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                                                                                                             Abstract 
Common bean is an important constituent of Brazilians diet, however, it may be affected by anthracnose disease caused by Colletotrichum 
lindemuthianum fungus. Mexico 222 is a common bean cultivar resistant to 77 races of this fungus. Due to the importance of this cultivar, the present 
work aimed to study the resistance inheritance of Mexico 222 to races 7 and 23 of C. lindemuthianum, as well as to verify the independence of genes 
present in this genotype, in relation to alleles from Co-4, Co-7 and Co-9 loci. The study of resistance inheritance was conducted in F

2 
populations 

from crosses between Mexico 222 (resistant to race 7) × Michigan Dark Red Kidney (susceptible to race 7) and between Mexico 222 (resistant to race 
23) × Widusa (susceptible to race 23). Allelism studies were performed in F

2 
generations of crossings between Mexico 222 × MSU 7-1, Mexico 222 

× PI 207262 and Mexico 222 × BAT 93, inoculated with race 7 of C. lindemuthianum. Results revealed that Mexico 222 cultivar presents two 
dominant genes for resistance to race 7 and only one dominant gene for resistance to 23 race. F

2
 generations from crosses between Mexico 222 with 

MSU 7-1, PI 207262 and BAT 93 cultivars, inoculated with race 7 revealed allelism presences. Therefore, results obtained for allelism tests indicated 
that the resistance to race 7 of anthracnose in Mexico 222, MSU 7-1, PI 207262 and BAT 93 cultivars is conferred by genes closely linked or by 
dominant resistance alleles of the same single locus. 
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                                                Introduction 
Brazil is the largest producer and consumer of common bean, 
accounting for 17% of world production 13. Its production in 2010/ 
2011 agricultural year was approximately 3,645 thousand tons, in 
a cultivated area of 3.6 million hectares 10. Data from Statistics and 
Geography Brazilian Institute in partnership with Healthy Ministry 
- Search for Family Budgets in 2008-2009 22, indicated a medium 
food consumption for common bean around 182.9 g day-1 per 
capita. 
    However, because the crop has been grown throughout the 
year in a great ecosystem diversity, it presents several factors 
that interfere in grain yield, including the occurrence of diseases 
such as antracnose 8, 36, that may cause up to 100% losses in 
production when a susceptible cultivar is chosen, the environment 
is favorable to the pathogen and infected seeds are simultaneously 
present during cultivation period 21, 34, 47. Etiologic agent of 
anthracnose in common bean (Phaseolus vulgaris L.) is 
Colletotrichum lindemuthianum (Sacc. et Magnus) Briosi & 
Cavara, fungus that despite being cosmopolitan, represents 
expression losses in tropical and subtropical regions, where 
common bean is the main source of protein for local population30. 
    Disease control may be achieved by chemical treatment and by 
the use of resistant cultivars 35, and this last method is the most 
efficient and cost-effective measure for anthracnose control, since 
it dispenses agrochemicals use 25, 37,  40, 44, 46 . Consequently, there is 
reduction of environmental damage, besides reducing significantly 

the final production cost 26. 
    Several loci resistant to anthracnose have been characterized 
in common bean crop,  among them  Co-1, Co-12, Co-13 , Co-14 , 
Co-15 , Co-2, Co-3, Co-4, Co-5, Co-6, Co-7, Co-9, Co-43,  Co-11, 
Co-12 and Co-13, respectively, by the authors 2, 3, 14-20,  23, 24, 27-29,  46. 
Excepting for Co-8 1 recessive gene, all other genes previously 
mentioned are dominant. 
    Mesoamerican common bean cultivar Mexico 222 possesses 
Co-3 resistant gene to C. lindemuthianum, originally known as 
Mexique 17. Researchers have shown that this differential cultivar 
is resistant to 77 races of C. lindemuthianum in Brazil 5, 6, 26, 33, 40 . 
Previous studies about anthracnose resistance inheritance in this 
cultivar indicated the presence of a dominant gene conferring 
resistance to races 9 and 23 4, 17, 19. 
     It was also verified the presence of two independent genes in 
Mexico 222, conferring resistance to races 7 and 8 18, 24, 41. In addition, 
Young et al.46, analyzing inheritance and allelism tests for this 
cultivar with race 7 of C. lindemuthianum, have demonstrated 
that Mexico 222 may possess besides Co-3 gene, another locus 
conferring resistance to this race. 
    Using F

2
 segregating populations from crosses between Mexico 

222 × MSU 7-2 cultivars, both resistant to the mentioned race, it 
was observed a segregation ratio of 63 plants resistant to 1 
susceptible, indicating the presence of three genes for resistance 
to race to 7. 
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   Several researchers studying the inheritance and allelism of 
Mexico 222 cultivar in relation to race 8 of C. lindemuthianum 
also noted the presence of two independent locus conferring 
resistance, as well as occurred with race 18, 24, 41. Thus, due to the 
importance of  Mesoamerican cultivar Mexico 222 , in conferring 
resistance to Andean races of C. lindemuthianum, this study 
aimed to determine the inheritance of resistance to races 7 and 23 
of this fungus and check its independence in relation to Co-3, 
Co-4, Co-7 and Co-9 genes, previously characterized. 

                                    Material and Methods 
Common bean cultivars and F1 / F2  generations: The experiments 
were conducted in a greenhouse under controlled conditions at 
Laboratório de Biotecnologia do Núcleo de Pesquisa Aplicada à 
Agricultura (Nupagri) belonging Universidade Estadual de 
Maringa. 
    In order to determine the resistance inheritance to anthracnose, 
as well as to conduct allelism test for Co-3, Co-4, Co-7 and Co-9 
loci, in Mesoamerican cultivar Mexico 222, were developed 
segregating populations from crossings with this cultivar and the 
following differentiating ones: Michigan Dark Red Kidney 
(MDRK), Widusa and PI 207262, besides BAT 93 and MSU 7-1 
cultivars. Seeds of studied cultivars were obtained from Common 
Bean Gene Bank belonging to Nupagri. These cultivars were 
chosen due to the distinct characteristics that each one presents 
in relation to anthracnose and for the importance that represent to 
common bean improvement programs aiming genetic resistance 
to C. lindemuthianum. 
   Parents used in this study were sown in polyethylene plastic 
pots containing soil previously fertilized and sterilized, being kept 
in greenhouse conditions. Daily irrigations were conducted in 
order to maintain the soil near field capacity. In order to favor 
plant growth, nitrogenous fertilization was conducted by liquid 
way (during the emergency), and potassium fertilization (days 
before flowering, necessary for grains filling). Liquid fertilization 
performed by liquid way used ammonium sulphate (50 g of 
ammonium sulphate per 2 litres of water), applying 250 mg of N in 
50 ml of water per pot. In addition, for potassium fertilization 
potassium chloride (14 g K

2
O per 2 litres of water) was provided. 

During flowering period crosses between Mexico 222 cultivar and 
Michigan Dark Red Kidney, Widusa, PI 207262, BAT 93 and MSU 
7-1 cultivars were conducted. 
   From crosses involving Mexico 222 cultivar as female parent 
with other cultivars, F

1
 hybrids were obtained. The cultivar used 

as male parent presented dominant characteristics of easy 
identification on F1 generation, so that it was possible to identify 
and eliminate possible self fecundation results. 
    Seeds from F1 generation were grown in pots containing soil 
mix previously fertilized and sterilized up to maturation stage and 
pod harvest, using the same fertilization previously described. 
These pots were kept under greenhouse conditions, and plants 
through self  fecundation, originated F

2
 generation. A total of 100 

F
2
 seeds derived from each cross were sown in plastic trays (50 

cm × 30 cm × 9 cm) containing peat-based substrate, in order to 
obtain greater security in the results. The seedlings were 
maintained in a greenhouse until the first trifoliolate leaves (stage 
V3) were fully expanded. At that time, the plants were inoculated 
with races 7,  23 and 64 of C. lindemuthianum. 

Physiological races of Colletotrichum lindemuthianum, 
inoculum preparation and inoculation: In this research, 
physiological races 7,  23 and 64 of C. lindemuthianum were used. 
Races inoculums were obtained from anthracnose mycology 
collection belonging to Nupagri. Races 7 and 23 were used for 
inoculation in segregating populations of Mexico 222 × Michigan 
Dark Red Kidney and Mexico 222 × Widusa crosses, to produce 
compatible reaction of susceptibility (S) and resistance (R), and 
subsequent study of resistance inheritance. So that, genotype 
studied was resistant race, while Michigan Dark Red Kidney and 
Widusa were susceptible to 7 and 23 races inoculated, respectively. 
In allelism test, race 7 was inoculated in crosses of the following 
segregating populations, Mexico 222 × PI 207262, Mexico 222 × 
MSU 7-1 and Mexico 222 × BAT 93. All of these cultivars are 
resistant to this race, resulting in incompatibility reactions (R × 
R). In addition, race 64 was used in the crossings between MSU 7- 
1 × PI 207262 genotypes. The objective of this test was to evaluate 
the independence of the possible gene present in Mexico 222 
from Co-3, Co-4, Co-7 and Co-9 genes, previously characterized. 
Inoculum preparation followed the methodology proposed by 
Cárdenas et al.9. After the necessary period required for fungus 
development, pods were removed from vial tubes that were in 
growth chambers, with the aid of tweezers, for a beaker containing 
sterile distilled water, obtaining a spore suspension filtered through 
a double layer of cheesecloth, thus resulting a liquid spore 
suspension. 
    For each pathogen race, four to five counting were conducted 
with the aid of Neubauer-Preciss chamber. Inoculation was 
accomplished with a spore suspension adjusted to 1.2 x 106 spores 
mL–1 concentration in sterile distilled water. 
   Monosporic isolates were first inoculated in twelve differentiating 
cultivars to anthracnose in order to confirm the virulence 
phenotypes to the races 26, 31 . After confirmation, around the 18th 
day (after complete emission of first trifoliate leaf) trays containing 
plants were transferred to a mist chamber with temperature around 
22±2ºC, for race inoculation. Parents, F1 generation and 
segregating generations were inoculated with suspensions of each 
race separately, thus, avoiding contaminations. This process was 
accomplished with the aid of a spray-inoculated on seedlings by 
using an atomizer (De Vilbiss, number 15) powered by an electric 
air compressor (Schulz, SA, Joinville, Santa Catarina, Brazil) up to 
draining point. 
   After inoculation the seedlings were incubated in the same mist 
chamber for 96 hours, with temperature around 22±2ºC, controlling 
luminosity (12 hours light – 680 lux followed by 12 hours darkness) 
with relative humidity around 100%. Plants were then transferred 
to benches in a greenhouse with suitable environment at 22°C 
with artificial light (12-h day length at 25°C) for seven days, where 
remaining up to initial evaluations. 
    Symptoms visual evaluations in each seedling were conducted 
seven days after inoculation, using severity scale proposed by 
Pastor-Corrales 32. Plants with disease reaction scores between 1 
and 3 were considered resistant, whereas plants with scores from 
4 to 9 were considered susceptible. 

Statistical analysis: From data obtained by Mendelian segregation 
of resistance and susceptibility phenotypes, with the aid Genes 
Computational Program 11,  genetic statistics analysis  was 
conducted by applying Chi-square test (χ2). 
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                                     Results and Discussion 
Resistance inheritance to races 7 and 23 of Colletotrichum 
lindemuthianum: The evaluation of parental genotypes, F

1
 and 

F
2
 segregating populations, revealed that the resistance to race 7 

is controlled by two dominant genes, whose segregation fitted to 
15R: 1S ratio. When considering monogenic inheritance, it was 
observed a high value of Chi-square, around 19.753. Thus, F

2
 

generation from the cross between Mexico 222 (R) × MDRK (S), 
inoculated with race 7, fits better to the hypothesis 15R: 1S and 
rejects the hypothesis of 3R: 1S segregation ratio. Probability of 
Mexico 222 cultivar presents the expected segregation ratio of 3R: 
1S, with genetic control by only one gene was almost zero. 
However, when it was studied the hypothesis of two dominant 
genes is present in Mexico 222 cultivar, conferring resistance to 
race 7, the probability reached 92.08% (Table 1). Although 
differential cultivar Michigan Dark Red Kidney of Andean origin 
presents Co-1 28, 42 allele (also of Andean origin), does not confer 
resistance to race 7 of C. lindemuthianum. Thus, it may be deduced 
that the other resistance gene is also presented in Mexico 222 
Mesoamerican cultivar. Besides Co-3 gene, another allele is 
responsible for resistance to race 7. Vallejo and Kelly 41 also 
concluded that Mexico 222 cultivar has two genes that confer 
resistance to this race. 
     F

2
 generation from crossings between Mexico 222 (R) × Widusa 

(S) cultivars fitted to a ratio of 3 resistant plants to 1 susceptible, 
when inoculated with race 23 of C. lindemuthianum. In this case, 
the hypothesis confirming the segregation of two dominant genes 
(15R: 1S) was rejected, since probability was nil, becoming this 
possibility inappropriate. However, when it was studied the 
relation of monogenic dominance, evidenced that only one 
dominant gene was responsible for breaking the virulence of 23 
race. 
  Andean cultivar Widusa presents Co-15 allele that confers 
resistance to several races of C. lindemuthianum 17. However, 
this allele does not confer resistance to segregating generation 
when it is inoculated with race 23, since this cultivar is susceptible 
to this race. This result indicates that the single dominant gene 
responsible for resistance to 23 race of the fungus is present in 
Mexico 222 cultivar. Similar result was obtained, by Méndez-Vigo 
et al.30, in the cross between Mexico 222 and Andecha cultivars, 
when F

2
 population was inoculated with race 38. Thus, the study 

of resistance inheritance, also adjusted to segregation ratio of 3R: 
1S, demonstrating the presence of one dominant gene presented 
in Mexico 222 cultivar, since Andecha genotype is susceptible to 
this race. 

Allelism test: Allelism tests conducted in F
2 
populations resistant 

segregating is really important for identifying resistance alleles. 
Mexico 222 differential cultivar has been constantly studied in 
order to elucidate inconsistencies related to its resistance gene 
set. 
    Mendéz-Vigo et al.30 analyzing B4 linkage group of resistance 
to common bean,  suggested that Co-3 and Co-9 genes, previously 
considered as distinct, could be different combinations of 
resistance alleles present in B4 cluster. So far, at least five alleles 
from a same locus in A1220, A493, BAT 93 and PI 207262 were 
identified. 
    David et al.12, by constituting a library of BAC (Bacterial Artificial 
Chromosome) from genotype of Mesoamerican BAT 93 cultivar, 
confirmed Co-3 location in B4 resistance cluster previously 
inferred by Mendez-Vigo et al.30 and demonstrated that a second 
Co-3 allele, named Co-3 2 was also in the same cluster. Thus, in 
this study it was conducted allelism tests for Co-3, Co-9, Co-4 
and Co-7 loci. In addition, it was also investigated what would be 
the possible gene present in Mexico 222 cultivar, besides Co-3, 
which could confer resistance to race 7. 
   Table 2 presents the results obtained from F

2
 populations of 

crosses (R × R) to perform allelism tests. Allelism studies conducted 
in F

2
 generations derived from crosses between Mexico 222 and 

PI 207262, BAT 93 and MSU, 7-1 cultivars revealed segregation 
absence. 
    Segregation absence or allelism presence observed in these 
tests indicates that resistance to race 7 of C. lindemuthianum in 
these cultivars is governed by alleles present in the same gene 
locus and not by different genes. It was also performed a cross 
between MSU 7-1 lineage, possessing Co-7 resistance gene and 
PI 207262 cultivar, that has Co-4 3 allele and Co-9 gene.  All 158 
individuals of F

2
 generation from cross between MSU 7-1 and PI 

207262 were resistant to race 64 of C. lindemuthianum, suggesting 
that resistance genes present in these two cultivars are located in 
the same locus, therefore, being alleles from the same locus. 
   Similar results were obtained with F

2
 generation from the 

crossing between Mexico 222 and MSU 7-1, inoculated with race 
8 of C. lindemuthianum. Through these results it was possible to 
infer that Co-3 e Co-7 are alleles belonging to a same locus 38. 
     Since Mexico 222 presents a spectrum of resistance different 
of BAT 93 and PI 207262 cultivars, allelism test results allow to 
conclude that Co-9 and Co-3 gene and/or a second allele in Mexico 
222 conferring resistance to race 7 of C. lindemuthianum, share 
the same locus or are really close in gene cluster exhibiting co- 
segregation. It also should be noted that Mexico 222 has a new 

MDRK – Michigan Dark Red Kidney; R – Resistant / S – Susceptible; χ² 
-
 Chi - square. 

 

Crosses 

F2 Generations 

Race 
 

Observed plants 
Expected 

ratio χ² Probability (%) 
R S R: S 

 
México 222 (R) × MDRK (S) 

7 101 7 3:1 19.753 0.0008 

 
México 222 (R) × MDRK (S) 

 
7 

 
101 

 
7 

 
15:1 

 
0.0098 

 
92.0835 

 
México 222 (R) × Widusa (S) 

 
23 

 
87 

 
28 

 
3:1 

 
0.026 

 
87.1688 

 
México 222 (R) × Widusa (S) 

 
23 

 
87 

 
28 

 
15:1 

 
64.2834 

 
0 

Table 1. Resistance inheritance test between México 222 × MDRK and México 222 × Widusa cultivars 
(Maringa, 2011). 
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allele with inferior resistance spectrum, because does not confer 
resistance to 9 and 23 races. The studied test showed that the 
resistance to race 7 in Mexico 222, MSU 7-1, PI 207262 and BAT 93 
genotypes, is conditioned by alleles of a single resistance locus 
or belonging to a gene cluster. 
    Studies conducted by Gonçalves-Vidigal et al.17, with Widusa 
differential cultivar, showed similar results in relation to the present 
analysis. Due to limited information about resistance genes in 
this cultivar, inheritance resistance research and allelism tests were 
developed. F

2
 generations from the cross between Widusa × 

Michigan Dark Red Kidney (MDRK), inoculated with race 65 of 
C. lindemuthianum, showed a segregation ratio of 200 resistant 
plants to 0 susceptible, demonstrating allelism presence. This 
information allowed to conclude that Widusa resistance is 
conditioned by one allele belonging to Co-1 locus, designated as 
Co-15. 
  The characterization of resistance alleles prints expressive 
importance for common bean breeding programs. The knowledge 
of new alleles and new resistance sources provides to conduct 
studies of Andean and Mesoamerican genes pyramiding in order 
to confer resistance to distinct races of C. lindemuthianum. Genes 
pyramiding is a strategy to develop cultivars with durable 
resistance 45. In addition, the use of genotypes containing genes 
with major effect provides attenuation in relation to the occurrence 
of pathogen new races. According to Van Der Plank 43, the basis 
for resistance stability is the decline of pathogenic vigor, obtained 
from a certain number of genes needed to prevail over the resistant 
host. Therefore, introgression of several resistance genes in the 
same cultivar would allow that this genotype had a longer resistance 
to the pathogen. 
    Previously characterized genes in Mexico 222, MSU 7-1, BAT 
93 and PI 207262 genotypes were considered as different since 
have not been submitted to allelism test. Obtained results in this 
study demonstrate that these genes are, in fact, alleles belonging 
to the locus, since it was detected allelism presence. This 
information is really important to common bean breeders, since it 
may facilitate the conduction of improvement programs for 
resistance to Colletotrichum lindemuthianum. 

                                           Conclusions 
Inoculation of Colletotrichum lindemuthianum race 7 in 
segregating population derived from the crossing between Mexico 
222 × Michigan Dark Red Kidney (MDRK) cultivars indicated the 
presence of two dominant genes present in Mexico 222. However, 
for race 23, in F

2 
population from Mexico 222 × Widusa, segregation 
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R – Resistant / S – Susceptible;  c² 
-
 Chi - square. 

 ��

Crosses 
F2 Generations 

Race 
 

Observed plants Expected ratio 
χ² 

Probability 
(%) R S R: S 
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0   - 
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México 222 (Co-3) × MSU 7-1 (Co-7)                             7          125 
 

0   - 

PI 207262 (Co43+Co-9) × MSU7-1 (Co-7)                    64            158 
 

0   - 

Table 2. Results of F
2 
generation from crosses between common bean genotypes in relation to the resistance to 

races 7 and 64 (Maringa, 2011). 
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