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Identification of RAPD markers linked to a
Rhynchosporium secalis resistance locus in
barley using near-isogenic lines and bulked

segregant analysis
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Three hundred random sequence 10-mer primers were used to screen a pair of near-isogenic lines
of barley and their donor parent for markers linked to genes conferring resistance to Rhyncho-
sporium secalis. One primer was identified which reproducibly generated a product, SC10-65-
H400, from the donor parent and the Rhynchosporium-resistant near-isogenic line but not from the
recurrent parent. Segregation analysis on a barley doubled haploid population and examination of a
further three near-isogenic lines, their donor and recurrent parents confirmed that this marker was
linked to the Rhynchosporium resistance locus (R4 ) on chromosome 3L. The presence or absence
of SC10-65-H400 was subsequently used along with the resistance phenotype to identify two
groups of individuals in the doubled haploid population which possessed alternative alleles at both
loci and defined a genetic interval between these two markers. Based on that information two
bulked DNA samples were constructed by combining equal amounts of DNA from five individuals
from each group. The two bulks and doubled haploid parental lines were screened with 700 10-mer
primers. Seven products were identified which were present in the ‘resistant’ bulk and parent and
were absent in the susceptible samples. Segregation analysis established their association with Rh.
In addition co-segregation of the linked markers with a set of chromosome arm specific RFLPs
confirmed the location of the Rk locus on the long arm of barley chromosome 3.
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Introduction

The identification of suitable sources of disease resist-
ance genes and their incorporation into adapted germ-
plasm is a major challenge for plant breeders.
However, assays for disease resistance are often based
upon qualitative responses in disease nurseries and fail
to identify specific resistance genes without the use of
race testing. An easily scorable marker linked to the
gene conferring a particular resistance phenotype
would therefore represent an important tool for plant
breeders. Furthermore, information on the chromo-
somal and genetic map location of a gene provides an
alternative route to gene isolation and cloning
(Rommens ez al., 1989).

*Correspondence.
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The development of detailed genetic linkage maps
based on molecular polymorphic assay procedures will
facilitate the identification of markers linked to import-
ant disease resistance genes (Tanksley ez al, 1989).
Methods for targeting markers to important plant
genes have largely been based on the use of near-
isogenic lines. The rationale of the approach is based
on ‘linkage drag’ (Hanson, 1959; Brinkman & Frey,
1977; Stam & Zeven, 1981), a feature of chromosome
behaviour whereby flanking DNA surrounding the
target gene diminishes at a much slower rate than
unlinked genes. A comparison of near-isogenic lines
with the recurrent and donor parents provides a means
of identifying DNA sequences arising from the intro-
gressed region of the genome. Feuerstein ez al. (1990)
have used Hordeum spontaneum backcross derived
lines to identify isozyme loci {Est2, Acp3 and Dip2)
which are linked to rust resistance genes {Puccinia
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hordei). In addition, a number of studies has screened
near-isogenic lines with cDNA and genomic clones and
identified markers linked to disease resistance genes
(Young er al., 1988; Sarfatti et al., 1991; Hinze et al.,
1991).

The analysis of nucleotide sequence variability has
been revolutionized by the development of the poly-
merase chain reaction (PCR) (Saiki er al., 1988). Based
on PCR, a new procedure termed ‘Randomly Ampli-
fied Polymorphic DNAs (RAPDs)’ has been developed
for detecting polymorphism in plants (Williams et al.,
1990; Welsh & McClelland, 1990; Waugh & Powell,
1992). RAPD markers are generated by the use of
short (10-mer) synthetic oligonucleotides in single
primer PCR reactions. In contrast to RFLPs, genetic
analysis with RAPDs is fast and does not involve the
use of radioisotopes. RAPDs are therefore compatible
with the high throughput requirements of breeding
programmes {Rafalski ez al., 1991). Near-isogenic lines
have been used in conjunction with RAPD markers to
locate resistance genes (Pseudomonas syringae) in
tomato (Martin et al., 1991) and downy mildew resist-
ance in lettuce (Paran ez al., 1991).

Scald or leaf blotch caused by the facultative fungus,
Rhynchosporium secalis, is an important disease of
barley, particularly winter barley. Resistance genes
have been identified (Dyck & Schaller, 1961a; Habgood
& Hayes, 1971) but the selection of resistant lines in
breeding programmes can be difficult due to the
influence of the environment on the development of
symptoms in the host plant (Boyd et al, 1987). The
identification of markers linked to Rhynchosporium
resistance genes would therefore be very useful to
barley breeders. Recently, Michelmore et al. (1991)
have described a ‘bulked segregant’ method which is
not dependent on the availability of near-isogenic lines
to identify RAPD markers linked to downy mildew

resistance genes in lettuce. We have used a series of
near-isogenic lines together with bulked segregant
analysis to identify RAPD markers linked to genes
determining Rhynchosporium resistance in barley.

Materials and methods

Plant material

The donor and recurrent parents used to create the
near-isogenic lines are given in Table 1. Doubled
haploid material was regenerated from a cross between
the spring barley cultivar Blenheim (B) (Rhyncho-
sporium-susceptible) and the SCRI breeding line
E224/3 (E) (Rhynchosporium-resistant). Methods used
to regenerate plants from microspores are given by
Finnie ez al. (1989). A total of 59 replicated doubled
haploid families, together with their parents, were
scored on a percentage leaf area infected basis for
Rhynchosporium resistance at GS71 in disease
nurseries that carried Octal race 14 which possesses
Rhynchosporium virulence factors 3 (Athene) and 4
{Igri) but not virulence factor 5 (La Mesita) (Newton,
personal communication). The scores ranged from 0 to
75 per cent and comparison of parental and control
scores showed that <15 per cent represented the
presence of major Rhynchosporium resistance gene(s).

RAPD analysis

Total genomic DNA was isolated from fresh leaf
material of single plants by a modification of the
method of Saghai-Maroof er al. (1984). Aliquots of
DNA (5 ug) from five doubled haploid lines represent-
ing the two extremes of the distribution of Rhyncho-
sporium resistance and alternate alleles at the
SC10-65-H400 marker locus were combined to

Table 1 Parents used to create near-isogenic lines together with the number of

backcrosses (BC)

Donor parent Recurrent parent Gene Reference

Modoc Ingrid (BC 7) Rh2Rh2rh6rh6 Habgood & Hayes
(1971)

CI 8162 Ingrid (BC 8) Rh3Rh3 Habgood & Hayes
(1971)

LaMesita Ingrid (BC 7) Rh4Rh4RhIORKIO Habgood & Hayes
(1971)

Abyssinia Ingrid (BC 6) RR9 Bockelman er al.
(1977)

E224/3 Rh4RKh4RIhIORRIO B. Clifford
(pers.comm.)

Blenheim Susceptible
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produce two sets of bulked DNAs (see Results). PCR
reaction mixtures (50 ul) contained approximately 100
ng genomic DNA, dATP, dCTP, dGTP and dTTP each
at 100 uu final concentration, 200 nM primer, 1 X Tag
polymerase buffer (10 mm Tris HCI, pH 8.8, 50 mm
potassium chloride, 1.5 mm magnesium chloride, 0.1
per cent non-ionic detergent) and 0.5 unit 7ag XL
polymerase {Northumbria Biologicals Ltd., Cramling-
ton, U.K.). Each reaction was overlaid with 50 ul of
mineral oil to prevent evaporation. The random
sequence 10-mer primers used in this study were syn-
thesized on an applied Biosystems 391 PCR mate oli-
gonucleotide synthesizer or were obtained from
Operon Technologies Inc., Alameda, CA. The nucleo-
tide sequences of those generating products linked to
Rh resistance are given in Table 2. Samples for enzy-
matic amplification were subjected to 45 repeats of the
following thermal cycle: 1 min at 92°C, 3 min at 35°C
and 2 min at 72°C. Fragments generated by amplifica-
tion were separated according to size on 2 per cent
agarose gels, stained with ethidium bromide and visual-
ized by illumination with ultraviolet light (312 mm).
The notation used for primer products is the same as in
Chalmers et al. (1992) with the prefix H (for barley)
before the molecular size of the amplification product.

RFLPs

Total genomic DNA from the doubled haploid popula-
tion was digested with a range of restriction enzymes,
and the fragments separated by electrophoresis
through 1 per cent agarose gels. Southern blots of these
gels were sequentially hybridized to a set of barley
chromosome specific RFLP probes as described pre-
viously (van de Ven ez al., 1990).

Genetic analysis

Segregating markers were scored for each of the
doubled haploid lines as either B (Blenheim homo-

Table 2 Nucleotide sequence of primers used to amplify
markers linked to a Rhynchosporium resistance locus

Primer designation Sequence

OPR3 5' ACACAGAGGG 3
OPI7 5' CCTCTCGACA 3’

OPHI16 5' TCTCAGCTGG 3
OPDS8 5'GTGTGCCCCA ¥
OPO6 5' CCACGGGAAG 3'
OPO16 5' TCGGCGGTTC 3’
OPH7 5' CTGCATCGTG 3’
SC10-65 5' CAGGGGTGAT 3'

zygotes) or E (E224/3 homozygotes) and linkage
analysis performed using MAPMAKER software
(Lander er al., 1987). A logarithm of the odds ratio
(LOD) score of 3.0 was established for linkage and
Haldane’s mapping function was used to convert
recombination frequencies to map distances in centi-
Morgans.

Results

Near-isogenic lines and the putative association of
RAPD markers with Rhynchosporium resistance

DNA from a pair of near-isogenic lines (CI 8162X and
cv. Ingrid) and the Rhynchosporium-resistant donor
accession (CI 8162), was used as the template for the
amplification of RAPD markers with a total of 300
random 10-mer oligonucleotide primers. On average,
each primer generated five amplification products
which were considered to represent distinct genetic
loci. Sixty primers detected polymorphism (approxi-
mately one polymorphic band per primer) between the
donor and the recurrent parent. One product, SC10-
65-H400 was reproducibly generated from both CI
8162 and CI 8162X but not from Ingrid. SC10-65-
H400 was therefore considered to be putatively linked
to the Rhynchosporium resistance gene RhA3 derived
from CI1 8162.

Two approaches were used to confirm this associa-
tion. First, a further three pairs of Rhynchosporium-
resistant near-isogenic lines and their donor parents
were examined for the presence of SC10-65-H400.
Figure 1 shows that in addition to CI 8162X, the
Modoc and La Mesita derived near-isogenic lines
supported the generation of SC10-65-H400 while the
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Fig. 1 RAPD products generated from four sets of near-
isogenic lines, their recurrent parent Ingrid and the donor
parents CI 8162, Modoc, La Mesita and Abyssinia with the
primer SC10-65. The doubled haploid parents Blenheim
and E224/3 are also shown. The position of SC10-65-H400
is indicated (arrow).
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Abyssinian near-isogenic line did not. C1 8162, Modoc
and La Mesita all possess Rhynchosporium resistance
genes located on barley chromosome 3 (Dyck &
Schaller, 1961b; Habgood & Hayes, 1971) and the
presence of SC10-65-H400 in their near-isogenic lines
suggests that this marker is physically linked to the loci
on chromosome 3. The Abyssinia parent is known to
possess a different Rhynchosporium resistance gene
(Rh9) which is located on barley chromosome 4
(Bockelman et al., 1977) and this supports the conclu-
sion that SC10-65-H400 is linked to the Rhynchospo-
rium resistance locus on chromosome 3. The second
approach was based on the use of doubied haploid
populations which had been previously scored for
Rhynchosporium resistance (see Materials and
Methods). SC10-65 detected polymorphism between
Blenheim and E224/3 and SC10-65-H400 was trans-
mitted from the Rhynchosporium-resistant parent
(E224/3) to the doubled haploid progeny (Fig. 2).
Furthermore, SC10-65-H400 exhibited significant
linkage to the RAynchosporium resistance locus in the
doubled haploid populations (y,>=7.51, P<0.01).
The recombination distance between SC10-65-H400
and the Rhynchosporium resistance locus was esti-
mated to be 34.7 cM.

Bulked segregant analysis

The loose linkage identified between SC10-65-H400
and Rh prompted us to use the presence or absence of
this marker and the Rhynchosporium resistance pheno-
type to create two pools of DNA, each containing
equal amounts of DNA from five individual doubled
haploid genotypes. The composition of the pools con-
sisted of either Rhynchosporium-resistant lines
(E224/3 allele) together with SC10-65-H400 or
Rhynchosporium-susceptible lines (Blenheim allele)
lacking SC10-65-H400. A total of 700 primers were
used to screen the two bulks and parents. Seven
primers reproducibly generated products which were
polymorphic between the bulked DNA samples and
were derived from the Rhynchosporium-resistant
parent E224/3. An example of the polymorphism

detected between the bulks and the parents with one
primer {OPD8) is shown in Fig. 3(a).

Linkage between the RAPD markers and the
Rhynchosporium resistance locus was confirmed by
monitoring the segregation of each informative primer
product in the doubled haploid population. An
example of the segregation of OPD8-H400 is shown in
Fig. 3(b). Significant linkage between the Rhyncho-
sporium resistance phenotype and the RAPD markers
was detected.

Chromosome arm location of the Rhynchosporium
locus

Several Rhynchosporium resistance genes have been
described in barley and five alleles or pseudo alleles
have been previously located to chromosome 3H
(Habgood & Hayes, 1971) with Rh, Rh3 and Rh4
being clustered on the short arm (Takahashi, 1983).
The linkage group representing the chromosomal loca-
tion of the RhAynchosporium resistance locus described
here was determined in the B X E cross by monitoring
the co-segregation of the resistance phenotype and
identified RAPD markers with a set of chromosome
arm specific RFLPs. CDO1174, an RFLP probe pre-
viously mapped to the short arm of chromosome 3
(Heun et al, 1991) co-segregated with Rhyncho-
sporium rtesistance and the linked RAPD markers.
However, the polymorphism detected with CDO1174
was linked to a number of other RFLP probes pre-
viously mapped to the long arm of chromosome 3
(WG940, WG110, BCD131, BD131) and an RFLP
generated by CDO64 previously mapped to chromo-
some 2H. Wheat/barley ditelosomic addition lines
were therefore used to confirm the location of the
CDO1174 and CDO64 alleles segregating in the Blen-
heim X E224/3 cross. In both cases the segregating
bands were located on chromosome 3HL (P. Jack & V.
Lea, unpublished data). CDO1174 therefore probably
identifies two distinct genetic loci, one on each arm of
barley chromosome 3H and CDOG64 a locus on both
2H and 3H. The order of the loci around Rh was
investigated using MAPMAKER (Lander et al., 1987).

Segregating Blenheim x E224/3 Doubled Haploid Population

Fig. 2 Segregation of SC10-65-H400 in a Blenheim x E224/3 derived doubled haploid population.
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Fig. 3 (a) RAPDs from resistant (R)
and susceptible (S) pooled DNA
samples and from the doubled haploid

Susceptible AV

parental lines Blenheim and E224/3 by
primer OPD8. OPD8-H400 is indi-

cated with an arrow. (b) Segregation of .
OPD8-H400 in the B X E derived 831
doubled haploid population. Lane*isa 544
susceptible recombinant line containing
OPD8-H400.

This produced maps with similar LOD scores but dif-
ferent ordering of a subset of the loci (CDO1174,
OPR3-H550, OPJ7-H1000, OPH16-H500 and
OPD8-H500). The most likely map is shown in Figure
4 and covers a region of barley chromosome 3HL
totalling 33.6 cm; approximately the same as the pair-
wise distance between Rh and the most distal marker
SC10-65-H400.

Discussion

The identification of markers linked to a target genetic
locus has routinely involved the construction of genetic
linkage maps from appropriate segregating populations
(Barone et al, 1990; Kleinlankhorst et al, 1991;
Messeguer et al, 1991) or identifying differences
between near-isogenic lines (Young er al, 1988,
Sarfatti et al., 1991; Hinze et al., 1991). In the majority
of cases the experimental procedure usually involves
RFLP analysis. RAPDs (Williams ez al., 1990; Welsh &
McClelland, 1990; Waugh & Powell, 1992) provide an
alternative which can substantially reduce the time and
effort required to identify markers linked to a target
gene. The keys to the success of RAPDs are the ability
of individual primers to detect multiple loci and the
ease with which a large number of primers can be
screened in a single run on a thermal cycler. In this
manuscript we have used RAPDs in conjunction with

T e e e s e e e e e s

-

OPD8-H400

Rec Dist Marker
Frac. cM Name
RHY
(6.4%) 6.8
(0.0 %) 0.0 \ CDOH74(3L)
(3.7%) 3.9 -
(0% 00 OPR3-Hi850
{1.9%) 1.9
OPD8-H500
(1.9%) 2.0 OPHI6 -H500
OP06-H400
o,
(.9%) 2.0 0POI6 ~HI00
(8.9 %) 9.8
OPH7-H800
(6.8%) 7.3
SCI0-65-H400
s

Fig. 4 Linear order of RAPD markers along the long arm of
barley chromosome 3HL as generated by MAPMAKER.
CDO1174 is an RFLP marker specific to chromosome 3HL.
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near-isogenic lines and bulked segregant analysis to
identify markers linked to a gene(s) determining resist-
ance to Rhynchosporium secalis. In addition, pre-
viously mapped RFLP probes were used to assign the
location of this resistance gene complex to the long arm
of chromosome 3H. The significance of these findings
is first, linked markers may be used to increase the effi-
ciency of manipulating Rhynchosporium resistance
genes particularly when considering gene introgression
from H. spontaneum into adapted H. vulgare germ-
plasm. Secondly, the concept of ‘gene pyramiding’
could be pursued when more than one resistance gene
could be assembled in a single genotype.

The barley land races used to construct the near-
isogenic lines used in this study have been classified as
having different Rhynchosporium resistance genes on
the basis of a complex series of crosses, and resistance
testing with several R. secalis isolates (Habgood &
Hayes, 1971). However, although their reaction to the
different isolates was discriminatory, the major
dominant resistance genes (with the exception of
Abyssinia) were considered either allelic or tightly
linked on the short arm of barley chromosome 3H
(Takahashi, 1983). The breeding line E224/3 is the
product of a cross between the resistant barley cv.
Sergeant and the susceptible cv. Cytris. The origin of
the resistance in Sergeant is derived from the USDA
barley accession CI8256 which was classified as
having the same resistance phenotype as La Mesita
(Rh4RhARK10RAK10) by Habgood & Hayes (1971).
Generation of the same RAPD markers in both the
near-isogenic lines and Blenheim X E224/3 double
haploid populations is therefore consistent with avail-
able pedigree information but not with the previous
map information. Takahashi (1983) presented a map of
chromosome 3 with the RA4 locus on the short arm of
chromosome 3H. Tsuchiya (1981) had previously
reversed the arms based on new information from
telotrisomic lines. This resulted in genes which had
previously been assigned to the long arm of chromo-
some 3H (including RA4) being assigned to the short
arm. Our results suggest that the pre-1983 location of
Rh4 was correct. These results have implications for
the other genes located on chromosome 3. However, as
noted, the exact location of barley centromeres is
unknown and the assignment of genes to chromosome
arms is difficult (Segaard & Wettstein-Knowles, 1987).

Recently, Hinze ez al. (1991) screened a series of six
near-isogenic lines (which had undergone seven back-
crosses) selected for resistance to powdery mildew (71/-
o locus) with 1100 RFLP probes and identified five
markers which spanned an 8.6 cM interval on barley
chromosome 4. The unexpectedly small size of the
introgressed fragment defined by these markers was
attributed to ‘linkage drag’ being lower than predicted

from the theoretical estimates of Stam & Zeven (1981).
In contrast to these findings, Young & Tanksley (1989)
found that repeated cycles of backcrossing and selec-
tion were ineffective in reducing the size of the DNA
segment flanking the 7m-2 resistance gene introgressed
from L. peruvianum into L. esculentum. These results
concur with the hypothesis of Rick (1969) that there
may be reduced opportunities for recombination in
genotypes heterozygous for a segment originating from
distantly related species. The intervarietal nature of the
ml-o donor and recurrent barley parents may therefore
be an explanation for the small size of the introgressed
fragment reported by Hinze et al. (1991). The esti-
mated minimum distance between the most distal
marker, SC10-65-H400, and the R#A locus based on
pairwise distances (34.7 ¢cM in the B X E cross) is con-
sistent with the theoretical predictions of Stam &
Zeven (1981) assuming a total length of 200 ¢cM for
barley chromosome 3 (Heun et al., 1991; Graner et al.,
1991). Maintenance of a DNA segment in the order of
the predicted size may reflect the intermediate level of
divergence between the land race donor and cultivated
recurrent parents used to construct the near-isogenic
lines.

Martin et al. (1991) used RAPDs and near-isogenic
lines to identify markers linked to the pzo locus (giving
resistance to Pseudomonas syringae) in tomato. Less
than 150 primers were required to isolate seven
markers, three of which were confirmed by segregation
analysis to be linked to the target locus. The substan-
tially larger number of primers required in this study to
isolate a single marker presumably reflects the low
level of useable polymorphism detected by RAPDs in
barley. Only 60 polymorphic products were detected
between the near-isogenic line donor CI 8162 and the
recurrent parent Ingrid after screening approximately
1500 genetic (RAPD) loci (300 primers, 5 loci per
primer), reflecting a 4 per cent level of polymorphism.
Assuming the barley genome is 1500 ¢M (Graner et al.,
1991; Heun et al, 1991), by screening 60 randomly
distributed markers the expected minimum distance
between a marker and a target locus would be 12.3 ¢cM
increasing to 36.6 ¢cM at the 95 per cent confidence
limit (Martin ez al, 1991). The 34.7 ¢cM map distance
between SC10-65-H400 and the Rk locus in E224/3
is therefore consistent with those predictions. Thus,
even when the level of polymorphism is low (4 per cent
in the case of barley) the combination of RAPDs and
near-isogenic lines was an effective means of identi-
fying markers linked to a target gene and should also
be an attractive strategy in other crops such as wheat
where the inherent level of molecular polymorphism is
also low.

Michelmore et al. (1991), using bulked segregant
analysis, required only 300 PCR reactions to identify
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seven markers linked to a downy mildew resistance
locus (Dm5/8) in lettuce. Giovannoni et al. (1991)
extended this approach in an attempt to saturate
regions of the tomato genome containing genes respon-
sible for pedicle abscission and fruit ripening which
had previously been defined by flanking RFLP
markers. By screening two genetic intervals of 6.5 cM
and 15 ¢cM with up to two hundred 10-mer primers,
three linked markers were identified. However, only
one marker mapped within the borders of the regions
defined by RFLPs, one was 3 ¢cM outside and the other
was 45 cM away. The distance of the latter marker
from the defined interval was attributed to uninten-
tional skewing of a second genetic interval in conjunc-
tion with the competition for primer binding sites
which occur in different ratios within the two DNA
pools. In the present study, the genetic interval was
defined firstly by the phenotype of the character (reac-
tion to Rhynchosporium) and secondly by the presence
or absence of SC10-65-H400 which was identified in
the near-isogenic lines. Seven products were detected
which differed between the bulks and were subse-
quently shown by segregation analysis to be linked to
the resistance locus from E224/3. All of the markers
identified mapped within the borders defined by SC10-
65-H400 and the R# locus.

The mapping of resistance genes based on well-
characterized homozygous, genetically fixed doubled
haploid barley populations (Powell ez al., 1986, 1990;
Thompson ez al., 1991) is attractive. Although doubled
haploids and bulked segregant analysis were used for
the identification of markers linked to a major gene, a
more significant impact of this approach will probably
be in dissecting polygenically inherited characters. We
have used doubled haploids, bulked segregant analysis
and RAPD:s to isolate markers linked to genetic factors
contributing to the milling energy (ME) of the barley
grain (Chalmers er al, submitted). The availability of
other doubled haploid populations and genetic linkage
maps (Heun ef al, 1991; Graner et al, 1991;
Kleinhofs, 1992) should expedite the mapping and
dissection of a wide range of major genes, and quantita-
tive traits in cultivated barley. In conclusion, RAPDs
currently provide the most efficient and cost effective
means of isolating molecular markers linked to genes
located on introgressed DNA segments. Two major
future objectives will be the exploitation of RAPDs in
marker-assisted breeding programmes and the isola-
tion of target genes via map-based cloning strategies.

Acknowledgements

We thank J. I. Young and A. Wilson for assisting in the
Rhynchosporium scores, and P. Jack and Plant Breed-
ing International, Cambridge for the RFLP data. The

work was funded by the Scottish Office Agriculture
and Fisheries Department.

References

BARONE, A. RITTER, E. SCHACHTSCHABEL, U, DEBENER, T,
SALAMINI, F. AND GEBHARDT, C. 1990, Localisation by restric-
tion fragment length polymorphism mapping in potato of a
major dominant gene conferring resistance to the potato
cyst nematode Globodera rostochiensis. Mol. Gen. Genet.,
224,177-182,

BOCKELMAN, H. E., SHARP, E. L. AND ESLICK, R. F. 1977. Trisomic
analysis of several scald and net blotch resistance genes.
Barley Genetics Newsletter, 7,11-15.

BOYD, W. J. R, JANAKIRAM, D. AND PALAKLANY, A. 1987. Quantita-
tive response to scald (Rhynchosporium secalis). Barley
Genetics, V,607-614,

BRINKMAN, M. A. AND FREY, K. 1. 1977. Yield component analy-
sis of oat isolines that produce different grain yields. Crop
Science, 17,165-168.

CHALMERS, K. J., WAUGH, R., SPRENT, J. A. AND POWELL, W. 1992.
Detection of genetic variation between and within popula-
tions of Gliricidia sepium and G. maculata using RAPD
markers. Heredity, 69,465-472.

DYCK, P. L. AND SCHALLER, C. W. 1961a. Inheritance in barley of
resistance to several physiological races of the scald
fungus. Can. J. Genet. Cyrol.,, 3,153-164.

DYCK, P. L. AND SCHALLER, C. W. 1961b. Association of two
genes for scald resistance with a specific barley chromo-
some. Can. J. Genet. Cytol., 3,165-169.

FEUERSTEIN, U, BROWN, A. H. D. AND BURDON, J. I. 1990. Linkage
of rust resistance genes from wild barley (Hordeum spon-
taneum) with isozyme markers. Plant Breeding, 104,
318-324.

FINNIE, S. J., FORSTER, B. P, CHALMERS, K. I., DYER, A. F, WAUGH, R.
AND POWELL, W. 1992. Genetic study of microspore-derived
doubled haploids of barley: a cytological, biochemical and
molecular study. Genome, 34, 923-928.

FINNIE, S. I, POWELL, W. AND DYER, A. F. 1989. The effect of
carbohydrate composition and concentration on anther
culture response in barley (Hordeum vulgare L.). Plant
Breeding, 103,110-118.

GIOVANNONI, J. I., WING, R. A., GANAL, M. W. AND TANKSLEY, §. D.
1991. Isolation of molecular markers from specific
chromosomal intervals using DNA pools from existing
mapping populations. Nucl. Acid. Res., 19,6553-6558.

GRANER, A., JAHOOR, A., SCHONDELMAIER, ., SIEDLER, H., PILLEN, K.,
FISCHBECK, G., WENZEL, G. AND HERRMANN, R. G. 1991. Con-
struction of an RFLP map of barley. Theor. Appl. Genet.,
83,250-256.

HABGOOD, R. M. AND HAYES, 1. D. 1971. The inheritance of
resistance to Rhynchosporium secalis in barley. Heredity,
27,25-37.

HANSON, W. D. 1959. Early generation analysis of lengths of
heterozygous chromosome segments around a locus held
heterozygous with backerossing and selfing. Genetics, 44,
833-837.

HEUN, M., KENNEDY, A. E, ANDERSON, I. A, LAPITAN, N. L. V,
SORRELLS, M. E. AND TANKSLEY, S. D. 1991. Construction of a
restriction fragment length polymorphism map for barley
(Hordeum vulgare). Genome, 34,437-447.



184 U. M. BARUA £T AL

HINZE, K., THOMPSON, R. D., RITTER, E., SALAMINI, F. AND SCHULTZE-
LEFERT, P. 1991. Restriction fragment length polymorph-
ism-mediated targeting of the mi/-o resistance locus in
barley (Hordeum vulgare). Proc. Natl. Acad. Sci., 88,
3691-3695.

KLEINHOFS, A. 1992, Economic trait loci (QTL) analysis pro-
gress report, North American barley genome mapping
project NABGMP).

KLEINLANKHORST, R., RIETRELD, P., MACHIELS, B, VEUKEUK, R,
WEIDE, R., GEBHARDT, C., KOORNEEF, M. AND ZABEL, p. 1991.
RFLP markers linked to the root knot nematode resist-
ance gene Mi in tomato. Theor. Appl. Genet., 81,
661-667.

LANDER, G. S., GROON, P, ABRAHAMSON, J., BARLOW, A, DALY, M. J,,
LINCOLN, S. E. AND NEWBURK, L. 1987, MAPMAKER: An
interactive computer package for constructing primary
genetic linkage maps of experimental and natural popula-
tions. Genomics, 1,174-181.

MARTIN, G. B., WILLIAMS, J. G. K. AND TANKSLEY, S. D. 1991. Rapid
identification of markers linked to a Pseudomonas resist-
ance gene in tomato by using random primers and near-
isogenic lines. Proc. Natl. Acad. Sci. US.A. 88,
2336-2340.

MESSEGUER, R., GANAL, M., DEVICENTE, M. C., YOUNG, N. D., BOLKAN,
H. AND TANKSLEY, s. D. 1991. High resolution RFLP map
around the root knot nematode gene {Mi) in tomato.
Theor. Appl. Genet., 82, 529-536.

MICHELMORE, R. W., PARAN, L. AND KESSELL R. v. 1991. Identifica-
tion of markers linked to disease resistance genes by
bulked segregant analysis: A rapid method to detect
markers in specific genomic regions by using segregating
populations. Proc. Natl. Acad. Sci. U.S.A. 88, 9828-9832.

PARAN, I, KESSELI, R. AND MICHELMORE, R. 1991. Identification of
restriction fragment length polymorphisms and random
amplified polymorphic DNA markers linked to downy
mildew resistance genes in lettuce using near-isogenic
lines. Genome, 34,1021-1027.

POWELL, W., BORRINO, E. M., ALLISON, M. J., GRIFFITHS, D. W., ASHER,
M. J. C. AND DUNWELL, J. M. 1986. Genetical analysis of
microspore derived plants of barley (Hordeum vulgare).
Theor. Appl. Genet., 72,619-626.

POWELL, W, ELLIS, R. P., MACAULAY, M., MCNICHOL, J. AND FORSTER,
B.F. 1990. The effect of selection for protein and isozyme
loci on quantitative traits in a doubled haploid population
of barley. Heredity, 65,115-122.

POWELL, W,, THOMAS, W. T. B., THOMPSON, D. M., SWANSTON, J. S. AND
WAUGH, R. 1992. Association between rDNA alleles and
quantitative traits in doubled haploid populations of
barley. Genetics, 130, 187-194.

RAFALSKI, J. A, TINGEY, S. V. AND WILLIAMS, J. G. K. 1991, RAPD
markers - a new technology for genetic mapping and plant
breeding. Agbiotech. News and Information, 3 (4),
645-648.

RICK, . M. 1969. Controlled introgression of chromosomes of
Solanum pennellii into Lycopersicon esculentum: segrega-
tion and recombination. Genetics, 62, 753-768.

ROMMENS, J. M, IANNUZZI, M. C., KARFUM, B. S, DRUMM, M. L.,
MELMER, G., DEAN, M., ROZMAHEL, R., COLE, J-L., KENNEDY, D.,
HIDAKA, N., ZSIGA, M., BUCHWALD, M., RIORDAN, J. R, TSUL L. C.
AND COLLINS, F. 8. 1989, Identification of the cystic fibrosis

gene: chromosome walking and jumping. Science, 245,
1059-1065.

SAGHAI-MAROOF, M. A, SOLIMAN, K. M., JORGENSEN, R. A. AND
ALLARD, R. W. 1984, Ribosomal DNA spacer length poly-
morphisms in barley: Mendelian inheritance, chromo-
somal location and population dynamics. Proc. Natl.
Acad. Sci., 80,8014-8018.

SAIKL R. K., GELFAND, D. H., STOFFEL, S., SCHARF, $. J., HIGURCHI, R,
HORN, G. T, MULLIS, K. B. AND ERLICH, K. A. 1988. Enzymatic
amplification of S-globin genomic sequences and restric-
tion site analysis for the diagnostics of sickle cell anaemia.
Science, 239, 487-491,

SARFATTI, M., ABUABIED, M., KATAN, J. AND ZAMIR, D. 1991. RFLP
mapping of I1, a new locus in tomato conferring resistance
against Fusarium oxysporium F. sp. Lycopersici Race-1.
Theor. Appl. Genet., 82,22-26.

SHEPHERD, K. W. AND ISLAM, A. K. M. 1988. Fourth compendium
of wheat-alien chromosome lines. Proceedings of the 7th
International Wheat Genetics Symposium, Vol. 2,
1373-1403.

SOGAARD, B. AND WETTSTEIN-KNOWLES, P. VON 1987. Barley genes
and chromosomes. Carlsberg Research Communications,
52,123-196.

STAM, P. AND ZEVEN, A. c. 1981. The theoretical proportion of
the donor genome in near-isogenic lines of self fertilisers
bred by backcrossing. Euphytica, 30, 227-238.

TAKAHASHL, R. 1983. Coordinator’s report: chromosome 3.
Barley Genetics Newsletter, 13,89-93.

TANKSLEY, 8. D., YOUNG, N. D., PATERSON, A. H. AND BONIERBALE, M.
w. 1989. RFLP mapping in plant breeding — new tools for
an old science. BiofTechnology, 7,257-264.

THOMPSON, D. M., CHALMERS, K., WAUGH, R., FORSTER, B. P., THOMAS,
W. T. B,, CALIGARL, P. D. S. AND POWELL, W. 1991. The inherit-
ance of biochemical, molecular and morphological
markers in microspore-derived plants of barley (Hordeum
vulgare L.). Theor. Appl. Genet., 81,487-492.

TSUCHIYA, T. 1981. Revised linkage maps of barley, 1981.
Barley Genetics Newsletter, 11, 96-98.

VAN DE VEN, W. T. G., POWELL, W., RAMSAY, G. AND WAUGH, R. 1990,
Restriction fragment length polymorphisms as genetic
markers in Vicia. Heredity, 65, 329-342.

WAUGH, R. AND POWELL, w. 1992. Using RAPD markers for
crop improvement. Trends in Biotechnology, 10,
186-191.

WELSH, J. AND MCCLELLAND, M. 1990. Fingerprinting genomes
using PCR with arbitrary primers. Nucl. Acid. Res., 18,
7213-7218.

WILLIAMS, J. G. K., KUBELIK, A. R, LIVAK, K. J., RAFALSKI, J. A. AND
TINGEY, s. V. 1990. DNA polymorphisms amplified by
arbitrary primers are useful as genetic markers. Nucl.
Acids. Res., 18,6531-6535.

YOUNG, N. D. AND TANKSLEY, §. D. 1989. RFLP analysis of the
size of chromosomal segments retained around the Tm-2
locus of tomato during backcross breeding. Theor. Appl.
Genet., 77, 353-359,

YOUNG, N. D, ZAMIR, D., GANAL, M. W. AND TANKSLEY, s. D. 1988.
Use of isogenic lines and simultaneous probing to identify
markers tightly linked to the TM-2a gene in tomato.
Geretics, 120, 579-585.



	Identification of RAPD markers linked to a Rhynchosporium secalis resistance locus in barley using near-isogenic lines and bulked segregant analysis
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References


