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Integration of Simple Sequence Repeat (SSR)
Markers Into a Molecular Linkage Map of
Common Bean (Phaseolus vulgaris L.)

K. Yu, S. J. Park, V. Poysa, and P. Gepts

Microsatellite or simple sequence repeat (SSR) markers have been successfully
used for genomic mapping, DNA fingerprinting, and marker-assisted selection in
many plant species. Here we report the first successful assignment of 15 SSR
markers to the Phaseolus vulgaris molecular linkage map. A total of 37 SSR primer
pairs were developed and tested for amplification and product-length polymor-
phism with BAT93 and Jalo EEP558, the parental lines of an F, recombinant inbred
(RI) population previously used for the construction of a common bean molecular
linkage map. Sixteen of the SSRs polymorphic to the parental lines were analyzed
for segregation and 15 of them were assigned to seven different linkage groups,
indicating a widespread distribution throughout the bean genome. Map positions
for genes coding for DNAJ-like protein, pathogenesis-related protein 3, plastid-lo-
cated glutamine synthetase, endochitinase, sn-glycerol-3 phosphate acyltransfer-
ase, NADP-dependent malic enzyme, and protein kinase were determined for the
first time. Addition of three SSR loci to linkage group B4 brought two separated
smaller linkage groups together to form a larger linkage group. Analysis of allele
segregation in the F, Rl population revealed that all 16 SSRs segregated in the
expected 1:1 ratio. These SSR markers were stable and easy to assay by polymer-
ase chain reaction (PCR). They should be useful markers for genetic mapping,

genotype identification, and marker-assisted selection of common beans.

The development of genetic linkage maps
is of special importance for crops such as
the common bean (Phaseolus vulgaris L.),
one of the most important protein sources
for the world population. The identifica-
tion of molecular markers linked to traits
such as disease resistance will greatly fa-
cilitate marker-assisted breeding aimed at
cultivar improvement. To date, most ge-
netic linkage maps in common beans have
been based primarily on restriction frag-
ment length polymorphism (RFLP) and/or
random amplified polymorphic DNA
(RAPD) markers (Freyre et al. 1998).

The discovery of microsatellite or sim-
ple sequence repeat (SSR) markers has
significantly increased the marker density
of linkage maps for some mammals and
plants (Cregan et al. 1999a; Love et al.
1990; Murray et al. 1994). Compared with
other marker types, SSR markers have a
number of advantages: (1) they are co-
dominant and PCR based; (2) they are usu-
ally multiallelic and hypervariable; (3)
they appear to be randomly and uniformly
distributed throughout eukaryotic ge-
nomes (Hamada et al. 1982); and (4) they

are accessible to other research laborato-
ries via published primer sequences (Sag-
hai-Maroof et al. 1994). Although SSRs are
being used in developing genetic linkage
maps for a number of plant species (Akagi
et al. 1996; Cregan et al. 1999a; Milbourne
et al. 1998; Senior et al. 1996), no SSRs
have been developed and used for map-
ping common beans.

To develop SSR markers for common
beans, we conducted a GenBank database
search to identify SSR sequences present
in common bean DNA sequences (Yu et al.
1999). Our results indicated that SSR se-
quences are fairly abundant in common
bean genome. The goal of the present
study was to integrate the SSRs identified
from the GenBank database into a com-
mon bean molecular linkage map derived
from the cross between BAT93 and Jalo
EEP558 (Freyre et al. 1998; Nodari et al.
1993). The map locations (i.e., linkage
group and approximate location within a
linkage group) of 15 SSR markers were
successfully determined. Their potential
applications in common bean genetics and
breeding were also discussed.
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Table 1.

Thirty-seven SSRs identified from bean DNA sequences in the GenBank database and their primer sequences

GenBank accession Fragment Tm’and Progeny

number®?<? size allele segrega- x* Linkage

(SSR name) Name in GenBank (symbol) Core motifs (bp) Primer sequences¢ (forward, reverse) no. tion (3.84)¢  group

J01263 Beta-phaseolin (ATCC),(AG), 171 atgcatgttccaaccaccttete 49 (1)

(PV-atcc001) (PHVBCSP) (TAC), ggagtggaacccttgctctecate

J04555 Kinase-1 protein (CTT),(T), 152 gagggtgtttcactattgtcactgc 48 (5) 31:41 0.56 B4

(PV-ctt001) (PHVPVPK) (CTT), ttcatggatggtggaggaacag

K03288 Erythroagglutinating (ATGC), 126 tgccaccacagctttctecte 49 (2) 39:32 0.39 B4

(PV-atgc001) phytohemagglutinin (PHVDLECA) tatgagagaagcggttggcacg

K03289 Leucoagglutinating (ATGC), 144 agctttcacactatgacaccactgg 49 (3) 41:33 0.43 B4

(PV-atgc002) phytohemagglutinin (PHVDLECB) tgcgacatgagagaaagacacgg

M13968 Chitinase (GAA), 182 acaccttatcatttagaggaaaagaga 47 (3)

(PV-gat001) (PHVCHM) TAG(GAT), acccgaactggctgcaacag

M18093 Hydroxyproline-rich glycoprotein (CCA), 151 ccagctaccatctectecateg 48 (1)

(PV-cca001) (PHVHRGPA) tagtggtggaggtggagattt

M18094 Hydroxyproline-rich glycoprotein (CCA), 179 taatttctctectteccateccaaac 49 (2)

(PV-cca002) (PHVHRGPB) gtagtaataaggaggaggcggtgag

M68913 Arcelin (ATCT), 193 caattaaaactcaaccaacccaaata 49 (D)

(PV-atct001) (PHVARC1A) tttcccgeccatagaatatgtgaga

M75856 Pathogenesis-related (GA), 157 caatcctctetetetecatttecaate 47 (2) 29:37 0.48 B11

(PV-ag001) protein 3 (PHVPVPR3A) gaccttgaagtcggtgtegttt

U10419 Nitrite reductase (AAAT), 203 tggagccatctgtctettacccac 49 (1)

(PV-aaat001) (PVU10419) gagcacgagtcacgtttgcaac

U18349 Phaseolin G-box binding protein (GGO), 238 ctgaagcccgaatcttgega 49 (2)

(PV-ggc001) (PVU18349) cgcgagaggtgaacgaaagc

U18791 Hydroxyproline-rich glycoprotein (TA),, 239 gggagggtagggaagcagtyg 47 (D)

(PV-at001) precursor (PVU18791) gcgaaccacgttcatgaatga

U28645 Embryo-specific acidic (CCA);, 115 gcaagagaacactgaagaggatcg 49 (D)

(PV-cca003) transcriptional activator (PVU28645) gacattactcatttcatcatctactacacg

U34754 Cellulase (AT)g 254 gtttctteccttatggttaggttgtttg 49 (2)

(PV-at002) (PVU34754) tcacgttatcaccagcatcgtagta

U54703 Dehydrin (TTA), 106 cgaggaggaaggagaagacgg 49 (2)

(PV-tta001) (PVU54703) gagggttatcacaaggaagacacg

U70530 Giberellin 20-oxidase (AG), 144 cctcteteccgaacttatteatete 49 (1)

(PV-ag002) (PVU70530) tggccatagattgcatgacaaat

u77935 DNAJ-like protein (GCCACOC), 95 cgttagatcccgeccaatagt 48 (4) 42:24 1.09 B2

(PV-gccacc001) (PVU77935) ccgteccaggaagagcgagce

X02980 Alpha-phaseolin (ATCC)3(AG), 192 acttctttcatcatccatccatce 48 (1)

(PV-atcc002) (PVPHASAR) (TAC),;T(CTA), tatcttggctetcttectectee

X04001 Glutamine synthetase (AG), 164 tcacgtacgagttgaatctcaggat 49 (5)

(PV-ag003) (PVGSR1) ggtgtcggagaggttaaggttg

X04660 Phytohemagglutinin (AG), 201 ttgatgacgtggatgcattge 48 (2) 42:32 0.54 B4

(PV-ag004) pseudogene (PVPDLEC1) aaagggctagggagagtaagttgg

X13329 5 flanking sequence of glutamine (GA)s(A), 139 gctcacgtacgagttgaatctcag 48 (2) 33:37 0.23 Unlinked

(PV-ag005) synthetase beta subunit gene (PVGLNB) (GA), atctgagagcagcgacatggtag

X13595 Glycine-rich cell wall (GTTT), 153 tatacacacgaactttgcattccg 49 (D)

(PV-gttt001) protein (PVGRP10) acatgcaagttcacacggtcctc

X52626 Alpha-phaseolin (ATCOC), 176 tctccatgcatgttccaaccac 49 (D)

(PV-atcc003) (PVAPHASE) ggagtggaacccttgctctcate

X53603 Nitrate reductase (TTTC), 161 tttacgcaccgcagcaccac 50 (4)

(PV-tttc001) (PVNITRED) tggactcatagaggcgcagaaag

X57022 Small subunit of ribulose 1,5-bisphos- (GAAT), 163 aaggatgggttcegtgettg 49 (2) 43:31 0.65 B4
phate

(PV-gaat001) carboxylase/oxygenase (PVSS15BCO) cacggtacacgaaaccatgctatc

X58274 Ferritin (CTT), 164 tcgeccgggaaagttgecagt 49 (1)

(PV-ctt002) (PVPFE) tagaaggagcgagggccatg

X59469 Silencer region of chalcone synthase (GAAT), 167 aaacacacaaaaagttggacgcac 50 (2) 35:30 0.31 B2

(PV-gaat002) promoter (PVCHALCPO) ttegtgaggtaggagtttggtgg

X60000 Small subunit of ribulose 1,5-bisphos- (AT),(T), 139 acctagagcctaatccttctgegt 49 (2) 42:30 0.67 B4
phate

(PV-at003) carboxylase/oxygenase (PVRBCOS) (AT), gaatgtgaatatcagaaagcaaatgg

X61293 Promoter region of gln-delta gene for (AT) 5 163 aatctgccgagagtggtcctgec 47 (5) 19:40 1.42 B6

(PV-at004) plastid-located glutamine synthetase gattgaaatatcaaagagaattgttac
(PVGLND3)

X63525 Lipoxygenase (AT), 305 gacgttcgcagtattttgtgatataga 48 (2)

(PV-at005) (PVLOXA) cataataccatgctcctactctaca

X64769 Polygalacturonase-inhibiting (CCCT), 150 caccaatgtctcecggegea 50 (1)

(PV-ccct001) protein (PVPGIP) cggttgecegtegaatgtgat

X74919 Endochitinase (AT); 132 ccgttgectgtatttecccat 50 (4) 33:40 0.62 B5

(PV-at006) (PVGEC9) cgtgtgaagtcatctggagtggtce

X79722 Sn-glycerol-3-phosphate (CCT), 149 ccaaccacattcttcectacgte 49 (2) 44:27 0.96 B2

(PV-cct001) acyltransferase (PVPLSB) gcgaggcagttatctttaggagtg

X80051 NADP-dependent malic (AT),, 192 agttaaattatacgaggttagcctaaatc 49 (10)  34:37 0.17 B9

(PV-at007) enzyme (PVMEIG) cattcccttcacacattcaceg

X96999 Ribonuclease-like pathogenesis-related  (AT), 161 agtcgccatagttgaaatttaggtg 49 (3) 30:39 0.71 B3

(PV-at008) protein (PVYPR10GN) cttattaaaacgtgagcatatgtatcattc

730347 Nodulin 30 (AT),(TA), 360 atctttaaattactaattttcttgtategt 46 (0)

(PV-at009) (PVNPV30G) ttcatctttattacacaacctgactca

M99497 Protein kinase in (AG),, 163 gggtagtaaaggaaagagaagaaagag 48 (4) 42:24 1.09 B3

(VA-ag001) Vigna (VIRPK) (AAG), ccaccttctegtactgttecatg
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An integrated linkage map of common bean. Seven linkage groups with 15 SSR markers are shown with
their names in italic. The gap between Core4a and Core4b in linkage group B4, which was filled by the addition of
three SSR loci, is shown as well.

Material and Methods

Plant Materials

A recombinant inbred (RI) population of
75 F, bean lines was used as the mapping
population for this study. This RI popula-
tion was derived from the BAT93 X Jalo
EEP558 F, population used for the con-
struction of the original Davis map (No-
dari et al. 1993), and was advanced to the
F, generation by single seed descent.
Twelve common bean lines from a range
of pedigrees (Yu et al. 1999) were used to
evaluate allelic variation of the SSRs.

Database Search and SSR Development
The GenBank database search for SSR se-
quences in common beans was described
by Yu et al. (1999). In total, 37 pairs of SSR
primers were made and analyzed (Table
1). All of the primers were synthesized by
GIBCO BRL. Genomic DNA isolation, PCR
amplification, and PCR product separation
with denaturing polyacrylamide sequenc-
ing gel were conducted according to the
conditions described by Yu et al. (1999).

Data Analysis

Goodness-of-fit tests for a 1:1 segregation
ratio were performed on SSR markers seg-
regated in the RI population with Corel
Quattro Pro 7 (Table 1). The integrated
linkage map for the BAT93 X Jalo EEP558
RI population was constructed using
MapMaker EXE 3.0 (Lincoln et al. 1992).
Initially the Assign command was used to
assign all SSR markers to linkage groups
of the core map developed by Freyre et al.
(1998) using LOD values greater than 2.0.
Then the Try command was used to po-
sition each SSR marker on its linkage
group. Only the 240 framework marker
data were used here for analysis and de-
velopment of the integrated linkage map
(see links to individual linkage group maps
at (http://agronomy.ucdavis.edu/gepts/
geptslab2.htm)).

Nomenclature

The SSR was named with the following
naming system: PV stands for Phaseolus
vulgaris, followed by the repeat motif in

«—

2 Bold numbers are SSRs polymorphic to the parents.

® Underlined numbers are SSRs monomorphic to the parents but with clearly defined band(s).
¢Italic numbers are SSRs that failed to amplify the parental DNA samples.
4 Normal numbers are SSRs that had poor amplification with the parental DNA.

¢ All primers are given in the 5’ to 3’ direction.
"The calculated Tm values are based on a salt concentration of 50 mM.
¢ Significance at P = .05 is 3.84.
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lowercase and an arbitrary number start-
ing from 001 for each distinct repeat motif
such as at001 or ctt001. A repeat motif of
ag, ga, ct, and tc or att, tta, aat, ata, taa,
and tat, etc., is considered the same. For
imperfect or compound repeats such as
(GAA),TAG(GAT);, the repeats with a high-
er number, in this case gat will be used. If
two or more different repeats, for exam-
ple, (ATCC);AG),TAC);, have the same
number of repeats, the repeat motif at the
5" end will be used to designate the SSR
name such as PV-atcc in this example.
Therefore an SSR named PV-at001 or VA-
ag001 means that the number one SSR
found in Phaseolus vulgaris with an “at” re-
peat motif or the number one SSR found
in Vigna aconitifolia with an “ag” repeat.
This nomenclature is taking into consid-
eration future expansion by other re-
searchers with other technologies.

Results and Discussion

Allelic Variation of SSRs and Their
Segregation

Twenty-four of the 37 SSR loci were poly-
morphic among the 12 bean genotypes
with 2-10 alleles and 12 of them were
monomorphic (Table 1). Among the 24
polymorphic loci, 13 (54%) of them are
diallelic. When the 37 SSRs were tested
with BAT93 and Jalo EEP558 for product
length polymorphisms, 16 pairs of the
primers could generate polymorphic
bands between the parents, 14 pairs pro-
duced clear band(s), but without poly-
morphisms, 2 pairs amplified poorly, and
5 pairs failed to amplify. The frequency of
polymorphic SSRs and of SSRs that could
generate clear PCR products for this pair
of the parental lines were 43% and 81%,
respectively. Similar polymorphic frequen-
cies were also observed when using the 37
SSRs in other genetic mapping popula-
tions (Pauls KP, personal communication).
Poor amplification could be due to unsuit-
able primer sequences and/or improper
PCR conditions (Akagi et al. 1996). The
lack of amplification of an allele in the
bean lines could be the result of diver-
gence in the sequences flanking the SSRs,
creating a null allele (Smulders et al.
1997). However, it could also result from
the production of an undetectable amount
of PCR products due to improper PCR con-
ditions for that pair of primers (Lavi et al.
1994). In the latter case, optimization of
PCR conditions would be necessary for in-
dividual lines or cultivars from which no
fragments were amplified.
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Among the 37 SSRs, 15 have dinucleo-
tide repeats, 9 have trinucleotide repeats,
12 have tetranucleotide repeats, and 1 has
a hexanucleotide repeat. Twelve (80%) of
the 15 dinucleotide SSRs, 6 (66.7%) of the
9 trinucleotide SSRs, and 5 (41.7%) of the
12 tetranucleotide SSRs were polymorphic
among the 12 bean lines (Table 1). Be-
tween the two parental lines, BAT93 and
Jalo EEP558, 9 (60%) of the 15 dinucleotide
SSRs, 2 (22%) of the trinucleotide SSRs,
and 4 (33%) of the tetranucleotide SSRs
showed product length polymorphism. In
general, dinucleotide SSRs are more poly-
morphic. However, highly polymorphic tri-
nucleotide SSRs were found in soybean ge-
nome (Rongwen et al. 1995). No clear
relationship between total repeat length
and the degree of polymorphism was ob-
served in this study. Bell and Ecker (1994)
also failed to detect a correlation between
polymorphism information content and
repeat length up to 50 nucleotides among
Arabidopsis thaliana strains. The fact that
polymorphisms were detected from short-
er repeats such as (AT); and (GAAT), in
this study (Table 1) demonstrated that
shorter simple repetitive DNA sequences
are also important sources for developing
polymorphic SSR markers in common
beans.

When a chi-squared test was performed
at the 5% level of significance, no SSR
markers deviated from the expected 1:1
segregation ratio (Table 1). No preferen-
tial transmission of maternal or paternal
alleles was observed when all loci were
considered. It is not unusual to find dis-
torted segregation ratios in populations
where a large number of markers have
been analyzed. For example, 105 of 599
marker loci (18%) used for the core map
showed a distorted segregation as deter-
mined by goodness-of-fit tests for a 1:1 ra-
tio at P = .05 (Freyre et al. 1998). The non-
skewed segregation results from this
study may be due to the small number of
SSRs tested. Skewed SSR markers were ob-
served in other plant species (Kijas et al.
1997; Senior et al. 1996).

It should be noted that one of the SSR
markers, VA-ag001, was identified from Vig-
na aconitifolia, a species distantly related
to P. vulgaris. This SSR segregates normal-
ly in the RI population. In soybeans, up to
65% of the soybean SSR primer pairs am-
plified SSRs within Glycine and 85% of
them were polymorphic within G. clandes-
tina (Peakall et al. 1998). It should be in-
teresting to test the applicability of the
SSRs from P. vulgaris in Vigna species and
vice versa.

Usually SSRs are codominant genetic
markers following Mendelian inheritance
(Beckman and Soller 1990). However, one
SSR marker, PV-atgc001, demonstrated a
dominant/recessive inheritance (data not
shown). This is not unusual; occasionally
dominant/recessive RFLP markers were
also observed (Yu et al, unpublished
data). The failed amplification in the Jalo
line at the PV-atgc001 locus could be due
to divergence in the sequences flanking
the SSRs or other mutations such as de-
letion of the primer binding sites or a large
insertion between the primers.

Distribution of SSRs on the Common
Bean Map

The segregation information collected
from the 16 polymorphic SSRs in this
study was analyzed with MapMaker EXE
3.0 along with data from 240 framework
markers for the core map (see links to in-
dividual linkage group maps at http://
agronomy.ucdavis.edu/gepts/geptslab2.
htm) (Freyre et al. 1998). Because 13
markers were assigned to more than one
linkage group and 11 markers including
one SSR could not be assigned to any of
the linkage groups, only 232 markers in-
cluding 15 SSRs were placed on the inte-
grated linkage map. No SSRs were as-
signed to linkage groups B1, B7, B8, and
B10. Figure 1 shows the successful assign-
ment of the 15 SSRs to seven bean linkage
groups labeled with their names in italic
letters.

SSR markers (PV-cct001, PV-gccacc001,
and PV-gaat002) from genes coding for sn-
glycerol-3-phosphate acyltransferase, DNAJ-
like protein, and chalcone synthase, respec-
tively, were mapped on linkage group B2.
PV-gaat002 from the chalcone synthase
promoter was mapped to the end of link-
age group B2 with a map distance of 2.9
cM from the previously mapped RFLP lo-
cus using the chalcone synthase gene as
a probe. The discrepancy between the
map position of the SSR and RFLP markers
could be due to experimental errors. The
SSRs (VA-ag001 and PV-at008) from Vigna
protein kinase gene and ribonuclease-like
pathogenesis-related (PR) protein gene
were mapped to linkage group B3. PV-
at008 was mapped to the position as the
previously mapped PR-1 gene in the Davis
map (Freyre et al. 1998). As expected, two
distinct SSRs (PV-gaat001 and PV-at003)
from the small subunit of ribulose 1,5-bi-
phosphate carboxylase/oxygenase (Rbcs)
gene were mapped to the position previ-
ously identified by the Rbcs isozyme assay
on linkage group B4. In addition, three dis-



tinct SSRs (PV-atgc001, PV-atgc002, and
PV-ag004) from a family of genes coding
for lectin or phytohemagglutinin (PHA)
were mapped to a similar position as the
previously mapped lectin gene (Lec) on
B4, and PV-ag004 is the most robust locus
with three alleles. Another SSR (PV-ctt001)
from the protein kinase-1 gene was also
mapped on linkage group B4. PV-at006 lo-
cus from an endochitinase gene, PV-at004
from a plastid-located glutamine synthe-
tase gene, PV-at007 from a NADP-depen-
dent malic enzyme gene, and PV-ag001
from the PR protein 3 gene were mapped
on linkage groups B5, B6, B9, and B11, re-
spectively. Only one SSR marker (PV-
ag005) from the 5’ flanking sequence of a
glutamine synthetase gene could not be
positioned on any of the 11 bean linkage
groups (Figure 1). Since seven of the
genes were positioned to the bean linkage
map for the first time, they could be used
for identification of gene and trait rela-
tions.

Because the bean molecular map is rea-
sonably saturated, the overall map cover-
age of the bean genome was not improved
with addition of the 15 SSR markers. How-
ever, there was a gap present in linkage
group B4 on the core map (see links to
individual linkage group maps at http://
agronomy.ucdavis.edu/gepts/geptslab2.
htm). The integration of 3 SSR loci on that
linkage group generated a new framework
and brought the two separated smaller
linkage groups together to form a larger
linkage group (Figure 1; B4). As a result,
the map positions for some previously
mapped markers are slightly changed
(Figure 1; B4, Coreda, and Core 4b). With
13 SSRs from 13 distinct genes (PV-
gaat001 and PV-at003 are from the same
Rbsc gene; PV-atgc001, PV-atgc002, and
PV-ag004 are from the PHA gene family)
mapped to 13 different locations on 7 dif-
ferent linkage groups, it may be reason-
able to predict that SSR markers may be
dispersed randomly throughout the bean
genome. Clearly, more bean SSR loci will
have to be identified and mapped before
the question of randomness of their dis-
tribution can be answered with certainty.
Although random distribution of SSRs was
reported in several plant species (Wu and
Tanksley 1993; Bell and Ecker 1994; Senior
et al. 1996), clustering of SSR loci was ob-
served in soybeans (Cregan et al. 1999a).
Likewise, mapping of ISSRs in common
beans also suggests clustering of micro-
satellite sequence-based markers.

Previous studies in other plant species
indicated that all SSRs mapped thus far

appeared to be single locus markers (Ak-
kaya et al. 1995; Senior et al. 1996; Thomas
and Scott 1993). None of the SSRs in this
study produced more than one set of
bands that segregate independently. This
is in contrast with the large number of am-
plification products typically found when
using RAPDs (Williams et al. 1990) or
AFLPs (Vos et al. 1995). Although SSRs
produce less information per marker, the
problems of repeatability typically associ-
ated with RAPDs are minimized. Further-
more, SSR markers avoid the difficulties of
genetically dissecting multiple-banding
patterns with respect to the multiple ge-
netic loci that often occur with AFLP mark-
ers. Because SSRs are selected as single-
locus markers, they map to reproducible
positions in the genome without the com-
plications that are associated with other
types of markers. As a result, SSR markers
can be used as dependable, comparable,
and highly informative points of reference
across a wide range of bean populations
for genomic map integration and compar-
ative genomic analysis.

Application of SSRs

Plant breeders have become increasingly
interested in marker-assisted selection for
efficient and precise transfer of genes con-
ditioning important agronomic traits (Lee
1995). The successful use of marker tech-
nology depends on the availability of a
large number of highly polymorphic mark-
ers, close linkage between the marker lo-
cus and the gene of interest, and the ease
of using the markers. In common beans,
most of the molecular markers used today
are RAPD markers which are dominant/re-
cessive, less polymorphic, and not repro-
ducible. Because SSR markers are codom-
inant, more polymorphic and stable, and
much easier to assay compared with RFLP
or AFLP markers, they should be very use-
ful for genomic mapping and gene (or
QTL) tagging if a large number of SSRs are
developed. In addition, polymorphisms of
SSRs can be detected by PCR and auto-
mated DNA sequencer, thus a great num-
ber of DNA samples can be analyzed at the
seedling stage for marker-assisted selec-
tion in practical plant breeding programs
(Cregan et al. 1999b). Furthermore, highly
polymorphic SSR loci are valuable tools
for identification of bean lines/cultivars
and for genetic diversity analysis among
bean germplasm. Although the sample
size in this study is small, it demonstrates
the potential of developing a large quan-
tity of SSRs in this crop. The introduction
of a codominant, informative, and easy to

detect marker class, along with 37 pairs of
SSR primer sequences, will be useful for
the bean research community. Currently
work is under way to generate additional
bean SSR markers through screening small
insert genomic DNA libraries.
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