank. 

These were aligned with ClustalW algorithm using BioEdit v.7.7.1, and phylogeny inferred with the 

maximum likelihood method in Mega 12 (General Time Reversible model with a gamma distributed 

rate of substitution with invariant sites) and a bootstrap of 1 000 replicates.  

Similar symptoms to the ones reported herein in Costa Rica, were described in 

papaya orchards in other countries in the Caribbean Basin, about 45 years ago. Lastra and 

Quintero (1981) informed the papaya apical necrosis in Venezuela (Zulia state), initially 

plants showed general wrinkling of leaves, followed by chlorosis of the younger leaves, 

wilting of those already developed, falling of leaves, and necrosis, leading to the death of 

the plant. Wan and Conover (1981) also described papaya droopy necrosis disease in 

Florida-USA (Dade, Monroe, Sarasota counties), and detailed the list of symptoms 

associated, as re-curvature of the leaves, arching of the petioles downward, chlorosis of 
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new leaves, petioles shorter and stiffer with gray streaks and somewhat corrugated, short 

internodes (generating a crown rounded with racemose appearance), with short and rigid 

staminate inflorescences, abortion of pistillate flowers, fruiting setting stops, without fruit 

abortion. Latex presence when cutting fruits or plants. The last phase in the disease 

progression presented abscission of leaves, marginal necrosis of new leaves and descending 

necrosis of the stem. In addition to these reports, symptoms of apical necrosis of papaya 

were reported in Cuba, La Havana, Holguin and Villa Clara provinces (Mejías et al., 1987; 

Hernández-Pérez et al., 1988), and Mexico (Oaxaca, Veracruz and Tabasco) (Becerra et al., 

1999). 

Despite the viruses PRSV and PapMV are two frequent phytopathogens infecting 

papaya crops in many countries worldwide, both as well as other viruses tested were not 

detected in the samples collected in North and Atlantic growing areas from Costa Rica.  In 

this country, the PRSV-W strain has been detected infecting cucurbits (Rivera et al., 1993) 

and other plant hosts (Sanchez et al., 1998), but not the PRSV-P strain.  Likewise, PapMV 

has not been detected in the country. Also, CMV, TSWV and some potyviruses have been 

detected infecting different plant hosts but not papaya (Garita et al., unpublished). 

The bullet-like particles observed in Costa Rican papaya samples, and their 

localization inside cellular nuclei (Figure 2) resembled bacilliform rhabdoviruses infecting 

plants (Jackson et al., 2005). Distended nuclei containing bullet particles were similar to 

previous reports, in symptomatic papaya samples, from Venezuela (Lastra and Quintero, 

1981), Florida-USA (Wan and Conover, 1981), Cuba (Mejías et al., 1987) and Mexico 

(Becerra et al., 1999). 

Plant rhabdoviruses (Rhabdoviridae family) have negative-sense single-stranded 

RNA genomes, infect a wide range of hosts, including monocots and dicots plant species, 

and cause important crop diseases. Traditionally, these rhabdoviruses were divided into 

cytorhabdoviruses and nucleorhabdoviruses, based on genome organization, phylogeny, 

and intracellular replication site. Nucleorhabdovirus genus was recently divided into 

genera: Alphanucleorhabdovirus, Betanucleorhabdovirus, Gammanucleorhabdovirus, and 

Deltanucleorhabdovirus (Simmonds et al., 2024; Walker et al., 2022; Dietzgen et al., 

2020). High-throughput sequencing (HTS) technology, also known as next generation 

sequencing (NGS), has allowed increasing the number of plant viruses into these four 

genera, as well as their plant hosts (Bejerman et al., 2021, 2025). 

Associations between papaya diseases and rhabdovirus-like particles were reported 

decades before molecular tools were available. But more recently, HTS has enabled 

genomic characterization of papaya-infecting rhabdoviruses, allowing clearer taxonomic 

placement and epidemiological study.  A prevalent papaya-infecting cytorhabdovirus 

present in commercial orchards in Ecuador, was characterized and named papaya virus E 

(PpVE) by Medina-Salguero et al. (2019), and later designated Cytorhabdovirus papayae 

(Bejerman and Dietzgen 2019).    

Also, Papaya nucleorhabdovirus 1 (PNRV-1) is a putative alphanucleorhabdovirus 

found by metagenomics analysis of papaya samples from Chiapas, Mexico (GenBank Acc. 

No. MN203193- MN203195). This rhabdovirus was detected in mixed infections with 

other viruses, including both PRSV-symptomatic and non PRSV-symptomatic plants 

(Alcalá-Briseño et al., 2020). Another putative nucleorhabdovirus (babaco 

nucleorhabdovirus-1, BabRV-1, GenBank Acc. No. OQ256237) has been recently detected 

infecting babaco (Vasconcellea × heilbornii) by metagenomics in Ecuador (Reyes-Proaño 

et al., 2023), but it may not be related to those found in Mexico and Costa Rica, the 
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comparison of PNRV-1 and BabRV-1 did not show a significant similarity according to 

BLAST algorithm. Following Alphanucleorhabdovirus demarcation criteria of the 

International Committee on Taxonomy of Viruses (ICTV), which consider complete 

genome identity (threshold <75%) and differences in ecological niches, including hosts and 

vectors, the high nucleotide similarity (95.6–96.8%) to PNRV-1 of the L gene partial 

segment herein obtained, along with their shared host (C. papaya), suggests these may be 

the same virus. However, obtaining the complete L gene sequence or, ideally, the full 

genome of the Costa Rican isolate is necessary to definitively confirm its identity. 

The phylogenetic analysis performed with the Costa Rican strain showed that 

Mexican (PNRV-1) and Costa Rican strains are related and grouped in the main cluster 

containing alphanucleorhabdoviruses (Figure 3). Unfortunately, sequences of putative 

nucleorhabdoviruses previously detected by TEM in papaya in Venezuela, Florida (USA), 

Mexico or Cuba are not available at GenBank for comparison purposes. However, the 

symptoms described in those reports and associated to rhabdovirus-like particles (bullet-

shaped), suggest that those reports and the nucleorhabdovirus reported herein from Costa 

Rica may represent an old phytopathogen of papaya in this geographical region. 

Sequencing samples from the different countries where those symptoms have been reported 

would contribute to do an appropriate analysis.  

This report and the ones previously done in the region warrant additional studies. It 

is necessary to fulfill Koch´s postulates in order to determine the relationships of the 

putative alphanucleorhabdoviruses detected in papaya with the observed symptomatology. 

Besides, studying associations with other viruses infecting papaya, identification of 

alternative hosts and detection of putative insect vectors would help to understand aspects 

related to ecology and epidemiology of this disease and to design appropriate management 

strategies to help papaya growers. 

CONCLUSIONS 

Results, obtained by TEM, showed that C. papaya affected by streaked petiole 

(“pecíolo rayado”) disease harbor particles similar to nucleorhabdoviruses, and 

accordingly, the obtained nucleotide sequences indicate a virus closely related to papaya 

nucleorhabdovirus 1 (PNRV-1), a putative alphanucleorhabdovirus found using NGS by 

Alcalá-Briseño et al. (2020). Our speculation, as previously mentioned, is that this plant 

virus may be related to detections by TEM in papaya in Venezuela and Florida (USA) in 

the early 1980s, and later in Cuba and Mexico. However, sequencing work must be done 

in symptomatic papaya plants from countries at the Caribbean Basin, to find evidence to 

support this suggestion. 

To our best understanding, this is the first report of an alphanucleorhabdovirus 

infecting papaya in Costa Rica. This was found associated to an emerging viral disease with 

negative effect on the crop, but additional studies must be done to determine how the virus 

is participating in the etiology of the disease and the vector(s) species associated. 

Limitations. Budget constraints and lack of knowledge of the identity of the insect vector 

(hypothesized to be a cicadellid) represented limitations to complete Koch´s postulates. 

Moreover, plant rhabdoviruses are very difficult to transmit mechanically, needing 

techniques such as vascular puncture inoculation which demand technical expertise and 

specialized tools (Redinbaugh et al. 2001).  It is also necessary i) to test a larger number of 

samples for the different viruses recently associated with papaya diseases in Latin America 
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in order to have the complete panorama of the Costa Rican status, ii) search for alternative 

host plants, and iii) identify the virus vector(s). This information is needed to propose 

management recommendations and strategies to help the papaya growers. Therefore, 

further research is warranted to solve several unanswered questions.  

On the other hand, using HTS technology to obtain the complete genome or longer 

sequences of the alphanucleorhabdovirus consistently detected in papaya symptomatic 

samples in Costa Rica is essential to enable an appropriate comparison with the Papaya 

nucleorhabdovirus 1 reported from Mexico (Alcalá-Briseño et al., 2020). 
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