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The Bean Anthracnose Resistance Gene Co-5, is Located in Linkage Group B7
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Introduction

Anthracnose, caused by fungus Colletotrichum lindemuthianum (Sacc.&Magn.) Scrib., is one of
the most important diseases of common bean (Phaseolus vulgaris L.), causing economic losses in many
parts of the world. At least, nine independent genes involved in the genetic control of the resistance to this
pathogen have been described in common bean (Kelly&Vallejos, 2004). However, only six anthracnose
resistance genes have been mapped: Co-/ in linkage group B1; Co-2 in B11; Co-3/Co-9 in B4; Co-4 in
BS8; Co-6 in B7. In addiction, the existence of other anthracnose resistance genes in the genetic map of
common bean has been suggested: Co-x and Co-w in linkage group B1, Co-u in B2, Co-y and Co-z in B4
and Co-v in B7 (Kelly et al., 2003).

The Co-5 resistance gene was originally described in the bean cultivar TU. This is one of the
twelve differential cultivars used for the identification of pathogenic variants of the fungus, containing
resistance to numerous races (Mahuku & Riascos, 2004). The results of various allelism tests using
specific races showed that the resistance present in TU is independent of genes Co-1, Co-2, Co-3/Co-9
and Co-4 (Kelly & Vallejos, 2004). The objective of this study was to map the Co-5 anthracnose
resistance gene using molecular markers previously included in genetic maps of common bean.

Material and Methods

The analysis was developed on a F, population obtained from the cross between the differential
cultivars TU and MDRK. The TU cultivar is resistant to race 38 while the MDRK cultivar is susceptible
to this race. The evaluation for the reaction against race 38 was carried out on a total of 86 F,.; families.
At least 16 F; seedlings derived from each F, plant were inoculated using race 38 according to standard
methods (Pastor Corrales et al., 1994).

In order to position the Co-5 gene, the segregation of different SCAR or RAPD markers linked to
anthracnose resistance genes (including the SCAR SAB3, previously linked to Co-5; Vallejos & Kelly,
2001), and SSR markers previously included in the genetic map of common bean (Blair et al., 2003),
were used. The different DNA markers were analyzed according to the instructions of the respective
authors. On the other hand, the phaseolin segregation and other seed proteins were examined. The seed
proteins analysis and the designation of the different bands were carried out according to Ferreira et al.
(2000).

The genetic distance between the loci were determined with the aid of MAPMAKER using a
LOD score minimum of 3.0 (Lander ef al., 1987).

Results and Discussion

The F,.; population was evaluated for resistance to race 38, and the observed segregation showed
a fit to a 1:2:1 ratio, agreeing with the hypothesis of one dominant resistance gene being involved in the
resistance (y°12:1= 0.34; p>0.05). Table 1 shows the analysis of linkage between the resistance gene and
several markers. The resistance locus was linked to marker SAB3 (Co-5), and showed an independent
segregation of the molecular markers linked to other anthracnose resistance genes: OF10°", linked to Co-
1 (Young & Kelly, 1997); SCAReoli, linked to Co-2 (Geffroy et al., 1998); SW12, linked to Co-3/Co-9
(Méndez-Vigo et al., 2005); OI16*°, linked to Co-4 (Cardoso et al., 2000); OAK20*° linked to Co-6
gene (Young & Kelly, 1997); and OF10'°, linked to Co-10 gene (Alzate-Marin et al., 2003). This
indicates that the gene involved in this resistant reaction is Co-3.

On the other hand, the resistance was linked to the seed proteins, phaseolin (Phs) and Sp4/Sp5.
Phaseolin is the main seed protein and it has been mapped on linkage group B7. In order to confirm the
localization of Co-5 in this linkage group, molecular markers BM183 and SASS, mapping on B7 (Blair et
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al., 2003; Larsen &Miklas, 2004), were also analyzed (Table 1). Phs, Sp4/Sp5, SASE, BM183, SAB3 and
the resistance gene were located in the same linkage group, and a genetic map was developed (Figure 1).

In linkage group B7, the presence of two anthracnose resistance genes (Co-v and Co-6), has been
described (Kelly et al., 2003). The absence of linkage found between OAK20g9, and the resistance gene
studied in this work confirms the independence between Co-6 and Co-5. However, the proximity between
Co-v and the phaseolin (Kelly et al., 2003), suggests a possible allelism or close linkage between Co-v
and Co-5. A cluster including resistances to several diseases, closely linked to marker SASS, in linkage
group B7, has been also described (Larsen & Miklas, 2004). The results obtained here concerning the
relative positions of SAS8 and Co-5 with respect to the phaseolin (Figure 1), suggest that Co-5 is not
included in such cluster.

Table 1. Observed ratios, recombination frequencies (RF) and LOD obtained in the population derived from the
cross TU x MDRK for the resistance to race 38 of C. /indemuthianum and different markers situated in the genetic
map of common bean. +/- = presence/ absence of the corresponding marker; R/r = resistant/ susceptible.

F, plants
Linked gen RR Rr rr
or linkage TU MDRK
Markers group (RR) (rr) ++ +- o[- H[+ +[- -[- 4+ +- -[- RF LOD
Phs B7 S T 1 3 18 5 25 4 13 2 1 013 1249
Sp4/Sp5 B7 - + 9 13 26 8 15 1 025 3.23
SAS8 B7 + - 16 3 30 8 8 11 030 196
BM183 B7 + - 16 6 27 9 11 8 043 020
SAB3 Co-5 + - 22 0 32 6 3 15 012 8.6l
SCAReoli Co-2 + - 13 9 21 17 12 7 050  0.00
SW12 Co-3/Co-9 + - 14 7 29 8 11 8 046  0.06
OF10'™ Co-10 + - 12 8 29 8 8 11 042 029
OF10™" Co-1 + - 16 5 28 10 15 4 050 0.00
1016™° Co-4 + - 13 3 24 6 11 4 044  0.00
0AK20*° Co-6 : + 13 4 23 8 14 2 044 0.11
BM183 SASS Phs Co-5 SAB3  Sp4/Sp5
| | | | [ |
[ | | 1 | | 1)
] ] ] ] I ]
240 20.1 13.8 14.4 13.3

Figure 1. Relative positions of three molecular markers, two seed proteins and the Co-5 gene, involved in the
resistance against race 38.
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