
Allelic relationships of anthracnose (Colletotrichum lindemuthianum)
resistance in the common bean (Phaseolus vulgaris L.) cultivar Michelite
and the proposal of a new anthracnose resistance gene, Co-11

Maria Celeste Gonçalves-Vidigal, Claudete Rosa da Silva, Pedro Soares Vidigal Filho,

Adriana Gonela and Marcus Vinícius Kvitschal

Departamento de Agronomia, Universidade Estadual de Maringá, Maringá, PR, Brazil.

Abstract

The genetic resistance of Phaseolus vulgaris L. cultivar Michelite to races 8 and 64 of Colletotrichum
lindemuthianum, causal agent of bean anthracnose, was characterized. Crosses were made between Michelite and
Mexico 222 cultivars and the F2 population was inoculated with race 64 in order to study the inheritance of resistance
to anthracnose in Michelite. The segregation of F2 population fitted in a ratio of 3R:1S, showing the presence of a
dominant gene in Michelite gene conditioning resistance to race 64. Allelism tests were conducted with F2 popula-
tions derived from crosses between Michelite and AB 136, AND 277, BAT 93, Cornell 49-242, G 2333, Kaboon, Mex-
ico 222, Michigan Dark Red Kidney (MRDK), Ouro Negro, Perry Marrow, PI 207262, TO, TU, and Widusa. All the
cultivars (except Mexico 222) were resistant to race 64. While F2 derived from the Michelite x Mexico 222 was inocu-
lated with race 8. Additionally, allelism tests indicated that the gene present in Michelite is independent from Co-1,
Co-2, Co-3, Co-4, Co-5, Co-6, Co-7, Co-9 and Co-10 genes. The monogenic inheritance observed in Michelite and
the independence of this gene from those previously characterized allow the authors to propose that the anthracnose
resistant gene in Michelite should be named Co-11.
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Introduction

The common bean (Phaseolus vulgaris L.) is one of

the most important components of the Brazilian diet as it is

a proven source of protein and also a good source of carbo-

hydrates and iron. Brazil is the largest producer of P.

vulgaris (FAO, 2006), with the Brazilian state of Paraná be-

ing responsible for 25% of Brazilian production.

The yield of P. vulgaris can be affected by climatic

conditions which can cause outbreaks of a large number of

pests and diseases (Vieira, 1988). Among them, the an-

thracnose caused by Colletotrichum lindemuthianum is one

of the most widespread and economically important fungal

diseases of common bean (Phaseolus vulgaris L.), mainly

occurring when plants are grown under high relative hu-

midity and temperatures of between 13 °C and 26 °C. These

climatic conditions favor infection by C. lindemuthianum

which can cause losses in yield as high as 100% and, in less

severe instances, lowering product quality by damaging the

pod and seed and thus affecting the value of the crop,

sometimes even making it unfit for consumption.

Anthracnose is distributed worldwide and in Brazil

more than 25 different C. lindemuthianum races have been

identified (Rava et al., 1994; Thomazella et al., 2002).

Farmers use a variety practices to prevent anthracnose in P.

vulgaris, including the use of non-infected seeds, the appli-

cation of fungicides to seeds and the aerial parts of plants,

practice crop rotation and the rotation of planting dates

(Vieira, 1988), although the most efficient practice to con-

trol the disease is normally to use resistant cultivars.

Several studies have identified anthracnose-resis-

tance genes in different P. vulgaris cultivars, including

Co-1 (Kelly and Vallejo, 2004), Co-12, Co-13 (Melotto and

Kelly, 2000), Co-14, (Alzate-Marin et al., 2003a), Co-15

(Gonçalves-Vidigal and Kelly, 2006), Co-2 (Mastenbroek,

1960), Co-3 (Fouilloux, 1976), Co-42 (Young et al., 1998),

Co-5 (Young et al., 1998), Co-6 (Gonçalves-Vidigal, 1994;

Kelly and Young, 1996), Co-7 (Kelly and Vallejo, 2004),

Co-9 (Geffroy et al., 1999) and Co-10 (Alzate-Marin et al.,

2003b). The Co-6 gene replaces the original symbol ‘Q’

proposed by Gonçalves-Vidigal (Ph.D. Thesis Universi-

dade Federal de Viçosa, Viçosa, Brazil, 1994) for the gene
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conditioning resistance to C. lindemuthianum race 31 in P.

vulgaris cultivar AB 136.

The P. vulgaris Michelite cultivar (a ‘navy bean’ ob-

tained by a breeding program at Michigan State University,

USA), derived from a cross between the P. vulgaris cul-

tivars Early Prolific and Robust, has a higher yield and

better seed quality than the traditional P. vulgaris Robust

cultivar. In addition, the Michelite cultivar is resistant to

common strains of the bean common mosaic virus

(BCMV) present in Michigan during that time (Down and

Thayer, 1938).

Previous work has revealed that the Michelite differ-

ential cultivar showed different resistance mechanisms to-

wards distinct physiological races of C. lindemuthianum. It

was shown that this cultivar was resistant to races alpha,

beta (130), gamma (102), 2, 4, 6, 36, 38, 64, 86, 96, 132,

256, 258, 264, 320, 384, 392, 448, 1088, 1344, 1472, 1600

and to some other races such as MA-1 to MA-6, and MA-8

to MA-10 from the Mexican C. lindemuthianum groups

(Yerkes Jr. and Ortiz, 1956; Cárdenas et al., 1964; Kelly et

al., 1994; Balardin et al., 1997; González et al., 1998;

Andrade et al., 1999; Sartorato, 2002). In Brazil, Michelite

has also been shown to be resistant to C. lindemuthianum

races 8, 64, 72, 102 (Rava et al., 1994).

The characterization of the anthracnose resistant gene

present in the Michelite cultivar, as well as the allelism test

between the gene found in this differential cultivar and the

previously characterized genes, are of extreme importance

to common bean breeders. The objective of this study was

to determine the number of anthracnose resistance genes in

the Michelite cultivar using F2 offspring populations de-

rived from a cross with the susceptible cultivar Mexico 222

and also to determine the allelic relationships between the

resistance gene(s) present in cultivar Michelite and the pre-

viously known P. vulgaris anthracnose resistance genes.

Material and Methods

Plant material and cultivation of F1 and F2 seeds

This work was conducted at the Núcleo de Pesquisa

Aplicada à Agricultura (Nupagri) an extension of the Uni-

versidade Estadual de Maringá (UEM), Agronomy Depart-

ment, from March, 2003 to November, 2004. Twelve

differential Phaseolus vulgaris L. cultivars proposed by

Pastor-Corrales (1991) and cultivars AND 277, BAT 93

and Ouro Negro were used in this study. Seeds from differ-

ential and commercial cultivars were obtained from Bean

Gene Bank Nupagri. Parents were sown in pots containing

soil previously fertilized and sterilized with methyl bro-

mide in the greenhouse.

Crosses were made between the cultivar Michelite

(the female parent in all crosses) and cultivars AB 136,

AND 277, BAT 93, Cornell 49-242, G 2333, Kaboon, Mex-

ico 222, Michigan Dark Red Kidney (MRDK), Ouro Ne-

gro, Perry Marrow, PI 207262, TO, TU, and Widusa, the

Mexico 222 cultivar being susceptible (S) to C.

lindemuthianum race 64 (CL64) and all the others resistant

(R) to CL64. The experiment was conducted with four rep-

lications, each of them involving 15 plants from each par-

ent, 15 plants from F1 populations and F2 populations, in

order to evaluate their reaction to races 64 and 8 of C.

lindemuthianum. Among the crosses, the Michelite (R) x

Mexico 222 (S) cross was used to obtain information on the

inheritance of resistance to CL64. The R x R crosses were

conducted to test the independence between the gene pres-

ent in the Michelite cultivar and other previously character-

ized genes.

F1 seeds were cultivated in pots with soil moisture

previously sterilized and fertilized. Pots were kept in a

greenhouse until pod maturation and harvesting. The F2 ge-

neration seeds were sown in trays containing soil (100

seeds in each tray). Plants were maintained in the green-

house until the emergence of the first completely developed

trifoliate leaf.

Fungal isolates, inoculum preparation and plant
inoculation

The Colletotrichum lindemuthianum races 64 and 8

used in this work were provided by Aloísio Sartorato

(Embrapa Arroz e Feijão – CNPAF, Caixa Postal 179,

Santo Antônio de Goiás, GO) and João Bosco dos Santos

(Universidade Federal de Lavras, Campus Universitário,

Caixa Postal 37, Lavras, MG), respectively. The original

race 64 isolate was obtained from leaves of the P. vulgaris

Capixaba cultivar, found mainly in the Espírito Santo re-

gion of Brazil. According to Rava et al. (1994) race 64 be-

longs to the Mexican I C. lindemuthianum group.

Monosporic cultures of C. lindemuthianum of each

race were transferred to test tubes containing the medium

proposed by Mathur et al. (1950) and incubated at 20 °C for

8 to 10 days. When sporulation began the cultures were

stored at 5 °C until needed. The spores of C.

lindemuthianum race 64 and 8 chosen for inoculation were

obtained by culturing the fungi in pods partially immersed

in an agar-agar culture medium according to the methodol-

ogy proposed by Mathur et al. (1950) and Cárdenas et al.

(1964). After each pod was contaminated with the fungi it

was incubated for 14 days at 20 °C and the spores were

transferred to a beaker containing sterilize distilled water to

obtain a spore suspension which then filtered through a

double layer of gauze order produce a suspension contain-

ing only spores. The spore suspensions were inoculated

onto the anthracnose differential series of P. vulgaris

cultivars Mexico 222 and Cornell 49-242 to confirm the

race classification.

Fourteen day old seedlings with fully developed first

trifoliate leaves were transferred to a mist chamber at ap-

proximately 100% humidity and 22 °C ± 2 °C. The parents,

F1 and F2 generations from 14 crosses were inoculated with

1.2 x 106 mL-1 C. lindemuthianum spores using a De Vilbiss

590 Gonçalves-Vidigal et al.



micro-atomizer, MS-2.3 (Schulz, JetMaster Schulz, Join-

ville, SC, Brazil) and seedlings kept in the same mist cham-

ber for 96 h at 20 °C ± 2 °C and approximately 100% relative

humidity under a 12 h light/dark photoperiod and 680 lux il-

lumination during the light phase. After 96 h the seedlings

were phenotypically evaluated for their disease reaction, us-

ing a 1 to 9 scale (Balardin et al., 1990). Plants with no visi-

ble disease symptoms or with only a few very small lesions,

mostly on primary leaf veins, were recorded as resistant

(scores 1 to 3) whereas plants with numerous enlarged le-

sions were recorded as susceptible (scores 4 to 9).

Statistical analyses of data

Observed to expect ratios were compared using the

chi-square goodness of fit test (χ2). The computer Genes

program (Cruz, 2001) was used for this.

Results

Inheritance resistance to race C. lindemuthianum 64

The inheritance study showed that segregation in the

F2 offspring from a cross between Michelite (R) x Mexico

222 (S) produced a F2 ratio of 3R:1S (p = 0.70), demonstrat-

ing that resistance to C. lindemuthianum race 64 in the

Michelite cultivar is conferred by a dominant gene

(Table 1). Similar results were obtained by Cárdenas et al.

(1964) when they inoculated a Michelite x MDRK cross F2

offspring population with C. lindemuthianum race gamma.

Allelism test

All F1 plants behaved as resistant, indicating that re-

sistance is dominant. The results from the segregation ex-

periments carried out with 14 F2 offspring populations from

crosses between the Michelite cultivar and other P. vulgaris

cultivars are shown in Table 1.

Allelism tests showed segregation that fitted a ratio of

15 resistant (R) to 1 susceptible (S) plant in the F2 offspring

from crosses between the Michelite cultivar and other culti-

vars (Table 1). This indicates the presence of two independ-

ent dominant genes conferring resistance to C.

lindemuthianum, one of gene coming from the Michelite

cultivar female parent and the other from the male parent.

The ratio of 63R:1S (p = 0.73), found in the F2 popu-

lations from the Michelite x PI 207262 and Michelite x

Mexico 222 (p = 0.94) crosses indicates the segregation of

three dominant genes, Co-43 and Co-9 from the PI 207262

cultivar, Co-3 and a previously unidentified gene from

Mexico 222 and the third gene in the Michelite cultivar (Ta-

ble 1). Evidence for two independent genes in the PI

207262 cultivar comes from crosses with the differential

cultivars Michelite, MDRK and Perry Marrow which pro-
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Table 1 - The F2 segregation from resistant (R) x susceptible (S) and R x R Phaseolus vulgaris cultivar crosses for the genetic characterization of

resistance to the phytopathogenic fungi Colletotrichum lindemuthianum races 8 and 64. Except for Mexico 222 (susceptible to race 64) all the parents in

each cross were resistant to race 64.

F2 populations Known gene

(parent carrying the gene)

Number of plants F2
c Expected

ratio
χ2 p value

R S R:S

Inoculated with CL8

Michelitea x Mexico 222 Co-3 (Mexico 222) 243 4 63:1 0.0052 0.94

Inoculated with CL64

Michelite x Mexico 222 Co-3 (Mexico 222) 106 38 3:1 0.1481 0.70

Michelite x MDRKb Co-1 (MDRK) 110 9 15:1 0.3501 0.55

Michelite x Kaboon Co-12 (Kaboon) 96 7 15:1 0.0524 0.81

Michelite x Perry Marrow Co-13 (Perry Marrow) 108 8 15:1 0.0827 0.77

Michelite x AND 277 Co-14 (AND 277) 99 4 15:1 0.9844 0.32

Michelite x Widusa Co-15 (Widusa) 158 8 15:1 0.5799 0.45

Michelite x Cornell 49-242 Co-2 (Cornell 49-242) 101 9 15:1 0.7006 0.40

Michelite x TO Co-4 (TO) 49 3 15:1 0.0205 0.88

Michelite x TU Co-5 (TU) 69 6 15:1 0.3920 0.53

Michelite x AB 136 Co-6 (AB 136) 75 5 15:1 0.0000 1.00

Michelite x BAT 93 Co-9 (BAT 93) 135 9 15:1 0.0000 1.00

Michelite x Ouro Negro Co-10 (Ouro Negro) 70 7 15:1 0.0024 0.96

Michelite x PI 207262 Co-43+ Co-9 (PI 207262) 155 3 63:1 0.1161 0.73

Michelite x G 2333 Co-42, Co-5, Co-7 (G 2333) 282 1 255:1 0.010 0.92

aIn all cases the Michelite cultivar was the female parent and when Michelite and México 222 cultivars were inoculated with CL8 they showed a R x R

reaction; bMDRK = Michigan Dark Red Kidney; cR = resistant, S = susceptible.



duced a two gene (15:1) segregation ratio after inoculation

with C. lindemuthianum race 23 (delta) that overcomes the

resistance in all three differential cultivars (Gonçalves-

Vidigal et al., 1997). We found a four-gene segregation ra-

tio (255R:1S, p = 0.92) in the F2 population from the

Michelite x G 2333 cross after inoculation with race 64 but

no allelism was observed in this cross, although the segre-

gation ratio supports the presence of four independent dom-

inant genes with one gene in Michelite and three genes

(Co-42, Co-5 and Co-7) in G 2333 (Young et al., 1998). The

segregation ratio of 15R:1S found by us in the F2 offspring

from the Michelite x MDRK (p = 0.55), Michelite x

Kaboon (p = 0.81), Michelite x Perry Marrow (p = 0.77),

Michelite x AND 277 (p = 0.32) and Michelite x Widusa

(p = 0.45) crosses, indicated that the gene in Michelite is in-

dependent from the genes previously characterized at the

Andean Co- 1 locus (Co-1, Co-12, Co-13, Co-14 and Co-15).

It appears that the resistant gene in the Michelite

cultivar segregated independently from the previously

characterized Co-1, Co-2, Co-3, Co-4, Co-5, Co-6, Co-7,

Co-9 and Co-10 dominant genes and is thus a newly identi-

fied gene (Table 1).

Discussion

The Michelite cultivar was the first bred variety, re-

leased by the Michigan State University in 1938, which was

resistant to the common strains of bean common mosaic vi-

rus (BCMV) present in Michigan during that time (Down

and Thayer, 1938) and also to several races of C.

lindemuthianum. Our results show that the Michelite cultivar

carries a dominant gene conferring resistance to C.

lindemuthianum races 64 and 8 as well. The Michelite culti-

var has been shown to carry resistance to C. lindemuthianum

beta and gamma races (Yerkes Jr and Ortiz, 1956) and to the

gamma race alone (Cárdenas et al., 1964; Rava et al., 1994).

Cárdenas et al. (1964) reported an adjusted resistance

segregation ratio of 1R:3S in the F2 offspring from the

Michelite x MDRK cross inoculated with C.

lindemuthianum race beta, indicating reverse dominance.

This was also reported when the segregating populations

were inoculated with C. lindemuthianum race 130 (beta)

(Cárdenas et al., 1964; Muhalet et al., 1981). Reverse of

dominance can be the result of a multi-allelic series resid-

ing at the Co-1 locus in the MDRK cultivar with differing

degrees of dominance existing between the alleles. How-

ever, the segregation observed in the populations from the

Andecha x Mexico 222 crosses inoculated with C.

lindemuthianum race 38 was produced a F2 segregation ra-

tio of 3R:1S, indicating the presence of a dominant resis-

tance gene in the Mexico 222 cultivar (Méndez-Vigo et al.,

2005). Muhalet et al. (1981) also observed reverse domi-

nance in the F2 offspring from a Tuscola (R) x Montcalm

(S) cross. Kelly and Vallejo (2004) have pointed out that re-

versal of dominance occurs in the same resistant cultivar

due to dominance relationships between the alleles segre-

gated in the population after inoculation with different

races of the pathogen. As a result, recessive resistance is re-

ported since the recessive allele confers resistance to the

particular race of the pathogen to which the dominant allele

is susceptible. This suggests that using different races to

test F2 offspring from the same crossing either a 3R:1S or

1R:3S ratio would be observed depending on the virulent

genes that the race possesses at the specific locus.

In our study, the lack of allelism in the F2 offspring

from the Michelite x BAT 93 (Co-9) cross also implies the

absence of Co-3 allelism, since previous work showed that

Co-3 and Co-9 were allelic (Méndez-Vigo et al., 2005). We

also found that the F2 offspring from the Mexico 222 x

Michelite cross inoculated with C. lindemuthianum race 8

(which generates a R x R reaction in the parents) showed a

63:1 ratio (p = 0.94) of resistant to susceptible plants.

Vallejo and Kelly (2005) reported similar results in the F2

population from a Mexico 222 x MSU-7 cross (MSU-7 is a

cultivar derived from the SEL 111 cultivar which carries

Co-7 as its only anthracnose resistance gene) inoculated

with C. lindemuthianum race 7, a race which yields a R x R

reaction in the parents. In both studies, since C.

lindemuthianum races 7 and 8 elicit an R x R reaction in the

parents there must be two anthracnose resistance genes seg-

regating from the Mexico 222 cultivar. Additional genetic

inheritance studies are needed to confirm the existence of

two genes in Mexico 222.

We found that the differential cultivar Michelite

showed a monogenic dominant resistant spectrum to C.

lindemuthianum race 64 and that the segregation of the F2

offspring from the Michelite and México 222 cross fitted a

3R:1S ratio, indicating the presence of a dominant C.

lindemuthianum race 64 resistance gene in the Michelite

cultivar since the México 222 cultivar is susceptible to race

64. In addition, our allelism tests indicated that the Mi-

chelite cultivar possesses one dominant gene segregating

independently of the Co-1, Co-2, Co-3, Co-4, Co-5, Co-6,

Co-7, Co-9 and Co-10 genes. The combined results of the

monogenic inheritance and the allelism tests support the

hypothesis that only a single gene confers resistance to race

64 of C. lindemuthianum in Michelite, and that gene is in-

dependent of the other reported genes. We propose that the

single dominant gene conferring resistance to anthracnose

in the Michelite cultivar be named Co-11 (Gonçalves-Vidi-

gal, 2005). A clear understanding of the nature and inheri-

tance of anthracnose resistance in the Michelite cultivar

should increase the availability of genes to transfer to com-

mercial cultivars and could improve the effectiveness of re-

sistance gene pyramiding for anthracnose in bean breeding

programs.
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