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Abstract. The AFLP (amplified fragment length
polymorphisms) analysis was performed in nine Rhizoctonia
solani isolates from common bean (Phaseolus vulgaris) plants
collected in the states of Mexico and Veracruz, Mexico, and
17 anastomosis group (AG) testers. The corresponding AG
of each isolate was determined using an in vitro assay and
the pathogenicity test of each isolate on 10 common bean
cultivars on in vitro conditions was performed. Cluster
analysis grouped each R. solani isolate to one of three AGs:
AG-2.3, AG-BI or AG-5. These grouping were confirmed by
in vitro tests. Bean cultivar BAT 477 showed the highest mean
severity by R. solani, while the other nine cultivars exhibited
severity ratings lower than 2.0. Common bean germplasm
from races Durango and Jalisco showed a higher frequency
of resistance (seven to nine isolates) to R. solani than those
from race Mesoamerica (five to eight isolates). Isolates 011
(AG-BI), 002, and 003 (AG 2.3) were the most aggressive in
common bean seeds. The results demonstrated the close
relationship between AFLP genotype and AG, but no
association among AFLP genotype or AG with pathogenicity
patterns in common bean, and suggest that AFLP may be
useful for quick and reliable determination of the AGs in R.
solani.

Additional keywords: Cluster analysis, pathogenicity tests.

Resumen. Se realizó el análisis AFLP (polimorfismos en la
longitud de los fragmentos amplificados) en nueve
aislamientos de Rhizoctonia solani obtenidos de frijol común
(Phaseolus vulgaris) colectados en los estados de México y
Veracruz, México; así como en los 17 probadores de grupos
de anastomosis (GA) del hongo. El GA correspondiente de
cada aislamiento se determinó utilizando la prueba tradicional
in vitro. Además, se determinó la patogenicidad de cada

aislamiento en 10 variedades de frijol común in vitro. El
análisis de conglomerados de los datos AFLP agrupó cada
aislamiento de R. solani con uno de tres GAs: AG-2.3, AG-
BI ó AG-5. Estos agrupamientos se confirmaron mediante
pruebas in vitro. La variedad de frijol BAT 477 mostró el
mayor promedio de severidad de daño por R. solani, mientras
que las otras nueve variedades exhibieron valores de severidad
de daño menores a 2.0. El germoplasma de frijol de las razas
Durango y Jalisco mostró mayor frecuencia de resistencia
(siete a nueve aislamientos) a R. solani que las variedades de
la raza Mesoamérica (cinco a ocho aislamientos). Los
aislamientos 011 (GA-BI), 002 y 003 (GA 2.3) fueron los
más agresivos en las semillas de frijol común. Los resultados
demuestran la estrecha relación entre el genotipo AFLP y el
GA, pero la nula asociación entre el genotipo AFLP o el GA
con los patrones de patogenicidad en frijol común y sugieren
su utilidad como una opción rápida y confiable para la
determinación de GAs en R. solani.

Palabras clave adicionales: Análisis de conglomerados,
pruebas de patogenicidad.

Root rots in common bean (Phaseolus vulgaris L.) caused
by the fungus Rhizoctonia solani Kühn are economically
important under the conditions of cultivation in Mexico
(López-Frías, 1991). R. solani is an anamorph of a
basidiomycete which does not produce any asexual spores
(conidia), and only occasionally produces sexual spores
(basidiospores). The sexual stage of R. solani is
Thanatephorus cucumeris (Frank) Donk (Anderson, 1982;
Parmeter, 1970); however, in nature, R. solani exists mainly
as vegetative mycelium and/or sclerotia. The fungus primarily
attacks underground parts of the common bean plant such as
seeds, hypocotyls, and roots, but is also capable of infecting
aerial plant parts (e.g. pods, fruits, leaves, and stems). The
most common symptom of Rhizoctonia infection is referred
to as “damping-off” characterized by non germination of
severely infected seed. Infected seedlings can also be killed
either before or after they emerge from the soil, while
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seedlings that survive often have cankers, which are reddish-
brown lesions on stems and roots. In addition to attacking
underground parts of the plant, the fungus occasionally infects
fruit and leaf tissue located near or on the soil surface. This
type of infection often occurs because the mycelium and/or
sclerotia of the fungus are close to or splashed onto the aerial
plant tissue (Parmeter, 1970; Sneh et al., 1996). Since R.
solani and other types of Rhizoctonia do not produce conidia
and only rarely produce basidiospores, the classification of
these fungi has often been difficult. Prior to the 1960’s,
researchers relied mostly on differences in morphology
observed by culturing the fungus on a nutrient medium in the
laboratory and/or pathogenicity on various plant species to
classify Rhizoctonia (Sneh et al., 1991); J.R.Jr. Parmeter
(1970) introduced the concept of “hyphal anastomosis” to
characterize and identify Rhizoctonia isolates. This concept
implies that genetically related isolates of Rhizoctonia
recognize and fuse (i.e. anastomose) with each other, whereas
genetically unrelated isolates do not anastomose. Hyphal
anastomosis has been used to place isolates of each
Rhizoctonia species into taxonomically distinct groups called
anastomosis groups (AG), and currently, 17 AGs have been
identified (Sneh et al., 1991). Determination of anastomosis
is done by microscopic monitoring of hyphal fusion which is
a laborious and subjective method. In order to make
determination of AGs more efficient, a combination of hyphal
anastomosis and molecular methods are currently being used
to further examine the taxonomy, ecology, and pathology of
R. solani (Cubeta and Vilgalys, 1997; Duncan et al., 1993;
Van den Boogert et al., 1998; Vilgalys and Cubeta, 1994).
Our study was carried out in order to: a) obtain the AFLP
genotype of nine R. solani isolates from common bean
growing in Mexico, and 17 AG testers and determine the
genetic relationship between AGs and isolates of the pathogen;
b) determine the pathogenicity of R. solani isolates, and then
establish the association between anastomosis groups,
pathogenicity, and AFLP genotype; c) propose a reliable and
quick methodology for identification of the AG of any R.
solani isolate based on the results obtained.

MATERIALS AND METHODS
Isolation of R. solani from P. vulgaris. Common bean plants
showing root rot symptoms were collected from two fields in
the states of Mexico, and Veracruz, Mexico (20 plants by
each state). Roots were dissected and cultured on acidified
potato-dextrose-agar (PDA) at 28°C for five days in darkness.
Nine isolates of R. solani were obtained by hyphal tip isolation
in order to obtain pure genetic isolates. Taxonomic
identification was carried out based on Parmeter (1970).
AFLP analysis. Each R. solani isolate and isolates
representing each of the 17 AGs were cultured in potato-
dextrose-broth (PDB) medium for seven days at 28°C in
darkness. The 17 AG testers (AG 1A, AG BI, AG 1C, AG
2.1, AG 2.2, AG 2.3, AG 3, AG 4, AG 5, AG 6, AG 7, AG 8,
AG 9, AG 10, AG 11, AG 12, AG 13) were supplied by Dr.

Mario Martín González-Chavira (INIFAP-Campo
Experimental Bajio, Celaya, Mexico). Mycelia were washed
with TES (Tris-HCl, EDTA, NaCl) and then lyophilized for
5 days. DNA was extracted as reported by Raeder and Broda
(1985). AFLP analysis was conducted as has been described
by Vos et al. (1995). The second amplification reaction was
carried out using two selective nucleotides (AA, AT, AC or
AG). Amplified products were separated by electrophoresis
in 6% acrylamide gels and visualized using the Silver
Sequence DNA Staining Reagents (PromegaTM).
Identification of anastomosis groups. The identification of
the anastomosis group of each R. solani isolate was carried
out as described by Bolkan and Ribeiro (1985). Briefly, sterile
glass-slides were placed on agar-water medium in Petri dishes.
A layer of PDA was applied to the glass slide and mycelium
of an AG tester and an unknown isolate was inoculated on
either side of a slide. After 24 h at 28°C, the slide was removed
and mycelium was stained with tryphan blue. Sites of hyphal
interaction were observed under an optical microscope (100
X) (Carl Zeiss, Germany) and occurrence of anastomosis was
determined when hyphae were observed to have fused and
exchanged cytoplasm. The identification of AGs was
performed twice.
Analysis of pathogenicity. Each isolate was cultured on PDA
and after the complete colonization of the medium, 10 seeds
of each of the common bean cultivars Pinto Villa, Río Tibagí,
Pinto UI-114, Bayo Durango, Azufrado Tapatío, Bayo
Mecentral, Negro 8025, SEQ 12, TLP 19, and BAT 477 were
placed on each Petri dish. Seeds were previously disinfested
with 2% sodium hypochlorite by 5 min. The germplasm was
supplied by Dr. Jorge Alberto Acosta-Gallegos (INIFAP-
Campo Experimental Bajio, Celaya, Mexico) and Dr. José
Saúl Padilla-Ramírez (INIFAP-Campo Experimental
Pabellon, Pabellon de Arteaga, Mexico). Pathogenicity was
scored three days after incubation at 28ºC in darkness using
a six level scale (from 0 to 5) where 0 = No infection, 1 = 1-
20, 2 = 21-40, 3 = 41-60, 4 = 61-80, and 5 = 81-100% of
seed integuments and/or roots infected by the fungus. Values
from 0 to 2.0 were classified as a resistant reaction and values
from 2.1 to 5 as susceptible. The experiment was repeated
twice.
Statistical analysis. The bands from AFLP analysis were
identified and registered as described by González et al.
(1998). These data were used to calculate the genetic distances
between isolates and AGs using the matching simple
coefficient. The distance matrix produced was used to
construct a dendrogram by UPGMA (un-weighted paired
grouping method with arithmetic averages) algorithm (Hair
et al., 1992). Data of pathogenicity analysis were used to
calculate euclidean distances between isolates. The Euclidean
distance matrix was also used to produce a dendrogram by
UPGMA method. Statistical analysis was carried out using
the software Statistica ver. 5.0 (StatSoft Inc., 1997; Tulsa,
USA).
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RESULTS
Five isolates of R. solani were obtained from bean plants
collected in the state of Veracruz (RS010, RS011, RS012,
RS013, RS014), and four from the state of Mexico (RS001,
RS002, RS003, RS009). AFLP analysis produced 415 bands
including 3 monomorphic bands (0.72%) among the nine
isolates, while among the AG testers no monomorphic bands
were found (Table 1). The dendrogram produced from AFLP
data showed that one isolate from Veracruz (RS010) and four
from the state of Mexico (RS001, RS002, RS003, RS009)
were similar to AG-2.3; three isolates from Veracruz were
similar to AG-BI, and one (RS013) grouped with AG-5.
Genetic differences between identified isolates to a specific
AG and other AG no detected in this work was lower than

13% (Fig. 1). Anastomosis affinities between the bean isolates
AG groups (AG-2.3, AG-BI, AG-5) and AG testers, were
confirmed by using the traditional test for identification of
anastomosis groups in vitro. All cases showed the complete
coincidence between the AGs determined by AFLPs and by
in vitro tests (data not shown). BAT 477 showed the highest
mean of severity by R. solani, while the other nine bean
cultivars exhibited severity ratings lower than 2.0. Common
bean germplasm from races Durango and Jalisco showed a
higher frequency of resistance (seven to nine isolates) to R.
solani than those from race Mesoamerica (five to eight
isolates). Isolates 011 (AG-BI), 002, and 003 (AG 2.3) were
the most aggressive in common bean seed (Table 2). When a
dendrogram of R. solani isolates on basis to pathogenicity

AA/AA 0 82 82 0 82 82
AA/AT 1 90 91 0 91 91
AA/AG 0 107 107 0 107 107
AA/AC 2 133 135 0 135 135
Total 3 412 415 0 415 415

  AFLP                                     R. solani isolates                                  Anastomosis groups
 combination   Monomorphic    Polymorphic     Total      Monomorphic    Polymorphic     Total
 EcoRI/MseI

Table 1. Summary of AFLP bands obtained from nine Mexican Rhizoctonia solani isolates and
the 17 anastomosis group testers.
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Fig. 1. Dendrogram produced from AFLP data obtained from nine mexican isolates of  Rhizoctonia solani
and 17 AG testers.



data was performed, it was found a clear separation between
poorly (group A) and highly (group B) aggressive isolates.
No association was found between the anastomosis group of
each R. solani isolate and pathogenicity on common bean
seed (Fig. 2).

DISCUSSION
We found high genetic variability among the AG testers of R.
solani and intra-population molecular variability among the
mexican isolates of the fungus (2 to 13% of genetic
dissimilarity). None of the mexican isolates was genetically
identical to any of the AG testers. Intra-population molecular
variability has been found in Colletotrichum lindemuthianum
(Sacc. and Magnus) (Gonzalez et al., 1998; Thomazella et
al., 2002), causal agent of common bean anthracnose. The
grouping of each isolate to its corresponding anastomosis
group indicated that AFLP could be a reliable method for
molecular identification of R. solani anastomosis groups,
when the technique is available, since the in vitro method for
identification of anastomosis groups produced identical
results to those obtained by AFLP. The AFLP technique offers
several advantages as a molecular test for identification of
anastomosis groups of R. solani isolates, such as the short
time needed to obtain results; the possibility to rapidly classify
large numbers of isolates; the establishment of a data base
that includes banding patterns of anastomosis groups for
further identification of AGs of isolates, i.e. by using automatic
sequencing systems; and the elimination of the laborious
identification of anastomosis groups under the microscope.
Common bean germplasm from Durango and Jalisco genetic
races showed a higher frequency of resistance to R. solani
than whose from race Mesoamerica. An inverse resistance/
susceptibility relationship that showed here have been found
between P. vulgaris gene pools for Macrophomina phaseolina
(Tassi) Goid. (Mayek-Pérez et al., 2001) and Fusarium sp.
(Martínez-Garnica et al., 2003). Resistance to R. solani in
Durango germplasm may have been produced through

selective pressure, since the fungus is the major causal agent
of root rots in cultivated P. vulgaris in the states of Durango
and Zacatecas, Mexico, from where the germplasm was
originated. It would be interesting to elucidate which genetic,
physiological, biochemical or anatomical mechanisms govern
the resistance to R. solani in Durango germplasm. No
association between the pathogenicity of R. solani and
anastomosis group or AFLP genotype was found, as it has
been reported in other pathogens of common beans such as
C. lindemuthianum (González et al., 1998), M. phaseolina
(Mayek-Pérez et al., 2001), Phaeoisariopsis griseola (Sacc.)
Ferraris (Mahuku et al., 2002), and Fusarium sp. (Martínez-
Garnica et al., 2003). In conclusion, three anastomosis groups
of R. solani (AG-BI, AG-2.3 and AG-5) were identified in R.
solani isolates infecting common bean plants from Veracruz
and Mexico states, Mexico; a close association between
anastomosis group and AFLP genotype was found, but no
relationship between anastomosis group and pathogenicity

Bayo Durango D 0.6z 0.3 1.7 0 0 2.0 0.6 0.3 0 0.6±0.7
Pinto Villa D 1.0 3.7 1.6 1.7 0.9 3.5 1.6 1.1 0.2 1.7±1.2
Pinto UI-114 D 1.0 0.9 1.8 0.6 0.5 2.1 0.6 0.2 0.9 1.0±0.6
Azufrado Tapatío J 0.4 0.3 0.9 0.2 0.1 1.2 0.4 0.1 0 0.4±0.4
SEQ 12 M 0 1.5 2.6 0 0 1.3 0.8 0 0.5 0.8±0.9
BAT 477 M 3.4 3.4 1.9 1.0 1.5 3.6 1.9 3.2 1.1 2.3±1.1
TLP 19 M 1.1 2.3 1.4 1.0 0.9 1.5 2.3 0.2 0.5 1.2±0.7
Negro 8025 M 0.5 2.3 1.8 0.6 0.6 1.3 0.5 0.5 0.2 0.9±0.7
Río Tibagí M 1.6 2.4 3.4 0.8 0.7 2.6 2.0 1.5 0.8 1.8±0.9
Bayo Mecentral J 0.7 3.1 1.7 0.1 0.7 1.5 0.8 0.3 1.0 1.1±0.9
Mean ± SE 1.0±0.9 2.0±1.2 1.9±0.7 0.6±0.5 0.6±0.5 2.1±0.9 1.2±0.7 0.8±1.0 0.5±0.4 1.2±0.7

  Cultivar                 Bean                                                     R. solani isolates
                               racey     001        002          003          009          010          011          012          013         014     Mean ± SE

Table 2. Reaction of ten common bean (Phaseolus vulgaris) cultivars to nine isolates of Rhizoctonia solani.

yD = Durango, J = Jalisco, M = Mesoamerica.
zReaction of resistance were from 0 to 2.0 and susceptibility were from 2.1 to 5.
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(Phaseolus vulgaris) cultivars.
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was detected. Finally, AFLP analysis could be a reliable and
promising methodology for molecular identification of
anastomosis groups in R. solani.
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