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Abstract. Clavibacter michiganensis subsp.
michiganensis causes bacterial wilt and canker
disease of tomato. The objectives of this research
were i) to characterize and identify the most
aggressive Cmm in Chignahuapan, Puebla, ii) to
evaluate the tolerance in two phenological stages
of 10 tomato varieties to infection by CP_Cmm-
1 in the greenhouse and the in vitro sensitivity
of the bacteria to bactericides. 12 Cmm isolates
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Resumen. Clavibacter michiganensis subsp. mi-
chiganensis (Cmm) causa la enfermedad marchitez
y cancro del jitomate. Los objetivos de esta inves-
tigacion fueron 1) caracterizar e identificar a Cmm
mas agresivo en Chignahuapan, Puebla, ii) evaluar
la tolerancia en dos etapas fenoldgicas de 10 va-
riedades de jitomate a la infeccion por CP_ Cmm-1
en invernadero y la sensibilidad in vitro de la bac-
teria a bactericidas. Se colectaron 12 aislamientos
de Cmm de plantas de jitomate y se selecciond
una cepa (CP_Cmm-1) con mayor agresividad de
acuerdo al tiempo de manifestacion de sintomas
en plantas de la var. Reserva. Después, la cepa se
inocul6 por el corte con tijeras embebidas en una
suspension con 3 x 108 UFC mL"! en dos etapas
fenoldgicas (a los cinco y 10 hojas verdaderas). Se
evaluo la sintomatologia durante 30 dias después
de la inoculacién. Adicionalmente, se evalud la
sensibilidad de CP_Cmm-1 ante ocho bacterici-
das comerciales in vitro. Los resultados mostra-
ron que la cepa CP_Cmm-1 se identificé con 97%
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were collected from tomato plants and a strain
(CP_Cmm-1) with greater aggressiveness was
selected according to the time of manifestation of
symptoms in plants of var. Reserva. Afterward,
the strain was inoculated by cutting with scissors
embedded in a suspension with 3 x 103 UFC mL"!
in two phenological stages (at five and 10 true
leaves). Symptoms were evaluated for 30 days after
inoculation. Additionally, the sensitivity of CP_
Cmm-1 to eight commercial bactericides in vitro
was evaluated. The results showed that the CP
Cmm-1 strain was identified with 97% similarity
with the API20 E system, positive with DAS-
ELISA, and by PCR it showed 96.6% identity with
Clavibacter michiganensis subsp. michiganensis.
The Saher variety showed greater tolerance to
infection (* = p<0.05) both in the stage of five
and 10 leaves; the varieties Sv4401, Napoles, and
Super 6ptimo showed greater susceptibility in the
five-leaf stage. The Sv4401 variety was highly
susceptible in both stages. Neither variety was
resistant to infection by CP_Cmm-1. The use of the
Sahel variety and kasugamycin could reduce the
damage of this bacteria.

Key words: bactericides, vascular infection,
tolerance, bacteria, varieties.

The tomato (Solanum lycopersicum) 1is the
second most consumed vegetable in the world and
in Mexico it is the most important in the agri-food
sphere (SADER, 2020). Clavibacter michiganensis
subsp. michiganensis (Cmm) causes “wilt” and
“bacterial canker” and it is the most destructive and
recurring disease in the tomato crop. In Mexico, it
causes an estimated economic loss of 40 million
dollars a year (Borboa-Flores et al., 2009). Cmm
is an international quarantine pathogen (EFSA,
2014; EPPO, 2016). Wilt and canker are more
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de similitud con el sistema API20 E, positivo con
DAS-ELISA y por PCR mostr6 96.6% de identidad
con Clavibacter michiganensis subsp. michiganen-
sis. La variedad Saher mostré mayor tolerancia a
la infeccion (*= p<0.05) tanto en la etapa de cinco
como 10 hojas; las variedades Sv4401, Napoles y
Stper 6ptimo mostraron mayor susceptibilidad en
la etapa de cinco hojas. La variedad Sv4401 fue al-
tamente susceptible en ambas etapas. Ninguna va-
riedad fue resistente a la infeccion por CP_Cmm-1.
El uso de la variedad Sahel y kasugamicina podria
reducir el dafo de esta bacteria.

Palabras clave: bactericidas, infeccion vascular,
tolerancia, bacteria, variedades.

El jitomate (Solanum lycopersicum) es la se-
gunda hortaliza de mayor consumo en el mundo
y en México es la mas importante en el ambito
agroalimentario (SADER, 2020). Clavibacter mi-
chiganensis subsp. michiganensis (Cmm) causa la
“marchitez” y “cancro bacteriano” y es la enfer-
medad mas destructiva y recurrente en el cultivo
de jitomate; en México, causa pérdidas economi-
cas estimadas en 40 millones de dolares anuales
(Borboa-Flores et al., 2009). Cmm es un patégeno
de cuarentena internacional (EFSA, 2014; EPPO,
2016). La marchitez y cancro son mas severos en
los sistemas de produccion bajo cubierta debido a
las condiciones ambientales y continuas practicas
de cultivo que favorecen la infeccion (Martinez-
Castro et al., 2018; Yuqing et al., 2018). Cmm in-
fecta los vasos del xilema y causa sintomas de mar-
chitez, clorosis marginal de hojas y grietas (cancro)
en el tallo (Bae et al., 2015), se disemina principal-
mente por semilla (Nandi ez al., 2018), uso de plan-
tula infectada, herramientas, suelo y agua (Tancos
et al., 2013), contacto del fluido de gutacion entre
plantas sanas y enfermas (Sharabani ez al., 2013a) y
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severe in indoor production systems, due to the
environmental conditions and continuous farming
practices that promote infections (Martinez-Castro
et al., 2018; Yuqing et al., 2018). Cmm infects the
xylem vessels and causes symptoms of wilting,
marginal leaf chlorosis and cracks (canker) on the
stem (Bae et al.,, 2015). It is disseminated mainly
via seeds (Nandi et al., 2018), the use of infected
seedlings, tools, soil and water (Tancos et al., 2013),
contact with the guttation fluids between healthy
and diseased plants (Sharabani et al., 2013a) and
nutrient solutions in hydroponic crops (Huang and
Tu, 2001).

The Cmm strains with the most virulence
harbor the plasmids pCM1(27.4 kb) and pCM2
(70.0 kb), which codify for the production of
polysaccharides (EPS) and extracellular enzymes
(Dreier et al., 1997; Gartemann et al., 2008), which
confer pathogenicity, different degrees of virulence
and aggressiveness between isolated strains from
different areas of the world (Wasserman et al.,
2020; Yuqing et al., 2018), as well as the ability to
adapt to new habitats (Nandi et al., 2018).

To date, no commercial varieties with complete
resistance to Cmm have been found or other effective
control measures, which causes severe epidemics
(Nandi et al., 2018). In other countries, tomato
varieties with greater tolerance to the disease have
been identified (Eichenlaub and Gatermann, 2011).
Wild forms of tomato have Cmm-resistant genes,
although the inheritance of these genes is complex
and express undesirable traits, such as small fruits
and low yields during genetic breeding (Bae et
al., 2015; Coaker et al., 2004). Diverse control
strategies have been studied, including chemical
control, mainly using antibiotics and copper-based
compounds (de Leodn et al., 2008; Milijasevi¢ et
al., 2009), biological control (Nandi et al., 2018),
the use of plant extracts (Muhammad et al., 2020),
bacteriocins (Mirzaee et al., 2021) with a limited
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solucién nutritiva en cultivos hidropoénicos (Huang
y Tu, 2001).

Las cepas de Cmm con mayor virulencia alber-
gan los plasmidos pCM1(27.4 kb) y pCM2 (70.0
kb), que codifican para la producciéon de polisaca-
ridos (EPS) y enzimas extracelulares (Dreier et al.,
1997; Gartemann et al., 2008); que confieren pato-
genicidad, diferente grado de virulencia y agresi-
vidad entre cepas aisladas de distintas regiones en
el mundo (Wasserman et al., 2020; Yuqing et al.,
2018), asi como la habilidad para adaptarse a nue-
vos habitats (Nandi et al., 2018).

Hasta la fecha no se han desarrollado varieda-
des comerciales con resistencia completa a Cmm,
ni otra medida de control efectiva lo cual ocasiona
severas epidemias (Nandi et al., 2018). En otros
paises, se han identificado variedades de jitomate
con mayor tolerancia a la enfermedad (Eichenlaub
y Gatermann, 2011). Formas silvestres de jitoma-
te albergan genes de resistencia contra Cmm; sin
embargo, la herencia de estos genes es compleja
y expresan caracteres indeseables como fruto pe-
queno y bajo rendimiento durante el mejoramiento
genético (Bae et al., 2015; Coaker ef al., 2004). Se
han estudiado diversas estrategias de control las
cuales incluyen el control quimico principalmen-
te con antibidticos y compuestos a base cobres (de
Leén et al., 2008; Milijasevi¢ et al., 2009), biologi-
co (Nandi et al., 2018), uso de extractos de plantas
(Muhammad et al., 2020), bacteriocinas (Mirzaee
et al., 2021) con limitada eficacia en muchos casos
debido a la alta variacion en la agresividad y viru-
lencia del patogeno, asi como su adaptacion a cier-
tos genotipos y sistemas de produccion de jitomate
(Croce et al., 2016).

En los ultimos cinco afios, en la localidad de
Chignahuapan, Puebla se identificaron brotes de la
enfermedad en jitomate cultivados en invernadero;
hasta la fecha, no hay ningtin estudio sobre la res-
puesta a la infeccion por Cmm en las variedades
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efficacy, in many cases due to the high variation in
the aggressiveness and virulence of the pathogen,
as well as its adaptation to certain genotypes and
tomato production systems (Croce et al., 2016).

In the last five years, in Chignahuapan,
Puebla, outbreaks of the disease were identified in
greenhouse-grown tomato, and to date, there are no
studies on the response to the infection by Cmm in
the varieties planted in this region. Our hypothesis
establishes that there are tomato varieties with a
greater tolerance to infections caused by aggressive
Cmm strains and that this pathogen is sensitive to
commercial bactericides available in the region.
The identification of tomato varieties with a greater
tolerance to the infection by Cmm and the use of
effective bactericides can contribute to a better
management and reduce the economic damage
caused by this disease. Due to this, the aims of this
investigation were: i) to characterize and identify
the more aggressive Cmm in Chignahuapan, Puebla,
ii) to evaluate the tolerance in two phenological
stages of 10 varieties of tomato to infection by the
more aggressive Cmm in the greenhouse and the
sensitivity in vitro of the bacteria to bactericides.

MATERIALS AND METHODS
Isolation of the pathogen and growth conditions

In 2019, stems and leaves were gathered in
greenhouses from tomato plants of the Benedetti
(19°52° 11.2” N 98° 02’ 10.7” W), Reserva (19°
52712.9” N 98° 02’ 12.8” W) and Pai Pai (19° 52°
17.4” N 98° 02’ 15.3” W) varieties with symptoms
of wilt in the location of Chignahuapan, Puebla.
The tissue samples (0.5 cm) were disinfested with
sodium hypochlorite at 1% and washed three times
with sterile distilled water. They were then placed
in tubes with 3 mL of a sterile salt solution (0.85%)
for 1 h. Out of this suspension, 20 uL were plated
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cultivadas en esta region. Nuestra hipdtesis estable-
ce que hay variedades de jitomate con mayor tole-
rancia a la infeccion por cepas agresivas de Cmm 'y
que este patdogeno es sensible a bactericidas comer-
ciales disponibles en esta region. La identificacion
de variedades de jitomate con mayor tolerancia a la
infeccion por Cmm y el uso de bactericidas efecti-
vos puede contribuir a un mejor manejo y reducir el
dafio econémico causado por esta enfermedad. Por
lo anterior, los objetivos de esta investigacion fue-
ron: i) caracterizar ¢ identificar a Cmm mas agresi-
vo en Chignahuapan, Puebla, ii) evaluar la toleran-
cia en dos etapas fenologicas de 10 variedades de
jitomate a la infeccion por Cmm mas agresivo en
invernadero y la sensibilidad in vitro de la bacteria
a bactericidas.

MATERIALES Y METODOS

Aislamiento del patégeno y condiciones de cre-
cimiento

En 2019, se recolectaron tallos y hojas de plan-
tas de jitomate en invernaderos de las variedades
Benedetti (19° 52° 11.2” N 98° 02° 10.7” W), Re-
serva (19° 52” 12.9” N 98° 02 12.8” W) y Pai Pai
(19° 52> 17.4” N 98° 02’ 15.3” W) con sintomas
de marchitez en la localidad de Chignahuapan,
Puebla. Las muestras de tejido (0.5 cm) se desin-
festaron con hipoclorito de sodio al 1% y se lava-
ron tres veces con agua destilada estéril; después
se colocaron en tubos con 3 mL de solucion salina
(0.85%) estéril durante 1 h. 20 pL de esta suspen-
sidon se sembrd en medio de cultivo agar nutritivo
(AN) (Sigma-Aldrich) y se incubo a 28 °C por 48
h. Las bacterias purificadas se identificaron mor-
fologicamente de acuerdo a Cmm (EPPO, 2016).
Las bacterias se preservaron en cultivo criogénico
a-80 °C en medio Luria Bertani (Merck) y 40% de
glicerol.
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on nutrient agar culture medium (NA) (Sigma-
Aldrich) and incubated at 28 °C for 48 h. The
purified bacteria were morphologically identified
according to Cmm (EPPO, 2016). The bacteria
were preserved in a cryogenic culture at -80 °C
in a Luria Bertani medium (Merck) and 40% of
glycerol.

Agressiveness
subsp. michiganensis

of Clavibacter michiganensis

The Cmmisolates (CP_Cmm-1to CP_Cmm-12)
were individually inoculated in three var. Reserva
tomato seedlings in a greenhouse in a phenological
stage of four true leaves. The inoculation was
carried out by cutting the apical leaf with scissors
soaked (Thyr, 1968) in a cellular suspension with
3 x 10* UFC mL"' based on the pattern of turbidity
of the McFarland standard (McFarland, 1907).
The appearance of wilt symptoms in inoculated
plants was recorded for 13 days and the most
aggressive isolation was selected (the Cp Cmm-
1 strain in this study) based on the period of
incubation (PI), which was considered as the time
(days) between inoculation and the appearance of
symptoms in the inoculated plants. The control
plants were inoculated with sterile distilled water.
From the internal tissues of the stem of the plants
with symptoms of wilt, bacteria with the same
phenotypical characteristics of the inoculated strain
were reisolated and identified as Cmm using PCR.
Characterization and  identification  of
Clavibacter michiganensis subsp. michiganensis

Isolation CP_Cmm-1 was characterized
according to the protocols described by Schaad et
al. (2001). In addition, the API20 E (Biomerieux,
Durhan, NC, U.S.A.) systems were used, along with
the commercial kit DAS-ELISA (Double Antibody
Sandwich Enzyme Linked Immunosorbent Assay)
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Agresividad de Clavibacter michiganensis subsp.
michiganensis

Los aislamientos de Cmm (CP_Cmm-1 a CP_
Cmm-12) se inocularon individualmente en tres
plantulas de jitomate var. Reserva en invernadero
en estado fenoldgico de cuatro hojas verdaderas; la
inoculacion se realizo mediante el corte de la hoja
apical con tijeras embebidas (Thyr, 1968) en una
suspension celular con 3 x 108 UFC mL"! basado
en el patron de turbidez de la escala de McFar-
land (McFarland, 1907). La aparicion de sintomas
de marchitez en las plantas inoculadas se registro
durante 13 dias y se selecciond el aislamiento mas
agresivo (cepa CP_Cmm-1 en este estudio) basado
en el periodo de incubacion (PI) el cual se conside-
r6 como el tiempo (dias) transcurrido entre la ino-
culacion y la aparicion de sintomas de marchitez en
las plantas inoculadas. Las plantas testigo se inocu-
laron con agua destilada estéril. Del tejido interno
del tallo de las plantas con sintomas de marchitez
se reaislaron bacterias con las mismas caracteristi-
cas fenotipicas de la cepa inoculada y se identifico
como Cmm por PCR.

Caracterizacion e identificacion de Clavibacter
michiganensis subsp. michiganensis

El aislamiento CP_Cmm-1 se caracterizo de
acuerdo a los protocolos descritos por Schaad et al.
(2001). Ademas, se utilizaron los sistemas API20 E
(Biomerieux, Durhan, NC, U.S.A.) y el kit comer-
cial DAS-ELISA (Double Antibody Sandwich En-
zyme Linked Immunosorbent Assay) (Agdia® Inc,
SRA 44000/0096) con anticuerpos especificos para
Cmm. Asi mismo, se infiltr6é una suspension con 3
x 108 UFC mL"de la cepa CP_Cmm-1 en el envés
de hojas de tabaco (Nicotiana tabacum) y maravilla
(Mirabilis jalapa).

Para la identificacion por PCR, el ADN de la cepa
CP_Cmm-1 se obtuvo de colonias individuales
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(Agdia® Inc, SRA 44000/0096) with specific
antibodies for Cmm. Likewise, a suspension was
infiltrated, with 3 x 108 UFC mL"! of the CP_Cmm-
1 strain on the abaxial surface of tobacco (Nicotiana
tabacum) and four o’clock plants (Mirabilis jalapa)
leaves.

For identification by PCR, the DNA of the CP_
Cmm-1 strain was taken from individual colonies
with a 72 h growth at 28 °C in NA medium with
a PureLink Genomic DNA Kits (Invitrogen Life
Technologies, Carlsbad, CA, U.S.A.), following
the protocol by the manufacturer. Using PCR,
plasmid pCM2 was amplified, which harbors
the specific fragment of the gene pat-1 (serine
protease) of 614 pb of Clavibacter michiganensis
subsp. michiganensis with the primers CMMS5F-
5'"GCGAATAAGCCCATATCAA 3 and
CMM6R-5" CGTCAGGAGGTCGCTAATA 3’
and the PCR conditions described by Dreier et
al. (1997). The PCR was carried out in a thermal
cycler (C1000 Touch TM Thermal Cycler) and
the amplified fragments were sequenced in the
Institute of Biotechnology of the UNAM (IBT).
The sequences were compared in the GenBank of
the National Center of Biotechnology Information
(NCBI), using the algorithm Blastx (Altschul et
al., 1990) of the National Center of Biotechnology
Information (NCBI) (http://www.ncbi.nlm.nih.
gov/Blast).

Inoculation of Clavibacter michiganensis subsp.
michiganensis in tomato varieties

This study was carried out as a factorial
in a randomized complete block design with
four repetitions; the first factor used 10 tomato
varieties: 1) Benedetti, 2) Reserva, 3) Malvia,
4) USATX12227, 5) Sahel, 6) Pai-Pai, 7) Super
optimo, 8) Napoles 9) Sv4401, and 10) Tobala.
After the germination of the seed, the seedlings
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con 72 h de crecimiento a 28 °C en medio AN
con el kit PureLink Genomic DNA Kits (Invitro-
gen Life Technologies, Carlsbad, CA, U.S.A.) si-
guiendo el protocolo del fabricante. Por PCR se
amplificé el plasmido pCM2 que alberga el frag-
mento especifico del gen pat-1 (serina proteasa)
de 614 pb de Clavibacter michiganensis subsp.
michiganensis con los iniciadores CMMSF-
5'"GCGAATAAGCCCATATCAA 3" y CMM6R-5"
CGTCAGGAGGTCGCTAATA 3° y condiciones
de PCR descritos por Dreier ef al. (1997). La PCR
se realizé en un termociclador (C1000 Touch TM
Thermal Cycler) y los fragmentos amplificados se
secuenciaron en el Instituto de Biotecnologia de
la UNAM (IBT). Las secuencias se compararon
en el banco de genes (Gen Bank) del Centro In-
ternacional para la Informacion en Biotecnologia
(NCBI-National Center of Biotechnology Infor-
mation), empleando el algoritmo Blastx (Altschul
et al., 1990) del Centro Nacional de Informacién
Biotecnologica (NCBI) (http://www.ncbi.nlm.nih.
gov/Blast).

Inoculacion de Clavibacter michiganensis subsp.
michiganensis en variedades de jitomate

Este estudio se realizé como un factorial en un
disefio bloques completos al azar con cuatro repe-
ticiones; el primer factor utilizé 10 variedades de
jitomate: 1) Benedetti, 2) Reserva, 3) Malvia, 4)
USATX12227, 5) Sahel, 6) Pai-Pai, 7) Super 6p-
timo, 8) Napoles 9) Sv4401 y 10) Tobala. Después
de la germinacion de la semilla; las plantulas se
trasplantaron en bolsas de plastico negro (2 kg),
con una mezcla de peat moss, tierra vega y tepezil
(2:1:1) y se mantuvieron en invernadero con una
humedad relativa >70 y temperatura entre 30 y 33 °C.
Las plantas se regaron diariamente y se fertilizaron
dos veces por semana con la formulacion nutritiva
Steiner (Steiner, 1984).
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were transplanted in black plastic bags (2 kg), with
a mixture of peat moss, tierra vega and tepezil
(2:1:1) and were kept in the greenhouse with a
relative humidity of >70 and temperatures between
30 and 33 °C. The plants were irrigated on a daily
basis and fertilized twice a week with the Steiner
nutrient formulation (Steiner, 1984).

The CP_Cmm-1 strain was inoculated in the
apical leaf of each tomato variety (n=10) by cutting
with scissors soaked in a cellular suspension (Thyr,
1968) adjusted with 3 x 108 UFC mL using the
McFarland standard and confirmed by counting in a
plate in an NA medium after 72 h at 28 °C (Klement
et al., 1990). The second factor contemplated two
phenological stages in independent treatments for
the development of 1) five true leaves, 2) 10 true
leaves. Each variety was inoculated in 10 plants
(repetitions). The inoculation of all varieties was
simultaneous and was carried out in a timeframe
of 60 min. The control plants were inoculated with
sterile distilled water. The appearance of symptoms
was registered every day for 30 days after
inoculation (dai). In order to evaluate the severity,
an arbitrary visual scale was designed, which went
from 0 to 4, where 0= healthy plant, 1= leaf wilt, 2=
epinasty, leaf chlorosis, 3= stem vessel colonization
and 4=canker in stem and internal colonization of
the fruit. The variable analyzed was time (number
of days to severity degree 4) with the interaction
tomato variety-phenological stage-development
of symptoms. The data were analyzed using the
statistical program R version 4.0.5 (Avello and
Seisdedo, 2017). From the internal tissue of the
stem of each variety, the inoculated bacteria was
reisolated and identified using PCR.

Sensitivity in vitro to bactericides

Eight commercial bactericides were evaluated
in the concentration recommended on the label,
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La cepa CP_Cmm-1 se inoculd en la hoja api-
cal de cada variedad de jitomate (n=10) mediante
el corte con tijeras embebidas en una suspension
celular (Thyr, 1968) ajustada con 3x10® UFC mL"!
utilizando la escala de McFarland y confirmado por
recuento en placa en medio AN después de 72 h
a 28 °C (Klement et al., 1990). El segundo factor
contemplo6 dos etapas de desarrollo fenologico en
tratamientos independientes, al desarrollo de 1) cin-
co hojas verdaderas, 2) 10 hojas verdaderas. Cada
variedad se inoculo6 en 10 plantas (repeticiones). La
inoculacion de todas las variedades fue simultanea
y se realizé en un periodo de 60 min. Las plantas
testigo se inocularon con agua destilada estéril. La
aparicion de sintomas se registrd diariamente du-
rante 30 dias después de la inoculacion (ddi); para
evaluar la severidad, se disefid una escala visual
arbitraria de 0 a 4 donde 0= planta sana, 1= mar-
chitez de hojas, 2= epinastia, clorosis de hojas, 3=
colonizacion vascular de tallo y 4=cancro en tallo y
colonizacion interna del fruto. La variable analiza-
da fue el tiempo (numero de dias en llegar al grado
4 de severidad) con la interaccion de los factores:
variedad de jitomate-etapa fenologica- desarrollo
de sintomas. Los datos se analizaron con el progra-
ma estadistico R version 4.0.5 (Avello y Seisdedo,
2017). Del tejido interno del tallo de cada variedad
se reaislo la bacteria inoculada y se identifico por
PCR.

Sensibilidad in vitro a bactericidas

Se evaluaron ocho bactericidas comerciales a la
concentracion recomendada en etiqueta, en stock
de 25 mL de agua: 1) Sulfato de estreptomicina +
Oxitetraciclina + Sulfato tribasico de cobre mono-
hidratado, 1.5 g (Cuprimicin 500) (Ingenieria In-
dustrial); 2) Estreptomicina + Oxitetraciclina, 0.2 g
(Bactrol 2x) (Ingenieria industrial); 3) Clorhidrato
de oxitetraciclina, 0.5 g (Cuprimicin Agricola 5%)
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in a stock with 25 mL of water: 1) Streptomycin
sulfate + Oxytetracycline + Tribasic copper sulfate
monohydarte, 1.5 g (Cuprimycin 500) (Industrial
Engineering); 2) Streptomycin + Oxytetracycline,
0.2 g (Bactrol 2x) (Industrial Engineering); 3)
Oxytetracycline Hydrochloride, 0.5 g (Agricultural
Cuprimicin  5%) (Industrial Engineering); 4)
Streptomycin + Oxytetracycline, 1 g (Agricultural
Bactiomycin)  (AgriBest); 5) Ammonium
Quaternary, 3.5 mL (Quatz 1V) (Alterna
Agro); 6) Kasugamycine, 0.17 mL (Kasumin)
(Gowan Mexicana); 7) Streptomycin sulfate,
0.2 g (Cuprimicin 17) (Industrial Engineering);
8) Gentamicin sulfate +  Oxytetracycline
Hydrochloride, 1.5 g (Final Bacter) (Formul Abagro
of Mexico).

The test for in vitro sensitivity against the CP_
Cmm-1 strain was carried out using the method
described by Jung er al. (2014), modified: The
Clavibacter inoculant was obtained from a pure
48 h culture at 28 °C in nutrient agar medium,
and afterwards, followed by the preparation of
an aqueous solution with 1 x 10¥ UFC mL".
Sensitivity was evaluated on 96-well polystyrene
microplates (Thermo Scientific™); each 80 puL well
with a nutrient broth medium was added 10 pL of
Clavibacter inoculant and 10 pL of the bactericidal
solution; the control consisted of the inoculation of
Clavibacter in a nutrient broth without bactericide.
The microplates were incubated at 28 °C and the
absorbance was registered at an optic density
(DO) of 600 nm after 0, 12, 24, 48, 60, 72 and
84 h of growth in a Multiskan Ascent V1.24 354-
01843 Version-1.9.1 reader. The sensitivity to
the bactericides by Cmm was determined by the
lowest value of DO in the co-cultivation of the
pathogen with the bactericide in regard to the
control. A factorial design was carried out with
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(Ingenieria Industrial); 4) Estreptomicina + Oxite-
traciclina, 1 g (Bactiomicin Agricola) (AgriBest);
5) Cuaternario de Amonio, 3.5 mL (Quatz V) (Al-
terna Agro); 6) Kasugamicina, 0.17 mL (Kasumin)
(Gowan Mexicana); 7) Sulfato de estreptomicina,
0.2 g (Cuprimicin 17) (Ingenieria Industrial); 8)
Sulfato de Gentamicina + Clorhidrato de Oxite-
traciclina, 1.5 g (Final Bacter) (FormulAbagro de
México).

La sensibilidad in vitro contra la cepa CP_
Cmm-1 se realiz6 por el método descrito por Jung
et al. (2014) modificado: El in6culo de Clavibacter
se obtuvo de un cultivo puro de 48 h a 28 °C en me-
dio agar nutritivo; de aqui, se prepar6 una suspen-
sioén acuosa con 1 x 108 UFC mL"'. La sensibilidad
se evalud en microplacas de poliestireno (Thermo
Scientific™) con 96 pocillos; a cada pocillo con
80 uL de medio caldo nutritivo se le agregd 10 pL
de inoculo de Clavibacter y 10 puL de la solucion
bactericida; el testigo consistio de la inoculacion de
Clavibacter en caldo nutritivo sin bactericida. Las
microplacas se incubaron a 28 °C y se registré la
absorbancia a una densidad optica (DO) de 600 nm
alas 0, 12, 24, 48, 60, 72 y 84 h de crecimiento en
un lector Multiskan Ascent V1.24 354-01843 Ver-
sion-1.9.1. La sensibilidad a los bactericidas por
Cmm se determiné por el menor valor de DO en el
co-cultivo del patdgeno con el bactericida con res-
pecto al testigo. Se realizd un disefio factorial con
medidas repetidas utilizando un modelo mixto don-
de los bloques y unidades experimentales son alea-
torios, el modelo se ajustd con una funciéon de co-
rrelacion sin estructura entre tiempos, se contemplo
la heterogeneidad de varianza entre tratamientos en
el modelo; todos los tratamientos se evaluaron por
triplicado. Los datos de la interaccion de Cmm con
el bactericida se analizaron con el programa esta-
distico InfoStat version 1.5 (Grupo Infostat 2003).
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repeated measurements using a mixed model in
which experimental blocks and units were random;
the model was adjusted with a correlation function
without structure between times, the variance
heterogeneity between treatments in the model was
contemplated, and all treatments were evaluated in
triplicate. The data of the interaction of Cmm with
the bactericide were analyzed with the InfoStat
statistical program, version 1.5 (Infostat Group
2003).

RESULTS AND DISCUSSION
Characterization and  identification  of
Clavibacter michiganensis subsp. michiganensis

The 12 Cmm isolations incubated in tomato
var. Reserva caused wilt, although the period
of incubation (PI) was different between the
isolations. The symptoms of wilt in the inoculated
seedlings were observed in a range of 5 to 12
dai. The CP_Cmm-1 isolation from Clavibacter
michiganensis subsp. michiganensis (isolated from
the var. Reserva) displayed greater aggressiveness,
causing wilt 5 dai (PI), hence its selection for
this study. In control plants, no symptoms were
observed to develop. These results coincide with
reports by Tancos et al. (2013), who displayed
differences in virulence between strains of Cmm.
Other studies identified haplotypes of Cmm with
greater virulence and aggressiveness in some
tomato-producing areas than in others and they
suggest the existence of types of sequences
that adapt to certain regions, tomato genotypes,
weather conditions and production systems (Croce
et al., 2016; Martinez-Castro et al.,, 2018; Thapa
et al., 2017). This diversity may be caused by the
introduction of new strains of Cmm of a different
origin, mainly due to seed imports (Yuqing ef al.,
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RESULTADOS Y DISCUSION

Caracterizacion e identificacion de Clavibacter
michiganensis subsp. michiganensis

Los 12 aislamientos de Cmm inoculados en jito-
mate var. Reserva causaron marchitez; sin embar-
go, el periodo de incubacion (PI) fue diferente entre
los aislamientos. Los sintomas de marchitez en las
plantulas inoculadas se observaron en un rango en-
tre 5 y 12 ddi. El aislamiento CP_ Cmm-1 de Cla-
vibacter michiganensis subsp. michiganensis (ais-
lado de la var. Reserva) mostré6 mayor agresividad
causando marchitez a los 5 ddi (PI) por lo que se
seleccioné para este estudio. En las plantas testigo
no se observo el desarrollo de ninglin sintoma. Es-
tos resultados coinciden con lo reportado por Tan-
cos et al. (2013) quienes demostraron diferencias
en la virulencia entre cepas de Cmm. Otros estu-
dios identificaron haplotipos de Cmm con mayor
virulencia y agresividad en algunas zonas produc-
toras de jitomate que en otras y sugieren la existen-
cia de tipos de secuencia que se adaptan a determi-
nada region, genotipo de jitomate, condiciones de
clima y sistema de produccion (Croce et al., 2016;
Martinez-Castro et al., 2018; Thapa et al., 2017).
Esta diversidad puede ser consecuencia de la in-
troduccion de nuevas cepas de Cmm de diferente
origen principalmente por la importacion de semi-
lla (Yuqing et al., 2018). La caracterizacion fenoti-
pica de la cepa CP_Cmm-1 mostro6 el crecimiento
de colonias amarillo-naranja en medio YDC, Gram
positivas, no motiles, metabolismo oxidativo de
glucosa, oxidasa negativa, produjeron acido a par-
tir de manosa, pero no de manitol, ribosa, sorbitol e
inulina, hidroliza esculina pero no caseina, utilizan
como fuente de carbono acetato y succinato de so-
dio; estas caracteristicas se reportaron previamente
para Clavibacter michiganensis subsp. michigane-
sis (EPPO, 2016; Schaad et al., 2001).
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2018). The phenotypic characterization of the
CP_Cmm-1 strain displayed the growth of yellow-
orange colonies in a YDC medium, Gram positive,
not motile, glucose oxidative metabolism, negative
oxidase, which produced acid from mannose
although not from mannitol, ribose, sorbitol and
inulin, hydrolyze esculin but not casein, use
acetate and sodium succinate as carbon sources;
these characteristics were previously reported for
Clavibacter michiganensis subsp. michiganesis
(EPPO, 2016; Schaad et al., 2001).

The phenotype of the CP_Cmm-1 strain
coincided by 97% with the API20 E system, and
it was positive by serology with the DAS-ELISA
system. Using PCR, the fragment of gene pat-1
(serine protease) of 614 pb of plasmid pCM2 of
Clavibacter michiganensis subsp. michiganensis
was amplified with primers CMMSF and CMMG6R.
The gene pat-1 (serine protease)
pathogenicity into Cmm and is an important
virulence determinant for the production of
extracellular

confers

polysaccharides, cellulases,
glucanases and other enzymes, which induce
diseases intomato via the degradation ofthe cell wall
in the xylem vessels, causing the symptom of wilt
(Eichenlaub and Gatermann, 2011; Wassermann
et al., 2020). The comparison of the sequence in
the GenBank of the amplified PCR product of the
Cp_Cmm-1 strain displayed a 96.6% identity with
C. michiganensis subsp. michiganensis NCPPB
382 plasmid pCM2 (accession AM711866.1). The
infiltration of the Cp_Cmm-1 strain in the abaxial
surface of tobacco and four o’clock leaves induced
a hypersensitivity reaction, which coincides with
reports by Alarcon et al. (1998) and Lu et al. (2015),
who proved the induction of hypersensitivity
in these same plant species with the expression
of the protein ChpG with virulent Cmm strains.
The results of the identification of the Cp Cmm-
1 strain comply with the official protocol for the
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El fenotipo de la cepa CP_Cmm-1 coincidid
97% con el sistema API20 E, y fue positivo por
serologia con el sistema DAS-ELISA. Por PCR
se amplificd el fragmento del gen pat-1 (serina
proteasa) de 614 pb del plasmido pCM2 de Cla-
vibacter michiganensis subsp. michiganensis con
los iniciadores CMMSF y CMMGO6R. El gen pat-1
(serina proteasa) confiere patogenicidad en Cmm y
es un importante determinante de virulencia para la
produccion de polisacaridos extracelulares, celula-
sas, glucanasas y otras enzimas, que inducen enfer-
medad en jitomate por la degradacion de la pared
celular en los vasos del xilema, causando el sinto-
ma de marchitez (Eichenlaub y Gatermann, 2011;
Wassermann et al., 2020). La comparacion de la
secuencia en el GenBank del producto amplifica-
do de PCR de la cepa Cp_Cmm-1, mostré 96.6%
de identidad con C. michiganensis subsp. michi-
ganensis NCPPB 382 plasmido pCM2 (accesion
AMT7T11866.1). La infiltracion de la cepa CP_Cmm-
1 en el envés de hojas de tabaco y maravilla indujo
una reaccion de hipersensibilidad lo cual coincide
con lo reportado por Alarcon et al. (1998) y Lu et
al. (2015), quienes demostraron la induccion de hi-
persensibilidad en estas mismas especies de plantas
por la expresion de la proteina ChpG con cepas de
Cmm virulento. Los resultados de la identificacién
de la cepa CP_Cmm-1 cumplen con el protocolo
oficial para la caracterizacion e identificacion de
Cmm en muestras sintomaticas de jitomate, el cual
sugiere la combinacion de pruebas bioquimicas, se-
rologicas, moleculares y patogenicidad de acuerdo
con EPPO (2016).

Respuesta de jitomate a Clavibacter michiganen-
sis subsp. michiganensis

La respuesta de las 10 variedades de jitomate

inoculadas con la cepa Cp Cmm-1 fue diferen-
te. La técnica de inoculacion mediante el corte
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characterization and identification of Cmm in
symptomatic tomato samples, which suggests the
combination of biochemical, serological, molecular
and pathogenicity tests, according to EPPO (2016).

Response of tomato to Clavibacter michiganensis
subsp. michiganensis

The response of the 10 tomato varieties
inoculated with the Cp Cmm-1
different. The inoculation technique of cutting the
petiole with scissors soaked in the inoculant is
considered quick and adequate for the evaluation
of tolerance to the systemic infection by Cmm (van
Steekelenburg, 1985). The symptoms and severity
of the disease were different throughout time and
dependent on the phenological stage (age of the
plant and number of leaves). In all varieties but
one, the appearance of symptoms was quicker and
more severe in the inoculated plants with five than
with 10 true leaves. This suggests that the genetic
characteristics and the phenological stage of each
variety are important factors for the expression
of virulence by Cmm. These results suggest that
the lower the plant development, the higher the
susceptibility and severity of the infection caused
by this pathogen will be.

The symptoms in both phenological stages
(five and 10 leaves) during and at the end of the
evaluation (30 dai) included all the degrees of
severity (leaf wilt, chlorosis, vascular infection,
canker in the stem and colonization of the fruit) in

strain was

all varieties. However, the results of the statistical
analysis with the interaction of the factors variety
of tomato-phenological stage -development of
symptoms indicated that the Sahel variety was
significantly different to the rest (*= p<0.05) with
the higher average of days (13.7 and 14.5) for the
appearance and development of all the symptoms,
both in the five leaf and the 10 true leaf stages,
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del peciolo con tijeras embebidas en el indculo se
considera rapida y adecuada para la evaluacion de
tolerancia a la infeccion sistémica por Cmm (van
Steekelenburg, 1985). Los sintomas y la severidad
de la enfermedad fueron diferente a través del tiem-
po y dependiente de la etapa fenologica (edad de la
planta y nimero de hojas). En todas las variedades,
excepto una, la aparicion de sintomas fue con ma-
yor rapidez y severidad en las plantas inoculadas
con cinco que con 10 hojas verdaderas. Lo anterior
sugiere que las caracteristicas genéticas y la etapa
fenologica de cada variedad son factores importan-
tes para la expresion de virulencia por Cmm; estos
resultados sugieren que a menor desarrollo de la
planta la susceptibilidad y severidad por la infec-
cion de este patdogeno es mayor.

Los sintomas en ambas etapas fenoldgicas (cin-
co y 10 hojas) durante y al final de la evaluacién
(30 ddi) incluyeron todos los grados de severidad
(marchitez de hojas, clorosis, infeccion vascular,
cancro en tallo y colonizacion del fruto) en todas
las variedades. Sin embargo, los resultados del ana-
lisis estadistico con la interaccion de los factores:
variedad de jitomate-etapa fenologica- desarrollo
de sintomas, indicaron que la variedad Sahel fue
diferente significativamente del resto (*= p<0.05)
con el mayor promedio de dias (13.7 y 14.5 ) para
la aparicion y desarrollo de todos los sintomas tan-
to en la etapa de cinco como 10 hojas verdaderas
respectivamente. Asi mismo, esta variedad mostro
la menor severidad de sintomas, lo que sugiere ma-
yor tolerancia a la infeccion por Cmm en ambas
etapas fenologicas que el resto de las variedades.
En contraste, las variedades Sv4401, Napoles y Su-
per 6ptimo fueron altamente susceptibles en la eta-
pa de cinco hojas. Entre estas, la variedad Sv4401
mostrd la mayor susceptibilidad y severidad entre
todas las variedades en las dos etapas fenologicas
(cinco y 10 hojas), con el menor promedio (5.5y 9
dias) respectivamente para la aparicion y desarrollo
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respectively. Likewise, this wvariety displayed
the lowest severity of symptoms, suggesting a
higher tolerance to the infection by Cmm in both
phenological stages than the rest of the varieties.
By contrast, varieties Sv4401, Napoles and Stper
optimo were highly susceptible in the five-leaf
stage. Among these, variety Sv4401 displayed
the highest susceptibility and severity out of all
varieties in the two phenological stages (five and
10 leaves), with the lowest average (5.5 and 9 days,
respectively) for the appearance and development
of the symptoms (Table 1). In addition, the plants
of this variety displayed lower heights, abundant
bacterial exudate in petioles, stems with severe
canker, and an extensive internal colonization of
the fruit.

These results are similar to those obtained in
other investigations. In greenhouse trials, Stiiwe and
Tiederman et al. (2013) identified tomato genotypes
that display a higher severity of symptoms caused

de los sintomas (Cuadro 1); ademas, las plantas de
esta variedad mostraron un porte de menor altura,
abundante exudado bacteriano en peciolos, tallos
con cancro severo, y extensiva colonizacion interna
del fruto.

Estos resultados son similares a otras investiga-
ciones; Stiiwe y Tiederman et al. (2013), en ensayos
de invernadero identificé genotipos de jitomate que
mostraron mayor severidad de sintomas causados
por Cmm en contraste con otros bajo las mismas
condiciones experimentales de inoculacion. Asi
mismo, los resultados de nuestro estudio eviden-
cian la dificultad de encontrar variedades de jitoma-
te tolerantes a la infeccion causado por Cmm; en un
estudio en China, cinco de 25 genotipos de jitomate
se catalogaron como moderadamente resistentes y
ninguno con alta resistencia o resistencia completa
a la infeccion por Cmm (Yuqing et al., 2018); en
tanto Kabas et al. (2018) de 78 genotipos clasifico
55% como muy susceptibles, 39% susceptibles,

Table 1. Interaction of variety, phenological stage, days of appearance of symptoms and severity
in 10 tomato varieties inoculated with the CP_Cmm-1 strain of Clavibacter michiganensis

subsp. michiganensis.

Cuadro 1. Interaccion de variedad, etapa fenolégica, dias de aparicion de sintomas y severidad
en 10 variedades de jitomate inoculados con la cepa CP_Cmm-1 de Clavibacter

michiganensis subsp. michiganensis.

Inoculacion etapa fenoldgica
cinco hojas verdaderas

Inoculacion etapa fenoldgica
10 hojas verdaderas

Media dias
Variedad Jitomate desarrollo de sintomas

Sahel 13.75 a*
Tobala 10.50 b
Benedetti 10.50 b

Reserva 10.25 be
Malvia 10.00 ¢
Pai-Pai 9.75h
USA12227 9.75h
Stper 6ptimo 8.751
Napoles 7.50 ]
Sv4401 5.50k

Media dias
Variedad Jitomate desarrollo de sintomas
Sahel 14.50 a*
Malvia 14.00 b
USA12227 12.75 ¢
Benedetti 12.75 ¢
Reserva 12.50 ¢
Tobala 12.50 ¢
Stper 6ptimo 11.75d
Pai-Pai 11.50 de
Napoles 11.25¢
Sv4401 9.00 f

Test: LSD Fisher Alfa=0.05 DMS= 0. 44431. Error: 0.0985 gl: 57. / Test: LSD Fisher Alfa=0.05

DMS= 0. 44431. Error: 0.0985 gl: 57.

“Means with a common letter are not significantly different (*= p<0.05). / “Medias con una letra comin

no son significativamente diferentes (*= p<0.05).
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by Cmm in contrast to others under the same
experimental inoculation conditions. Likewise,
the results of our study display the difficulty of
finding tomato varieties which are tolerant to the
infection caused by Cmm. In a study in China,
five out of 25 tomato genotypes were catalogued
as moderately resistant and none had a high or
complete resistance to infection by Cmm (Yuqing
et al., 2018). Meanwhile, Kabas et al. (2018), out
of 78 genotypes, classified 55% as very susceptible,
39% as susceptible, 4% as moderately resistant and
only 2% as tolerant to infection by Cmm.

Diverse factors explain the severity of the
symptoms caused by the Cmm infection among
different tomato genotypes, one of which is the age
of the plant. Nandi et a/. (2018) and Sharabani et
al. (2013b) showed that some tomato varieties that
become infected in late development stages can be
asymptomatic or develop slow wilt. However, in
early infections, the bacteria multiply in the xylem
vessels and forms biofilms (Lelis ef al., 2014),
which help it colonize with high densities and
cause a systemic infection that originates severe
wilt symptoms, stem canker, vascular discoloring
and infection of the fruit (Bae et al, 2015;
Chalupowicz et al., 2012; Tancos et al., 2013). In
this study, these same symptoms were observed in
the most susceptible varieties with the inoculation
of the Cp_ Cmm-1 strain (Figure 1).

Systemic infection in tomato varieties

The systemic infection by Cmm produces the
symptoms of leaf wilting and chlorosis, damage
in the xylem and infection of the fruit. In this
investigation, the 10 varieties inoculated with the
Cp_Cmm-1 strain developed all these symptoms,
except the Sahel variety. The difference in the
severity of the symptoms was evident between
the variety with the highest tolerance and the most
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4% moderadamente resistentes y unicamente 2%
como tolerantes a la infeccion por Cmm.

Diversos factores explican la severidad de los
sintomas causados por la infeccion de Cmm entre
diferentes genotipos de jitomate; uno de ellos es la
edad de la planta; Nandi et al. (2018) y Sharabani
et al. (2013b) mostraron que algunas variedades
de jitomate que se infectan en etapas de desarro-
llo tardias, pueden ser asintomaticas o desarrollar
marchitez lenta; sin embargo, en infecciones tem-
pranas, la bacteria se multiplica en los vasos del
xilema y forma biopeliculas (Lelis ef al., 2014) que
le permite colonizar con altas densidades y causar
una infeccion sistémica que origina sintomas se-
veros de marchitez, cancro en tallo, discoloracion
vascular e infeccion del fruto (Bae et al., 2015;
Chalupowicz et al., 2012; Tancos et al., 2013); en
este estudio, estos mismos sintomas se observaron
en las variedades mas susceptibles con la inocula-
cion de la cepa CP_Cmm-1 (Figura 1).

Infeccion sistémica en variedades de jitomate

La infeccion sistémica por Cmm produce los
sintomas de marchitez y clorosis de hojas, dafo
en el xilema, cancro en tallo e infeccion del fruto.
En esta investigacion, las 10 variedades inoculadas
con la cepa Cp_Cmm-1 desarrollaron todos estos
sintomas excepto la variedad Sahel. La diferencia
en la severidad de los sintomas fue evidente entre la
variedad con mayor tolerancia y las de mayor sus-
ceptibilidad (Figura 1). El desarrollo del sindrome
esta relacionado con la infeccion de cepas altamen-
te virulentas de Cmm (Chalupowicz et al., 2017),
lo que sugiere que la cepa Cp Cmm-1, utilizada en
este estudio, podria encontrarse en este grupo.

La infeccion sistémica, marchitez y clorosis de
hojas, cancro en tallo e infeccion del fruto fue mas
severa en las variedades susceptibles Super 6ptimo,
USATX12227 y Sv4401; en contraste con la variedad
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Figure 1. Severity of symptoms developed 30 dai with Clavibacter michiganensis subsp. michiganensis (strain CP_Cmm-1)
in tomato varieties with greater tolerance and susceptibility: A) control, B and C) chlorosis and wilting in leaves,
D) systemic infection in the stem xylem, E) canker on the stem, and F) internal fruit colonization.

Figura 1. Severidad de sintomas desarrollados a los 30 ddi con Clavibacter michiganensis subsp. michiganensis (cepa CP_
Cmm-1) en variedades de jitomate con mayor tolerancia y susceptibilidad: A) testigo, B y C) clorosis y marchitez
en hojas, D) infeccion sistémica en el xilema del tallo, E) cancro en tallo y F) colonizacion interna de fruto.

susceptible ones (Figure 1). The development of
the syndrome is related to the infection of highly
virulent Cmm strains (Chalupowicz et al., 2017),
suggesting that the Cp_Cmm-1 strain, used in this
study, could be found in this group.

The systemic infection, leaf wilt and chlorosis,
stem canker and fruit infection were more severe
in the susceptible varieties of Super Optimo,
USATX12227 and Sv4401, as opposed to the
variety with the highest tolerance (Sahel), in which
all symptoms were notoriously less severe and
there was no fruit infection in both phenological
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con mayor tolerancia (Sahel) en la cual todos los
sintomas fueron notoriamente menos severos y no
hubo infeccion de frutos en ambas etapas fenolo-
gicas. En las variedades susceptibles, el xilema
del tallo mostrd sintomas desde decoloracién de
tejidos vasculares entre amarillo, café claro y café
obscuro hasta la degradacion de la médula del tallo
(Figura 1).

Los mecanismos moleculares relacionados con
la respuesta de la planta de jitomate a la infeccion
por Cmm son complejos y muchos aspectos ac-
tualmente no estan completamente dilucidados.
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stages. In the susceptible varieties, the stem xylem
displayed symptoms ranging from the discoloration
of vascular tissues between yellow, light brown
and dark brown to the degradation of the stem pith
(Figure 1).

The molecular mechanisms related to the
response of the tomato plant to the infection by Cmm
are complex and many aspects are not completely
elucidated. Stiiwe and Tiedemann et al. (2013)
observed a greater occlusion of the xylem vessels
and less tyloses in tomato varieties susceptible to
Cmm. Likewise, Eichenlaub and Gatermann (2011)
showed that the temperature, variety, plant age and
concentration of the inoculant had an influence
on the period of incubation and the severity of
the disease. The systemic infection by Cmm was
related to a high population density (>10% UFC
g! tissue) on the infected plant (Gartemann et al.,
2003), the production of pectate lyase, cellulases
and xylanase enzymes that degrade the xylem
vessels and cause canker in the stem (Chalupowicz
et al., 2012; Gartemann et al., 2008), the induction
of proteins related to pathogenesis (PR) by the plant
(Savidoretal., 2012), as well as the concentration of
ammonium and carboxylic acids in the fluid of the
xylem in certain tomato varieties (Bialczyk et al.,
2004; Yadeta et al., 2013), response of the plant to
concentrations of ethylene induced by the infection
of Cmm (Balaji er al., 2008) and antimicrobial
compound o-tomatine produced by the plant,
which affects the growth of Cmm (Eichenlaub and
Gatermann, 2011).

Previous studies with wild tomato suggest that
vascular morphology is an important factor in
tolerance to Cmm (Coaker et al., 2004). Many of
the above factors could explain the higher tolerance
of the Sahel variety identified in this investigation,
which stood out for the lower severity of vascular
infection, stem canker and having no apparent
fruit infection. Due to this, future investigations
may delve further in the interaction of this variety
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Stiiwe y Tiedemann et al. (2013) observaron mayor
oclusion de los vasos del xilema y menos tilides
en variedades de jitomate susceptibles a Cmm. Asi
mismo, Eichenlaub y Gatermann (2011) demostra-
ron que en el periodo de incubacion y severidad
de la enfermedad influyo la temperatura, variedad,
edad de la planta y concentracion del inoculo. La
infeccion sistémica por Cmm se relacion6 con alta
densidad de poblacion (>10% UFC g tejido) en la
planta infectada (Gartemann et al., 2003), produc-
cion de las enzimas pectato liasa, celulasas y xila-
nasa que degradan las células del xilema y originan
el cancro en tallo (Chalupowicz et al., 2012; Garte-
mann et al., 2008); induccién por la planta de pro-
teinas relacionadas a la patogénesis (PR) (Savidor
et al., 2012), asi como la concentracion de amo-
nio y acidos carboxilicos en el fluido del xilema
en ciertas variedades de jitomate (Bialczyk et al.,
2004; Yadeta et al., 2013), respuesta de la planta
a concentraciones de etileno inducido por la infec-
cion de Cmm (Balaji et al., 2008) y a las concentra-
ciones del compuesto antimicrobiano a-toamtina
producido por la planta que afecta el crecimiento
de Cmm (Eichenlaub y Gatermann, 2011).

Estudios previos con jitomate silvestre sugirie-
ron que la morfologia vascular es un factor impor-
tante en la tolerancia a Cmm (Coaker et al., 2004).
Muchos de los factores anteriores podrian explicar
la mayor tolerancia de la variedad Sahel identifi-
cada en esta investigacion, la cual destaco por la
menor severidad de infeccion vascular, cancro en
tallo y sin infeccion aparente en fruto. Por lo an-
terior, investigaciones futuras podrian profundizar
en la interaccion de esta variedad con Cmm y las
bases genéticas de la tolerancia observada en este
estudio.

Infeccion en fruto en variedades de jitomate

Al realizar un corte transversal del fruto, se ob-
servaron diferencias en la agresividad y severidad
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with Cmm and the genetic bases of the tolerance
observed in this study.

Infection in tomato variety fruits

When cutting the fruit transversally, differences
were observed in the aggressiveness and severity of
the internal colonization and infection of the fruit
with more tolerance (Sahel) where the symptoms
of wilt and canker were less severe and without any
internal colonization of the fruit. On the other hand,
the susceptible varieties (Super Optimo, Napoles
and Sv4401) displayed a greater severity in the
symptoms of wilting, damage to the xylem, canker
in the stem and an extensive internal colonization
of the pathogen in the fruit. The internal tissue in
these fruits displayed a discoloration of vascular
tissue and degradation of the pith (Figure 1).

These same colonization patterns in fruits are
similar to those observed in other investigations
(Tancos et al., 2013). The infection of fruits is a
result of the extensive colonization of Cmm in
the xylem of the plant, where it is dispersed until
it penetrates the peduncle and it infects fruits
and seeds (de Leodn et al, 2011; Eichenlaub and
Gartemann, 2011). In this investigation, in the
fruits with a high internal colonization rate in the
most susceptible varieties, no external symptoms
were observed, making them apparently adequate
for marketing. However, they represent an efficient
source of inoculant for later growth seasons (Nandi
et al., 2018), mainly via the infected seed (de Leon
etal., 2011).

From the internal tissue of the stem with
symptoms of degradation and necrosis of the
xylem in each variety, we re-isolated, in pure
cultivations, cultures with the same morphological
characteristics as Cmm. The identity of the
inoculated Cp Cmm-1 strain was confirmed by
PCR with the amplification of plasmid pCM2 with
the protocol previously described (Figure 2).
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de la colonizacion e infeccion interna del fruto
entre la variedad con mayor tolerancia (Sahel) en
donde los sintomas de marchitez y cancro fueron
menos severos y sin colonizacion interna del fruto;
en contraste, en las variedades susceptibles (Super
optimo, Napoles y Sv4401) se observd mayor seve-
ridad de los sintomas de marchitez, dafio en el xi-
lema, cancro en tallo y una extensiva colonizacién
interna del patégeno en el fruto. El tejido interno en
estos frutos mostro decoloracion de tejido vascular
y degradacion de la médula (Figura 1).

Estos mismos patrones de colonizacion en fruto
son similares con los observados en otras investiga-
ciones (Tancos et al., 2013). La infeccion en frutos
es resultado de la extensiva colonizacion de Cmm
en el xilema de la planta de donde se dispersa has-
ta ingresar a través del pedicelo e infectar frutos y
semillas (de Leon et al., 2011; Eichenlaub y Gar-
temann, 2011). En esta investigacion, en los frutos
con alta colonizacion interna en las variedades mas
susceptibles no se observaron sintomas externos,
aparentemente aptos para su comercializacion; sin
embargo, representan una eficiente fuente de indcu-
lo para sucesivas estaciones de crecimiento (Nandi
et al., 2018), principalmente a través de la semilla
infectada (de Leon et al,, 2011).

Del tejido interno del tallo con sintomas de de-
gradacion y necrosis del xilema de cada variedad,
se re-aislaron en cultivo puro colonias con las mis-
mas caracteristicas morfologicas de Cmm. La iden-
tidad de la cepa Cp_Cmm-1 inoculada se confirmé
por PCR con la amplificacion del plasmido pCM2
con el protocolo previamente descrito (Figura 2).

Sensibilidad in vitro a bactericidas

Los resultados de la sensibilidad de la cepa
CP_Cmm-1 a los bactericidas evaluados mostraron
diferencias significativas (*= p<0.05) con las for-
mulaciones de Sulfato de estreptomicina + Oxite-
traciclina + Sulfato tribasico de cobre monohidra-
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Figure 2. Amplification of the plasmid pCM2 -1 by PCR of the Cp_Cmm-1 strain inoculated in 10 tomato varieties. Lines:
1: 100pb molecular marker, 2: control (-), 3: control (+) 14: control (+), 4: Benedetti, 5: Reserva, 6: Malvia, 7:
USATX12227, 8: Sahel, 9: Pai-Pai, 10: Super 6ptimo, 11: Napoles, 12: Sv4401, 13: Tobal4 and 15: 100pb molecular

marker.

Figura 2. Amplificacion del plasmido pCM2 -1 por PCR de la cepa Cp_Cmm-1 inoculada en 10 variedades de jitomate.
Lineas: 1: marcador molecular de 100pb, 2: control (-), 3: control (+) 14: control (+), 4: Benedetti, 5: Reserva,
6: Malvia, 7: USATX12227, 8: Sahel, 9: Pai-Pai, 10: Stper éptimo, 11: Napoles, 12: Sv4401, 13: Tobala y 15:

marcador molecular de 100pb.

Sensitivity in vitro to bactericides

The results of the sensitivity of the Cp_Cmm-
1 strain to the evaluated bactericides displayed
significant differences (*= p<0.05) with the
Streptomycin sulfate + Oxytetracycline + tribasic
copper sulfate monohydrate (Cuprimycin 500)
and Kasugamycin (Kasumin) formulations on the
reduction of cell growth. The DO values of the co-
cultivation of Clavibacter with these bactericides
were significantly lower than in the control, where
normality was verified using the Shapiro-wilks test.
The percentage of cell growth of Cmm decreased
19 and 18 % with the treatments with streptomycin
sulfate + oxytetracycline + tribasic copper sulfate
monohydrate (Cuprimycin 500) and kasugamycin
(Kasumin) respectively, 84 h after interaction
(Figure 3).

The results coincide with those by de Ledn et
al. (2008); Milijasevi¢ et al. (2009) and Werner
et al. (2002), who reported that copper sulphate,
oxytetracycline and kasugamycin is effective
against Cmm and reduced the severity of foliar
symptoms and damage to the fruit (Theodoro
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tado (Cuprimicin 500) y Kasugamicina (Kasumin)
en la reduccion del crecimiento celular. Los valores
de la DO del co-cultivo de Clavibacter con estos
bactericidas fueron significativamente menores
que el testigo, donde se verifico la normalidad con
la prueba de Shapiro-wilks. El porcentaje de creci-
miento celular de Cmm decrecié 19y 18 % con los
tratamientos: sulfato de estreptomicina + oxitetra-
ciclina + sulfato tribasico de cobre monohidratado
(Cuprimicin 500) y kasugamicina (Kasumin) res-
pectivamente a las 84 h de interaccion (Figura 3).
Los resultados coinciden con de Leoén et al.
(2008); Milijasevi¢ et al. (2009) y Werner et al.
(2002); quienes reportan que el sulfato de cobre,
oxitetraciclina y kasugamicina es efectivo contra
Cmm y redujo la severidad de los sintomas foliares
y dafio al fruto (Theodoro y Maringoni, 2000). Ac-
tualmente el uso de bactericidas en la agricultura es
limitado; las aplicaciones de cobres y antibioticos,
principalmente la estreptomicina y oxitetraciclina,
estan autorizados solo para algunos cultivos en mu-
chos paises y se ha demostrado la generacion de
resistencia por Cmm (Lyu et al., 2019; Valenzue-
la et al., 2019). La kasugamicina solo se usa en la
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Figure 3. Sensitivity in vitro to Clavibacter michiganensis subsp. michiganensis strain CP_Cmm-1 bactericides. Interaction

of the co-cultivation with bactericides after 84 h at 28 °C. Readings of the density of cell growth, absorbance 600
nm (DO). Means with a common letter are not significantly different (*= p<0.05).

Figura 3. Sensibilidad in vitro a bactericidas de Clavibacter michiganensis subsp. michiganensis cepa CP_Cmm-1. Interaccién
del co-cultivo con bactericidas a las 84 h a 28 °C. Lecturas de la densidad de crecimiento celular, absorbancia 600
nm (DO). Medias con una letra comun no son significativamente diferentes (*= p<0.05).

and Maringoni, 2000). Nowadays, the use of
bactericides in agriculture is limited, the use of
coppers and antibiotics, mainly streptomycin and
oxytetracycline, are only authorized for some crops
in many countries, and the generation of resistance
by Cmm has been proven (Lyu et al, 2019;
Valenzuela et al., 2019). Kasugamycin is only used
in agriculture and its spectre is reduced (Sundin
et al., 2016). Likewise, other investigations have
displayed that kasugamycin reduces the populations
of vascular bacterial pathogens (Dias et al., 2019;
McGhee and Sundin, 2011). Streptomycin has
been used to control bacterial diseases in Mexico,
reducing the secondary dispersion of inoculant
(Félix-Gastélum et al, 2012). The best Cmm
control strategy in tomato is based mainly on strict
preventive measures and cultural practices that
include the use of less susceptible varieties, certified
seed, healthy seedlings, the disinfestation of tools
and greenhouses, and the use of bactericides that
reduce the secondary inoculant of the pathogen (de
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agricultura y su espectro es reducido (Sundin et al.,
2016); asi mismo, en otras investigaciones se ha
evidenciado que la kasugamicina reduce las pobla-
ciones de patdogenos bacterianos vasculares (Dias
et al., 2019; McGhee y Sundin, 2011). La estrepto-
micina ha sido usada para el control de enfermeda-
des bacterianas en México disminuyendo la disper-
sion secundaria de inéculo (Félix-Gastélum et al.,
2012). La mejor estrategia de control de Cmm en
jitomate se basa principalmente en estrictas medi-
das preventivas y practicas culturales que incluyen
el uso de variedades menos susceptibles, semilla
certificada, plantula sana, desinfestacion de herra-
mientas e invernaderos y manejo con bactericidas
que disminuyan el in6culo secundario del patogeno
(de Leon et al,, 2011; EFSA, 2014; Sundin ef al.,
2016). Los resultados de esta investigacion sugie-
ren que la combinacion del uso de la variedad Sa-
hel, la kasugamicina, en conjunto con las medidas
de manejo anteriores podria ser una estrategia 1til
para reducir el dafio causado por Cmm.
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Leonetral, 2011; EFSA, 2014; Sundin et al., 2016).
The results of this investigation suggest that the
combined use of the Sahel variety, kasugamycin,
along with the above measures could be a useful
strategy to reduce the damage caused by Cmm.

CONCLUSIONS

There is variation in the aggressiveness between
the strains of Clavibacter michiganensis subsp.
michiganensis in Chignahuapan, Puebla. The CP
Cmm-1 strain is the most aggressive of the strains
isolated from the three tomato varieties. This strain
was identified as Clavibacter michiganensis sub-
sp. michiganensis using biochemical, serological
methods and PCR, and it is sensitive to kasugamy-
cin. No tomato varieties out of the 10 planted in this
location are resistant to infection by this pathogen.
Most varieties are more susceptible to infection in
the initial phenological stages of the plant. Among
these, there are varieties with a greater tolerance to
susceptibility and infection. The Sahel variety is the
most tolerant to infection in different phenological
stages of the plant. The Sv4401, Néapoles and Super
optimo varieties are the most susceptible to infec-
tion. Out of these, Sv4401 is highly susceptible in
different phenological stages. The use of the Sahel
variety and kasugamycin could reduce the damage
caused by this pathogen.
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