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RESUMEN

El género Begomovirus se compone de virus fitopatogenos con
un genoma de DNA circular, de cadena sencilla, que se trans-
miten por mosquita blanca. En 2014 en el estado de Guerre-
ro, México, se reporté la enfermedad del amarillamiento de la
jamaica (Hibiscus sabdariffa L.), asociada al begomovirus Okra
yellow mosaic Mexico virus (OYMMYV). A partir de entonces el
numero de parcelas afectadas ha incrementado en la entidad y se
ha observado un nimero mayor de plantas con mosaico, albi-
nismo, aclaramiento de nervaduras, clorosis intervenal y amari-
llamiento. Con base en lo anterior, los objetivos de este estudio
fueron determinar si existen otras especies de begomovirus en el
cultivo de jamaica, bajo la hipétesis de que sintomas diferentes
pueden significar al menos otra especie distinta de begomovirus.
Plantas de jamaica con amarillamiento, mosaico y aclaramiento
de nervaduras se recolectaron en dos parcelas del municipio de
Ayutla y una del municipio de Tecoanapa, Guerrero. Las plantas
colectadas fueron 12 con sintomas y tres asintomdticas. El DNA
de las plantas se amplificé por circulo rodante (ACR) y luego por
PCR para la deteccidn de begomovirus y de alfa y beta-satélites.
En plantas de jamaica con aclaramiento de nervaduras se detectd
a OYMMV, Sida golden mosaic Honduras virus (SGMHV) en
plantas con manchas clordticas y aclaramiento de nervaduras y
Whitefly-associated begomovirus 3 en plantas con mosaico, clorosis
intervenal y amarillamiento. Alfa y beta-satélites no se detecta-
ron. Este es el primer reporte del SGMHYV asociado a jamaica y
de la presencia de Whitefly-associated begomovirus 3 en una espe-
cie vegetal. Por lo tanto, para este ltimo proponemos el nombre

de Jamaica yellow mosaic virus.
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ABSTRACT

‘The genus Begomovirus is comprised of phytopathogenic viruses
with a genome of circular DNA, simple chain, transmitted
by whiteflies. In 2014 in the state of Guerrero, Mexico, the
yellowing disease of Roselle (Hybiscus sabdariffa L.) was reported,
associated with the begomovirus Okra yellow mosaic Mexico
virus (OYMMYV). Since then the number of affected plots has
increased in the state and a higher number of plants has been
observed with mosaic, albinism, discoloring of leaf veins,
interveinal chlorosis and yellowing. Therefore, the objectives
of this study were to determine whether there are other species
of begomovirus in the Roselle crop, under the hypothesis that
different symptoms might lead at least to another distinctive
Begomovirus species. Roselle plants with yellowing, mosaic and
leaf veins discoloration were collected from two plots in Ayutla,
and from another one in Tecoanapa, both municipalities in
Guerrero state. Collected plants were, 12 with symptoms and
three without symptoms. Plants DNA was amplified by rolling
circle (RCA) and afterwards by RCP for the detection of
begomovirus and of alpha and beta satellites. In Roselle plants
with leaf vein clearing, OYMMYV was detected, Sida golden
mosaic Honduras virus (SGMHYV) in plants with chlorotic spots
and leaf vein discoloration and Whitefly-associated begomovirus
3 in plants with mosaic, interveinal chlorosis and yellowing.
Alpha and beta-satellites were not detected. This is the first
report of the SGMHYV associated to Roselle and, particularly of
the presence of the Whitefly-associated begomovirus 3 in a plant
species. Therefore, for this latest, we propose the name of Jamaica

yellow mosaic virus.

Key words: Hibiscus sabdariffa, Whitefly-associated begomovirus
3, VEM-begomovirus 3, OYMMYV, SiGMHY, rolling circle

amplification.
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INTRODUCCION

| género Begomovirus (familia Geminiviridae)
Eincluye virus fitopatégenos con DNA circular,

de una sola cadena, encapsidado en particulas
geminadas icosaédricas; su genoma puede ser mono-
partita (DNA-A) o bipartita (DNA-A y DNA-B),
cada uno con aproximadamente 2.6 kb (Rojas e 4/,
2005). Los begomovirus representan uno de los pro-
blemas fitosanitarios principales para la produccién
agricola mundial, especialmente en las regiones tro-
picales y subtropicales (Khan, 2000; Mansoor ez al.,
2003). A estos virus los transmite la mosquita blanca,
principalmente Bemisia tabaci (Hemiptera), insecto
polifago que puede alimentarse de cultivos de las
familias Cucurbitaceae, Solanaceae, Fabaceae y Mal-
vaceae (Varma y Malathi, 2003). La infeccién oca-
sionada por begomovirus afecta la fotosintesis y pro-
voca decremento de almidén (Brown et al, 1993).
Los sintomas tipicos que causan los begomovirus son
enchinamiento foliar, mosaico, amarillamiento de
nervaduras y hojas, frecuentemente acompanado por
achaparramiento (Leke ez al., 2015).

Las interacciones planta-begomovirus-vector re-
percuten en las dindmicas poblacionales de este ulti-
mo y la epidemiologia de la enfermedad (Luan ez /.,
2014). Diferentes begomovirus han generado epide-
mias en zonas horticolas del sur de Estados Unidos,
Florida y el Caribe, México, Centroamérica, Vene-
zuela y Brasil (Polston y Anderson, 1997). En el caso
del African cassava mosaic virusy el Tomato yellow leaf
curl virus, se han registrado pérdidas millonarias en
yuca (Africa e India) y tomate (Africa, Europa, Cari-
be, América Central, Japén, México y Estados Uni-
dos), respectivamente (Scholthof ez a/., 2011; Leke ez
al., 2015).

En México, la planta de jamaica (H. sabdariffa L.)
se cultiva para obtener cdlices deshidratados y tallos
que se utilizan como productos alimenticios, farma-
céuticos, cosméticos y textiles (Salinas ez al., 2012).
El estado de Guerrero es el productor principal de ja-
maica, con 14 096.75 ha cosechadas y valor produc-
cién de 152 728.45 (miles de pesos) (SIAD 2018).
En 2013 en esta entidad se observé una expresién de
la enfermedad cuyos sintomas eran amarillamiento,
mosaico, aclaramiento de nervaduras y variegado de
los cdlices. Actualmente en las zonas productoras hay
parcelas con una incidencia mayor al 80% de plantas
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INTRODUCTION

he genus Begomovirus (family Geminiviridae)
I includes pathogenic viruses with circular
DNA, of single chain, encapsulated in
icosahedral geminate particles; its genome can be
monopartite (DNA-A) or bipartite (DNA-A and
DNA-B), each one with approximately 2.6 kb (Rojas
et al., 2005). The begomoviruses represent one of
the principal phytosanitary problems for world
agricultural production, especially in tropical and
subtropical regions (Khan, 2000; Mansoor ez al.,
2003). These viruses are transmitted by the whitefly,
mainly Bemisia tabaci (Hemiptera), a polyphagous
insect which can feed on crops of the families
Cucurbitaceae, Solanaceae, Fabaceae and Malvaceae
(Varma and Malathi, 2003). The infection caused
by begomovirus affects photosynthesis and provokes
decrease of starch (Brown ez al., 1993). The typical
symptoms caused by begomovirus are foliar curling,
mosaic, veins and leaves yellowing, frequently
accompanied by stunting (Leke ez a/., 2015).

The plant-begomovirus-vector interactions have
repercussions on the population dynamics of the
vector and the epidemiology of the disease (Luan ez
al., 2014). Different begomoviruses have generated
epidemics in horticultural zones of southern U.S.,
Florida and the Caribbean, Mexico, Central America,
Venezuela and Brazil (Polston and Anderson, 1997).
In the case of the African cassava mosaic virus and
the Tomato yellow leaf curl virus, significant losses
have been registered in yucca (Africa and India) and
tomato (Africa, Europe, Caribbean, Central America,
Japan, Mexico and the United States), respectively
(Scholthof et al., 2011; Leke et al., 2015).

In Mexico, Roselle (H. sabdariffa L.) is cultivated
to obtain dehydrated calyxes and stems, which are
used as products in the food, pharmaceutical, cosmetic
and textile industries (Salinas e 2/, 2012). The state
of Guerrero is the principal producer of Roselle, with
14 096.75 ha harvested and a production value of
152 728.45 (thousands of MXN pesos) (SIAD 2018).
In 2013 in this state a new expression of disease was
observed whose symptoms were yellowing, mosaic,
leaf veins discoloration and variegate coloration of
the calyxes. At present, in the production zones, plots
are observed with an incidence higher than 80%
of plants with symptoms. PCR was used to detect



con sintomas. Por medio de PCR se detecté Okra
yellow mosaic Mexico virus (OYMMYV) en plantas de
jamaica con sintomas de clorosis y amarillamiento
(Veldzquez ez al., 2016). Ademds, en campos de cul-
tivo se han observado plantas con sintomas diferentes
a los arriba mencionados. Por lo que, probablemente
otros begomovirus, ademds el OYMMYV, estén pre-
sentes.

El objetivo de este estudio fue determinar los be-
gomovirus en el cultivo de jamaica asociados a los
sintomas antes descritos, y la hipétesis fue que dife-
rentes sintomas pueden significar al menos otra espe-
cie distinta de begomovirus.

MATERIALES Y METODOS

Colecta de plantas

En agosto de 2015 se colectaron plantas con sintomas y asin-
tomdticas de jamaica en dos parcelas del municipio de Ayutla y
una parcela del municipio de Tecoanapa, Guerrero. Doce plantas
se recolectaron con sintomas y tres asintomdticas. Las muestras
se trasladaron y se mantuvieron individualmente en jaulas en un
invernadero del Colegio de Postgraduados, Campus Montecillo,

para mantener la fuente de inéculo.
Extraccién de 4cidos nucleicos

Los dcidos nucleicos totales se extrajeron de 100 mg de l4-
mina foliar por planta con el reactivo Plant RNA Purification
Reagent® (Invitrogen No.12322-012) siguiendo las instrucciones
del fabricante. Una planta asintomdtica se utilizé como control
negativo. Para eliminar la presencia de inhibidores en las extrac-
ciones, cada muestra se lavd tres veces con fenol: cloroformo:
alcohol isoamilico (24:24:1) y se precipité con NaOH 3M. La
concentracién final de las extracciones se cuantificé en un nano-
drop (Thermo Scientific mod. 2000) y su integridad se corroboré
mediante electroforesis en un gel de agarosa al 1%. Los dcidos

nucleicos se almacenaron a —20 °C para su andlisis posterior.
Amplificacién por circulo rodante

Para amplificar el DNA circular en las extracciones de dci-
dos nucleicos totales de plantas, se utilizé el kit TempliPhi 100
Amplification® (Amersham Biosciences) con las instrucciones del
fabricante. Los 4cidos nucleicos totales (100 ng) se usaron por
reaccién y la mezcla se incubé a 37 °C por 18 h. La amplificacién

se corroboré mediante electroforesis en gel de agarosa al 0.8%.
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Okra yellow mosaic Mexico virus (OYMM) in Roselle
plants with symptoms of chlorosis and yellowing
(Veldzquez et al., 2016). Furthermore, in crop fields,
plants have been observed with other symptoms,
different from those mentioned above. Therefore, it
is probable that, other begomoviruses in addition to
OYMMY, are present.

The objective of the study was to determine the
begomoviruses in the Roselle crop associated with
the symptoms described above, under the hypothesis
that different symptoms may mean at least another
distinctive species of begomovirus.

MATERIALS AND METHODS
Collection of plants

In August of 2015, plants with symptoms and asymptomatic
Roselle plants were collected in two plots of Ayutla and in
one plot of Tecoanapa, both municipalities of Guerrero state.
Twelve plants were collected with symptoms along with three
asymptomatic plants. Samples were brought and keptindividually
in cages in a greenhouse of the Colegio de Postgraduados,

Campus Montecillo, to maintain the source of inoculum.
Nucleic acids extraction

Total nucleic acids were extracted from 100 mg of foliar
lamina per plant with the reactive Plant RNA Purification
Reagent (Invitrogen No. 12322-012) following the instructions
of the manufacturer. An asymptomatic plant was used as
negative control. In order to eliminate the presence of inhibitors
in the extractions, each sample was washed three times with
phenol: chloroform: isoamyl alcohol (24:24:1) and precipitated
with NaOH 3M. The final concentration of the extractions
was quantified in a nanodrop (Thermo Scientific mod. 2000)
and their integrity was confirmed through electrophoresis in an
agarose gel at 1%. The nucleic acids were stored at —20 °C for

later analysis.
Rolling circle amplification

In order to amplify the circular DNA in the extractions of
total nucleic acids of plants, the kit TemliPhi 100 Amplification
(Amersham Biosciences) was used following the instructions of
the manufacturer. Total nucleic acids (100 ng) were used per
reaction and the mixture was incubated at 37 °C for 18 h. The
amplification was corroborated through electrophoresis in 0.8%

agarose gel.
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PCR para detectar begomovirus, alfa y beta-satélites

Iniciadores especificos se utilizaron para cada caso (Cuadro
1). La mezcla de reaccién para la PCR se hizo con 1 uL del DNA
amplificado por circulo rodante, 1X amortiguador de PCR, 0.2
mM dNTPs, 2.0 mM MgClz, 10 uM de cada primery 0.5 U de
Taq polimerasa (PROMEGA”®), ajustando todo a un volumen
final de 25 uL. Un termociclador (Techne TC-512°) se utilizé.
Los productos de PCR se visualizaron por electroforesis en un
gel de agarosa al 1%, las bandas de interés se separaron del gel, se
purificaron con PCR Clean-Up System Wizard' y se secuencia-
ron. Las secuencias se alinearon con el programa BIOEDIT para

compararlas con la base de datos del GenBank.
Secuenciaciéon masiva

El DNA de una de las muestras que fue positiva para bego-
movirus por PCR se amplificé por circulo rodante (CR) para
enriquecerla. El producto de CR se envi6 al Instituto de Bio-
tecnologia de la Universidad Nacional Auténoma de México,
para obtener la secuencia completa de los segmentos A y B, la
realizacién del andlisis bioinformdtico y el ensamble de novo. Los
ensambles resultantes de ambos segmentos se compararon con la
base de datos del GenBank y se utilizaron para la elaboracién de

los mapas genémicos con el programa SnapGene®.
Inoculacién por injerto

Las plantas recolectadas en campo que amplificaron para

begomovirus por PCR se usaron como fuente de indculo para

PCR to detect begomovirus, alpha and beta-satellites

Specific primers were used for each case (Table 1). The
reaction mixture for PCR was made with 1 uL of the rolling
circle amplified DNA, 1X buffer of PCR, 0.2 mM dNTPs, 2.0
mM MgCl,, 10 uM of each primer and 0.5 U of Taq polymerase
(PROMEGA”), adjusting everything to an end volume of 25 uL.
A thermocycler (Techne TC-512°) was used. The PCR products
were visualized by electrophoresis in a 1% agarose gel, the bands
of interest were separated from the gel, then purified with PCR
Clean-Up System Wizard® and they were sequenced. Sequences
were aligned with the program BIOEDIT to compare them with
the data base of GenBank.

Massive sequencing

The DNA of one of the samples that was positive for
begomovirus by PCR was amplified by rolling circle (CR) to
enrich it. The CR product was sent to the Biotechnology Institute
of the National Autonomous University of Mexico, to obtain
the complete sequence of segments A and B, the bioinformatics
analysis and the de novo assembly. The resulting assemblies of
both segments were compared with the GenBank database and
used for the elaboration of genomic maps with the SnapGene®

program.
Inoculation by grafting

Field-harvested plants that amplified for begomovirus

by PCR were used as a source of inoculum to confirm the

Cuadro 1. Secuencia de iniciadores y ciclos térmicos utilizados de PCR.

Table 1. Sequence of primers and thermal cycles used of PCR.

Fragmento y tamano

esperado Iniciadores Ciclo térmico
DNA-A o .
1400 b S: AAAACTCGAGGATGTGAAGGCCCATG 94 °C - 4 min
P AS: AAAAGGGAAGACGATGTGGGC 94°C - 1 min
(Veldzquez et al., 2016) 55°C -1 min 30 ciclos
72 °C - 1.5 min
72 °C - 5 min
Big;fﬂfe B01:GGTACCACTACGCTACGCAGCAGCC 94 °C - 4 min
P B02:GGTACCTACCCTCCCAGGGGTACAC 94 °C - 1 min
(Briddon ez al., 2003). 55 °C - 1 min 30 ciclos
Alfa-satélite’ 72 QC -2 in
AD: AAAGGTGAAGGCAAATCCACATTTGC 72 °C - 5 min

1400 pb

Al: AAACACCACCAGTGGGTCCATAAACC

Los iniciadores del alfa-satélite (AD y Al) se disefiaron para amplificar todo el genoma. % "The primers of the alpha-satellite (AD and

Al) were designed to amplify all of the genome.
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confirmar la transmisibilidad del virus detectado. De cada planta
positiva a begomovirus se injertaron hojas con sintomas sobre
plantas sanas de jamaica de 40 d de emergencia, obtenidas de
semilla, en invernadero. Tres plantas sanas se injertaron por cada
planta positiva y se incluyeron tres plantas sanas injertadas con
hojas de plantas asintomdticas como control. Las observaciones
se realizaron cada 24 h por 50 d y las plantas injertadas que mos-
traron sintomas se analizaron mediante PCR para begomovirus
como se indicé antes. Los productos amplificados se secuencia-
ron, las secuencias se alinearon con el programa BIOEDIT y se

compararon con la base de datos del GenBank.
RESULTADOS Y DISCUSION
Colecta de plantas

Los sintomas en las plantas fueron: 1) aclaramien-
to de nervaduras, 2) manchas cloréticas y aclaramien-
to de nervaduras y 3) mosaico, clorosis intervenal y
amarillamiento.

PCR para detectar begomovirus,
alfa y beta-satélites

En las amplificaciones por circulo rodante de las
12 plantas con sintomas se obtuvieron segmentos de
ADN-A de -10,250 pb (Figura 1A). En las plantas
asintomdticas no hubo amplificacién. Begomovirus
se detectaron mediante PCR (-1400 pb) (Figura
1B) y alfa o beta-satélites no se detectaron en las 12
plantas con sintomas analizadas. El resultado de las
secuencias consenso se deposit6 en el GenBank e in-
dicé la presencia de tres begomovirus:

1) Un amplicén de ~1140 pb, con 92% de simi-
litud con Sida golden mosaic Honduras virus en
plantas con manchas cloréticas y aclaramiento
de nervaduras (Figura 1C). Numero de acceso:
KY767922.

2) Un producto de PCR de 1150 pb, con 93% de
similitud con Okra yellow mosaic Mexico virus en
plantas con aclaramiento de nervaduras (Figura
1D). Ntimero de acceso: KY767921.

3) Un amplicén de 1121 pb, con 98% de similitud
con Whitefly-associated begomovirus 3 en plantas
con mosaico, clorosis intervenal y amarillamien-
to (Figura 1E). Numeros de acceso: KY767919 y
KY767920.

BEGOMOVIRUS ASOCIADOS AL CULTIVO DE JAMAICA (Hibiscus sabdariff)

transmissibility of the virus detected. From each positive plant
to begomovirus, leaves were grafted with symptoms on healthy
Roselle plants of 40 d from emergency, obtained from seed, in the
greenhouse. Three healthy plants were grafted for each positive
plant and three healthy plants grafted with asymptomatic plant
leaves were included as a control. Observations were made
every 24 h for 50 d and grafted plants that showed symptoms
were analyzed by PCR for begomovirus as indicated above. The
amplified products were sequenced, the sequences were aligned
with the BIOEDIT program and compared to the GenBank

dartabase.
RESULTS AND DISCUSSION
Collection of plants

The symptoms in the plants were as follows: 1)
nervation discoloring, 2) chlorotic spots and veins
discoloration and 3) mosaic, interveinal chlorosis
and yellowing,.

PCR to detect begomovirus, alpha
and beta-satellites

In the rolling circle amplifications of the 12
plants with symptoms, DNA-A segments of ~10,250
pb were obtained (Figure 1A). In the asymptomatic
plants there was no amplification. Begomoviruses
were detected by means of PCR (-1400 pb) (Figure
1B) and neither alpha nor beta-satellites were
detected in the 12 plants with symptoms analyzed.
The result of the sequence consensus was deposited
in the GenBank and indicated the presence of three
begomoviruses:

1) An amplicon of ~1140 pb, with 92% similarity
with Sida golden mosaic Honduras virus in plants
with chlorotic spots and veins discoloration
(Figure 1C). Access number: KY767922.

2) A product of PCR of 1150 pb, with 93%
similarity with Okra yellow mosaic Mexico virus
in plants with veins discoloration (Figure 1D).
Access number: KY767921.

3) An amplicon of 1121 pb, with 98% similarity
with Whitefly-associated begomovirus 3 in plants
with mosaic, interveinal chlorosis and yellowing
(Figure 1E). Access numbers: KYT767919 and
KY767920.
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Figura 1. Electroforesis en gel de agarosa de A: productos de amplificaciones por circulo rodante. B: productos de PCR del segmento
DNA-A de begomovirus (~1500 pb). Hojas de jamaica con sintomas asociados a C: Sida golden mosaic Honduras virus, D:
Okera yellow mosaic Mexico virus y E: Whitefly-associated begomovirus 3. 1Kb: Marcador de peso molecular. (-): Control nega-
tivo (DNA de planta sana). Carriles 1-8: plantas de jamaica con sintomas colectadas en campo.

Figure 1. Electrophoresis in agarose gel of A: products of rolling circle amplifications. B: products of PCR of the DNA-A segment of
begomovirus (~1500 pb). Roselle leaves with symptoms associated to C: Sida golden mosaic Honduras virus, D: Okra yellow
mosaic Mexico virus and E: Whitefly-associated begomovirus 3. 1Kb: Molecular weight marker. (-): Negative control (DNA of
healthy plant). Bands 1-8: Roselle plants with symptoms collected in the field.

Secuenciacién masiva

Debido a la deteccién in planta del Whitefly-
associated begomovirus 3, se realizé la secuenciacién
completa de los segmentos A y B de la muestra que
amplificé para este virus. El ensamble del DNA-A
consistié de 2629 pb (No. acceso MH457190) y el
DNA-B de 2532 pb (No. de acceso MH457191) con
una similitud de 98 y 91% con los segmentos A y B
del Whitefly-associated begomovirus 3 (VEM begomo-
virus 3) (Figura 2).
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Massive sequencing

Due to the detection in planta of the Whitefly-
associated begomovirus 3, the complete sequencing
was made of segments A and B of the sample which
amplified for this virus. The ensemble of the DNA-A
consisted of 2629 pb (Access No. MH457190) and
the DNA-B 0f2532 pb (Access Number MH457191)
with a similarity of 98 and 91% with segments A
and B of the Whitefly-associated begomovirus 3 (VEM
begomovirus 3) (Figure 2).
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Figura 2. Mapa genémico del DNA-A y DNA-B del Whizefly-associated begomovirus 3 detectado en plantas de jamaica con sintomas de

mosaico, clorosis intervenal y amarillamiento.

Figure 2. Genomic map of the DNA-A and DNA-B of the Whitefly-associated begomovirus 3 detected in Roselle plants with symptoms

of mosaic, interveinal chlorosis and yellowing.

Inoculacién por injerto

Todas las plantas sanas injertadas con hojas sin-
tomadticas de plantas positivas a begomovirus, reco-
lectadas en campo, mostraron sintomas de mosaico
y clorosis 25 d después del injerto. Las plantas sa-
nas injertadas con hojas de plantas asintomdticas no
mostraron sintomas. Sélo se tuvo amplificacién por
PCR para begomovirus en las plantas injertadas que
mostraron sintomas y sus secuencias correspondie-
ron con los tres begomovirus que se detectaron en las
plantas recolectadas en campo y que fueron fuente
de inéculo (Sida golden mosaic Honduras virus, Okra
yellow mosaic Mexico virus y Whitefly-associated bego-
movirus 3).

En campo se detectaron en la misma parcela
plantas de jamaica infectadas con begomovirus dis-
tintos; este es un fendmeno comun, atribuido a un
proceso evolutivo que favorece la recombinacién vy,
por consiguiente, la aparicién de nuevas especies o
aislamientos mds severos (Sanz et al., 2000; Garcia
et al., 2007). Los virus detectados en las plantas de
jamaica en esta investigaciéon (OYMMYV, SiGMHV
y Whitefly-associated begomovirus 3) son bipartitas y
en ningtin caso se encontraron satélites. En India se
observé que plantas de mesta (Hibiscus cannabinus) o
jamaica (H. sabdariffa) que presentaban aclaramiento

Inoculation by grafting

All of the healthy plants grafted with symptomatic
leaves of plants positive to begomovirus, collected in
the field, showed symptoms of mosaic and chlorosis
25 days after the graft. The healthy plants grafted
with leaves of asymptomatic plants did not show any
symptoms. There was only amplification by PCR
for begomoviruses in the grafted plants that showed
symptoms, and their sequences corresponded to the
three begomoviruses that were detected in the plants
collected in the field and that were the source of
inoculum (Sida golden mosaic Honduras virus, Okra
yellow mosaic Mexico virus and Whitefly-associated
begomovirus 3).

In the field in the same plot Roselle plants
infected with different begomoviruses were detected;
this is a common phenomenon, attributed to an
evolutive process that favors the recombination, and
consequently, the appearance of new species or more
severe isolates (Sanz et al., 2000; Garcia et 4/.,2007).
The viruses detected in the Roselle plants in the
present investigation (OYMMYV, SiGMHV and
Whitefly-associated begomovirus 3) are bipartite and
no satellites were found in any case. In India it was
observed that mesta (Hibiscus cannabinus) or Roselle
(H. sabdariffa) that presented veins discoloration were

ZAMORA-MACORRA ¢t al. | 1281
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de nervaduras estaban infectadas con Ludwigia leaf
distortion betasatellite, Cotton leaf curl Multan beta-
satellite (Das et al., 2008), Tomato leaf curl Joydebpur
betasatellite (Paul et al., 2008) y Mesta yellow vein mo-
saic virus (Chatterjee et al., 2007).

El OYMMYV se detecté por primera vez en ocra
(Abelmoschus esculentus) en el estado de Guerrero,
México, en plantas con sintomas de amarillamien-
to, moteado y distorsién foliar (De La Torre ez al.,
2006). Después, se reporté en Texas, EE.UU. (Her-
nandez-Zepeda et al., 2010), y luego en el estado
de Guerrero, México, se encontré en plantas de ja-
maica (H. sabdariffa) (Veldzquez et al., 2016). En la
presente investigacién, este virus estuvo asociado a
plantas de jamaica que mostraban aclaramiento de
nervaduras. Sida golden mosaic Honduras virus (SiG-
MHYV) se reporté por primera vez en Honduras en
Sida rhombifolia, especie con distribucién amplia en
Centroamérica (Frischmuth ez /., 1997) y no se ha-
bia detectado en otra especie vegetal.

Whitefly-associated begomovirus 3 se detecté en
adultos de Bemisia tabaci colectados en Guatemala
(Rosario ez al., 2015) e inicialmente se le asigné el
nombre de “VEM (Vector-enabled metagenomic)
begomovirus 3”, por ser una especie de begomovirus
que no se detecté en un hospedante vegetal, y por-
que se extrajo y secuenci6 directamente de insectos
vectores. En The Online 10th Report of the Interna-
tional Committee on Taxonomy of Viruses “https://
talk.ictvonline.org/ictv-reports/ictv_online_report/
ssdna-viruses/w/geminiviridae/479/member-species-
begomovirus” a este virus se le asigné el nombre de
Whitefly-associated begomovirus 3. Por considerar que
el Whitefly-associated begomovirus 3 contiene la orga-
nizacién genémica y capacidad codificante tipica de
los begomovirus (Rosario ez al., 2015) y, con base en
su deteccién en plantas de jamaica y la secuenciacién
completa del DNA-A y DNA-B, en nuestra investi-
gacién se propone el nombre de Jamaica yellow mo-
saic virus para el Whitefly-associated begomovirus 3.

CONCLUSIONES

Los begomovirus Okra yellow mosaic Mexico virus
(OYMMV), Sida golden mosaic Honduras virus (SG-
MHV) y Whitefly-associated begomovirus 3 se encon-
traron en el estado de Guerrero, México, en plantas
de jamaica asociados con sintomas de aclaramiento
de nervaduras, manchas clordticas, mosaico, clorosis
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infected with Ludwigia leaf distortion betasatellite,
Cotton leaf curl Multan betasatellite (Das et al., 2008),
Tomato leaf curl Joydebpur betasatellite (Paul et al.,
2008) and Mesta yellow vein mosaic virus (Chatterjee
et al., 2007).

OYMMY was detected for the first time in okra
(Abelmoschus esculentus) in the state of Guerrero,
Mexico, in plants with symptoms of yellowing,
spotting and foliar distortion (De la Torre ez
al., 2006). Next, it was reported in Texas, U.S.
(Hernandez-Zepeda ez al., 2010); and thereafter in
the state of Guerrero, Mexico, it was found in Roselle
plants (H. sabdariffa) (Velazquez et al., 2016). In the
present investigation, this virus was associated with
Roselle plants that presented veins discoloration.
Sida golden mosaic Honduras virus (SSiGMHV) was
first reported in Honduras in Sida rhombifolia, which
is a species with wide distribution in Central America
(Frischmuth et 2/, 1997) and it had not been detected
in any other plant species.

Whitefly-associated begomovirus 3 was detected
in adults of Bemisia tabaci collected in Guatemala
(Rosario et al, 2015) and initially the name of
“VEM (Vector-enabled metagenomic) begomovirus
3” was assigned to it, for being a species of
begomovirus that was not detected in a plant host,
and because it was extracted and sequenced directly
from vector insects. In The Online 10" Report of the
International Committee on Taxonomy of Viruses
“https://talk.ictvonline.org/ictv-reports/ict_online_
report/ssdna-viruses/w/geminiviridae/479/member-
species-begomovirus”, the name Whitefly-associated
begomovirus 3 was assigned to this virus. Considering
that  Whitefly-associated ~ begomovirus 3 contains
the genomic organization and codifying capacity
typical of the begomoviruses (Rosario ez al., 2015),
and based on its detection in Roselle plants and the
complete sequencing of the DNA-A and DNA-B in
our research, we propose the name Jamaica yellow
mosaic virus for the Whitefly-associated begomoirus 3.

CONCLUSIONS

The begomoviruses Okra yellow mosaic Mexico
virus (OYMMY), Sida golden mosaic Honduras
virus (SGMHYV) and Whitefly-associated begomovirus
3 were found in the state of Guerrero, Mexico, in
Roselle plants; associated with symptoms of veins
discoloration, chlorotic spots, mosaic, interveinal



intervenal y amarillamiento, respectivamente. De
ellos, el SGMHYV vy el Whitefly-associated begomovi-
rus 3 se detectaron por primera vez en esta especie
vegetal; Jamaica yellow mosaic virus se propone como
nombre para este tltimo.
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