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Abstract The development and use of RAPD markers 
for applications in crop improvement has recently gen- 
erated considerable interest within the plant breeding 
community. One potential application of RAPDs is 
their use for "tagging" simply-inherited (monogenic) 
pest-resistance genes and enabling more efficient identi- 
fication and selection of genotypes carrying specific 
combinations of resistance genes. In this report, we 
propose and describe the use of heterogeneous inbred 
populations as sources of near-isogenic lines (NILs) for 
targeting RAPD markers linked to major pest resistance 
genes. The development of these NILs for RAPD 
marker analyses involved a sequence of line and mass 
selection during successive generations of inbreeding. 
DNA bulks derived from the NILs were used to identify 
a RAPD marker (designated OK14620, generated by 5'- 
CCCGCTACAC-3' decamer) that was tightly linked 
(2.23_ 1.33centiMorgans) to an important rust 
[Uromyces appendiculatus (Pets.) Unger vat. appendi- 

culatus] resistance gene (Ur-3) in common bean 
(Phaseolus vulgaris L.). The efficiency of this approach 
was demonstrated by a low rate of false-positives identi- 
fied, the tightness of the linkage identified, and the 
ability to detect polymorphism between genomic re- 
gions that are representative of the same gene pool of 
common bean. This method of deriving NILs should 
find application by researchers interested in utilizing 
marker-assisted selection for one or more major pest 
resistance genes. The identification of OK1462 o should 
help to facilitate continued use of the Ur-3 resistance 
source and will now enable marker-assisted pyramiding 
of three different bean rust resistance sources (two previ- 
ously tagged) to provide effective and stable resistance 
to this important pathogen. 
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Introduction 

The concept of "marker-assisted selection", as applied to 
monogenic disease or other pest resistances, dictates 
that selection for one or more such resistance genes is 
practiced by selection for a marker (or two flanking 
markers) tightly linked to the gene of interest (Melchin- 
get 1990). The use of this approach with morphological 
markers has been greatly limited primarily due to the 
low numbers of such markers available in most crop 
species, their major effects on plant phenotype (often 
deleterious mutants), and the inability to score multiple 
morphological-mutant traits in a single segregating 
population (Paterson et al. 1991). To a certain extent, 
these limitations have been relieved with the develop- 
ment of markers based on allelic variants of specific 
enzymes (isozymes; Tanksley and Orton 1983) and, 
most notably, those based on variation in the length of 
DNA fragments obtained by digestion with restriction 
endonucleases (RFLPs; Botstein et al. 1980). RFLP 



338 

markers offer significant advantages with respect to 
increased numbers of loci and alleles detectable, their 
overall phenotypic neutrality, and the ability to score 
such markers at any stage of plant development. Al- 
though RFLP-based genetic linkage maps have been 
constructed recently in several crop species (Paterson 
et al. 1991), including common bean (Phaseolus vulgaris 
L.) (Vallejos et al. 1992; Nodari et al. 1993), these efforts 
are laborious and intensive and do not generally offer 
the opportunity to efficiently target tight linkages to 
specific loci of interest. Furthermore, the choice of par- 
ents for developing mapping populations in most crop 
species has often been based more on optimizing RFLP 
variation and less on the basis of polymorphism be- 
tween parents for traits of agronomic interest. 

To alleviate these potential limitations, two major 
strategies have emerged for targeting DNA markers 
tightly linked to specific loci ("gene tagging"). The first of 
these, using backcross-derived near-isogenic lines 
(NILs) has proven extremely useful for targeting tightly- 
linked RFLP markers in several important crop species 
(Young et al. 1988). A newer form of DNA marker, the 
random amplified polymorphic DNA (RAPD) marker 
(Welsh and McClelland 1990; Williams et al. 1990), has 
also proven useful for efficiently targeting tightly-linked 
markers using backcross-derived NILs (Martin et al. 
1991). In common bean, few such pairs of backcross- 
derived NILs are presently available and, furthermore, 
their development solely to enable gene tagging with 
RFLP or RAPD markers is generally not possible for 
more than a few different resistance sources. 

The second major strategy for targeting tightly- 
linked DNA markers has been referred to as "bulked 
segregant analysis" (Michelmore et al. 1991). Bulked 
segregant analysis alleviates the problems associated 
with the unavailability of backcross-derived NILs by 
utilizing DNA-bulks of resistant and susceptible indi- 
viduals in a segregating population to screen for poly- 
morphisms that are linked to the target locus. Successes 
have been realized using RAPD markers and conven- 
tional bulked segregant analysis (Michelmore et al. 
1991) as well as bulked segregant analysis in combina- 
tion with backcross-derived NILs (Haley et al. 1993; 
Miklas et al. 1993). Widespread use of this method is 
expected and many reports are likely to be forthcoming 
as appropriate populations are developed. 

Many conventional breeding procedures have been 
used for the improvement of oligogenic pest resistances 
in autogamous crop species. Of these, the backcross 
breeding method has been used widely in many crop 
species to introgress resistance genes from unadapted 
sources into the background of a susceptible, but other- 
wise desirable, cultivar or experimental line. Many 
oligogenic resistances, however, are commonly found in 
germplasm or in experimental lines that are themselves 
products of selective improvement and are desirable in 
terms of adaptation or productivity. For these situ- 
ations, breeders have most often chosen other common 
breeding methods (pedigree, modified-pedigree, bulk 

breeding methods, or some combination thereof) for 
handling segregating generations during inbreeding. 
These methods have proven very useful in applied 
breeding efforts for oligogenic pest resistances and many 
resistant cultivars have been produced by these pro- 
cedures. Although the end-products of these breeding 
methods are fundamentally different, each serves to fix 
homozygosity at regions unlinked to the resistance lo- 
cus. In backcross breeding, the maintenance of hetero- 
zygosity at the resistance locus, while systematically 
progressing toward homozygosity elsewhere, is the fun- 
damental reason why backcross-derived NILs have 
proven so useful for targeting tightly-linked DNA 
markers. Other common breeding methods that serve to 
maintain heterozygosity at the resistance locus and fix 
homozygosity elsewhere should provide genetic ma- 
terials that may be used in the same fashion as back- 
cross-derived NILs. 

In this paper, we propose and describe the use of 
heterogeneous inbred populations as sources of NILs 
for targeting RAPD markers tightly-linked to major 
resistance genes. The method entails the development of 
a form of NIL through a process characteristic of cul- 
tivar and line development in many autogamous crop 
species: inbreeding through self-pollination rather than 
backcrossing. Using this method, we identified a RAPD 
marker tightly linked to a major bean rust [Uromyces 
appendiculatus (Pers.) Unger var. appendiculatus] resist- 
ance locus (Ur-3; Ballantyne 1978; Stavely et al. 1989). 
This form of NIL should find widespread application by 
researchers who are involved in breeding for major oligo- 
genic resistance traits using marker-assisted selection. 

Materials and methods 

Plant material 

The bean rust resistance utilized and tagged in our studies was 
originally derived from tropical black bean germplasm (through 
chemical mutagenesis of cultivar 'San Fernando'; Moh 1971) via the 
small, white-seeded cultivar 'NEP-2'. NEP-2 is a rust-resistant differ- 
ential cultivar that develops distinct small necrotic spots or flecks 
(HR; grade 2 or 2, 2 +) with 26 races and small sporulating pustules 
(R; < 0.3 mm diameter, grade 3) with four races in the standard bean 
rust collection (Stavely 1984b; Stavely et al. 1989). The resistance 
from NEP-2 was incorporated into upright, TypeII  dry bean cul- 
tivars with the development of 'C-20' navy bean (Kelly et al. 1984) 
which was subsequently used by Kelly and Adams (1987) in the 
development of 'Sierra' pinto (Kelly et al. 1990) and 'Alpine' Great 
Northern (Kelly et al. 1992). This resistance is commonly referred to 
as the 'Aurora gene' after the rust-resistant differential cultivar 'Aur- 
ora' and has been given the symbol Ur-3 (Ballantyne 1978). Evidence 
suggests that this resistance consists of a tightly-linked block of 
completely dominant resistance genes (Stavely et al. 1989), as has 
been shown with other rust resistance sources in common bean 
(Stavely 1984 a). 

The development of near-isogenic lines for RAPD marker ana- 
lyses involved a sequence of line and mass selection during successive 
segregating generations of inbreeding. In 1986, a cross was made 
between a rust-resistant (P86300; full-sib of Sierra) and a rust-suscep- 
tible (P86295) breeding line. This cross was advanced to the F 2 
generation in the greenhouse and space-planted in the field (Saginaw, 
Mich.) in 1987. Five single-plant selections were made (for seed type, 
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upright growth habit, and agronomic adaptation) and subsequently 
grown in a winter nursery in 1987 1988 (Puerto Rico). One of these 
F2:3 lines was mass-selected for desirable pinto seed characteristics 
and advanced to the F 4 generation. In 1988, this Fz:,~ line was grown 
in the field (Saginaw, Mich.) and again mass-selected for desirable 
agronomic and seed characteristics. A winter nursery in 1988-1989 
(Puerto Rico) was used to advance this line without selection to the 
F 6. In 1989, the F2:6 generation line was planted in the field (Saginaw, 
Mich.) for preliminary yield trials and also for rust evaluations (as 
described below). Seven single-plant selections were made based on 
agronomic traits, seed characteristics, and resistance to rust. Five of 
these single-plant selections were advanced to the F 8 (as mass selected 
F6:8 lines) in a winter nursery in 1989 1990 (Puerto Rico). These were 
again grown in yield trials and a rust nursery (Saginaw, Mich.) in 
1990. Line number 90T-4042 was observed to be segregating 
[HR: grade 2,2+; S: grade 6 (sporulating pustules > 0.8 mm diam- 
eter)] for reaction to rust while the other four F6:8 generation sibs 
were uniformly resistant. The heterogeneous reaction to rust must 
have arisen from a heterozygous F2:6 generation plant selected for rust 
resistance and maintained as heterogeneous mass-selected line until 
the F a generation. Two near-isogenic lines within 90T-4042 were 
selected (resistant 90T-4042R; susceptible 90T-4042S) based on 
greenhouse rust evaluations on remnant F6:8 generation materials. 

The material used for RAPD marker analyses consist of a bulked 
segregant population derived from the cross of 90T-4042R with 90T- 
4042 S. An F 2 population of 70 individual plants was developed 
(coded A4513) from this cross and evaluated for rust resistance under 
greenhouse conditions (described below). Separate DNA bulks, con- 
structed using the DNA of four resistant and four susceptible F 2 
individuals, were screened with random decamer primers to identify 
RAPD markers tightly linked to the Ur-3 locus (described below). 
Progeny testing was not done a priori to distinguish homozygous 
resistant and heterozygous resistant F 2 plants for composition of the 
resistant DNA bulk. 

A second population was developed to evaluate linkage in a cross 
representative of our pinto bean breeding program. The parents of 
this cross, 'Olathe' pinto (Wood and Keenan 1982) and Sierra, show 
contrasting respones to rust races that are used to distinguish Ur-3. 
Crosses were made and advanced to the F z generation in the green- 
house. Field and greenhouse inoculations (described below) were 
used to determine the rust resistance reaction of 125 individual F 2 
plants that were subsequently used for segregation analyses. 

Rust evaluations 

All rust evaluations were done using spore suspensions of rust race 53. 
This rust race facilitates unambiguous identification of the presence 
of the Ur-3 gene block by producing characteristic large uredinia 
(grade 6) on susceptible plants and characteristic hypersensitive flecks 
or spots on resistant (HR) plants (Stavely 1984b; Stavely et al. 1989). 
Greenhouse inoculations were conducted as described previously 
(Haley et al. 1993). Field inoculations were conducted (for the 
development of 90T-4042 and the Olathe/Sierra population) in space- 
planted nurseries at the third-trifoliate stage and again after 2 weeks. 
A portable, battery-powered sprayer (atomizer) was used to deliver an 
inoculum suspension calibrated to approximately 2 x 104 spores 
ml-1. Disease ratings were made 12 days after inoculation when 
typical large uredinia had developed on the leaves of the susceptible 
Olathe parent. Progeny tests of both segregating populations were 
conducted in the greenhouse with ten plants from each F2:3 line to 
confirm the disease rating of the F 2 plants. 

RAPD analyses 

The general procedures for RAPD and statistical analyses [Chi- 
square (Z a) and linkage] were as previously described (Haley et al. 
1993, 1994; Miklas et al. 1993). Genomic DNA was extracted from 
greenhouse-grown tissue of the A4513 population (Miklas et al. 1993) 
while DNA from the field-grown Olathe/Sierra population was col- 
lected, prior to inoculation with rust spores, using a modified "mini- 
prep" procedure reported previously (Haley et al. 1994). The RAPD 

fragment identified herein was originally detected using the contrast- 
ing DNA bulks described previously and a polymerase chain reaction 
(PCR) cycling profile (as reported by Miklas et al. 1993) that lacked 
consistency and repeatability for this particular primer-DNA combi- 
nation. Several modifications of our basic PCR cycling program were 
made in attempts to enhance the quality of the putatively-linked 
DNA fragment. The following cycling profile in a Perkin Elmer Cetus 
DNA Thermal Cycler 480 was eventually developed: one cycle of 
3 min/94 ~ 1 min/35 ~ and 90 s/72 ~ 2cycles of 1 min/94 ~ 
1 min/35 ~ and 90 s/72 ~ 34 cycles of i min/94 ~ 1 min/40 ~ and 
90 s/72 ~ and one final extension cycle of 5 min/72 ~ This cycling 
profile provided much enhanced repeatability and appeared to pref- 
erentially enhance the amplification of smaller DNA fragments. We 
also explored the use of the Perkin Elmer Cetus DNA Thermal Cycler 
9600 in attempts to optimize the repeatability of the PCR for the 
putatively-linked RAPD fragment. Amplification reactions were pre- 
pared as with the PE 480. The cycling profile included one cycle of 
4min/94~ three cycles of 15 s/94~ 15 s/35~ and 75s/72~ 
34 cycles of 15 s/94 ~ 15 s/40 ~ and 75 s/72 ~ and one final exten- 
sion cycle 5 min/72 ~ the duration of the transition period (ramping) 
between template denaturation and primer annealing was set at 45 s 
and was extremely critical for the success of the reactions. 

Results and discussion 

Efficiency of  N I L s  derived f rom he te rogeneous  inbreds  

The  search for a R A P D  m a r k e r  t ightly l inked to the 
Ur-3 locus involved  screening of  365 tota l  r a n d o m  
decamer  pr imers  agains t  the resis tant  and  susceptible 
screening bulks. O f  these, only  six pr imers  (6/365 = 
1.6%) genera ted  a D N A  f ragmen t  tha t  was p o l y m o r p h i c  
be tween the screening bulks  yet  did n o t  cosegregate  
closely ( <  3 0 c e n t i M o r g a n s )  with the Ur-3 locus. We  
previous ly  r epor ted  the ident i f icat ion of  such "false- 
posi t ives" using screening bulks  derived f rom a combi -  
na t ion  of  bu lked  segregant  analysis  and  backcross -  
der ived N I L s  (Haley  e ta l .  1993; 1 2 / 3 0 6 p r i m e r s =  
3.9%). We  note  tha t  the r educed  occur rence  of  false- 
posi t ives in the present  s tudy  was observed  using N I L s  
tha t  had  been selected only  twice (in F 6 and  F 8 gener-  
at ions) for the Ur-3 resistance, as o p p o s e d  to successive 
screenings as is requi red  for backcross -de r ived  NILs .  

We  believe tha t  this i m p r o v e d  efficiency in ta rge t ing  
t ight ly- l inked marke r s  m a y  be explained on  the basis of  
three m a i n  factors. First, we have d e m o n s t r a t e d  tha t  
greater  levels of  R A P D - b a s e d  variabi l i ty are observed  
be tween more-genet ica l ly-d iss imi lar  g e r m p l a s m  sources 
o f  c o m m o n  bean  (Haley  et al. 1994). In  this s tudy,  ou r  
N I L s  or ig ina ted  by  wi th in-gene poo l  in t rogress ion  of  
Ur-3 f rom race M e s o a m e r i c a  to race D u r a n g o ,  a m u c h  
n a r r o w e r  in t rogress ion  than  be tween gene pools  (An- 
dean  and  Middle  Amer ican;  Singh et al. 1991) as util ized 
previous ly  (Haley et al. 1993; Miklas  et al. 1993). A 
reduced  occur rence  of  false-positives shou ld  therefore  
be observed  with n a r r o w e r  genetic  d ivergence where  
fewer p o l y m o r p h i s m s  are expected.  A second,  and  likely 
very impor t an t ,  fac tor  was tha t  the N I L s  deve loped  in 
our  s tudy  were h ighly  inbred  (Fs) and  thus the level of  
residual  he t e rozygos i ty  unre la ted  to the Ur-3 locus was 
likely to be less t han  tha t  present  in the backcross -  
der ived N I L s  used prev ious ly  (Haley et al. 1993; Miklas  
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et al. 1993). Melchinger (1990) indicated that the prob- 
ability of false-positives decreases with increased 
inbreeding (backcrossing with selection for the resist- 
ance allele) because the length of the introgressed seg- 
ment is reduced at a lower rate than those segments not 
linked to the target gene. A third potential explanation is 
our bulking strategy which may have served to mask 
any residual heterozygosity present between the original 
90T-4042R and 90T-4042S NILs. It would be interest- 
ing to determine if this bulking strategy actually im- 
proved our efficiency or if direct screening of 90T-4042R 
and 90T-4042S would have resulted in the same number 
of false-positives. 

Table 1 Chi-square (Z 2) and linkage analyses a 

Locus Expected Observed )f2 p 
ratio frequency 

Ur-3(A4513) 3:1 52:18 0.00 1.00 
Ur-3 (Olathe/Sierra) 3 : 1 85:40 2.90 0.08 
OK14620(A4513 ) 3:1 52:18 0.00 1.00 
OK146g0(Olathe/Sierra ) 3:1 86:39 2.24 0.13 
Ur-3/OK1462o(A4513 ) 9:3:3:1 52:0:0:18 70.00 0.00 
Ur-3/OK1462o(Olathe/Sierra ) 9:3:3:1 84:1:2:38 111.50 0.00 

Linkage estimates 
A4513 No recombinants 
Olathe/Sierra 2.23 + 1.33 cM 

Standard error not defined 

Inheritance and linkage of Ur-3 and O K 1 4 6 2 0  

One DNA fragment, designated OK14620 (generated by 
a 5'-CCCGCTACAC-3' decamer) (Fig. 1), was found to 
be polymorphic between the screening bulks and then 
subsequently confirmed to be linked to the Ur-3 locus in 
both segregating populations. This DNA fragment was 
identified quite early in the screening process, yet prob- 
lems with repeatability of the reaction initially pre- 
vented analysis of the RAPD marker within the two 
segregating populations. Many other primers were sub- 
sequently screened in attempts to identify other linked 
RAPD markers. The lack of other linked RAPDs with 
additional screening led to attempts at further optimi- 
zation and refinement of the original PCR protocol 
(Miklas et al. 1993) which led to the development of the 
protocol reported herein (see Materials and methods). 
The PE9600 DNA Thermal Cycler (Fig. 1B) provided 
highly-repeatable results consistent with amplification 
reactions on the PE480 Thermal Cycler. 

Monogenic inheritance of the Ur-3 and O K 1 4 6 2  o loci 
was confirmed in both segregating populations 
(Table 1). The close fit observed in the A4513 population 
strongly suggests that the original resistant NIL parent 
in this cross, 90 T-4042R, was homozygous for the Ur-3 
resistance (90T-4042R was not originally progeny- 
tested). Cosegregation analyses revealed a tight linkage 
between the Ur-3 and O K 1 4 6 2 0  loci in the A4513 popu- 
lation (Table 1). No recombinants were observed among 
70 individuals segregating in this population. The analy- 
sis of the Olathe/Sierra population, however, revealed 
three recombinants (two susceptible plants with 
O K 1 4 6 2  o and one resistant plant without O K 1 4 6 2 0 )  
among 125 individuals segregating in the population. 
The recombination frequency within this population 
(2.23 _ 1.33 cM) demonstrates the closeness of linkage 
in a population representative of many typical crosses in 
our breeding program. 

Germplasm survey 

Fig. 1A, B Ethidium bromide-stained electrophoretic pattern of am- 
plified DNA depicting OK1462o RAPD fragment from PE 480 (A) 
and PE 9600 (B) DNA Thermal Cyclers. Key to Individuals: (1) 90T- 
4042R parent, (2) 90T-4042S parent, (3) Sierra parent, (4) Olathe 
parent, (5) rust-resistant DNA bulk, (6) rust-susceptible DNA bulk, 
(7) rust-resistant F2 (A4513) individual, (8) rust-susceptible Fz (A4513) 
individual, (9) rust-resistant F 2 (Olathe/Sierra) individual, (10) rust- 
susceptible F 2 (Olathe/Sierra) individual, (11) BELJERSEY-RR-1 snap 
bean, (12) rust-differential NEP-2, (13) PI181996 line, (14) negative 
control (no template DNA added to PCR amplification), (15) molecu- 
lar weight marker (2 HindIII/EcoRI; size of bands indicated in bp) 

In previous studies (Haley et al. 1993; Miklas et al. 
1993), we determined the potential utility of linked 
RAPD markers not only through linkage analysis but 
also by examination of the linkage relationship in a 
collection of common bean germplasm. These analyses 
have revealed definite patterns of utility for the RAPD 
markers, either being limited to use within certain gene 
pools (Miklas et al. 1993) or to use within certain races 
or market classes of the same gene pool (Haley et al. 
1993). To assess possible gene pool or race specificity for 
the utility of OK1462 o, we screened a collection of 105 
common bean genotypes that are representative of most 
major bean market classes (Table 2). Several interesting 
findings are apparent from this survey. 

In our survey, no gene pool or race specificity was 
observed with respect to the utility of OK1462 o. With 
very few exceptions, the linkage relationship between 
Ur-3 and OK1462 o appears to have remained intact 
during different introgression or meiotic events. This 
RAPD marker was found to be present in nearly all 
genotypes bred for the Ur-3 resistance and absent in 
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Table 2 Survey of genotypes for 
presence of  the Ur-3 locus and 
the OK1462 o R A P D  marker  

a Letters (in parentheses) follow- 
ing genotype names indicate 
market  class or seed type: B, 
black bean; N, navy bean; GN,  
Great  Nor the rn  bean; K, kidney 
bean; P, pinto bean; PK,  pink 
bean; S, snap bean; RD, rust dif- 
ferential 
b R, has Ur-3; S, does not  have 
Ur-3; ND,  no t  detectable; + ,  
OK1462 o present; - ,  OK1462 o 
absent  

Germplasm releases: BARC- 
RR (6,7, 10,11,12, 13, 14, 16,17, 
18,19, 21, 22, 25, 26, 27); 
B E L D A K - R R  (1, 2); BELDA-  
K M I - R R  (1, 2, 3, 4); BELJER-  
SEY-RR (1, 2, 3, 4, 5, 6, 7, 9); BE- 
L M I D A K - R R  (1, 2, 3, 4, 5, 6, 7); 
B E L N E B - R R  (1, 2) 

Genotype  a Ur-3 b OK1462o b Genotype  Ur-3 OK1462 o 

4-5753 (N) R + L-226-10 (N) R + 
51051 (RD) R + L-227-1 (N) R + 
90T-4042 R (P) R + Mayflower (N) R + 
90T-4042 S (P) S - Mexico 235 (RD) R + 
Alpine (GN) R + Mexico 309 (B, RD) S - 
Arapaho (P) S - Midnight  (B) R + 
Aurora  (N, RD) R + Montca lm (K) S - 
Aztec (P) S - N E P - 2  (N, RD) R + 
B-190 (B) S + OAC Rico (N) S - 
BARC-RR (S) ~ S - Olathe (P, RD) S - 
BBL-47 (S) S - Othello (P) S - 
B E L D A K - R R  (p)c R - Ouray (P) S - 
B E L D A K M I - R R  (P)~ N D  - P86263 (P) R + 
BELJERSEY-RR (S) ~ R + P86295 (P) S - 
BELJERSEY-RR-8  (S) R - P86300 (P) R + 
B E L M I D A K - R R  (N) ~ N D  + PI151385 N D  - 
B E L N E B - R R  (GN) c S - PI151388 N D  - 
Beryl (GN) S + PI151395 N D  
Black Magic (B) R + PI181996 N D  - 
Blackhawk (B) S - PI189016 N D  - 
BTS (B) R + P indak  (P) S - 
Bunsi (N) R - Redkloud (K) S - 
C-20 (N) R + Sacramento (K) S - 
C E L R K  (K) S - Sanilac (N) S - 
Charlevoix (K) S - Seafarer (N) S - 
Chinook (K) S - Seaforth (N) S - 
C N C  (B, RD) S - Sierra (P) R + 
Cres twood (N) S - Starlight (GN) R + 
Domino  (B) R + SVM 29-21 (K) S - 
Ecuador  299 (RD) R + SVM 31-19 (K) S - 
Fiesta (P) S - SVM 37-16 (K) S - 
F lee twood (N) S + SVM 40-23 (K) S - 
Harofleet  (N) S + T-39 (B) R + 
Haroken t  (N) S - UI-114 (P) S - 
Isabella (K) S UI-537 (PK) S - 
K e n t w o o d  (N) S - UI-59 (GN) S - 

nearly all those known to be lacking Ur-3. The only 
observed exceptions were the pesence of OK14620 in 
rust-susceptible 'Fleetwood' navy (and its backcross 
derivative 'Harofleet'), 'B-190' black bean, and 'Beryl' 
Great Northern bean cultivars, and the absence of 
OK14620 in the rust-resistant 'Bunsi' navy bean cultivar 
and certain pinto (BELDAK-RR-1,-2; Stavely and Graf- 
ton 1989) and snap bean (BELJERSEY-RR-8; Stavely 
et al. 1992) germplasm releases bred to carry Ur-3 resist- 
ance. 

The germplasm survey for OK1462 o also serves to 
answer some pertinent questions about different rust 
resistance sources in common bean. All five standard 
bean rust differentials that are thought to possess the 
Ur-3 locus based, on rust race screening (NEP-2, Aur- 
ora, 'Mexico 235', '51051', and 'Ecuador 299') (Stavely 
et al. 1989), also possess OK14620 (Table 2). The ab- 
sence of OK14620 in all five plant introductions tested 
(Table 2) strongly suggests that their broad resistance 
(resistant to all races in the standard collection; Stavely 
1988) does not include, at least, that portion of the Ur-3 
gene block that is linked to OK146z o. 

Finally, the presence or absence of OK14620 in cer- 
tain dry bean germplasm releases highlights the useful- 

ness of such RAPD markers in gene pyramiding with the 
resistance of the PI lines. The BELDAKMI-RR pinto 
bean and BELMIDAK-RR navy bean germplasm re- 
leases were developed using Ur-3 resistance from vari- 
ous sources and rust resistance from PI lines (PI151388 
or PI181996). The PI lines effectively prevent the identi- 
fication of other nonallelic resistance genes (which are 
hypostatic to the resistance of the PI lines) when com- 
bined in the same genetic background. Had OK1462 o 
bean available during the development of these germ- 
plasm releases, it could have been used effectively to 
pyramid Ur-3 with the resistance from the PI sources 
(for BELDAKMI-RR pintos which lacked OK1462o) 
and document that Ur-3 was present following pyra- 
miding efforts (for BELMIDAK-RR navies which 
showed OK14620). 

Conclusions 

In this study we used NILs, derived by inbreeding 
through self-pollination rather than backcrossing, to 
identify a RAPD marker tightly linked to an important 
rust resistance locus in common bean. This form of NIL 
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differs from backcross-derived NILs previously used to 
tag resistance genes only to the extent that it bears no 
strict resemblance to a particular parent (recurrent par- 
ent) used in its development. The efficiency of this 
method was indicated by the low rate of false-positives 
identified, the tightness of the linkage identified, and the 
ability to detect polymorphism between genomic re- 
gions that are representative of the same gene pool of 
common bean. This form of NIL should find wide 
application by researchers concerned with targeting 
DNA markers, either RFLP or RAPD, tightly linked to 
important resistance genes. The availability of this form 
of NIL ultimately depends on the maintenance and 
eventual detection of heterozygosity at the locus confer- 
ring resistance following successive generations of in- 
breeding. 

The Ur-3 rust resistance has been utilized more ex- 
tensively than other sources in conventional breeding 
for rust resistance in common bean. This resistance has 
been introgressed across gene pools into snap bean 
germplasm (Stavely et al. 1992), across races into pinto 
(Kelly et al. 1990) and Great Northern (Kelly et al. 1992) 
cultivars, and across market classes (within race Me- 
soamerica) into navy bean cultivars (Kelly et al. 1984, 
1989) and germplasm (Stavely et aI. 1992). The identifi- 
cation of OK14620 will most likely promote the con- 
tinued use of Ur-3 in several bean market classes and, 
perhaps equally important, will now enable marker- 
assisted pyramiding of three different bean rust resis- 
tance sources (with two others previously tagged) 
(Haley et al. 1993; Miklas et al. 1993) to provide broad 
and stable resistance to the bean rust pathogen. 
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