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Resumen. En la actualidad es de importancia
estratégica contar con herramientas de diagndstico
rapido y preciso que permitan conocer si el
material de interés esta infectado con algin virus
de importancia cuarentenaria o econémica. Por tal
motivo, en el presente trabajo se disenid un par de
oligonucleodtidos especificos para la deteccion del
ToBRFV por RT-PCR, considerando una region
de la secuencia codificante de la RdRP localizada
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Abstract. Currently, it is of strategic importance
to have fast and accurate diagnostic tools that allow
us to know if the material of interest is infected
with a quarantine or economic important virus. For
this reason in the present work we designed a pair
of specific oligonucleotides for the detection of
ToBRFV by RT-PCR, considering a region of the
coding sequence of the RARP located in the ORF1
and the methodology to detect it was standardized.
Additionally, the amplicons were cloned and
sequenced, the products were used to predict
the evolutionary relationship between ToMMYV,
ToMV, TMV and ToBRFV by the Maximum
Likelihood method. The results indicated that
the oligonucleotides designed in the present
work allows the identification of fast and specific
ToBRFV.

Key words: Solanaceae, Tobamovirus, specific
oligonucleotides, standardization



REVISTA MEXICANA DE FITOPATOLOGIA
MEXICAN JOURNAL OF PHYTOPATHOLOGY

FuLLy BILINGUAL

en el ORF1 y la metodologia para detectarlo fue
estandarizada. Adicionalmente, los amplicones
fueron clonados y secuenciados, los productos
fueron usados para predecir la relacion evolutiva
entre ToMMV, ToMV, TMV y ToBRFV por el
método Maximum Likelihood. Los resultados
indicaron que los oligonucleodtidos disefiados en
el presenté trabajo permiten la identificacion de
manera rapida y especifica del TOBRFV.

Solanaceae, Tobamovirus,

Palabras clave:

oligonucledtidos especificos, estandarizacion

El cultivo de tomate (Solanum lycopersicum) 'y
chile (Capsicum annuum), representan una activi-
dad de importancia econdémica a nivel mundial (Li
et al., 2017). Histéricamente, plantas de las fami-
lias Solanaceae y Cucurbitaceae se han visto afec-
tadas por algunas especies del género Tobamovirus
como: Tobacco mosaic virus (TMV) y Tomato mo-
saic virus (ToMV) (Dombrovsky y Smith, 2017).
En tomate, la resistencia a estos virus se introdujo
por introgresion; sin embargo, la durabilidad de la
resistencia se ve comprometida por la presion de
seleccion de los patogenos (Dombrovsky y Smith,
2017; Maayan et al., 2018). La importancia de los
tobamovirus se debe a su facil dispersion, princi-
palmente por medios mecanicos (Dombrovsky et
al.,2017); también a través de semillas contamina-
das, las particulas virales de los tobamovirus son
extremadamente estables preservando su infecti-
vidad durante varios afios (Dombrovsky y Smith,
2017). Recientemente, se reportd la presencia del
Tomato brown rugose fruit virus (ToBRFV) en
Meéxico, afectando tomate y chile (Cambron-Cri-
santos et al., 2018). Las plantas enfermas desarro-
llaron menor cantidad de flores y frutos; necrosis
del pedunculo y céaliz del fruto. Ademas, en frutos
se observaron areas amarillas, rugosidades y areas
necréticas (Salem et al., 2015).
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Tomato (Solanum lycopersicum) and chili crops
(Capsicum annuum) are an economically important
activity worldwide (Li et al., 2017). Historically,
plants of the Solanaceae and Cucurbitaceae
families have been affected by some species of
the Tobamovirus genus, such as Tobacco mosaic
virus (TMV) and Tomato mosaic virus (ToMV)
(Dombrovsky and Smith, 2017). Tomato resistance
to these viruses was introduced by introgression.
However, the durability of
compromised by the pathogen’s selection pressure
(Dombrovsky and Smith, 2017; Maayan et al.,
2018). Tobamoviruses are important because they
are easily dispersed, mainly by mechanical means
or through contaminated seed (Dombrovsky et
al., 2017); the viral particles of tobamoviruses are
extremely stable and remain infectious for several
years (Dombrovsky and Smith, 2017). Recently,

resistance  is

the presence of the Tomato brown rugose fruit virus
(ToBRFV) was reported in Mexico, which affects
tomato and chili crops (Cambron-Crisantos et al.,
2018). The infected plants produced fewer flowers
and fruits, and developed necrosis on the peduncle
and fruit calyx. In addition, yellow and necrotic
areas, as well as rugosity, were observed on fruits
(Salem et al., 2015).

To identify tobamoviruses, the wuse of
oligonucleotides has been reported for universal
detection, which were designed using an alignment
matrix from regions located in the ORFI1 that
encodes the RARP of 32 tobamoviruses (Li et al.,
2018), but currently there are no reports on specific
oligonucleotides. Therefore, the objective of this
study was to develop a specific method for detecting
ToBRFYV, including the design of a pair of specific
oligonucleotides to amplify an encoding region of
the TOBRFV’s viral RARP (ORF1) through reverse
transcription polymerase chain reaction (RT-PCR)
specifically considering the nucleotidic regions
of the structural or catalytic motifs, as well as
standardize the detection method.
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Para la identificacion de tobamovirus, se han
reportado oligonucledtidos para su deteccion uni-
versal, los cuales fueron disefiados tomando una
matriz de alineamiento de regiones conservadas en
los ORF1 que codifican la RARP de 32 tobamovirus
(Li et al., 2018); sin embargo, hasta el momento no
hay reportes de oligonucleétidos especificos para
la deteccion de ToBRFV; por lo que el objetivo
del presente trabajo fue desarrollar un método de
deteccion especifico para ToBRFYV, incluyendo el
disefio de un par de oligonucleétidos especificos
para la amplificacion de una region codificante de
la RARP viral (ORF1) del ToBRFV por Reaccion
en Cadena de la Polimerasa con Transcripcion Re-
versa (RT-PCR), considerando, especificamente las
regiones nucleotidicas de los motifs estructurales o
cataliticos; asi como, la estandarizacion del método
de deteccion.

El disefio del par de oligonucleétidos especifi-
cos para TOBRFV consider6 los genomas comple-
tos de las especies mas representativas del género
Tobamovirus, reportados por el Centro Nacional
de Informacion Biotecnolodgica, (National Center
for Biotechnology Information, NCBI) (https://
www.ncbi.nlm.nih.gov/), como: Tobacco mo-
saic virus (TMYV, Virgaviridae) (NC 001367.1,
FR878069.1, HE818443.1 y V01408.1), Tomato
mosaic virus (ToMV, Virgaviridae) (NC_002692.1,
KY967227.1, MF002490.1 y AF332868.1), To-
mato mottle mosaic virus (ToMMYV, Virgaviri-
dae) (NC _022230.1, FX898034.1, KR824950.1 y
KF477193.1), adicionalmente, se consideraron los
genomas de dos aislamientos de TOBRFV (Virgavi-
ridae), Tomato brown rugose fruit virus aislado Is-
raeli TBRFV-IL (KX619418.1) y Tomato brown ru-
gose fruit virus aislado de Jordania (KT383474.1).
Con el programa BioEdit version 7.0.5.3 (Hall,
1999) se hizo un alineamiento global de los geno-
mas utilizando el algoritmo Clustal W para generar
la primer matriz e identificar regiones variables entre
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To design the pair of specific oligonucleotides
for ToBRFV the whole genome of the most
representative species of the Tobamovirus genus
reported by the National Center for Biotechnology
(NCBI)  (https://www.ncbi.nlm.
nih.gov/) was considered, including TZobacco
mosaic virus (TMV, Virgaviridae) (NC 001367.1,
FR878069.1, HE818443.1 and V01408.1), Tomato
mosaic virus (ToMYV, Virgaviridae) (NC 002692.1,
KY967227.1, MF002490.1 and AF332868.1),
Tomato mottle mosaic virus (TOMMYV, Virgaviridae)
(NC_022230.1, FX898034.1, KR824950.1 and
KF477193.1); the genomes of two ToBRFV
isolates (Virgaviridae) were also considered: the

Information

Tomato brown rugose fruit virus, an isolate from
Israel TBRFV-IL (KX619418.1), and the Tomato
brown rugose fruit virus, an isolate from Jordan
(KT383474.1). A global alignment of the genomes
was carried out using the BioEdit program version
7.0.5.3 (Hall, 1999) and the Clustal W algorithm
in order to create a matrix and identify variable
regions between them (Figure 1). The selected
region was used to obtain the oligonucleotides
sequences, which were then analyzed in silico using
the OligoAnalyzer server version 3.1 (https://www.
idtdna.com/calc/Analyzer/Home/Instructions)
to predict their physical and chemical properties
(Annex 1). The oligonucleotides were synthesized
by Integrated DNA Technologies, Inc. (IDT).

To standardize the process, seven tomato plants
were used as a TOBRFYV positive control, and one of
chili with putative TOBRFV symptoms collected in
the state of Michoacan (Cambroén-Crisantos et al.,
2018), which were stored at -70 °C in the facilities
of the National Center for Phytosanitary Reference
(CNREF, for its acronym in Spanish), Plant Health
General Directorate, National Service for Plant
Health, Safety and Agri-Food Quality (SENASICA,
for its acronym in Spanish). The central midrib of
leaves (0.5 cm wide approximately) was taken to
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ellos (Figura 1). La regién seleccionada se uso6 para
obtener las secuencias de los oligonucleotidos, és-
tas se analizaron in silico usando el servidor Oli-
goAnalyzer version 3.1 (https://www.idtdna.com/
calc/Analyzer/Home/Instructions) para predecir
sus propiedades fisicoquimicas (Anexo 1). Los oli-
gonucledtidos fueron sintetizados por Integrated
DNA Technologies, Inc. (IDT).

Para el proceso de estandarizacion se utilizaron
como control positivo de ToBRFYV, siete plantas
de tomate y una de chile con sintomas putativos a
ToBRFYV, recolectadas en el Estado de Michoacan
(Cambron-Crisantos et al., 2018); resguardadas y
almacenadas a -70 °C en las instalaciones del Cen-
tro Nacional de Referencia Fitosanitaria (CNRF)
de la Direccion General de Sanidad Vegetal, del
Servicio Nacional de Sanidad, Inocuidad y Calidad
Agroalimentaria. La nervadura central de las hojas
fue separada de un ancho de 0.5 cm aproximada-
mente para formar una muestra compuesta, la cual
se pico finamente. La Extraccion de RNA total, se
realizo a partir de 100 mg de nervadura con el Kit
SV Total RNA Isolation System Start-Up® (Prome-
ga™), siguiendo las especificaciones del fabrican-
te; la pureza y concentracion del RNA se cuantifico
por espectrofotometria (Nano Drop 2000%, Thermo

ToBRFV-FMX

CAGAGTCTTCCTATACTC

AACCAGAGTCTTCCTATACTCGGAA

prepare a composite sample that was then finely
chopped. The total RNA extraction was performed
using 100 mg of leaf midrib with the SV Total
RNA Isolation System Start-Up® kit (Promega™),
following the specifications;
RNA purity and concentration was quantified by
spectrophotometry (Nano Drop 2000®, Thermo

manufacturer’s

Scientific™). We used as negative controls ten
plants individually infected with the positive-sense
single-stranded RNA genome virus: Rattail cactus
necrosis-associated virus (RCNaV, Virgaviridae),
Tobacco mosaic virus (TMV, Virgaviridae), Tomato
mosaic virus (ToMV, Virgaviridae), Pepper mild
mottle virus (PMMoV, Virgaviridae), Cucumber
mosaic virus (CMV, Bromoviridae) and Papaya
meleira virus (PMeV, Totiviridae), as well as with
the DNA genome of Pepper golden mosaic virus
(PepGMYV, Geminiviridae) and Okra yellow mosaic
Mexico virus (OYMMYV, Geminiviridae).

The cDNA synthesis of the positive control
was performed with random oligonucleotides
(Random Hexamer, Invitrogen™), following the
manufacturer’s instructions, under the following
conditions: 1 cycle at 42 °C for 30 min, 1 cycle
at 99 °C for 5 min, and finally at 12 °C for 5 min.
For PCR, the specific oligonucleotides designed in

WGATTATT ATGG

CTCWCCATCTCTTAATAATCTCCT

Figura 1. Region seleccionada para el disefio de los oligonucledtidos especificos para detectar a TOBRFV. A) Se consideraron
los genomas de los Tobamovirus TMV, ToMV, ToMMYV y ToBRFV.
Figure 1. Selected region to design the specific oligonucleotides to detect TOBRFV. A) The Tobamovirus genomes TMYV,

ToMYV, ToMMYV and ToBRFYV were considered.

PUBLICACION ANTICIPADA EN LINEA, 2019
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Scientific™). Como control negativo se utilizaron
diez plantas infectadas individualmente con virus
de genoma de ARN monocatenario de sentido posi-
tivo: Rattail cactus necrosis-associated virus (RC-
NaV, Virgaviridae), Tobacco mosaic virus (TMV,
Virgaviridae), Tomato mosaic virus (ToMV, Virga-
viridae), Pepper mild mottle virus (PMMoV, Virga-
viridae), Cucumber mosaic virus (CMV, Bromovi-
ridae) y Papaya meleira virus (PMeV, Totiviridae);
asi como con genoma DNA Pepper golden mosaic
virus (PepGMYV, Geminiviridae) y Okra yellow mo-
saic Mexico virus (OYMMYV, Geminiviridae).

La sintesis de cDNA del control positivo, se hizo
con oligonucleodtidos aleatorios (Random Hexa-
mer, Invitrogen™), siguiendo las indicaciones del
fabricante, bajo las siguientes condiciones: 1 ciclo a
42 °C por 30 min, 1 ciclo a 99 °C por 5 min y final-
mente a 12 °C durante 5 min. En la PCR se usaron
los oligonucleotidos especificos disenados en el
presente trabajo (ToOBRFV-FMX y ToBRFV-RMX)
(Cuadrol), que amplifican un fragmento de 475 pb,
que codifica una region de la RARP. La mezcla de
reaccion consistio en 18.9 uL de agua grado biolo-
gia molecular (Invitrogen), 2.5 puL de Buffer 10X
(Invitrogen), 0.75 uL de MgCl, (50 mM) (Invitro-
gen), 0.25 uL ANTP (10 mM) (Invitrogen), 0.75 pL
del primer TOBRFV-FMX (10 uM), 0.75 uL del
primer TOBRFV-RMX (10 uM), 0.1 pL de Plati-
num™ 7ag DNA polimerasa (Invitrogen) y 1 uL del
templado de cDNA, en un volumen final de 25 pL.
El programa de amplificacion fue: 1 ciclo de 95 °C
por 5 min, 30 ciclos a 95 °C por 30 s, 55 °C por 30 s

the present study (ToBRFV-FMX and ToBRFV-
RMX) were used (Table 1), which amplify a 475
pb fragment that encodes the RdARP region. The
reaction mixture was prepared using 18.9 pL
of molecular biology grade water (Invitrogen),
2.5 pL of 10X buffer (Invitrogen), 0.75 pL of
MgCl, (50 mM) (Invitrogen), 0.25 pL ANTP (10
mM) (Invitrogen), 0.75 pL of the TOBRFV-FMX
primer (10 uM), 0.75 pL of the TOBRFV-RMX
primer (10 uM), 0.1 pL of Platinum™ 7aq DNA
polymerase (Invitrogen) and 1 pL of the cDNA
in a final volume of 25 pL. The amplification
program was as follows: 1 cycle at 95 °C for
5 min, 30 cycles at 95 °C for 30 s, at 55 °C for
30 s and at 72 °C for 40 s with a final extension
at 72 °C for 7 min. Later, the PCR amplification
of the viral RARP fragment (positive plasmidic
control) was cloned in the pGEM ®-T Easy cloning
vector (Promega), and the insert ligation of 474
pb was performed in a total volume of 5 puL of
reaction mixture; the components were: 2.5 pL
of 2X ligation buffer, 0.5 pL of pGEM ®-T Easy
vector, 0.5 uL of DNA Ligase T4 2X, 1 uL of the
product to be cloned and 0.5 pL of water, keeping
the mixture at 15 °C for 20 h. Subsequently, One
Shot Mach1-T1 chemically-competent £. coli cells
(Invitrogen) were transformed. For this, 150 pL of
competent cells mixed with the 5 pL of the ligation
reaction were used; the mixture was incubated in
ice for 30 min and a thermal shock was applied at
42 °C for 2 min; then the tube was placed on ice for
2 min. 350 pL of LB medium were added and then

Cuadro 1. Caracteristicas de los oligonucledtidos especificos para detectar a TOBRFYV.
Table 1. Characteristics of specific oligonucleotides to detect TOBRFV.

Tm G/C

Oligo (tamafio) Secuencia 5'- 3 C) (%) Amplicon
ToBRFV-FMX (25 nt) AACCAGAGTCTTCCTATACTCGGAA 56.7 44 475 pb
ToBRFV-RMX (24 nt) CTCWCCATCTCTTAATAATCTCCT 51.5 37.5 P
PUBLICACION ANTICIPADA EN LINEA, 2019 5
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y 72 °C por 40 s con una extension final a 72 °C por
7 min. Posteriormente, el producto de la PCR del
fragmento de la RARP viral (Control plasmidico
positivo) se clono en el vector de clonacion pGEM
®.T Easy (Promega), la ligacion del inserto de 474
pb se llevo acabo en un volumen total de 5 pL de
mezcla de reaccion, los componentes fueron: 2.5 pulL
de 2X Buffer de ligacion, 0.5 pL vector pGEM ®-T
Easy, 0.5 uL de DNA Ligasa T4 2X, 1 pL del pro-
ducto a clonar y 0.5 puL de agua, manteniendo la
mezcla a 15 °C durante 20 h. Posteriormente, se
transformaron células One Shot Machl-T1 E. coli
(Invitrogen), quimiocompetentes. Para ello se uti-
lizaron 150 puL de células competentes, mezcladas
con los 5 puL de la reaccion de ligacion, esta se in-
cubd en hielo por 30 min y se dio un choque térmico
a42 °C durante 2 min, después, el tubo se colocod
en hielo durante 2 min. Se adicionaron 350 pL
de medio LB y se incubd a 37 °C por 45 min. Fi-
nalmente, se cultivo en placas con medio LB, 40 puL
de ampicilina, 40 pL de IPTG y 40 pL de Xgal
(20 mgmL") a 37 °C durante 16 h. La construccion
pGEM/RARP-ToBRFV (CP-1, ~3490 nt) obtenida
de esta clonacion se us6 como control positivo para
la estandarizacion de la RT-PCR del fragmento de
la RARP. Posteriormente, los fragmentos clonados
se secuenciaron por la metodologia Sanger en el
Laboratorio de Biologia Molecular del CNRF, con
el equipo Applied Biosystems modelo 3130.

La estandarizacion del método se realizd si-
guiendo las condiciones de reaccion senaladas pre-
viamente. Para determinar la temperatura de ani-
llamiento 6ptima, se analizaron seis temperaturas
de anillamiento con diferencia de 4 °C (47, 51, 55,
59, 63 y 67 °C), a partir de seis controles a una
sola concentracion (100 ng uL"): un control plas-
midico positivo a ToBRFV (CP-1), dos controles
biologicos infectados con ToBRFV, To-P-100-2
y Ch-P-100-1, correspondientes a tomate y chi-
le, respectivamente; un control matriz por cultivo
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the tube was incubated at 37 °C for 45 min. Finally,
the mixture was sown on plates containing LB
medium, 40 pL of ampicillin, 40 puL of IPTG and
40 pL of Xgal (20 mg mL™") at 37 °C for 16 h. The
pGEM/RARP-ToBRFV (CP-1, ~3490 nt) construct
obtained from this cloning was used as a positive
control for standardizing the RT-PCR of the
RdRP fragment. Later, the cloned fragments were
sequenced in the Molecular Biology Laboratory of
CNRF using the Applied Biosystems equipment
model 3130, following the Sanger’s methodology.

The method standardization was achieved under
the reaction conditions previously described. To
determine the optimal annealing temperature, six
annealing temperatures with a 4 °C difference
between them (47, 51, 55, 59, 63 and 67 °C)
were analyzed using six controls in a single
concentration (100 ng pL"): one positive plasmidic
control to TOBRFV (CP-1), two biological controls
infected with ToBRFV, To-P-100-2 and Ch-P-100-
1 corresponding to tomato and chili, respectively;
one matrix control per crop (CM-Ch-100-3 and
CM-To-100-1) and one of reagents (NTC). The
working range was calculated and determined
using a positive plasmidic control to TOBRFV (CP-
1) at a 1000 ng uL!' concentration, and then serial
dilutions were made in order to obtain three work
concentrations (100, 10 and 1 ng pL"') (Figure
2A). The lower limit of detection was established
using the last dilution of the working range (1 ng
uL™1), and then serial dilutions were made in order
to obtain three work concentrations (0.1, 0.01 and
0.001 ng uL™") (Figure 2B). The specificity was
verified using RCNaV, TMV, ToMV, PMMoV,
CMYV and PMeV negative controls, as well as DNA
genome such as PepGMV and OYMMV (Figure
2C).

Standardization data were used to detect
ToBRFV from the plant samples collected in the
state of Michoacan and stored at -70 °C; the cDNA
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(CM-Ch-100-3 y CM-To-100-1) y uno de reactivos
(NTC). El intervalo de trabajo se realiz6 y determi-
no6 a partir del control plasmidico positivo a ToBR-
FV (CP-1) a una concentracion de 1000 ng pL!, se
hicieron diluciones seriadas para obtener tres con-
centraciones de trabajo (100, 10 y 1 ng uL") (Figu-
ra 2A). El limite de deteccidn inferior, se establecio
a partir de la ultima dilucion del intervalo de traba-
jo (1 ng uL") se hicieron diluciones seriadas, para
obtener tres concentraciones de trabajo (0.1, 0.01

A

M 1 2 3 4 5 6 7

12,000~
2,000~
1,650 -

1,000 -
850 -
650 -
500 -
400 -

300 -
200 -

100~

synthesis was performed as previously described.
The specific oligonucleotides designed in the
present were used for PCR, which amplify a 475 pb
fragment that encodes one RdAPR region. The
reaction mixture was prepared using 18.9 uL of
molecular biology grade water (Invitrogen),
2.5 pL of 10X buffer (Invitrogen), 0.75 uL of
MgCl, (50 mM) (Invitrogen), 0.25 pL of dNTP (10
mM) (Invitrogen), 0.75 pL of the TOBRFV-FMX
primer (10 uM), 0.75 pL of the ToBRFV-RMX

«475pb

«475pb

Figura 2. Estandarizacion de la RT-PCR para la deteccion especifica de TOBRFV.

A) Temperatura de anillamiento: M= Marcador molecular, 1=47 °C, 2=51 °C,3=55 °C, 4=59 °C, 5= 63 °C, 6= 67 °C y 7=NTC.
B) Intervalo de trabajo y limite de deteccién inferior: M= Marcador molecular, 1=1 000 ng pL', 2= 100 ng uL!, 3= 10 ng pL",
4= 1 ng uL', 5=NTC, 6= 0.1 ng uL!, 7= 0.01 ng uL!, 8= 0.001 ng pL'y 9= NTC.

C) Especificidad: M= Marcador molecular, 1= RCNaV, 2= TMV, 3= CMYV, 4= ToMV, 5= PMMoV, 6= PMeV, 7= PepGMY, 8=
OYMMYV, 9= NTC, 10= CP-1, 11= CM-Ch-100-3, 12= CM-To-100-1.

Figure 2. Standardization of RT-PCR for the specific detection of ToOBRFYV.

A) Annealing temperature: M= Molecular marker, 1= 47 °C, 2= 51 °C, 3=55 °C, 4=59 °C, 5= 63 °C, 6 = 77 °C and 7 = NTC.
B) Working range and lower detection limit: M= Molecular marker, 1= 1 000 ng pL"', 2= 100 ng pL', 3= 10 ng uL"', 4= 1 ng
uLt, 5= NTC, 6= 0.1 ng uL!, 7= 0.01 ng uL"!, 8= 0.001 ng uL' y 9= NTC.

C) Specificity: M = Molecular marker, 1= RCNaV, 2=TMYV, 3= CMV, 4= ToMV, 5= PMMoV, 6= PMeV, 7= PepGMV, 8= OYMMYV,

9= NTC, 10= CP-1, 11= CM-Ch-100-3, 12= CM-To-100-1

PUBLICACION ANTICIPADA EN LINEA, 2019
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y 0.001 ng uL") (Figura 2B). La especificidad se
verifico utilizando controles negativos de: RCNaV,
TMV, ToMV, PMMoV, CMV, y PMeV, asi como
con genoma DNA como PepGMV y OYMMYV (Fi-
gura 2C).

Con los resultados de la estandarizacion se
realizo la deteccion de ToBRFV a partir de las
muestras vegetales recolectadas en el Estado de
Michoacan y almacenadas a -70 °C; la sintesis de
cDNA se realiz6 como se sefial6 anteriormente. En
la PCR se usaron los oligonucleétidos especificos
disefiados en el presente trabajo, los cuales am-
plifican un fragmento de 475 pb que codifica una
region de la RARP. La mezcla de reaccion consis-
tid en 18.9 uL de agua grado biologia molecular
(Invitrogen), 2.5 pL de Buffer 10X (Invitrogen),
0.75 puL de MgCl, (50 mM) (Invitrogen), 0.25
uL ANTP (10 mM) (Invitrogen), 0.75 uL del pri-
mer ToOBRFV-FMX (10 uM), 0.75 uL del primer
ToBRFV-RMX (10 uM), 0.1 pL de Platinum™ 7ag
DNA polimerasa (Invitrogen) y 1 pL del templado
de cDNA, en un volumen final de 25 pL. La am-
plificacién se realizd a 95 °C por 5 min, seguida de
30 ciclos a 95 °C por 30 s, 55 °C por 30 sy 72 °C
por 40 s con una extension final a 72 °C por 7 min.
Los ocho productos amplificados fueron visualiza-
dos en un gel de agarosa (Invitrogen) al 1.5%, y se
clonaron en el vector pGEM ®-T Easy. Los plas-
midos con el inserto fueron secuenciados por la
metodologia Sanger en el Laboratorio de Biologia
Molecular del CNREF, utilizando el equipo Applied
Biosystems modelo 3130; las secuencias obtenidas
fueron ensambladas y editadas para obtener tama-
fios de 400 pb y comparadas en la base de datos del
NCBI  (https://blast.ncbi.nlm.nih.gov/Blast.cgi).
Para esta seccion se utilizaron las ocho muestras
utilizadas por Cambroén ef al. (2018).

Finalmente, para confirmar la identidad del
amplicon se realizd un analisis evolutivo, median-
te la agrupacion de las secuencias para hacer un
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primer (10 uM), 0.1 pL of Platinum™ Tag DNA
polymerase (Invitrogen) and 1 pL of the cDNA
in a final volume of 25 pL. The amplification was
performed at 95 °C for 5 min, 30 cycles at 95 °C
for 30 s, 55 °C for 30 s and 72 °C for 40 s with a final
extension at 72 °C for 7 min. The eight amplified
sequences were visualized in 1.5% agarose gel
(Invitrogen) and cloned in the pGEM ®-T Easy
vector. The plasmids with the insert were sequenced
in the Molecular Biology Laboratory of CNRF
using the Sanger’s methodology and the Applied
Biosystems equipment model 3130. The obtained
sequences were assembled and edited to obtain 400
pb sizes and compared with sequences in the NCBI
database (https://blast.ncbi.nlm.nih.gov/Blast.cgi).
For this section, we used the eight samples used by
Cambroén et al. (2018).

Finally, to confirm the amplicon identity, an
evolutionary analysis was conducted by sequence
grouping in order to perform a local alignment
using the MEGA program version 7.0.26 and the
MUSCLE algorithm (Kumar et al., 2016). For the
analysis, a matrix was created with sequences of
Tobacco mosaic virus (TMV), Tomato mosaic virus
(ToMV) and Tomato mottle mosaic virus (ToOMMV).
As external group to obtain the tree root, we used
two sequences of Pepper mild mottle virus, an
isolate from Huludao (PMMV) (MG515725.1) and
Tobacco mild green mosaic virus, an isolate from
Xiamen (ToMGMV) (JX534224.2). The Maximum
Likelihood (ML) method based on the Tamura-
Nei model with 1500 bootstrap replications was
used. The initial trees for heuristic search were
automatically obtained by applying the Neighbor-
Join and BioNJ algorithms to a pairwise distance
matrix using the Maximum Composite Likelihood
(MCL) approach and selecting a topology with a
higher log-likelihood value (Figure 3).

The in silico analysis of the ToBRFV-FMX
and ToBRFV-RMX oligonucleotides showed to be
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alineamiento local utilizando el programa MEGA
version 7.0.26 y el algoritmo MUSCLE (Kumar e?
al., 2016). Para realizar este analisis, se constru-
y6 una matriz con secuencias de 7Tobacco mosaic
virus (TMV), Tomato mosaic virus (ToMV) y To-
mato mottle mosaic virus (ToOMMYV). Para obtener
la raiz del arbol se usaron como grupo externo dos
secuencias correspondientes a Pepper mild mottle
virus aislado Huludao (PMMV) (MG515725.1)
y Tobacco mild green mosaic virus aislado Xia-
men (ToMGMV) (JX534224.2). Se usé el método
Maximum Likelihood (ML) basado en el modelo de
Tamura-Nei, con 1500 repeticiones de bootstrap.
Los arboles iniciales para la busqueda heuristica se
obtuvieron automaticamente aplicando los algorit-
mos Neighbor-Join y BioNJ a una matriz de dis-
tancias por pares estimadas utilizando el enfoque
Maximum Composite Likelihood (MCL) y selec-
cionando la topologia con un valor de verosimilitud
log superior (Figura 3).

El anélisis in silico de los oligonucleo6tidos To-
BRFV-FMX y ToBRFV-RMX mostro ser especifi-
co para ToBRFYV, tomando como base los genomas
de varios miembros del género Tobamovirus. De
acuerdo a las propiedades fisicoquimicas predi-
chas, los oligonucleodtidos son estables a las condi-
ciones de PCR. El amplicon obtenido de ~475 pb
por RT-PCR con los oligonucledtidos disefiados en
este trabajo, amplifican solamente en el control po-
sitivo a TOBRFV y no en las muestras infectadas de
virus con genoma de RNA monocatenario de senti-
do positivo (incluidos varios tobamovirus) o virus
de DNA, demostrando ser especificos. Por su parte,
el analisis evolutivo de las secuencias nucleotidicas
correspondientes al fragmento de la RARP de las
ocho muestras recolectadas en Michoacan, Méxi-
co, sugiere la relacion evolutiva entre TMV, ToMV
y ToBRFV. Luria et al. (2017) mencionaron una
relacion evolutiva entre TMV y ToBRFYV, los resul-
tados del analisis en este trabajo con un fragmento
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specific to TOBRFV, based on the genome of several
members of the Tobamovirus genus. In keeping with
the predicted physical and chemical properties, the
oligonucleotides are stable under PCR conditions.
The amplicon of ~475 pb obtained by RT-PCR
using the oligonucleotides designed in this study
amplifies only ToBRFYV in the positive control but
not in samples infected with positive-sense single-
stranded RNA (including several tobamoviruses)
or DNA viruses, thus demonstrating that they are
specific. The evolutionary analysis of the nucleotidic
sequences corresponding to the RARP fragment of
the eight samples collected in Michoacan, Mexico,
suggests an evolutionary relationship among TMV,
ToMYV and ToBRFV. Luria et al. (2017) mentioned
an evolutionary relationship between TMV and
ToBRFV. The results of the analysis conducted in
this study using an ORF1 fragment that encodes the
RdRP are in agreement with the results reported by
Cambron-Crisantos ef al. (2018), where a 1052 pb
PCR product was used with the F-3666 and R-4718
oligonucleotides, reported by Luria et al. (2017),
which showed high nodal values in the tree they
created. The standardization in this study showed
that 55 °C is the optimal annealing temperature of
the designed oligonucleotides, given that only the
475 pb amplicon was obtained. It was established
that the working range for this methodology ranges
from 1 ng uL"'to 1000 ng uL!, and that the lower
limit of detection was ranges from 0.001 ng pL!
to 0.1 ng puL"'. The oligonucleotides designed in
this study can specifically identify the presence
of ToBRFV in plant material, thus providing a
methodology for timely detection, in less time
and more specifically, compared to using general
oligonucleotides for the Tobamovirus genus,
without producing false positives with other single-
stranded RNA genome (+ssRNA) viruses.

End of the English version
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KX898034.1 Tomato mottle mosaic virus isolate CA16-01 ]
MH128145.1 Tomato mottle mosaic virus isolate CpB1
KR824950.1 Tomato mottle mosaic virus isolate YYMLJ
KX898033.1 Tomato mottle mosaic virus isolate SC13-05

ToMMV
KT810183.1 Tomato mottle mosaic virus isolate NY-13
100 KF477193.1 Tomato mottle mosaic virus isolate MX5
- KR824951.1 Tomato mottle mosaic virus isolate TiLhaLJ
KP202857.1 Tomato mottle mosaic virus isolate 10-100
KY967227.1 Tomato mosaic virus isolate YT ]
MF002490.1 Tomato mosaic virus strain JX
AF332868.1 Tomato mosaic virus isolate Queensland
X02144.1 Tomato mosaic virus strain OM ToMV
AB083196.1 Tomato mosaic virus strain L11A-Fukushima
| KY949480.1 Tomato mosaic virus isolate Neimenggu
DQ873692.1 Tomato mosaic virus strain ToMV1-2
AB355139.1 Tomato mosaic virus strain L11Y |
@ Mm3 T
@ Mms
@ Mm7
100 KX619418.1 Tomato brown rugose fruit virus-israeli isolate TBRFV-IL
KT383474.1 Tomato brown rugose fruit virus isolate Tom1-Jo
P ToBRFV
@ vm2
@ Mm4
@ MM5
@ Mm6 i
FR878069.1 Tobacco mosaic virus strain Ohio V ]
L KY810785.1 Tobacco mosaic virus strain FERA 111011

98

HE818416.1 Tobacco mosaic virus isolate Fumeng
V01409.1 Tobacco mosaic virus (variant 2) ™V
28 V01408.1 Tobacco mosaic virus genome (variant 1)
HEB818443.1 Tobacco mosaic virus isolate Jimo
AB369276.1 Tobacco mosaic virus strain IM

JX993906.1 Tobacco mosaic virus isolate SXFQ

100 ,—ABO78435.1 Tobacco mild green mosaic strain Japanese

L JX534224.2 Tobacco mild green mosaic virus isolate Xiamen

0.05

Figura 3. Analisis evolutivo de ToBRFYV y virus relacionados con el género Tobamovirus basados en el alineamiento de la
region correspondiente a RARP viral. Las secuencias incluidas en el analisis se representan con el acrénimo del
virus y los nimeros de acceso a GenBank. Los valores nodales soportan la relacién evolutiva de las secuencias
analizadas.

Figure 3. Evolutionary analysis of TOBRFV and viruses related to the Tobamovirus genus based on the alignment of the
region corresponding to viral RARP. The sequences included in the analysis are represented by the acronym of
the virus and GenBank access numbers. The nodal values support the evolutionary relationship of the analyzed
sequences.
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del ORF1 codificante de la RdRP, coinciden con
lo reportado por Cambron-Crisantos ef al. (2018),
donde se us6 un producto de PCR de 1052 pb con
los oligonucle6tidos F-3666 y R-4718, reportados
por Luria et al. (2017), mostrando altos valores no-
dales en el arbol generado. La estandarizacion en
este trabajo, mostré que 55 °C es la temperatura
optima de anillamiento de los oligonucleétidos di-
sefiados, al obtener solo el amplicon de 475 pb. Se
establecid para esta metodologia que el intervalo de
trabajo va de 1 ng uL"'a 1000 ng uL, por su parte
el limite de deteccion inferior va de 0.001 ng pL™!
a0.1 ng uL".

Los oligonucleotidos disefiados en este trabajo,
permiten identificar de manera especifica la pre-
sencia de TOBRFV en material vegetal, aportando
asi una metodologia para la deteccion oportuna, en
menor tiempo y con mayor especificidad, en com-
paracion con el uso de oligonucledtidos generales
para el género Tobamovirus, sin generar falsos po-
sitivos con otros virus de genoma de ARN monoca-
tenario de cadena sencilla (+ssRNA).
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ANEXO 1

Estructuras secundarias de TOBRFV-FMX/ToBRFV-RMX vy propiedades fisicoquimicas
ToBRFV-FMX/ToBRFV-RMX secondary structures and physical and chemical properties.

Oligonucledtido ToBRFV-FMX

L. . A -1.82 35.4 -54.1 -175.34
A T el B N e C R e
o v LI \ \ | . Oligonucledtido ToBRFV-RMX
: 2 . / T~ ! B 2.06 -37.9 -1.7 -32.74
2 P N et > e
jo W , \ C 233 -50.2 -6.9 -30.96
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& « = 1
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e " . N J Homodimeros y heterodimeros formados
Lae . . p
77N N 4 S, -
: Homodimeros del oligonucleétido ToBRFV-FMX
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e 7 \ Homodimeros del oligonucleétido ToBRFV-RMX
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o o "s, 7 Heterodimeros de los oligonucleétidos ToBRFV-FMX/ToBRFV-RMX
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