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Abstract

Kiryakov, I., D. Genchev, 2006. Identification of two alleles at locus Co-1 in com-
mon bean accessions using three races of Colletotrichum lindemuthianum.

In common bean, alleles at locus Co-1 provides resistance to Middle America (MA)
races of Colletotrichum lindemuthianum, among them being race 81, which is widespread
in Bulgaria. Up to now four alleles have been identified at the locus Co-1. Three of them
were present in the differential cultivars “MDRK” (Co-1), “Perry Marrow” (Co-13) and
“Kaboon” (Co-12). Races 6 and 2 of the fungus were virulent to the alleles present in the
first two varieties. This study considers the reaction of 190 common bean accessions to
races 81, 6 and 2 of C. lindemuthianum with the aim to select cultivars and lines possess-
ing alleles Co-1 and Co-13. The plants were grown in a greenhouse at 20-25o C day tem-
perature and 18-20o C night temperature. Plants were sprayed with spore suspension 106

spores/ml seven days after germination. Spore mass of one isolate from each race of the
fungus - 81, 6 and 2, was used as inoculum. Following inoculation, plants were transferred
to a moist chamber for 72 hours at 20-22/16-19o C day/night temperature. Disease reac-
tion was read 7-10 days after inoculation according to a 9-degree scale: 1-3 - resistant, 5-
9 - susceptible. Twenty-six of the investigated accessions demonstrated resistance to race
81. Accessions “IIRR 7585”, “Trudovets” and “Vranya 1” were susceptible to races 2
and 6; this is an indication that their resistance to race 81 is controlled by allele Co-1.
Cultivars “Laker”, “Montcolm”, “Mecosta” and “Red Hawk”, and lines “SEQ 1005”
and “ICA Linea 64” were susceptible to race 6 and resistant to race 2. These results
showed that their resistance to race 81 is controlled by allele Co-13. The above accessions
are suitable donors for resistance to the MA races of the fungus widespread in Bulgaria.
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Ðåçþìå

Êèðÿêîâ, È., Ä. Ãåí÷åâ, 2006. Èäåíòèôèöèðàíå íà äâà àëåëà îò ëîêóñ Co-1 â
îáðàçöè îáèêíîâåí ôàñóë èçïîëçâàéêè òðè ðàñè íà Colletotrichum lindemuthianum

Ãåí Co-1 ïðè îáèêíîâåíèÿ ôàñóë îñèãóðÿâà óñòîé÷èâîñò êúì  ðàñèòå îò Middle
America (MA)  ïîïóëàöèèòå íà Colletotrichum lindemutianum, ìåæäó êîèòî å è
ðàçïðîñòðàíåíàòà â Áúëãàðèÿ ðàñà 81. Äî òîçè ìîìåíò ñà èäåíòèôèöèðàíè ÷åòèðè
àëåëà íà ãåíà â ëîêóñ Co-1. Òðè îò òÿõ ñà ïðåäñòàâåíè â ñîðòîâå “MDRK” (Co-1),
“Perry Marrow” (Co-13) è “Kaboon” (Co-12) âêëþ÷åíè â äèôåðåíöèðàùèÿ êëþ÷ íà
àíòðàêíîçàòà. Ðàñè 6 è 2 íà ãúáàòà ñà âèðóëåíòíè êúì àëåëèòå ïðåäñòàâåíè â ïúðâèòå
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äâà ñîðòà. Â íàñòîÿùîòî èçñëåäâàíå å ïðîó÷åíà ðåàêöèÿòà íà 190 îáðàçöè îáèêíîâåí
ôàñóë êúì ðàñè 81, 6 è 2 íà C. linthemuthianum ñ öåë îòáîð íà ñîðòîâå è ëèíèè
ïðèòåæàâàùè àëåëè Co-1 è Co-13. Îáðàçöèòå ñà îòãëåäàíè â îðàíæåðèÿ ïðè 20-25°Ñ
äíåâíà è 18-20°Ñ íîùíà òåìïåðàòóðà. Ðàñòåíèÿòà ñà îïðúñêàíè ñúñ ñïîðîâà ñóñïåíçèÿ
106 ñïîðè/ ml ñåäåì äíè ñëåä ïîíèêâàíå. Çà èíîêóëóì å èçïîëçâàíà ñïîðîâà ìàñà îò
ïî åäèí  èçîëàò íà ðàñè 81, 6 è 2 íà ãúáàòà. Ñëåä èíîêóëèðàíå, ðàñòåíèÿòà ñà ïîñòàâåíè
âúâ âëàæíà êàìåðà çà 72 h ïðè 20-22/16-19°Ñ äíåâíà, ðåñïåêòèâíî íîùíà òåìïåðàòóðà.
Áîëåñòíàòà ðåàêöèÿ å îò÷åòåíà 7-10 äíè ñëåä èíîêóëèðàíå ïî 9 áàëíà ñêàëà: 1-3,
óñòîé÷èâè, 5-9, ÷óâñòâèòåëíè. Óñòîé÷èâîñò êúì ðàñà 81 ïîêàçâàò 26 îò ïðîó÷âàíèòå
îáðàçöè. Îáðàçöè “ÈÈÐÐ 7585”, “Òðóäîâåö” è “Âðàíÿ 1” ñà ÷óâñòâèòåëíè êúì ðàñè
2 è 6 êîåòî ïîêàçâà, ÷å óñòîé÷èâîñòòà èì êúì ðàñà 81 ñå êîíòðîëèðà îò àëåë Co-1.
Ñîðòîâå “Laker”, “Montcolm”, “Mecosta” è “Red Hawk” è ëèíèè “SEQ 100”5 è “ICA
Linea 64” ñà ÷óâñòâèòåëíè êúì ðàñà 6 è óñòîé÷èâè êúì ðàñà 2. Òåçè ðåçóëòàòè
ïðåäïîëàãàò, ÷å óñòîé÷èâîñòòà èì êúì ðàñà 81 ñå êîíòðîëèðà îò àëåë Co-13.
Ïîñî÷åíèòå îáðàçöè ñà ïîäõîäÿùè äîíîðè çà óñòîé÷èâîñò êúì ðàçïðîñòðàíåíèòå ó
íàñ MA ðàñèòå íà ãúáàòà.

Êëþ÷îâè äóìè: Îáèêíîâåí ôàñóë – Àíòðàêíîçà – Ðàñè – Ðàñîâî-ñïåöèôè÷íè ãåíè

INTRODUCTION

Anthracnose causes serious problems to bean production in the mountainous and
semi-mountainous regions of Bulgaria. The disease is of sporadic occurrence in the plain
areas but under conditions favorable for its development it can cause considerable dam-
ages. The cause agent of the disease, the hemibiotrophic fungus Colletotrichum
lindemuthianum is characterized by a great virulent diversity. Up to now over 100 physi-
ological races of the fungus have been identified worldwide by using a standard differential
set (Rodrigues-Guerra et al., 2003). In Bulgaria seven races have been identified but the
main races are 81, 2 and 6 (Kiryakov & Genchev, 2004).

The resistance of common bean to anthracnose is controlled by race-specific genes
localized at nine independent loci (Kelly and Vallejo, 2004). Among all loci characterized
as conditioning resistance to the fungus, Co-1 is the only locus originating in the Andean
gene pool in common bean (Gepts, 1988). Four alleles were identified at the locus Co-1
and three of them are present in the differential cultivars “Michigan Dark Red Kidney”
(MDRK), “Perry Marrow” and “Kaboon” (Kelly & Vallejo, 2004). The alleles at the locus
Co-1 are efficient against the Middle America (MA) races of the pathogen, race 81 being
among them.

The use of molecular markers and physiological races allows identifying of one or
more race-specific genes in individual genotypes (Pastor-Corrales & Stavely, 2002). Ac-
cording to Silbernager (1994), the use of 4 strains of BCMV and BCMNV allows to identify
race-specific genes in bean accessions, as well as their combination with the inhibitory
gene I. Pastor-Corrales and Stavely (2002) involved 8 races of Uromyces appendiculatus
to identify genes Ur-3, Ur-4, Ur-5 and Ur-11 in bean accessions.

This study investigates the reaction of common bean accessions to three races of C.
lindemuthianum with the aim to select cultivars and lines which possess alleles Co-1 and
Co-13.

MATERIAL AND METHODS

Plant material. The investigation included 190 bean accessions (Phaseolus vulgaris
L.) from the collection of DAI - General Toshevo. Twelve seeds from each accession were
sown in plastic pots of 45 x 30 x 8 cm containing soil-and-sand mixture (3:1), 12 acces-
sions per pot, in two replications. The plants were grown in a greenhouse at 20-25o C day
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temperature and 18-20o C night temperature.
Preparation of inoculum. The investigation included a monospore isolate from each

of races 81, 6 and 2. The isolates were cultivated on modified Mathur’s medium (dextrose,
8 g/l; MgSO4 7 H2O, 2.5 g/l; KH2PO4, 2.7 l/l; peptone, 2.4 g/l; yeast agar, 2.0 g/l; agar 16 g/
l) (Balardin & Kelly, 1998) at 18±1o C at dark for 10 days. The spore substance was washed
with sterile distilled water and after filtration through sterile gauze the suspension was
reduced to concentration 106 spores/ml.

Inoculation and reading of reaction. Seven days after germination, plants were pul-
verized with spore suspension from isolate of race 81 and transferred to moist chamber for
72 h at 20-22/16-19o C day/night temperature. The reaction of the accessions was read 7-
10 days after inoculation according to a 9-degree scale (Genchev & Kiryakov, 1994). The
accessions with disease reaction 1-3 were considered resistant, and those with reaction 5-
9 were susceptible. The accessions resistant to race 81 were inoculated with races 6 and
2 according to the same methodology.

RESULTS

Twenty-six of the investigated accessions showed resistance to race 81 of C.
lindemuthianum (Table 1).

Twelve of these cultivars/lines were susceptible to race 6 and/or 2. Accessions “IIRR
7585”, “Trudovets” and “Vranya 1” were susceptible to both races. The cultivars “Laker”,

Table 1. Reaction of 26 bean accessions from the collection of DAI-General Toshevo 
to races 2, 6 and 81 of C. lindemuthianum 

Accession Race 81 Race 6 Race 2 Presence of the locus 
Co-1 / allele 

IIRR 7585 R* S S Co-1 
Trudovetc R S S Co-1 
Vrany 1 R S S Co-1 
SEQ 1005 R S R Co-13 
ICA Linea 64 R S R Co-13 
Red Hawk R S R Co-13 
Mecosta R S R Co-13 
Montcolm R S R Co-13 
Laker R S R Co-13 
DRK 134 R R S Co-1; ? 
Dunav 1 R R S Co-1; ? 
WA 1921-1-1 R R S Co-1; ? 
Chinook 2000 R R R - 
Beluga R R R - 
Astria R R R - 
Contessa R R R - 
Titan R R R - 
Silvert R R R - 
Amanda R R R - 
Imuna R R R - 
A 195 R R R - 
A 475 R R R - 
Drezden R R R - 
MX 18-34-1 R R R - 
NAB 19 R R R - 
A 769 R R R - 
 *R –resistant; S - susceptible 
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“Montcolm”, “Mecosta” and “Red Hawk”, and lines “SEQ 1005” and “ICA Linea 64”
were susceptible to race 6 and resistant to race 2. Cultivar “Dunav” and lines “DRK 134”
and “WA 1921-1-1” were susceptible to race 2 and resistant to race 6. The other 14 ac-
cessions were resistant to the three races of the fungus.

DISCUSSION

Three of the four alleles identified at the locus Co-1 are present in the differential
cultivars “MDRK”, “Perry Marrow” and “Kaboon” (Table 2) (Kelly & Vallejo, 2004). Allele
Co-1 is present in cultivar “MDRK”, which has binary number 2 in the differential set
(Melloto & Kelly, 2000). This cultivar is susceptible to races 2 and 6. Allele Co-12 is present
in cultivar “Kaboon” and has binary number 32. This cultivar is resistant to races 2 and 6
and therefore it is not possible to identify allele Co-12 through the above races. The third
allele at the locus Co-1 - Co13, is present in cultivar “Perry Marrow” and has binary
number 4. “Perry Marrow” is susceptible to race 6 and resistant to race 2. Race 81 is
avirulent to these cultivars, and to the three alleles in locus Co-1, respectively.

In testing the reaction of 190 bean accessions to race 81 of C. lindemuthianum, it was
established that 26 lines/cultivars were resistant to the race (Table 1). The susceptible
reaction of 9 of these accessions revealed that they possessed locus Co-1 with one of the
two alleles - Co-1 and Co-13. The susceptibility of “IIRR 7585”, “Trudovets” and “Vranya
1” to race 2 confirmed the presence of allele Co-1 in them. The resistance of cultivars
“Laker”, “Montcolm”, “Mecosta” and “Red Hawk” and of lines “SEQ 1005” and “ICA
Linea 64” to race 2 confirmed the presence of allele Co-13. Since race 2 has avirulent
genes with regard to allele Co13, it is possible that locus Co-1 is represented in two allele
conditions of the gene (Co-1 and Co13) in some of these accessions.

Contradicting results were observed in cultivar “Dunav 1” and lines “DRK 134” and
“WA 1921-1-1” (Table 1). These accessions were resistant to races 81 and 6, but suscep-
tible to race 2. Their susceptibility to race 2 indicated the presence of locus Co-1. In this
case their reaction to race 6, possessing a virulent gene with respect to this allele, should
be susceptible, too. The reason for these contradictory data is the lack of thorough infor-
mation on the virulent/avirulent genes in the respective races. The virulent phenotype of

Table 2. Reaction of 12 bean varieties included in the differential set of anthracnose  
to races 81, 6 and 2 of C. lindemuthianum 

Ràñe 81 Race 6 Race 2 Differential 
cultivars Host genes Binary 

number 
Gene 
Pool* vir/avr 

genes ** 
vir/avr 
genes  

vir/avr 
genes 

Michelite - 1 MA + - - 
MDRK Co -1 2 A - + + 
Perry Marrow Co -13 4 A - + - 
Cornell 49242 Co -2 8 MA - - - 
Widusa - 16 MA + - - 
Kaboon Co -12 32 A - - - 
Mexico 222 Co -3 64 MA + - - 
PI 207 262 Co -43 , Co-9 128 MA - - - 
TO Co -4 256 MA - - - 
TU Co -5 512 MA - - - 
AB 136 Co -6, co-8 1024 MA - - - 
G 2333 Co -42 , Co-5 Co-7 2048 MA - - - 
G 2333 Co -42 , Co-5 Co-7 2048 MA - - - 

* A -  Andean ; MA – Middle American  
** + virulent genes;  -  avirulent genes 
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the two races is determined by the reaction of the cultivars in the differential set (Table 2).
It could be presumed that there are differences between the two races which can not be
identified by the differential set of cultivars. These accessions probably possess more than
one race-specific gene determining their resistance to anthracnose race 81, and one of
them is allele Co-1.

The resistance of the other 14 accessions presented in Table 1 to the three races
implies presence of other race-specific genes, including alleles from locus Co-1 (Co-12 or
Co-14) which are to be identified additionally.

A strategy for the management of race-specific resistance to plant disease is to pyra-
mid two or more resistance genes into a single plant genotype (Mundt, 1990). The alleles
at the locus Co-1 of bean provide resistance to the MA races of C. lindemuthianum. This
makes the accessions possessing this locus a suitable donor of resistance in breeding of
beans of MA origin, particularly in those regions where the MA races of the anthracnose
fungus predominate (Balardin et al., 1997). The results obtained showed that 12 of the
investigated 190 bean accessions have locus Co-1. The resistance of accessions “IIRR
7585”, “Trudovets” and “Vranya 1” to race 81 is controlled by allele Co-1. Accessions
“Laker”, “Montcolm”, “Mecosta”, “Red Hawk”, “SEQ 1005” and “ICA Linea 64” pos-
sess allele Co13. These accessions can be included in the breeding program for resis-
tance to the MA races of the pathogen widespread in Bulgaria. Cultivar “Dunav 1” and
lines “DRK 134” and “WA 1921-1-1” have more than one race-specific gene, one of them
being Co-1. Further researches will be necessary to identify these genes.
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