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Abstract Oryza glaberrima is an endemic African culti-
vated rice species. To provide a tool for evaluation and
utilisation of the potential of O. glaberrima in rice
breeding, we developed an interspecific O. glaberri-
maxOryza sativa genetic linkage map. It was based on
PCR markers, essentially microsatellites and STSs. Seg-
regation of markers was examined in a backcross (O.
sativa/O. glaberrima//O. sativa) population. Several
traits were measured on the BC, plants, and major genes
and QTLs were mapped for these traits. Several of these
genes correspond well to previously identified loci. The
overall map length was comparable to those observed in
indicaxjaponica crosses, indicating that recombination
between the two species occurs without limitation. How-
ever, three chromosomes show discrepancies with the in-
dicaxjaponica maps. The colinearity with intraspecific
maps was very good, confirming previous cytological
observations. A strong segregation-distortion hot spot
was observed on chromosome 6 near the waxy gene, in-
dicating the presence of s,,, a sporo-gametophytic sterili-
ty gene previously identified by Sano (1990). The main
interests of such a PCR-based map for African rice
breeding are discussed, including gene and QTL local-
isation, marker-assisted selection, and the development
of interspecific introgression lines.
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Introduction

Oryza glaberrima Steud. is the African cultivated rice
species. It is of economical importance only in West Af-
rica. Its domestication from Oryza breviligulata A. Chev.
& Roehr was independent to that of Oryza sativa
(Portéres 1950; Second 1982). O. glaberrima is separat-
ed from O. sativa by a strong reproductive barrier, in-
cluding pollen sterility as well as female sterility (Pham
and Bougerol 1993; Sano 1985, 1990; Sano et a. 1979).
Although O. glaberrima accessions present unfa-
vourable traits, such as high shattering or lodging sus-
ceptibility, it is of great interest to study segregation and
introgression events between O. sativaxO. glaberrima.
First, O. glaberrima accessions often show superior val-
ues for several agronomic traits under poor management
conditions as well as for resistance to biotic (viruses,
nematodes, insects) or abiotic (acidity, iron toxicity,
drought) stresses (Attere and Fatokun 1983; Sano et al.
1984; Ghesquiére et al. 1997; Reversat and Destombes
1998). Second, for quantitative traits where O. glaberri-
ma is equal or inferior to O. sativa, we can expect trans-
gressions in interspecific progeny, meaning that favour-
able alleles may come from O. glaberrima. Hence, the
identification of favourable alleles from O. glaberrima
at the genes or QTLs (quantitative trait loci) responsible
for these traits would be of great value for breeding new
O. sativa cultivars. Finally, another benefit of such stud-
ies would be the assessment of the genetic basis of the
sterility system observed between the two species.
Several saturated genetic linkage maps based on mole-
cular markers have been developed for rice, using in-
dicaxjaponica or O. sativaxO. longistaminata crosses
(Causse et al. 1994; McCouch et al. 1988; Harushima et
al. 1998). However, no extended linkage study has so far
been reported between the two cultivated rice species, on-
ly linkage studies on small portions of the genome have
been carried using morphologica markers (Sano 1990).
A molecular linkage map based on O. sativaxO. glaberri-
ma progeny would represent a very useful tool for several
studies: (1) localising genes or QTLs of interest from O.
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glaberrima, providing the basis for marker-assisted selec-
tion (MAS), (2) localising sterility loci between molecu-
lar markers in order to easily screen large progenies for
fertility, (3) systematically surveying the genetic recom-
bination between the two species over al the genome,
and (4) monitoring the development of introgressed ge-
netic material with the help of molecular markers.

To be useful for all these aspects, a genetic map has to
follow several criteria: technical criteria such as rapidity,
simplicity, robustness, transferability and cost of the mark-
er technology and methodological criteria such as efficient
and rapid checking of advanced-generation plants for
some specific chromosomal regions. To fit these requests,
we initiated the development of a genetic map based on
microsatellite and sequence-tagged site (STS) markers,
which have recently been published for rice (Ghareyazie
et a. 1993; Wu and Tanksley 1993; Inoue et al. 1994,
Akagi et a. 1996; Panaud et al. 1996; Chen et al. 1997).
These markers present several advantages: they are smple
to generate, they are codominant and they are specific for
loci on known linkage groups. Moreover, microsatellites
are extremely polymorphic, permitting one, for example,
to compare different rice maps in order to maximise the
percentage of common markers between maps.

Here we report on the development of an interspecific
(O. sativaxO. glaberrima) microsatellite-based rice ge-
netic map and its comparison to previously published in-
traspecific microsatellite maps.

Materials and methods

Population development and trait evaluation

We developed a backcross population from the cross
IR64/TOG5681//IR64. IR64 (O. sativa, indica subspecies) is the
most widespread irrigated variety in the world and was obtained
from IRRI (the Philippines). TOG5681 is a photosensitive O.
glaberrima cultivar found to be highly resistant to Rice yellow
mottle virus (RYMV) Attere and Fatokun 1983; Ndjiondjop et al.
1999) and to several nematode species (Meloidogyne spp., Hetero-
dera sacchari) (Reversat and Destombes 1998). A total of 144
BC, individuals were obtained. This population will hereafter be
referred to as the BC, population. Although the main aim of this
study was to develop an interspecific map, severa traits were
measured in the population in order to search for genes or QTLs
for these traits. The entire population was measured for height,
tillering, flowering time in decreasing day length, awning, and the
coloration of stem base and stigma (see Table 2 for details on mea-
surements). A subset of the population was also measured for the
number of primary and secondary branches on the panicles.

Molecular analyses

The DNAs of parents, the F; hybrid, and 77 BC, individuals were
isolated from lyophilised leaves using the CTAB method (Murray
and Thompson 1980).

To generate simple sequence length polymorphism (SSLP), we
used the microsatellite primer sequences published by Akagi et a.
(1996); Chen et a. (1997); Panaud et al. (1996) and Wu and Tank-
dley (1993). PCR conditions were similar to those of Chen et a.
(1997) except that 0.4 uCi of [a-33P] dATP was incorporated during
the PCR reaction. PCR products were run on 6% polyacrylamide
gels and the gel's exposed to X-ray films (Kodak Biomax) for 7 h.

Primer aliquots or sequences for STS markers were kindly pro-
vided by J. Bennett from IRRI (Ghareyazie et al. 1993). These se-
quences correspond to the RG (genomic) and RZ (cDNA) probes
already mapped on the interspecific O. sativaxO. longistaminata
saturated map (Causse et al. 1994). Other STS primer sequences
were used as published in Inoue et al. (1994). This set of 63 STSs
correspond to restriction fragment length polymorphism (RFLP)
markers mapped on the indicaxjaponica saturated map (Kurata et
a. 1994; Harushima et al. 1998). PCR and migration conditions
were as described in Ghesquiére et a. (1997). Polymorphism was
revealed either by migration of amplification products or after en-
zymerrestriction.

A few amplified fragment length polymorphism (AFLP) and
random amplified polymorphic DNA (RAPD) markers were also
added to the map. For AFLP, the standard protocol was followed
(Vos et al. 1995). For RAPD, we used the protocol described in
Ghesquiere et al. (1997).

Map construction

The map was estimated by multipoint analysis (Lander and Green
1987), using MapMaker v. 3.0 (Lander et al. 1987). Conversion of
recombination fractions into centimorgans (cM) was obtained us-
ing Kosambi’s mapping function (Kosambi 1944). This map func-
tion is the one most commonly used for rice genetic mapping, and
using it systematically permits a direct comparison between differ-
ent rice maps.

A comparison with the two main RFLP-based indicaxjaponica
microsatellite maps (Akagi et al. 1996; Chen et a. 1997, hereafter
referred to as RIL; and DH; populations, respectively) was estab-
lished on the basis of common microsatellite loci. STS markers
could also be used to establish the comparison, as they correspond
either to RFLP markers mapped on the microsatellite maps, or to
markers on the saturated RFLP genetic maps (Xiao et al. 1992;
Causse et a. 1994; Harushima et al. 1998) which have numerous
markers in common with the microsatellite maps.

Marker segregations were checked for deviations from an ex-
pected 1:1 ratio. As segregation distortion may affect the correct
estimation of recombination fractions (Lorieux et al. 1995), we es-
timated recombination fractions between markers showing devia-
tions from Mendelian expectations using appropriate models.
Computations were done using MapDisto, a program developed
for such situations (http://www.mpl.ird.fr/~lorieux).

According to their segregation mode, the genes and QTLS re-
sponsible for the measured traits were mapped either by conven-
tional Mendelian mapping using MapMaker 3.0 or by interval
mapping using MapMaker/QTL 1.1(Lander and Botstein 1989).
Significant interval mapping tests were confirmed by Kruskall and
Wallis tests using MapQTL 2.4 (van Ooijen 1992). The correspon-
dence with previously located genes (Kinoshita 1995) was also ex-
amined.

Results
Marker efficiency

As expected, microsatellite markers showed a high poly-
morphism. Among 159 non-redundant primer couples,
94 (60%) gave SSLPs and 65 couples (40%) either gave
faint or bad amplifications or else monomorphic pat-
terns. On the other hand, STS markers gave a low poly-
morphism, even after restriction by 4-base cutters. In-
deed, among 171 available primer couples, 150 (88%)
gave faint or bad amplifications or else monomorphic
patterns. The remaining 21 (12%) couples gave polymor-
phic patterns.
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Table1 Microsatellite markers

showing total cosegregationin ~ Pairs? Chromosome Distance® Reference®
the present work and their cor- OSRIS-OSRZ5 5 0 A
;teﬁpd)ioensdance with previous OSR25_OSR29 9 0 A
OSR9A-G357 2 0 A
RM211-RM233A— RM236 2 <3 C
RM?20a-RM4a 12 <3 P
OSR26a-RM48 2
RM12-RM17 12
RM163-RM 164 5 0 W
RM232-RM 251 3 2.8 C
RM168-RM49 3 22 C
RM42a-RM223 8 4.4 C

aCosegregating microsatellitesin our map

bInterval sizein origina mapping work (in cM)

¢ Original mapping work which showed cosegregation or linkage between microsatellites. A: Akagi et
al. 1996; C: Chen et al. 1997; P: Panaud et al. 1996; W: Wu and Tanksley 1993

Genome coverage

The map comprised 129 markers (94 SSLPs, 21 STSs,
11 AFLPs and 3 RAPDs), representing 112 discrete
marker loci. The total map length was of 1923 cM. The
mean interval length is thus about 17 cM.

The genome coverage was about the same as that of
the two main microsatellite maps. However, it is some-
what limited, especially for chromosomes 4 and 10, due
to the number of available markers (Fukui and lijima
1991; Chen et al. 1997). Also, the end of the short arm of
chromosome 7 could not be covered due to the lack of
polymorphism with available markers.

Some STS markers were helpful to fill gaps between
microsatellite loci (i.e. G144 on chromosome 3, RG143
on chr. 4, G342 on chr. 6, G278 on chr. 8, G103 on chr. 9).

Redundancy and new loci

Several microsatellites showed a total cosegregation in
the BC; population. In severa cases, these cosegrega-
tions were either aso found, or else corresponded to
tightly linked markers, in previous studies. In other
cases, cosegregation was found between markers origi-
nally mapped in differents studies (Table 1).

The markers OSR17 and RM 12, whose map positions
were unknown, were mapped in the present study on
chromosomes 2 and 12, respectively. Moreover, several
microsatellite primer couples generated new loci: RM 260
was monomorphic for the locus on chromosome 11 in the
DH; map, but generated a marker on chromosome 12 that
we called RM260b in the BC; map. Likewise, RM42 and
RM81 generated new loci on chromosome 5 (RM42b and
RM81c), and RM3 generated two loci on chromosomes 3
and 9 (RM3c and RM3b, respectively).

Genome colinearity and recombination

A very good colinearity was observed between the BC;
map and the intraspecific DH; and RIL; maps (Fig. 1). A

small number of very localised inversions of marker or-
ders were observed, which were not statistically signifi-
cant. For instance, on chromosome 2, the microsatellites
RM208 and RM 213 were inverted between the
(IR64/Azucena) map and this work, but these markers
were not placed with good confidence on the (IR64/
Azucena) map (LOD <2).

To compare the linkage-group sizes, we have consid-
ered the maximum common interval size (MCIS) be-
tween two markers shared by both maps. This represents
a better parameter than the total linkage group size
(TLGS) for a comparison of map sizes, because it elimi-
nates errors due to the lack of genome coverage at chro-
mosome ends. The respective lengths (TLGS and MCIS)
of the 12 chromosomes in the BC, and DH; maps are re-
ported in Table 3. It appears that the majority of linkage
groups had globally similar sizes. Moreover, the two
genomes had similar total sizes (1923 and 1935 cM).
This could be related to the fact that the genetic distance
between O. glaberrima and O. sativa is about the same
as the distance between the ‘ancestral’ indica and japon-
ica subspecies of O. sativa (Second 1985). However,
considering the MCIS, chromosomes 6 and 11 showed a
notably lower mean recombination rate, and chromo-
some 5 showed a larger mean recombination rate in the
interspecific hybrid. Moreover, recombination differ-
ences between the BC; and DH; maps could vary along
the same chromosome (e.g. chromosome 3). Similar ob-
servations have already been made, for instance, in the
O. sativaxO. longistaminata BC, population (Causse et
al. 1994).

Segregation distortion

Segregation distortion is frequently observed in rice
mapping studies (Causse et a. 1994; Kurata et al. 1994;
Lorieux et al. 1996; Xu et a. 1997; McCouch et al.
1988). In our study, strong segregation distortion was ob-
served on chromosome 6 close to the microsatellite
markers OSR19 and OSR25, both contained in the waxy
gene (Fig. 1). This is due to the presence of a sporo-
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Fig. 1 PCR-based genetic map developed from a backcross popu-
lation (O. sativa/O. glaberrima//O. sativa) and its comparison
with two other rice genetic maps. Linkage groups are oriented as
in Chen et al. (1997). Left linkage groups: RFLP-based microsatel-
lite map developed on a RIL; population by Akagi et a. (1996).
Center linkage groups: microsatellite-based map developed on a
BC, population (present study). Right linkage groups. RFLP-
based microsatellite map developed on a DH; population by Chen
et al. 1997. Markers underlined are placed by inference from an-
other mapping population. Markers in parenthesis on the DH; map
are in their most-probable position but with a LOD <2. Common
markers between maps are joined by a plain line or by a dashed
line when marker position is inferred in the BC; map from posi-
tionsin RIL; and DH; maps. The stars (******") following mark-
ers on chromosome 6 indicate a P<0.00001 for x2 testing the devi-
ation from Mendelian segregation. No segregation distortion was
observed for other chromosomes

gametophytic sterility factor, s;;, which was already
found to be tightly linked to waxy (Sano 1990). The
main effect of this factor is that, in heterozygous geno-
types, male gametes are systematicaly eliminated, and
female gametes carrying the O. glaberrima allele for s,
are selected against compared to gametes carrying the O.
sativa allele. In our BC,; population, this resulted in a
very large proportion (95.4%) of heterozygous plants at
markers close to s,,. We inferred the approximate posi-
tion of s,y from marker segregation ratios (Fig. 1). This
location corresponds well with that found by Sano
(1990). It has been shown that segregation distortion
caused by a single locus, or by a locus cluster acting
mainly as a single locus, has theoretically no impact on
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Table 2 Summary of major gene or QTL positions found by interval-mapping analysis in BC, population and their possible correspon-

dance with previously mapped genes

Traita Chromosome  Marker or LOD R2b Pop. sizes Gene nature Corresp. major
interval score gened

HTR 1 OSR23 13.28 52.6 64 Major gene sdl

HTR 3 RM148/RM418 2.32 20.4 101 QTL

FT 6 RM253/RM3 20.49 66.4 143 Major gene Sel

R 6 RM3/RM30 561 721 49 Major gene Unknown

RI 8 RM210/RM80 2.10 24.2 48 QTL

AWN 4 RM241/RM 252 5.46 24.0 98 Major gene Awn-1

AWN 8 RM080 5.51 26.8 70 Major gene Awn-4

COLste 6 RM253/RM3 15.59 40.8 141 Major gene C

COLsti 6 RM253/RM3 34.93 69.4 139 Major gene C

aTrat: HTR: mean hight of the three tallest panicules; R I: mean number of primary branching on three panicules; AWN: awning of
spikelets (three classes); FT: flowering time in decreasing day length (which was mainly governed by a photosensitivity gene as plants
were cultivated at the end of summer, i.e. in long days followed by short days); COLste: stem base coloration (two classes); COLsti:
stigmate coloration (three classes); COLap: apiculus coloration (two classes)

bR2: percentage of variation of the trait explained by the QTL or major gene

¢Pop. size: population size for which both marker and trait data were available

d Corresp. major gene: possible correspondance with known genes localised in other studies (Kinoshita 1995)

Table 3 Comparison of map lengths between interspecific (IR64/Tog5681//IR64) and intraspecific (IR64/Azucena) rice genetic maps.
The majority of chromosomes have similar sizes, especially when considering the MCIS¢. Chromosomes 6 and 11 show a lower mean
recombination rate in the interspecific hybrid, and chromosome 5 shows alower mean recombination rate in the intraspecific hybrid

Chromo- Marker  Discrete  TLGSP MCISe
some number  point
numbera  BC,d DH,¢© BC,/ Interval BC, DH, BC,/
DH, DH,
1 12 12 191.3 194.3 0.98 RM?220-RM212 132.6 141.3 0.94
2 17 13 233.1 198.4 117 RM233A-RM48 228.2 189 121
3 16 14 259.7 259 1.00 RM60-RG418 252.7 259 0.98
4 4 4 1171 158.2 0.74 RM261-RG143 1171 126.9 0.92
5 14 11 226.6 155 1.46 RM13-RM 26 195.9 124.8 157
6 8 7 145.6 163.5 0.89 RM253-RM 30 89.5 125.6 0.71
7 7 7 97.1 146 0.67 RM214-RM 248 97.1 100.6 0.97
8 9 8 1117 163 0.69 RM25-RM 230 73.8 77.5 0.95
9 13 11 1151 117.9 0.98 RM219-RM205 104.3 108.4 0.96
10 6 5 101.7 90.6 1.12 RM239-RM 258 60.4 52.1 1.16
11 13 12 129.4 172.3 0.75 RM20B-RM 254 1145 155 0.74
12 10 8 194.8 116.9 1.67 RM20A-RM247 354 29.8 1.19
Total (cM) 1923.2 1935.1 1501.5 1490.0

aDjscrete point number: number of discrete loci defined by non-cosegregating markers on a linkage group

bTLGS: total linkage group size in centimorgans

¢MCIS: interval on alinkage group defined by the two extreme common markers between the two maps (in centimorgans)

dBC;: (IR64/Tog5681//IR64) backcross population
eDH;: (IR64/Azucena) doubled-aploid population

the estimation of recombination fractions of neighbour
intervals (Lorieux et a. 1995). This has been numerical-
ly confirmed for chromosome 6 in comparing the classi-
cal estimate to other estimates taking into account differ-
ent alelic selection patterns using the MapDisto pro-
gram. For the other chromosomes, segregations followed
Mendelian expectations. The classical estimate imple-
mented in Mapmaker v. 3.0 was thus kept for all chro-
MOSOMes.

Trait analysis

The combined analysis of phenotypic and molecular data
permitted us to identify major genes and QTLS responsi-
ble for three quantitative traits (height, flowering time,
number of primary branches) and for three qualitative
traits (awning, coloration of the stem base and coloration
of the stigma) (see Table 2 for details). When possible,
we tried to establish correspondences with major genes
which have already been mapped [see Kinoshita (1995)
for areport of genes located in rice].

For all three quantitative traits, interval-mapping
analysis revealed the presence of a major gene. The ma-



jor gene responsible for 53% of the variance of height
and located on chromosome 1 is almost certainly sd-1, a
semi-dwarf allele present in IR64. The QTL for height
on chromosome 3 could correspond to that identified at
the same location using the DH; population (Albar et al.
1998). For flowering time, in terms of decreasing day
length, the major gene on chromosome 6 corresponds to
the photosensitivity gene se-1.

The two genes identified for awning could correspond
to An-1 and An-4 that have been located on chromo-
somes 4 and 8, respectively. Coloration of the stem base
and the stigma are probably governed by the same gene,
as they map to the same location, which is that of the
previously identified gene C (chromogen for anthocya-
nin).

No QTL was found for tillering or the number of sec-
ondary branches on the panicles, probably due to the low
power of detection by reason of the limited population-
size available.

Discussion

According to our objectives, mainly the development of
‘contig’ lines, the coverage was satisfactory for the ma-
jor part of the genome, except for chromosome 4 and the
short-arm end of chromosome 7. Some gaps remain un-
filled and will be filled when new microsatellite markers
become available. Use of SSCP (single strand conforma-
tion polymorphism) could also be helpful to this aim.
Fukuoka et a. (1994) showed that 39 of 70 (55.7%) STS
markers showed polymorphism by this technique be-
tween two indica and japonica varieties, so we can ex-
pect that SSCP polymorphism between O. sativa and O.
glaberrima will be at least 50%. RAPD and AFLP mark-
ers can not be used extensively in an introgression back-
cross program, since their map location is unknown a
priori and as they tend to cluster in rice (Kurata et al.
1994). Moreover, AFLPs are not suitable for following
genome fragments in a backcross programme, as we
would generaly have to generate at least four lanes per
individual with only one interesting band per lane. Mi-
crosatellite markers thus represent the best choice, as
they are simple to generate, highly polymorphic, locus-
specific and codominant. However, their development is
expensive and time-consuming and obtaining a saturated
microsatellite map represents a major effort.

Our results show a very good colinearity of O. sativa
and O. glaberrima species with only small non-signifi-
cant marker inversions. This means that no major rear-
rangements like inversions or translocations have oc-
curred between the two species. Moreover, except for lo-
cal differences, the BC, interspecific map is about the
same size as the DH; (indicaxjaponica) map. It is inter-
esting to compare these results on recombination and co-
linearity with available cytogenetic studies. Morinaga
and Kuriyama (1957) showed a normal behaviour of the
meiotic chromosomes of O. sativaxO. glaberrima hy-
brids. A recent study showed a very strong resemblance
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between the chromosomes of both species, with only mi-
nor cytogenetic differences (Ohmido and Fukui 1995).
This genetic mapping study thus confirms that the inter-
specific hybrids can recombine normally aong the
whole genome. The region in the vicinity of the s, gene
on chromosome 6 showed segregation distortion, which
to some extent may reflect the rapid recovery of parental
types and the MV linkage in the segregating population
as proposed by Sano et a. (1980).

Thiswould be very different for distant indicaxjapon-
ica crosses, where segregation distortion can involve
many chromosomal regions (Causse et al. 1994; Kurata
et al. 1994; Lorieux et a. 1996; McCouch et al. 1988;
Xu et al. 1997) and can be explained by different sets of
gametophytic sterility genes (Oka 1974). In our BC;
population, it is also probable that several sterility genes
are acting on pollen viability but were masked by the to-
tal elimination of male gametes due to s,,.

Nevertheless, a marker-assisted introgression strategy
between the two cultivated rice species should succeed
and the selection of the rare semi-fertile BC, individuals
which are homozygous for the O. sativa allele of s,y isa
possible starting point. In this way, the elimination of re-
maining gametophytic or gametic sterility genes could
be achieved by a conventional process. Another possible
way to overcome hybrid sterility would be the develop-
ment of doubled haploid lines by anther culture from O.
sativaxO. glaberrima F;s or BC;s. If anther culture per-
mits the bypass of sporo-gametophytic interaction, a
higher percentage of homozygous semi-fertile DH lines
could be obtained than with conventional backcrossing.
The rice breeding program at the West Africa Rice De-
velopment Association (WARDA) succeeded in produc-
ing fertile DH lines from various interspecific combina-
tions between O. glaberrima and both japonica and in-
dica varieties. This suggests that interspecific sterility
barriers may be efficiently overcome in this way (Jones
et al. 1997).

An O. sativaxO. glaberrima linkage map may have
several interesting applications. First, it permits the lo-
calisation of severa genes or QTLs from O. glaberrima.
Indeed, we were able to map severa loci responsible for
different traits in the BC; progeny. Genetic mapping of
resistance genes is currently being carried out for Rice
Yellow Mottle Virus and for the nematode Heterodera
sacchari on the basis of the present linkage map.

Second, although this species was not bred as inten-
sively as O. sativa, it can carry numerous agronomically
important alleles. Even if O. glaberrima aleles are, un-
der optimised management conditions, often of lower
value than O. sativa alleles when taken separately, trans-
gressions may be produced in interspecific progeny.
Such transgressions have been identified in O. sat-
ivaxO. rufipogon progeny (Xiao et al. 1998). For 12 ag-
ronomically important traits, the O. rufipogon accession
was phenotypically inferior to O. sativa. However,
transgressive segregants that outperformed the original
elite hybrid variety were observed for all traits exam-
ined. Similar results were obtained in the present study.
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For instance, we observed BC; plants with tillering at
45 days which was aimost two-times higher than that of
the O. sativa parent, IR64. This means that we may ex-
pect to identify QTLs acting in a complementary way
and thus use them in a marker-assisted selection pro-
gram.

Another main interest of a PCR-based O. sativaxO.
glaberrima map isits utility for monitoring the devel op-
ment of a set of introgression lines (called ‘contig
lines'; Ghesquiére et al. 1997) containing only targeted
fragments of O. glaberrima in an O. sativa genetic
background. This genetic material represents a valuable
genetic resource with a known genetic content, and will
permit the rapid identification of major factors responsi-
ble for segregating traits between the two cultivated rice
species. A BC; progeny is currently being developed,
and a molecular survey of BC, plants shows that the
complete genome is represented by a small number of
genotypes. The genomic regions identified using ‘ cont-
ig' lines will then have to be compared with those iden-
tified by QTL analysis in segregating interspecific pop-
ulations.

Finally, knowledge of the O. sativa ssp. indicaxO.
glaberrima polymorphism and of the map position of a
set of PCR-based markers will permit the rapid charac-
terisation of introgressed material obtained by a conven-
tional backcross strategy (i.e. without the aid of molecu-
lar markers). Such material would increase the precision
and the power of analyses using the material of ‘contig’
lines.

An additional interest of the present study is the inte-
gration in a single map of microsatellite and STS mark-
ers coming from different studies. This permits one to
define a framework map with ‘anchor’ PCR markers
regularly dispersed throughout the genome. Such a map
would be useful to carry out rapid segregation studies on
multiple crosses.

The present study has generated the first PCR-based
O. sativa x O. glaberrima genetic linkage map, which
will constitute a valuable tool for the utilisation of O.
glaberrima in the breeding of rice varieties adapted to
the African environment.
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