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Abstract 

 

Common bean (Phaseolus vulgaris L.) is one of the most widely cultivated legumes grown for its dietary fiber and protein. Bean rust 

caused by the fungal pathogen Uromyces appendiculatus is a major constraint for bean production. Ur-3, one of several race specific 

loci in the bean genome contributing to rust resistance, provides resistance to 44 of the 89 rust races curated in the United States. 

Thus, development of markers linked to this locus is very important.  The bean cultivar “Sierra” exhibits hypersensitive resistance 

response to race 53.  The susceptible mutants ur3-Δ2 and ur3-Δ3 were derived by fast neutron bombardment of Sierra, and have 

deletions in the Ur-3 region of the genome. This research is aimed at finding molecular markers associated with the deleted region in 

the mutants as a tool to better understand Ur-3-mediated rust resistance.  Until now, only two RAPD-derived sequence characterized 

amplification region markers SK14 and SAE 19 are available for the Ur-3 locus. We discovered that these markers are present (as 

PCR amplicons) in Sierra but are absent in the ur3-Δ2 and ur3-Δ3 mutants. We attempted to develop new molecular markers for 

characterization and tracking of this genomic region. Hybridization of a SK14-derived overgo probe showed erratic results by 

identifying BACs in and outside of the Ur-3 region. Therefore, we developed a new SCAR marker named DESU-G1 utilizing the 

amplified fragment length polymorphism (AFLP) methodology for this deleted region in the ur-3 rust susceptible mutants. This is the 

first attempt to develop AFLP markers associated with the Ur-3 locus in common bean. 

 

Keywords: Rust; AFLP; Uromyces appendiculatus; SCAR marker; markers. 

Abbreviations: AFLP- amplified fragment length polymorphism, BAC- bacterial artificial chromosomes, Crg- Complements 

resistant gene, EST- expressed sequence tags, PCR- polymerase chain reaction, RGA- resistance gene analogs, SSR- simple 

sequence repeats, SCAR- Sequence-characterized amplified region. 

 

Introduction 

 

Common bean (Phaseolus vulgaris L.) is one of the most 

widely cultivated crops contributing to 75% of traded food 

legumes in the world (Broughton et al., 2003).  According to 

the United States Department of Agriculture statistics, the 

estimated value of common bean was $1.5 billion for the year 

2010 in the United States alone. Common bean is mainly 

grown for human consumption, and serves as a primary 

source of protein to the vegetarian diet and to low-income 

families, and also as a staple food in South America and 

Africa. It is a good source of nutritionally rich complex 

carbohydrates, fiber, phyto-chemicals, flavonoids, and 

minerals such as iron, phosphate, magnesium, and manganese 

(Broughton et al., 2003). Common bean is a diploid species 

with a chromosome number of 2n =2x =22 and an estimated 

genome size of 650 million base pairs (Arumuganthan and 

Earle, 1991). The estimated linkage map in common bean 

ranges from 1259 centimorgan (cM) to 1545.5 cM with an 

average distance between any two markers ranging from 3.0 

cM to 7.23 cM (Grisi et al., 2007; Hanai et al., 2010). 

Molecular marker development in common bean began in the 

early 1990s. Most of these early molecular markers are 

derived from Restriction Fragment Length Polymorphisms 

(RFLPs) (Adam-Blondon et al., 1994; Vallejos et al., 1992) 

and Randomly Amplified Polymorphism DNAs (RAPDs) 

(Freyre et al., 1998). Since this early development, other 

classes of molecular markers have also been developed in 

common bean which include amplified fragment length 

polymorphisms (AFLPs), simple sequence repeats (SSRs), 

resistance gene analogs (RGAs), and expressed sequence tags 

(ESTs) (Hanai et al., 2010; McConnell et al., 2010). 

Currently, only two RAPD-derived SCAR markers SK14 and 

SAE 19 are available for exploring the area around the Ur-3 

locus 

(http://www.css.msu.edu/bic/PDF/SCAR_Markers_2009.pdf) 

When the PCR amplified SK14 product was sequenced and 

compared to the NCBI-GSS database 

mailto:kmelmaiee@desu.edu
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(http://blast.ncbi.nlm.nih.gov), common bean BAC end 

sequences of PV_GBa 0085k23.r and PV_GBa 0100p20.r 

partially aligned with SK14. Further analyses of these BACs 

and overgo hybridization of BAC library PV_GBa with the 

SK14 probe provided unreliable results. Along with our 

research, previous researchers have also found SK14 to be 

variable in its use at the molecular level (Madubanya et al., 

2009).  Since our goal was to identify markers that could 

clearly track the Ur-3 genomic region, we explored the use of 

other markers linked to this region. The marker SAE19 

derived by the RAPD method has been reported to be linked 

in coupling phase with the Ur-3 locus (Liebenberg et al., 

2009; Johnson et al., 1995; Queiroz et al., 2004). However, 

SAE19 also produced similar erratic results as SK14 when 

analyzed with BAC library PV_GBa (data not presented), 

leaving a need for development of more reliable molecular 

markers to explore the Ur-3 region. AFLP markers are often 

more reliable than RAPD markers because of RAPD’s 

randomness and low reproducibility (Shasany et al., 2005). 

They also stated that AFLP markers exhibit more 

polymorphisms with fewer primer combinations than RAPD 

markers. Another advantage of the AFLP methodology is its 

high multiplexing capabilities and the possibility of 

generating higher marker densities. The AFLP methodology 

has been used in fingerprinting of genomic DNA in several 

crops, e.g. identification/analysis of resistant genes for root-

knot nematodes and potato aphids in tomato (Vos et al., 

1998), identification of markers for the Stripe rust resistance 

gene YrcC591 in wheat (Li et al., 2008), and development of 

markers for sterility mosaic virus resistance in pigeonpea 

(Ganapathy et al., 2009); additionally, McNeil et al (2011) 

converted AFLP markers to SCAR markers in sugarcane. 

AFLPs have been specifically used in common bean to 

develop molecular markers associated with resistance to bean 

pathogens such as bacterial blight (Naidoo et al., 2003), 

Golden Mosaic Virus, web blight, ashy stem blight (Kelly 

and Miklas 1998; Kelly et al., 2003), white mold (Kolkman 

and Kelly, 2003), and for the rust resistance locus Ur-13 

(Mienie et al., 2005). One of the major constraints of bean 

production is the fungal disease rust caused by the pathogen 

Uromyces appendiculatus affecting yield up to 75% under 

severe cases. Rust resistance in common bean is controlled 

by many race specific host-pathogen interactions following 

the gene for gene model. Race-specific resistance genes are 

supposed to be derived from Meso-American (Ur-3, Ur-5, 

Ur-7, Ur-11) and Andean (Ur-4, Ur-6, Ur-9, Ur-12) gene 

pools (http://www.css.msu.edu/bic/pdf/rust.pdf). The Ur-3 

locus controls hypersensitive resistance to 44 of the 89 races 

curated in the United States. The bean cultivar Sierra carrying 

the dominant Ur-3 locus (genotype = Ur-3 ur-4 ur-6 ur-11) 

shows an incompatible reaction by exhibiting hypersensitive 

resistance response when infected with U. appendiculatus 

race 53 (Kalavacharla et al., 2000). In order to better 

understand the resistance mediated by the Ur-3 locus, a 

forward genetics approach was utilized by developing disease 

susceptible mutants through fast neutron bombardment 

(Kalavacharla et al., 2000) of seed from the resistance 

genotype Sierra.  Approximately 24,000 M2 mutant plants  

were screened with race 53 and three plants crg, ur3-Δ2 and 

ur3-Δ3 that have a susceptible reaction to the pathogen were 

discovered (Kalavacharla et al., 2000). Further segregation 

analysis of F2 plants derived from crosses between Sierra and 

the mutants revealed that the deletion in the genome of the 

susceptible mutant, crg, occurred in a separate gene called 

Crg (Kalavacharla et al., 2000) that is required for Ur-3-

mediated rust resistance. The same study also showed that the 

ur3-Δ2 and ur3-Δ3 mutants (ur-3 ur-4 ur-6 ur-11) carry 

mutations at the Ur-3 locus. Therefore, the main focus of this 

study was to develop molecular markers to identify the 

deleted regions in ur3-Δ2 and ur3-Δ3. 

 

Results 

 

SK14 and SAE19 marker utilization  

 

The marker SK14 produced an amplification product of ~600 

bp from Sierra and crg; however, no product was seen from 

the susceptible cultivar “Olathe” and the susceptible mutants 

ur3-Δ2 and ur3-Δ3 (figure 1a). The marker SAE19 produced 

an amplification product of ~800 bp with a deletion pattern 

similar to SK14 (figure 1b). Sequences of SK14 and SAE19 

derived from Sierra are presented in figure 2. The SAE19 

sequence derived from Sierra shows 99 percent sequence 

similarity with previously reported sequence 

(http://phaseolusgenes.bioinformatics.ucdavis.edu) (Johnson 

et al., 1995; Alzate-Marin et al., 2004; Queiroz et al., 2004). 

 

Overgo hybridization of SK14 to BAC library 

 

From the overgo hybridization, 63 BACs produced weak to 

normal signal intensities with the SK14 probe. Among these, 

42 BACs were assigned to nine different FPC contigs and 21 

BACs were not contained in any contig in WebFPC 

(supplementary material table 1). For further confirmation of 

hybridization, DNA from BACs with a positive hybridization 

pattern, and randomly chosen negative BACs were subjected 

to PCR amplification with the SK14 primers. PCR 

amplification was seen in both negative and randomly 

selected BACs (supplementary material figure 1) thus 

demonstrating that the SK14 marker was unreliable. 

 

AFLP gel analysis 

 

Selective amplification was performed with several 

combinations of EcoRI and MseI specific primers to identify 

polymorphisms between Sierra and the mutants. The primer 

combination E+AAC/M+CAC produced clear polymorphic 

fragments (figure 3) in repeated experiments with a size 

range of 100 bp to 750 bp.  

 

Sequence analysis 

 

Each polymorphic fragment was cloned. Twelve colonies 

were isolated per fragment to capture sequence variation 

within the fragment. Clones of the fragments EAACMCAC-

1, EAACMCAC-2, EAACMCAC-4 and EAACMCAC-5 

were sequenced. Majority of the AFLP fragment sequences 

aligned into a sequence contig. The sequence of 

EAACMCAC-1 matched with the P. vulgaris genomic 

survey sequence Pv_GBa 125C21 3’ with a score of 279 bits 

and probability value of 3e-72 with 99% identity. However we 

were unable to find any other matches to bean transcriptomic 

sequences from NCBI or the 454 sequences derived from 

three Sierra transcriptomes (Kalavacharla et al., 2011).   

 

SCAR marker development 

 

The AFLP technique is very useful for developing molecular 

markers from genotypes with wide or narrow genetic 

differences. However, the application of these markers for 

marker-assisted selection is tedious and not economically 

feasible. For easy and practical use of these polymorphic 

fragments in common bean marker-assisted breeding 

programs, we wanted to develop SCAR markers. PCR  

http://blast.ncbi.nlm.nih.gov/
http://phaseolusgenes.bioinformatics.ucdavis.edu/
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        Table 1.Primer and linker sequences utilized in the study. 

Oligo sequences References 

SK14 Forward : 5’-CCC GCT ACA CAC CAA TAC CTG-3’  

SK14 Reverse:  5’-CCC GCT ACA CTT GAT AAA ATG TTA G-3’  

 

Haley et al. 1994; Miklas et al. 2002 

SAE19 Forward : 5’-CAG TCC CTG ACA ACA TAA CAC C -3’ 

SAE 19 Reverse : 5’-CAG TCC CTA AAG TAG TTT GTC CCT A-3’ 

 

Johnson et al., 1995; Miklas et al., 2002; Queiroz et al., 2004 

EcoRI linker1: 5'-CTC GTA GAC TGC GTA CC-3’ 

EcoRI linker2: 5’-AAT TGG TAC GCA GTC TAC-3’ 

Vos et al.,1995 

MseI linker1:  5’-gac gat gag tcc tga g-3’ 

MseI linker2:  5’-TAC TCA GGA CTC AT-3’ 

Vos et al.,1995 

EAACMCAC-1 Forward: 5’-CATGAAATTGTACGCCCAAA-3’ 

EAACMCAC-1 Reverse: 5’-CTCGACGGATGCAAACACTT-3’ 

Current study 

 
 

 

Fig 1. SK14 and SAE19 amplification patterns in rust resistant, susceptible and mutant genotypes for race 53. Lanes are as follows S:  

Sierra, O: Olathe, Δ1: crg, Δ2: ur3-Δ2, Δ3: ur3-Δ3, -ve. Negative PCR control, in which water was used instead of DNA. M1: 1kb 

DNA ladder, M2: 100bp DNA ladder a. Amplification pattern with SK14 marker. Approximately 600 bp amplicon can be seen in 

Sierra and crg lanes. No amplification was observed in Olathe and mutants ur3-Δ2 and ur3-Δ3 lanes when genomic DNA was used 

for PCR amplification. b. Amplification pattern with SAE19 marker. Amplification pattern is similar to SK14 marker and a 750 bp 

amplicon can be seen in Sierra and crg, no amplification in mutants ur3-Δ2 and ur3-Δ3 and in susceptible genotype Olathe 

 

primers were designed for each fragment by selecting the 

representative sequence, and PCR products were amplified 

from genomic DNA of Sierra, Olathe and susceptible 

mutants. The primers designed from the EAACMCAC-1 

fragment produced a 750 bp amplification for Sierra, Olathe, 

and crg similar to the AFLP results and the amplification 

product was not obtained for the susceptible mutants ur3-Δ2 

and ur3-Δ3 (figure 4).  This newly developed SCAR marker 

is named as DESU-G1 and the sequence of AFLP fragment is 

presented in figure 5. 

 

Discussion 

 

Utilization of existing markers  

 

Previous studies reported that the SCAR marker SK14 was 

linked to the rust resistant locus Ur-3 in common bean 

(Haley et al., 1994; Miklas et al., 2002) and our results show 

that this sequence is deleted in the two ur-3 deletion mutants. 

Hybridization of the SK14 overgo probe to the BAC library 

shows that 64 BACs hybridized with weak to normal signal 

intensities. Based on WebFPC analysis, 14 of these BACs 

(with normal hybridization signals) were contained in contig 

570. For further confirmation, we performed PCR screening 

with SK14 redesigned primers using DNA from these BACs 

along with DNA from randomly chosen BACs as negative 

controls. Surprisingly, both the positive and negative control 

BACs showed corresponding PCR products on the gel thus 

showing indiscriminate results. This may be due to the fact 

that SK14 is derived from a repetitive sequence region of the 

genome. The marker SAE19 also produced similar results as 

SK14 with our preliminary analyses of hybridization of BAC 

filters and further PCR screening. However, the sequences of 

SK14 and SAE19 do not have significant sequence similarity.   

 

AFLP marker development and analysis  

 

AFLPs combine the advantages of RAPDs and RFLP finger 

printing (Belaj  et al., 2003; McGregor  et al., 2000). One of 

the major advantages of AFLPs is the ability to produce a 

greater number of fragments per amplification. Because 

polymorphisms can arise from deletions, insertions, and 

rearrangements at the restriction site, many of the AFLP-

derived markers are dominant (Brugmans et al., 2003; Meudt  

600 bp 

750 bp 
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Fig 2. Nucleotide Sequences of the RAPD derived SCAR 

marker SK14 and SAE19 linked to the Ur-3 locus amplified 

and sequenced in the bean cultivar Sierra. 

 

 
 

Fig 3. Scanned AFLP gels after silver nitrate staining. 

Experiment 1: EAAC/MCAA and EAAC/MCAC primer 

combination shown. Experiment 2: EAAC/MCAC, 

EAAC/MCAG and EAAC/MCAT primer combination shown. 

The fragments that are similar in both experiments are given 

the same number. Lanes S: Sierra, O: Olathe, Δ1: crg, Δ2: ur3-

Δ2, Δ3: ur3-Δ3 and M: 50 bp DNA marker. Highlighted boxes 

shows similar fragment migration pattern from both the 

experiments. The numbers represent the polymorphic 

fragments as follows   1. EAACMCAC-1 2. EAACMCAC-2 

3. EAACMCAC-3 4. EAACMCAC-4 5. EAACMCAC-5 6. 

EAACMCAC-6 7. EAACMCAC-7. 

 

and Clarke, 2007). Another advantage of AFLP methodology 

for marker development is that no prior sequence knowledge 

is necessary. On the other hand, one major limitation from 

this method is that fingerprints may share common fragments 

(Archak et al., 2003; Shirasawa and Kishitani, 2004).  

Although converting AFLP markers to simple PCR- based 

markers makes it easier for marker-assisted breeding 

programs, it is a challenging task for several reasons. Among 

these, one reason is that some of the AFLP fragments are 

very small in size. From these short sequences, it is difficult 

to design optimal PCR primers that can produce polymorphic 

amplicons from large genomic DNA. Another reason is co-

segregation of fragments of similar size in the gel, which 

makes separation and isolation of single fragments from this 

complex difficult. One way of minimizing this problem is by 

increasing the length of primers used in AFLP amplification 

so that they can produce more stringent and reliable 

fragments. 

 

The SCAR marker DESU-G1 and its application in 

identifying deleted region in the ur-3 mutants. 

 

Understanding the nature of the deleted region in the ur-3 

mutants is critical as we may be able to derive markers that 

are closely linked to the Ur-3 locus (Kalavacharla et al., 

2000). In our study, the SCAR marker DESU-G1 shows 

dominant polymorphism between the resistant genotype 

Sierra and the susceptible mutants ur3-Δ2 and ur3-Δ3. A 

similar sized PCR product can be seen from the susceptible 

genotypes Olathe and crg. The DESU-G1 product in crg is 

seen as this susceptible mutant has a deletion at the Crg locus 

but not in the Ur-3 region. The mutants ur3-Δ2 and ur3-Δ3 

have a deletion at the Ur-3 locus (Kalavacharla et al., 2000), 

which maps to linkage group 11 and are therefore missing 

this marker. There is a disparity in sequence size correlation 

between the AFLP fragment EAACMCAC-1 and the SCAR 

marker DESU-G1. A possible reason may be that the primers 

are anchoring at two adjacent places in the deleted region of 

the bean genome and producing two different PCR products. 

The larger (~750bp) product was not seen in the AFLP- 

PAGE gel possibly because of low concentration of this 

product or poor resolution. However, a 200 bp fragment 

corresponding to EAACMCAC-1 can be seen on the agarose 

gel along with this larger DESU-G1 fragment when the 

annealing temperature was reduced to 48°C from 51°C 

during PCR. Since the mutants are derived from the genotype 

Sierra by fast neutron bombardment, it is difficult to derive 

more polymorphic bands with a technique that relies on 

restriction sites to produce polymorphic bands. There is a 

need for further characterization of the deletion region and its 

correlation to Ur-3 resistance as a cluster of resistance genes 

are present in this region of chromosome 11 in common bean 

(Hanai et al., 2010; Liebenberg et al., 2009), and we are in 

the process of generating further mutants by using gamma 

irradiation and EMS. These mutants can serve as good 

genetic tools to study the resistant genes present in and 

around the Ur-3 region.  

 

Materials and methods 

 

Plant material 

 

The resistant genotype Sierra, susceptible genotype Olathe 

and three susceptible mutants (crg, ur3-Δ2 and ur3-Δ3) 

derived from Sierra were used in this study. Sierra and Olathe 

belong to the Meso-American gene pool and exhibit 

contrasting phenotypes with respect to the Ur-3 locus. Sierra, 

which carries the Ur-3 locus, is resistant to race 53, a race 

that is avirulent on plants containing the Ur-3 locus, while 

Olathe exhibits a susceptible reaction to race 53. Reaction of 

the five genotypes used in this study to race 53 can be seen in 

figure 6. Plants were grown according to the methods of 

Kalavacharla et al (2000) in the greenhouse. Leaves from the 

above five genotypes were collected at trifoliate stage and 

flash frozen in liquid nitrogen, and either used immediately 

for DNA extraction or stored at -80°C for later use.  

 

DNA extraction 

 

Genomic DNA was extracted using the CTAB method as 

described by Kalavacharla et al (2000) and Todd (2008). 

DNA was further purified by RNAse treatment (RNAse A  
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Fig 4. The SCAR marker DESU-G1 on 2% agarose gel.  M. 

100bp DNA size marker 2. Sierra 3. Olathe 4. crg 5. ur3-Δ2 

6. ur3-Δ3 and 7. Negative PCR control in which water was 

used instead of DNA. Amplification pattern is in consistent 

with the AFLP fragment EAACMCAC-1. 
 

 
 

Fig 5. The AFLP sequence of EAACMCAC-1 fragment 

(191bp). Underlined sequences are the sequences of primers 

designed for the development of SCAR marker DESU-G1. 

 

 

 
 

Fig 6. Plant material used in this experiment. Common bean 

(Phaseolus vulgaris L.) genotypes inoculated with spores of 

the rust fungus Uromyces appendiculatus. The picture is a 

close-up view of the leaves of common bean plants 10 days 

after inoculation. The genotype Sierra shows resistance, 

while the genotypes Olathe, and susceptible mutants crg, ur3-

Δ2 and ur3-Δ3 produced grade 4, 5, 6 uridenia with race 53 

as observed by Kalavacharla et al (2000).   

 

10mg/mL; Sigma-Aldrich, St. Louis, MO) followed by 

phenol chloroform extraction (Sambrook et al., 1989). 

RNAse treatment was carried out at 37°C for 30 min. After 

isopropanol precipitation, the DNA pellet was washed with 

75% ethanol, dried overnight, and re-suspended in autoclaved 

water. DNA integrity and quality was checked on 1% agarose 

gel, and concentration was measured with the NanoDrop 

2000 (Thermo Scientific, Wilmington, DE). 

 

Utilization of RAPD derived SCAR markers 

 

The SCAR markers SK14 and SAE19 were utilized to 

amplify genomic DNA of the five genotypes mentioned 

earlier by PCR. PCR conditions were as follows; initial 

denaturation at 94°C for 2 minutes (min) followed by 35 

cycles of denaturing at 94°C for 30 seconds (sec), annealing 

at 60°C for 1 min and extension at 72°C for 2 min followed 

by a final extension step of 5 min. PCR products were 

analyzed by electrophoresis on a 1% agarose gel (figure 1). 

The primer sequences are listed in table 1. 

 

Overgo hybridization of BACs with SK14 probe 

 

The SK14 probe 

“CTCCACCACTTAATCTGTGTCTCCAGCAGCACCAAT

” was hybridized with filters from the PV_GBa BAC library 

at Purdue University. The PV_GBa library was developed 

from the genotype G19833 (Schlueter et al., 2008) that 

consists of 55, 296 clones and was obtained from the 

Clemson University Genomics Institute (CUGI; 

https://www.genome.clemson.edu), Clemson, SC. Southern 

hybridizations were carried out as per the methods described 

in Hass-Jacobus et al (2006).  

 

Screening Sierra and mutant plants with primers from BAC 

end sequences 

 

Overgo hybridization of the BAC library with the SK14 

probe yielded 63 BACs with signals ranging from weak to 

normal intensities (data not shown). These BAC clones were 

assigned to corresponding contigs with the help of WebFPC 

(http://phaseolus.genomics.purdue.edu/WebAGCoL/Phaseolu

s/WebFPC/). Contig 570, which has the highest number of 

hybridized BACs was chosen for further study. DNA was 

extracted from the clones that produced normal signal 

intensities during hybridization using the large construct kit 

protocol (Qiagen, Valencia, CA cat# 12462) and amplified 

with redesigned SK14 primers. SK14 primers were 

redesigned as follows: 

Original SK14 primers were derived from the resistant Ur-3 

genotype, and they do not produce PCR product from 

G19833. In order to screen the BAC library with the SK14 

marker, we redesigned primers from the sequence of the PCR 

product amplified with the original primers, so that the new 

primers can anchor 50 to 60 bp inside the sequence and to 

amplify different regions of the 630 bp sequence. This 

subsequently amplified products ranging from 100 to 400 bp 

in G19833, Sierra and crg. No amplification was seen in 

mutants ur3-Δ2 and ur3-Δ3 and in the susceptible genotype 

Olathe with these redesigned primers. 

 

AFLP procedure 

 

AFLP fragments were generated following the protocol of 

Vos et al (1995) with some modifications as described in 

Hazen et al (2002). Genomic DNA (300 ng) from all the 

genotypes was double digested with EcoRI and MseI 

restriction enzymes  and ligated with corresponding linkers.  

Linker sequences are shown in table 1. Pre-amplification was 

performed with 2 µL of the above digested and ligated 

product under the following conditions: 1x PCR buffer (10 

mM tris-HCl, pH 7.2, 50mM KCl and 0.1% TritonX-100), 

0.5mM dNTPs, 0.5 U Taq polymerase, 1.5 mM MgCl2 to a 

total volume of 20 µL. PCR conditions were as follows: an 

initial denaturing temperature of 94°C for 2 min followed by 

26 cycles of 94°C for 1 min, 56°C for 1 min, 72°C for 1 min 

with a final extension step of 72°C for 5 min. The pre-

amplified product was diluted six times by adding 100 µL of 

sterile water. Final selective amplification was performed 

utilizing 2 µL of the above diluted, pre-amplified product 

http://phaseolus.genomics.purdue.edu/WebAGCoL/Phaseolus/WebFPC/
http://phaseolus.genomics.purdue.edu/WebAGCoL/Phaseolus/WebFPC/
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under the following PCR conditions; 94°C for 2 min, 12 

cycles with the annealing temperature decreased by 0.7°C for 

every step (94°C for 2 min, 65°C for 30 sec, 72°C for 1 min) 

and 23 cycles  (94°C for 30 sec, 56°C for 30 sec 72°C 1min) 

followed by an extension step of 1 min at 72°C in the final 

cycle. 

 

Polyacrylamide gel electrophoresis (PAGE) 

 

Six percent polyacrylamide gels were prepared on 33×42 cm 

plates (CBS Scientific, San Diego, CA. cat # DASG-600-33). 

PCR products containing 10 µL of selective amplified 

product with an equal volume of formamide loading dye 

(98% formamide, 10mM EDTA  pH 8.0, 1.0 mg/mL 

bromophenol blue and 1.0mg/mL xylene cyanol) were loaded 

per well. A 50 bp DNA size marker was loaded alongside 

wells and electrophoresed for 3 hours (h) at 60W. Fragments 

were visualized by silver staining according to the 

manufacturer’s protocol (Promega, Madison,WI.  Cat # 

Q4134). Gels were then air dried, and stored at room 

temperature for further analyses. 

 

Cloning and sequencing of polymorphic fragments 

 

A small portion of selected polymorphic fragments were 

excised from the gel and directly transferred to PCR mix, and 

allowed to rehydrate on ice for 15 min prior to PCR 

amplification. The PCR product was verified on a 1.5% 

agarose gel, corresponding fragments were gel extracted 

using Qiaquick gel extraction system (Qiagen, Valencia, CA. 

Cat# 28106) and subsequently transferred to Invitrogen’s 

TOPO TA vector (Invitrogen, Carlsbad, CA. Cat#K457540).  

For each selected fragment, 12 clones were isolated and 

verified on the gel for confirmation of presence of a single 

insert and sequenced.  

  

Sequence characterization 

 

AFLP fragment sequences were analyzed using the software 

DNASTAR (DNASTAR Inc., Madison, WI). PCR primers 

were designed using Primer3 software 

(www.frodo.wi.mit.edu) and amplified using 70 ng of 

genomic DNA from the genotypes Sierra, Olathe, and 

mutants crg, ur3-Δ2, and ur3-Δ3 following the PCR 

conditions shown in selective AFLP amplification. A 10 µL 

of PCR product was visualized on a 2% agarose gel (figure 

5). 

 

Conclusions 

 

There is a need for development of molecular markers linked 

to rust resistant loci in common bean. The mutants ur3-Δ2 

and ur3-Δ3 show a susceptible response to bean rust race 53. 

We utilized these mutants to develop molecular markers to 

identify deleted regions in the bean genome. Based on our 

present analyses and previous studies (Kalavacharla et al., 

2000), both of these mutants have deletions in or around the 

ur-3 region. The RAPD-derived SCAR markers did not 

provide consistent results for physical mapping with BAC 

library. Since there are no additional markers available for 

Ur-3, this is the first attempt to develop AFLP markers for 

both the Ur-3 locus as well as for characterizing the deleted 

region in the susceptible ur-3 mutants. The polymorphic 

AFLP fragment EAACMCAC-1 was the only fragment that 

was polymorphic between Sierra and the ur-3 mutants. We 

were able to successfully convert this fragment to a SCAR 

marker (~750 bp). Further this marker can be utilized for 

chromosomal landing and physical mapping to understand 

the deleted region surrounding the Ur-3 locus in these 

mutants. 
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