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Abstract

The gene Pi-ar confers resistance to Pyricularia grisea in a somaclone of the upland rice cultivar Araguaia
developed from callus culture of immature panicles. The somaclone SC09 exhibited resistant reaction to all of
the 182 P. grisea test isolates belonging to 15 different races. The study on inheritance showed that the resistance
to pathotype IB-9 of P. grisea is monogenic and dominant. In order to identify marker linked to this gene, the
F> population from a cross between the highly susceptible cultivar Lijiangxintuanheigu (LTH) and the somaclone
SCO09 of rice cultivar Araguaia was screened using RAPD primers. Initially, the polymorphism between parents,
the cultivar LTH and somaclone SC09 was analyzed using 577 random 10-bp primers. The susceptible and resistant
bulks of the F, population, along with DNA of the two parents were tested with 176 primers that differentiated
susceptible and resistant parents. Thirty-six primers differentiated the susceptible and resistant bulks, as well as the
cultivar LTH of the somaclone SC09. However, one primer OPK17 was found to be closely linked (5.3 cM) to the

resistance gene of somaclone and this can be used in the marker assisted selection.

Introduction

Rice blast caused by Pyricularia grisea (Cooke) Sacc.
[Magnaporthe grisea (Hebert) Barr], is the most
destructive rice disease under upland conditions in
Brazil. Araguaia, the first upland rice cultivar de-
veloped for blast resistance was released in 1986.
However, the resistance of this cultivar was overcome
due to the increased frequency of the virulent race IB-9
of P. grisea (Filippi and Prabhu, 2001). The durability
of resistant cultivars is known to be limited due to
great variability of rice blast fungus (Correa-Victoria
and Zeigler, 1993). Despite its short lived nature, ge-
netic resistance is considered as the most economic
and efficient disease control measure (Tabien et al.,
2000). Breeding for blast resistance requires continu-
ous search for new sources of resistance and their
incorporation into commercial rice cultivars consti-
tutes one of the major goals of research. Tissue culture
has been widely utilized as one of the tools for the
induction of genetic variability for disease resistance

in many crops (Larkin and Scowcroft, 1981). A large
number of plants resistant to rice diseases were ob-
tained from the susceptible rice cultivars well adapted
to local conditions (Aratjo et al., 2001). Somaclones
of Araguaia, resistant to rice blast were developed
from the callus cultures of immature panicles (Araijo
et al., 2000). The resistance of this somaclone to the
race IB-45 of P. grisea was controlled by a domin-
ant major gene and designated as Pi-ar (Aradjo et al.,
1999). The incorporation of this gene by conventional
backcross method may be limited due to the presence
of other resistance genes and possible epistatic effects
(Haley et al., 1993).

Different types of molecular markers have been
utilized for indirect selection of characters of interest
including disease resistance (Kelly, 1995). The mo-
lecular markers linked to known resistance genes facil-
itate the incorporation and pyramiding of these genes
in commercial cultivars (Yoshima et al., 1995). RAPD
markers can provide an efficient assay for polymor-
phism and permit rapid identification and isolation of
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specific DNA fragment. They are widely used for gene
mapping, gene tagging and plant breeding application
because of their simplicity and low cost as an alterna-
tive to RFLP analysis (Williams et al., 1990). RAPD
markers have been widely utilized to identify the dis-
ease resistance loci in different species (Naqvi et al.,
1995; Zhang et al., 1996; Zheng et al., 2000). In wheat
the efficiency of SCAR derived from RAPD UBC521
linked to the resistance gene to Septoria nodorum was
tested along with RAPD in accessions that have this
gene. The efficiency of SCAR as well as RAPD was
shown to be 100% (Cao et al., 2001). The bulked seg-
regant analysis, originally developed by Michelmore
et al. (1991), has been shown to be the most effective
for marker identification in specific genomic regions.
RAPD markers combined with bulked segregant
analysis has been utilized for identifying specific
markers linked to blast resistance genes in rice (Naqvi
et al., 1995; Chen et al., 2000; Zheng et al., 2000).
Aragjo et al. (2002) in an earlier investigation, identi-
fied the primer OPCO2 tightly linked (1.7cM) to the
major resistance gene to P. grisea race IB-45 in a
somaclone SC09 of the cultivar Araguaia.

The present study reports the RAPD marker linked
to the gene conferring resistance to pathotype IB-9
of P. grisea in a somaclone of upland rice cultivar
Araguaia.

Materials and methods

Plant material

The somaclone SC09 developed from a susceptible
rice cultivar Araguaia, in an earlier investigation
(Aratjo et al., 2000), was utilized as a source of blast
resistance. The cultivar Lijiangxintuanheigu (LTH) is
highly susceptible to all races of P. grisea, and sup-
posedly posses no known resistance gene was used as
a susceptible parent in crosses with somaclone SC09.
The japonica rice cultivar LTH was shown to be sus-
ceptible to 1739 isolates of P. grisea collected from
China (Ling, 1995). Part of the F; seed obtained was
used for backcross with LTH (BC;s) and with SC09
(BCjr). The remaining F; plants were self fertilized in
a greenhouse for obtaining F, population.

Isolates and inoculation procedure

Single spore isolates of P. grisea obtained from spor-
ulating lesions of rice cultivars IAC-47 (ECG4F189),

Rio Paranaiba (ECG5F387 e L1296), Mars
(CLC20L2'94), Bluebele (CLC13L3%94), Carajas
(L1%96) and Guarani (L1296) in experimental plots
of Embrapa Rice and Bean Research Center, were
established with the objective of identifying isolates
virulent to LTH and avirulent to SC09. The stock cul-
tures were conserved in sterilized filter paper discs at
(4 £ 1°C) in the refrigerator.

For inoculation, the test material was planted in
plastic trays (30cm x 15 cm x 10 cm) containing 3 kg
of soil fertilized with 5g of NPK (5-30-15), 1g
of zinc sulfate and 3 g of ammonium sulfate. Top
dressing was done 20 days after seeding with 2 g of
ammonium sulfate. The plant material was sown (10
and 12 seeds/genotype) in eight 10 cm rows per tray.
The standard eight international differentials (Dular,
Kanto 51, NP125, Raminad Str 3, Usen, Zenith,
Caloro and Sha-tio-tsao), were planted in another tray
for race identification.

The inoculation and evaluation procedures utilized
were as described by Filippi and Prabhu (2001). The
isolates that induced typical sporulating lesions (5, 7
and 9) were considered virulent or compatible and
nonsporulating lesions (0, 1 and 3) as incompatible
or avirulent according to a scale of 0-9 (Leung et al.,
1988). The race was identified based on the reaction
type on differentials according to Atkins et al. (1967).
The selection of virulent isolate to the cultivar LTH,
was based on sporulating lesion number per cm? of
leaf, 9 days after inoculation.

Resistance spectrum of the somaclone SC09

A greenhouse study was conducted to determine the
resistance spectrum of somaclone SC09 along with
31 other rice genotypes such as Araguaia, Bonanga,
Caiapd, Canastra, Carajas, Carisma, Confianca,
Guarani, IAC-47, IAC 201, Maravilha, Primavera,
Progresso, Rio Paranaiba, Moroberekan, Dular, Kanto
51, NP125, Raminad Str 3, Usen, Zenith, Caloro and
Sha-tio-tsdo, C101 LAC, C101 A51, C104 PKT, C101
PKT, C101-TTP-4L-23, Aimoré, and two introduced
lines of Oryza glaberrima (OG 217 and OG 218), uti-
lizing 182 single spore isolates of P. grisea, collected
from 22 rice genotypes, during a period of 5 years
(1996-2000).

Inheritance studies

The F;, F> and backcross progenies (BC;s and BCyr)
were assessed for their reaction on individual seedling



basis and F; and parents on row basis. Twenty plants
of Fy, 671 of F, progeny, 31 of BC;s and 20 of BCr
were inoculated with the race IB-9 (ECG4F!89) of P
grisea.

DNA extraction

For the identification of molecular markers linked with
the resistance gene, the leaves of parents and 120 F,
plants, at the fourth leaf stage were collected 1 week
after the blast disease assessment. The leaves were
macerated in liquid nitrogen and DNA extracted using
the CTAB method and stored in the freezer at —80 °C
(Doyle and Doyle, 1987).

RAPD analysis

DNA amplification reactions were performed based on
the method described by Williams et al. (1990). Each
25 wl reaction contained: 25 ng DNA, 2.5 1 10x buf-
fer reaction (200 mM Tris—HCI, pH 8.4 and 500 mM
of KCI), 0.75 u1 50 mM MgClp; 0.5 w1l dNTP (10 mM
each dATP, dGTP, dCTP and dTTP); 1.0 1 5.0 pmol
primer (Operon Technologies, Boulevard, CA, USA,
0.2 wM); one unit Taq polymerase and 50 1 mineral
oil to prevent evaporation. The enzymatic amplifica-
tion was performed in a thermocycler (MJ Research,
model PTC-100-60), programmed for 40 cycles. Each
cycle was composed of one denaturation step at 94 °C
for 15s; one annealing step at 35 °C for 30 s and one
extension step at 72°C for 1 min. After 40 cycles
an extra extension step was performed for 7 min at
72 °C. The fragments of DNA were separated by gel
electrophoresis on 1.4% agarose gel in TBE buffer
(90 mM Tris-borate and 2 mM EDTA). One-hundred
milliliters of agarose was added to 5l 1% ethidium
bromide. After the DNA bands were photographed un-
der ultraviolet light, utilizing an Eagle Eye II photo
documentation system (Stratagene).

For the identification of RAPD markers in F; pop-
ulation, 577 primers were tested, including 29 Kkits:
OPA, OPB, OPC, OPE, OPG, OPK, OPX, OPY, OPZ,
OPAB, OPAD, OPS, OPP, OPD, OPF, OPI, OPL
(except OPL04), OPT, OPJ (except OPJ06), OPM,
OPO, OPQ (except OPQO4), OPR, OPU, OPAS,
OPAX, OPAT, OPAP and OPAY (Operon Technolo-
gies). These primers were initially utilized for the de-
tection of polymorphism between the parents and later
the method proposed by Michelmore et al. (1991).
The selected primers based on the detection of poly-
morphism in the parents were tested in two bulks,
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one resistant and the other susceptible, each contain-
ing DNA of seven F; individual plants. The selection
efficiency was calculated based on the total number
of F, individual plants assessed for phenotypic reac-
tion in relation to the presence or absence of marker
according to Corréa et al. (2001).

Linkage analysis

One-hundred-and-twenty F, individual plants were
utilized to verify the linkage between marker and the
resistance gene. Chi-square (x?) test for goodness of
fit was used to analyze all F, and backcross progeny.
The distance was estimated using the software MAP-
MAKER III, with one minimum lod score of 3.0,
adopting the mapping function of Kosambi (Lander
etal., 1987).

Results and discussion

Identification of virulent race of P. grisea

In inoculation tests, utilizing eight standard interna-
tional differentials with seven isolates of P. grisea, five
of them were identified as pertaining to the race IB-9
and two to the race IB-45. The cultivar LTH and the
somaclone SC09 showed susceptible and resistant re-
actions, respectively for all tested isolates. The isolate
Py 14 (race IB-9) was selected for the studies on in-
heritance of resistance, because it was more aggressive
than other isolates.

Inheritance of resistance

The F, population of the cross between the cultivar
LTH and the somaclone SC0O9 segregated at the 3:1
ratio of resistant and susceptible plants, indicating that
the resistance to race IB-9 is monogenic and dominant.
Backcrosses to the susceptible parent LTH segregated
in a 1:1 ratio of resistant and susceptible plants re-
action in the backcross with resistant parent SC09
(Table 1).

These results are in conformity with those obtained
by Aradjo et al. (1999) in earlier studies in relation to
the inheritance of resistance of the somaclones SC09,
SC10 and SC23 for the race IB-45 of P. grisea. Filippi
and Prabhu (1996) observed that in the majority of
crosses studied the resistance to the predominant races
IB-1 e IB-9 of P. grisea was dominant and controlled
by one or three genes.
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Table 1. Segregation of Fy, Fp, BCys and BCr, populations of cross LTH (susceptible)/SC09 (resistant) to race IB-9 of P. grisea

and for RAPDs markers
Locus Population ~ Observed data Expected ratio X2 Probability ~ Genetic
distance (cM)

Resistant Susceptible

Pi-ar F; 20 0 Resistant - - -

Pi-ar F; 508 163 3:12 0.17 0.68 -

Pi-ar RC;s 16 15 1:1b 0.032  0.85 -

Pi-ar RCor 20 0 Resistant - - -
Presence of band  Absence of band

OPK17 Fp 90 30 3:1¢ 0 1.0 5.3

OPS16 Fy 64 56 3:1¢ 15.02 0.0001 -
Absence of band  Presence of band

OPK09 F; 61 59 3:14 37.37 0.0 -

OPAPO8 F, 46 74 3:1d 86.03 0.0 -

OPAY16 F, 40 80 3:1d 111.0 0.0 -

4 Expected proportion for monogenic dominant inheritance in the F, progeny (3 resistant:1 susceptible).
b Expected proportion for monogenic dominant inheritance in the BC|s progeny (backcross to LTH).

€ 3:1 (presence of band:absence of band).
d3:1(absence of band:presence of band).

Resistance spectrum of the somaclone SC09

In inoculation tests, the somaclone SC09 exhibited
resistant reaction to all of the 182 P. grisea iso-
lates pertaining to 15 different races, indicating its
broad resistance spectrum (Table 2). The somaclone
developed based on greenhouse tests, with two dis-
tinct physiologic races of the fungus, utilizing 200 R,
plants derived from 10 regenerated plants from the
callus cultures of the cultivar Araguaia, referred to
as R; plants, showed hypersensitive reaction, indic-
ating vertical resistance (Aradjo et al., 2000). These
somaclones differed from the original parental cul-
tivar in fan-shaped plant type, blast resistance and
yield potential. In the advanced Rg generation, among
20 somaclones highly resistant to blast, both in the
greenhouse and field tests, the somaclone SC09 was
selected, based on similar yield potential as Araguaia
(Aratjo et al., 1999, 2000). The expression of blast
resistance among the regenerated plants may be attrib-
uted to the pre-existing variation present in the original
explant resulting from residual heterozygosity of the
genotype introduced in vitro (Morrish et al., 1990) or
mitotic crossing over (Evans et al., 1984).

The race IB-9 was more frequently encountered
(53.8%), confirming its reported predominance in
the earlier race survey (Filippi and Prabhu, 1996).

The somaclone also showed vertical resistance to leaf
blast under natural field and in blast nursery tests
conducted during two consecutive years (Aradjo et al.,
2000).

RAPD markers

Of 577 primers tested on resistant and susceptible par-
ents, 523 produced clearly amplified DNA fragments.
During this survey, 176 primers differentiated resistant
and susceptible parents, of which 36 were specific for
the resistant parent and resistant bulk, as well as for the
susceptible parent and susceptible bulk. These primers
were further used to test the DNA of seven different
individual plants from each one of the bulks. Of 36
primers that amplified RAPDs in a bulk-specific man-
ner, two primers OPK17 and OPS16 produced bands
present in the resistant parent and in all plants of the
resistant bulk. The same DNA fragment was absent in
susceptible parent, susceptible bulk and in all seven
individual plants that constituted the susceptible bulk.
In contrast, from 36 primers, three (OPK09, OPAP08
and OPAY16) produced one DNA fragment that was
present in susceptible parent, susceptible bulk and in
all seven individual plants of the susceptible bulk. This
fragment was absent in resistant parent, resistant bulk
and in all seven individuals plants of the resistant bulk.



Table 2. Origin of isolates of P. grisea and physiologic races

Origin of Number Races?

isolates? of isolates
IB-9 IB-41 IB-1 1C-25 IB-45 IC-17 IC-1 IB-11 IB-33 IB-37 1IB-13 IC-9 1A-41 1G-1 IF-1

Primavera 53 28 2 - 10 - 7 5 - - - - 1 - — —
Maravilha 37 19 14 1 - - - - 2 - - 1 - 1 - -
Canastra 07 5 2 - - - - - - — - _ _ — _ _
Caiap6 07 5 - 2 - - - - - - - - _ — _ _
Carajas 07 2 - 1 - 3 - — - — 1 - — — _ _
Progresso 07 3 - 2 - - - - 1 1 - — _ _ _ _
Guarani 07 2 1 4 - - - - - — - _ _ — _ _
Rio Paranaiba 06 6 - - - - - — - — — _ _ _ _ _
Araguaia 06 4 - - - - - - — _ — _ _ _ _
IAC 201 06 5 - - - - — _ _ — _ _ _ _ _
TIAC 47 06 4 - 2 - - - - - - - - - - - -
Confianca 05 2 1 - - 1 - - - - - - - - 1 _
Carisma 03 1 1 - - 1 - - - - - - — - — _
Veneza 05 4 - - - - - — - 1 - - — — — _
Oryzica L-5 01 1 - - - - - - - _ _ — _ _ _ _
CNAg8540 04 2 - - - 2 - - - - - _ - _ _ _
CNAg8711 02 - 1 1 - - - - - - - _ _ _ _ _
CNAg8713 01 - - 1 - - - — _ _ _ _ _ _ _ _
CNAg8812 04 2 1 - - 1 - - - - - _ - _ _ _
CNAg8983 03 - - - - - - - - - _ _ _ _ _ 3
CNAg8934 05 3 1 - - 1 - - - - - - - - _ _
Total 182 98 24 17 10 9 7 5 2 2 1 1 1 1 1 3

4 The isolates were collected from sporulating leaf lesions of cultivars.
b The races were identified based on the reaction on standard international differentials.

Gel
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Figure 1. Eletrophoretic analysis of DNA amplification products with the primer OPK17ggo of 18 F, resistant (1-18) and 18 susceptible
(19-36) plants. The arrow indicates the marker linked to the resistance gene Pi-ar of somaclone SC09 from upland rice cultivar Araguaia to

race IB-9 of P. grisea. M = Lambda Marker 100 bp, Gibco BRL.

The phenotypic segregation of 3:1 (resistant:
susceptible) or (presence:absence) of RAPD band in
F, plants was consistent with the monogenic dominant
inheritance for the gene only for the marker OPK17,
indicating its utility as a marker (Table 1). The co-
segregation analysis of 120 F, plants showed that the
marker OPK17 was found linked in coupling phase,
at the distance of 5.3 cM. The fragment produced by
this primer possesses approximately 680 bp (Figure 1).
The efficiency of selection of resistant and suscept-
ible plants with the marker OPK17 was 95%. Two
RAPD markers linked to the resistance gene to angu-
lar leaf spot of common bean exhibited the selection
efficiency of 90.1 and 94.7% (Corréa et al., 2001). It
is interesting to note that the studies conducted with
other cultivars with the marker OPK171490 was also
linked to the resistance gene to leaf and panicle blast
at 2.4 cM (Zheng et al., 2000).

RAPD markers and bulked segregant analysis were
used to identify specific markers linked to resistance
genes in various pathosystems (Naqvi et al., 1995;
Nagvi and Chattoo, 1996; Zheng et al., 2000). How-
ever, markers with linkage distance over 10cM are
not used in plant breeding (Kelly, 1995). In rice, the
distance of RAPD markers to the resistance genes to
blast varied from 2.1 to 7.5cM (Nagqvi et al., 1995;
Zhang et al.,, 1996; Zheng et al., 2000). Based on
the co-segregation analysis of 126 F, plants of a

cross between the resistant somaclone SC09 and the
susceptible rice cultivar Araguaia, from which the
somaclone was derived, the marker OPC02209 was
mapped at 1.7 cM of the resistance gene Pi-ar, to the
race IB-45 (Aratjo et al., 2002). The studies on in-
heritance showed that the marker identified by prim-
er OPCO02 (x2=0.0105, p =0.9183) was monogenic
and dominant. This was the first report of identifica-
tion of a RAPD marker linked to resistance gene Pi-ar
in a somaclone derived from a rice cultivar susceptible
to blast.

The research was further extended to verify the
presence of this gene in the somaclone SC09, in an-
other cross with a variety LTH, which does not posses
any known resistance gene and is highly susceptible
to all known races. In the initial tests of the present
investigation, with the cross SC09 x LTH, we utilized
OPCO2 to identify the gene in SC09, but failed to
obtain positive results. For this reason, we decided to
look for another marker in this population, besides the
OPCO02 with different race IB-9, predominant under
upland conditions in Brazil. The relationship between
the gene Pi-ar identified in the present work utiliz-
ing the pathotype IB-9 linked to the marker OPK17,
and the other marker OPCO2 in an earlier study utiliz-
ing the pathotype IB-45 was not determined. However,
the same gene offers resistance to both pathotypes in
inoculation tests.



In the present investigation, the marker OPK17 has
shown linkage to the resistance gene at a greater dis-
tance of 5.3¢cM in the population LTH x Sc09. The
utility of RAPD markers in populations other than
those where they were identified depends among other
factors, the degree of linkage between the marker
and the gene of interest and the genetic similarity
between parents utilized in different populations. In
general, in the identification of markers and the de-
velopment of improved varieties, populations from
crosses made with different parents are utilized, and
this limits the expected impact of marker assisted se-
lection (Tanksley and Nelson, 1996; Faleiro et al.,
2003). Despite the limitations in breeding varieties by
marker assisted selection involving different parents
and populations, the new marker OPK17 may be uti-
lized for the incorporation of this gene in the highly
susceptible cultivar LTH, for basic studies on rice blast
resistance. Further studies on the marker assisted se-
lection for this gene, in the population derived from
crosses with SC09 utilizing different susceptible par-
ents may possibly be improved by transforming the
RAPD marker to SCAR.

Acknowledgement

This investigation was partly supported by the
Brazilian National Research Council (CNPq).

References

Aratijo LG, Prabhu AS & Fillipi MC (1999) Genetics analysis of
leaf blast resistance in somaclones of rice cultivar Araguaia.
Fitopatol. Bras. 24: 182-184

Aratjo LG, Prabhu AS & Freire AB (2000) Development of blast
resistant somaclones of the upland rice cultivar Araguaia. Pesqui.
Agropecu. Bras. 35: 357-367

Aratijo LG, Prabhu AS, Filippi MC & Chaves LJ (2001) RAPD
analysis of blast resistant somaclones from upland rice cultivar
IAC 47 for genetic divergence. Plant Cell Tiss. Org. Cult. 67:
165-172

Aratjo LG, Prabhu AS & Filippi MC (2002) Identification of RAPD
marker linked to blast resistance gene in a somaclone of rice
cultivar Araguaia. Fitopatol. Bras. 27: 181-185

Atkins JG, Robert AL, Adair CR, Goto K, Kozoka T, Kanogita
R, Yamada M & Matsumoto S (1967) An international set of
rice varieties for differentiating races of Pyricularia oryzae.
Phytopathology 57: 297-301

Cao W, Hughes GR, Ma H & Dong Z (2001) Identification of
molecular marker for resistance to Septoria nodorum blotch in
durum wheat. Theor. Appl. Genet. 102: 551-554

Chen D, Nelson RJ, Wang GL, Inukai T, Mackill DJ & Ronald
PC (2000) Characterization of blast resistance in the durably
resistant rice cultivar Moroberekan. In: Tharreau D, Lebrum

157

MH, Talbot NJ & Notteghem JL (eds) Advances in Rice Blast
Research (pp. 17-27). Kluwer Academic Publishers, Dordrecht

Corréa RX, Good-God PIV, Oliveira MLP, Nietsche S, Moreira MA
& Barros EG (2001) Heranga da resisténcia a mancha angular do
feijoeiro e identificacdo de marcadores moleculares flanqueando
o0 loco de resisténcia. Fitopatol. Bras. 26: 27-32

Correa-Victoria FJ & Zeigler RS (1993) Pathogenic variability in
Pyricularia oryzae at a rice blast “hot spot” breeding site in
Eastern Colombia. Plant Dis. 77: 1029-1035

Doyle JJ & Doyle JL (1987) Isolation of plant DNA from fresh
tissue. Focus 12: 13-15

Evans DA, Sharp WR & Medina-Filho HP (1984) Somaclonal and
gametoclonal variation. Am. J. Bot. 71: 759-774

Faleiro FG, Ragagnin VA, Schuster I, Corréa RX, God PIG,
Brommonschenkel SH, Moreira MA & Barros EG (2003)
Mapeamento de genes de resisténcia do feijoeiro a ferrugem, an-
tracnose e mancha-angular usando marcadores RAPD. Fitopatol.
Bras. 28: 59-66

Filippi MC & Prabhu AS (1996) Inheritance of blast resistance in
rice to two Pyricularia grisea races, IB-1 and IB-9. Braz. J.
Genet. 19: 599-604

Filippi MC & Prabhu AS (2001) Phenotypic virulence anal-
ysis of Pyricularia grisea isolates from Brazilian upland rice
cultivars. Pesqui. Agropecu. Bras. 36: 26-35

Haley SD, Miklas PN, Stavely JR, Byrum J & Kelly JD (1993)
Identification of RAPD markers linked to a major rust resistance
gene block in common bean. Theor. Appl. Genet. 86: 505-512

Kelly JD (1995) Use of random amplified polymorphic DNA mark-
ers in breeding for major gene resistance to plant pathogens.
HortScience 30: 461-465

Lander ES, Green P, Abrahamson J, Barlow A, Daly MJ, Lincoln
SE & Newburg L (1987) Mapmaker: an interactive computer
package for constructing primary genetic linkage maps of ex-
perimental and natural populations. Genomics 1: 174-181

Larkin PJ & Scowcroft WR (1981) Somaclonal variation a novel
source of variability from cell cultures of plant improvement.
Theor. Appl. Genet. 60: 197-214

Leung H, Borromeo ES, Bernardo MA & Notteghem JL (1988)
Genetic analysis of virulence in the blast fungus Magnaporthe
grisea. Phytopathology 78: 1227-1233

Ling Z (1995) Development of near-isogenic lines as international
differentials of the blast pathogen. Int. Rice Res. Notes 20:
13-14

Michelmore RW, Paran I & Kesseli RV (1991) Identification 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. Nat. Acad. Sci.
USA 88: 9828-9832

Morrish FM, Hanna WW & Vasil IK (1990) The expression and
perpetuation of inherent somatic variation in regenerants from
embryogenic cultures of Pennisetum glaucum (L.) R.Br. (pearl
millet). Theor. Appl. Genet. 80: 409-416

Nagqvi NI & Chattoo BB (1996) Development of a sequence charac-
terized amplified region (SCAR) based indirect selection method
for a dominant blast-resistance gene in rice. Genome 39: 26-30

Nagqvi NI, Bonman M, Mackill DJ, Nelson RJ & Chattoo BB (1995)
Identification of RAPD markers linked to a major blast resistance
gene in rice. Mol. Breed. 1: 341-348

Tabien RE, Li Z, Paterson AH, Marchetti MA, Stamel JW & Pinson
SRM (2000) Mapping of four major rice blast resistance genes
from Lemont and Teqing and evaluation of their combinatorial
effect for field resistance. Theor. Appl. Genet. 101: 1215-1225

Tanksley SD & Nelson JC (1996) Advanced backcross QTL anal-
ysis: a method for the simultaneous discovery and transfer of



158

valuable QTL’s from unadapted germplasm into elite breeding
lines. Theor. Appl. Genet. 92: 191-203

Williams JGK, Kubelik AR, Livak KJ, Rafalski JA & Tingey
SV (1990) DNA polymorphism amplified by arbitrary primers
are useful as genetic markers. Nucl. Acids Res. 18:
6531-6535

Yoshima S, Yoshima A, Iwata N & McCouch SR (1995) Tagging
and combining bacterial blight resistance genes in rice using
RAPD and RFLP markers. Mol. Breed. 1: 375-387

Zhang G, Angeles ER, Abenes MLP, Khush GS & Huang N (1996)
RAPD and RFLP mapping of the bacterial blight resistance gene
xa 13 in rice. Theor. Appl. Genet. 93: 65-70

Zheng KL, Chai RY, Jin MZ, Wu JL, Fan YY, Leung H & Zhuang
JY (2000) Mapping of leaf and neck blast resistance genes with
RFLP, RAPD and resistance gene analogs in rice. In: Tharreau
D, Lebrum MH, Talbot NJ & Notteghem JL (eds) Advances in
Rice Blast Research (pp. 28-33). Kluwer Academic Publishers,
Dordrecht



