
ABSTRACT: Lima bean plants showing mosaic and leaf distortion symptoms, similar to 

those induced by viruses, were observed in several production areas in the states of Ceará 

and Piauí, Northeastern Brazil. The aim of this study was to identify RNA genome viruses that 

infect lima bean. Field research was conducted from 2017 to 2018. Fifty-five symptomatic 

samples were randomly collected from seven properties in five municipalities and tested by 

RT-PCR and DNA sequencing with specific or universal primers for two viruses and two virus 

groups. Four virus species were identified: cucumber mosaic virus (CMV), cowpea mild mottle 

virus (CPMMV), cowpea aphid-borne mosaic virus (CABMV) and cowpea severe mosaic 

virus (CPSMV), which had infection levels of 21.8, 52.7, 47.2, and 1.8%, respectively, as well as 

double and triple infections. The CMV isolates belonged to subgroup IA. The CPMMV isolates 

had high nucleotide identity with CPMMV isolates from Brazil, USA and Mexico. The CABMV 

isolates showed moderate nucleotide identity with Brazilian isolates. Only one sample was 

infected with CPSMV. This is the first record of CPMMV and CPSMV naturally infecting lima 

bean. Approaches to virus control are discussed.
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INTRODUCTION

Lima bean (Phaseolus lunatus L.) is an annual legume crop of great importance for the food and nutritional security of 
rural communities in the Northeast region of Brazil due to its good adaptation to the regional climate and soil conditions 
and its high content of protein (26%), making it an easily accessible protein source (Barreto Neto et al. 2015). This region 
is responsible for more than 94% (11.193 tonnes) of Brazilian lima bean production, with the states of Ceará, Paraíba, 
Pernambuco, and Piauí being the main producers (IBGE 2018). However, due to the low levels of technology and other 
factors, the yield obtained in the northeastern region with this crop is around 300 kilograms/hectare.

Viruses have efficient forms of dissemination, are difficult to control, and are considered a major phytosanitary problem. 
They induce significant yield losses, limiting the production of many economically important crops such as beans (Lima 
et al. 2005). In Brazil, at least nine viruses that infect beans, such as cowpea [Vigna unguiculata (L.) Walp.] and common 
bean (Phaseolus vulgaris L.), have been reported. Those with the most predominance in the field are cucumber mosaic 
virus (CMV) (Eiras et al. 2004), cowpea aphid-borne mosaic virus (CABMV) (Nicolini et al. 2012), cowpea severe mosaic virus 
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(CPSMV) (Abreu et al. 2012) and cowpea mild mottle virus (CPMMV) (Lamas et al. 2017). There are, however, few reports 
of viruses infecting lima bean (Carvalho et al. 2015), possibly because lima bean is mainly cultivated by small farmers and 
has less economic importance than cowpea and common bean. The only comprehensive survey of lima bean viruses in 
Brazil was carried out for begomoviruses, and two species were identified as causal agents of golden mosaic disease (Ramos 
Sobrinho et al. 2014).

To fill this gap of knowledge regarding viral diseases of the lima bean, a survey was carried out in cultivated areas in 
the states of Piauí and Ceará, Brazil, to identify viruses infecting this crop and assess their potential economic importance.

MATERIAL AND METHODS

Collection of plant material

Lima bean samples with mosaic and leaf distortion symptoms were collected during the growing season (May to June) 
of 2017 and 2018 in the states of Piauí and Ceará, Brazil. In Piauí, a total of 43 samples were collected in Várzea Grande do 
Piauí (n = 9), Tanque do Piauí (n = 9), Barra D’Alcântara (n = 12), in the experimental area of the Center for Agricultural 
Sciences of Universidade Federal do Piauí, Teresina (n = 13). In the state of Ceará, 12 samples were collected in the city 
of Tianguá. Collected leaf samples were placed in plastic bags and the site registered by global positioning system (GPS) 
coordinates. Back in the laboratory, samples were preserved at -80 °C.

RNA extraction

Total RNA from leaf tissue was extracted with TRIzol reagent (Life Technologies) following the manufacturer’s 
recommendations. The pellets were washed with 75% ethanol, air-dried for 20 min and resuspended in 50 µL nuclease-free 
ultrapure distilled water and stored at -80 °C.

Diagnostic test

Some viruses are prevalent in bean fields in Northeastern Brazil, including CMV, CABMV, CPMMV and CPSMV (Lima 
et al. 2005; Lamas et al. 2017). Therefore, this work aimed to determine if the same viruses were infecting lima bean in 
this region. Samples were tested by reverse transcription-polymerase chain reaction (RT-PCR) with CMV- and CPMMV-
specific primers and universal primers for potyviruses and comoviruses (Table 1). For the synthesis of complementary 
DNA (cDNA) and PCR, the enzymes GoScript Reverse Transcriptase (Promega, Madison, WI, USA) and GoTaq Hot Start 
polymerase (Promega, Madison, USA) were used, respectively, following the manufacturer’s recommendations. The PCR 

Table 1. Oligonucleotides used in the RT-PCR reactions to detect cucumber mosaic virus (CMV), cowpea mild mottle virus (CPMMV), 
potyviruses and comoviruses in lima bean.

Oligonucleotide Orientation Sequence (5’ - 3’) Reference

CMVF Forward TGGTCGTCCAACTATTAACCAC
Kim et al. (2014)

CMVR Reverse TACTGATAAACCAGTACCGGTGA

CIFor Forward GGIVVIGTIGGIWSIGGIAARTCIAC
Ha et al. (2008)

CIRev Reverse ACICCRTTYTCDATDATRTTIGTIGC

ComovirusF Forward GCATGGTCCACWCAGGT
Brioso et al. (1996)

ComovirusR Reverse YTCRAAWCCVYTRTTKGGMCCACA

CPMMV-4000F Forward AACTTGGCCTTAGTGAACTCTACA
Lamas et al. (2017)

CPMMV-4500R Reverse ATTAGCTCTGTGCCTGGGGT
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products were analyzed on 1% agarose gels and stained with ethidium bromide. Amplified fragments of all potyviruses and 
comoviruses, as well as some CMV and CPMMV samples, were purified and sequenced in both directions at Macrogen 
Inc. (Seoul, South Korea).

Phylogenetic analysis

Phylogenetic trees based on the nucleotide sequences were generated by Bayesian inference using MrBayes version v. 3.2 
(Ronquist et al. 2012) with nucleotide substitution model (SYM+I+G for CMV), (HKY+I for CPMMV) and (GTR+G for 
CABMV) selected by MrModeltest 2.3 (Posada and Buckley 2004) in the Akaike information criterion (AIC). The analyses 
were carried out for 10,000,000 generations and sampling was done at every 1,000 steps to produce the distribution tree. 
The first 2,500 trees were discarded as burn in. Tree was visualized using Figtree (Rambaut 2009).

Mechanical transmission experiments

After RT-PCR assays, samples infected singly by one of the tested viruses were used for mechanical transmission 
assays to observe the symptoms each virus induced in lima bean, cowpea, and common bean. Extracts of infected leaves 
were prepared in 0.01 mol·L-1 phosphate buffer (pH 7.5), and rubbed onto the first pair of expanded leaves of three 
weeks old lima bean plants, previously dusted with carborundum (particle size 0.037 mm). Twelve lima bean plants (six 
of ‘Branquinha’ and six of ‘Boca de Moça’) were inoculated, in addition to two plants of each of the cowpea genotypes 
line TE 97-309G-3, ‘Pampo’ and ‘Imponente’, and the common bean ‘Carioca’. The plants were grown in 2.8 L pots on a 
mixture of soil, charred rice husk and vegetable substrate (1:1:1 ratio) and kept in cages protected with antiaphid mesh 
during all experiments. Inoculated plants were periodically observed, registering the onset and the type of symptoms. 
Virus infection was confirmed by RT-PCR.

RESULTS AND DISCUSSION

RT-PCR for virus detection

Amplicons were successfully obtained with the set of primers to detect CMV, CPMMV, poty- and comovirus in the sampled 
plants. Sequence analysis of the amplified fragment using primers for poty- and comovirus allowed for the identification of 
the detected potyvirus as CABMV, and the comovirus, as CPSMV. Among RT-PCR detected viruses, CABMV and CPMMV 
were the most prevalent. Of 55 samples, 27 (49.0%) were positive for CABMV and 29 (52.7%), for CPMMV (Table 2). 
CPMMV and CABMV were found in all sampled localities, except Teresina. CMV was found in 12 samples (21.8%) in 
three municipalities, while CPSMV was found only in one sample (1.8%) from Teresina.

Table 2. Detection of lima bean (Phaseolus lunatus)-infecting viruses in five municipalities of the states of Ceará and Piauí, Brazil.

City No. of 
samples

Number and percentage of infected samples (%) CMV+
CPMMV+
CABMVCABMV CMV CPMMV CPSMV CABMV+

CMV
CABMV+
CPMMV

CMV+
CPMMV

Barra D’Alcântara (PI) 12 9 (75.0) 1 (8.3) 5 (41.6) 0 (0.0) 1 (8.3) 2 (16.6) 0 (0.0) 0 (0.0)

Tanque (PI) 9 4 (44.4) 0 (0.0) 8 (88.8) 0 (0.0) 0 (0.0) 3 (33.3) 0 (0.0) 0 (0.0)

Teresina (PI) 13 0 (0.0) 9 (69.2) 9 (69.2) 1 (7.6) 0 (0.0) 0 (0.0) 7 (53.8) 0 (0.0)

Tianguá (CE) 12 10 (83.3) 0 (0.0) 2 (16.6) 0 (0.0) 0 (0.0) 1 (8.3) 0 (0.0) 0 (0.0)

Várzea Grande (PI) 9 4 (44.4) 2 (22.2) 5 (55.5) 0 (0.0) 1 (11.1) 1 (11.1) 2 (22.2) 1 (11.1) 

Total 55 27 (49.0) 12 (21.8) 29 (52.7) 1 (1.8) 2 (3.6) 7 (12.7) 9 (16.3) 1 (1.8)
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The high incidence of CABMV, CPMMV and CMV is most likely associated with the high occurrence of insect 
vectors of these viruses in lima bean plantations, which are often cultivated concurrently and in the same period as 
cowpea. However, transmission through lima bean infected seeds cannot be ruled out. The low incidence of CPSMV in 
lima bean observed in this study is probably due to the fact that lima bean is not a preferred host of its insect vectors 
(chrysomelid beetles).

Of the 55 evaluated samples, 16 (29.0%) were infected with more than one virus (Table 2). Double infections of 
CABMV and CMV (3.6%), CABMV and CPMMV (12.7%), and CMV and CPMMV (16.3%), were more frequent, while 
triple infection of CABMV, CMV and CPMMV was recorded in 1.8% of the plants. Mixed infections have biological, 
epidemiological and economic implications, as there may be synergistic relationships, leading to amplification of disease 
symptoms, changes in systemic movement of viruses, and increased or decreased concentration of viruses in the plant 
(Taiwo et al. 2007).

When inoculated simultaneously with CMV, CABMV and CPSMV, susceptible cowpea plants showed more severe 
symptoms, while more resistant plants showed milder symptoms (Oliveira et al. 2012).

Sequence identity and phylogenetic analysis

Virus-derived DNA fragments of 320, 500, 700 and 536 bp specific for CMV, CPMMV, potyviruses and comoviruses, 
respectively, were successfully amplified (data not shown), confirming the occurrence of these viruses in lima bean in 
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Figure 1. Bayesian phylogenetic tree based on the ORF 3b nucleotide sequence from cucumber mosaic virus (CMV) isolates obtained in this study 
(bold) and isolates recovered from the GenBank, with their respective accession numbers. Peanut stunt virus (PSV) was used as the outgroup.
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Northeastern Brazil. Pairwise sequence comparisons for the capsid protein (CP) gene of 10 CMV isolates from this study 
showed 96–100% nucleotide (nt) and 100% amino acids (aa) identities, demonstrating a high conservation of the CP gene. 
Pairwise sequence comparisons with isolates from GenBank revealed identity values of 94–99% for nt and 96-100% for aa 
with CMV subgroup I isolates, and 80-81% for nt, and 84-85% for aa with CMV subgroup II isolates. In the phylogenetic 
analysis, our isolates grouped with the CMV subgroup IA (Bayesian posterior probability = 0,6) (Fig. 1). These results 
reinforce those of Eiras et al. (2004) that in Brazil, there is a prevalence of CMV subgroup I.

Five CPMMV isolates were sequenced and showed 97–100% nt identity amongst themselves and 97–99% nt and 
100% aa identities with other CPMMV isolates from Brazil, USA and Mexico (Fig. 2). This virus is considered reemergent 
and has also been reported in high incidence in common bean (80–100%) and in a wide range of uncultivated hosts in 
Northeastern Brazil (Lamas et al. 2017). The high incidence of CPMMV in lima bean crops as well as in other cultivated 
Fabaceae such as common bean and soybean (Zanardo et al. 2014; Lamas et al. 2017) reinforces the importance of 
managing this pathogen.

Pairwise sequence comparisons for the cylindrical inclusion (CI) gene of 27 CABMV isolates revealed 81–100% nt and 
92–100% aa identity. Pairwise sequence comparisons with isolates from GenBank showed the highest identity of 90–95% 

Figure 2. Bayesian phylogenetic tree based on the RdRp nucleotide sequence from cowpea mild mottle virus (CPMMV) isolates obtained 
in this study (bold) and isolates recovered from the GenBank, with their respective accession numbers. Apple stem pitting virus (ASPV) was 
used as an outgroup.
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nt and 96–97% aa with CABMV MG-Avr isolate from passion fruit (HQ880243) (Barros et al. 2011; Rodrigues et al. 2015). 
Based on comparisons of partial genome sequences and according to the International Committee on Taxonomy of Viruses 
(ICTV), species demarcation criterion for the genus Potyvirus (< 74% sequence identity for CI coding region) (Adams et al. 
2005; ICTV 2019), isolates studied in this work were confirmed as CABMV, the only potyvirus infecting lima bean plants 
identified in this study.

Phylogenetic analysis of 16 samples revealed the formation of two groups: the first group contained Brazilian (12 
of isolates used in this study, MG-Avr and BR1), Indian (RR3) and African (Z) isolates, and the second contained four 
isolates used in this study and others Brazilian isolates Alvinlândia-SP, Fernão-SP and SJBV-PR, both groups with 
high support (Fig. 3). There was no correlation between geographic origin or host, since the MG-AVr, Alvinlândia-SP, 
Fernão-SP and SJBV-PR isolates were obtained from passion fruit, the BR1 isolate from peanut, and the RR3 isolate 
from cowpea.

Moderate sequence conservation and lack of correlation between geography, host origin, and phylogeny has been 
demonstrated for CABMV isolates obtained from different regions of Brazil. CABMV is the prevalent species in cowpea 

0,65
1

1

1

1

1

1

1

1

1

1

1

1
1

0,93

0,99

0,99
0,99

0,62

0,87

0,83

0.2

0,8

CABMV VG29 MN397189

CABMV Tia52 MN397196

CABMV Tia47 MN397194

CABMV Tia46 MN397193

CABMV Tia50 MN397195

CABMV Tia44 MN397192

CABMV Tia43 MN397191

CABMV Tia53 MN397197

CABMV BA25 MN397188

CABMV SJBV-PR KC777398

PSWV SW8 KX577780

RMV NC001814

II

I

WMV TURK91 EU660579

CABMV Fernao-SP KC777395

CABMV Alvinlandia-SP KC777393

CABMV Tan14 MN397184

CABMV Tan8 Mn397183

CABMV Tia42 MN397190

CABMV RR3 KM597165

CABMV BR1 HQ880242

CABMV MG-Avr HQ880243

CABMV VG1 MN397182

CABMV BA24 MN397187

CABMV BA23 MN397186

CABMV BA21 MN397185

CABMV Z AF348210

Figure 3. Bayesian phylogenetic tree based on the CI gene of cowpea aphid-borne mosaic virus (CABMV) isolates obtained in this study (bold) 
and isolates recovered from the GenBank, with their respective accession numbers. Ryegrass mosaic virus (RMV) was used as the outgroup.
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(Freitas et al. 2012) and passion fruit (Rodrigues et al. 2015) in Brazil. Both botanical species are normally cultivated in 
Northeastern Brazil and therefore potential sources of lima bean virus and vice versa.

Only one sample (MN729608) was diagnosed as infected by a comovirus. The partial sequence of the CP gene presented 
higher identity, 100% nt and 100% aa, with the isolate CPSMV PI (HM450148) from cowpea sampled in Brazil. These data 
confirming CPSMV as the only comovirus infecting lima bean in this study.

Symptoms characterization

The four viruses caused symptoms in all lima bean plants following mechanical inoculation with extract of infected 
material (Fig. 4). CMV induced systemic symptoms of mild mosaic 20 days after inoculation (dai). At 40 dai, mosaic 
was observed in young leaves and in some expanded leaves (Fig. 4a). No other CMV symptoms were observed in lima 
beans. CABMV caused mild mosaic symptoms 8 dai; at 35 dai, the leaves had intense blistering and limb distortion 
and showed necrotic lesions (Fig. 4b); at 60 days after inoculation, plants were underdeveloped. CPMMV induced 
systemic mild mosaic symptoms in young leaves at 8 dai; at 20 dai a yellow mosaic was observed in young and fully 
expanded leaves and blistering was observed in young leaves (Fig. 4c). Chlorotic local lesions were observed 4 days 
after mechanical inoculation with CPSMV; at 35 dai, severe blistering and distortion of leaves (Fig. 4d), death 
of terminal shoots, leaf necrosis and premature leaf fall, and underdevelopment were observed. Infection by the 
inoculated virus was confirmed in all inoculated and symptomatic plants by RT-PCR. The symptoms observed in 
lima bean plants resemble those presented by cowpea infected with CMV, CABMV and CPSMV (Oliveira et al. 2012), 
including underdevelopment of the plant, implying that these viruses are real problems for the production of lima 
beans in Brazil. Future studies of synergistic effects between these viruses in lima beans may contribute to reveal the 
effects on production.

Figure 4. Symptoms observed in lima bean plants ‘Branquinha’ inoculated with: (a) cucumber mosaic virus (CMV) – mild mosaic; (b) cowpea 
aphid-borne mosaic virus (CABMV) – severe mosaic and leaf distortion; (c) cowpea mild mottle virus (CPMMV) – mild mosaic and crinkled 
leaves; (d) cowpea severe mosaic virus (CPSMV) – severe mosaic and severe leaf distortion.

(a)

(c)

(b)

(d)
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CONCLUSION

The results of this study revealed four viruses infecting lima beans in Brazil. However, the presence of other viral species 
not covered by this study cannot be ruled out. This is the first time that CPMMV and CPSMV have been recorded naturally 
infecting lima beans anywhere in the world. In addition, the frequent incidence of CMV and CABMV infecting lima beans 
was confirmed. However, it will be necessary to expand the sampling area to obtain a more representative distribution and 
prevalence of these viruses. In this context, the use of RT-PCR was useful in achieving the detection of a limited number 
of known viruses. However, the use of more modern identification techniques such as high throughput sequencing could 
identify other viruses that were not the target of this research.

Lack of knowledge about viruses as a phytosanitary problem amongst farmers contributes to the high incidence of 
the disease. Consequently, there are no attempts to control viruses and their vectors. These results will be the basis for 
future studies of lima bean viruses, mainly for the genetic management of these viruses, in view of the lack of knowledge 
of resistant varieties, in addition to the execution of an extension program that will aim to teach producers about viruses. 
To our knowledge, this is the first study to identify and characterize lima bean RNA viruses in Brazil.

FUNDERS

Coordenação de Aperfeiçoamento de Pessoal de Nível Superior
[http://doi.org/10.13039/501100002322]

Conselho Nacional de Desenvolvimento Científico e Tecnológico
[http://doi.org/10.13039/501100003593]
Grant # 401697/2016-9 

Fundação de Amparo à Pesquisa do Estado de São Paulo
[http://doi.org/10.13039/501100001807]
Grant # 18910-4/2017

AUTHOR’S CONTRIBUTION

Conceptualization, Beserra Jr J. E. A. and Eiras M.; Investigation, Medeiros L. S. A., Oliveira I. A., Pereira H. J., 
Kitajima E. W., Ribeiro S. G. and Matos K. S., Writing – Original Draft, Medeiros L. S. A. and Beserra Jr J. E. A., Writing – 
Review and Editing, Eiras M., Ribeiro S. G., Kitajima E. W., Oliveira I. A., Pereira H. J., Medeiros L. S. A., Matos K. S. 
and Beserra Jr J. E. A.

REFERENCES

[IBGE] Instituto Brasileiro de Geografia e Estatística. (2018). Produção agrícola municipal. Culturas temporárias e permanentes. Rio de 

Janeiro, 44, 1-8. [Accessed Oct. 25, 2019]. Available at: https://biblioteca.ibge.gov.br/index.php/biblioteca-catalogo?view=detalhes&id=766

[ICTV] International Committee on Taxonomy of Viruses. (2011). Virus Taxonomy: The ICTV Report on Virus Classification and Taxon 

Nomenclature. [Accessed Jul. 31, 2019]. Available at: https://talk.ictvonline.org/ictv-reports/ictv_online_report/

Abreu, E. F. M., Tinoco, M. L. P., Andrade, E. C. and Aragão, F. J. L. (2012). Diversity among isolates of cowpea severe mosaic virus 

infecting cowpeas in northeastern Brazil. Genetics and Molecular Research, 11, 3146-3153. https://doi.org/10.4238/2012.September.3.3

http://dx.doi.org/10.13039/501100002322
http://dx.doi.org/10.13039/501100003593
http://dx.doi.org/10.13039/501100001807
https://biblioteca.ibge.gov.br/index.php/biblioteca-catalogo?view=detalhes&id=766
https://talk.ictvonline.org/ictv-reports/ictv_online_report/
https://doi.org/10.4238/2012.September.3.3


415

A survey of RNA genome viruses in lima bean crops

Bragantia, Campinas, v. 79, n. 3, p.407-416, 2020

Adams, M. J., Antoniw, J. F. and Fauquet, C. M. (2005). Molecular criteria for genus and species discrimination within the family Potyviridae. 

Archives of Virology, 150, 459-479. https://doi.org/10.1007/s00705-004-0440-6

Barreto Neto, M., Fagundes, R. A. A., Barbosa, M. M., Arriel, N. H. C., Franco, C. F. O. and Santos, J. F. (2015). Características morfológicas 

e produtivas em acessos de feijão-fava consorciados. Tecnologia & Ciência Agropecuária, 9, 23-27.

Barros, D. R., Alfenas-Zerbini, P., Beserra Júnior, J. E. A., Antunes, T. F. S. and Zerbini, F. M. (2011). Comparative analysis of the genomes of 

two isolates of cowpea aphid-borne mosaic virus (CABMV) obtained from different hosts. Archives of Virology, 156, 1085-1091. https://

doi.org/10.1007/s00705-011-0962-7

Brioso, P. S. T., Santiago, L. J. M., Anjos, J. R. N. and Oliveira, D. E. (1996). Identificação de espécies do gênero Comovirus através de 

“polymerase chain reaction”. Fitopatologia Brasileira, 21, 219-225.

Carvalho, E. M. S., Beserra Junior, J. E. A. and Barguil, B. M. (2015). Lima bean diseases. In R. L. F. Gomes, A. S. F. Araujo and A. C. A. 

Lopes (Org), Phaseolus Lunatus: Diversity, Growth and Production (Plant Science Research and Practices) (p. 1-25). Hauppauge: Nova 

Science Pub Inc.

Eiras, M., Boari, A. J., Colariccio, A., Chaves, A. L. R., Briones, M. R. S., Figueira, A. R. and Harakava, R. (2004). Characterization of isolates 

of the cucumovirus cucumber mosaic virus present in Brazil. Journal of Plant Pathology, 86, 61-69.

Freitas, A. S., Cezar, M. A., Ambrósio, M. M. Q., Silva, A. K. F., Aragão, M. L. and Lima, J. A. A. (2012). Ocorrência de vírus em cultivos de 

feijoeiro-caupi no Sertão da Paraíba. Tropical Plant Pathology, 37, 286-290. https://doi.org/10.1590/S1982-56762012000400009

Ha, C., Coombs, S., Revill, P. A., Harding, R. M., Vu, M. and Dale, J. L. (2008). Design and application of two novel degenerate primer 

pairs for the detection and complete genomic characterization of potyviruses. Archives of Virology, 153, 25-36. https://doi.org/10.1007/

s00705-007-1053-7

Kim, M.-K., Jeong, R.-D., Kwak, H.-R., Lee, S.-H., Kim, J.-S., Kim, K.-H., Cha, B. and Choi, H.-S. (2014). First Report of Cucumber mosaic 

virus isolated from wild Vigna angularis var. nipponensis in Korea. Plant Pathology Journal, 30, 200-207. https://doi.org/10.5423/PPJ.

NT.01.2013.0012

Lamas, N. S., Matos, V. O. R. L., Alves-Freitas, D. M. T., Melo, F. L., Costa, A. F., Faria, J. C. and Ribeiro, S. G. (2017). Occurrence of Cowpea 

mild mottle virus in common bean and associated weeds in Northeastern Brazil. Plant Disease, 101, 1828. https://doi.org/10.1094/

PDIS-04-17-0562-PDN

Lima, J. A. A., Sittolin, I. M. and Lima, R. C. A. (2005). Diagnose e estratégias de controle de doenças ocasionadas por vírus. In F. R. Freire 

Filho, J. A. A. Lima and V. Q. Ribeiro (Ed), Feijão-caupi: avanços tecnológicos (p. 405-459). Brasília: Embrapa Informação Tecnológica.

Nicolini, C., Rabelo Filho, F. A. C., Resende, R. O., Andrade, G. P., Kitajima, E. W., Pio-Ribeiro, G. and Nagata, T. (2012). Possible host 

adaptation as an evolution factor of Cowpea aphid-borne mosaic virus deduced by coat protein gene analysis. Journal of Phytopathology, 

160, 82-87. https://doi.org/10.1111/j.1439-0434.2011.01861.x

Oliveira, C. R. R., Freire Filho, F. R., Nogueira, M. S. R., Barros, G. B., Eiras, M., Ribeiro, V. Q. and Lopes, A. C. A. (2012). Reação de genótipos 

de feijão-caupi revela resistência às coinfecções pelo Cucumber mosaic virus, Cowpea aphid-borne mosaic virus e Cowpea severe mosaic 

virus. Bragantia, 71, 59-66. https://doi.org/10.1590/S0006-87052012005000007

Posada, D. and Buckley, T. R. (2004). Model selection and model averaging in phylogenetics: advantages of Akaike Information Criterion 

and Bayesian approaches over likelihood ratio tests. Systematic Biology, 53, 793-808. https://doi.org/10.1080/10635150490522304

Rambaut, A. (2009). Fig Tree: A couple of new features and a few bug fixes. Molecular Evolution, Phylogenetics and Epidemiology, 1.2.2. 

[Accessed Feb. 12, 2020]. Available at: http://tree.bio.ed.ac.uk/software/figtree/

https://doi.org/10.1007/s00705-004-0440-6
https://doi.org/10.1007/s00705-011-0962-7
https://doi.org/10.1007/s00705-011-0962-7
https://doi.org/10.1590/S1982-56762012000400009
https://doi.org/10.1007/s00705-007-1053-7
https://doi.org/10.1007/s00705-007-1053-7
https://doi.org/10.5423/PPJ.NT.01.2013.0012
https://doi.org/10.5423/PPJ.NT.01.2013.0012
https://doi.org/10.1094/PDIS-04-17-0562-PDN
https://doi.org/10.1094/PDIS-04-17-0562-PDN
https://doi.org/10.1111/j.1439-0434.2011.01861.x
https://doi.org/10.1590/S0006-87052012005000007
https://doi.org/10.1080/10635150490522304
http://tree.bio.ed.ac.uk/software/figtree/


416

L. S. A. Medeiros et al.

Bragantia, Campinas, v. 79, n. 3, p.407-416, 2020

Ramos Sobrinho, R., Xavier, C. A. D., Pereira, H. M. B., Lima, G. S. A., Assunção, I. P., Mizubuti, E. S. G., Duffy, S. and Zerbini, F. M. (2014). 

Contrasting genetic structure between two begomoviruses infecting the same leguminous hosts. Journal of General Virology, 95, 

2540-2552. https://doi.org/10.1099/vir.0.067009-0

Rodrigues, L. K., Silva, L. A., Garcêz, R. M., Chaves, A. L. R., Duarte, L. M. L., Giampani, J. S., Colariccio, A., Harakava, R. and Eiras, M. 

(2015). Phylogeny and recombination analysis of Brazilian yellow passion fruit isolates of Cowpea aphid-borne mosaic virus: origin and 

relationship with hosts. Australasian Plant Pathology, 44, 31-41. https://doi.org/10.1007/s13313-014-0308-5

Ronquist, F., Teslenko, M., van der Mark, P., Ayres, D. L., Darling, A., Höhna, S., Larget, B., Liu, L., Suchard, M. A. and Huelsenbeck, J. P. 

(2012). MrBayes 3.2: Efficient Bayesian phylogenetic inference and model choice across a large model space. Systematic Biology, 61, 

539-542. https://doi.org/10.1093/sysbio/sys029

Taiwo, M. A., Kareem, K. T., Nsa, I. Y. and Hughes, J. D. (2007). Cowpea viruses: Effect of single and mixed infections on symptomatology 

and virus concentration. Virology Journal, 4, 95. https://doi.org/10.1186/1743-422X-4-95

Zanardo, L. G., Silva, F. N., Bicalho, A. A. C., Urquiza, G. P. C., Lima, A. T. M., Almeida, A. M. R., Zerbini, F. M. and Carvalho, C. M. (2014). 

Molecular and biological characterization of Cowpea mild mottle virus isolates infecting soybean in Brazil and evidence of recombination. 

Plant Pathology, 63, 456-465. https://doi.org/10.1111/ppa.12092

https://doi.org/10.1099/vir.0.067009-0
https://doi.org/10.1007/s13313-014-0308-5
https://doi.org/10.1093/sysbio/sys029
https://doi.org/10.1186/1743-422X-4-95
https://doi.org/10.1111/ppa.12092

