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Summary

Anthracnose, caused by Colletotrichum gloeosporioides, is the most severe foliar disease of water
yam (Dioscorea alata) worldwide. The tetraploid breeding line, TDa 95/00328, is a source of dominant
genetic resistance to the moderately virulent fast growing salmon (FGS) strain of C. gloeosporioides.
Bulked segregant analysis was used to search for random amplified polymorphic DNA (RAPD) markers
linked to anthracnose resistance in F1 progeny derived from a cross between TDa 95/00328 and the
susceptible male parent, TDa 95-310. Two hundred and eighty decamer primers were screened using
bulks obtained from pooled DNA of individuals comprising each extreme of the disease phenotype
distribution. A single locus that contributes to anthracnose resistance in TDa 95/00328 was identified
and tentatively named Dcg-1. We found two RAPD markers closely linked in coupling phase with
Dcg-1, named OPI71700 and OPE6950, both of which were mapped on the same linkage group. OPI71700

appeared tightly linked to the Dcg-1 locus; it was present in all the 58 resistant F1 individuals and
absent in all but one of the 13 susceptible genotypes (genetic distance of 2.3 cM). OPE6950 was present
in 56 of the 58 resistant progeny and only one susceptible F1 plant showed this marker (6.8 cM). Both
markers successfully identified Dcg-1 in resistant D. alata genotypes among 34 breeding lines, indicating
their potential for use in marker-assisted selection. OPI71700 and OPE6950

 
are the first DNA markers for

yam anthracnose resistance. The use of molecular markers presents a valuable strategy for selection
and pyramiding of anthracnose resistance genes in yam improvement.
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Introduction

Anthracnose of yam, caused by Colletotrichum
gloeosporioides Penz. [teleomorph Glomerella
cingulata (Stonem.) Spauld. & Schrenk] (Abang et
al., 2002), is responsible for severe losses in water
yam (Dioscorea alata L.) production in West Africa,
the Caribbeans, India and the South Pacific (Winch
et al., 1984; Nwankiti et al., 1987; McDonald et al.,
1998). Considerable variation is known to exist
among isolates of C. gloeosporioides from yam with
respect to morphological and pathological
characteristics (Abang et al., 2001). Economical
disease control will most effectively be achieved
through stable host plant resistance. The search for
anthracnose-resistant genotypes currently represents
a large investment on the evaluation of D. alata
germplasm and in D. alata breeding programmes
(Asiedu et al., 1998; Mignouna et al., 2001).

The evaluation of new hybrids, and local and
introduced varieties, for anthracnose resistance
involves multi-locational field screening over several
years (Asiedu, 1994; Asiedu et al., 1998), which is

costly in terms of time, labour, space and planting
materials. Green  et al. (2000) recently described
optimal conditions for reliable and rapid screening
of yam germplasm for anthracnose resistance. Based
on those conditions, we studied the inheritance of
resistance to the FGS strain of C. gloeosporioides
in the tetraploid breeding line, TDa 95/00328.
Resistance was strain-specific and appeared to be
controlled by a single major dominant locus;
however, results suggested the presence of additional
resistance gene(s) (Mignouna et al., 2001).  We
propose to tentatively designate the dominant locus
Dcg-1, until a host differential series is developed
and allelism tests are conducted (Young et al., 1998).
The FGS strain is presently the predominant
virulence phenotype in Nigeria and represents a
genetically heterogeneous population (Thottappilly
et al., 1999; Abang et al., 2001). In view of the high
genetic diversity and widespread distribution of the
FGS strain, an obvious strategy is to identify Dcg-1
in other elite D. alata accessions and to transfer the
resistance gene into new cultivars. There is also the
need to combine resistance to the FGS strain with
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resistance to strains such as the highly virulent slow
growing grey (SGG) strain, for which sources of
resistance were recently identified (Mignouna et al.,
2001).

Conventional genetic analysis is quite difficult in
water yam due to the dioecious, polyploid,
heterozygous and vegetatively propagated nature of
the crop, with poor to non-flowering of many
varieties. Although controlled crosses can be made
among selected flowering genotypes, the extended
juvenile growth habit results in a period of 2-3 yr
from seed to seed. In addition, various levels of
ploidy and the non-existence of a diploid relative of
the cultivated polyploid yams have complicated
genetic studies.

RAPD markers have found extensive application
in breeding for major gene resistance to plant
pathogens (Melchinger, 1990; Kelly, 1995). Since
their introduction, they have been used to tag major
resistance genes to Colletotrichum diseases of crops
such as common bean (Young et al., 1998; Cardoso
de Arruda et al., 2000) and coffee (Agwanda et al.,
1997). Once verified, trait-linked genotypes
(markers) can serve as phenotype predictors, thus
providing a timely and less costly way of identifying
individuals possessing resistance genes without
going through disease screening (Michelmore,
1995). The ability to use marker-assisted selection
(MAS) for crops with long growth cycles, such as
yam, is expected to have a profound impact on
breeding schemes (Ling et al., 2000). RAPD markers
can facilitate the pyramiding of resistance genes into
elite yam cultivars, especially if they are tightly
linked to the locus containing the resistance allele.
RAPD markers are, however, inherited in a dominant
fashion, which prevents the identification of
heterozygous individuals.  This limitation can be
bypassed by using a RAPD marker linked in the
coupling phase in association with another marker
linked in the repulsion phase to the same allele
(Cardoso de Arruda et al., 2000).

Although resistance in TDa 95/00328 appears to
be quantitatively inherited (Mignouna et al., 2001),
molecular markers linked to the major dominant
Dcg-1  locus could be identified using bulked
segregant analysis by pooling DNA from extreme
individuals (Michelmore et al., 1991), as has been
demonstrated for major genes in other crops
(Lahogue et al., 1998). In this paper, we report on
the identification of two RAPD markers closely
linked to the Dcg-1 locus using bulked segregant
analysis.

Materials and Methods

Plant material
The resistant female parent (TDa 95/00328) and

susceptible male parent (TDa 95-310) were planted

and cross-pollinated in the field. Both parents are
tetraploid and have previously been used to generate
F1 individuals segregating for resistance to the FGS
strain of C. gloeosporioides from yam (Mignouna
et al., 2001). The susceptible parent TDa 95-310 was
a landrace. The resistant parent TDa 95/00328 was
a breeding line which originated from a controlled
cross between the susceptible landrace TDa 92-2 and
the resistant breeding line TDa 85/00257. The F1

population used in this study consisted of 71
individuals segregating 5:1 (58R:13S, c2 = 0.13, P
= 0.72) for resistance to the FGS strain. Ratios of
3:1 (c2 = 1.69, P = 0.19) and 7:1 (c2 = 2.19, P =
0.14) were also possible but gave a weaker fit
(Mignouna et al., 2001). This population served as
the source of individuals for forming DNA bulks
and as a segregating population to confirm the
presence and degree of putative linkages between
RAPD markers and the Dcg-1 locus.

DNA extraction
Total DNA was extracted from 0.1 g of freshly

harvested leaves of the 71 F1 individuals and the
two parental lines according to a modified CTAB
procedure (Mignouna et al., 2002). DNA quality was
visually assessed on 1% agarose gel following
electrophoresis, and the concentration was
determined using a DU-65 UV Beckman
spectrophotometer (Beckman Instruments Inc.,
Fullerto CA, USA) at 260 nm.

RAPD analysis and identification of RAPD
markers

RAPD analysis was carried out as described by
Mignouna et al. (2002). Amplification products were
separated on 1.4% agarose gels using 1´ TAE buffer
(45 mM Tris-acetate, 0.1 mM EDTA, pH 8.0), stained
with ethidium bromide (10 mg ml -1) and
photographed under UV light with Polaroid film type
667.

The bulked segregant analysis (BSA) technique
(Michelmore et al., 1991; Mignouna et al., 2002)
was used to identify RAPD markers linked to the
Dcg-1 locus. F1 individuals that showed extreme
reaction to anthracnose were selected and used to
identify markers linked to the putative Dcg-1 locus.
Two DNA bulks were formed as follows. One bulk
consisted of equal amounts of DNA from 10 resistant
F1 individuals, and the other bulk was similarly
formed from 10 F1 individuals that were susceptible.
The two DNA bulks, together with DNA of the
resistant and susceptible parents, were screened with
280 single decamer-primers (Operon Technologies,
Inc.). Primers that resulted in polymorphic bands
unique to the resistant bulk and resistant parent
samples were considered as putative RAPD markers.
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anthracnose, both markers successfully identified
Dcg-1 in the resistant genotypes (Table 3). The
selection efficiency for resistant and susceptible
plants was 100% and 97% with markers OPE6950

and OPI71700, respectively.

Discussion

The identification of molecular markers linked to
major dominant resistance in water yam (D. alata)
to anthracnose (C. gloeosporioides) could be of
considerable value for breeding programmes since
the incorporation for such resistance in susceptible
genotypes would permit a direct increase of the
resistance level in the improved genotypes. This
paper reports on the identification of RAPD markers
tightly linked to the broadly effective resistance gene
present in TDa 95/00328. Although the variation for
this trait is continuous, the working hypothesis
assumed the existence of a single major gene,
tentatively named Dcg-1 (Geffroy et al., 2000;
Mignouna et al., 2001).  Using bulked segregant
analysis, we were able to identify two RAPD
markers (OPI71700

 
and OPE6950) that flanked the Dcg-

1 locus and were closely linked to the anthracnose
resistance gene (2.3 and 6.8 cM, respectively).
Despite evidence of a rare recombination between
the markers and the Dcg-1 locus, the markers are
close enough to allow the development of a marker-
assisted selection (MAS) strategy (Tanksley, 1983;
Young & Kelly, 1996).  With the exception of one
moderately resistant genotype, both markers
successfully identified Dcg-1 in resistant D. alata
genotypes among 34 breeding lines, indicating their
potential application in MAS.

To improve the efficiency of MAS, it is important
that the recombination frequency between the target
gene and the marker be as low as possible, and this
could be achieved by identifying markers as close
as possible to the gene (Hittalmani et al., 2000). The
disappearance of OPE6950

 
in two resistant F1

individuals, and the presence of OPE6 950 and
OPI71700 in one susceptible F1 plant suggests an
extremely rare recombination within the resistance
gene region and presents strong argument for further
studies on fine mapping of the resistance gene region
in TDa 95/00328. Such studies have been conducted
on anthracnose resistance genes in common bean
cultivar ‘G2333’ (Young et al., 1998) and on blast
resistance genes in rice (Hittalmani et al., 2000).
Ling et al. (2000) observed that linkage between the
target gene region and linked RAPD markers
diminished gradually as phenotypic distinction
between individuals diminished. Percentage leaf area
infected values of the four resistant or susceptible
F1 hybrids in which the RAPD markers were
‘unexpectedly’ absent or present were 16.0, 17.0,
39.1 and 43.2. These values lie towards the border

Linkage analysis
Chi-squared analyses were carried out using the

SAS statistical package to determine possible
associations between the RAPD marker and the
resistance gene (Anon., 1989). Recombination
frequencies and lod scores were calculated between
all pairs of loci using the TetraMap software (C
Hackett, personal communication), which analyses
tetraploid data using the approach of Hackett et al.
(1998) and Luo et al. (2001).

Selection efficiency
The efficiency of putative linked RAPD markers

to identify resistant or susceptible plants was
determined in the entire segregating F1 population.
Two RAPD markers closely linked to the dominant
Dcg-1 locus were screened across a sample of D.
alata breeding lines with and without resistance to
anthracnose, to determine their potential application
as genetic markers.

Results

Screening of the parents and bulks using 280
operon decamer-primers resulted in the identification
of two primers, OPE6 and OPI7, which generated
DNA fragments present in the resistant female parent
(TDa 95/00328) and F1 resistant bulk, but absent in
the susceptible male parent (TDa 95-310) and F1

susceptible bulk. The two primers generated
polymorphic fragments that were tightly linked to
anthracnose resistance. The RAPD fragments
amplified by these primers were highly reproducible,
enabling clear visualisation on agarose gels and
unambiguous scoring of their presence or absence
(Figs 1 and 2).

Primers OPI7 and OPE6 produced fragments of
about 1700 bp and 950 bp, respectively, and have
been designated as OPI71700 and OPE6950 based on
the nomenclature of Michelmore et al. (1991). One
of the RAPD markers, OPI71700 (generated by a 5’-
CAGCGACAAG-3’ decamer) was found to be
present in all of the 58 anthracnose-resistant F1

individuals analysed. Only one of the 13 susceptible
plants showed this marker (Fig. 1). The other
identified marker OPE6950 (generated by a 5’-
AAGACCCCTC-3’ decamer), was present in 56 of
the 58 resistant F1 plants; again only one of the 13
susceptible F1 plants showed this marker (Fig. 2).
Segregation ratios consistent with the presence of
two alleles (double dose) were observed for the two
RAPD markers and the Dcg-1 locus (Table 1). The
resistance locus was flanked on both sides by
OPI71700 and OPE6950 (Fig. 3). A genetic distance of
2.3 cM was obtained between OPI71700 and the Dcg-
1 locus, while OPE6950 was 6.8 cM distant from the
resistance gene (Table 2). When used to screen 34
D. alata breeding lines with contrasting reactions to
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of resistance and susceptibility (Mignouna et al.,
2001). No recombination may have been observed

between the markers and Dcg-1 in the absence of
these ‘borderline’ phenotypes (Ling et al., 2000).

Fig. 2. Ethidium bromide-stained agarose gel, illustrating the electrophoretic pattern of amplified DNA depicting
OPI71700 RAPD marker. Lanes 1 and 2 contain the resistant parent and resistant bulk, respectively. Lanes 3 and 4
contain the susceptible parent and susceptible bulk, respectively. Lanes 5-16 are resistant F1 individuals and lanes
17-28 are susceptible F1 individuals. M = 1 kb molecular weight marker (Gibco).
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Fig. 1. Ethidium bromide-stained agarose gel, illustrating the electrophoretic pattern of amplified DNA depicting
OPE6950 RAPD marker. Lanes 1 and 2 contain the resistant parent and resistant bulk, respectively. Lanes 3 and 4
contain the susceptible parent and susceptible bulk, respectively. Lanes 5-16 are resistant F1 individuals and lanes
17-28 are susceptible F1 individuals. M = 1 kb molecular weight marker (Gibco).
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Table 1. Segregation analyses of random amplified
polymorphic DNA OPI71700 and OPE6950 markers

and the Dcg-1 locus in the F1 population of the cross
TDa 95/00328 ´ TDa 95-310

a The 1700-bp and the 950-bp molecular markers were both
linked in the coupling phase to the Dcg-1 locus

Table 2. Recombination frequencies, lod scores and
genetic distances (cM) between pairs of loci

Pair of locia
Recombination

frequency Lod score cM

OPE6950 and OPI71700 0.085 6.27 9.1

OPE6950 and Dcg-1 0.062 7.53 6.8

OPI71700 and Dcg-1 0.021 9.63 2.3

Locus tested
Observed

ratio
Expected

ratio c2 P

Dcg-1 58:13 5:1 0.13 P = 0.72

OPI71700 59:12 5:1 0.002 P = 0.96

OPE6950 57:14 5:1 0.465 P = 0.49
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TDa 95/00328 is an important source of resistance
because despite the virulence and genetic diversity
of the FGS strain (Thottappilly et al., 1999; Abang
et al., 2001, 2002), no FGS isolate has been reported
as virulent to this genotype (Abang, unpublished
data). Mignouna et al. (2001) suggested that the
presence of multiple resistance genes might account
for its broad-spectrum, ‘rate-reducing’ resistance. It
is, however, difficult to select plants with multiple
resistance genes based on phenotype alone because
of epistatic interactions between resistance genes.
Also, sources of resistance to the aggressive SGG
strain were recently identified (Mignouna et al.,
2001), raising the need to combine resistance to both
strains in target elite cultivars. The availability of
RAPD markers linked to Dcg-1 represents a starting
point in the use of molecular markers to enhance
breeding programmes aimed at identifying and
pyramiding individual anthracnose resistance genes
in D. alata.

The high selection efficiency observed with both
markers is certainly due to their close linkage to the
Dcg-1 locus. The duplex markers OPE6950 and
OPI71700 were linked to Dcg-1 in coupling phase,
which prevents the identification of heterozygous
individuals. Linkage between the duplex Dcg-1 locus
and a simplex marker, in either coupling or repulsion
phase, could probably be detected in the full
population of 71 offspring, but not by a bulked
segregant analysis (C Hackett, personal
communication). Further studies are warranted to
identify markers linked in repulsion phase to Dcg-1
that could be used as individual markers and as a
co-dominant pair with either OPE6950 or OPI71700

(Cardoso de Arruda et al., 2000). The utility of the

linked RAPDs as genetic markers for anthracnose
resistance in water yam of different genet ic
backgrounds (e.g. of Caribbean and Asian origin)
still needs to be assessed.

A fundamental advantage of identifying markers
tightly linked to resistance genes is the opportunity
to efficiently screen genotypes without reliance on
test inoculations with the pathogen (Michelmore,
1995). Screening with both RAPD markers identified
in this study should provide a more efficient way to
select for the Dcg-1 gene in crosses involving TDa
95/00328. Furthermore, the use of molecular

Table 3. Survey of selected D. alata breeding lines
with and without anthracnose resistance, for

presence (+) or absence of the RAPD markers
OPI71700 and OPE6950

S/N Genotype Host responsea OPI71700 OPE6950

1 TDa 291 R - +

2 TDa 297 R + +

3 TDa 94-126 R + +

4 TDa 289 R + +

5 TDa 294 R + +

6 TDa 85/00250 R + +

7 TDa 85/00257 R + +

8 TDa 87/01091 R + +

9 TDa 95/00328 R + +

10 TDa 316 S - -

11 TDa 89-2 S - -

12 TDa 89-3 S - -

13 TDa 92-2 S - -

14 TDa 92-3 S - -

15 TDa 93-36 S - -

16 TDa 94-56 S - -

17 TDa 94-72 S - -

18 TDa 94-73 S - -

19 TDa 94-94 S - -

20 TDa 95-101 S - -

21 TDa 95-102 S - -

22 TDa 95-14 S - -

23 TDa 95-163 S - -

24 TDa 95-23 S - -

25 TDa 95-25 S - -

26 TDa 95-27 S - -

27 TDa 95-303 S - -

28 TDa 95-307 S - -

29 TDa 95-321 S - -

30 TDa 95-322 S - -

31 TDa 95-323 S - -

32 TDa 95-324 S - -

33 TDa 95-326 S - -

34 TDa 95-75 S - -
a R = Resistant, S = susceptible (Mignouna et al., 2001)

Fig. 3. Relative positions of
random amplified polymorphic
DNA markers linked to the
anthracnose resistance locus
Dcg-1 identified in a
segregating population derived
from the cross TDa 95/00328 X
TDa 95-310.
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markers as selection criteria should enable pre-
emptive breeding against anthracnose (C.
gloeosporioides) in other yam-producing regions,
such as the Caribbean, where certain C.
gloeosporioides  strains have not been reported
(McDonald et al., 1998).

The RAPD markers identified in this study will
be made more reliable, specific and easier to apply
for indirect selection of Dcg-1 in water yam cultivars
by converting them into co-dominant PCR-based
sequence characterised amplified regions (SCARs)
(Young et al., 1998; Ling et al., 2000).
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