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Resumen. En cultivos de cebolla Allium cepa
del estado de Morelos, México, se observan sinto-
mas tipicos y severos asociados a Iris yellow spot
virus (IYSV). En esta investigacion se estudiaron
las alteraciones que ocasionan los aislamientos de
IYSV procedentes de sintomas tipicos y severos en
Nicotiana benthamiana, las diferencias en el gen
N y su filogenia. Cuatro aislamientos tipicos y
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Abstract. In onion Allium cepa crops in the state
of Morelos, Mexico, typical and severe symptoms
associated with Iris yellow spot virus (IYSV) are
observed. In this work the alterations caused by
IYSV isolates from typical and severe symptoms
in Nicotiana benthamiana, the differences in the N
gene and their phylogeny were studied. Four typical
and five severe isolates mechanically inoculated
caused systemic infection. Severe isolates caused
more severe symptoms in bioclimatic chamber.
The N gene sequence of both isolates had 98-
99% identity with the IYSV nucleoprotein and no
changes in nucleotide sequence between them were
observed. Both isolates were grouped with the
IYSV,, genotype and had greater similarity with
those reported in Canada and the United States.

Key words: Tospovirus, phylogeny, genomic
changes.
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cinco severos inoculados mecdnicamente causaron
infeccion sistémica. En camara bioclimatica los
aislamientos severos ocasionaron mayor severi-
dad de sintomas. La secuencia del gen N de ambos
aislamientos tuvo 98-99% de identidad con la nu-
cleoproteina de IYSV y no se observaron cambios
en la secuencia de nucledtidos entre ellos. Ambos
aislamientos se agruparon con el genotipo IYSV
y tuvieron mayor similitud con los reportados en
Canada y Estados Unidos.

Palabras clave: Tospovirus, filogenia, cambios ge-
ndémicos.

La enfermedad viral mas importante del cul-
tivo de cebolla Allium cepa es la mancha ama-
rilla causada por Iris yellow spot virus (IYSV)
(Bunyaviridae:Tospovirus) (Kritzman et al., 2001)
ya que ocasiona una importante disminucion del
tamano del bulbo (Gent ef al., 2004). En hojas y
tallos florales de cebolla el IYSV ocasiona man-
chas cloréticas de forma alargada o de diamante,
color pajizo y aspecto seco, con ausencia o pre-
sencia de islas verdes en el centro de las lesiones
(Gent et al., 2006). El genoma de IYSV consiste de
tres segmentos de ARN monocatenario de sentido
negativo denominados grande (L), mediano (M) y
pequefio (S) (Bag et al., 2009; Bag et al., 2010).
El segmento S contiene al gen N que codifica para
la nucleoproteina de la capside comunmente utili-
zado para la identificacion y clasificacion de tos-
povirus debido a su grado de divergencia (Pappu
et al., 2006), ademas de estudios de distribucion
geografica y diversidad genética (Iftikhar er al.,
2014). Este virus se encuentra ampliamente dis-
tribuido a nivel mundial (Gent et al., 2006) y en
Meéxico ha sido reportado desde 2012 en cultivos
de cebolla del estado de Morelos causando la enfer-
medad conocida como “mancha amarilla” con una
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The most important viral disease that affects
onion crops (Allium cepa) is yellow spot
caused by the Iris yellow spot virus (IYSV)
(Bunyaviridae: Tospovirus) (Kritzman et al., 2001),
because it leads to major reductions in bulb size
(Gent et al., 2004). Symptoms of [YSV on onion
leaves and flower stems appear as elongated or
diamond-shaped straw colored and dry-looking
chlorotic spots, with or without green areas in the
middle of the lesions (Gent et al., 2006). The [YSV
genome consists of three negative-sense, single-
strand RNA segments defined as large (L), medium
(M) and small (S) (Bag et al., 2009, 2010). The S
segment contains the N gene that encodes for capsid
nucleoprotein that is commonly used to identify
and classify tospoviruses, because of its degree
of divergence (Pappu et al., 2006), as well as to
study geographic distribution and genetic diversity
(Iftikhar et al., 2014). IYSV is widely distributed
worldwide (Gent et al., 2006) but in Mexico it has
been reported since 2012 on onion crops in the state
of Morelos, where it causes a disease known as
“yellow spot” with 100% incidence and more than
90% severity (Ramirez et al., 2016). In Morelos,
two types of symptoms associated with I[YSV have
been observed and, for this reason, the objective of
this research was to describe the symptoms caused
by both isolates on Nicotiana benthamiana, and to
find out if there are differences in the N segment
of the genome and its phylogenetic relation with
other isolates. In the 2014-2015 cycle, onion plants
showing symptoms of “yellow spot” associated
with IYSV were collected in the municipalities
of Ayala, Axochiapan, Emiliano Zapata, Jojutla,
Puente de Ixtla, Tlaquiltenango, Xochitepec and
Zacatepec in the state of Morelos, Mexico. Onion
leaf tissue was classified based on the severity of
the symptoms observed, frozen with liquid nitrogen
and stored at -80 °C. Nicotiana benthamiana plants
were mechanically inoculated (Mandal et al,
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incidencia de 100% y severidad superior al 90%
(Ramirez et al., 2016). En esta entidad se han ob-
servado dos tipos de sintomas asociados a IYSV
por lo que la presente investigacion tuvo como ob-
jetivo describir los sintomas que ocasionan ambos
aislamientos en Nicotiana benthamiana, conocer si
hay diferencias en el segmento N del genoma y su
relacion filogenética con otros aislamientos. En el
ciclo 2014-2015 se colectaron plantas de cebolla
en los municipios de Ayala, Axochiapan, Emilia-
no Zapata, Jojutla, Puente de Ixtla, Tlaquiltenango,
Xochitepec y Zacatepec en el estado de Morelos,
México, con sintomas de “mancha amarilla” aso-
ciados a IYSV. El tejido foliar de cebolla se cla-
sificd de acuerdo con la severidad de los sintomas
observados, se congeld con nitrogeno liquido y se
almacend a -80 °C. Se inocularon mecanicamente
(Mandal et al., 2006) plantas de N. benthamiana
con tejido foliar de cebolla positivo para Iris yellow
spot virus por RT-PCR que mostraron sintomas ti-
picos o severos. Como control negativo se utiliza-
ron dos plantas de N. benthamiana frotadas tnica-
mente con el amortiguador y el carborundum. Un
grupo de cinco plantas inoculadas con cada uno de
los aislamientos tipicos o severos se mantuvieron
en camara bioclimatica (temperatura media de
25 °C, 91% de humedad relativa (HR) promedio,
77% de HR minima y 99% de HR maxima; con
un fotoperiodo de 16 h luz y 8 h de oscuridad) y
otro grupo de plantas en invernadero (temperatura
promedio de 25 °C, minima y méaxima de 13 y
39 °C, respectivamente; 50% de HR promedio, 27
y 71%, minima y maxima, respectivamente). Las
plantas se observaron cada tercer dia durante tres
semanas para registrar el periodo de incubacién y
tipo de sintomas. Se extrajo ARN total a partir 0.1
g de tejido foliar de plantas de cebolla colectadas
en campo que presentaban sintomas asociados a
IYSV y a partir de 0.25 g de hojas de N. bentha-
miana inoculadas mecanicamente, en este ultimo
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2006) with onion leaf tissue that tested positive for
Iris yellow spot virus using RT-PCR and showed
typical or severe symptoms. Two N. benthamiana
plants were used as negative controls, but they
were only rubbed with a buffer and carborundum
(silicon carbide). A group of five plants were
inoculated with each of the typical or severe isolates
and kept in a bioclimatic chamber at 25 °C average
temperature and 91% average relative humidity
(RH), 77% minimum RH and 99% maximum
RH, and a photoperiod of 16 h light and 8 h
darkness. Another group of plants was kept in the
greenhouse at 25 °C average temperature (13 °C
and 39 °C minimum and maximum temperature,
respectively) and 50% average RH (27% and 71%,
minimum and maximum HR, respectively). The
plants were observed every other day for three
weeks to record the incubation period and type
of symptoms. Total RNA was extracted from 0.1
g of leaf tissue of onions plants collected in the
field that showed symptoms associated with ['YSYV,
and from 0.25 g of mechanically inoculated N.
benthamiana leaves; RNA was extracted from
the latter 10, 15 and 20 days post inoculation
(dpi) with TriReagent® (Ambion®), following
the manufacturer’s protocol. The concentration
and quality of the RNA was determined using a
Nanodrop® (Thermo Fisher Scientific, Inc), and its
integrity through electrophoresis on 1% agarose
gel stained with ethidium bromide (0.5 pug/ml).
The cDNA synthesis was performed using M-MLV
Reverse Transcriptase (Promega®), according to the
manufacturer’s instructions. Primers [YSV917L
and IYSV56U were selected to detect IYSV on
onion because they amplify a segment of 896 bp
corresponding to the N gene (Robeéne et al., 2006).
A region of ribosomal gene 18S was amplified as
control for the PCR reaction (Zamboni et al., 2008).
To determine whether there were differences in the
nucleotide sequence between the two ['YSV isolates
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caso, a los 10, 15 y 20 dias post-inoculacion (dpi)
con TriReagent® (Ambion®) siguiendo el protoco-
lo del fabricante. Se determind la concentracion y
calidad del ARN en un Nanodrop® (Thermo Fisher
Scientific, Inc) y su integridad mediante electrofo-
resis en un gel de agarosa 1% tefiido con bromuro
de etidio (0.5 pg/ml). La sintesis de cDNA se reali-
76 con M-MLV Reverse Transcriptase (Promega®)
de acuerdo con las indicaciones del fabricante. La
deteccion de IYSV en cebolla se realizé con los
iniciadores IYSV917L e IYSV56U que ampli-
fican un segmento de 896 pb correspondiente al
gen N (Robéne et al., 2006). Como control de la
reaccion de PCR se amplifico una region del gen
ribosomal 18S (Zamboni et al., 2008). Con el pro-
posito de determinar si existian diferencias en la
secuencia de nucledtidos entre ambos aislamientos
de IYSV inoculados en N. benthamiana, se dise-
fiaron los iniciadores IYSV-KO4 (5’-CTTAACTA-
ACACAAATACTG-3") e 1IYSV-KO6 (5’-AGA-
GCAATCGAGGTATAAAAC-3’) para amplificar
el gen N con el programa Vector NTI™ Suite 8.0
con base en la secuencia AF001387 de IYSV de-
positada en el GenBank. Las secuencias obtenidas
fueron editadas con los programas Chromas Lite
2.0 y Vector NTI™ Suite 8.0 y depositadas en la
base de datos del GenBank (KX434621-434623,
KX443600-443604, KX443598 y KX443599). El
alineamiento multiple se llevé a cabo con ClustalW
y el andlisis filogenético se realizé por el método
Neighbor-joining (2000 repeticiones) con el pro-
grama MEGAG6 (Tamura et al., 2013). Se colecta-
ron 78 plantas de cebolla que mostraron sintomas
de “mancha amarilla” asociados a IYSV en 14 lo-
calidades de los ocho municipios muestreados. Las
plantas colectadas fueron de seis variedades de ce-
bolla: Stratus (33.3%), Carta Blanca (24.4%), Flo-
rentina (10.2%), Cirrus (6.4%), Cal 214 (6.4%) y
Joya (2.6%); el 16.7% restante de las muestras no
fue posible identificar la variedad. Las plantas se
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inoculated into V. benthamiana, primers [YSV-KO4
(5’-CTTAACTAACACAAATACTG-3’)andlYSV-
KO6 (5-AGAGCAATCGAGGTATAAAAC-3’)
were designed to amplify the N gene using the
Vector NTI™ Suite 8.0 program and based on
the AF001387 sequence of IYSV stored in the
GenBank. The obtained sequences were edited
with the Chromas Lite 2.0 and Vector NTI™
Suite 8.0 programs and deposited in the GenBank
database (KX434621-434623, KX443600-443604,
KX443598 and KX443599). Multiple alignment
was performed with the ClustalW program, and
the phylogenetic analysis following the Neighbor-
joining method (2000 replications) by using
the MEGAG6 program (Tamura et al, 2013).
Seventy-eight onion plants showing “yellow spot”
symptoms associated with IYSV were collected at
14 sites of the eight sampled municipalities. The
collected plants belonged to six onion varieties:
Stratus (33.3%), Carta Blanca (24.4%), Florentina
(10.2%), Cirrus (6.4%), Cal 214 (6.4%) and Joya
(2.6%); it was not possible to identify the variety
of the remaining 16.7% of samples. The plants
were divided into two groups according to the
symptoms they showed: a) typical symptoms in
the form of elongated yellow-to-whitish dry spots
with a chlorotic halo (Figura 1B), and b) severe
symptoms consisting of white to yellow elongated
and dry-looking spots with or without a necrotic
halo, that in most cases covered the leaf (Figura
1C). Four typical isolates and five severe isolates
were selected for analysis.

Primers IYSV917L and IYSV56U amplified
the expected fragment of ~ 900 bp in all the
typical isolates, while in the case of severe
isolates the amplicon was ~500 bp (Figure 1D).
However, both shared 99% identity with the capsid
nucleoprotein of the N segment of IYSV reported
in the GenBank. These results show that the 900
and 500 bp amplicons are associated with typical
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dividieron en dos grupos con base en los sintomas
que mostraban: a) sintomas tipicos, consistentes en
manchas secas amarillas a blanquecinas con halo
clorético y forma alargada (Figura 1B) y b) sinto-
mas severos, en los cuales se observaban manchas
blancas con o sin halo clorotico, alargadas, de as-
pecto seco que en muchos casos cubrian la [damina
foliar (Figura 1C). Se seleccionaron cuatro aisla-
mientos tipicos y cinco aislamientos severos para
su analisis.

Los iniciadores IYSVI917L e IYSV56U amplifi-
caron el fragmento esperado de ~ 900 pb en todos
los aislamientos tipicos, mientras que en el caso
de los aislamientos severos se tuvo un amplicon
de ~500 pb (Figura 1D) y ambos tuvieron 99% de
identidad con la nucleoproteina de la capside del
segmento N de IYSV reportadas en el GenBank.
Estos resultados muestran que los amplicones de
900 y 500 pb estan asociados a aislamientos tipicos
o severos de IYSV, respectivamente. La severidad
de los sintomas ocasionados por los aislamientos
tipicos y severos de IYSV en N. benthamiana fue
diferente seglin la condicién ambiental en la que se
mantuvieron las plantas después de la inoculacion

or severe [YSV isolates, respectively. The severity
of the symptoms induced by typical and severe
IYSV isolates on N. benthamiana was different
depending on the environmental conditions under
which the plants were kept after inoculation,
regardless of the inoculum source. When kept in a
bioclimatic chamber, at 7 dpi the symptoms induced
by four of the five severe isolates were systemic
and consisted of necrotic leaf venation, petiole
constriction, necrotic leaf lesions surrounded by a
dark brown halo, chlorosis and wilting. At 22 dpi,
severe wilting was observed similar to that reported
by Bag et al. (2012) (Figure 2B). In the case of the
typical isolates, one produced chlorotic and necrotic
lesions with necrotic veins and petioles; two more
produced chlorotic and necrotic lesions but did not
affect veins and petioles; the fourth isolate did not
induce symptoms. On the other hand, when kept in
the greenhouse, four severe and two typical isolates
produced systemic infection at 10 dpi in the form
of chlorosis and leaf wrinkling. One typical and one
severe isolate caused more necrotic lesions on the
leaves (Figure 2B). The fact that not all the typical
or severe isolates caused the same symptoms (or

kb MP - Pa St Ss
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Figura 1. Sintomas asociados a Iris yellow spot virus en cebolla. A. Planta asintomatica (Pa). B. Sintoma tipico (St). C.
Sintoma severo (Ss). D. Productos de PCR obtenidos con los iniciadores [IYSV917L e IYSV56U que amplifican un
segmento del gen N de IYSV. -: control negativo. MP: Marcador de peso molecular 100 pb.

Figure 1. Symptoms associated with Iris yellow spot virus in onion. A. Asymptomatic plant (Pa). B. Typical symptom (St).
C. Severe symptom (Ss). D. PCR products obtained using the IYSV917L and IYSV56U primers that amplify a
segment of the N gen of IYSV. -: negative control. MP: 100 bp molecular weight marker.
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independientemente de la fuente de inoculo. En
camara bioclimatica, a los 7 dpi los sintomas oca-
sionados por cuatro de los cinco aislamientos seve-
ros fueron sistémicos, consistentes en necrosis de
nervaduras, constriccion de peciolos, lesiones ne-
créticas foliares rodeadas por un halo café oscuro,
clorosis y marchitamiento. A los 22 dpi se obser-
v6 una marchitez severa similar a la reportada por
Bag et al. (2012) (Figura 2B). En el caso de los

that some did not even cause visible alterations)
during that evaluation period can be attributed to
the mechanical inoculation process, because it is
known that the mechanical transmission of [YSV
is difficult (Bag and Pappu, 2009). In spite of the
inconsistency of the first symptoms observed, in the
greenhouse all the inoculated plants showed wilting
at 30-35 dpi regardless of the isolate. On the other
hand, in a study using Tobacco mosaic virus strains
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Figura 2. A. Productos de PCR obtenidos con los iniciadores IYSV-KO4 e IYSV-KO6 que amplifican el gen N + UTRS’
provenientes de aislamientos tipicos y severos de IYSV. MP: Marcador de peso molecular 1 kb (Promega), -:
control negativo planta asintomatica. B. Sintomas en plantas y hojas de N. benthamiana inoculadas mecianicamente
con dos aislamientos de Iris yellow spot virus mantenidas en dos condiciones ambientales.

Figure 2. Figure 2. A. PCR products obtained using the IYSV-KO4 and I'YSV-KOG6 primers that amplify the N + UTRS’
gen from typical and severe IYSV isolates. MP: Molecular weight marker 1 kb (Promega), -: negative control
asymptomatic plant. B. Symptoms in V. benthamiana plants and leaves mechanically inoculated with two Iris
yellow spot virus isolates kept under two environmental conditions.
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asilamientos tipicos, uno ocasion6 lesiones cloréti-
cas y necroticas con necrosis de venas y peciolos,
dos mas causaron lesiones cloroticas y necroticas
sin la afectacion de venas y peciolos; el cuarto
aislamiento no ocasiond sintomas. Por otro lado,
en invernadero cuatro aislamientos severos y dos
tipicos ocasionaron una infeccion sistémica a los
10 dpi consistente en clorosis y arrugamiento de
hojas. Un aislamiento tipico y uno severo causaron
mas lesiones cloroticas en las hojas (Figura 2B). El
hecho de que no todos los aislamientos tipicos o
severos produjeran los mismos sintomas (o incluso
que alguno no causara alteraciones visibles) en esta
fecha de evaluacion puede atribuirse al proceso de
inoculacion mecanica pues se sabe que existen pro-
blemas para la transmision mecanica de [YSV (Bag
y Pappu, 2009). A pesar de la inconsistencia en los
sintomas iniciales observados, en invernadero to-
das las plantas inoculadas mostraron marchitez a
los 30-35 dpi independientemente del aislamiento.
Por otro lado, en un estudio realizado con variantes
de Tobacco mosaic virus inoculadas en Nicotiana
tabacum se encontraron diferencias en sintomas
asociadas a la temperatura (Scholthof, 2008). Se
sabe que de manera natural el ambiente puede con-
tribuir al incremento o disminucién de la frecuen-
cia de poblaciones de virus (Garcia et al., 2001).
En el caso de IYSV no se precisan condiciones
ambientales que determinen variacioén en sintomas.
No obstante, se ha relacionado la divergencia ge-
nética entre aislamientos, la gama de hospedantes
y la respuesta de éstos a una adaptacion ambiental
(Pozzer et al., 1999).

En todos los aislamientos tipicos y severos ana-
lizados en la presente investigacion mediante RT-
PCR usando los iniciadores IYSV-KO4 e IYSV-
KO6, se obtuvo el fragmento esperado de 1,100
pb que incluye el gen N + UTRS’ (Figura 2A).
La comparacion de las secuencias obtenidas en
ambos aislamientos no mostr6 diferencias entre
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inoculated in Nicotiana tabacum, differences
in symptoms associated with temperature were
observed (Scholthof, 2008). It is known that the
environment can naturally contribute to increasing
or decreasing the frequency of virus populations
(Garciaetal.,2001). In the case of IYSV, no specific
environmental conditions account for symptom
variations. However, the genetic divergence among
isolates, the host range and host response has been
attributed to environmental adaptation (Pozzer et
al., 1999).

In all the typical and severe isolates analyzed
in this research using RT-PCR and primers [YSV-
KO4 and 1YSV-KO6, the expected fragment of
1,100 bp was found that includes the N + UTRS’
gene (Figure 2A). A comparison of the sequences
obtained from both isolates showed no differences
between them; these results are similar to those
reported by Bag et al. (2012). According to Garcia
etal. (2001), viral strains are groups of isolates with
similar properties such as host range, transmission
capacity and similar nucleotide sequences, among
others. In Mexico, TSWYV is the only tospovirus that
has been biological and molecularly characterized.
Gonzalez (2014) studied three Mexican isolates of
TSWYV and found that the difference in severity
may be associated with changes in the amino acids
in the Nsm and NSs proteins, as well as those in
the intergenic regions (IGR). This may be due to
the fact that the tospovirus NSs protein acts a gene
silencing suppressor (Ocampo et al., 2016), and,
for this reason, it would be necessary to analyze
other genes in molecular characterization studies.
The sequences obtained with the IYSV-KO4 and
IYSV-KO6 primers of the typical and severe
isolates tested (Figure 2B) had 98 to 99% identity
with the nucleoprotein of the capsid of IYSV gene
N. The in silico analysis of the sequences obtained
(data not shown) using the I['YSV-KO4 and IYSV-
KOG6 primers of both isolates through RFLP with
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ellas, resultados similares reportados por Bag ef
al. (2012). De acuerdo con Garcia et al., (2001) las
cepas virales se consideran como un conjunto de
aislamientos que mantienen propiedades similares
como son el rango de hospedantes, capacidad de
transmision y similitud de secuencias de nucledti-
dos, entre otras. En México el TSWV es el unico
tospovirus caracterizado bioldgica y molecular-
mente. Gonzalez (2014) estudi6 tres aislamientos
mexicanos de TSWV y encontrd que la diferencia
en la severidad podria estar asociada a cambios en
los aminoacidos de las proteinas NSm, NSs y de
las regiones intergénicas (IGR). Esto podria expli-
carse debido a que la proteina NSs de tospovirus
actiia como un supresor del silenciamiento génico
(Ocampo et al., 2016) por lo que seria necesario
analizar otros genes en estudios de caracterizacion
molecular. Las secuencias obtenidas con los inicia-
dores IYSV-KO4 e [YSV-KO6 de los aislamientos
tipicos y severos analizados (Figura 2B) tuvieron
de 98 a 99% de identidad con la nucleoproteina de
la capside del gen N de IYSV. El analisis in silico
de las secuencias obtenidas (Datos no mostrados)
con [YSV-KO4 e I'YSV-KO6 de ambos aislamien-
tos mediante RFLP con Hinfl, mostrd un patrén de
restriccion que incluye un fragmento mayor de 308
pb correspondiente con el genotipo [YSV , asocia-
do con aislamientos de Asia (Iftikhar et al., 2014).
Por otro lado, se encontré que aislamientos de
IYSV del estado de Zacatecas correspondieron al
genotipo IYSV relacionado con aislamientos de
Norteamérica (Velasquez-Valle et al., 2016). Asi-
mismo, en Zacatecas y Michoacan se ha reportado
la presencia de lesiones clordticas en hojas con pe-
quenas islas verdes en el centro (Velasquez-Valle
et al., 2016; Avila et al., 2017), mientras que en
Morelos no se tiene registro de este tipo de sintoma
(Ramirez-Rojas et al., 2016). Estos resultados su-
gieren la existencia de variantes de [YSV en Méxi-
co que difieren bioldgica y molecularmente. Con
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Hinfl showed a restriction pattern that includes a
fragment larger than 308 bp which corresponds to
the IYSV, genotype associated with isolates from
Asia (Iftikhar et al., 2014). On the other hand, it
was found that IYSV isolates from the state of
Zacatecas corresponded to the IYSV  genotype
associated with isolates from North America
(Velasquez-Valle et al., 2016). The presence of
chlorotic lesions on leaves with small green islands
in the middle has also been reported in Zacatecas
and Michoacan (Velasquez-Valle et al., 2016;
Avila et al., 2017), while in Morelos there is no
record of this type of symptom (Ramirez-Rojas
et al., 2016). These results suggest that there are
IYSV variants in Mexico that are biological and
molecularly different. Regarding the phylogenetic
analysis, isolates from Morelos were found to be
more similar to those reported in Canada, United
States and New Zealand and not to those from Asia,
where the IYSV_, genotype is mainly concentrated.
Iftikhar et al. (2014) mentioned in their study that
there are exceptions where the IYSV_ genotypes
are grouped with IYSV |
those results may provide information on how the
virus spreads across countries (Smith et al., 20006).
Also, typical and severe isolates are concentrated
in a clade that is divided into three groups: group I
consists mainly of severe isolates, while groups II
y III consist of moderate isolates (data not shown).
Abad et al. (2003) and Bag et al. (2012) studied
isolates from different states of western United

and vice versa; however,

States. In the first study, greater genetic diversity
was found among isolates that were grouped with
other isolates from different countries, while in
the second study, the isolates were grouped in the
same clade. Based on these results, the fact that
different groups of I'YSV isolates have developed
in Zacatecas and Morelos suggests that there is
greater genetic diversity of the virus in Mexico
(Smith et al., 2006). Such diversity may affect the
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respecto al andlisis filogenético, los aislamientos de
Morelos mostraron mayor similitud con los repor-
tados en Canada, Estados Unidos y Nueva Zelanda
y no con los asiaticos donde se concentra princi-
palmente el genotipo IYSV  Iftikhar ef al. (2014)
mencionan en su estudio que existen excepciones
donde los genotipos IYSV,, se agrupan con los
IYSV,, y viceversa; sin embargo, tales resultados
podrian proporcionar informaciéon sobre el movi-
miento del virus entre paises (Smith ez al., 2006).
A su vez, los aislamientos tipicos y severos se con-
centran en un clado que se divide en tres grupos:
grupo I formado principalmente con aislamientos
severos, mientras que el Il y III por aislamientos
moderados (Datos no mostrados). Por su parte,
Abad et al. (2003) y Bag et al. (2012) estudiaron
aislamientos procedentes de distintos estados del
oeste de Estados Unidos; en el primer caso se en-
contr6 mayor diversidad genética entre aislamien-
tos agrupandose con otros procedentes de diversos
paises, mientras que en el segundo estudio los ais-
lamientos se agruparon dentro en un mismo clado.
Con base en lo anterior, la formacion de distintos
grupos de aislamientos de [YSV que se generan
de Zacatecas y Morelos sugiere una mayor diver-
sidad genética de este virus en el pais (Smith et al.,
2006). Esta diversidad puede influir en la eficiencia
de transmision del virus por trips vectores, gama
de malezas hospedantes, severidad e incidencia de
plantas con sintomas y, en general, en el progreso
espacio-temporal de la enfermedad en ambas enti-
dades (Avila etal.,2017).

En conclusion se tiene que los aislamientos ti-
picos y severos de Iris yellow spot virus analiza-
dos en el presente estudio tuvieron la capacidad de
infectar N. benthamiana y desarrollar sintomas si-
milares con diferente severidad en dos condiciones
ambientales. En el analisis del gen N no se encon-
traron cambios de secuencia de nucleo6tidos entre
ambos aislamientos.

PUBLICACION EN LINEA, ENERO 2018

efficiency of virus transmission by vector thrips,
the range of host weed species, the severity and
incidence of plants with symptoms and, in general,
the spatio-temporal disease progress in both states
(Avila et al., 2017).

In conclusion, the typical and severe Iris
yellow spot virus isolates analyzed in the present
research infected N. benthamiana and caused
similar symptoms at different severity levels under
two environmental conditions. The analysis of the
N gene did not show changes in the sequence of
nucleotides between both isolates.

End of the English version ~—~—~—~——~
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