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Abstract. Resistance to anthracnose in common bean is conditioned primarily by nine major 
independent genes, Co-1 to Co-10 as the Co-3/Co-9 genes are allelic. With the exception of 
the recessive co-8 gene, all other nine are dominant genes and multiple alleles exist at the 
Co-1, Co-3 and Co-4 loci. A reverse of dominance at the Co-1 locus suggests that an order 
of dominance exists among individual alleles at this locus. The nine resistance genes Co-2 to 
Co-10 are Middle American in origin and Co-1 is the only locus from the Andean gene pool. 
Seven resistance loci have been mapped to the integrated bean linkage map and Co-1 resides 
on linkage group B1; Co-2 on B11, Co-3 on B4; Co-4 on B8; Co-6 on B7; and Co-9 and Co-
10 are located on B4 but do not appear to be linked. Three Co-genes map to linkage groups 
B1, B4 and B11 where clusters with genes for rust resistance are located. In addition, there 
is co-localization with major resistance genes and QTL that condition partial resistance to 
anthracnose. Other QTL for resistance may provide putative map locations for the major 
resistance loci still to be mapped. Molecular markers linked to the majority of major Co-
genes have been reported and these provide the opportunity to enhance disease resistance 
through marker-assisted selection and gene pyramiding. The 10 Co-genes are represented 
in the anthracnose differential cultivars, but are present as part of a multi-allelic series or 
in combination with other Co-genes, making the characterization of more complex races 
diffi cult. Although the Co-genes behave as major Mendelian factors, they most likely exist 
as resistance gene clusters as has been demonstrated on the molecular level at the Co-2 
locus. Since the genes differ in their effectiveness in controlling the highly variable races 
of the anthracnose pathogen, the authors discuss the value of individual genes and alleles 
in resistance breeding and suggest the most effective gene pyramids to ensure long-term 
durable resistance to anthracnose in common bean.

One of the longest studied plant–pathogen 
interactions is that between common bean, 
Phaseolus vulgaris L., and Colletotrichum 
lindemuthianum (Sacc. & Magnus) Briosi & 
Cav., the causal organism of bean anthracnose. 
In studies with bean anthracnose, Barrus (1911) 
was the fi rst to demonstrate the existence of 
physiological races of plant pathogens, whereas, 
Burkholder (1918) provided the fi rst information 
on the inheritance of disease resistance in plants. 
Using race specifi c elicitors of C. lindemuthi-
anum, scientists studied the signal transduction 
mechanisms of plant defense in common bean 
and cloned many of the genes functional in the 
phenylpropanoid pathway (Lamb et al., 1989). 
The interaction between the pathogenic diversity 
of C. lindemuthianum and the gene pool diver-
sity of the host has been studied (Balardin and 
Kelly, 1998; Sicard et al., 1997), and ancestral 

controlling the partial resistance and ‘defeated’ 
major genes inferred that partial resistance may 
be the residual effect of defeated major genes 
(Geffroy et al., 2000; López et al., 2003), single 
major genes in common bean provide resistance 
to multiple races of the anthracnose pathogen 
(Mastenbroek, 1960). Ten major genes identi-
fi ed with the Co symbol (Alzate-Marin et al., 
2002b; Geffroy et al., 1999; Kelly and Young, 
1996; Melotto et al., 2000a), are described in 
the literature. In most instances, independency 
of the Co-genes is clearly demonstrated. 
Provisional symbols proposed for other loci 
(Geffroy, 1997; Geffroy et al., 1999) will be 
discussed in relation to the ten independent 
loci conditioning resistance to anthracnose. A 
number of anthracnose resistance genes with 
letter symbols appear in the historical literature 
but have been replaced with the Co symbol fol-
lowed by a numerical designation (Kelly and 
Young, 1996). International standardization of 
C. lindemuthianum races is based on disease 
reaction of 12 differential host cultivars, each 
assigned a binary code from 1 to 2048 (Table 
1; Pastor-Corrales, 1991). Virulent races are as-
signed a number representing the summation of 
the binary numbers of the susceptible differential 
cultivars. The traditional Greek symbols used 
previously for race identifi cation have been 
superseded by the binary codes and the two race 
identifi cation systems are listed for purposes of 
comparison (Melotto et al., 2000a). 

Genetic resistance is recognized as the most 
effective disease management strategy for the 
control of bean anthracnose. Despite the exten-
sive literature on resistance to this disease, bean 
breeders still struggle with the decision as to 
which gene(s) to deploy in resistance breeding 
programs. Given the recent activity in mapping 
and gene tagging, new information on the loca-
tion of most major genes controlling resistance 
to anthracnose is now available (Kelly et al., 
2003). Information on the resistance spectra 
of different resistance genes to a wide array 
of pathogenic races (Balardin et al., 1997), the 
independence of resistance genes or lack thereof, 
based on complementation tests, and the location 
on the integrated BAT 93 x Jalo EEP558 (BJ) 
bean map (Freyre et al., 1998) in relation to 
other anthracnose resistance genes and QTL is 
summarized to assist breeders in the choice of 
resistance genes or alleles for breeding (Fig. 1). 
In addition, markers linked to different resistance 
loci are presented to provide additional informa-
tion on independence and afford the opportunity 
for the use of marker-assisted selection (MAS) 
in developing valuable gene pyramids with 
genes of complementary gene action from the 
two major gene pools of common bean (Gepts, 
1988; Kelly and Miklas, 1998; Kelly et al., 2003). 
This review is organized in sections by the ten 
major anthracnose resistance loci in common 
bean, and information available for the gene(s) 
at each major locus is presented in a format that 
should be useful for bean breeders, pathologists, 
and geneticists alike. 

Locus Co-1
Origin: The Co-1 gene, originally known as 

the A gene, was fi rst described in ‘Well’s Red 
Kidney’ (Barrus, 1915). Actually, Co-1 was the 

resistance gene clusters involved in co-evolution 
of host and pathogen have been identifi ed (Gef-
froy et al., 1999). More recently, anthracnose 
resistance genes have been used to integrate 
physical and genetic linkage maps of common 
bean (Melotto et al., 2004) and have also been 
the major focus of map-based cloning efforts 
in common bean and resistance gene analogues 
(RGA) have been identifi ed (Creusot et al., 1999; 
Ferrier-Cana et al., 2003; Geffroy et al., 1998; 
López et al., 2003; Melotto and Kelly, 2001, 
Melotto et al., 2004). 

Anthracnose is regarded as the most serious 
disease of common bean worldwide due, in large 
part, to its seed-borne nature and pathogenic vari-
ability. Transmission of the pathogen through the 
seed is very effi cient (Dillard and Cobb, 1993; 
Tu, 1992), which is problematic not only for sub-
sistence farmers in Latin America and Africa, but 
also for commercial farmers in North America 
looking for ways to reduce production costs 
by saving their own seed. C. lindemuthianum 
is a highly variable pathogen (Balardin et al., 
1997; Pastor-Corrales et al., 1995; Rodriguez-
Guerra et al., 2003), and resistance in the host 
is assumed to follow the gene-for-gene theory 
(Flor, 1947); however, pathogen information is 
limited due to the inability to carry out genetic 
studies on the pathogen. With the exception of 
recent reports on partial resistance, where co-lo-
calization between quantitative trait loci (QTL) 
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fi rst disease resistance gene described in com-
mon bean and the fi rst genotype by pathogen race 
interaction was demonstrated with this particular 
gene and isolates of anthracnose (Barrus, 1911, 
1915, 1918; Burkholder, 1918, 1923; McRostie, 
1919). The Co-1 allele is present in ‘Michigan 
Dark Red Kidney’ (MDRK), which carries the 
binary number 2 in the anthracnose differential 
series (Table 1; Melotto et al. 2000a). Among 
all loci characterized as conditioning resistance 
to anthracnose, Co-1 is the only locus originat-
ing in the Andean gene pool of common bean 
(Gepts, 1988). Other Andean resistance sources, 
such as A193, previously considered to be 
independent genes have since been shown to 
possess the Co-1 gene (Mendoza et al., 2001). 
The popular Andean cultivar Diacol Calima 
displayed the same resistance spectra as MDRK 

to inoculation with 30+ isolates of anthracnose 
from Europe and Colombia (Schwartz et al., 
1982), suggesting that it also possesses similar 
resistance gene(s). The Andean genotype Jalo 
EEP558, used as a parent to construct the bean 
integrated linkage map (Freyre et al., 1998), 
has been shown to carry one major gene at the 
Co-1 locus. In a cross of Jalo EEP558 with 
‘Perry Marrow’, the F

2
 population segregated 

in a 3:1 ratio (p = 0.34) of resistant to suscep-
tible individuals when inoculated with race 
357 (Vallejo, unpublished data). Allelism tests 
conducted with an F

2
 population from the RxR 

cross Jalo EEP558 with MDRK inoculated with 
race 73 indicated that Jalo EEP558 carries an 
allele at the Co-1 locus (Vallejo et al., 2003). 
Ten races of C. lindemuthianum differentiated 
Jalo EEP558 from all reported alleles except 

the allele carried by MDRK (Co-1), suggest-
ing that it also possesses the same allele at the 
Co-1 locus as MDRK (Vallejo et al., 2003). 
Other highly resistant Andean sources, such as 
‘PC 50’, have a similar resistance pattern to the 
cultivar Kaboon (Balardin and Kelly, 1998), but 
the presence of Co-1 locus in ‘PC 50’ has yet to 
be confi rmed in inheritance studies. 

Alleles: Three Andean cultivars, MDRK, 
Perry Marrow, and Kaboon in the differential 
series carry different alleles at the Co-1 locus 
(Table 2). In addition to the Co-1 allele in 
MDRK, two other alleles Co-12 and Co-13 
present in the differential cultivars Kaboon 
(Race Nueva Granada), Perry Marrow (Race 
Chile; Pastor-Corrales et al., 1995), respectively, 
have been reported at the Co-1 locus (Melotto 
and Kelly, 2000). A fourth allele Co-14  was 

Fig. 1. Common bean linkage map (B1-B11; Freyre et al., 1998) and bean chromosomal map (I-XI; Pedrosa et al., 2003). Genomic distribution of genes with a 
biochemical function (mostly disease response genes), major genes coding for phenotypic traits, and QTL in common bean. Each linkage group is represented by 
the core map version (Freyre et al., 1998) and updated maps (Gepts, 1999; Kelly et al., 2003; Pedrosa et al., 2003). The current map is based on the map of Kelly 
et al. (2003) with the addition of QTL conditioning resistance to anthracnose in the two mapping populations BAT 93/Jalo EEP558 (BJ; Geffroy et al., 2000) and 
DOR364/G19833 (DG; López et al., 2003). To the left of each linkage group, are the framework molecular markers (smaller font) and the biochemical genes (larger 
font) and major phenotypic trait genes (shaded boxes). The Co loci are anthracnose resistance loci (Geffroy 1997; Geffroy et al., 1999; 2000; Kelly and Young, 
1996; Melotto et al., 2000a; Rodríguez-Suárez et al., 2004; Vallejo and Kelly, 2002; Young et al., 1998). The Ur loci are rust resistance loci including the Pu-a 
for abaxial leaf pubescence (Kelly et al., 1996, 2003; Steadman et al., 2002). The I gene is a dominant resistance and bc-u, bc-12 and bc-3 are recessive genes for 
resistance to bean common mosaic virus (Drijfhout, 1978; Miklas et al., 2000b). Fin, Ppd, St are genes for determinacy, sensitivity to photoperiod, and pod string 
formation (Gepts, 1999). B, [C R Prp], G, P, and rk are seed color genes and Ana, Ane, Bip, L, T and Z are seed color pattern genes (Bassett, 1996; McClean et 
al., 2002). Asp is a gene for seedcoat shininess (Gepts, 1999). To the right (boxed symbols), are QTL for anthracnose (ANT) mapped in different populations (BJ, 
Geffroy et al., 2000; DG, López et al., 2003). Location of most genes is approximate, as most were not directly mapped in the BAT93/Jalo EEP558 population. 
The total distance of each linkage group (expressed in Kosambi cM) is shown at the right of the location of the bottom marker of that linkage group.

7709-Breed.indd   11977709-Breed.indd   1197 9/20/04   11:35:37 AM9/20/04   11:35:37 AM



HORTSCIENCE VOL. 39(6) OCTOBER 20041198

recently reported in the Calima-type Andean 
cultivar AND 277 (Alzate-Marin et al., 2003a), 
whereas the actual alleles at the Co-1 locus in 
the Andean cultivar Montcalm, and the Middle 
American (MA) cultivars, Tuscola, Seafarer and 
Raven have not been fully identifi ed (Muhalet 
et al., 1981; Young and Kelly, 1996c, 1997b). 
A fi fth tentative allele Co-15 in the MA cultivar 
Widusa has been proposed (Gonçalves-Vidigal 
et al., 2003). The confusion in the published 
data on ‘Widusa’ prevents the authors from 
confi rming the existence of a fi fth allele at the 
Co-1 locus at this time. The locus is complex 
and other alleles yet to be described probably 
exist within Andean germplasm. Recognizing 
that dominant genes primarily condition resis-
tance to anthracnose, recessive resistance has 
been documented at the Co-1 locus (Andrus and 
Wade, 1942; Cardenas et al., 1964; Muhalet et 
al., 1981). The occurrence of recessive resistance 

pattern in a genotype previously identifi ed as 
being controlled by dominant resistance genes 
results from the presence of a multi-allelic series 
at the resistance locus where a prior order of 
dominance has been established between alleles 
at the locus (Melotto and Kelly, 2000; Miklas et 
al., 2000b). The reversal of dominance observed 
in segregating populations inoculated with race 
130 (beta; Cardenas et al., 1964; Muhalet et 
al., 1981) can be explained as a multi-allelic 
series residing at the Co-1 locus with differing 
degrees of dominance existing between the 
alleles. Reversal of dominance is observed in 
the same resistant cultivar due the dominance 
relationships that exist between the alleles 
segregating in the population, after inoculation 
with different races of the pathogen. As a result, 
recessive resistance is reported since the reces-
sive allele confers resistance to the particular race 
of the pathogen to which the dominant allele 

is susceptible. In complementation crosses, 
the question of allelism versus linkage at a 
locus will always exist with small segregating 
populations (<200 individuals). The authors 
have chosen to evoke a traditional interpreta-
tion of an allelic series at a locus similar to the 
10 alleles described at the Pm3 locus in wheat 
(Triticum aestivum; Zeller and Hsam, 1998) 
as an explanation for the lack of segregation in 
complementation (R x R) crosses rather than the 
existence of a tight linkage with other unknown 
genes at or near the locus in question. Since a 
multi-allelic series exists at the Co-1 locus, a 
similar explanation of allelism for the lack of 
segregation in complementation crosses at other 
resistance loci is most plausible. 

Markers: Despite the uniqueness of the 
Co-1 locus as the only anthracnose resistance 
source in the Andean gene pool, markers linked 
to this locus have been diffi cult to fi nd (Melotto 
et al., 2000b). Two repulsion phase markers 
have been reported (RAPD, Young and Kelly, 
1997a; AFLP, Mendoza et al., 2001) and one 
co-dominant STS marker, SE

ACT
/M

CCA
, has 

been identifi ed linked to the Co-1 locus (Table 
2; Vallejo and Kelly, 2002).

Map location: The Andean Co-1 locus was 
mapped to linkage group B1 using SE

ACT
/M

CCA 
marker in the BJ recombinant inbred line (RIL) 
mapping population (Fig. 1; Vallejo and Kelly, 
unpublished data). Data confi rming the location 
of Co-1 on B1 comes from Mendez de Vigo 
(2001) who used the repulsion marker (Young 
and Kelly, 1997a) to map Co-1. Indirect evidence 
comes from the positioning of two provisionally 
assigned loci Co-x and Co-w (Geffroy, 1997) 
to B1 (Gepts, 1999). Both loci come from Jalo 
EEP558 parent in the BJ mapping population. 
The Co-1 locus appears to be located near the fi n 
(determinate growth habit) and Ppd (photope-
riod sensitivity) genes on B1. The fi n gene occurs 
at high frequency in the cultivated Andean gene 
pool compared with the MA gene pool (Singh et 

Table 1. Anthracnose differential series, resistance genes, host gene pool, and the binary number of each 
differential cultivar, used in the characterization of races of Colletotrichum lindemuthianum in common 
bean. 

Differential Host Gene Binary
cultivar genez pooly no.x

Michelite --- MA 1
Michigan Dark Red Kidney Co-1 A 2
Perry Marrow Co-13 A 4
Cornell 49242 Co-2 MA 8
Widusa --- MA 16
Kaboon Co-12 A 32
Mexico 222 Co-3 MA 64
PI 207262 Co-43, Co-9 MA 128
TO Co-4 MA 256
TU Co-5 MA 512
AB 136 Co-6, co-8 MA 1024
G 2333 Co-42, Co-5, Co-7 MA 2048
zKnown host resistance Co-genes; the resistance gene(s) in ‘Michelite’and ‘Widusa’ have not been fully 
characterized.
yMA = Middle American gene pool; A = Andean gene pool of the host (Gepts, 1988).
xBinary number: for 2n, n is equivalent to the place of the differential cultivar within the series. The sum of 
cultivars with susceptible reaction will give the binary number of a specifi c race (Melotto et al., 2000a; Pas-
tor-Corrales, 1991); e.g., race 17 = virulent on ‘Michelite’ (1) + ‘Widusa’ (16). Where other race designations 
were used, the authors have attempted to provide the race number using the binary code when possible.

Table 2. New and original gene symbols, genetic sources, gene pools, linked markers and map location for major genes conditioning resistance to anthracnose in 
common bean.

 Gene symbol Genetic Gene Linked Map
New Original source pool marker location References
Co-1 A MDRK Andean OF10

530 
B1 McRostie, 1919; Vallejo and Kelly, 2002

Co-12  Kaboon  SE
ACT

/M
CCA

Co-13  Perry Marrow    Melotto and Kelly, 2000
Co-14  AND 277    Alzate-Marin et al., 2003a
Co-2 Are Cornell 49242 MA OQ4

1440 
B11 Mastenbroek, 1960

    OH20
450  

Adam-Blondon et al., 1994a
    B355

1000 
 Young and Kelly, 1996b

Co-3 Mexique 1 Mexico 222 MA NA NA Bannerot, 1965; Fouilloux, 1979
Co-32  Mexico 227
Co-4 Mexique 2 TO MA SAS13, SH18 B8 Awale and Kelly, 2001; Fouilloux, 1979, Young et al., 1998;  
         de Arruda et al., 2000
Co-42  SEL1308  SBB14, OC8
Co-43  PI 207262y  OY20
Co-5 Mexique 3 TU MA OAB3

450 
NA Young et al., 1998; Vallejo and Kelly, 2001; Young and Kelly, 

1996a
  SEL1360  SAB3
Co-6 Q AB 136 MA OAH1

780 
B7 Gonçalves-Vidigal, 1994; Young and Kelly, 1996a, 1997a

    OAK20
890

Co-7 NAz MSU-7 MA NA NA Young et al., 1998
  G 2333y

co-8 NA AB 136 MA OPAZ20 NA Alzate-Marin et al., 2001b
Co-9 NA BAT 93 MA SB12 B4 Geffroy et al., 1999
Co-10 NA Ouro Negro MA F10 B4 Alzate-Marin et al., 2003b
zNA = none available; MDRK = Michigan Dark Red Kidney; MA = Middle American.
yPI 207262 possesses 2-genes; G 2333 possesses 3-genes.
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al., 1991). Other resistance genes located in the 
vicinity of the Co-1 is the Andean Ur-9 gene in 
‘PC 50’ that conditions resistance to bean rust 
(causal organism Uromyces appendiculatus; 
Kelly et al., 2003).

Breeding value: The Co-1 locus is present 
in the majority of Andean beans surveyed, with 
allelic differences existing between cultivars. 
This locus, however, is very valuable in the 
breeding of beans of MA origin, particularly 
in those countries where MA races of the 
anthracnose fungus predominate (Balardin 
et al., 1997; Balardin and Kelly, 1998). The 
Co-1 locus is unique in importance to breeders 
developing gene pyramids with complementary 
genes from both P. vulgaris gene pools. Among 
the four confi rmed alleles described at the Co-1 
locus, the Co-12 allele offers the broadest-based 
resistance but it appears to have been used the 
least by bean breeders. The Co-1 allele appears 
to be widespread in Andean germplasm resulting 
in a high level of susceptibility to Andean races 
in countries such as the Dominican Republic, 
Peru (Balardin and Kelly, 1998; Pastor-Cor-
rales et al., 1995) and in northern Spain where 
Andean germplasm is grown widely (Ferreira 
et al., 1998). Breeders in these countries should 
exercise caution in choosing resistance alleles 
at the Co-1 locus, despite allelic differences in 
reaction to local races. Due to its effectiveness 
against the MA race 73 of C. lindemuthianum 
prevalent in North America, the Co-1 gene has 
been successfully introgressed into MA black 
bean cultivars such as Jaguar, Phantom and 
Raven, and navy bean cultivars, Newport and 
Seafarer (Beaver et al., 2003).

Locus Co-2
Origin: The Co-2 gene originally known as 

the Are gene, was fi rst described by Mastenbroek 
(1960) in the black bean genotype Cornell 49-
242 from Venezuela (Tables 1 and 2). The Co-2 
gene conditions resistance to four races (alpha-
17, beta-130, gamma-102 and delta-23) of C. 
lindemuthianum and was widely deployed as a 
resistance gene in both dry and snap bean breed-
ing programs on all continents (Fouilloux, 1979; 
Leakey and Simbwa-Bunnya, 1972; Tu, 1992). 
Initially, the Co-2 was considered a ‘horizontal’ 
type resistance because it provides resistance 
to many races of the pathogen (Tu, 1992), but 
race specifi city of the Co-2 was detected as 
new virulent races rapidly emerged (Hubbeling, 
1976, 1977). The extensive deployment of the 
Co-2 gene resulted in the failure of this gene to 
provide resistance in North America (Kelly et 
al., 1994; Tu, 1994), South America (Balardin et 
al., 1997; Menezes and Dianese, 1988; Pastor-
Corrales et al., 1995), Europe (Fouilloux, 1976, 
1979; Hallard and Trebuchet, 1976; Hubbeling, 
1976, 1977; Kruger et al., 1977), and Africa 
(Leakey and Simbwa-Bunnya, 1972). 

Alleles: No alleles have been reported at the 
Co-2 locus. In the R x R cross of bean cultivars 
Cornell 49-242 x Tuscola inoculated with race 
102 (gamma), no susceptible individuals were 
observed among 214 F

2
 individuals, suggest-

ing the presence of a second tightly linked 
resistance gene or another allele at the Co-2 
locus in ‘Tuscola’ (Muhalet et al., 1981). In 
contrast, a two gene (15:1) ratio observed in 

the same R x R cross inoculated with race 130 
(beta) supports the theory of two independent 
genes. The confusion in the published data on 
‘Tuscola’ prevents the authors from confi rm-
ing the existence of a second allele at the Co-2 
locus at this time.

Markers: The Co-2 locus was the fi rst 
anthracnose resistance locus to be tagged with 
RAPD and SCAR markers (Adam-Blondon et 
al., 1994a). A second pair of fl anking markers 
was identifi ed later (Young and Kelly, 1996b). 
All markers were linked in coupling. The Co-2 
locus has been the major focus of a map-based 
cloning effort, and candidate RGA exhibiting 
leucine rich repeats (LRR) and kinase proteins 
domains have been reported at this locus 
(Creusot et al., 1999; Ferrier-Cana et al., 2003; 
Geffroy et al., 1998).

Map location: The Co-2 locus was mapped 
to linkage group B11 (Adam-Blondon et al., 
1994b) on the integrated BJ bean linkage map 
(Fig. 1; Freyre et al., 1998). The Co-2 allele has 
been confi rmed to be present on B11 in other 
published maps (Gepts, 1999; Mendez de Vigo, 
2001; Miklas et al., 2000a). Two linked regions 
that confer resistance to anthracnose were identi-
fi ed on B11, one of which was the Co-2 locus 
based on genetic allelism tests (Ferreira et al., 
2000). Support for a second region conditioning 
resistance to anthracnose on B11 comes from 
mapping studies (Beebe et al., 1998; López et 
al., 2003) where QTL that condition resistance 
to races 47 (5DOM) and 385 (ANTCL43) map 
to B11 in the Andean cultivar Chaucha Chuga 
(G19833). This evidence may suggest the pres-
ence of a family of R genes clustered at the Co-2 
locus on B11 (Creusot et al., 1999; Geffroy et 
al., 1998; López et al., 2003). 

Breeding value: Co-2 is not a particularly 
valuable gene given its lack of durability when 
deployed alone in many countries. In France for 
example, the resistance conferred by the Co-2 
gene was effective for 13 years from 1960 to 
1973 (Fouilloux, 1979) and its extensive use 
in Latin America was reported as ‘dangerous’ 
according to Pastor-Corrales and Tu (1989). In 
addition to the widespread deployment of Co-2 
singly (Fouilloux, 1979; Tu, 1992), other factors 
may have resulted in the loss of this valuable 
resistance source. Breakdown of resistance 
caused by the importation of seed infected 
with new races of anthracnose is known and 
documented. Seed infected with race 65 (ep-
silon) was imported into and sold in Michigan 
(Balardin and Kelly, 1996). Evidence that this 
race existed previously in adjacent produc-
tion areas was documented (Tu et al., 1984). 
Likewise the failure of the Co-2 resistance to 
race 89 (alpha-Brazil) in Ontario was due to 
imported seed infected with anthracnose (Tu, 
1994) as race 73, present in Michigan, has very 
similar virulence patterns (Kelly et al., 1994). 
Similar reports of new anthracnose infections 
due to imported seed are documented in France 
(Fouilloux, 1979). In other countries, Co- 2 
was deployed without prior knowledge that 
races already existed in the production area 
that could overcome the gene (Fouilloux, 1976; 
Menezes and Dianese, 1988). Inadequate char-
acterization of the races present in a production 
area may result in the rapid failure of any new 

genes being deployed in new cultivars. A full 
characterization of races present in a region 
or country is essential before specifi c genes 
are deployed, since singly deployed resistance 
genes will fail to provide long-term resistance. 
To extend the durability of the Co-2 resistance 
gene in North America where both Andean and 
Middle American races of the pathogen exist, 
gene pyramids with alleles at the Co-1 locus 
have been released in new bean cultivars such 
as Chinook 2000, Jaguar, Newport, Phantom, 
and Red Hawk (Beaver et al., 2003). 

Locus Co-3
Origin: The Co-3 gene, originally known 

as Mexique 1, was fi rst described by Bannerot 
(1965) in the genotype Mexico 222. The resis-
tance was derived from Mexican germplasm, 
the specifi c origin of which is not known. The 
resistance was shown to be independent of the 
Co-1 locus (Young and Kelly, 1997b), and the 
Co-2 gene (Bannerot et al., 1971; Fouilloux, 
1976) the only two independent loci described 
at that time. Interestingly, in an F

2
 population 

from the cross Mexico 222 x MSU-7, inoculated 
with race 7 which generates an R x R reaction in 
the parents, a 63:1 ratio (p = 0.98) of resistant 
to susceptible individuals was observed. This 
indicates that three genes for resistance to race 
7 were segregating in this cross. The Michigan 
State University breeding line MSU-7 has been 
characterized and carries only one anthracnose 
resistance gene, Co-7, derived from the dif-
ferential cultivar G 2333 (Vallejo and Kelly, 
unpublished data). These data suggest that 
Mexico 222 carries two genes for resistance 
to race 7. 

Alleles: A second allele at the Co-3 locus, 
present in the genotype Mexico 227 (now ex-
tinct) was reported (Table 2; Fouilloux, 1976, 
1979). This locus was one of the fi rst loci con-
ditioning resistance to anthracnose where alleles 
were described. The second allele in Mexico 
227 was not fully characterized; however, ac-
cording to Fouilloux (1979) it demonstrated 
weaker activity compared to the fi rst allele. The 
second allele was overcome by race 31 (kappa, 
ebnet), whereas the Co-3 gene in Mexico 222 
was resistant (Hallard and Trebuchet, 1976). 
Other alleles at the Co-3 locus have recently 
been reported in BAT 93 and PI 207262 (Ro-
dríguez-Suárez et al., 2004). 

Markers: None identifi ed.
Map location: Allelism tests and genetic 

linkage studies with Co-9 gene place the Co-3 
locus on B4 (Rodríguez-Suárez et al., 2004). In 
addition, the resistance spectrum of the cultivar 
Chaucha Chuga to 25 diverse and virulent races 
of C. lindemuthianum is similar to that of Co-3 
(includes races 47, 385 and 521; Beebe, personal 
communication). QTL were detected on linkage 
groups B4, B10 and B11 in mapping studies 
with ‘Chaucha Chuga’(López et al., 2003). 
Three QTL that conditioned resistance to C. 
lindemuthianum isolates (43COL = race 385; 
5DOM = race 47) were detected on B4 and 
one QTL mapped to the same region where the 
Co-9 gene was previously mapped (Geffroy et 
al. (1999).

Breeding value: The breeding value of the 
Co-3 locus is very specifi c to certain locations. 
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In some instances, Co-3 affords resistance 
to highly virulent MA races 3481, 3977 and 
3993 from Costa Rica that carry over fi ve 
virulence genes (Beebe, personal communi-
cation). In other countries, particularly Brazil 
and Mexico, the gene has little or no value 
due to frequent failure (Alzate-Marin et al., 
2001a; Balardin et al., 1997; Gonzalez et al., 
1998; Kelly, 2000). In the absence of further 
information on the reaction to other specifi c 
races, breeders would best focus initially on 
other loci for purposes of resistance breeding. 
To be effective in resistance breeding, Co-3 
should be included as a member of a gene 
pyramid provided linked markers are available 
to achieve this objective. 

Locus Co-4
Origin: The Co-4 gene, originally known 

as Mexique 2, was fi rst described in the geno-
type TO, derived from the cross of the cultivar 
Tenderette with the resistant line reported as 
‘Acapulco’ from Mexico (Bannerot, 1965; 
Fouilloux, 1976, 1979; Hallard and Trebuchet, 
1976). The resistance in TO was shown to be 
independent of the Co-1 locus (Young and Kelly, 
1997b), and the Co-2, and Co-3 genes (Fouil-
loux, 1976, 1979), the only three independent 
loci described at that time. 

Alleles: A second allele, Co-42, present in the 
genotype SEL 1308, derived from the highly re-
sistant anthracnose differential cultivar G 2333, 
has been reported at the Co-4 locus (Tables 1 
and 2; Young et al., 1998). The second allele 
provides greater resistance than the original Co-4 
allele and it is recognized among the broadest-
based resistance genes described in common 
bean (Balardin and Kelly, 1998; Silverio et al., 
2002). Additional alleles at the Co-4 locus have 
been identifi ed in the anthracnose differential 
cultivar PI 207262 (Table 2). Evidence for 
two independent genes in PI 207262 comes 
from crosses with the fi rst three differential 
cultivars, Michelite, MDRK, and Perry Mar-
row (Gonçalves-Vidigal et al., 1997). A two 
gene (15:1) segregation ratio was observed 
after inoculation with the race 23 (delta) that 
overcomes the resistance in all three differential 
cultivars. A three gene ratio (63:1) was observed 
in the F

2
 population of the cross PI 207262 x 

Cornell 49-242, the later carries the Co-2 gene. 
The genes present in PI 207262 are independent 
of the Co-1 and Co-2 loci. Additional allelism 
tests between PI 207262 and TO, G 2333, and 
SEL1308 confi rmed that another allele at the 
Co-4 locus is present in PI 207262 (Alzate Marin 
et al., 2001a, 2002b). Indirect evidence for the 
presence of other alleles at the Co-4 locus in 
PI 207262 comes from marker studies. Young 
et al. (1998) reported that the AS13 marker 
linked to the Co-42 allele in SEL 1308 and G 
2333 was present in TO (Co-4) and PI 207262. 
The OC8 marker reportedly linked to the Co-4 
allele (Castanheira et al., 1999) is also present 
in PI 207262. Since PI 207262 has been shown 
to carry two independent resistance genes (Gon-
çalves-Vidigal et al., 1997), and is lower in the 
differential series than TO (nos. 128 vs. 256), the 
Co-4 allele in PI 207262 must be different than 
previously reported alleles at the Co-4 locus in 
TO, G2333 and SEL 1308 (Young et al., 1998). 

The Co-4 allele present in PI 207262 must be 
less broad-based than the original Co-4 in TO, 
or Co-42 in SEL 1308. The gene symbol Co-43 
was proposed for the Co-4 allele in PI 207262 
(Alzate Marin et al., 2002c). Finally, prelimi-
nary evidence from our lab shows that another 
highly resistant genotype, G 2338, originating 
from the same region of Mexico (Chiapas) as 
G 2333, possess a 3-gene resistance pyramid 
that includes another allele at the Co-4 locus 
(Vallejo and Kelly, unpublished data). 

Markers: Markers linked to the different 
alleles at the Co-4 locus have been described. 
RAPD markers linked in coupling and repulsion 
in TO were reported (de Arruda et al., 2000; 
Castanheira et al., 1999). SCAR marker SAS13, 
tightly linked to the Co-42 allele in SEL 1308, 
was described by Young et al. (1998) and later 
confi rmed by Alzate-Marin et al. (2001c). These 
and others markers reported by Awale and Kelly 
(2001) differ in their specifi city to amplify alleles 
at the Co-4 locus. An open reading frame, COK-
4, coding for a serine-threonine kinase, with a 
high degree of similarity to the Pto resistance 
gene in tomato (Lycopersicon esculentum), has 
been cloned and shown to be tightly linked (0.39 
cM) to the resistance phenotype of the Co-42 al-
lele (Melotto and Kelly, 2001). Single nucleotide 
polymorphism (SNP) markers and cleaved am-
plifi ed polymorphic sequence (CAPS) markers 
for different alleles at the Co-4 locus have been 
identifi ed and proved to be more effective than 
SCAR marker in the identifi cation of alleles at 
the Co-4 locus in common bean (Melotto and 
Kelly, 2001). 

Map location: The Co-4 locus has been 
mapped to linkage group B8 (Fig. 1) on the 
integrated map using putatively linked SSR 
markers developed by Caixeta et al. (2003). 
Additional evidence comes from work by 
Mendez de Vigo (2001) who mapped Co-4 to 
B8 using the SAS13 marker as a probe. Indirect 
evidence for the presence of Co-4 on B8 comes 
from linkage studies with the color genes pres-
ent in P. vulgaris. Gantet et al. (1991) originally 
reported a tight linkage (2.3cM) between the 
Mexique 2 (Co-4) gene and the Anp (anthocya-
nins in the pod) gene that produces the purple 
pod phenotype. The Anp and the Prp (purple 
pod locus), both produce anthocyanins in bean 
pods are likely the same locus (Bassett, personal 
communication). Bassett (1994) reported a 
tight linkage between purple pod locus Prp 
and the complex C locus. Given the absence 
of crossovers in over 4,000 F

2
 plants, Bassett 

(1994) proposed the bracket convention [C Prp] 
to denote the tight linkage between these two 
genes. The C locus is a complex locus as it also 
includes the R gene for dominant red color [C 
R] (Bassett, 1995, 1996, 1998). The [C R Prp] 
complex locus is located on B8 (McClean et al., 
2002). Further confi rmation comes from Miklas 
et al. (2000a) who mapped the R gene to B8 and 
independently Gepts (1999) who also confi rmed 
that the C locus is located on B8. The presence 
of the [C R Prp] complex locus on B8, and the 
reported linkage of Co-4 locus with Anp (Prp) 
gene, support the location of the Co-4 locus on 
B8 (Kelly et al., 2003). Finally, the Co-4 locus 
was physically mapped using fl uorescent in situ 
hybridization (FISH) to the short arm of the 

bean chromosome 3 that corresponds to linkage 
group B8 (Melotto et al., 2004).

Breeding value: Co-4 is a complex locus and 
a very valuable locus depending on which allele 
is chosen in resistance breeding. The original 
Co-4 gene is too weak to be valuable in most 
breeding programs as the allele is overcome 
by many common races of the anthracnose 
pathogen in Mexico (Balardin et al., 1997; 
Gonzalez et al., 1998; Kelly, 2000), whereas the 
Co-43 allele in PI 207262 is potentially useful 
in Brazil (Alzate Marin et al., 2002b, 2003c; 
Gonçalves-Vidigal et al., 1999). Breeders should 
focus their attention on the Co-42 allele as the 
best resistance source available at the Co-4 
locus (Balardin and Kelly, 1998). The Co-42 
gene was confi rmed to be the only gene in the 
3-gene pyramid in G 2333 to afford resistance 
to the highly virulent race 2047 (Silverio et al., 
2002). The SAS13 marker has proven very use-
ful in MAS for anthracnose resistance (Miklas 
and Kelly, 2002) except in the improvement 
of large white fabada beans in Spain where its 
presence in susceptible cultivars has precluded 
its use (Ferreira et al., 2000). Since the SAS13 
marker is present in cultivars possessing other 
alleles at the Co-4 locus (Alzate Marin et al., 
2002c), other linked markers such as SH18 and 
SBB14 (Awale and Kelly, 2001) that distinguish 
between alleles at the Co-4 locus may be more 
useful in marker-aided breeding depending on 
the genetic background of the germplasm to 
be improved. In addition to the linked SCAR 
markers, SNP and CAPS markers were shown 
by Melotto and Kelly (2001) to be effective in 
separating between alleles at the Co-4 locus and 
could be used in marker-aided breeding. 

Locus Co-5
Origin: The Co-5 gene, originally known as 

Mexique 3, was fi rst described in the genotype 
TU derived from the cross of the susceptible 
cultivar Tenderette x Mexico (Bannerot, 1965; 
Fouilloux, 1976, 1979; Hallard and Trebuchet, 
1976). The resistance in TU was shown to be 
independent of the Co-1 (Young and Kelly, 
1997b), and the Co-2, Co-3 and Co-4 loci 
(Fouilloux, 1976, 1979), previously described 
at that time. 

Alleles: None confi rmed. The Co-5 resis-
tance gene was shown to be the same as/or allelic 
to the gene(s) in breeding lines TV derived from 
(‘Tenderette’ x Cozumel), TX (‘Tenderette’ x 
Taxco I), TY (‘Tenderette’ x Taxco II), and TW 
(‘Tenderette’ x Uxmall; Fouilloux, 1976, 1979) 
and SEL 1360 derived from G 2333 (Young 
and Kelly, 1996a). Since the Mexican lines 
described as resistance sources for the Co-3, 
Co-4 and Co-5 genes came from bean col-
lections made in Mexico and do not represent 
any known contemporary accession or cultivar, 
they are no longer available to verify if allelic 
differences exist. The same allele at the Co-5 
locus appears to be present in TU, SEL 1360 
and G 2333 (Young and Kelly, 1996a). Since 
the authors were unable to discriminate between 
TU and SEL 1360 using different races of the 
pathogen, they surmised that both genotypes 
carry the same Co-5 allele (Table 2). 

Markers: Markers linked to the Co-5 locus 
have been reported (Young and Kelly, 1997a). 
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Given the diffi culty of amplifying the OAB3
430

 
RAPD marker, a SCAR marker (SAB3) was 
developed (Vallejo and Kelly, 2001) and other 
RAPD markers linked to the Co-5 locus have 
recently been identifi ed (Castanheira et al., 
1999). The SAB3 marker was shown to be 
present in TU, SEL 1360, G 2333 and G 2338 
confi rming the presence of the Co-5 gene in all 
four cultivars (Vallejo, unpublished data). 

Map location: Unknown, as there is a lack 
of polymorphism for the SAB3 marker in the 
BAT 93 and Jalo EEP558 parents of the BJ 
mapping population. 

Breeding value: The Co-5 gene does not 
appear to have been widely deployed in re-
sistance breeding, althought it is among the 
most effective genes in a survey of races of 
C. lindemuthianum from Central America and 
Mexico (Balardin et al., 1997). The limited use 
of Co-5 in breeding makes the gene even more 
valuable to breeders interested in pyramiding 
independent resistance genes.

Locus Co-6
Origin: The Co-6 gene was fi rst reported in 

the cultivar Catrachita derived from the cross of 
BAT1225 x AB136 (Young and Kelly, 1996a). 
The resistant parent of ‘Catrachita’, AB136, 
fi rst described by Schwartz et al. (1982), car-
ries binary number 1024 in the anthracnose 
differential series (Melotto et al., 2000a). The 
Co-6 was confi rmed to be present in AB136 as 
a single dominant gene (Gonçalves-Vidigal et 
al., 2001; Poletine et al., 2000) conditioning 
resistance to races 23, 31, 69, and 453 (Gon-
çalves-Vidigal et al., 1997, 1999, 2001). The 
Co-6 gene replaces the original symbol ‘Q’ 
proposed by Gonçalves-Vidigal (1994) for the 
gene conditioning resistance to race 31 in AB 
136 (Table 2; Poletine et al., 2000). 

Alleles: None reported. Possible alleles at 
the Co-6 locus are discussed in relation to the 
co-8 gene. 

Markers: Two sets of RAPD markers linked 
in coupling and repulsion have been reported to 
fl ank the Co-6 locus (Alzate-Marin et al., 1999, 
2000; Young and Kelly, 1997a). At present no 
SCAR markers have been developed for the 
Co-6 gene.

Map location: The Co-6 locus was mapped 
to B7 (Fig. 1; Kelly et al., 2003; Mendez de Vigo 
(2001) using the OPZ04

560
 marker identifi ed by 

Alzate-Marin et al. (1999) and the presence of 
Z4

600
 marker on B7 of the integrated linkage 

map (Freyre et al., 1998). The Co-6 appears to 
be located in a region of B7 fl anked by the P 
(basic color gene) and Phs (phaseolin) genes 
(Freyre et al. 1998; Kelly et al., 2003) and near 
to the Ef (elongation factor, Adam-Blondon et 
al. 1994b), and the Co-v locus assigned provi-
sionally as an anthracnose resistance locus by 
Geffroy (1997).

Breeding value: The Co-6 offers broad-
based resistance to a large number of races of 
the anthracnose pathogen, particularly those of 
Andean origin. The gene should be particularly 
valuable in Brazil (Gonçalves-Vidigal et al., 
1997) where it conditioned resistance to all 
known isolates of C. lindemuthianum (Mene-
zes and Dianese, 1998). However, the Co-6 
gene is much less effective against MA races 

of anthracnose that predominate in Central 
America, Mexico and Ecuador (Balardin et al., 
1997; Falconi et al., 2003; Pastor-Corrales et 
al., 1995). The single gene has not lasted long 
in Central America where highly virulent races 
of the pathogen exist (Balardin et al., 1997; Pas-
tor-Corrales et al., 1994) so effective pyramids 
need to be developed to extend its value in 
geographic regions where the Co-6 gene has 
not been previously used.

Locus Co-7
Origin: The Co-7 locus was fi rst described by 

Young et al. (1998) as the third independent gene 
in the anthracnose differential cultivar G 2333. 
To fully characterize the Co-7 gene, a breeding 
line (SEL 111) was identifi ed with resistance 
to race 521 (overcomes Co-5), but without the 
Co-42 gene (absence of SAS13 marker). SEL 
111, assumed to carry two resistance genes 
(Co-5, Co-7) was crossed to the susceptible 
cultivar Black Magic and the F

2
 population was 

screened separately with races 7, 73, 449, 521, 
1545 to confi rm the presence of the two genes 
and isolate the Co-7 gene in a breeding line. After 
inoculation with race 73, the ‘Black Magic’ x 
SEL 111 population segregated 3:1 suggesting 
the presence of one not two genes as expected. 
Since SEL 111 possesses the Co-5 gene, the 
second gene must have been overcome by race 
73. Evidence that the third gene in G 2333 is 
defeated by race 73 came from the cross of Rudá 
(A285; susceptible) x G 2333 (Alzate-Marin et 
al., 1998). After inoculation with race 73, a two 
gene (15:1) ratio was observed suggesting that G 
2333 possessed only two independent dominant 
genes. Since G 2333 was previously shown to 
possess three genes (Young et al., 1998), the 
third gene in G 2333, must have been defeated 
by race 73. The only two major resistance genes 
defeated by race 73 are the Co-2 and Co-3 
genes. G 2333 does not possess the Co-2 gene 
since markers linked to Co-2 were absent in G 
2333 and the original F

2
 population inoculated 

with race 521 indicated the presence of genes 
other than Co-2, which is overcome by race 521 
(Pastor-Corrales et al., 1994). Since the third 
gene is resistant to race 521 and susceptible to 
race 73, the most likely candidate among the 
known genes is Co-3. To test this hypothesis, 
a F

2
 population from the cross Mexico 222 x 

MSU-7 (line derived from SEL 111 which car-
ries Co-7 as its only anthracnose resistance gene) 
was inoculated with race 7 which yields an R 
x R reaction in the parents. A 63:1 segregation 
ratio was observed (p = 0.98) which indicates 
that Co-7 is independent of Co-3 (Vallejo and 
Kelly, unpublished data). Further allelism tests 
need to be conducted to confi rm that Co-7 is 
independent of the other anthracnose resistance 
loci characterized. 

Alleles: None reported.
Markers: None reported.
Map location: Unknown. 
Breeding value: The breeding potential of 

the Co-7 is unknown at present. The major 
resistance gene among the three genes pres-
ent in G 2333 is Co-42 (Alzate Marin et al., 
2001c; Silverio et al., 2002; Young et al., 
1998), suggesting that the Co-7 may not be a 
broadly effective resistance gene. Until more 

information on its resistance pattern is available 
and/or linked markers are available, the gene 
is not recommended to breeders as a source 
of anthracnose resistance. 

Locus co-8
Origin: The co-8 gene was fi rst described 

in the genotype AB 136 (Alzate-Marin et al., 
1997), as an independent gene from the previ-
ously reported Co-6 gene in the same differential 
cultivar (Gonçalves-Vidigal et al., 1997, 1999; 
Young and Kelly, 1996a). The recessive co-8 
gene was reported in AB136 following inocu-
lation of 190 F

2
 individuals with race 73. The 

lack of F
3
 progeny data and the proximity of the 

two genetic ratios (13R:3S dominant: recessive 
ratio versus 3R:1S single dominant gene) puts 
into question the presence of the recessive co-8 
gene in AB136. Using linked markers the same 
authors were unable to support the presence of a 
recessive allele in the same population (Alzate-
Marin et al., 1999). In other inheritance studies 
where AB 136 was used as a parent, support 
for the presence of a recessive gene is lacking 
(Gonçalves-Vidigal et al., 1997, 1999, 2001; 
Poletine et al., 2000). All segregating ratios in 
four F

2
 populations support the presence of the 

single dominant Co-6 gene in AB 136 with no 
evidence for an independent recessive resistance 
gene. Recessive resistance to anthracnose has 
been reported in the literature, but in both in-
stances (beta; Cardenas et al., 1964; Muhalet 
et al., 1981) it appears to result from a reversal 
of dominance at the multi-allelic Co-1 locus. A 
similar situation may be occurring at the Co- 6 
locus in the cultivar AB 136 where the co-8 gene 
was fi rst reported (Alzate-Marin et al., 2001b). 
As co-8 is the only recessive resistance allele 
reported to control anthracnose, the presence 
of a multi-allelic resistance gene locus should 
be considered as an alterative explanation for 
this type of resistance. 

Alleles: None reported.
Markers: The OPAZ20

950
 RAPD marker 

previously reported linked (7.1cM) to the Co-
6 gene (Alzate-Marin et al., 2000), was also 
reported to be linked (2.2cM) to the co-8 in the 
cultivar AB 136 (Alzate-Marin et al., 2001b). 
The data also support the lack of independence 
of Co-6 and co-8.

Map location: Unknown. The co-8 gene 
reported on B4 (Gepts, 1999) is in error and 
should be the Co-9 gene previously mapped to 
B4 (Geffroy et al., 1999). 

Breeding value: In the absence of further 
genetic data on the co-8 gene, its resistance 
spectra to anthracnose, or map location to 
support its independence, breeders should be 
cautious in attempting to use this putative source 
of resistance to anthracnose. The fact that the 
same marker linked to Co-6 is also linked to 
co-8 gene suggests the existence of a complex 
locus at Co-6 and due to dominance relationships 
at the locus, co-8 could be a recessive allele at 
the Co-6 locus.

Locus Co-9 
Origin: The Co-9 gene, fi rst described by 

Geffroy et al. (1999) in the genotype BAT 93, 
provides resistance to four anthracnose races 
including the highly virulent Andean race 
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38. In addition, BAT 93 is resistant to 30+ 
races from Colombia, race 89 (alpha-Brazil), 
Kappa (race 31), Jota, Lambda -mutants from 
Europe, but is susceptible to C236 (race 141) 
from Guatemala (Schwartz et al., 1982). The 
resistance in BAT 93 is provided by one of the 
genes in the anthracnose differential cultivar 
PI 207262, one of the four parents of BAT 93 
(Rodriguez et al., 1995). Since the resistance 
pattern in BAT 93 is weaker than that of PI 
207262 (Schwartz et al., 1982) it would appear 
that BAT 93 inherited one of the two genes 
present in PI 207262 (Gonçalves-Vidigal et al., 
1997). The presence of a SCAR marker linked 
to Co-9 in BAT 93 and PI 207262 provided 
indirect confi rmation that the Co-9 gene in 
BAT 93 originated from PI 207262 (Mendez 
de Vigo et al., 2002). One of the genes in PI 
207262 is the Co-43 allele at the Co-4 locus. 
The absence of markers linked to alleles at the 
Co-4 locus in BAT 93 and present in PI 207262, 
confi rms that the second gene in PI 207262 is 
Co-9 (Table 2). Studies on the independence of 
the Co-9 have been conducted using PI 207262, 
not BAT 93, so insights into the uniqueness 
of Co-9 from all other characterized loci are 
based on indirect evidence from studies with 
linked markers. Recent inheritance studies, 
however, suggest that Co-9 gene in BAT 93 
is allelic to the Co-3 locus in Mexico 222 
(Rodríguez-Suárez et al., 2004). 

Alleles: Three alleles at the Co-9 locus were 
proposed by Alzate-Marin et al. (2003c). The 
original Co-9 gene is present in PI 207262, 
parent of BAT 93, Co-92 in BAT 93 and a third 
allele, Co-93 in ‘Widusa’. Since the Co-9 gene 
was fi rst described by Geffroy et al. (1999) 
in BAT 93, precedent is established for the 
original Co-9 allele in BAT 93. We believe 
that there is no evidence to suggest that a dif-
ferent allele is present in PI 207262 parent. 
The presence of other alleles in ‘Widusa’ is 
also supported by Rodríguez-Suárez (personal 
communication), who demonstrated co segre-
gation of a single resistance gene in ‘Widusa’ 
after inoculation with races 65, 73, 102 and 
453. The resistance gene was co-localized 
to B4 with markers linked to the Co-9 locus. 
This observation, however, is challenged by 
the existence of segregation in allelism tests 
between ‘Widusa’ and BAT 93 (Gonçalves-Vi-
digal et al., 2003), and ‘Widusa’ and PI 207262 
(Ferreira et al., 2003; Gonçalves-Vidigal et al., 
2003) after inoculation with different races 
of the pathogen. We conclude, based on the 
work of Rodríguez-Suárez et al. (2004), that 
multiple alleles are present at the Co-9 locus. 
The original Co-9 allele is present in both 
BAT 93 and PI 207262, another is allelic to 
the Co-3 gene, another appears to be one of the 
genes in ‘Widusa’ and others are either allelic 
or tightly linked to the provisionally assigned 
Co-y and Co-z resistance genes present in the 
Andean parent, Jalo EEP558 in the BJ mapping 
population (Geffroy et al., 1999). 

Markers: Eleven RFLP markers linked to 
the Co-9 locus were reported (Geffroy et al., 
1998). Nine of these markers came from the 
parent BAT 93, whereas the two other markers 
at this locus were linked with the Co-y and Co-z 
resistance gene(s) from the Andean parent in 

the BJ map. Recently, Mendez de Vigo et al. 
(2002) reported the presence of SCAR marker 
SB12 tightly linked (2.9 cM) to the Co-9. The 
presence of the SCAR marker in PI 207262 in-
directly confi rmed that the Co-9 gene in BAT 93 
came from the resistant parent, PI 207262. The 
absence of the marker in other members of the 
differential series (Jalo EEP558, Co-1; Cornell 
49-242, Co-2; Mexico 222, Co-3; TO, Co-4; 
‘Widusa’, MSU-7, Co-7; and G 2333, Co-42, 
Co-5, Co-7) and other genotypes (Vallejo, 
unpublished data) supports the independency 
of the Co-9 from previously characterized loci. 
Data with linked markers do not preclude, 
however, independence from other alleles or 
linked genes at the Co-3 locus. 

Map location: The Co-9 locus in BAT 93 
was mapped to linkage group B4 on the inte-
grated bean map (Fig. 1; Geffroy et al., 1999). 
Using SCAR markers linked to Co-9 and Ur-5 
(Melotto and Kelly, 1998), Mendez de Vigo 
et al. (2002) confi rmed the location of Co-9 
on B4. The Co-9 gene appears to be located 
at the end of linkage group B4 in a region of 
the map where two putative Andean resistance 
genes, Co-y and Co-z reside. The fact that these 
putative genes came from the Andean parent, 
‘Jalo EEP558’ mapped next to the Co-9 gene 
from BAT 93, was presented as evidence for 
an ancestral resistance gene cluster at this 
locus (Geffroy et al., 1999). Given that Jalo 
EEP558 was shown to carry a single major 
resistance gene, Co-1 (Vallejo, unpublished 
data), that mapped to B1, the presence of 
the two putative resistance genes Co-y and 
Co-z on B4 next to Co-9 is not supported by 
inoculation studies reported in the literature. 
Race 38, used by Geffroy et al. (1999) is a 
highly virulent Andean race with the ability 
to overcome the resistance in ‘Jalo EEP558’ 
(Vallejo et al., 2003) and other alleles at the 
Co-1 locus (Melotto and Kelly, 2000), whereas 
Co-9 in BAT 93 is resistant to race 38. The 
Co-9 gene reported on B2 (Gepts, 1999) is in 
error and should be the provisionally assigned 
gene Co-u (Geffroy, 1997) that mapped to B2 
(Kelly et al., 2003). Mention of Co-9 on B7 
(Miklas et al., 2000a) is in error and should 
be the provisionally assigned gene Co-v (Gef-
froy, 1997) that mapped to B7 (Kelly et al., 
2003). QTL for anthracnose resistance were 
recently mapped to B4 (Geffroy et al., 2000; 
López et al., 2003) and may represent the co-
localization of genes with partial effects on 
anthracnose resistance. For a more complete 
discussion of co-localization of QTL and major 
resistance genes the reader is referred to Kelly 
and Vallejo (2004).

Breeding value: The Co-9 gene has very 
specifi c breeding value against Andean races 
of anthracnose, but is susceptible to weaker 
MA races such as race 65 (epsilon) and 69 
(Poletine et al., 1999), whereas other workers 
have shown that BAT 93 is resistant to race 65 
(Alzate-Marin et al., 2003c). Since PI 207262 
is overcome by many anthracnose races from 
Mexico and Guatemala (Gonzales et al., 1998; 
Kelly, 2000; Schwartz et al., 1982), the Co-9 
is not a widely effective resistance source. 
Breeders should give preference to other MA 
broader-based resistance sources and may con-

sider using Co-9 only to diversify the resistance 
in gene pyramids because of its independence 
and potential value in controlling virulent 
Andean races such as 31 and 38. 

Locus Co-10 
Origin: The Co-10 gene present in the Brazil-

ian black bean cultivar Ouro Negro previously 
known as Honduras 35, was fi rst described 
as an independent locus from the previously 
characterized anthracnose resistance genes: 
Co-1 (MDRK), Co-12 (‘Kaboon’), Co-13 (‘Perry 
Marrow’), ‘Widusa’, Co-2 (Cornell 49-242), 
Co-3 (Mexico 222), Co-4 (TO), Co-42 (SEL 
1308), Co-43 and Co-9 (PI 207262), Co-5 (SEL 
1360), and Co-6 (AB 136) by Alzate-Marin et 
al. (2003b). Since neither the Co-7 nor co-8 
loci were fi xed or available in a single genetic 
background for testing at the time of this study, 
allelism tests were not conducted (Alzate-Marin 
et al., 2003b). 

Alleles: None reported. 
Markers: The Co-10 locus is linked at 12 

cM from the F10 RAPD marker (Alzate-Marin 
et al., 2003b).

Map location: The Co-10 gene is linked to 
the same F10 RAPD marker that was also linked 
to the rust resistance locus in ‘Ouro Negro’ 
(Alzate-Marin et al., 2003b). The F10 marker 
linked to the Ur-5 rust resistance gene (Haley et 
al., 1993) mapped to the B4 (Kelly et al., 2003) 
adjacent to the Co-9 locus. In the cross of ‘Ouro 
Negro’ (Co-10) x PI 207262 (Co-43, Co-9), 
Alzate-Marin et al. (2003b) demonstrated clear 
independence for a three-gene model, suggest-
ing that if Co-9 and Co-10 reside on B4, they 
are suffi ciently separate to be independent. In 
a related study on rust resistance loci, Alzate-
Marin et al. (2002b) showed independence 
between the Ur-5 locus and the rust resistance 
gene block in ‘Ouro Negro’ both previously 
assigned to B4 (Kelly et al., 2003). The Co-10 
gene reported on B7 (Gepts, 1999) is in error. 
The locus had been provisionally assigned the 
symbol Co-v (Geffroy, 1997) and the anthrac-
nose loci on B7 have been assigned to the Co-6 
and Co-v genes (Kelly et al., 2003).

Breeding Value: The potential of the Co-10 
gene is unknown outside of Brazil. Co-10 con-
fers resistance to C. lindemuthianum races: 23, 
64, 67, 73, 81, 83, 87, 89, 95, 102, 117, 119, 343, 
453, 1033, 1545 and 1600 common in Brazil 
(Alzate-Marin et al., 2003b). If the races listed 
above were problematic in other regions, the Co-
10 gene should be considered by bean breeders, 
once more-tightly-linked markers are available 
to assist in breeding resistance pyramids that 
would include the Co-10 gene. 

Anthracnose Resistance Loci

Major gene resistance to anthracnose follows 
a pattern similar to that described for resistance 
to bean common mosaic virus (BCMV) in 
common bean, where fi ve independent loci 
condition resistance to BCMV and multiple 
alleles are present at two loci (Drijfhout, 1978; 
Kelly et al., 1995, Miklas et al., 2000b). Similar 
genetic systems function in other crops such 
as wheat (Triticum aestivum), where 50 leaf 
rust Lr genes have been identifi ed (McIntosh 
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et al., 1995) and 28 powdery mildew Pm genes 
display a multi-allelic series (Zeller and Hsam, 
1998). In the case of anthracnose, resistance is 
localized at nine independent loci in the bean 
genome as the Co-3/Co-9 genes are allelic. With 
the exception of those loci (Co-5, Co-7, co-8) 
not yet mapped, all other loci are mapped to dif-
ferent linkage groups, although Co-3/Co-9 and 
Co-10 reside on B4 but appear to be unlinked 
(Alzate-Marin et al., 2003b; Rodríguez-Suárez 
et al., 2004). Multiple alleles (or tightly linked 
loci) have been shown to exist at a number of 
these loci: Co-1 (Alzate-Marin et al., 2003a; 
Gonçalves-Vidigal et al., 2003; Melotto and 
Kelly, 2000); Co-3 (Fouilloux, 1979; Ro-
dríguez-Suárez et al., 2004); Co-4 (Alzate 
Marin et al., 2002c; Young et al., 1998); and 
possibly the Co-2 locus (Muhalet et al., 1981). 
Recently described resistance genes such as in 
the Andean genotypes A193, ‘Diacol Calima’ 
and Jalo EEP558 appear to carry alleles at the 
Co-1 locus (Mendoza et al., 2001; Schwartz et 
al., 1982; Vallejo et al., 2003). Other loci such 
as the recessive co-8 gene, for example, lack 
insuffi cient genetic evidence to support their 
separate existence. The independence of nine 
anthracnose resistance genes distributed across 
the genome offers bean breeders the unique op-
portunity to pyramid complementary resistance 
genes (Duvick, 1996) and, in certain cases based 
on its resistance spectrum, to choose the most 
effective allele at different loci, as the most ef-
fective strategy in breeding for durable resistance 
to anthracnose (Kelly and Miklas, 1998).

Resistance Gene Clusters

An increasingly large body of scientifi c lit-
erature supports the theory that resistance genes 
are clustered within plant genomes (Meyers et 
al., 1998). Similar to the resistance gene clusters 
reported in other crops (Michelmore and Mey-
ers, 1998), the resistance genes for anthracnose 
are clustered with other resistance genes on 
different linkage groups in the bean genome 
(Kelly et al., 2003). As evidence from many 
crops continues to accumulate, the underlying 
premise that these highly conserved regions in 
the plant genome may provide complementary 
roles in resistance to a range of pathogens and 
pests alike. Genome effi ciency is implied by such 
arrangements. Gene clusters of anthracnose and 
Ur-rust resistance genes are located on linkage 
groups B1, B4 and B11 (Fig. 1). The Andean 
resistance genes for anthracnose, Co-1, and 
rust, Ur-9, cluster on B1, whereas MA genes, 
Co-3/Co-9 and Ur-5, cluster on B4 and other 
MA genes, Co-2 and Ur-3/Ur-11, cluster on B11 
(Kelly et al., 2003). Despite the recent evidence 
of gene clusters in common bean based on map-
ping studies of resistance genes (Kelly et al., 
2003; Miklas et al., 2000a), there is a paucity 
of similar information from more traditional 
genetic studies, which begs the question “Why 
are gene clusters so readily uncovered in map-
ping studies, not apparent in traditional genetic 
inheritance studies which have under-girded 
resistance breeding for decades?” Linkage 
between rust and anthracnose resistance loci on 
B1, B4 and B11 should facilitate simultaneous 
selection for resistance to both diseases but there 

are no conclusive results from breeding studies 
to support this idea. Might the gene clusters be 
so large that recombination can easily occur 
within the cluster? Evidence exists that genetic 
recombination occurs at the Ur-5 resistance gene 
block in the common bean genotype B-190. Re-
sistance to individual rust races in the bean line 
B-190 is conditioned by single dominant genes 
linked in coupling that appear to be inherited 
as a complex linkage block (Stavely, 1984a). 
The linkage block in B-190, known as the Ur-5 
locus (Kelly et al., 1996), behaves as a major 
Mendelian factor that has been tagged (Haley 
et al., 1993; Melotto and Kelly, 1998), mapped 
to B4 (Gepts, 1999; Kelly et al., 2003; Miklas 
et al., 2000a) and successfully integrated into a 
range of bean genotypes (Freytag et al., 1985; 
Stavely, 2000). Confi rmation that recombina-
tion has occurred within the closely linked gene 
block was based on the inoculation of 160 F

2
 

individuals with eight races of rust. A total of 
144 individuals exhibited the phenotype of the 
parents to all eight races, whereas an additional 
16 were resistant to one or more races and 
susceptible to the remainder. Two of the seven 
resistance genes appeared to be allelic, but the 
rest of the resistance genes were closely linked 
to one another (Stavely, 1984). 

In the case of anthracnose resistance genes, 
clusters have been reported at the Co-2 and Co-9 
loci (Creusot et al., 1999; Ferrier-Cana et al., 
2003; Geffroy et al., 1999). The breakdown 
of resistance conferred by Co-2, a gene that 
confers resistance to a wide variety of races, 
may have been aggravated by the disruption of 
the resistance gene cluster. In sunfl ower (He-
lianthus annuus), the P16 locus was believed 
to be race-non-specifi c because it conferred 
resistance to all known races at the time of the 
study. Recombination within the cluster was 
detected, however, in 150 F

3
 progeny inoculated 

with 5 races, and two genetically distinct regions 
were identifi ed which conferred race-specifi c 
resistance (Vear et al., 1997). Likewise, fi ve 
bean genotypes (Ecuador 299, Mexico 235, 
NEP-2, ‘Aurora’, 51051) that each possess the 
Ur-3 gene display different reaction to 20 rust 
races (Stavely, 1984b) suggesting that certain 
genotypes with the Ur-3 have lost members of 
the linked resistance gene cluster that constitute 
the Ur-3 gene cluster due to recombination 
events during the introgression of the gene 
into different genetic backgrounds. Similarly, 
resistance conferred by Co-2 could have broken 
down due to recombination events within the 
locus thus disrupting the functionality of closely 
linked resistance genes. Although multiple al-
leles at other anthracnose resistance loci have 
been reported, the possibility that there are 
multiple closely linked genes in a cluster is 
not excluded by the allelism test. Therefore, it 
is very likely that gene clusters can exist at loci 
where multiple alleles have been previously 
identifi ed. Allelism studies detect only linkage 
between two loci being tested, therefore one 
can only conclude whether two loci are less 
than or greater than 50 cM apart. This test for 
independence does not detect recombination 
events that occur within the putative cluster, 
because only one anthracnose race is typically 
used in the analysis. Despite the evidence of 

resistance gene clusters, practical breeding 
for resistance may not be greatly facilitated 
by this knowledge. The value of mapping for 
breeders is not the associated traits that might 
be carried along in crossing, but the knowledge 
of independence of resistance genes should 
facilitate the pyramiding of different genes to 
enhance resistance.

Anthracnose Differential Series

The twelve-cultivar differential series devel-
oped by Pastor-Corrales (1991) has been invalu-
able in accessing the pathogenic variability of C. 
lindemuthianum worldwide (Table 1; Melotto 
et al., 2000a). In addition, the differential set 
has served as a valuable source of resistance 
genes for breeding purposes. In selecting 
members to include in the differential series, 
consideration was given to choosing genetically 
diverse cultivars with differentiating reactions 
to isolates of C. lindemuthianum, to provide 
effective separation of variability present in 
the pathogen, whereas less consideration was 
given to the genetic or gene pool background of 
the cultivars. Five genotypes (MDRK, Cornell 
49-242, Mexico 222, TO, TU) were selected, as 
they possessed known independent resistance 
genes (Tables 1 and 2). In addition, the choice 
of ‘Michelite’ as the universal susceptible was 
interesting, as it is known to possess some level 
of resistance. A number of C. lindemuthianum 
races have since been classifi ed as race 0 due 
to their inability to pathogenize any member 
of the differential series including ‘Michelite’ 
(Sicard et al., 1997). These races could carry 
additional avirulence factors but they cannot 
be separated with the current differential set of 
cultivars. The genetics of the seven other dif-
ferential cultivars was unknown at the time of 
their selection for inclusion in the differential 
set. Given our current knowledge of the genetics 
of the 12 differential cultivars, consideration 
should be given to modifying the differential 
set to include only genotypes with single resis-
tance genes and/or add new sources of genetic 
resistance primarily from the Andean gene 
pool, which is underrepresented in the current 
differential set. The paucity of different resis-
tance genes of Andean origin represented in the 
differential series is supported by Beebe et al. 
(2001) who suggested that the lack of diversity 
in Andean bean landraces, based on molecular 
marker profi les, may be the result of limited 
domestication events in the Andean region. To 
date, we know the following: Ten different loci 
control anthracnose resistance in common bean. 
At least three loci are multi-allelic and differ 
in their effectiveness against a broad array of 
virulent races. In some instances a degree of 
dominance has been demonstrated between 
alleles at the Co-1 locus, for example. Certain 
differential genotypes such as ‘Perry Marrow’, 
PI 207262, and G 2333 carry multiple resistance 
genes that confound the analysis of the resistance 
spectrum of individual genes. Other genotypes 
such as, AB 136, Mexico 222 and ‘Widusa’, 
may carry additional resistance genes, as the 
genetic evidence for complementary three gene 
models (57:7 or 61:3) is common throughout the 
literature (Alzate-Marin et al., 2002b; Cardenas 
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et al., 1964; Ferreira et al., 2003; Melotto and 
Kelly, 2000; Muhalet et al., 1981). The exis-
tence of complementary resistance raises the 
possibility that bean genotypes carry resistance 
loci that behave as partial resistance in certain 
genetic backgrounds possibly detectable by 
QTL analysis (López et al., 2003). These loci 
that confer partial resistance could become 
detectable as major gene resistances in crosses 
with other genotypes that carry complementary 
partial resistance loci. QTL analysis has permit-
ted the identifi cation of regions of the genome 
that confer partial resistance to anthracnose. 
Geffroy et al. (2000) identifi ed 10 putative 
QTL scattered across the genome contributing 
from 11-76% of the phenotypic variation (Fig. 
1). Some of the QTL are race-specifi c and 
co-localize with other anthracnose resistance 
genes or defense response genes. This analysis 
was conducted using two strains of anthracnose 
that produce differential symptoms that could 
be measured on the two parental lines (BAT 93 
and Jalo EEP558) and the disease reaction on 
leaf, stem and petiole tissues of 77 RILs were 
measured. Although prudent pyramiding of 
resistance genes and deployment of appropriate 
resistance gene combinations has proven to be 
an adequate method of anthracnose control, the 
addition of QTL that confer partial resistance 
offers breeders additional tools in selecting for 
durable resistance. 

One of the unresolved anomalies is the 
number of resistance gene(s) present in the 
differential cultivar Widusa, a MA snap bean 
cultivar from Europe (Drijfhout and Davis, 
1989; Myers personal communication) with 
the binary number of 16 (Tables 1 and 2). 
Two reports confi rm that ‘Widusa’ carries a 
single dominant gene for resistance (3R:1S; 
Alzate-Marin et al., 2002a; Gonçalves-Vidigal 
et al., 2003), whereas a third study showed that 
Widusa carries two genes, one dominant and 
one recessive (13R:3S) after inoculation with 
race 38 (Ferreira et al., 2003). In all cases the 
susceptible parent in crosses with ‘Widusa’ 
(R) was different as were the races chosen to 
test for resistance in ‘Widusa’ (Table 3). Such 
results are not unexpected when using different 
pathogenic races as one race may be virulent and 
defeat the second gene in the resistant cultivar 
resulting in a different segregation ratio. In the 
case of G 2333 with three resistance genes, 1-, 
2-, and 3-gene segregation ratios have been 
reported depending on the race of the anthrac-

nose pathogen used to inoculate the different 
segregating populations (Pastor-Corrales et 
al., 1994; Poletine et al., 2000; Silverio et al., 
2002; Young et al., 1998). If one assumes that 
‘Widusa’ carries two major genes for resistance, 
the problem arises when attempting to confi rm 
which of the genes is complementary to other 
known resistance genes in the allelism tests. As 
a result of complementation testing, Gonçalves-
Vidigal et al. (2003) has suggested that ‘Widusa’ 
carries an allele at Co-1 (MDRK); Ferreira et al., 
(2003) suggests that ‘Widusa’ carries alleles at 
three different loci, Co-4 (TO), Co-6 (AB136) 
and also with ‘Michelite’ (no locus identifi ed); 
and Alzate-Marin et al. (2003c) suggests the 
‘Widusa’ carries an allele at Co-9 (BAT 93) 
supported by lack of segregation data in a cross 
with PI 207262 which also possesses the Co-
9 loci; and in mapping studies with multiple 
races 65, 73, 102 and 453 (Rodríguez-Suárez, 
personal communication). To add to the confu-
sion, clear segregation suggesting independence 
has been demonstrated in allelism tests between 
‘Widusa’ and TO (Alzate-Marin et al. 2002a; 
Gonçalves-Vidigal et al., 2003); ‘Widusa’ and 
BAT 93 (Gonçalves-Vidigal et al., 2003); and 
‘Widusa’ and PI 207262 (Ferreira et al., 2003; 
Gonçalves-Vidigal et al., 2003). Although in-
dividual researchers use different races, there 
is an assumption that the races are universally 
similar in pathogenicity but there has been a 
lack of correspondence between the results 
of BAT 93 (and PI 207262) inoculated with 
race 65. Alzate-Marin et al., (2003c) reported 
an incompatible reaction whereas Gonçalves-
Vidigal (personal communication) observed 
a compatible reaction. Additional studies are 
needed to resolve these anomalies, but the 
authors suggest that, in the future, allelism tests 
be conducted with the same race of the bean 
anthracnose fungus that was used initially to 
confi rm the existence of a particular resistance 
gene as different virulent genes in the pathogen 
generate different segregation patterns in host 
populations.

New Anthracnose Resistance Genes

As new resistance sources are identifi ed, 
breeders need to verify their independence from 
previously described loci, either through tests 
of allelism or map location based on linked 
markers. To reduce the confusion of assign-
ing gene symbols and map locations to new 

resistance sources, the authors wish to propose 
a simplifi ed system to verify independence, as 
the task of conducting ten separate allelism 
tests is formidable. Researchers should fi rst 
screen their unknown resistance genotype 
with markers linked to other known resistance 
genes before undertaking any allelism tests. If 
markers linked to a specifi c resistance locus 
were detected in the unknown source, then 
crosses would only need to be made with 
genotypes known to carry alleles at that locus. 
For example, if the SAS13 marker were pres-
ent in the unknown genotype after screening, 
one would only have to cross with genotypes 
known to carry alleles at the Co-4 locus. Al-
lelism tests would be conducted by selecting 
a race of the pathogen that is incompatible on 
both the unknown source and the genotype 
with an allele at the Co-4 locus. If markers 
linked to known anthracnose genes are not 
detected in the unknown source, then breed-
ers should start with crosses to one selected 
individual genotype for each Co-gene shown 
in Table 2, rather than with all members of 
the differential series in Table 1. Using these 
genotypes would help avoid duplication with 
different alleles at the same locus and simplify 
inheritance studies by using genotypes that 
carry single genes. Likewise similar informed 
choices of genotypes from the same gene pool 
origin of the unknown source ought to help 
reduce the number of crosses that need to be 
made. Determining if a new allele exists at a 
locus would require comparative screening 
with a diverse range of anthracnose races to 
detect differences in disease reactions. Only 
when a new independent locus is detected or 
allele identifi ed, a new gene symbol should be 
proposed. Researchers are requested to validate 
proposed new gene symbols for anthracnose 
resistance with the Genetics Committee of 
the Bean Improvement Cooperative (BIC; 
www.css.msu.edu/bic) before publication 
to prevent the duplication that has occurred 
in the past. A similar strategy has also been 
proposed to simplify the number of allelism 
tests needed to detect independence between 
rust resistance genes in common bean (Stead-
man et al., 2002).

Anthracnose Resistance Mapped Loci

Some anomalies exist in the published 
literature regarding the location and naming 

Table 3. Allelism tests conducted in segregating populations between ‘Widusa’ and other differential bean cultivars 

Widusa x  Resistance  Observed Expected
Differential genes Racez R to S ratio R to S ratio χ2 P Reference
MDRK  Co-1 65   200:0 --- --- --- Gonçalves-Vidigal et al., 2003
Michelite  --- 38 116:0  --- --- --- Ferreira et al., 2003
AB 136 Co-6 38  236:0    --- --- --- Ferreira et al., 2003
TO Co-4 38 114:0   --- --- --- Ferreira et al., 2003
TO     65 119:13 15:1 2.917 0.09 Alzate-Marin et al., 2002a
TO  7 174:12 15:1 0.013 0.92 Gonçalves-Vidigal et al., 2003
TO  73 200:11 15:1 0.387 0.53 Gonçalves-Vidigal et al., 2003
SEL 1308 Co-42 65 124:4 15:1 2.133 0.14 Alzate-Marin et al., 2002a
PI 207 262  Co-43+ Co-9 65 170:0   --- --- --- Alzate-Marin et al., 2001a
PI 207 262  38 303:12 61:3 0.544 0.46 Ferreira et al., 2003
PI 207 262  73 352:6 63:1 0.029 0.86 Gonçalves-Vidigal et al., 2003
BAT 93  Co-9 65 78:0   --- --- --- Alzate-Marin et al., 2003c
BAT 93  7 229:17 15:1 0.183 0.67 Gonçalves-Vidigal et al., 2003
zThe choice of race for inoculation was made to generate an R x R reaction in the different segregating populations.
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of certain anthracnose resistance genes (Co-7, 
Co-8, Co-9, and Co-10). These discrepancies 
have resulted primarily from assigning a gene 
symbol when one already existed rather than 
from a map location error. The map locations 
are fi rm so the authors have reassigned gene 
symbols to the loci in question based on the 
most recent bean map (Kelly et al., 2003). For 
example: Map location of Co-8 on B4 (Gepts, 
1999) was reassigned to Co-9; Co-9 on B2 
(Gepts, 1999) was reassigned to Co-u; Co-9 
on B7 (Miklas et al., 2000a) was reassigned 
to Co-v; and Co-10 on B7 (Gepts, 1999) was 
reassigned to Co-v (Kelly et al., 2003). Breeders 
should fi rst consider the map location(s) of loci 
with provisional symbols in attempting to fi nal-
ize the mapping of Co-5 and Co-7 loci and/or 
new loci that might be detected later. These 
include Co-u on B2, Co-v on B7 next to Co-6, 
and the QTL mapped to B3 and B10 (Beebe et 
al., 1998; Geffroy, 1997; Geffroy et al., 2000; 
Kelly et al., 2003; López et al., 2003). Loci 
with provisional symbols were assigned map 
locations, although full allelism tests were not 
conducted to assure their independence. These 
symbols were assigned letter codes as putative 
new specifi cities (Geffroy, 1997; Geffroy et 
al., 1999). A number of these provisional loci 
coincide with known anthracnose resistance loci 
based on map locations (Kelly et al., 2003). For 
example: Co-x and Co-w coincide with Co-1 on 
B1; Co-y and Co-z coincide with Co-3/Co-9 
on B4; and Co-v coincides with Co-6 on B7 
(Fig. 1). QTL for resistance were also reported 
on these same linkage groups (Geffroy et al., 
2000; López et al., 2003). Actual overlapping 
locations were not expected as these loci were 
mapped in different labs and populations, but the 
coincidence suggests that they may represent the 
same region where major anthracnose resistance 
genes reside in the bean genome.

Conclusions

The review illustrates that the apparent vari-
ability for resistance to anthracnose in common 
bean is not as extensive as fi rst thought. In fact 
many resistance genes appear to be members 
of allelic series as was demonstrated at the Co-
1, Co-3, Co-4, and Co-9 loci or as resistance 
gene clusters located on linkage group B4 for 
example. Multiallelic series and gene clusters 
limit the breeders’ choice of useful genes in 
breeding for anthracnose resistance. Mapping 
has confi rmed the location of most major resis-
tance genes conferring resistance to anthracnose 
and provided opportunities for gene pyramid-
ing to develop more durable resistance to the 
high variable pathogen, C. lindemuthianum. It 
is interesting that only one Andean resistance 
locus has been identifi ed and that fi ve loci (Co-3, 
Co-4, Co-5, Co-7, Co-9) are of Mexican origin. 
New sources of resistance need to be sought 
to diversify the resistance spectrum of future 
bean cultivars. The authors recommend that 
bean breeders evaluate the potential for stable 
resistance not only in the primary gene pool of 
P. vulgaris but seek potential new and novel 
sources of resistance in the secondary gene 
pool as suggested by Muhuku et al. (2002). 
In closing, no anthracnose resistance genes 

have been cloned in common bean, so more 
work is needed towards the elucidation of the 
molecular mechanisms behind resistance. On 
the pathogen side, research is needed to confi rm 
the gene-for-gene model and to characterize 
the plant/pathogen (Phaseolus vulgaris/Col-
letotrichum lindemuthianum) interaction at the 
molecular level.
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