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ABSTRACT

A total of 123 bean genotypes collected from different regions of Turkey and 7 foreign anthracnose-resistant varieties
were evaluated for resistance to anthracnose disease caused by the fungal pathogen Colletotrichum lindemuthianum
(Sacc. and Magn.) Lambs. Scrib. Analysis was conducted using artificial inoculation as well as resistance-linked
molecular markers. Artificial inoculation was performed in a growth chamber using Race 55. Molecular markers were
obtained from SCAR [SAS13 (950 bp, Co-4?), SC08 (910 bp, Co-4), SF10 (1072 bp, Co-10), SZ04 (567 bp, Co-6)] and
RAPD (OA18;500 (1500 bp, Co-1%) primers associated with resistant genes. Results of artificia inoculation showed that
in addition to the 7 foreign varieties, 21 Turkish bean genotypes were anthracnose-resistant, while the remaining 102
Turkish genotypes were not. Moreover, results of molecular-marker screening indicated the presence of one or more
amplicons associated with resistant-gene markers (Co-42, Co-4, Co-6, Co-10 and Co-1°) in the majority of resistant
genotypes. Only one accession (G89) had all 5 amplicons, and 6 accessions (G19, G20, G34, G93, G97 and Jaguar) had
no amplicons. The present study discovered Turkish bean germplasm of both Andean and Mesoamerican source to have
a high level of resistance against anthracnose Race 55. In addition, amplicons connected with several resistance genes
were found in this broad bean germplasm. Bean genotypes distinguished in the present study as anthracnose resistant
could be utilized in future reproducing programs.

Keywords. Anthracnose (Colletotrichum lindemuthianum), artificial inoculation, common bean (Phaseolus vulgaris L.),
disease resistance, RAPD, SCAR.

INTRODUCTION because of the high genetic variation of the disease agent
(Balardin et al. 1997; Sicard et al. 19973, b; Young et al.

important source of protein, carbohydrates and minerals ~ Ansari et al. 2004; Talamini et al. 2006; Bardas et al.
and is widely produced throughout the world (Goncalves- 2007, Damasceno e Silva et al. 2007; Ishikawa et al.
Vidigal et al. 2013). Cultivated races include diverse ~ 2008; Pereiraet al. 2010). ,

bean germplasm originating from both the Andean and . To date, anumber .Of anthracnose-resistant genes
Mesoamerica (Logozzo et al. 2007; Erding et al. 2013). found in common bean cultlvars have been characterized.
Colletotrichum lindemuthianum (Sacc. et. Magn.) Lambs. Theéee 'nzdéde %erées fzorcr; culstnéars gf gOth 3Arcl:dean (go-
Scrib, the agent of anthracnose disease, spreads mostly in 15) a?wo} Mego;mer?caln ,(Cc())_-lz . 08:3% bo?:;,zl &:o _04-1?5,O _ Ag.
cool and moist areas and leads to major economic losses ’ ’ ! ’ '

in common bean production (Nkalubo et al. 2007; Geetha C(.) 4 ’ _CO 5 Co6, .CO 7, co-, C.O 9, Co-10, Co-11)
et al. 2013; Madakbas et al. 2013a). origins, moreover, with the exception of Co-8, al the

: o oo aforementioned genes are dominant genes (Kelly and
Anthracnose racesin Turkey were first identified . ) S )
by Alam and Rudolph (1993), who noted the presence of Vallgo 2004; Goncalves-Vidigal et al. 2009; Gongalves

. : - et al. 2010).
this agent not only in the Central Black Sea Region, .
where fresh bean is most commonly produced, but in Molecular markers have been used in molecular

; ker assisted selection studies for disease resistance
other regions of Turkey as well (Madakbas et al. 2011). marke ;
Various studies have been conducted examining the breeding programs in plants about more than a decade

genetic characteristics of the di in Turkey (Sensoy et al, 2007). Due to the inefficient utilization of

(Madakbas and Ellialtioglu 2005: Madakbas et al. 2006 artificial inoculation in anthracnose resistance levels of
2009, 2011 & 2013ab). Improving anthracnose bean germplasm evaluation (Mesquita et al. 1998),

resistance in bean cultivars represents a challenge molecular markers have been developed as a more
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reliable method of determining anthracnose resistance
levels of bean germplasm (Young et al. 1998; Alzate-
Marin et al. 2003; Queiroz et al. 2004; Goncalves
Vidigal and Kelly 2006).

In Turkey, where anthracnose presents a serious
problem for bean production, identifying bean germplasm
that is resistant to this pathogen is crucial for future
breeding programs. Therefore, this study aimed to
determine anthracnose resistance levels in 123 Turkish
bean genotypes as well as 7 foreign genotypes using both
artificial inoculation and molecular markers.

MATERIALSAND METHODS

A total of 122 common bean (P. vulgaris L.)
accessions, 1 runner bean (P. coccineus L.) accession
(G121) (Table 1) and 7 known anthracnose-resistant
foreign bean varieties [Michigan State University
Varieties. Ides, Blackhawk, Chinook, Jaguar, Phantom,
Newport and Mackinac (http://bean.css.msu.edu/
Variety.cfm)] were analyzed for anthracnose resistance
using artificial inoculation and molecular markers. Bean
seeds were sown in pots containing a 1:1 mixture of
peat:perlite and grown in a growth chamber at 20+2°C
and 100% humidity with a 12 h photoperiod, with 3
replicates of 10 plants per pot per accession in a
completely randomized experimental design.

Artificial inoculation: Anthracnose Race 55 C.
lindemuthianum was used for artificial inoculation. Race
55 was incubated in petri dishes containing Potato
Dextrose Agar (PDA) at 25°C for 14 days. Spore
suspensions were prepared by scraping spores with a
brush, adding 10 ml of distilled water and filtering
through cheesecloth. Fungi spore concentrations of
1.2x10° were established using a heamocytometer, and
Tween-20 was added (10 drops per 100 ml) to the
prepared suspension (Madakbas 2007).

After reaching the fully developed trifoliate |eaf
stage (about 14 days after germination), bean seedlings
were spray-inoculated with the Race 55 spore suspension
and placed in a growth chamber at 20£2°C and 100%
humidity with a 12 h photoperiod (Goncalves-Vidigal
and Kelly 2006). Fourteen days after inoculation, disease
reaction was scored visualy using a 0-9 scale, with
scores of 0-3 considered to indicate resistance and scores
of 4-9 to indicate susceptibility (Alzate-Marin et al. 2001;
Madakbas et al. 2013a). After completing artificial
inoculation procedures, anthracnose reagent was
collected from necrotic regions of diseased plants, re-
isolated in PDA medium and examined under a
microscope for verification.

SCAR and RAPD Amplification: Genomic DNA was
isolated according to a modified CTAB procedure (Doyle
and Doyle 1987). DNA quantification was performed
using a Biotech UV 1101 photometer. Bean genotypes
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were analyzed using SCAR [SW12 (Co-3/Co-9, 700 bp),
SC08 (Co-4, 910 bp), SASL3 (Co-4?, 950 bp), SAB3
(Co-5, 400 bp), S204 (Co-6, 567 bp), SZ20 (Co-6, 845
bp), SB12 (Co-9, 350 bp), SF10 (1072 bp)] (BIC, 2009)
and RAPD [OA181500 (1500 bp)] (Gongalves-Vidigal and
Kelly 2006) primers. PCR amplification was performed
in a 20 pl reaction system containing 30 ng genomic
DNA, 1.5 mM MgCl,, 0.2 pM primer, 0.2 mM each
dNTPs, 1x PCR buffer (100 mM Tris-HCI, pH 8.8, 50
mM KCI) and 1 unit Tag DNA polymerase. PCR was
performed separately for each SCAR (BIC 2009) and
RAPD (Goncalves-Vidigal and Kelly 2006) primer.
Amplification products were fractionated on 15 gl
agarose gel in 1X TAE buffer at 90V for 2 h and markers
associated with resistance genes identified according to
band width.

RESULTSAND DISCUSSION

Artificial inoculation: The results of artificia
inoculation indicating the classification of bean
accessions according to their reaction to anthracnose
Race 55. While the mgjority of accessions tested were
classified as susceptible to anthracnose Race 55, 20
Turkish common bean genotypes (G5, G19, G29, G38,
G66, G73, G75, G76, G77, G81, G88, G91, G92, G93,
G95, G106, G107, G114, G119, and G155), 1 Turkish
runner bean genotype (G121) and 7 foreign known
resistant varieties (Michigan State University Varieties:
Isles, Blackhawk, Chinook, Jaguar, Phantom, Newport
and Mackinac) were classified as resistant to anthracnose
Race 55 (Table 2).

Molecular marker results: The results of molecular
marker analysis. Nine SCAR primers [SW12 (Co-3/Co-9,
700 bp), SC08 (Co-4, 910 bp), SAS13 (Co-4?, 950 bp),
SAB3 (Co-5, 400 bp), SZ04 (Co-6, 567 bp) SZ20 (Co-6,
845 bp), SB12 (Co-9, 350 bp), SF10 (1072 bp) (BIC,
2009) ] and 1 RAPD primer [OA18i500 (1500 bp)]
(Goncalves-Vidigal and Kelly, 2006) were used to
analyze bean genotypes. No amplification was found by
the SW12, SAB3, SZ20 and SB12 SCAR primers or by
the OA 181500 RAPD marker for Co-1> Amplicons linked
to gene Co-42, which were identified in 110 genotypes,
were found to be the most widespread among Turkish
bean accessions, followed by amplicons for Co-4 (92
genotypes), Co-10 (27 genotypes), Co-6 (74 genotypes)
and Co-1° (6 genotypes) (Table 3).

In 5 Turkish accessions (G19, G20, G34, G93,
G97), no molecular markers linked to resistance genes
could be identified; in 13 accessions (G2, G5, G9, G10,
G15, G21, G33, G35, G70, G75 G110, G116, G117),
only the SAS 13 marker for Co-4? was identified; in 5
accessions (G14, G25, G32, G80, G128), only the SC08
SCAR marker for Co-4 was identified; in 2 accessions
(G13 and G27), only the SZ04 marker for Co-6 was
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identified, and in 1 accession (G73), only the SF10
marker for Co-10 was identified.

G89 had al the observed amplicons of the
studied markers associated with anthracnose-resistance
genes. Moreover, the accessions G4, G8, G18, G42, G52,
G64, G118, G121, G122, G127, G129, and G130 had all
the observed amplicons of the markers associated with
Co-4, Co-4?, Co-6 and Co-10 genes.

Among the Turkish bean varieties found to be
resistant, 5 had amplicons for the Co-4? marker, 3 for the
Co-6 marker, 2 for the Co-4 marker, 2 for the Co-10
marker and 1 for the Co-1° marker. In contrast, no
amplicons for any of the studied markers were found in
one of the known-resistant varieties (Jaguar).

Turkey is a leading green-bean producer,
accounting for approximately 3% of production
worldwide. Moreover, variations in climate and
geography that include a number of different
ecogeographic regions suitable for bean production,
along with the preservation of diverse bean genotypes by
farmers and seed exchange among regions, has meant
that Turkey possesses significant genetic diversity for the
common bean (Ekincialp and Sensoy 2013; Erdinc et al.
2013). At the same time, anthracnose, a bean disease
caused by the funga pathogen Colletotrichum
lindemuthianum (Sacc. and Magn.) Lambs. Scrib.), has
also spread throughout the country. Turkey’s Central
Black Sea Region has the most appropriate ecological
factors to support anthracnose disease, and some of these
factors are also present in certain parts of the Central
Anatolian Region (Madakbas et al. 2013a b).
Anthracnose races have been isolated and identified from
both these regions. Race 55, the isolate used in this study,
was obtained from the province of Samsun (Madakbas et
al. 2013a), which is responsible for the majority of fresh
bean cultivation in Turkey (Anonymous 2012).

Artificial inoculation showed 20 local common
bean genotypes and 1 local scarlet runner bean genotypes
to be resistant to anthracnose Race 55 and 102 common
bean genotypes to be susceptible to the disease.
Moreover, no symptoms of the disease were observed on
the 7 known anthracnose-resistant foreign common-bean
varieties, including the Ides, Blackhawk and Newport
varieties, which have been previously shown to have high
levels of resistance to both Andean and Mesoamerican
anthracnose races (Balardin and Kelly 1998; del Rio et al.
2003).

Combating anthracnose and developing resistant
varieties is complicated by the pathogen’s large number
of races. At the same time, the multitude of races prompts
variations in plant response to the disease. A study by
Vidigal Filho et al. (2007) found a high genetic diversity
in the response of 26 bean genotypes to 3 Andean races
(7, 19 and 55) and 9 Mesoamerican races (9, 31, 65, 69,
73, 81, 89, 95 and 453), with reported Pathogenicity
Index (PI) values, i.e. the ratio of susceptible genotypes
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to total genotypes, of 89 for Andean bean genotypes and
6 for Mesoamerican genotypes. Moreover, about 65% of
bean genotypes had developed some degree of resistance
to anthracnose Andean Race 55. By comparison, the
present study found an overall resistance rate of 82.9%,
with Pl values of 98.08 for Andean bean genotypes and
71.83 for Mesoamerican bean genotypes. In this context,
the anthracnose Race 55 had the largest effect on Andean
bean genotypes, and it had also a high rate of infection in
Mesoamerican bean genotypes. Even so, Mesoamerican
bean genotypes were found to have relatively high levels
of resistance against anthracnose Race 55. Various
studies have shown Andean Race 55 capable of infecting
genotypes from both Andean and Mesoamerican bean
gene pools (Balardin et al. 1997; Madakbas et al. 2013a).
Balardin and Kelly (1998) found Pl values to be higher
for Andean anthracnose races than for Mesoamerican
anthracnose races. The authors aso reported Andean
bean genotypes to have higher Pl values than
Mesoamerican bean genotypes against Race 55. The
differences in resistance levels observed in connection
with bean genotype and pathogen race suggest that
Mesoamerican anthracnose races could play important
roles in breeding programs for Andean bean genotypes,
and, conversely, Andean anthracnose races could play
important roles in Mesoamerican bean-breeding
programs.

Bigirimana and Hofte (2001) reported that
results of artificial inoculation for anthracnose resistance
varied among bean plants according to plant-devel opment
stage. Various factors including number of spores and
environment and incubation conditions have also been
shown to affect the results of artificial inoculation used to
test anthracnose resistance (Mesquita et al. 1998). For
this reason, researchers have looked into the molecular
methods for determining resistance. Numerous studies
(Mendez-Vigo et al. 2005; de Melo et al. 2005;
Gongalves-Vidiga and Kelly 2006; Dongfang et al.
2007; Rodriguez-Suarez et al. 2007; Ragagnin et al.
2009) reported RAPD and SCAR primers to bind to
genes resistant to anthracnose. Associations have been
reported between the following markers and genes:
OA 181500 (Co-1%)- 1.2 cM; SC08 (Co-4)- 7.8 cM; SAS13
(Co-49)- 0.01 cM; SZ04 (Co-6)- 2.9 cM; and SF10 (Co-
10)-12.3 cM (Young et al. 1998; Alzate-Marin et al.
2003; Queiroz et al. 2004; Goncalves-Vidigal and Kelly
2006).

In the present study, resistant bean genotypes
were most likely to carry the amplicons associated with
the genes Co-4, Co-4? and Co-6, although the amplicon
associated with the gene Co-10 was aso found in some
resistant Turkish genotypes of Mesoamerican origin and
the amplicon associated with the gene Co-1° in some
resistant Turkish genotypes of Andean origin as well as
the known anthracnose-resistant variety Chinook, also of
Andean origin. Goncalves-Vidiga et al. (2009)



Erdincetal.,

emphasized the importance of the Co-1 gene and its
alleles as a resource for improving anthracnose resistance
in Mesoamerican bean varieties and resistance genes of
Mesoamerican origin, such as Co-2, Co-3, Co-4, Co-42
and Co-6, for ensuring anthracnose resistance in Andean
bean genotypes. A study by Madakbas et al. (2009)
examining SCAR markers for anthracnose resistance in
53 green bean genotypes identified markers associated
with the genes Co-1, Co-2, Co-4, Co-4?, and co-8; the
authors reported that all anthracnose-resistant green bean
genotypes had the markers associated with the genes Co-
2, Co-4, and Co-42, whereas the markers associated with
the gene Co-1 presented in only the bean genotype KO
and cv. Yaova5. Using the SAS13 primer, Dongfang et
al. (2008) found the presence of markers associated with
the gene Co-4? to be present in a number of bean
genotypes.

Several studies have aso reported gene
pyramiding, a method that transfers multiple disease-
resistant genes into a single cultivar, to be effective in
increasing anthracnose resistance (Geffroy et al. 1998;
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Alzate-Marin et al. 2001; Madakbas and Ellialtioglu
2005; Ragagnin et al. 2009). In this regard, many
researchers have pointed out the value of the genes Co-1
and Co-4 (Madakbas et al. 2013 a, b). In the present
study, the vast majority of resistant bean genotypes were
shown to have the amplicons associated with the gene
Co-4%, suggesting that these genotypes could play
important roles in transferring anthracnose-resistance to
bean genotypes of Andean origin.

Four of the SCAR primers used in the present
study were able to successfully detect amplicons
responsible for anthracnose resistance [SC08 (Co-4, 910
bp), SAS13 (Co-4?, 950 bp), SZ04 (Co-6, 567 bp), and
SF10 (1072 bp)]. Geetha et al. (2013) also reported that
some of these markers were tightly linked to the genes
associated with anthracnose resistance and could be used
effectively in their detection. In addition, Gongalves-
Vidiga and Kelly (2006) reported the RAPD marker
OA181500 to be tightly linked to and thus important in
detecting the Co-1°gene.
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Table 1. Some distinguished traits of the common bean accessions used in the present study.

Acc. Grow  Seed color Pods # of 100 Acc. Grow Seed color Pods  #of 100 Acc. Grow  Seed color Pods  #of 100
# Habit length pods seed # Habit length  pods  seed # Habit length pods  seed
(cm) per weight (cm) per  weight (cm) per  weight
plant (9) plant (g plant  (g)
Gl Pole White 13.22 16.50 36.00 G43  Pole Black 1179 26.67 3187 G955 Bush Black 9.34 3100 1873
G2 Pole White 10.43 26.00 25.10 G45 Pole White 13.09 2300 4260 G96 Pole Brown- 1318 10.00 40.35
White
G3 Pole White 12.31 15.25 28.45 G46 Pole White 1432 2367 54.65 G97 Pole White 2175 1650 39.75
G4 Pole White 12.32 20.33 35.15 Ga7 Pole White 1480 2167 48.15 G98 Bush Black 11.67 1875 33.20
G5 Pole Brown- 9.93 35.33 27.27 G48 Pole White 1488 7.00 3530 G99 Pole White 1944 1150 4131
Dark
Brown
G6 Pole Black 11.43 32.34 31.13 G49 Pole  White-Brown- 1203 1534 4300 G100 Pole Brown-Red 1154 1517 59.83
Violet
G7 Pole White 12.17 55.50 29.97 G50 Pole White 1460 16.00 4498 G101 Pole White 1413 2094 36.80
G8 Pole Brown- 12.71 23.75 50.30 G52 Pole White 1164 38.00 3625 G102 Pole White 21.78 1167 4223
Dark
Brown

G9  Pole White 9.68 28.25 2500 G54 Pole Cream-Red 1328 2022 4090 G103 Bush Brown 1041 1167 37.89
G10 Pole White 11.42 34.50 3175 G55 Pole Cream-Violet 1502 3550 55.05 G104 Bush Brown 1069 1650 1861

Gl1 Pole White 13.24 14.22 33.10 G56 Pole White 11.38 1567 5159 G105 Pole Brown- 931 2217 4480
Dark Brown
G12 Pole White 12.14 17.06 30.55 G57 Pole Brown-Dark 12.18 14.67 4690 G106 Bush Black 9.42 20.33 18.10
Brown
G13 Pole White 9.63 4450 26.80 G58  Pole Cream-Red 1326 1650 36.00 G107 Bush Brown 870 1500 27.78
Gl14 Pole White 10.83 10.83 40.73 Gh9 Pole Brown 1454 1875 4155 (G108 Pole Cream-Red 10.03 20.00 4235
G15 Pole Black 12.35 20.00 31.05 G60 Pole Brown-Violet 1319 1200 4147 G109 Pole Brown- 13.90 8.94 52.50
Dark Brown
G16 Pole White 13.05 78.00 45.90 G62 Pole Cream-Red 984 2017 3353 G110 Pole Brown 1166 2333 25.90
G17 Pole White 10.37 48.00 26.75 G63 Pole Cream-Red 1042 1850 3115 Gil11 Pole Brown- 1471 13.00 52.60
Dark Brown
G18 Pole White 13.19 13.33 45.00 G64 Pole White 1181 2250 3430 G112 Bush Black 1391 2250 35.33
G19 Pole White 11.42 27.83 15.83 G65 Pole White 13.78 2633 37.05 G113 Pole Red-White  10.79 21.00 43.48
G20 Pole White 10.30 12.94 29.80 G66 Pole Black 882 1025 4480 Gl14 Bush Black 937 3500 17.13
G21 Pole White 9.89 16.40 26.86 G70 Bush Black 1186 3217 3254 G115 Pole White 1360 13.00 27.40
G22 Pole White 7.58 5.00 20.55 G71 Bush White 844 11.00 4720 G116 Pole White 9.81 467 2415
G23 Pole White 12.83 29.09 33.05 G72 Bush Black 10.07 1633 33.06 G117 Pole White 1191 21.00 22.96
G24 Pole White 12.90 38.39 26.03 G73 Bush White 13.32 3233 2350 G118 Pole White 1098 2875 40.13
G25 Pole White 11.44 32.17 4450 G74 Bush White 1557 2083 4870 G119 Pole White 13.14 1050 2954
G26 Pole Brown 9.12 40.50 2355 G75 Bush White 1033 1850 31.02 G120 Bush Brown 1288 21.00 39.63
G27 Pole White 11.15 25.38 27.30 G76 Bush White 1261 2700 26,60 G121 Pole White 11.38 1722 88.73
G28 Pole White 9.46 11.00 37.83 G77 Bush White 1322 1200 26,70 G122 Pole White 2190 13.00 43.39
G29 Pole White 10.93 23.67 18.83 G78 Bush White 1143 2000 3556 G123 Pole Cream-Red 1699 8.00 65.69
G30 Pole Red 16.84 9.00 44.20 G79 Bush White 11.72 2950 4828 G124 Pole Cream-Red 1495 1450 5451
G32 Pole Brown- 17.31 12.67 62.68 GB80 Bush Brown 1737 1850 4459 G125 Bush Cream-Red 12.05 10.00 48.35
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Black
G33 Pole Brown- 13.39 30.00 3156 G81 Bush Black 904 3767 1693 G127 Pole White 1629 500 44.15
Dark
Brown
G34 Pole Red 10.63 22.39 3015 G82 Bush Light red 1278 1800 4657 G128 Bush Brown 2036 21.83 4245
G35 Pole Brown- 13.56 23.83 3493 G84 Bush Light brown 1506 2523 4150 G129 Pole White 1150 1833 4215
Dark
Brown
G36 Pole Brown- 12.82 11.39 50.10 G883 Bush White 1419 1800 1779 G130 Bush Cream-Red 1382 2350 47.00
White
G37 Pole Brown- 13.72 15.25 5860 G89 Bush Brown-Red 1207 1133 4038 G131 Pole Cream-Red 1402 2075 50.60
Dark
Brown
G38 Pole Brown 18.01 8.45 3335 G900 Bush Brown 1228 2400 4130 G151 Pole Brown- 1447 2400 5497
Violet
G39 Pole Black 10.89 7.33 3873 G91 Bush White 1345 583 3821 G152 Pole Brown- 1127 1867 5350
Violet
G40  Pole Brown- 13.93 14.17 5510 G92 Bush White 1395 1517 30.19 G153 Pole Brown- 1375 2400 40.40
Dark Dark Brown
Brown
G41  Pole Cream- 10.81 22.39 3580 G93 Bush Black 893 4144 1757 G154 Pole Brown 1809 1367 39.65
Violet
G42  Pole White 11.62 19.94 2305 G94 Bush Black 933 1900 3451 G155 Pole Black 1143 1300 52.60
Table 2. Reactions of common bean accessions based on 0-9 scale in artificial inoculation method for race 55
Ac# Org.* Scale Act Org. Scale Act Org. Scale Act Org. Scale
value value value value
Gl MA 7.26 G35 MA 6.54 G75 MA 0.00 G112 MA 3.85
G2 MA 6.27 G36 A 8.20 G76 MA 0.17 G113 A 8.33
G3 MA 6.02 G37 A 7.30 G77 MA 0.11 G114 MA 1.29
G4 MA 8.22 G38 MA 1.46 G78 MA 8.38 G115 MA 5.02
G5 MA 2.77 G39 MA 7.72 G79 A 8.63 G116 MA 5.34
G6 MA 7.40 G40 A 8.39 G80 A 8.37 G117 MA 5.06
G7 MA 7.21 G41 MA 5.77 G81 MA 0.81 G118 A 5.34
G8 A 7.18 G42 MA 6.94 G82 A 6.05 G119 MA 3.11
G9 MA 7.71 G43 MA 6.19 G84 A 5.56 G120 MA 6.27
G10 MA 6.16 G45 MA 6.90 G88 MA 0.00 G121 A 0.00
G11 MA 6.03 G46 A 6.19 G89 A 7.25 G122 A 6.04
G12 MA 6.71 G47 A 6.06 G90 A 5.89 G123 A 8.89
G13 MA 6.60 G48 MA 7.90 Ga1 MA 0.20 G124 A 5.04
Gi14 A 8.74 G49 A 8.37 G92 MA 0.20 G125 A 8.69
G15 MA 7.07 G50 A 5.71 G93 MA 0.90 G127 MA 5.55
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G16 A 7.39 G52 MA 4.27 G4 MA 6.96 G128 A 8.67

G17 MA 5.50 G54 A 7.20 G95 MA 0.69 G129 A 6.44

G18 A 8.15 G55 A 8.93 G96 A 8.08 G130 A 7.67

G19 MA 0.15 G56 A 6.75 G97 MA 597 G131 A 8.38

G20 MA 7.46 Gb57 A 8.37 G98 MA 7.76 G151 A 5.99

Gz21 MA 4.64 G58 A 9.00 G99 A 5.50 G152 A 6.86

G22 MA 6.76 Gh9 A 7.82 G100 A 7.59 G153 A 8.03

G23 MA 4.39 G60 A 8.63 G101 MA 7.27 G154 A 7.48

G24 MA 3.82 G62 MA 8.38 G102 A 5.90 G155 MA 152

G25 A 5.73 G63 MA 8.00 G103 MA 7.89 Idles MA 0.00

G26 MA 7.75 G64 MA 5.07 G104 MA 6.40 Black Hawk MA 0.00

G27 MA 6.85 G65 MA 6.12 G105 A 7.96 Chinook A 0.00

G28 MA 7.43 G66 A 271 G106 MA 0.51 Jaguar MA 0.00

G29 MA 0.00 G70 MA 8.00 G107 MA 172 Phantom MA 0.00

G30 A 8.02 G71 A 8.50 G108 A 8.51 Newport MA 0.33

G32 A 6.08 Gr2 MA 8.63 G109 A 841 Mackinac MA 0.00

G33 MA 6.47 G73 MA 0.00 G110 MA 6.19

G34 MA 8.71 G74 A 5.92 G111 A 6.86

*QOrigin: MA: Mesoamerican, A: Andean

Table 3. Specific marker amplifications and gene linked to marker in common bean accessions.

Ac# Marker Gene Ac#  Marker Gene Ac# Marker Gene

Gl SAS13, SC08 Co-42, Co-4 G47  SAS13, SC08, Sz04 Co-42, Co-4, Co-6 G101 SAS13, SC08, SZ04  Co-42, Co-4, Co-6

G2 SAS13 Co-4? G48  SASI13, SC08 Co-4?, Co-4 G102 SAS13, SC08, SF10  Co-4?, Co-4, Co-10

G3 SASL3, SC08,SZ04  Co-4%, Co-4, Co-6 G49  SASI13, SC08, Sz04 Co-4?, Co-4, Co-6 G103 SAS13, SC08 Co-4?, Co-4

G4 SASL3, SC08, SF10, Co-4%, Co-4, Co-10, G50  SASI13, SC08, Sz04 Co-4?, Co-4, Co-6 G104 SAS13, SC08 Co-4?, Co-4

Sz04 Co-6

G5 SAS13 Co-42 G52  SAS13, SC08, SF10, Co-42, Co-4, Co-10, G105 SAS13, SC08, SZ04  Co-42, Co-4, Co-6
SZ04 Co-6

G6 SAS13, SC08, SF10  Co-4?, Co-4, Co-10 Gb4  SAS13, SC08, Sz04, Co-42, Co-4, Co-6, Co- G106 SAS13, SZ04 Co-42, Co-6
OA181500 15

G7 SAS13, SC08 Co-4?, Co-4 G55  SASI13, SC08, Sz04 Co-4?, Co-4, Co-6 G107 SAS13, SC08, SF10  Co-4?, Co-4, Co-10

G8 SASL3, SC08, SF10, Co-4%, Co-4, Co-10, G56  SASI13, SC08, Sz04 Co-4?, Co-4, Co-6 G108 SAS13, SC08, SZ04  Co-4?, Co-4, Co-6

Sz04 Co-6

G9 SAS13 Co-4? G57  SASI13, SC08, SZ04, Co-4?, Co-4, Co-6, Co- G109 SAS13, SZ04 Co-4?, Co-6
OA181500 15

G10 SASI3 Co-42 G558  SAS13, SC08, SZ04 Co-42, Co-4, Co-6 G110 SAS13 Co-42

G11  SASI13, SF10 Co-42, Co-10 G5B9  SAS13, SC08, SZ04 Co-42, Co-4, Co-6 G111 SAS13, SC08, SZ04  Co-42, Co-4, Co-6

Gl2 SAS13, SF10,SZ04  Co-4? Co-10, Co-6 G60  SAS13, SC08, Sz04 Co-42, Co-4, Co-6 G112 SAS13, SC08, SZ04  Co-42, Co-4, Co-6

Gl3 SZ04 Co-6 G62  SASI13, SC08, SZ04 Co-4?, Co-4, Co-6 G113 SAS13, SC08, SZ04  Co-4?, Co-4, Co-6

Gl14  SCO08 Co-4 G63  SASI13, SC08, SZ04 Co-4?, Co-4, Co-6 G114 SAS13, SC08, SZ04  Co-4?, Co-4, Co-6
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G15

Gl16
G17
G18

G19
G20
G21
G22

G23
G24

G25
G26

G27
G28
G29
G30
G32
G33
G34
G35
G36
G37
G38
G39
G40
G41
G42
G43

G45
G46

SASI13

SAS13, SCO8
SAS13, SC08
SAS13, SCO8, SF10,
Sz04

SAS13
SAS13, SC08

SAS13, SZ04
SAS13, SCO08, SF10

SC08
SAS13, SC08, SF10

Sz04
SAS13, SC08, SZ04
SAS13, SF10, SZ04

SAS13, SC08, Sz04
SC08
SASI13

SAS13

SAS13, SC08, S04
SAS13, SC08, Sz04
SAS13, SC08, S04

SAS13, SCO08, SZ04

SAS13, SC08, SZ04
SAS13, SC08, SZ04
SAS13, SC08, SF10,
SZ04

SAS13, SF10,
SAS13, SC08, S04
SASI13, SC08, SZ04

Co-4?

Co-4?, Co-4

Co-4?, Co-4

Co-4?, Co-4, Co-10,
Co-6

Co-42
Co-4?, Co-4

Co-4?, Co-6
Co-4?, Co-4, Co-10

Co-4
Co-42, Co-4, Co-10

Co-6
Co-4?, Co-4, Co-6
Co-42, Co-10, Co-6

Co-42, Co-4, Co-6
Co-4
Co-4?

Co-42

Co-42, Co-4, Co-6
Co-42, Co-4, Co-6
Co-42, Co-4, Co-6

Co-4?, Co-4, Co-6

Co-4?, Co-4, Co-6
Co-4?, Co-4, Co-6
Co-42, Co-4, Co-10,
Co-6

Co-42, Co-10
Co-42, Co-4, Co-6
Co-4?, Co-4, Co-6

G64

G65
G66
G70

G71
G72
G73
G74

G75
G76

G77
G78

G79
G80
G81
G82
G84
G88
G89
G90
Go1
G92
G93
G94
G95
G96
Go7
Go8

G99
G100

SAS13, SCO08, SF10,
Sz04

SAS13, SCO08, SZ04
SAS13, SCO08, SZ04
SAS13

SAS13, SC08
SAS13, SZ04
SF10

SAS13, SC08, Sz04,
OA181500

SAS13

SAS13, SC08

SAS13, SC08
SAS13, SC08, S204

SAS13, SC08, Sz04,
OA181500
SC08

SAS13, SZ04

SAS13, SC08, SZ04
SAS13, SC08, SZ04
SAS13, SC08, SZ04
SAS13, SCO08, SF10,
SZ04, OA181500
SAS13, SC08, Sz04,
OA181500

SAS13, SC08
SAS13, SC08

SAS13, SCO08, SZ04

SAS13, SCO08, SZ04
SAS13, SC08, SZ04

SAS13, SC08, S204
SAS13, SF10
SASI13, SC08, SF10

Co-42, Co-4, Co-10,
Co-6

Co-4?, Co-4, Co-6
Co-4?, Co-4, Co-6
Co-4?

Co-42, Co-4
Co-42, Co-6
Co-10

Co-4?, Co-4, Co-6, Co-
15

Co-4?

Co-4?, Co-4

Co-42, Co-4
Co-42, Co-4, Co-6

Co-4?, Co-4, Co-6, Co-
15
Co-4

Co-42, Co-6

Co-42, Co-4, Co-6
Co-42, Co-4, Co-6
Co-42, Co-4, Co-6
Co-4?, Co-4, Co-10,
Co-6, Co-1°

Co-4?, Co-4, Co-6, Co-
15

Co-42, Co-4

Co-42, Co-4

Co-4?, Co-4, Co-6

Co-4?, Co-4, Co-6
Co-4?, Co-4, Co-6

Co-42, Co-4, Co-6
Co-42, Co-10,
Co-4?, Co-4, Co-10,

G115

G116
G117
G118

G119
G120
G121

G122

G123
G124

G125
G127

G128
G129
G130

G131
G151
G152
G153

G154

G155
Ides
Black
Hawk
Chinook

Jaguar
Phantom
Newport

Mackinac

SAS13, SC08

SAS13

SAS13

SASI13, SC08, SF10,
SZ04

SAS13, SC08
SAS13, SC08, S204
SAS13, SC08, SF10,
SZ04

SASI13, SCO08, SF10,
SZ04

SAS13, SC08, SF10
SASI13, SCO08, SF10,
SZ04

SAS13, SC08, S204
SAS13, SC08, SF10,
SZ04

SCO08

SASI13, SC08, SF10,
SZ04

SAS13, SC08, SF10,
SZ04

SAS13, SC08, S204
SAS13, SC08, S204
SAS13, SC08, S204
SASI13, SC08, SZ04

SAS13, SCO08, SZ04

SAS13, SC08, S204
SC08
SAS13

SAS13, SC08, Sz04,
OA181500

SAS13, SF10
SAS13, SZ04

SAS13, SF10, SZ04

Co-42, Co-4

Co-4?

Co-4?

Co-4?, Co-4, Co-10,
Co-6

Co-42, Co-4

Co-42, Co-4, Co-6
Co-42, Co-4, Co-10,
Co-6

Co-4?, Co-4, Co-10,
Co-6

Co-4?, Co-4, Co-10
Co-4?, Co-4, Co-10,
Co-6

Co-42, Co-4, Co-6
Co-42, Co-4, Co-10,
Co-6

Co-4

Co-4?, Co-4, Co-10,
Co-6

Co-42, Co-4, Co-10,
Co-6

Co-42, Co-4, Co-6
Co-42, Co-4, Co-6
Co-42, Co-4, Co-6
Co-4?, Co-4, Co-6

Co-4?, Co-4, Co-6
Co-42, Co-4, Co-6
Co-4
Co-42

Co-4?, Co-4, Co-6,
Co-1°

Co-4?, Co-10
Co-42, Co-6

Co-42, Co-10, Co-6
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Conclusion: In conclusion, the vast number of pathogen
races is one factor limiting the fight against anthracnose
disease, making identification of the source of disease
resistance an important element of cultivar-improvement
efforts. Despite Turkey’s importance as a bean-producing
country and the highly diverse bean germplasm it
possesses, studies on bean anthracnose in Turkey are
limited. The present study found Turkish bean germplasm
of both Andean and Mesoamerican origin to possess a
high degree of resistance against anthracnose Race 55.
Moreover, amplicons associated with several resistance
genes were found in this extensive bean germplasm. Bean
genotypes identified in the present study as anthracnose
resistant could be employed in future breeding programs
utilizing gene pyramiding to increase anthracnose
resistance.
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