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Resumen. Se analizaron morfologica y filogené-
ticamente diferentes aislados de Corynespora cas-
siicola obtenidos de jamaica (Hibiscus sabdariffa)
y nueve malezas asociadas al cultivo. Los aislados
fingicos se dividieron en dos grupos: el grupo uno
incluy6é 37 aislados obtenidos de H. sabdariffa y
ocho obtenidos de otros hospedantes como Sola-
num lycopersicum, Chromolaena odorata, Senna
alata, Eugenia oerstediana, Passiflora viridiflo-
ra, Momordica charantia, Ricinus communis y
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Abstract.
isolates obtained from roselle (Hibiscus sabdariffa)
and nine associated weeds to this crop were
morphological and phylogenetically analyzed.
The fungal isolates were divided into two groups:
group one included 37 isolates obtained from H.
sabdariffa and eight obtained from other host plants

Several Corynespora cassiicola

including Solanum lycopersicum, Chromolaena
odorata, Senna alata, Eugenia oerstediana,

Passiflora  viridiflora, Momordica charantia,
Ricinus communis and Gossypium hirsutum; in
this case, the predominant colonies were gray,
dense texture and polygonal in shape. Group two
included two isolates obtained from H. sabdariffa
and one from Hyptis suaveolens; in this group the
colonies were mainly cream and pale brown, dense
and round. Comparative analysis with isolates of
C. cassiicola from other countries showed that
group one isolates were mainly associated with
those isolated from the Solanaceae family, while

those from group two were related to those of the
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Gossypium hirsutum; en este caso, las colonias
predominantes fueron de color gris, textura densa
y forma poligonal. El grupo dos, incluy6 a dos ais-
lados obtenidos de H. sabdariffa y uno de Hyptis
suaveolens; en este grupo, las colonias fueron prin-
cipalmente de color crema y café palido, densas y
redondeadas. El analisis comparativo con aislados
de C. cassiicola de otros paises mostrd que los ais-
lados del grupo uno referidos anteriormente se aso-
ciaron principalmente con aquellos aislados de la
familia Solanaceae, mientras que los del grupo dos
se relacionaron con los de la familia Cucurbitaceae.
Para nuestro conocimiento este es el primer estudio
sobre la caracterizacion morfoldgica y genética de
C. cassiicola en México.

Palabras clave: Hibiscus sabdariffa, mancha fo-
liar, analisis filogenético.

Corynespora cassiicola es un hongo fitopatdge-
no que causa manchas foliares en cultivos de im-
portancia econémica como calabacita (Cucurbita
pepo), pepino (Cucumis sativus), soya (Glycine
max), arbol del hule (Hevea brasiliensis), papaya
(Carica papaya) y tomate (Solanum lycopersicum),
entre otros (Silva et al., 2003; Dixon et al., 2009;
Qi et al. 2011; Paz et al., 2018). Ademas de hojas,
este patégeno puede infectar otros drganos como
tallos, raices, flores y frutos (Deon et al., 2014); se
encuentra distribuido ampliamente en zonas tropi-
cales y sub-tropicales de diversos paises (Dixon et
al., 2009; Smith et al., 2009).

En México, el cultivo de jamaica (Hibiscus sab-
dariffa) es de gran valor econdmico con una su-
perficie anual cultivada de 20,061 ha localizadas
principalmente en el estado de Guerrero donde
se produce mas del 70% de calices deshidratados
(SIAP, 2016). En esta entidad, el manchado de hojas
y calices de la jamaica causado por C. cassiicola,
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Cucurbitaceae family. To our knowledge, this is
the first study on the morphological and genetic
characterization of C. cassiicola in Mexico.

Key words: Hibiscus sabdariffa,
phylogenetic analysis.

leaf spot,

Corynespora cassiicola is a plant pathogenic
fungus that causes foliar spots in economically
important crops such as squash (Cucurbita
pepo), cucumber (Cucumis sativus), soybean
(Glycine max), rubber tree (Hevea brasiliensis),
papaya (Carica papaya) and tomato (Solanum
lycopersicum), among others (Silva et al., 2003;
Dixon et al., 2009; Qi et al. 2011; Paz et al., 2018).
In addition to leaves, the pathogen infects other
plant organs, including stems, roots, flowers and
fruits (Deon et al., 2014); it is widely distributed in
tropical and subtropical regions of many countries
(Dixon et al., 2009; Smith ef al., 2009).

In Mexico, roselle (Hibiscus sabdariffa) is a
crop of great economic value with an annual area
sown of 20,061 ha, mainly in the state of Guerrero,
where over than 70% of dehydrated calyxes are
produced (SIAP, 2016). In this state, roselle leaf
and calix spots caused by C. cassiicola have
become the most important crop disease in the last
years (Ortega ef al., 2015; Hernandez et al., 2018).

The genetic characterization of C. cassiicola has
been evaluated using different techniques, including
RAPD, ISSR, AFLP, iPBS and phylogeny (Silva et
al., 2003; Dixon ef al., 2009; Qi et al., 2011; Deon
etal.,2014; Oktavia et al., 2017; Silva et al., 2018;
Wu et al., 2019). In the case of phylogeny, partial
regions of the f-tubulin gene, 1-a elongation factor
(EF-1a), calmodulin and actin have been amplified,
as well as internal transcribed spacers (Shimomoto
et al., 2011; Oktavia et al., 2017). The analysis of
variability of the fungus has been used in ecological
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se ha convertido en la enfermedad mas importante
del cultivo durante los ultimos afios (Ortega et al.,
2015; Hernandez et al., 2018).

La caracterizacion genética de C. cassiicola
se ha estudiado con técnicas como RAPDs, ISSR,
AFLP, iPBS y filogenia (Silva et al., 2003; Dixon et
al., 2009; Qi et al., 2011; Deon et al., 2014; Okta-
viaet al., 2017; Silva et al., 2018; Wu et al., 2019).
En este ultimo caso, se han amplificado regiones
parciales de los genes S-tubulina, factor de elonga-
cion 1-a (EF-1a), calmodulina y actina, ademas de
los espaciadores transcritos internos (Shimomoto
et al., 2011; Oktavia et al., 2017). El analisis de la
variabilidad de este hongo se ha utilizado en estu-
dios ecologicos, epidemiologicos, asi como para el
desarrollo de estrategias de manejo (Qi et al., 2011;
Oktavia et al., 2017; Sumabat ef al., 2018; Silva et
al., 2018). En México no hay trabajos relacionados
con la caracterizacidon de este hongo, por lo que la
presente investigacion tuvo como objetivo caracte-
rizar morfoldgica y genéticamente aislados de C.
cassiicola obtenidos de hojas y calices de jamaica
y malezas asociadas al cultivo en el estado de Gue-
ITero.

MATERIALES Y METODOS

Aislamiento de hongos. Durante el periodo de
2013 a 2015, se recolectaron calices y hojas de
jamaica asi como hojas de malezas asociadas al
cultivo con sintomas de lesiones necroticas en di-
ferentes localidades del estado de Guerrero. En la-
boratorio se sembraron secciones de tejido foliar
de la zona de avance de las lesiones (previamente
desinfestadas con hipoclorito de sodio al 1%) en
cajas Petri con medio de cultivo papa dextrosa agar
(PDA). Las colonias obtenidas se purificaron me-
diante la técnica de cultivo monospérico.
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and epidemiological studies and for developing
management strategies (Qi et al., 2011; Oktavia et
al.,2017; Sumabat et al., 2018; Silva et al., 2018).
Since there are no studies about the characterization
of this fungus in Mexico, the objective of this study
was to characterize morphological and genetically
several C. cassiicola isolates obtained from roselle
leaves and calyxes, as well as weeds associated
with the crop in the state of Guerrero.

MATERIALS AND METHODS

Fungi isolation. From 2013 to 2015, roselle leaves
and calyxes, as well as leaves of weeds associated
with the crop showing necrotic lesions, were
collected in different sites of the state of Guerrero.
Foliar tissue sections were taken from the area in
which the lesion was growing, disinfested with 1%
sodium hypochlorite and cultured on Petri dishes
containing a potato-dextrose-agar (PDA) medium.
The obtained colonies were purified using the
monosporic culture technique.

Morphology and growth rate of colonies. Using
5-day-old monosporic cultures, fragments of 0.5
cm in diameter were taken from the edge of the
colonies (Qi et al., 2011), placed at the center of
new Petri dishes with PDA and incubated at 28 °C
(three replications per isolate) (Onesirosan et al.,
1974). The diameter of the colonies was measured
every 24 h for five days considering the average
length of two right-angle diameters (Qi et al.,
2011). Based on these data, the growth rate was
calculated using the following formula: Growth
rate = (Df-Di)/(Tf-Ti), where: Df = Final diameter
of growth; Di= Initial diameter of growth; Tf=Final
time; Ti= Initial time.
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Morfologia y tasa de crecimiento de la colonia. A
partir de cultivos monospdricos de 5 dias de edad,
se obtuvieron fragmentos del margen de las colo-
nias de aproximadamente 0.5 cm de diametro (Qi
et al., 2011), los cuales se sembraron en el centro
de nuevas cajas Petri con PDA y se incubaron a
28 °C (tres repeticiones por aislado) (Onesirosan
et al., 1974). El diametro de las colonias se midio
cada 24 h durante cinco dias considerando la lon-
gitud media de dos diametros en angulo recto (Qi
et al., 2011). Con estos datos se calculo la tasa de
crecimiento con la siguiente formula: Velocidad de
crecimiento = (Df-Di)/(Tf-Ti), donde: Df = Diame-
tro final de crecimiento, Di= Diametro inicial de
crecimiento, Tf=Tiempo final y Ti= Tiempo inicial.

Morfologia de conidios. Con una cdmara AmSco-
pe® MU 1000 fijada a un microscopio optico Eclip-
se Ci (Nikon®, Japon), se obtuvieron imagenes di-
gitales de los conidios obtenidos de cada aislado
monosporico de cinco dias de edad. Se midieron
50 conidios (largo x ancho) y se registraron sus for-
mas. Las mediciones se hicieron con una reglilla
micrométrica con la cual se calibré el analizador
de imagenes ImageTool® v3.0. (Hernandez et al.,
2005). Los datos de tasa de crecimiento, tamafio y
morfologia de conidios se tabularon y sometieron
a un analisis de varianza y separacion de medias
(Duncan, 0=0.01) en el programa SAS ver. 9.4.

Extraccion de DNA, amplificacion por PCR y
secuenciacion. Se realizo con el protocolo descrito
por Sambrook y Rusell (2001) a partir del micelio
de colonias monospéricas de 12 dias de edad man-
tenidas a 28 °C en cajas Petri con PDA. Se ampli-
fico un segmento del gen EF-1a con los iniciadores
EF1-728F/EF1-986R (Carbone y Kohn, 1999). La
mezcla de reaccion de PCR consistid en 2 uL de
buffer de PCR 1X, 0.6 uL. de MgCl,2.0 uM, 0.2 L
de dNTP’s 0.2 mM, 0.6 uL de cada uno de los ini-
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Morphology of conidia. Digital images of conidia
obtained from each 5-day-old monosporic isolate
were taken using an AmScope® MU 1000 camera
attached to an Eclipse Ci optical microscope
(Nikon®, Japan). The length and width of 50
conidia were measured, and their forms registered.
Measurements were taken using a micrometric ruler
with which the ImageTool® v3.0 image analyzer
was calibrated. (Hernandez et al., 2005). Data on
conidia growth rate, size and morphology were
tabulated and subjected to an analysis of variance
and mean separation (Duncan, 0=0.01) using SAS
9.4 version software.

DNA PCR amplification and
sequencing. For this purpose, the protocol
described by Sambrook and Rusell (2001) was
12-day-old
monosporic colonies that were kept at 28 °C on
Petri dishes with PDA. A segment of the EF-la
gene was amplified with EF1-728F/EF1-986R
primers (Carbone and Kohn, 1999). The PCR
reaction mixture was prepared with 2 pL of IX PCR
buffer, 0.6 uL of MgCl,2.0 uM, 0.2 uL of dNTP’s
0.2 mM, 0.6 uL of each primer (10 uM), 0.1 uL of
Taq DNA polymerase 0.5 U (Promega®, USA) and
10 ng of DNA extracted from the fungus. The final
mixture was adjusted by adding sterile ultra-pure

extraction,

followed, using mycelium from

water at a 10 puL final volume and amplified in a
thermocycler (Techne-TC-512%, USA), according
to the program described by Shimomoto et al.
(2011). The obtained amplicons were purified with
Wizard® SV Gel and PCR Clean-Up System
(Promega®, USA) and sequenced in both directions
in Macrogen Inc®.

Phylogenetic analysis. The sequences obtained
from each isolate were edited and aligned using the
SeqMan Pro module of the DNASTAR LaserGene®
program to generate a consensus sequence.
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ciadores (10 uM), 0.1 uL de Taq DNApolimerasa
0.5 U (Promega®, EE.UU.) y 10 ng del DNA extrai-
do del hongo. La mezcla final se ajustd con agua
ultra-pura estéril a un volumen final de 10 pL, y se
amplifico en un termociclador (Techne-TC-512°,
EE.UU.) con el programa descrito por Shimomo-
to et al. (2011). Los amplicones obtenidos se pu-
rificaron con Wizard® SV Gel and PCR Clean-Up
System (Promega®, EE.UU.) y se secuenciaron en
ambas direcciones en Macrogen Inc®.

Analisis filogenético. Las secuencias obtenidas de
cada aislado se editaron y alinearon para obtener
una secuencia consenso con el modulo SeqMan
Pro del programa DNASTAR LaserGene®. El arbol
filogenético se realizé con el método Neighbour-
joining (NJ) (Saitou y Nei, 1987) usando las distan-
cias genéticas calculadas con el modelo de dos pa-
rametros (Kimura, 1980) con el programa MEGA
version 7.0. Para la reconstruccion del arbol filoge-
nético, se utilizd6 como organismo fuera de grupo
la secuencia parcial disponible en el GenBank del
gen EF-1a de Corynespora smithii (No. de acceso
AB539437). Las secuencias obtenidas de los aisla-
dos de C. cassiicola en estudio se depositaron en el
GenBank con los niimeros de acceso MF000841-
MF000888 y se compararon con otras secuen-
cias disponibles para esta especie (AB539285,
AB539271, AB539291, AB539301, AB539235,
AB539260, KY082897, KY290565, KP735616,
KP834309, KP834310, AB539270, AB539283 y
AB539269).

RESULTADOS

En total se obtuvieron 48 aislados de C. cassii-
cola, 39 de plantas de jamaica y nueve de male-
zas asociadas a este cultivo, distribuidas en cuatro
municipios y 15 localidades del estado de Guerrero
(Cuadrol).

PUBLICACION EN LINEA, ENERO 2020

The phylogenetic tree was built following the
Neighbour-joining (NJ) method (Saitou and
Nei, 1987), using the genetic distances that were
calculated according to the two-parameter model
(Kimura, 1980) with the MEGA version 7.0
program. To re-construct the phylogenetic tree, the
partial sequence of the EF-1a gene of Corynespora
smithii available in the GenBank (Access number
AB539437) was used as an organism external to the
group. The sequences obtained from C. cassiicola
isolates in this study were deposited in the GenBank
MF000841-MF000888,
and compared to other sequences available for
this species (AB539285, AB539271, AB539291,
AB539301, AB539235, AB539260, KY082897,
KY290565, KP735616, KP834309, KP834310,
AB539270, AB539283 and AB539269).

with access numbers

RESULTS

Atotal of 48 C. cassiicola isolates were obtained,
39 of roselle plants and 9 of weeds associated with
the crop distributed in 4 municipalities and 15 sites
across the state of Guerrero (Table 1).

Morphology and growth rate of the colonies.
The colonies grown in PDA had uniform growth,
developed an abundant aerial mycelium, and their
morphology showed variation among isolates
(Figure 1). The front side of the colonies was white,
gray or green in color, while the center was white,
brown, light brown, gray or dark gray. The texture
in the front side varied from thin to thick, and the
growth form from round to polygonal (Table 2).
The average grown rates and size of the colonies
showed significant differences among isolates
(Table 3). The CC33GRO isolate had the highest
growth rate with 0.67 centimeter/day (cm/d), and
the greatest average diameter (5.07 cm) compared
to those of CCO7GRO and CC36GRO isolates,
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Cuadro 1. Aislados de Corynespora cassiicola obtenidos de plantas de jamaica y malezas asociadas al cultivo en el estado
de Guerrero, México.
Table 1. Corynespora cassiicola isolates obtained from roselle plants and weeds associated with the crop in the state of
Guerrero, Mexico.

Municipio Aislado Hospedante Familia Tejido
Tecoanapa CCIGRO H. sabdariffa Malvaceae Hoja
Tecoanapa CC3GRO H. sabdariffa Malvaceae Hoja
Tecoanapa CC4GRO H. sabdariffa Malvaceae Hoja
Tecoanapa CC5GRO H. sabdariffa Malvaceae Hoja
Tecoanapa CC6GRO H. sabdariffa Malvaceae Caliz
Tecoanapa CC7GRO H. sabdariffa Malvaceae Caliz
Tecoanapa CCI9GRO H. sabdariffa Malvaceae Caliz
Tecoanapa CCI0GRO H. sabdariffa Malvaceae Hoja
Tecoanapa CCI1GRO H. sabdariffa Malvaceae Hoja
Tecoanapa CC12GRO H. sabdariffa Malvaceae Hoja
Tecoanapa CC13GRO H. sabdariffa Malvaceae Hoja
Tecoanapa CC14GRO H. sabdariffa Malvaceae Hoja
Tecoanapa CCI5GRO H. sabdariffa Malvaceae Hoja
Tecoanapa CC16GRO H. sabdariffa Malvaceae Hoja
Tecoanapa CC17GRO H. sabdariffa Malvaceae Hoja
Tecoanapa CCI8GRO H. sabdariffa Malvaceae Hoja
Tecoanapa CCI9GRO H. sabdariffa Malvaceae Hoja
Ayutla CC21GRO H. sabdariffa Malvaceae Hoja
Tecoanapa CC22GRO H. sabdariffa Malvaceae Caliz
Ayutla CC26GRO H. sabdariffa Malvaceae Hoja
Ayutla CC27GRO H. sabdariffa Malvaceae Hoja
Ayutla CC29GRO H. sabdariffa Malvaceae Caliz
Ayutla CC30GRO H. sabdariffa Malvaceae Hoja
Ayutla CC32GRO H. sabdariffa Malvaceae Caliz
Ayutla CC33GRO H. sabdariffa Malvaceae Hoja
Ayutla CC34GRO H. sabdariffa Malvaceae Hoja
Ayutla CC36GRO H. sabdariffa Malvaceae Hoja
Ayutla CC38GRO H. sabdariffa Malvaceae Hoja
Ayutla CC40GRO H. sabdariffa Malvaceae Caliz
San Marcos CC42GRO H. sabdariffa Malvaceae Caliz
Xochistlahuaca CC43GRO H. sabdariffa Malvaceae Caliz
Tecoanapa CC44GRO H. sabdariffa Malvaceae Ciliz
Tecoanapa CC45GRO H. sabdariffa Malvaceae Caliz
Tecoanapa CC46GRO H. sabdariffa Malvaceae Caliz
Tecoanapa CC47GRO H. sabdariffa Malvaceae Caliz
Tecoanapa CC48GRO H. sabdariffa Malvaceae Caliz
Tecoanapa CC49GRO H. sabdariffa Malvaceae Caliz
Ayutla CC50GRO H. sabdariffa Malvaceae Caliz
Ayutla CC51GRO H. sabdariffa Malvaceae Hoja
Ayutla JIT Solanum lycopersicum Solanaceae Hoja
Tecoanapa M26 Chromolaena odorata Asteraceae Hoja
Tecoanapa GUG Senna alata Fabaceae Hoja
Ayutla CHI Hyptis suaveolens. Lamiaceae Hoja
Tecoanapa CAP Eugenia oerstediana Myrtaceae Hoja
Ayutla PAS Passiflora viridiflora Passifloraceae Hoja
Tecoanapa MAT Momordica charantia Cucurbitaceae Hoja
Tecoanapa HGA Ricinus communis Euphorbeaceae Hoja
Ayutla ALG Gossypium hirsutum Malvaceae Hoja
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Morfologia y tasa de crecimiento de la colo-
nia. Las colonias desarrolladas en PDA tuvieron
crecimiento uniforme, abundante micelio aéreo y
su morfologia mostrd variacion entre los aislados
(Figura 1). La coloracion de la parte frontal de las
colonias fue blanca, gris o verde y el centro de las
mismas fue blanca, café, café claro, café oscuro,
gris o gris oscuro. La textura observada desde la
parte frontal fue de ligera a gruesa y la forma de
crecimiento de las colonias fue de redonda a po-
ligonal (Cuadro 2). Las tasas de crecimiento pro-
medio y el tamafo de las colonias mostraron dife-
rencias significativas entre los aislados (Cuadro 3).
En el aislado CC33GRO se registr6é la mayor tasa
de crecimiento con 0.67 centimetro/dia (cm/d), asi
como el mayor diametro promedio (5.07 cm) con
respecto de los aislados CCO7GRO y CC36GRO
que tuvieron la menor tasa de crecimiento y diame-
tro promedio de colonia (Cuadro 3).

Morfologia de conidios. Se observo un alto gra-
do de diferencia morfoldgica de conidios entre los
diferentes aislados analizados. Las formas de los
conidios observados fueron: ovales, obclavadas y
cilindricas con contornos rectos o curvos (Cuadro
3, Figuras 2, 4 y 5). El tamafio promedio maximo y
minimo varié de 8.4-305.4 um x 2.9-23.0 um (lar-
go x ancho, respectivamente); el nimero de pseu-
doseptos fue de 0 a 15. Se encontraron diferencias
estadisticas significativas entre aislados (Cuadro
3). Predominaron las formas de conidios cilindri-
cas (73%) seguidas de las obclavadas (24.75%) y
ovales (2.25%) (Figura 5). El aislado CC9GRO
presentd el mayor tamafio promedio de conidio
(111.68 pm), mientras que el promedio mas ancho
correspondi6 al aislado CC17 (8.38 pm). La me-
nor longitud promedio se observo en los aislados
CC21GRO y CC50GRO (28.31 pm y 28.39 pm,
respectivamente) y los conidios menos anchos en
promedio fueron los del aislado JIT (5.12 pm). El
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which had the lowest growth rate and lowest
average diameter of colony (Table 3).

Morphology of conidia. A significant level of
morphological difference was observed in conidia
of the different isolates that were analyzed. The
observed forms of conidia were oval, obclavate and
cylindrical with straight or curve contours (Table 3,
Figures 2, 4 and 5). The maximum and minimum
average size ranged from 8.4-305.4 pm x 2.9-23.0
um (length x width, respectively); the number of
pseudosepta was 0 to 15. Significant statistical
differences among isolates (Table 3) were found.
Conidia with cylindrical form prevailed (73%)
followed by obclavate (24.75%) and oval conidia
(2.25%) (Figure 5). The CCO9GRO isolate had the
greatest mean conidial size (111.68 um), while the
CC17 (8.38 um) had the highest average width.
The smallest average length was observed in
CC21GRO and CC50GRO isolates (28.31 pm and
28.39 um, respectively) and the JIT isolate had the
conidia with the lowest average width (5.12 pm).
The CAP isolate had the greatest average number
of pseudosepta (5 pseudosepta), and PAS had the
lowest average number of pseudosepta (0.62)
(Table 3).

Phylogenetic analysis. The 48 C. cassiicola
isolates used in this study were divided into two
groups: group 1 formed by 37 isolates obtained
from roselle, and 8 isolates from weeds associated
with the crop; group 2 formed by 2 isolates obtained
from roselle and 1 from weed associated with the
crop (Figure 3).

DISCUSSION

Among the different C. cassiicola isolates that
were analyzed, a significant level of differences
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CCl16GROZ""
Hoja jamaica

Fondo

CC18GRO#
Hoja jamaica

Figura 1. Diversidad morfoldgica de aislados de Corynespora cassiicola obtenidos de plantas de jamaica (Hibiscus sabdariffa) y malezas asociadas al cultivo.
Figure 1. Morphological diversity of Corynespora cassiicola isolates obtained from roselle plants (Hibiscus sabdariffa) and weeds associated with the crop.
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Cuadro 2. Color, textura, forma, tasa de crecimiento y tamafio de colonias de Corynespora cassiicola aislados de jamaica y male-
zas asociadas al cultivo después de cinco dias de incubacion.
Tabla 2. Color, texture, form, growth rate and size of colonies of Corynespora cassiicola isolated from roselle and weeds associ-
ated with the crop five days after incubation.

Color Tasa de Tamafio (cm)!
crecimiento (cm/d)"
Aislado Partf: Fondo Textura Forma Promedio+SE Promedio+SE
Superior
CCIGRO Gris Negro Densa Poligono 0.40"*+0.03 3.45hk+0.15
CC3GRO Café palido Gris claro Densa Redonda 0.45¢%fhi+006 3.93defehir() 37
CC4GRO Gris Café palido Ligera Poligono 0.34m+0.01 3.38Mk£0.03
CC5GRO Café palido Blanca Densa Redonda 0.582¢¢et+(),03 4.68%¢+£0.11
CC6GRO Gris Gris oscuro Ligera Poligono 0.43"k+0.03 3.60%"k+0,13
CC7GRO Caf¢ claro Café oscuro Ligera Poligono 0.10°£0.02 1.88°0+0.09
CCI9GRO Gris Café palido Densa Poligono 0.3 1Km+0.02 2.904m+0.06
CCI10GRO Verde Gris Densa Poligono 0.31m+0,03 3.18 +0.11
CC11GRO Gris Gris Ligera Poligono 0.34m+0.01 3.10/m+0.05
CCI12GRO Crema Gris Densa Redonda 0.528bcdefeh 1 () 06 3.92¢hi+().26
CCI13GRO Naranja ligero Café palido Densa Poligono 0.22'mm+0.00 2.57mm0+(.03
CCI14GRO Gris Gris Ligera Poligono 0.294m7+0.06 2.83™0.19
CC15GRO Gris Oscuro Ligera Redonda 0.62%+0.02 4.28bccfe+().07
CC16GRO Crema Gris Ligera Poligono 0.44tehik 10,02 3.70¢hi+0.10
CC17GRO Gris Gris Ligera Poligono 0.29%m+0.01 2.55m°+(0.03
CCI8GRO Gris Café palido Ligera Poligono 0.19m+0.01 2.15%r+0.05
CC19GRO Gris claro Gris Ligera Redonda 0.444fehiil 10,01 3.67°+0.04
CC21GRO Gris Gris Ligera Redonda 0.592<de£0.02 4.43cde1() 02
CC22GRO Crema Gris Densa Redonda 0.55¢bedefeh () 0 4.430cde() 0]
CC26GRO Gris Oscuro Densa Poligono 0.23'mne+0.01 2.53 mme£(.07
CC27GRO Gris Café oscuro Densa Poligono 0.22'mn+().03 2.48 m+(.20
CC29GRO Verde Negro Densa Poligono 0.42"hk+0.01 3.97¢¢fh+0.02
CC30GRO Verde Café oscuro Densa Poligono 0.538bedefeh 10,02 4.330bcdel1((9
CC32GRO Gris claro Gris Densa Redonda 0.57:bedele 0,04 4.43bcde1() 15
CC33GRO Gris Negro Densa Redonda 0.67*+0.02 5.07°+0.04
CC34GRO Gris Gris oscuro Densa Redonda 0.54¢2bedefeh 1 (). 03 4.25bcdele() 15
CC36GRO Gris Café oscuro Densa Poligono 0.13°+0.01 1.737+0.06
CC38GRO Gris Gris Ligera Poligono 0.367+0.03 3.174m+0.09
CC40GRO Naranja ligero Café palido Densa Poligono 0.40"%+£0.05 3,570k £0,22
CC42GRO Gris Gris Ligera Redonda 0.59%4+0.02 4.35wbcdely() 12
CC43GRO Crema Naranja ligero Densa Redonda 0.62%+0.05 4.97%+0.24
CC44GRO Crema Café oscuro Ligera Poligono 0.24™ +0.01 2.884m+().03
CC45GRO Café palido Caf¢ claro Ligera Poligono 0.15™+0.00 1.87°7+£0.02
CC46GRO Gris Gris Ligera Redonda 0.53bedeleh () 04 3.95%fh+(0.28
CC47GRO Crema Gris Claro Densa Poligono 0.50bdefehir (). 05 3.984%feht() 22
CC48GRO Crema Gris Densa Redondo 0.42¢"ik+0.05 3.78¢fhiL().26
CC49GRO Gris Crema Densa Redonda 0.45¢detehir().07 3.85¢ihi+().33
CC50GRO Crema Crema Densa Redonda 0.45%fehikt (.02 3.93defehir() 10
CC51GRO Gris Negro Densa Redonda 0.46°ni+0.05 3.83¢ehi+(.22
T Gris Crema Ligera Poligono 0.42&4k+(0.02 3.57¢Mk£0.07
M26 Gris Café palido Ligera Poligono 0.41 &nik+£0.02 3.370K+0,11
GUG Gris Café palido Densa Redonda 0.65%+0.01 4.83%¢+(.17
CHI Gris Café palido Densa Redonda 0.612+0.10 4.75%+0.51
CAP Gris claro Gris Ligera Redonda 0.53abedefeh () 05 4.10%fen+(0.20
PAS Verde Café palido Densa Redonda 0.53ebedelehr ). 00 4,351, 03
MAT Gris Café palido Densa Poligono 0.5580edefeh i) 05 4.25bdefe() 28
HGA Naranja ligero Café palido Densa Poligono 0.32Km+0.02 3.10#m+0.10
ALG Gris Café claro Densa Poligono 0.43¢fhik+0.03 3.82¢fhiL(), 11

1Los datos son el promedio de tres repeticiones. Medias con la misma letra en la misma columna no son significativamente dife-
rentes (P=0.01) basados en test de rango multiple de Duncan / "Data are the average of three replications. Means with the same
letter in the same column are not significantly different (P=0.01) based on Duncan’s multiple range test.
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Cuadro 3. Tamafio de conidios y numero de pseudoseptos de Corynespora cassiicola aislados de jamaica y malezas asociadas al cultivo (pro-
medio de 50 conidios/aislado).
Table 3. Conidia size and number of pseudosepta of Corynespora cassiicola isolates from roselle and weeds associated with the crop (average
of 50 conidia/isolate).

Largo (um) Ancho (um) No. de pseudoseptos

Aislado Min Max Media'+ES Min Max Media'™=ES Min Max Meadia'™+ES
CCIGRO 12.96 139.71 47.89 hijklmnop+0.3 2.97 9.62 6.40 hijklm £0.2 0 5 1.92 fghijklmn+0.2
CC3GRO 19.71 151.91 75.74 c¢d+4.58 4.05 9.69 6.58 fghij +0.17 0 7 2.74 cdefgh+0.25
CC4GRO 16.76 124.75 54.78 efghijklm=3.09 5.06 12.02 7.91 ab£0.21 0 8 2.7 cdefghi+0.27
CC5GRO 17.59 142.27 53.28 fghijklm+3.79 4.05 9.08 6.4 hijklmn= 0.16 1 7 2.54 cdefghi+0.21
CC6GRO 11.65 126.39 40.19 Imnopq+3.41 4.11 9.1 5.70 mnop +0.15 0 5 1.78 ghijklmn+0.19
CC7GRO 20.1 117.21 48.22 hijklmnop+3.24 4.52 8.86 6.34 hijklmn £0.15 0 7 2.68 cdefghi+0.27
CC9GRO 23.27 283.74  111.68 at9.84 511 11.13 7.72 ab+0.22 0 6 2.84 cdefg+0.25
CCIOGRO  12.28 178.22 48.04 hijklmnop=5.0 4.57 9.33 6.23 hijklmno+0.17 0 9 1.98 efghijklm+0.31
CC11GRO  15.11 99.77 4491 ijklmnopg+3.73 4.33 8.79 7.21 bedefg+0.17 0 8 2.63 cdefghi+0.29
CCI2GRO  17.78 110.43 41.62 klmnopg+2.33 4.35 9.1 6.56 fghijk+0.19 0 8 1.38 jklmno+0.21
CCI13GRO  14.92 112.78 39.77 lmnopg+2.57 4.39 7.38 5.93 jklmno=+0.08 0 6 1.6 ijklmno+0.21
CCI14GRO  24.53 177.77 82.81 bc+5.22 5.07 9.24 7.35 bede+0.15 0 7 2.9 cdefg+0.27
CC15GRO 9.41 61.66 33.30 opg+1.45 423 9.05 6.19 hijklmno+0.15 0 4 1.18 klmno=+0.16
CC16GRO 9.83 263.4 66.64 cdefg+6.48 425 10.22 6.62 efghij+0.24 0 7 2.22 cdefghijk+0.23
CC17GRO  18.56 114.76 55.37 efghijkl+3.65 5.5 23.06 8.38 a+0.37 0 4 0.92 mno+0.15
CCI8GRO 13.9 124 .45 51.01 ghijklmno+3.89 4.09 9.57 6.87 edefgh=+0.18 0 6 1.66 hijklmno+0.21
CCI9GRO  11.46 107.31 42.73 klmnopq+3.15 4.35 7.75 6.03 ijklmno+0.11 0 10 2.08 efghijk+0.28
CC21GRO 126 59.93 28.31 q+1.44 427 8.34 6.03 ijklmno£0.13 0 4 0.88 no+0.14
CC22GRO  16.23 114.32 36.62 mnopq £2.77 4.69 9.46 6.20 hijklmno+0.14 0 4 1.16 klmno+0.17
CC26GRO  17.37 102.84 41.84 klmnopg+2.51 425 9.36 6.53 ghijk+0.15 0 7 1.98 efghijklm+0.21
CC27GRO  25.56 149.53 71.23 cde +4.39 4.11  10.22 6.90 cdefgh+0.16 0 10 2.94 cdef+0.26
CC29GRO  14.38 76.14 34.56 nopq +2.13 4.01 7.48 5.6 op£0.12 0 7 2.1 defghijk+0.21
CC30GRO  12.58 97.57 46.87 hijklmnop +3.09 4.12 8.75 5.91 jklmno=0.14 0 4 1.3 jklmno=+0.17
CC32GRO  19.11 155.79 62.82 defghi +4.67 4.5 9.95 6.6 fghij+0.17 0 6 3.08 cde+0.19
CC33GRO 2742 99.99 61.32 defghij £3.03 491 10.66 7.53 be+0.17 0 9 4.44 a+0.33
CC34GRO 8.42 52.64 32.67 pq +1.41 4.05 8.28 5.71 Imnop+0.11 0 4 1.58 ijklmno+0.12
CC36GRO  16.76 184.16 49.74 ghijklmnop +4.66 4.05 9.33 6.55 fghijk+0.15 0 6 2.22 cdefghijk+0.23
CC38GRO  16.68 219.21 70.42 cdef £6.11 5.34 9.85 7.45 bed+0.17 0 11 426 at0.42
CC40GRO  19.74 135.73 59.57 defghijk £3.43 493 10.22 7.19 bedefg+0.18 0 7 2.7 cdefghi+0.26
CC42GRO 1431 169.96 54.92 efghijklm +4.45 5.17 9.77 7.43 bed+0.15 0 8 2.66 cdefghi+0.27
CC43GRO  16.07 89.89 41.52 klmnopq £2.29 4.63 8.94 6.51 ghijk+0.15 1 6 3.22 bed+0.19
CC44GRO  16.16 125.75 63.05 defgh £3.97 4.7 8.72 6.32 hijklmno+0.13 1 13 4.12 ab+0.30
CC45GRO  18.57 149.9 48.94 ghijklmnop + 3.75 5.5 8.1 6.79 cedfghi+0.1 1 9 3 cdef+0.23
CC46GRO  20.62 305.46 74.77 cd+ 8.97 4.36 9.84 6.6 fghij+0.18 0 10 3.3 be+0.29
CC47GRO  11.34 89.37 40.93 Imnopg+ 2.3 453 8.79 6.45 ghijkl+0.17 0 6 2.3 cdefghij+0.13
CC48GRO 9.78 102.82 38.04 Imnopq + 2.42 4.52 9.14 6.28 hijklmno+0.14 0 8 2.04 efghijk+0.19
CC49GRO  24.32 105.06 51.26 ghijklmno + 2.69 4.59 8.74 6.50 ghijk+0.14 0 6 2.02 efghijk+0.18
CC50GRO  11.35 60.92 28.38 q +1.59 3.85 8.34 5.62 nop+0.14 0 3 1.06 Imno+0.12
CC51GRO 1347 73.35 38.20 Imnopq +2.17 4.3 10.03 6.91 cdefgh+0.17 0 4 1.92 fghijklmn+0.16
T 14.35 77.69 36.94 Imnopq +2.16 4.04 6.46 5.12 p£0.09 0 8 2.1 defghijk+0.26
M26 16.81 112.44 45.89 hijklmnopq +2.57 4.66 8.02 6.52 ghijk+0.11 0 6 2.38 cdefghij+0.23
GUG 15.46 210.2 52.59 ghijklmn +4.56 4.11 9.41 6.91 cdefgh+0.18 0 8 2.86 cdefg+0.27
CHI 21.53 60.38 38.25 Imnopq +1.45 485 10.52 7.3.0 bedef+0.18 0 5 2.2 cdefghijk+0.16
CAP 14.64 284.62 93.346 b+8.98 4.49 9.69 7.40 bed+0.17 0 15 5 a+0.57
PAS 11.17 126.13 51.52 ghijklmno £3.75 4.44 8.57 6.34 hijklmn£0.15 0 3 0.62 0+0.12
MAT 19.22 97.07 43.61 jklmnopq +2.60 441 9.09 6.74 defghi+0.16 0 5 2.36 cdefghij+0.18
HGA 11.74 122.29 42.85 klmnopg 2.85 4.34 9.95 6.44 ghijkl+0.14 0 9 2.1 defghijk+0.25
ALG 17.06 93.07 52.78 ghijklmn +2.79 4 8.39 5.81 klmnop+0.17 0 8 2.58 cdefghi+0.27

Medias con la misma letra en la misma columna no son significativamente diferentes (P=0.01) basados en test de rango multiple de Duncan. /
Means with the same letter in the same column are not significantly different (P=0.01) based on Duncan’s multiple range test.
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Figura 2. Diversidad morfologica de conidios de aislados de C. cassiicola obtenidos de jamaica y malezas asociadas al cultivo. Barra=30 um.
Figure 2. Morphological diversity of conidia of C. cassiicola isolates obtained from roselle and weeds associated with the crop. Bars=30 pm.

PUBLICACION EN LINEA, ENERO 2020 72



100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

100%

80%

60%

40%

20%

0

X

CC1GRO N s
CC3GRO N s

o
o
Q
<
Q
(9]

FULLY BILINGUAL

o
o4
Q
LN
Q
o

CC6GRO
CC7GRO
CC9GRO
CC10GRO

CC11GRO

CC12GRO | 0 s s s s
CC13GRO I 0000000000000 s s
CC14GRO N s -
CC15GRO | 0 s s s s
CC16GRO | N 100 s s s
CC17GRO N s s -
CC18GRO | 0 s s s s
CCI19GRO | N 00000000000 s s
CC21GRO | S s s s s
CC22GRO | S 00000000 s s s
CC26GRO I 050000000000 s s
CC27GRO | 00000 s s o
CC29GRO I 0000000000 s s
eecfolclziol
CC32GRO I 0000005000000 s s
CC33GRO | 0 s s s
CC34GRO | 00000 s s s
CC36GRO | 00000000000 s
CC38GRO N 0 s s s -

REVISTA MEXICANA DE FITOPATOLOGIA
MEXICAN JOURNAL OF PHYTOPATHOLOGY

B Curvos M Rectos

o
o
V]
o
<
Q
(9]

o
[
Y]
o
<
Q
(9]

CC43GRO

CC44GRO

CC45GRO

CC46GRO

CC47GRO

CC48GRO

CC49GRO

CC50GRO

(o)
g
20

o k< O
< < < |
Sas?®x<

I
o

CC51GRO

Figura 4. Distribucion en porcentaje de contornos de conidios de aislados de C. cassiicola obtenidos de jamaica y malezas asociadas al cultivo.
Figure 4. Distribution in percentage of contours of conidia of C. cassiicola isolates obtained from roselle and weeds associated with the crop.
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Figure 5. Distribution in percentage of the form of conidia of C. cassiicola isolates obtained from roselle and weeds associated with the crop.
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mayor numero promedio de pseudoseptos se tuvo
en el aislado CAP (cinco pseudoseptos) y el menor
promedio en PAS (0.62 pseudoseptos) (Cuadro 3).

Analisis filogenético. Los 48 aislados de C. cassii-
cola del presente estudio se dividieron en dos gru-
pos: grupo uno, integrado por 37 aislados obteni-
dos de jamaica y ocho aislados de malezas asocia-
das al cultivo; grupo dos, formado por dos aislados
obtenidos de jamaica y uno obtenido de una maleza
asociada al cultivo (Figura 3).

DISCUSION

Entre los diferentes aislados analizados de C.
cassiicola, se registrd un alto grado de diferencias
en color, textura, forma y tamafno de las colonias,
asi como en forma, tamafio, contorno y nimero de
pseudoseptos de los conidios (Cuadros 2 y 3, Figu-
ras 2,4y 5); lo que coincide con reportes realizados
por otros autores (Onesirosan et al., 1974; Nghia et
al.,2008; Qi et al.,2011). Asimismo, se observaron
diferencias genéticas considerando el analisis de un
segmento del gen EF-1a, misma que se reportd en
Japon por Shimomoto et al. (2011) en aislados de
C. cassiicola obtenidos de Cucumis sativus, Sola-
num lycopersicun, Capsicum annuum, entre otras
especies vegetales. El andlisis comparativo entre
las secuencias de los aislados del presente estudio
con otras disponibles en el GenBank mostr6 que
los aislados del grupo uno se asociaron con aque-
llos obtenidos de especies de las familias Apocyna-
ceae (14%), Ericaceae (29%) y Solanaceae (57%),
provenientes de Japon, EE.UU. e India; mientras
que los del grupo dos, se relacionaron con los obte-
nidos de especies de las familias Ericaceae (14%),
Lamiaceae (14%), Asteraceae (29%) y Cucurbita-
ceae (43%) provenientes de China, Japon, EE.UU.
y Paises Bajos. Los resultados anteriores indican
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was observed in colony color, texture, form and
size, as well as in the form, size, contour and
number of conidia pseudosepta (Tables 2 and 3,
Figures 2, 4 and 5), which coincides with reports
published by other authors (Onesirosan et al.,
1974; Nghia et al., 2008; Qi et al., 2011). Genetic
differences were also observed considering the
analysis of a segment of the EF-1a gene, which was
reported in Japan by Shimomoto et a/. (2011) in C.
cassiicola isolates obtained from Cucumis sativus,
Solanum lycopersicun, Capsicum annuum, among
other plant species. The comparative analysis
of the isolate sequences obtained in the present
study, along with other that were available in the
GenBank, showed that the isolates from group 1
were associated with those obtained from species
of the Apocynaceae (14%), Ericaceae (29%) and
Solanaceae (57%) families from Japan, USA and
India, while the isolates of group 2 were associated
with those obtained from species of the Ericaceae
(14%), Lamiaceae (14%), Asteraceae (29%) and
Cucurbitaceae (43%) families from China, Japan,
USA and the Netherlands. These results indicate
that the Mexican C. cassiicola isolates belonging
to group 1 are more related to those obtained from
plants of the Solanaceae family, while the isolates
of group 2 are more associated with species of the
Cucurbitaceae family. On the other hand, within
group 1, there was a tendency to form a subgroup
of isolates collected from weeds associated with
the roselle crop in Mexico (Hernandez et al.,
2018): JIT (Solanum lycopersicum (in wild form),
M26 (Chromolaena odorata), PAS (Pasiflora
viridiflora), MAT (Momordica charantia) and
CAP (Eugenia oerstediana). The isolates of group
1 were collected in the municipalities of Ayutla,
Tecoanapa, Xochistlahuaca and San Marcos, and
those of group 2 were collected in the municipality
of Ayutla (Figure 3; Tablel). In this regard, it was
observed that this group had a certain relationship
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Figura 3.
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Arbol filogenético de aislados de Corynespora cassiicola obtenidos de jamaica y malezas asociadas al cultivo, basado
en datos de secuencias parciales del gen EF-1a.-Corynespora smithii fue utilizado como organismo fuera de grupo.
Phylogenetic tree of Corynespora cassiicola isolates obtained from roselle and weeds associated with the crop based on
partial sequences of the EF-1a gene.-Corynespora smithii was used as an organism external to the group.
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que los aislados mexicanos de C. cassiicola perte-
necientes al grupo uno estdn mas relacionados con
aquellos obtenidos de plantas de la familia Solana-
ceae, mientras que los del grupo dos se encuentran
mas asociados con especies de la familia Cucur-
bitaceae. Por otra parte, dentro del grupo uno se
observo una tendencia a formar un sub-grupo de
aislados recolectados de malezas asociadas al culti-
vo de jamaica en México (Hernandez et al., 2018):
JT (Solanum lycopersicum (forma silvestre), M26
(Chromolaena odorata), PAS (Pasiflora viridiflo-
ra), MAT (Momordica charantia) y CAP (Eugenia
oerstediana). Los aislados del grupo uno se reco-
lectaron en los municipios de Ayutla, Tecoanapa,
Xochistlahuaca y San Marcos, mientras que los del
grupo dos, procedieron del municipio de Ayutla
(Figura 3; Cuadro 1). Al respecto, se observo que
este agrupamiento tuvo cierta relacion con el lugar
de origen, lo cual fue reportado por otros autores
(Silva et al., 2003; Smith et al., 2009). Dixon et al.
(2009), analizaron diversos aislados de C. cassiico-
la provenientes de 68 especies vegetales colectadas
en Samoa americana, Brasil, Malasia, Micronesia
y EE.UU. y determinaron que aquellos geografica-
mente distintos pero obtenidos de la misma especie
vegetal eran muy similares genéticamente, lo cual
sugeria cierto grado de especializacion con el hos-
pedante (Sumabat ef al., 2018). La especificidad
de aislados de C. cassiicola con su hospedante tam-
bién ha sido sugerida en el caso de papayo, tomate
y pepino (Silva et al., 2018).

Sin embargo, hasta la fecha no es posible esta-
blecer de manera definitiva una asociacion de los
grupos filogenéticos de C. cassiicola con su origen
geografico u hospedantes (Deon ef al., 2014). Ade-
mas de esto ultimo, trabajos posteriores podrian
enfocarse en explorar la variabilidad patogénica de
C. cassiicola de los grupos formados considerando
la amplificacion de otras regiones como B-tubulina,
calmodulina y actina o el andlisis de marcadores
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with the place of origin, a fact that was reported
by other authors (Silva et al., 2003; Smith et al.,
2009). Dixon et al. (2009) analyzed diverse C.
cassiicola isolates from 68 plant species collected
in American Samoa, Brazil, Malaysia, Micronesia
and USA, and determined that those geographically
different but obtained from the same plant species
were very similar at the genetic level, which
suggested a certain level of specialization with
the host (Sumabat et al., 2018). The specificity
of C. cassiicola isolates with their host has also
been suggested in the case of papaya, tomato and
cucumber (Silva et al., 2018).

However, so far, it has not been possible to
definitely establish an association of C. cassiicola
phylogenetic groups with their geographical origin
or hosts (Deon et al., 2014). In addition to the latter,
subsequent studies could be focused on exploring
the pathogenic variability of C. cassiicola in the
formed groups considering the amplification of
other regions, such as B-tubulin, calmodulin and
actin, or the analysis of iPBS markers in order to
determine if there is a relationship between the level
of pathogenicity with the groups and subgroups
formed in the present study and their host.

CONCLUSIONS

The results of the
phylogenetic
differences among the C.
collected from roselle plants and weeds associated
with the crop, which are related to isolates from
other countries that were obtained mainly from
plant species of the Solanaceae and Cucurbitaceae

morphological and

analyses  showed  significant

cassiicola 1isolates

families.
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iPBS, para determinar si existe relacion entre el
grado de patogenicidad con los grupos y subgrupos
formados en el presente estudio asi como con su
hospedante.

CONCLUSIONES

Los resultados del analisis morfologico y filo-
genético mostraron diferencias importantes entre
los aislados de C. cassiicola recolectados de plan-
tas de jamaica y malezas asociadas al cultivo, los
cuales se relacionan con aislados de otros paises
y que fueron obtenidos de especies de plantas de
las familias Solanaceae y Cucurbitaceae, princi-
palmente.
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