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Abstract
Squash leaf curl virus (SLCV) was detected in Proboscidea louisianica and identified based
on the nucleotide sequence of the viral capsid protein genome. Phylogenetic analysis confirmed
that the begomovirus was associated with viral symptoms of the host weed. This is the first report
of SLCV detected in P. louisianica.
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Introduction
Geminiviruses are plant-infecting viruses which belong to the Geminiviridae family, with a
characteristic circular, single-stranded DNA genome encapsulated in twin isometric particles, with
single or bipartite components (DNA-A and DNA-B). The genus Begomovirus belongs to the
Geminiviridae family, which is transmitted by the whitefly Bemisia tabaci (Al-Musa et al. 2008). It
causes significant losses and affects dicotyledonous plants of high-valued horticultural crops
(Polston et al. 2017). In addition to cultivated plants, begomoviruses are also found in weeds and
wild plants. The identification of alternative hosts (weeds) is essential to completely understand the
epidemiology of these infectious agents in developing more effective integrated pest management
strategies; however, the importance of weeds in the cycle of viral diseases has been largely
overlooked (Leke et al. 2015). Although recently, studies have been carried out on the
begomoviruses that infect weeds (Polston et al. 2017). According to Mubin et al. (2010), weeds are
reservoirs for begomovirus, they play a crucial role in the outbreak of epidemics that affect plants
at the beginning of their cropping cycle. In the dry season, weeds serve as refuge for vectors, they
are key factors in spreading many viruses, by redistributing primary inoculum and are an important
factor in the epidemiology of begomovirus (Zaidi & Mansoor 2017). The infected weeds may show
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few symptoms or be asymptomatic, making it more difficult to manage viral diseases in crops
(Wisler & Norris 2005). Therefore, the aim of this study was to analyze molecularly and
phylogenetically the virus that affects P. louisianica.
Materials & Methods

Collected of weed, extraction of ADN, molecular identification and phylogenetic analysis
Young leaves of Proboscidea louisianica (P. Mill.) Thell, commonly known as “Torito”, with
characteristic virus symptoms were collected. The symptoms included a bright yellow mosaic,
epinasty, marginal leaf chlorosis (yellowing edges), leaf size reduction, leaf area reduction,
dwarfism, and stunting. Samples were collected at the Experimental Field of the Agricultural
College of the State of Guerrero (CSAEGro), located at Cocula, Guerrero (18 ° 14 'N, 99 ° 39 'W
and 640 m above sea level). The climate is AW0, which corresponds to warm sub-humid with
summer rains, with annual temperature and precipitation of 26.4 °C and 767 mm, respectively. The
samples were transported to the Phytosanitary Diagnostic Laboratory “Biociencia”, located in
Monterrey, Nuevo León, Mexico, where molecular analysis was carried out by extracting genomic
DNA from P. louisianica leaves according to the DNeasy Plant Kit (QIAGEN® USA). A
combination of degenerate primers was used for PCR, by amplifying the gene that encodes the
capsid protein (Wyatt & Brown 1996, Zhang et al. 2008). The degenerate primers prV324 (5’GCCYATRTAYAGRAAGCCMAG-3’) and CoPR (5’- GANGSATGHGTRCADGCCATATA-3’)
were used to amplify a fragment of approximately 576 bp using a program with an initial
temperature of 94 °C for 4 min, followed by 35 cycles of 94 °C for 60 sec, 50 °C for 45 sec, 72 °C
for 45 sec, and final extension of 72 °C for 6 min. For DNA amplification, a Thermo ™
thermocycler was used and the visualization of the amplified products were performed by
electrophoresis on 1% agarose gels at 62 volts for 5 minutes followed by 100 volts for 40 minutes,
and were observed in a UVMR light transilluminator. Representative samples of the PCR products
were sequenced and then compared to those in the GenBank database. The consensus sequences
were edited and assembled using the CAP option (Contig Assembly Program) of the BioEdit
Software 7.2.5 (Hall 2004). In the evolutionary analysis, all consensus sequences were aligned with
the ClustalW program included in the MEGA 7 software (Kumar et al. 2016). Phylogenetic
reconstructions for the data were performed by the maximum parsimony method, using the subtreepruning-regrafting algorithm, with search option (level = 1) in which the initial trees were obtained
by random addition of sequences (10 replicates), the spaces or missing data were considered
complete deletion. To calculate the confidence values of the clades, a bootstrap test was performed
with 1000 replicates. The obtained sequence was deposited in the GenBank database.
Results
Viral syndrome was observed in Proboscidea louisianica plants: leaf deformation, roughness,
yellow mosaics, leaf size reduction, chlorotic bulge, and marginal leaf chlorosis (Fig. 1). By PCR
analysis and subsequent observation on agarose gels, the presence of Begomovirus was detected in
leaf tissue of the “Torito” weed, considered endemic to the CSAEGro region, located in the
community of Cocula Gro., in the northern part of the state of Guerrero, Mexico. This is congruent
with the abundant population of whitefly detected on “Torito”, weeds and squash plants (Cucurbita
pepo) established during the growing season (spring/summer 2015). The sequence of 494 bp
obtained from the amplified product showed 99% similarity to the coding region for the capsid
protein, with sequences reported in the Genbank for squash leaf curl virus. Subsequently, the
sequence was deposited in the Genbank of the National Center for Biotechnology Information,
accession number KX620944.1 DAM2 (Fig. 2). The phylogenetic analysis based on the encoding
region of the capsid protein identified the virus as SLCV. In this region, the virus was grouped with
its homologues (DQ285016 and DQ285019), with a bootstrap confidence level of 96%, and is
highly differentiated from the rest of the species (100%) (Fig. 2).
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Fig. 1 – Squash leaf curl virus (A, B, and C) Symptoms of chlorosis, deformation, and mosaics
associated with begomovirus infection in Proboscidea louisianica.

Fig. 2 – Phylogenetic tree obtained by the maximum parsimony method using the subtree-pruningregrafting algorithm. The confidence values of the nodes were formed with 1000 bootstrap
replicates. Bold lettering represents the evaluated strain in this study.
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Discussion
“Torito” and other weeds play an important part in ecosystems of the northern region of
Guerrero, and other parts of Mexico and North America. When harvesting ends, mainly vegetable
crops, weeds are the main hosts and reservoirs of plant-infecting viruses and their insect vectors
(Chen et al. 2013). Snehi et al. (2015) pointed out that by eradicating perennial weeds from around,
inside, and outside greenhouses, eliminating possible virus inoculum sources in fields, and
monitoring and detecting initial symptoms in the early stages of development of the crop, can be
useful strategies to decrease the incidence of viral infections. In Pakistan, Mubin et al. (2010)
studied the interaction of begomovirus and Sonchus arvensis by cloning, nucleic acid sequencing
and phylogenetic analysis because according to these authors, the molecular diagnosis makes
known the relationship of the virus and its host by also determines its correlation with other viruses
of the same group detected in other parts of the world. On the other hand, according to Mauck et al.
(2012) vectors have the tendency to be attracted to weeds and once they transmit the viruses, they
present a pathogenic attenuation phase that does not kill the host (weed) which functions as a longterm food source for the vector (Zaidi & Mansoor 2017).
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